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Abstract: Soil salinization is an ecological environment issue globally and is one of the major abiotic stress factors that
cause crop loss worldwide as well as hindering crop productivity. Halotolerant plant growth-promoting rhizobacteria
(PGPR) having potential to promote crop growth and increase salt tolerance in crops can be employed to counter this
issue in a more effective and eco-friendly way. The recent study aimed to assess the salinity tolerance and
growth-promoting capacity of Bacillus tequilenis Bt-RS isolated from the rhizosphere soil of islands in the South China
Sea, for assessment, the corresponding media were used for qualitative and quantitative analysis. A pot trail was also
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conducted to further evaluated its bacterial consortium to promote banana seedlings growth under salinity stress. The
results showed that strain Bt-RS could grow well under the condition of 0-10% NaCl content with various types of
salts. The strain Bt-RS also possessed 1-aminocyclopropane-1-carboxylic acid (ACC) deaminase activity along with
indole acetic acid (IAA, up to 6.4 mg/L under the condition of 1%—-5% NaCl). Base on the pot experiment, the banana
seedlings that were inoculated with Bt-RS displayed a significant increase in height, leaf area, fresh weight of above
ground and underground, as well as dry weight of above ground and underground (40.30%, 93.00%, 102.38%, 81.08%,
65.82% and 50.50%, respectively) compared to the control group under normal conditions; The 200 mmol/L NaCl-stress
treatment significantly increased the growth of banana seedlings in height, leaf area, fresh and dry weight of both above
ground and underground by 20.55%, 65.01%, 98.14%, 144.93%, 87.85% and 54.01% respectively, when compared with
the control group. The plant height, leaf area and biomass of banana seedlings were significantly increased in both nor-
mal conditions and salt stress environment (P<0.05). There was no difference in plant height and leaf area between the
experimental group under salt stress environment and the control group under normal conditions, indicating that apply-
ing Bt-RS can alleviated the adverse effects of NaCl stress and enhanced banana seedlings growth attributes. In conclu-
sion, the strain B. tequilensis Bt-RS exhibits high salt tolerance and possess the ability to produce TAA and ACC
deaminase, making it a valuable strain for improving banana seedling growth and salt tolerance, and also providing re-
sources of strain for developing and utilizing in saline soil.
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HErh USRS . B S R A B DU
YW, A A T8 FREE R R S R B 2
5, RN T DR A K, Hid & s
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( Bacillustequilensis) Bt-RS, 1452465 Aij ] T
I K % B HEAR B A AR PR 38 B IR A . A
FZERIFF I WB00 FIR A Z e 2F AR
FRACRAE DA R, VB Ry ER AR S 6 T HE A R o
1.12 BXAERA  BHFE Ry DA
( Musa AAA Cavendish var. Brazil ), HAHE548FH
B A AR RO RBRE B R L, K
WAL, BREZD 10 om BIST . ZARSER A T
FE P AL B 2E Bl A B AR T =15 6
1.1.3 #A LBIGFRE: BREANR 10 g, B
¥ 5g, NaCl10 g, pH 7.0£0.2, JTCHZEMKER
% 1L, FERRFREBMENEH 20 g, F 121 CH
JEKTE 20 ming SRRl A RERE SR AL TOHIRY 40 g,
TRk 15 g, BE%E 15 g, K;HPO, 1 g, KH,PO4 1 g,
JosK CaCly 2 g, KHZEBKERE 1L, T 121 C
F R K 20 ming TAA R 3R3E . @R
THAEK, 0.22 pm BREF A 8L I8 S IMAK G
M) LB ¥ g2k, (H 2 R2kEh 100 mg/L; DF
3. KH,PO, 4 g, Na,HPO, 6 g, MgSO,-7H,0
0.2 g, FeSO,7H,0 0.2 g, Hi%jhh 2 g, %R
2mL, #Fr5R 2 g, i 0 E ( MoO; 10 mg, H;BO;
10 mg, MnSO4-H,0 11.19 mg, CuSO,-5H,0 78.22 mg,
ZnS04-7TH,0 124.6 mg, ¥ T 100 mL JoR 2518 /K )
100 uL, pH 7.0+0.2, JTCHZEMKERZ 1L, [#
REEFRELT N 20 ¢ BEAERY, T 121 CHRIEKE
20 min; ADF £i## 3 Ff ACC ( Z IR )
W ik, M 0.22 um BEREIERE, AR
(NH4),S0, HTJE KB DF Kig3d, pH
7.0£0.2, f#i ACC LM E N 3.0 mmol/L.
1.2 FHik
1.2.1 A BERAE FhFmla: K Ae)E
Bt-RS W HE4ZFN T LB 8552, T 37 'C, 200 r/min
ARG . KEERT 4 B Bt-RS Fh I LA
1:100 Fbflde ABeml ks feiiN, T 37°C,
200 t/min S5 F TN &KW 48h, B FHEIWIKE R
10® CFU/mL,
1.2.2 A# Bt-RS A 40 (1) AR ERM:.
M LB 5373 PRI A5 10 TR AR i 2 2 vk
SR 0. 2%, 4%, 6%, 8%. 10%M) LB B5F: K
Wi, fE 37 °C. 200 r/min &0F TR 3%, 4R 2 h,
Kl ODgoo A, i1 FH &1 38 & fU2E W AR K i 240 Bt
1 Bioscreen FP-1100-C 21 4E K i £k .

