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Colonization of sesbania seed endophytic bacterium and
salt-tolerant and growth-promoting effect of mixed seed
soaking with endophytic bacterium and polysaccharide
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Abstract: [Background] Soil salinization has become an increasingly serious problem
worldwide, affecting not only crop yield but also the physical and chemical properties of soil. It
can inhibit seed germination and hinder the normal growth and the water and nutrient uptake of
crops, thereby reducing crop yield. [Objective] Maize growth is limited in saline soil. We
studied the effects of mixed soaking with sesbania seed endophytes and sesbania gum on the
germination of maize seeds exposed to medium and high concentrations of salt, aiming to
provide technical support for improving maize growth in saline soil. [Methods] The LB liquid
medium was used to determine the salt tolerance of the sesbania seed endophytic bacterium
Bacillus velezensis ZH60. Maize seeds were soaked with 1% sesbania gum, ZH60 suspension
(ODg09p=0.8), and their mixture for 3 h. After natural drying, the seeds were cultured on 0.8%
agar plates containing 0, 100, and 200 mmol/L NaCl, respectively. The germination rate, root
length, and bud length of maize were measured. The maize seedlings at the two-leaf stage were
transplanted to the pots filled with vermiculite and irrigated with fluorescence-labeled ZH60
suspension. The maize roots were collected after 1, 5, 11, 17, and 25 days, and the colonization
of endophytic bacteria in maize roots was determined by plate colony counting. The
colonization of ZH60 in maize roots on day 28 was observed under a scanning confocal
microscope. [Results] The strain ZH60 can tolerate 11% NaCl. Compared with the control
group, the mixed soaking of maize seeds with 1% sesbania gum, ZH60 suspension, and their
mixture increased the germination potential by 28%, 22%, and 30%, the bud length by 158%,
163%, and 150%, and the root length by 36.8%, 21.4%, and 42.9%, respectively, under medium
and high concentrations of NaCl. ZH60 could colonize maize roots, and the colonization
increased from 2x10* CFU/g on day 1 to 2.5x10" CFU/g on day 25. [Conclusion] The
endophytic bacterium B. velezensis ZH60 has high salt tolerance. The germination potential,
root length, and bud length of maize are increased by mixed seed soaking with ZH60 and
sesbania gum. B. velezensis ZH60 can colonize the roots of maize, which provides strain
resources for improving germination and rooting of maize in saline soil.

Keywords: sesbania seed endophyte; sesbania gum; maize; salt tolerance; colonization
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SR BRI T RS, R R DL ek
&R, BEAEREYE Cca® | Mg™,
K, Na', CI', SO {4l B IEAERY,
A W AT - S8 v Y AT U I R B 4 R B A
Wi, (A Bit Sy AR Bk
WAL AED ) 7 e, iR 25t 3 24
PEBT, MR A&, PHARAEY) E AR K,
DA RS K 50 R 53 B A, 3 T 52 i £ 0 )
Fra O, A AR R A A AR,
Ay ek e e, 7EEh B TR S
Wy ity A SRR B 22 5 1 H

L) P A TR 7t B A A4t B 1A 20 e 1]
B3 14 438 o B sl 43 B BEAE VS A A ), 4
FENEANE . WA B RN A S, 1 A
PR 2 DR 3B B ) A7 7 1T 2 B R AN E AR
WA T RES AL HECAAEM ek R K A
Fi5, nng Wk £ B2 (indoleacetic acid, 1AA), 4
Jit1 5334 & (cytokinin, CTK). 75% & (gibberellin,
GA)%, i Ay AR KU, o] E s e R )
R ZECH RS E NG, SHEY A3
AU BRI 9 3 T 06 O 1 P9 A B S
PIHAE SRR

HH 5 Jist (sesbania gum, SG)JE T S FHEY) H
R, Bl SR A,
PR EAR RN RAFT T EY, &
£ 2.3x10° Da 2471 e HAT ARS8 14 3% K
PEU FEEAL . 458, A, BEZE . ko dh A
sz AN, e AR b A I R LR A
T2 R, AWl R 5 e 1 55
+ AR TR AR ) A G A A 4 55 S T AR
I, ABEFRE e S A R IR
X K B ER AR AR ROR

