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Isolation and identification of saline-alkali tolerance bacteria
DQSAT1 and its growth-promoting effect on mung bean under
saline-alkali stress

WANG Yanyu XIANG Junliang ZHOU Yan LIU Quan YIN Kuide ZHANG Xingmei*
College of Agriculture, Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang 163319, China

Abstract: [Background] In recent years, the degree of soil salinization in Daqing has been gradually
intensified. Microbial improvement of saline-alkali soil is a hot research topic now. [Objective]
Saline-alkali tolerance bacteria were screened out from Daqing saline-alkali soil, verify its
growth-promoting effect, providing microbial resources for improving the saline-alkali soil in Daqing.
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[Methods] Screening mediums were used to separate saline-alkali tolerance and growth-promoting
bacteria from Daqing saline-alkali, the strains were identified by morphological observation, physiological
and biochemical identification and 16S rRNA gene sequence analysis, the effect of strains on mung bean
growth and soil bacterial community structure under saline-alkali stress was tested. [Results] A
saline-alkali tolerance and growth-promoting strain DQSA1 was screened, which could fix nitrogen and
produce ACC deaminase, siderophore and indole-3-acetic acid (IAA), and identified through physiological
and biochemical identification and phylogenetic analysis as Zobellella. Inoculation of strain DQSA1 after
planting mung beans in saline soil, the fresh root weight, root dry weight and chlorophyll content of mung
bean after treatment increased significantly, increased by 33%, 32% and 79% respectively. Strain DQSA1
could significantly increase the content of soluble sugar, proline and soluble protein in mung bean leaves,
increase by 10%, 80% and 73%, respectively. Compared with the content of CK, the proline content and
soluble protein content of mung bean roots were increased by 78% and 44%, respectively.
High-throughput sequencing was performed on the soil in which mung bean were grown, the results
showed that the strain DQSA1 can colonization in a saline-alkali environment and promote the growth of
beneficial Rhizobium spp. and Sphingosine spp. [Conclusion] Strain DQSA1 could change the soil
bacterial and promote plant growth under saline-alkali conditions, providing effective microbial resources
for improving saline-alkali soil.

Keywords: saline-alkali tolerance, growth-promoting bacteria, saline-alkali soil amendment, bacterial
diversity
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2.1.1 E#k DQSAl MR BRIBENRERE

20, RAARR] 43 KR ShmianE . b
AP 23 Bk, MRBER 2 #k, HA)” ACC 2B
DIRewtk 15 vk, HA SRR RER R 27 Bk,
14 EA T IAA TIRER R . EFHEA A . ™ ACC
JR A . PR TAA THEERIHFR DQSAT BT
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2.1.2 E# DQSA1 £BELLETE

bk DASAT 7E LB R 350k 3SR 24 h J5 0L
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Table 1 Physiological and biochemical characteristics of
the strain DQSA1

SEE ST Strain
Test items DASAL
H 22 YL A Gram stain -
A} Catalase +

filiBR £ A1 FH Nitrate reduction test -
FA BT 56 Methylic-red test =
VP I %E VP test +
TEMI 7K f# Amylohydrolysis test =
A it A1 B8 Gelatin liquefaction test =
Ji% Z /K fi# Casein hydrolysis =
RN Z RN Z i Phenylalanine deaminase test — —
5|3 56 Indole test +
W o+ BHEE; - B

Note: +: Positive; —: Negative

2.1.3 E#k DQSAl HTEMFETE
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94 Zobellella denitrificans ZD1T (NMUOO01000175)
59 — Zobellella aerophila JC2671" (HMA475140)
O L DQSAI (MT936519)
61 —————— Zobellella taiwanensis ZT1" (DQ195676)

{Oceanimonas doudoroffii MBIC1298" (AB019390)
99 99 Oceanimonas baumannii ATCC 700832" (NQJF01000033)

498|7 Oceanisphaera marina YM319" (KX675452)
Oceanisphaera profunda SM1222" (CP021377)

62 89 Oceanisphaera litoralis DSM 15406" (AJ550470)
Eceanisphaera arctica V1-41" (FN377705)
922 Oceanisphaera psychrotolerans LAM-WHM-ZC" (KF418814)

