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Abstract: [Background] The prevalence of secondary salinization in soil poses a significant
constraint on the sustainable development of protected vegetable production. [Objective] To
screen out the salt-tolerant growth-promoting microbial strains and provide bacterial resources for
remediating secondary salinized soils in greenhouses. [Methods] The LB medium with 5% salt
was used to screen out the salt-tolerant strains from the soil samples of vegetable greenhouses by
the dilution-plate coating method. The growth-promoting ability of each strain was determined by
the seed immersion method. The morphological characteristics, physiological and biochemical
properties, and 16S rRNA gene sequence were used to identify the strains. The salt tolerance and
growth-promoting effect of each strain were measured by quantitative and qualitative methods.
Pot experiments were carried out to examine the remediation effect of each strain on salinized soil
samples and the cucumber growth-promoting effect. [Results] Fifty-eight strains of salt-tolerant
bacteria were isolated from 37 salinized soil samples. Among them, five strains, YQ-1-8, SN-1-4,
3A-2, L1-2, and L3-3, increased the simplified activity index of cucumber by more than 15%, and
all of them had growth-promoting effects on cucumber seedlings exposed to 0.3% salt. However,
the growth-promoting effect decreased with the increasement of the salt concentration. YQ-1-8 was
identified as Bacillus velezensis, SN-1-4 as Arthrobacter arilaiti, 3A-2 as B. marisflavi, L1-2 as
B. cereus, and L3-3 as B. aryabhattai. Strain 3A-2 was capable of solubilizing organophosphorus
and producing IAA and exopolysaccharide. The results of pot experiments showed that 3A-2 at
1x107 CFU/g increased the stem thickness, plant height, aboveground fresh weight, aboveground dry
weight, and chlorophyll by 12.39%, 14.31%, 30.92%, 38.46%, and 9.06%, respectively. In addition,
the strain increased the content of available nitrogen and available potassium and decreased the pH,
electrical conductivity, and total salt content in soil (P<0.05). [Conclusion] Strain 3A-2 with salt
tolerance and growth-promoting effect can serve as a candidate for the development of microbial
agents for the recommendation of secondary salinized soils.
Keywords: salt-tolerant growth-promoting strain; growth-promoting property; saline-alkali soil;

soil remediation
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Growth rate of simplified vitality index of cucumber by salt tolerant strains.
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Figure 2 The effect of five bacteria strains on the growth of cucumber seedlings under different NaCl
concentrations. A: Stem diameter. B: Plant height. C: Above ground fresh weight. D: Above ground dry weight.

Different lowercase letters indicate significant differences.
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Figure 3 Colony morphology of five salt tolerant and growth promoting bacteria. A: Strain YQ-1-8. B: Strain

3A-2. C: Strain SN-1-4. D: Strain L1-2. E: Strain L3-3.
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Figure 4 Scanning electron microscopy images of five salt tolerant and growth promoting bacteria (10 000x).
A: Strain YQ-1-8. B: Strain 3A-2. C: Strain SN-1-4. D: Strain L1-2. E: Strain L3-3.
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Table 1 Physiological and biochemical characteristics of five salt tolerant growth promoting bacteria
Test indicators Strain YQ-1-8 Strain SN-1-4 Strain 3A-2 Strain L1-2 Strain L3-3

Acetyl methanol test + + + + T
Citrate test - - - _ _

Propionate utilization - - - _ _

D-xylose utilization + + — _ +
L-arabinose utilization + + _ _ +
D-mannitol utilization + - + _ +
Gelatin liquefaction - + + - +
Nitrate reduction test + + - _ _
Starch hydrolysis test + + + + T
Catalase test + + + + n

+: Positive; —: Negative.