FATHIPI N HFEFFIF 53 N AETE ZH6O0,
16S rRNA J ] [R5 53 B 8 5 Ay DU 25
fFF 7 (Bacillus velezensis), B-A7 7= IAA K f# TG

PLBRRE T, REAEMISE . FOK . B, i SEAd
Pk g s, ATl PGPB I AR A PR
AWFFHE N AT ZH60 5 H AN IR 32 )
M A&, WIEHAM A G EMI R
Py BRI ER 02 A ROR

1 MER5r%

1.1 ##)

S5 2 FHA O 3 - v g 0 D
ST ZE /AT T (Bacillus velezensis) ZH60 (¥
FHRS SC60), BT 2020 4E 11 A 30 HAEm T
r [ s A ) T R DR B D1 2l A )
L, PR 5 A CGMCC No. 21262,

B F K (Zea mays L.)Fh 1 B B 958,

LB A3 I 5 (g/L): MM 10.0, BEEEKY
5.0, NaCl10.0, pH 7.0, 0.8%Isfgss7E5E. Bilg
¥ 8.0 g/L, 100 mmol/L NaCl BiiJI§(0.8%) 15 55 5
(g/L): B # 8.0, NaCl 5.85, 200 mmol/L NaCl
BB (0.8%) 15 77 3 (g/L) : BifiEKr 8.0, NaCl 11.7,
1/2 MS B . MS Hi 5558 20.87 g/L.

TERRG A, DA EB ARG BR A F
N AR, T R AR S A FRA 5 ok
R R IR, MEESE
1.2 HWAHE ZH60 it & 4k 18

¥ LB BB 323 A9 NaCl Z9 FEE TN 1%,
2% 3%. 4%. 5%. 6%. 7%. 8%. 9%. 10%.
11%. 12%. 13%. 14%. 15%, 5 mL /2 2k
i, BERD ZH60 J5 37 °C. 170 r/min 5535 B4}
oK (12 h), 5E ODggo ",

1.3 FWRAFIRE

ZH60 7E LB Wi fAR; #£ 4L 37 °C. 170 r/min
PR332 14 h ), F 4 °C .4 000 r/min 2.0 5 min,
FEWEBFEAREET 1% (EREHESE)HE
IR, VA ZE AT ODgoo M 0.8; FKFhF
2T 75%EFE 1 min J5 R KEDR 3 K, 2%
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NaClO JH# 5 min J5 IR /KIEVE 3-6 Ik, KM
BEALBR S ) T KB IR T 5 IR 2 3 h,
RIG TREGHRT, FARHEAKER 0.8%
BUIgREFR 2 . 100 mmol/L NaCl, 200 mmol/L
NaCl B8 (0.8%) 15723, Tl A3 3 AN E A
BFOLMB RS 1 B 12h IR JEE 28 °C,
TR 65%; 55 2 Bt 12 h 2BWE . JRJEE 25 °C. 2
JE 60%5 5% . 5 4 Rl ok 28, 55 7 K
EM. ZFK
1.4 ZH60 EE XK LHIEAE
VIR FR 5 T IO BT 0.8%35 g 1 77 3k
B REEE R OLBRER FRASE 1 Br 12 h BRE
TJE 28 °C. MBI 65%; 452 B2 12 h BB . iR
& 25 °C M JE 60%) K3 H &2 7d JFK R .
FEH L AR TRASAH 12 MS ERRMEEL
ARSI ORGSR R IR N (B AR A5 1 )
3R 1 R, BUBAE . TCR K AR
3K, BSOSO GE AARIC W R Pk ZH60-GFP
TET 25 pg/mL EF&EE | 7.5 pg/mL PUFRER) LB
WARE:FRFEN A K 16 h A£47, 4 000 r/min 5.0
5 min, % LW, T 12 MS EFRRHHE
A ODgoo M 0.8 #4515 FORAHMREE AR A 1%
AW (EA 10.5 cm, 5 9.5 cm), JLH/K
DEHE BEAEAIGRA B K TR AR D
ZH60-GFP B 5k Y ffi d A1 29k i >l 2% 10° CFU/g,
S5 11 BSEAR B J7 11 R PR, R b T 01 K A T
W, TR 20 fE; X#HE?E%%?%%%E’J 12 MS &
FEW, Ao TARIEERS 1.5, 7. 11, 17,
25 RFEFT KW RFES, Fﬂ 0.1 g E R4
Z, WA 0.9 mL JLE/KBFEESS], REMREA
S0 BARARLRBHMERBEZE 107", 107,
107, 107*, 107 kA 7.5 pg/mL PUFRZE A
25 ug/mL AFEM LB BAR I BiZ- AR
F 37 °CHig% 24 h )5, FZOCEMBEME L H
LREDICITRVE IF T, BT RS BT E AR