83 Aeromonas rivipollensis P2G1" (FR775967)
52 Aeromonas allosaccharophila CECT 4199" (CDBR01000068)
Aeromonas sobria ACC 43979" (X74683)

100 Aeromonas salmonicida subsp. masoucida NMRC13784" (BAWQO01000150)

871 Aeromonas salmonicida subsp. pectinolytica 34mel" (ARYZ01000167)
Haemophilus piscium CIP 106116" (JN175340)
Aeromonas salmonicida subsp. salmonicida ATCC 33658" (LSGW01000109)
Pseudaeromonas sharmana GPTSA-6" (DQ013306)
Shewanella waksmanii KMM 3823" (AY170366)

100 81

0.01

Bl 1 H# DQSAL £ T 16S rRNA EEFFIMEM ARG LB R

Figure 1 Phylogenetic tree of strain DQSA1 based on 16S rRNA gene sequence

I 55754 GenBank MBS /M3 SALMEE M RGE A F R 1000 YR AHY Bootstrap {H; AR 0.01 {3k
1% IR 25 5+

Note: 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 1% nucleotide substitution

&2 B DQSAL MEREEMKE KA
Table 2 Effects of DQSA1 on the growth of mung bean plants

Qb3 73 MG 2K fif MR e MR A

Treatment Stem length Root fresh weight Fresh weight of stems Root dry weight Dry weight of stems Chlorophyll content
(cm) () and leaves (g) (2) and leaves (g) (SPAD)

CK 15.90+2.20 0.406+0.059 0.796+0.124 0.041£0.006 0.080+0.012 15.90+1.69

DQSA1 17.30+1.74 0.539+0.0540%* 0.909+0.111 0.054+0.005* 0.091£0.011 28.48+1.54**

T RPEIE R 3 REELR, FIIBTEEER KT 53 (0.01<P<0.05); **{UEZEFKFM 8 EP<0.01), FIH
Note: The data in the table is the result of three replicates, after the numbers in the same column, * indicates a significant level of
difference (0.01<P<0.05); ** indicates a very significant level of difference (P<0.01). The same below

#3 EHMHMEIRAZEREEW RN
Table 3 Effects of strains on osmotic stress substances in
mung bean roots

F4 HEHEMFEIEZERE RN
Table 4 Effects of strains on osmotic stress substances in
mung bean leaves

AR A
Proline content Soluble protein
content (mg/g) (ng/g) content (mg/g)

b3 AR R MR

Treatment Soluble sugar

A3 AETERE SR AR SR AAMER SR
Proline content Soluble protein
content (mg/g) (ng/g) content (mg/g)

Treatment Soluble sugar

CK 2.55+0.15 45.11+4.68 1.06+0.09
DQSA1  2.91+0.17 80.09+5.93** 1.53+0.08**

CK 2.35+0.08 65.51+5.11 1.26+0.11
DQSA1  2.59+010* 117.714£8.39**  2.18+0.06**
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2.3 E DQSAl XMEFMIE TRZIRE LIE
R EZ RN
2.3.1 E#k DQSA1 M EFEMIE TRTIRE LI
ME L IR EA OTU MR

% H Ilumina HiSeq ~F- & % Fif 2 & 1) 4 3 17F
TrF43Hr, 3 P HERE 5 93 55 % (Coverage) #l
KT 97%, )74 5 REAS AR 17 Hh S WebE A iy EL S
. T TR ACE $580R1 Chaol 5 %548
B R A I SR A N, (P 2
S, RUERIEM DQSAL 5, it OTU F
BN 5). BS FEAAY Shannon R HUR AL, F£ W
2T IO TEVE AR R T A BRI

FREE 2)fe ARSI A LR OTU
AL, HAE DQSAL 5, +i#Hh OTU %k
ARk, He BS. S, CK FE S H 4 SR 2]

2302, 2292, 229041 OTU, H3:AH OTU %k
20544, FEA I OTU B4k 35, 29, 244,
Al BS, S, CKEEARM)1.52%., 1.27%. 1.05%,
FHAEZAI AR DQSAL ¥4/ T HH58REA 1 OTU %K.
2.3.2 E¥ DQSA1 X EWMIE TREIRE LIE
R E A RIS