(2) ARl NaCl ¥ BEXF EARIE S0 . 38
TR B RRAEAS [ R v B2 Pl b i 2R ROIRAS AT I
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A, B, AR ODgoo [HH 0.5, 47
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MEEHA KR

(3) ARFZEEITCHLER X AR A K AR, 17
JC NaCl 1Y LB 3557 2 4350 %3 il NaNO3 \NaNO, .
Na,CO;. NaHCO;. NaCl., KCl, MgCl,. CaCl,
8 FPICHLEL, WIS IR RN Na' 8 CIVR
¥4 0.17 mol/L. LA 1%4%Fl i $%Fh Bt-RS B bk,
F 37 °C, 180 r/min $EIKKEFFE 24 h J5 K1 & ODeoo
8, PG ERXT AR RIZEARITCHLER 1T 37 e
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B E VERGI . B AN T5 1, FF Bt-RS
MRS BEUR AT T ADF A SR |, F 28~30 C
fHI B FR 2~5 d, MR MRAERIRE, & E7E ADF
P AR, MR RIZE SRR A H ACC /R AA
J5, BA™ ACC AN HE

(2) P IAA BESIIAE . FC'E TAA FrifEfiZe
P4 100 mg/L TAA ¥ IRA AL 0. 10, 20,
30, 40. 50 mg/L ANANMEBERLE, 4Bl A
Salkowski (%, MEALEEGHLE 30 min {4,
%€ ODs3ofH, VL IAA ¥RE R X #li, ODs3o{H N
Y B H bR AEMZL . B Bt-RS BEAREL 100 pL $2 5
ZE5A 100 mg/L AR 5 mL LB ¥,
37 °C,200 r/min 53% 48 h J57£ 8000 r/min [ 4 1F
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AW, BHALEREGHCE 30 min B, J5E ODsso
Ho VAR & AR LB Hi R WAE2s Hx IR
(CK), ¥ bRk, MadAEFaER LB K
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FE R AT ERRETE TAA BE TR .
1.2.4 HE# Bt-RS £ 2 hid 2035 T2 A 4h 18 A
YR (1) A, SRR A, ik 4
ALBR, AN 10 BREE . M Bt-RS & EER
SIS, MR R R TR A N R, EE
200 mmol/L NaCl il LIAIUER a7 58 . FAE4)
HRMHGEM 7d )5, SCHRHAERR 7 d D8 1 IR Bt-RS
R, FRR 50 mL/Ak, 227K H—IREHER
B 5 d G LR TR NaCl ¥, BERR 2 d 3 m 11K
NaCl ¥, FFIK 100 mL/Kkk; X RELBERER N ) &