o R TR TE BB YIE . 55 28 K, BURF AL
TR MR VI 0.4-1.0 em U H, BB
Fr B3R HOE IR A R UL E B B
1.5 HiESH

X F Microsoft Excel 2019 {4 iE 1 74 5 4%
HE ST, RA SPSS 20.0 FRAEXEdE A TR
E 224011 (one-way ANOVA)FIZE 5 i Z 4G 56
BHE R, 0=0.05), KIFEPEHE N HELAR
R

2 ER59

2.1 E¥ ZHo60 Ayt Eh %

PR R A T P 2 A R 00T I A TR )
Febn, L 1 R S N A DL SIS 2R A I ZH60
IIIIES 1%, 2%, 3%. 4%. 5%. 6%. 7%.
8%. 9%. 10%. 11%. 12%. 13%. 14%. 15%
NaCl 9y LB AR IR IR 5E 24 h 51
ODgoo fl. Wik ZH60 7E NaCl FHikE 11%H}
ODgoo 4 0.23, £ NaCl Fhife B KT 1%} i bk
ODgoo fH/NT 0.1, HILERE ZH60 RETH 32 1) i
K NaCl R EHR 11%.
2.2 HE¥ ZH60 5HERIER
[ENES: AT
22,1 BEBERMMERAFHEIZM

FH 3 . AR DU 2R /A i ZH60 Fl

B A B F AR K T X IR (8] 2). oo

"R ER

1.0
0.9
0.8 ’
0.7
= 0.6
N 0.5
T 04
0.3
0.2
8(1) [ B0 0
1 2 3 56789101112]314]5

NaCl concentration (%)

1 BE#k ZH60 Ky &
Figure 1  Salt tolerance of strain ZH60.
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OCK BZH60 O 1% sesbania gum B Sesbania gum+ZH60
80

th O
o o O

N W
o o

Germination potential (%)
NN
=

(=}

=

100 200
Salt concentration (mmol/L)

2 FREIESKETEK ZH60. HERBEMT
MERGEMERRTFE AFR/NGTFEERR
S H

Figure 2 Germination potential of maize seeds
soaked with strain ZH60, sesbania gum and
ZH60+sesbania  gum  under  different salt

concentrations, respectively. Different lowercase
letters indicate a significant difference.

AT HER . ZH60 R EAMR R G B &
ZES T B A (CK) S 1R 7 6% . 9%, Ui
HIH ¥ e 5 ZH60 AR iF £ KR Fh+ 1 & .
100 mmol/L NaCl #h¥k e . ZH60
BN E B K ZEHS A B R 1% . 11%;
ZH60 M A2 7 B 2 . 200 mmol/L NaCl #;
WP T HI#5 AL L ZH60 1= Fl & ZESA I Bt I A
WEZES, DR RAERR 5% 11%. 0.
100, 200 mmol/L NaCl H#H K5 ZH60 IR 5%
TS I & ZE A8 B, 23 il vt REZE 42
28%. 22%. 30%. Zg LAlUL, A5 ZH60
IR AR FTETCER 5510 RE MR £ T K 2F,
1E 100 mmol/L NaCl, 200 mmol/L NaCl Lk /&