YHPAT TKSFA E BN 3 s, 3 kR4
PE# AN 1] b A8 JE T 1] (Proteobacteria) . i 4%
W ] (Actinobacteria) . %% %5 1 ] (Chloroflexi)
MR A1 ] (Acidobacteria) , (B JEAHXS 3= BE A fr A
A . FEXF M g A3 5 R 23.64% . 25.64% .
20.41%., 15.71%. 3.67%; fEFIFEFE DQSAL J54)
WA 27.07%., 21.80%. 18.55%. 18.60%; fEARE
Fl' T8tk DQSAL 1y + 3 v 73 51 b 23.02% .
22.67%. 19.89%. 18.35%.

x5 MERE o ZHIEL
Table 5 The alpha diversity index of samples

B ACE 5% Chaol #5%( k= ARG W ARAE L
Samples ACE index Chaol index Coverage (%) Shannon index Simpson index
CK 2 306.40+52.982 2291.31+58.91ab 98.00 6.19+0.01a 0.007+0.001a
S 2 285.69+28.39a 2 252.08+40.28b 97.70 6.18+0.01a 0.007+0.001a
BS 2 357.52+23.28a 2 346.95+25.21a 98.30 6.14+0.02b 0.008+0.001a

e CK: XFHE-3E; S. ANEMEEE DQSAT (4% AR 145
58, [RFVECT R A RN MR 2E 7K 183 (P<0.05)
Note: CK: Control soil; S: Mung bean rhizosphere soil without inoculation of strain DQSA1; BS: Mung bean rhizosphere soil with

inoculation of strain DQSA1, the same below; The data in the table is the result of three replicates, the different small letters after the
same column number indicate significant difference (P<0.05)

BS: R DQSAI WS EARME L3, FR; £PEHEm 3K

®CK M Proteobacteria Gemmatimonadetes
@BS B Actinobacteria M Firmicutes
®s B Chloroflexi Bacteroidetes
Acidobacteria WM Rokubacteia
B Planctomycetes  MOthers
BS Community barplot analysis
100

60
40
20

B3 AELETSRELIEAETKEAEERAEN

Figure 3 The relative abundance of mung bean soil
bacterial at phylum level under different treatments

Relative abundance (%)
<
@)

2 AEAETZRE HIEMEE OTU S HHFERE
Figure 2 OTUs venn of mung bean soil bacteria in soil
samples under different treatments
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HE 4 AT, AR 15 50 B SR e
PR BE 8 o 3 A RIEAEARTE IR AKCF By
EHHREYS A Norank ¢ Subgroup 6. UTCFX1,
Norank f 67-14 . Norank f JG30-KF-CM45 .
RB41, #2513 Norank ¢ Actinobacteria FIH
X A B A R B R OR 42 T R 00 0 BRI T
0.33%. 0.24%; Defluviicoccus TE3% 7 1 3E PRI
XN 1.77%, TAEXT IR AR b
AR FE B4 BN 2.11% . 1.73%; Unclassified
f Aeromonadaceae (3.58%) M%F FE#E DQSAL +
PR AT, AR IR - R R 2 T e
FXS R 0,

Community heatmap analyis on gennus level

BS CK

B4 FELNETEEHIEMREBKTE Top2s £EHE

233 Bk DQSA1 X EAMIE TREIRE T I1R
HEERYFHIF I

Kl 5 22 5% LEfSe 4341 & LDA H 5125
R (LDA B{E>2), @it LEfSe 43 & o A ) 45 45
IEILE AT LDA FI5IE AT LLE 3 A LS5 A
AR, TEMIES SRR DQSAT AR 1
R E) 8 MAREMEREYE, L LDA {HHERT
5 A5 H R ME H (Aderomonadales) . <,
PRI Bl (deromonadaceae) . g unclassified
f Aeromonadaceae. g__unclassified f
Sphingobacteriaceae . W FF(Rhizobiaceae);
TR HE 358 P AT 5 PR s PETRITE 43 31k Subgroup_15

Unclassified f Aeromonadaceae
Norank ¢ Subgroup 6
UTCFXI1
Norank f Anaerolineaceae
Norank f Geminicoccaceae
RB41