TR SR HFNIE K o AALFRAHANT

@ CKO: W /K+K& B 7555 ; RSO : 15 7K +Bt-RS
KT 5

@ CK200: 200 mmol/L NaCl+% s 55 5L
RS200: 200 mmol/L NaCI+Bt-RS & B -

(2) ERIEmCTR. BREESR/KICH 04,
7 d Wbk, 7ESCH A I b L 2H 5 X BR
HEEWMKE . K. M5E . KAEYE (6E,
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R T 58 4 R T M S5 RRZE M U I RY @
M, B ot 2RI B KRB RS, Ot 5,
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(ML Z5) R RSy (AR ) 4300 G K g e T
B R TE, Bl R TR 105 C
AH 30min, 75 CHE+F{HEHEGFFRE,
1.3 HEAIE

fifi FH Excel. SPSS 23 #4752 5 £ 4 b B
525 B E MW, R Graphpad prism 8 #ff
2SS
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2.1 THE# Bt-RS & 4514

2.1.1 Eaa st A6 Bt-RS 7EA[H NaCl
BB R K AE LA 1R, 18 0~10%E5 1k
TR RE A, B By SRS Eh R B R
PR Bt-RS WA KB H 2 2] . B AR R
0~6%o 5= TR M FE T, 24 2 h; 1 AE 8% M1 10%
b e B IS DR T 4 h, 22 T AR B K A
() 238 07 o Vi B PR A BT o SRS, AR EEA
BRI, WAk IGEA K, TCERRT R 16 h
HEAA KA E I, 2%ER VR FE 29 7E 26 h i A4 K

2.0 -
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—— 6% 8%
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——10%
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& 10
@)

0.5

0.0

Bt jE] Time/h

1 0~10% NaCl & B T B #k Bt-RS &K #i £k
Fig. 1  Strain Bt-RS growth curve at 0-10%
salt concentration
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T, 4% IR ERT297E 20 h FEARRE . 455

T Pk Bt-RS REIETE 0~10% MM E T AE K,
TE 0~6% RV IR BT b A KA, 7E 8%~10%%h
TR, HREEATE 10%~12%88 5% 54
RAFRTHERBE ST -

2.1.2 RFE NaCl REMA®RY S Hw LA

FLIFRUAF I WBO0O0 FE R R,  HAER 2 BRIEHRTEA
ALk B LB M?ff}ihzwﬂ&éizkﬂu, PR LT &
BEJ)o TE 3% NaClAbPET, 2 #RZFFIFF AR Kotk
OUAHIE , (BAEEEERIE (5% NaCl) AR,
ik Bt-RS KR 4F, T WB00 (& 2), 4554
£ Bt-RS BA RAFAYTH ER1E

10!t 10% 10° 10* 10° 10" 102 10° 10* 10° 10" 102 103 10* 10°

‘.."...@‘.Oi
WB0O [ *.ﬂQQ*.CoO@

LBR: 3

LBE;3#3E+3% NaCl

LBE;F£3E+5% NaCl

2 E#k Bt-RSEARFEME THERRE
Fig. 2 Growth status of strain Bt-RS under different salt stresses

213 FAEEBAMEANA/REKG TR AR
KA TCHLER X Bk Bt-RS A K Sema i 3 frx,
itk Bt-RS 76 & A NaNO, ( 1.730+0.02 ), NaNO;
(1.910+0.01 ), KCI( 2.085+0.03 ), MgCl,( 2.017+
0.02) HEFHEhIEFE 24 h 5, HAEKREYS NaCl
(2.024+0.09 ) HEFEFEMA K EZ R AR E, Ui
Bt-RS BEGETN 32 I I H 2 R B TCHLEL . (HAE S
A Na,CO; Al NaHCO; ()55 77 3£ b Bt-RS ) ODgoo
5851 K 0.079+0.01, 0.071+0.01, PibHx 2 Fh
TeHLER X B Bk Bt-RS A= HAG B W A 30 7 FH .