TR T X RA, BERFEESR S T KFh
F7£ 100 mmol/L NaCl, 200 mmol/L NaCl £k
BET T ER P RE o

BEEMY EXRF KA
M5 . ZH60 Bz Fh 51R -5 12 Fh fE
WM EZE. ZE 0. 100, 200 mmol/L NaCl

2.2.2

35 iR Rl ZH60 W= Fh B 58 & TR ik
ZEH(E 3); 0, 100, 200 mmol/L NaCl F H#
JBE 5 Tl 5 o) B AH 1) 24 43 i & s 1 100%
125%. 100%. ZH60 2 F 5 Xf FE 20 5331 b 35 42
T 50%. 32.5%. 33.3%, 0. 100, 200 mmol/L
NaCl T H¥# I8 5 ZH60 IRA 12 Fl ¥ ) Fi 20 2
FPE TR 2R, HP 0 mmol/L NaCl T
SRR ZH 2 KL T 158%, 100, 200 mmol/L
NaCl FHXT A ZF KA T 163%. 150%. H
S ZH60 12 Fh 1 KX KA KA K
AREHAER, [RIETREAE 4R & KB FAEPE
RSN AEZE, WA TR Gt R ROR B 2
223 REERMMERBRKAZM
SRS, HEEI . ZH60 HE Rl S
TRAAE RO TR AR LA E (B 4). 78
0 mmol/L NaCl T H & R EME X ALK
RS 11.9%; ZH60 12 Fhixt B4R K 42 5
T 7.1%, KRFEER; HEKRYS ZH60 RGR
PR BRT IR = T 36.8%, ZHFW#E.
f£ 100 mmol/L NaCl T H# K. ZH60 DL )ik
G Ao A AR K S 14.3% . 7.1%H
21.4%; IRAEM E MK BT EA 22 55 8 2% .

OCK 3 Sesbania gum
B Sesbania gum+ZH60

Bud length (cm)

100
Salt concentration (mmol/L)

3 ARG RETEN ZH60, HER BB
MERSRMERFK

Figure 3 Bud length of maize seeds soaked with
strain ZH60, sesbania gum and ZH60+sesbania gum
under different salt concentrations, respectively.
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77 OCK  @1% sesbania gum

6 B ZH60 B8 Sesbania gum+ZH60
5 ¢
£ 4t
o0 , c be pe & a
L F -
= 2 ¢ b -
g2r
P B

100 200

Salt concentration (mmol/L)

4 AFREESKETEK ZH60. HEREMT
MERERMERRK

Figure 4 Root lengths of maize seeds soaked with
strain ZH60, sesbania gum and ZH60+sesbania gum
under different salt concentrations, respectively.

£ 200 mmol/L NaCl T HEK . ZH60., RAR
PR a0 FRAA AR 22 S B B v, IRA R IR
X BRA AR K AR T 42.9%. 200 mmol/L NaCl F
TR RF TR e ORI 8, 1RE
EATE SRR T W T EOK A Eh v
23 ZH60 £ E K ERIEE

Kl 5 2 ZH60-GFP HEAR 28 d F KA KAR
O, TTLUE R EAR AL Y R OK bR R ZEML AR R
BT AR A, MHFEEE N, K
ZH60 HEMH ok 8 2-3 [, BEMRATEE
FoKM B 4 R AT, PRicE bk ZH60
HEEOREE (B 6). Z5ML. MR, 48T EoK
AR oo B MR P Y 23.2 om,
ZH60-GFP JEMR AL FRL A #k R - 39ME R 33.6 cm,
ZH60-GFP AbFRI 2425 1 FOKPRR , Aou) i
BET 44.8%,
2.3.1 ZH60-GFP EFEER{L