Norank f 67-14

Norank_f JG30-KF-CM45
Norank_f TK10
Norank f WD2101_soil_group
Norank f Xanthobacteraceae
Unclassified ¢ Acitinobacteria
Norank o Rokubacteriales

Solirubrobacter

Microlunatus - 2et3
Norank_f Roseiflexaceae

Bryobacter l le+3
Norank f Gemmatimonadaceae

Norank f Methyloligellaeae )
Gaiella

Norank ¢ Actinobacteria _ 4et2

Norank o Gaiellales
Norank f bacteriap25
Defluviicoccus
Norank f Euzebyaceae

l -
le+2

Figure 4 Top25 abundance heatmap of mung bean soil bacterial at genus level under different treatments

¥ Unclassified: 22 ANHBRIANEZRE, T

Note: Unclassified: Bacterial sequences that were not identified into anyone in databases, the same below
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Ma: g unclassified f Chitinophagaceae M s: o Micromonosporales
W b: g unclassified_f Sphingobacteriaceae M t: o__Micromonosporaceae

Mc: g Piscinibacter B u: f  Nostocaceae
B d: g JTB255 marine benthic_group B v: g Mastigocladopsis PCC 10914
Me: o Aeromonadales B w:g Leptolyngbya VRUC 135
W f f Aeromonadaceae M x: ¢ Subgroup 15
Mg g unclassified f Aeromonadaceae My:0 norank ¢ Subgroup 15
W h: ¢ Deltaproteobacteria Mz f norank ¢ Subgroup 15
Wi Archangiaceae Mal: g norank ¢ Subgroup 15
M j: g Archangium B bl: f Peptostreptococcaceae
Bk f DO5 2 B cl: g Candidatus Chloroploca
M1:g norank f D05 2 B dl: g unclassified f Chloroflexaceae
B m: f Rhizobiaceae Bel: f Thermomicrobiaceae
M n: g Candidatus Alysiosphaera B fl: g unclassified f Thermomicrobiaceae
M o: o__Streptosporangiales M gl: g unclassified f Gemmataceae
M p: o__Streptomycetales B hl: g Gemmata
W q: f  Streptomycetaceae Mil: f possible family 01
Wr: g Streptomyces M gl:g norank f possible family 01
B LEfSe bar
g_norank ¢ Subgroup_15 [ —
c_ Subgroup_15 [
o_norank_c_ Subgroup_15 [ o
f_DO05_2 E— R

¢ Deltaproteobacteria

g _norank f DO05_2 EE
f_norank c_ Subgroup_15 [

0__Micromonosporales

g Mastigocladopsis PCC_10914 [

f Micromonosporaceae

f  Archangiaceae

o__ Streptosporangiales

g_ Leptolyngbya_VRUC_135 [

g Candidatus Alysiosphaera

f Nostocaceae

o__Aeromonadales

f Aeromonadaceae

g_ unclassified f Aeromonadaceae

g_ unclassified f Sphingobacteriaceae

f Rhizobiaceae

g_ unclassified_f Chloroflexaceae

g_ Candidatus_Chloroploca

g JTB255 marine_benthic_group ]
|

g Gemmata

00 05 10 15 20 25 30 35 40 45
5 AEAETHRETIEMEZEZYF LEfSe 241(A)K LDA ¥ 345 R(B)

Figure 5 LEfSe analysis (A) and LDA scores computed of microbial abundance (B) in the mung bean soil under different
treatments

TE: LDA H51E(E S 2

Note: LDA scores computed for microbes with differential abundances identified with a threshold value of 2

(J&). Subgroup_15 (#). Subgroup_15 (H). ORI, IR #2352 AY [ R -

D05 2 (Bl). ZEIE I 2N (Deltaproteobacteria); A% 3 WisE548

PR R DQSATL (AR [+ S8 rh AR s PR TRV by th 25 1A AHIFFE R R £ B 355 5 S %k PR ER B+ 364
J&(Gemmata), FUMLFIUL, 4R DQSAL &SHUE+ YNEEIA B TvE, R85 43 MR LGRSk, 18
ARG TERESE . PR R DQSAL MR s e shRER SR %, Hoh @bk DQSAL Y44
il b e G MR R PE IR AR TR RE A (e L (RAE I RE SRl . & TAEYIR e R, Wik
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DQSA1 5L EH Rk Zobellella denitrificans ZD1 |
FESIRMIE N 96.93% (/NT 98.65%), AlfEjE T
Zobellella [1)—"8 . H T2 X 5 DR [RIE 1Y)
5% LA v A g P L 400 ZRUR I O A
PRFEDR, b K A 0 i R Bt oo A A g U2,
FLi ER AR A T A T RE R WARGE o Hr ] L,
ARHIF 5T A B — 4B 14 TR R B0 A P i R 24 gl
B+ HLAT T