P=0.02

w
1

3 BT-RS

s b
bc b

0D600
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0 L 4
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&P S
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SR C S o
ZN lﬂ%‘éi?ﬁﬂﬁt
Different types of salt
ANF/NE FREFRRAL PR 25 5 3 (P<0.05 ),

Different lowercase letters indicate significant difference among
treatments (P<0.05)

B3 AEXBENEBXEH® B-RS £ RN
Fig. 3 Strain Bt-RS growth under different types of salts

FEEA CaCl, KT FR¥EE T, Bk Bt-RS 11
ODgoo fH A 2.322+0.16, 4 K& B EMT NaCl 5
FiHE (P<0.05), BB CaCl, REA SUIE R 1K,

FIRESE A Ca™JE P BTG A7, I % 40 i

BRI, MR RA K, 25 EERW,
kR Bt-RS 1] LA 52 208 pyh 7, HATEER
BiEASE T AT .
2.2 BE#T ACC B SEsE M

IS ERZ LY/ NE R Gaalach Ul WAy D) B3
%, PGPR 1 LIl ol ;=4 ACC i 2 i I fit A 4 1
WA BATIR ACC (G IEEIRNLERIR ), Mifi
Sk st O R IR A T ADF 15353t
b, ¥ig 2 diE, KIE Bt-RS 2 7ELL ACC
FfE— IR R ADF 35550 Al AR B A
B7%, MR 2F 7 ADF 353535 F A4 K (# 4),
FHHE Bt-RS BEUSHIH ACC 1E AmE— &R A
K, ArBESE Ttk ACC i & s R AR N 2 0
A TR ACC Rt 2 A o- T TR .

BT-RS (+) 2F ()

Bl 4 THE# Bt-RSTE ADF B E FHERKRE
Fig. 4 Strain Bt-RS grown in ADF medium

2.3 HEHRERMBINE T IAA B

TAA & 7] 3% PGPR ¥ (I HEAY L KME,
AL FEAEIAR R & B AR R a5 U0 ARBIFSE
i Salkowski . 42K B REAEAS [R] NaCLIR T
FI77 TAA REHT . 25N S BN, 7654 100 mg/L
ORI IE R (1% NaCl) LB R4 2 d )5,
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CK: JCHXIIR; AE/NEFRFRR 2T B (P<0.05),
CK: Non-strain control; Different lowercase letters indicate
significant difference (P<0.05).

B 5 E¥k Bt-RSEHMEME T IAA BN
Fig. 5 Ability of strain Bt-RS to produce IAA under
salt stress environment

P Bt-RS P71 TAA % 80 6.4 mg/L, i #E 3% .
5% NaCl #ET, HArw IAA SE5 0 FFEE

A CKO RSO

4.63 mg/L F14.03 mg/L. Wk~ IAA fig IBEE £
WSS IR, AAEh RN (5% NaCl) T
R = AR KR, RIAR PR Bt-RS 7E 58 Wria 24
BN EEARAMERE
24 HHRBt-RSEHRMEFRETHEESEN
REEA

ZE BRI Wbk Bt-RS W REE T A B
TAA Tl ACC JIid 2 1t 55 J7 XA A 00 £ 6 W 368 36
e T A KO- G2 At A 0 BT A2 R ok ()5 ) kg iE—
A UF B B AR A 4 i R AR AR VR R, i A e
200 mmol/L NaCl ¥ BIlEE 5t 4 P74k £k W ia 24
BT Bt-RS H& 5 & AL 40 1 At 56 1 S AR AR MR
WE 6 iR, FHba (CK200) kAR E K %
B, EBRAEZE, MEAE/N, R R K R
Wi kA K . M in Bt-RS B & % 92 56 41
(RS200 ) B ZZff T Eh Wb fie ik, AR EBOIAR %L
HRFELZTXRAH (CK200), RS200 &b ZH i1
U3 KT CK200 Xt ARZH , F W #k Bt-RS A
B SR SEAE ) T 52 2R e fE 5

CK200 RS200

B

0 mmol/L 200 mmol/L

N Tl 42

A FERGEARKEN; B: FHEGERFERNN; C: FHEME T ARG,
A: Growth of banana seedlings; B: Symptoms of leaf stress in banana seedlings; C: Symptoms of root stress in banana seedlings.
B 6 H#kBt-RSHAFRKRETEESHRERENR

Fig. 6 Effect of strain Bt-RS on promoting the growth of banana seedlings under different salt concentrations

mE#E 1 T, 200 mmol/L FRWHA T T HEZH
(CK200) HFREL W MK . R, H s
fEE | MR AR E . b LT MR
FTERE TR (P<0.05), 5 CKO A5 5 B
T 22.60%. 44.35%. 57.88%. 73.53%. 71.40%.