97| Bacillus subtilis DSM10T (NR_027552)
100 |' Bacillus subtilis NBRC 13719" (NR_112629)
Bacillus velezensis FZB42" (NR_075005.2)
Strain YQ-1-8 (ON024388)
45 Bacillus safensis FO-36b™ (NR_041794)
58 &| Bacil{us marisflavi TE-11T (NR_118437)
Strain 3A-2 (0Q431674)
100 | Bacillus aryabhattai BEW22" (NR_115953)
100 Strain L3-3 (0Q431677)
7| Bacillus thuringiensis ATCC 107927 (NR_114581)
Bacillus thuringiensis NBRC 101235" (NR_112780)
Strain L1-2 (0Q431675)
Baczllus cereus ATCC 14579" (NR_114582)
Baczllus cereus NBRC 15305" (NR_112630)
100 Arthrobacter arilaiti Re117" (NR_074608)

100

100 Strain SN-1-4 (0Q431676)
Arthrobacter psychrolactophilus B7" (NR_025003)
87‘|E4rthrobacter agilis DSM 20550" (NR_170400)
82 Arthrobacter alkaliphilus LC6" (NR_041401)

Merhanobacterium alcaliphilum™ (AB496639)

0.05

5 ET R EITEEHRY 16S rRNA EEFIIMEMNAZLEN 9 MNF 5N GenBank H x5 ;
O LA FIR bootstrap HYSZRFA; FRRZIE 0.05 Zon Pk 32225+
Figure 5 Phylogenetic tree constructed based on 16S rRNA gene sequences of five salt tolerant and growth

promoting bacteria. GenBank accession number are set in parentheses; The branch number indicates the
bootstrap support rate; Scale 0.05 represents sequence evolutionary branching differences.
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F2 AHREERE NaCliKE THEKER TR bR SN-1-4 BEIM 52 10% NaCl W, Fibk
T.able 2 The growth of. five bacteria strains under 3A-2 THAZEE I3k 15%, FiRR YQ-1-8 A4 £ fE
different NaCl concentrations s s .

FeIR AR F] 20% NaCl #efE

Strain 5% 7% 10%  15%  20%

I T T VWSS S PRUGARET  MRFE . R 1AA.
SN-1-4 44+ 4 - - 7R ERER R AR ME BT (GR 3), ZREH] 5tk
3A-2 ++ ++ ++ + - PR BB 7E A HLBE A L 2R B P (TAA S 2
L1-2 o - - Pk 8 HAEE 7”4 EPS, {HEIAEA R | fi#
L3-3 SIS - - T . PR BRI RARE T o X 5 BRI AL

—: The colony is inhibited; +: The colony diameter<0.5 cm; . F= IAA F1 EPS RO i T E s #r (K 6),
++: 0.5 cm<the colony diameter<1.0 cm; +++: 1.0 cm<the

colony diameter<1.5 cm. Hﬁ 3A-2 %ﬁ*ﬂ@;%ﬁﬁﬁfigi , b {Eﬂ‘j 2.61;

®3 AHREREMEROEESH

Table 3 Qualitative analysis of the growth promoting properties of five bacteria strains

Item Strain YQ-1-8 Strain SN-1-4 Strain 3A-2 Strain L1-2 Strain L3-3
Organophosphorus solubilizing + + + + +
IAA color rendering + + + + +

Inorganic phosphorus - - - — _
EPS production + + + + +
Siderophores production - - - — _
Potassium solubilizing - - - - _

Nitrogen fixation efficiency - - - - _

+: Have this ability; —: Does not have this ability.

A B C
S 3.0} a 1of 2 08¢ a
3 .
=~ 0.7} a
W25 + 8 b ¢ b be o
] a8 . — Dogl a +
5 20 b g = 05}

° C = 6 L a

g 15 s S 04f a

E cd d >, g

S < 4t £ 03}

s 10} < o

8 ) & 021

S 05t

=] 0.1F

Sh

g ootk ol L ol
N R AR IR KRR R RO

N ERN O NN
Q& 57 BRSNS ) RIS

6 TIHRERMEAIEE. FiIbR-3-ZBRF~5 & HEhE A: FRAOLEE. B: MWE-3-Z17 4. C:
fashZpEr i ANR/NG FRERIR 2 R B
Figure 6 The ability of five bacteria strains to hydrolyze organic phosphorus, produce indole-3-acetic acid,

and produce exopolysaccharide. A: Organophosphorus solubilizing. B: Indole-3-acetic acid yield. C:
Exopolysaccharide production. Different lowercase letters indicate significant differences.
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R YQ-1-8 7 IAA [WRE T fcifk, 4 9.82 mg/L;
WPk 3A-2 77 EPS IWEE I3, M 0.58 g/g. 4
EHT, Bk 3A-2 RIHRGRATEL . AL
WA~ EPS fiE 11 .
2.5 THEEEE 3A-2 MigEEL TIER
BEEYR

FH 2 4 TIA, ZEME R 1107 CFU/g At it £ 412
TR 3A-2 W NAERK e ER IR, Hir
Hby e S AT SRR A, 5 CKOR FEHG 5331
4 30.92%7F1 38.46%, ZEFEE(P<0.05); ZEH. Bk
ISR R B iRy, 20 3.72 mm, 13.58 em.