PGPR ZEFH THWIRA, Reas{Eit YA
KA a2kt gad e ol st e, W
% DQSA1 HAG ™ ACC W2 . IAA FEREIKL
KA TIGE. ACC Wi 2 Bl mT LAYl £ 95 6 BCHT
& ACC, T/ N LI E R, S
HO AR R A K i m R R Y TAA FEER B0
TR AR A K AR, AL B 1t
HEINAR Z R BE R R R R S - Yz ik
AL, SR 0 SR R Y, ]
DA R ACC R G PECY . BRitb =z 41, Eh i
LR, ML SRR, ok
FEREYIE R . EA R AT AR S5 A B B
SEEN, R ZH LR R B BRI AL TE A7
TET A3, 34y PGPR BB & N £k B A ¢
EEAI B ERIR, SHEETRRIEN FTEATE
A RE SR R E AP0 R R, B2
FIEA PR DQSA1 Ji5 & AR i) 1 2 A i 045 2] 1
BERTE, VLI DQSAL 7 AERY ACC Bt i
M IAA JLRIVERIZE M T b W G AL H
AT s 2T S 3R S M b DA T
FA PG, UL, Bk DQSAL £ J5 THi
VR B TR GRRMAERK, IR B
e TR ECE Y, AR B B AR
BFRALE IR

BB 300 £ 5 W R 0 X5 A 0 O W AR R
] AR ) 2 7 A — e 3B B MR R T W) TR 4 R 18 35
PRS-, 27 fie s A A s i i 1 BT Bl R
(18 R SR A2 A 40 17 %o 6 3 1) — F B A A 72

L 2 B 1 — R S U AT PR AT
PEOBEREMBER YR, LS EMHEA
AT DAREAR AN M N v B, B 1k A i T3 B 1
FHad BER K, ) B o] PP Mt v A A oK AL & 90
MR A B AR I R R RE DY BEge
BH, ARk DQSAT i N T 4 5 AT i pp |
AT YA E AR AU R i, il B R T M
TN e T Sk S A ER A RE

t 3t Z2 88 4 iR R S GO W 1 1 B
VR, T RN LT o3 R ASCR L R BEREAIG
A LH IS T, PGPR #AHIMIR R
i, Sl 8 IR e S A B0 SE R R IE B B 7E
AL FBI B B8, 0 T 28 - S LR W e v 2 g 2
AWFFEIE A TR LB, B DQSATL ]
DAAE R BERBE T 2 AR B B O 5 | 40 T R 9K
RS . FEFPTR MR DQSAL J5, ZREAMRE
AT ER ) AN AS T TR DA X 2 B e 0k B A e AT
Pt Ft . phsE R, AR IR E s E
FRWE, HARX 3BTRS A LUK T R
I BB AR DQSAT HAT 3 i Ay -+ 4
AP 0 TR R S A s IR IE I B RE T o S
FrABESE /i ad AL Sl . it 2
IR P A 2, R bR Y 1 R
TR . FEHEFI R PR DQSAN Ji Y 2f SAR i 145
kS I B B AR S PE IR Rhizobiaceae W AR T
B, 25 SUIE I b DQSA1 REMS AL k4 AR Bl Y
HURBE K, PEst aAE s T X &R
FIt, Btk DQSAT HAG T L M BEIE L5 H 1Y
YEFT, BEMS (ol - 48 i) filt 5 1%y 1) 2 B

gi BRIk, TREAS S T SR B Ak DQSAT g
W AEER AR WA T R R IR R IE A L ek
A 5 WA K ISR S R G T SR BRAE )1 . X AR
R IR R B AR - AR T A U E R
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