C 0 mmolL

oVt -

200 mmol/L

73.88%. TEJCERMMA AL T, R Bt-RS B
JE B EDE (RSO ) ARKARS I T A $2Fpxf I8
(CKO), FEtkmr . Mrmifl, o B3R MR
21070 N 11w = 10 1 53 = £ 8 71
BT 40.30%.93.00%. 102.38% . 81.08% . 65.82% .
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F1 HBEBRET B-RSYEESDHREMER

Tab. 1 Growth promoting effect of strain Bt-RS on banana seedlings under salt stress environment
b B 3= i £R Hh bR T Hb R Ry T i EFRS T E R ER ST
Treatment Height/cm Leaf area/cm? Shoot fresh weight/g  Root fresh weight/g  Shoot dry weight/g Root dry weight/g
CKO 20.75£1.36°  194.09+33.05° 55.51+7.38" 27.99+3.29° 5.42+0.67" 4.25+0.46"
CK200 16.06+1.16° 108.01£12.79¢ 23.38+5.27°¢ 7.41£2.68°¢ 1.55+0.15¢ 1.11£0.10°
RSO 29.11+1.83° 374.60+39.07° 112.35+12.01° 50.67+11.51° 8.98+0.90° 6.39+0.67°
RS200 19.36+£2.67°  178.23+28.49" 46.32+11.51° 20.88+7.83° 2.91+0.51° 1.71£0.45°

T SR AN 5538 22 5w .3 (P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

50.50% . fE3h W38 A5 T 4 A E Bk Bt-RS 5
(RS200), FFRELHE ARSI WAL T R 4ZFD
BRI £R W30 % FRZH ( CK200 ), 7ERkE . i H
Mo FERAEE . MR ERAMEE T . M IR T M
TS T E T AR T 20.55% . 65.01% .
98.14%. 144.93%. 87.85%. 54.01%.

DL 2SRRI, fECEHa AR, B2FP Bt-RS
BRI T HE W A KE bR, Ay &,
TEER B R8E (200 mmol/L NaCl) Fififin Bt-RS
PRIMRRENE 28 i A FE 4 i r sz 5k 3 s, i A=
KR 2 51EH 5T —2.

3 itie

AWFFE R E R Bt-RS A0 A R %5 5
MR B BS 1-E0Y 1 PR IEPLZFFAT I, AR
P IAEE, TR Y RE ST 32 S A . &R
MmN, I AV 2 Bl MG W B TS A
(A W PE R, R e PR E B BRI
TR AR GE

T Na f Cr2 EEMETE T, It
A3 BT A R A, B L BE, K
ALY . REREE . WRRER SR SRR, i
R AT ITEAS IR ER R AR, A Y B B
HABTE NaCl FAAF, PR A i AS [ 2 20 £R 43 X 7
e A K Y 5 i S DEAl TR AR BE A T T S B Y 06
WL OARBFSE Je R E AR Bt-RS BEATIHERBE S ST,
K ILE R Bt-RS fENSTE 10% NaCl fUE A K,
% NaNO,. NaNO;, KCl, MgCl,, CaCl, ZFfh&h
O EATH M, 5 PO T AT 5 4
£, UEBRPE Bt-RS R T 0] LA 52 NaCl 3555,
WX Z RN SR T ER B 2 1, BATER:
Tt B P A K YRR