19.87 SPAD., 7=k FEB IR BERS , BRIBRAYHE AR AL
TG PRI

X EE A T HeEE A 1107 CFU/g BB #E 3A-2
AR FRANZS 0 R AL 22 AR PR (R S), S5 R
FEINGERE 3A-2 J5v] DL & W mmd i . s
By e, IR IR 4.49% . 4.91% (P<0.01); 3f
H R b & i . %M pH fH, F%
R FE 43 3R 16.86% . 16.31%F1 0.89% (P<0.01).
Ui B2 TR PR 1 it FH 8 8% A 80 ik A #h w4k
B a e BRRER &R, NI ED A
KALAE R AP LR, R EAER .

F4 TRIREEM 3A-2 HERL LB BN EE KT

Table 4 The effect of different concentrations of strain 3A-2 on the growth of cucumber seedlings in saline soil

Strain concentration ~ Stem diameter Plant height Above ground Above ground dry Chlorophyll
(CFU/g) (mm) (cm) fresh weight (g)  weight (g) (SPAD)

CK 3.31+0.49ab 11.88+2.44ab 2.62+0.86b 0.26+0.08bc 18.22+2.67ab
1x10* 3.21£0.50b 11.04+4.47b 2.59+0.83b 0.22+0.09¢ 18.26+1.51ab
1x10° 3.38+0.44ab 12.50+1.70ab 2.68+1.24ab 0.31£0.11ab 18.73+0.87ab
1x10° 3.53+0.59ab 12.84+2.71ab 3.10£0.92ab 0.31£0.12abc 19.59+4.56ab
1x107 3.72+0.66a 13.58+2.70a 3.43£1.18a 0.36+0.14a 19.87+3.94a
1x10® 3.61+0.41ab 12.21£2.41ab 2.83+0.54ab 0.30+0.10abc 16.69+4.87b
ANRNE FREFRIR 2 5

Different lowercase letters indicate significant differences.

x5 BEH3A2 LETIRLFMER
Table 5 Soil chemical properties treated with strain 3A-2

Item Control Strain 3A-2
Soil organic matter (g/kg) 20.12+0.68 19.05+0.01
Alkaline hydrolyzed nitrogen 101.33+0.53 105.88+0.18%*
(mg/kg)

Available phosphorus (mg/kg) 198.38+7.13 200.38+4.38
Available potassium (mg/kg) 427.50+0.00 448.50+£3.00**
Total salt content (g/kg) 13.46+0.19** 11.19+0.30
Electrical conductivity (mS/cm) 2.3340.04** 1.95+0.05

pH 7.85+0.02%* 7.78+0.02

**: P<0.01.
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3 WwE5&#

- R YR AR Y 2 BRI it R R T R R
R EZ R Z—, R 500 5 A s SR
g3 TR [ E 3R ) SR A R e ) 2
L B AT ShEi i
TR P18 52 0 BE At 2 AT B R AT £8 4 4 B
FIA: MR, Zhang 250 RS H 840 25
F| 162 HRHA A ERRE 1 B kE , AT DO AR
FEAR VEER W38 A5 T KRR P R, T
KR, R P TR A K. B
FAECU K P X R B - e 5 5] 3 BRi
BRARLE TR, 3 PRI RERSTE AR BbE N e 4k TAR
RET, UCEERBRMAZ, R T Shba xf sk
GHE . REEEPISE A T AR R
X ERAE AR PR 3G 110 FRANE IRk 1R
HEGWRNRAERCR, HhE5REE C3 M
C8 e AL HEAEARAE Y R IE, BT RN
T WA BT BE o A E 5T LAtk 15 Ak - 38k
KA BA5, R0 AS [F) b DX it 4 398 44
B, K NaCl ¥l 5% LB 5532305047 1 i
ERTR UL , 0 26 H e 1 v I R S A W TR
Pho DI EERE, SRAIMESRIG AT T2 AR Wk
vk B0 AN A 0, b BT A e RO R
KT 15%HHMA 5 ¥k, 5 SRR E) 8.6%.
HUZ, WRIBRIHE AR BE T A AN NaCl e B ()3
TN AT, 150 BH ok S T bk e AR HLAT A e A i R e
1 AR T AE N RS i U , HAE S NaCl
WA AR SO A s 2 BRDY . SR AIEAS L AR
A= ARG A2 W2 ARG G i T TR X T HR P T
PRIEAT S E , Horb 4 MRV ZFIAT R E , 10 251
FFRFERCHUER PhA AL AR P A R T 1 58 4k
VR ELA R A P,