B —F FE AR Y E, BRI
A RRLE 5 R ) ) — B it S

WY 7 A KR BIRZS (05 7202 Ikl R AR
FEK, @dETEESEDREERL, RE
L ¢ BUAE R A K FE b S AR W s B BRAR, A
R A A A KA B R IERTY, x4
JUh 0 P SRR B, R A A AR ORI
M CHE . ZEALIREE KM, Wk Bt-RS BRAISTE
WA FEE (200 mmol/L NaCl) A4 A i 75 4
G, MAEELERE . IR, R REEE
SR A BN R S UGEER, BREEATAL
Hb 2% i NaCl X B 401 i i o3 8 3, (R R A 4
WA B 5IEW B T —3. CHEN 2045 flfie i
WA AIFFE SQRY 7E 100 mmol/L NaCl fifril T {2
PEL R IF A R g i A K, R AR YRR b
B o AU g P A 8 Py s — bR LA A
fRBSHE I ZETRFT T T28, ferEEhiamE T
EEFMT TSRS E, R IHERRES
I HPLER
YIABPREETE (PGPR) REAEHERIEAE K,
st HESR TR RS S R 400, K
WG UER] PGPR fEfE i = A Y A K R(TAA ),
Gy ACC it 22 55 22 Fh v M 40 o 412 oo A 00 Tif
PR, IR AR B BN Sl ]
A B, BORIEUERIMRA K o TAA RRASAEHE
PIRRARK, RENTHYEREENEZFESY
B, (EJEFEMREAEE T A 35K 1AA fEH%Z
BHL, i (A A AR TAA B9 A RESS AL A )
WA K, REmbvmase b, FHEF
ZEBS R I A B 1 RRPS TAA 18 3h 25 AT
1E 0~4% NaCl 54 F IAA 7=} 6.8~2.15 mg/L,
AEASAE 100 mmo/L £hWria TR HEM A Tl & 5
AR A, B IREE T, PGPR i o i
ACC i 2 Bl Fr AW N 205 B BT R 2 38 3R T
BERTR ( ACC) FEf, LISt 3535 T Y
RN ZERL . KAMAL 28000 50 a3 85
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R B ACC i 2 B 5 1 1) 5 r 2R F AT I
SENISN, b iin T 45 & . AW
T 56 50 3IE B bR Bt-RS BESAE 1%~5% NaCl PRiE
T4 TAA, R RN 6.4 mg/L, HAMER L
ACC TERNAEWAELR, WM™ ACC 2 i
PHMEGE, LaRgs R S5 AR —2, it
U, AR Bt-RS HAAEEL A 58 TR AE T B
B TR R A K R bR AN, A 2 B T A B 1
BBV . T R SRS bR A e B AT ) T £
PEARAL, BEAl, USSR G X R AR B 1

T WA T 1 52 W B x4 38 PR S5 A 52 Wi L (.
PHERE, W Eh A A o WOk W 7 3R Whia 2R 58 T REAS

e A2 (EPS) i, 1EMWIAR RIE A
YIRP L, FRda AR I R IR RS K Ay, PR EE
WRBR A R, M W A X
R 32 P AE ML AS & B — 10, R B2 4
FEE y1923U m] it 3 Bl . i . 7 TAAL 77
ACC [ MG A= B R BE 17, TEER A 3RS T
Aeng B e kAR, RbEREmat, &
TR A ZE 0T BRI B T A 40 e T R R 1 Z2 R AL
HE—LHRE,

ZE LR, AR IEN ZE AT I Bt-RS REMT
% 10% NaCl g J ZZFhER 4344, "I FIH ACC
VERRIE K, BEMSTEERIAIRE T ™ 1AA, [
HE T R LA 0 BRI AR A L B A Ak G AL )
2 R A B RE T . SE T AR SR — P IRAE T
B Bk Bt-RS 7F 200 mmol/L £ it T fefs i 251 ik
FAEGN L KR a1 . B e L
Pria 35 T e e A K, AR T
Tl A W e R 2%, (RSB A = v AR e TN A 4%
LA H RIS, DR iR A R e K IR EE T 1A
AR ER A AR AR, B FHOIE S Y P Al
fEAELHIE T — 25T o

£ % 3Lk
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