T 2 A Al A 0 %) AV AL A 53 % L T A
WA WHRITF R SN EAE LN E L, MEY

i £5 42 A WL 2000 S fdle . AR . T AER R
7= BPS &5, AP BT R bR C8 I B4 (1
MR ENIBR B, ERE C8 HoA fRel | i MLk .
ff TTALBEFN /I E K RFZFI )68, Wtk B4 2
AR AN AE K R ThEE. AhE ]
PAER AR Mb I BEAS 3] 7 AR R 240 TR L I 0 L B
PRI EPS BBy . FEBRAE I F™ IAA fE 1, H
HTA Pk DBO1 7 EPS fig 1 0.21 g/g, FEGHEE T
4 8.7%, 1 1AA WIEE 1N 8.97 mg/L. ASLEubf
FIRER) 5 PRI A MMAVIBERE ). 7 TAA
F7= EPS e 1 o HA etk 3A-2 7 EPS WRE ) %
58, M 0.58 g/g, @ TRtk DBOL [y EPS "4k &
2.8 4%, A e I TR A A 3 v ] AR SR (A BT Rl
T 6 {2 AR AL A 55 A IR B ik 2 18] i A2 e fofF
AR L 3ol B v R FE S R A R T
M. JA S AP TR BUEA 7 TAA RS M
W) EM-1. %R JCHLEBE R ACC 2B
HCH2-3 VIS =k 3 iR 1) FGDS5-2 i T AR 3R
PRITRIN, 3 PRAM AR A it v 4 v i i A6 801
R, B 3 pRA e P R A K P B
PMEIMEF . S8R E IR . MR . 77 TAA
77 ACC R B A BB AN E RE R LA T PR y1923
hy127 F1 hs032 4G4 T F KB AR AR BRI ST
K PURA RS B A TR B AR . MR AT
HI I (P<0.05)/m T HALA 2 K, A LR
B AP A S R A RV A T R TR AR f A
PRI A ) — A~ By [P

Tiif R AR £ BT 114 il P e B 52 ) L it 6 4R 2 &
S, TRV B IR XA AR A 25 DR FAIG, TRV
ik e I AT BB BT I R A s A AR R
MAFIFAERR A A . 2R RIS AR EE 1Y
T AL A= PR AE - 33 P e A L SN FHRICR, . 4521
RGN FE e rmy , DATEAR s - S98 1  4 285 E
K ABFERR R A TS G B 225 5 10° CFU/mL
F110° CFU/mL Ay FRCR BT 107 CFU/mL.
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SRIETR ST T 3 Pl 4 T R X AR B A
- ARV BT A S e B, it A A A TR R
(DL . BL)¥J 7] {2 B AIK 383 40 pH (B, Hrp
BL2 ZbBEXTREAR L0 7 ROR e B 25, 55 CK.
DL. BL1 FHLILAHIBER 14.0%. 4.2%. 7.4%.
AR E S AR ER T R R 3A-2 e A
ROR, 455K 1x107 CFU/g IS 042 A 54
Fefedd, I HAE R BeEh &, Lol
ORI  5 BE IAIAE N B R 5 A 1 1
&5 PR TR0 S 7 .

BZ PR 3A-2 HA RAFATN EhIE A Rk
REAE RS b o4 bn, 45 HHRAE Ty, e ik
JRAEA o SRR FH ) HARIRBE SIS 2%, X a5
Jonnifih F AR AR TR AR IR AR $h A - e ) A AR B
FEE , DRI A 4 1 AT 7 XA TR B Pk 1) &2
WAV E FHIEA TR ST, A6 I b i — 25 B o
it FH i - 9y B S B X B A W e
HIRZ .
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