Bl 7 MO R E BB ZH60-GFP
WVERR S B EORMRI I E, mTLLE R KR
BB DX FNAR Hh Be 8 S o B L o A . H
N A TE RE A 2 A T S AR R R ARER , Rl s
[ HERS AR AR ) B B8, SRR AEZE &

Bl 5 ZH60-GFP iR 28 d MERERKNKR
Figure 5 Growth status of maize plants after root
irrigation with ZH60-GFP for 28 days.
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Figure 6 Plant height of maize after 28 days
root irrigation with ZH60-GFP.

ek ict, nRERN R ERRTR EZE
A
232 THEESHEMXAR

PR MR 43 F2 R VR T AR, R Xy &
KAEYI AT ZH60-GFP 1EARTS & R kL5 .
& 7D A ZH60-GFP X} £ KHEM )G 1. 5. 17,
25 KA AW AR A VE AT & ge it &, 55 1 K
2x10* CFU/g. #% 5 K 1x10* CFU/g. % 17 K
2x10* CFU/g. % 25 K 2.5x10* CFU/g, ®"[LI&H
L R R T FH 5 PN A= T ) kB ]
AL B SRS T B, 7 DU B[]
NS 25 Kk F] 2.5x10% CFU/g, fESZHHAPY,
WA ZH60 16 5K R EM B BTt
TEE
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Figure 7 ZH60-GFP in maize roots. A: 488 nm. B: Open field. C: AB overlap. D: Variation of colonization.
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3.1 ZHEMNEYREER

Z B oKL & I T2y,
A, U oTE . AEYIAR AT AR i
PSR TR B Wk | 4l
ZUTHE . Oa Ve oKk Ak BRI A W16 52 456
O JROR A A i P R B B
—FORIR . SRR IR AU R FL T R B,
M T HEF R S A RN . HRRbl, J2—Fh
RRw o THVEZHE, HA B4R R |
MR PR PEN ), A S — R R IR 5 A AR P 4
HEHA K I s It . AOFERM, M BRI
WA BGRIFRENE , T 2050 1% B KoK

FERERTE 290 1000 mPa-s, I H Bl & 5 73 %L
AR b e A, I BIHL A A B G P AR F
FEPR MR ZH60 . K 43 il Bl = b R OK A
T, FEARFERWE T RS EAF Tk
ERLLRR K, (HIR A RO AL T
ZILUSERIE R R SRR, 5870 WX &
SRR ER RO, SRR E IR TR
KRR R BRE P Turk 5T A9 58 R A
WSt oK IRT, FE—E BR B L GAR T AR b an X
FOKRAERKMAFG W, $&5 7P T EK
MR Wk DL PR AT SRS bR . Lin 450
WFSE KRB, AN T4 40.8 kDa 19 Z W 4E &
KRG E M, BRI L R,
Hiy b DL R AR K A B 8O T R T 2 R D

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



3436 (YIS Gk

Microbiol. China

AbPRAG KRS o BT BT 22 2 M 22 B 5 0o
FT- | RERR AR AL BRI SR A OR , TiAS
BIFTERT 5 AR —Fh 2 0 S5 A RS &
PR AR 0 B T P DA R FH 5 i 1) 5 9 S AR
MERE, TRIENZER ZH60 RETEMMRAE KBk

FERRE, O S B T L DI S5 e 7 ) R
i n] fg

e 38 5 0 2 R N K 2 B B A5 A
17, BEEE BB, TR BRI BB K
FERRBIER IaE , anesihiE . BaE e, o
75 R A5 . BRI 3 B0 7% R A S5 4
PP, A P9 A TR R A AR R AN R A SN
Sty dtmE s . AEERRY, Wi EA .
W PRERERAAR . RS 2.2 (indoleacetic acid,
IAA). 7% Z (gibberellin, GAs). 4iffi4r2%E
(cytokinin, CTK). iz MKk 518 £
BESAL AL A W DA AN R A A 28 3R 88, AT
PR A KB, B, P REPISE R
HA 43 05|k 2,1 (indoleacetic acid, TAA), 7=
R AR LR 00 PN A TR PR B R A AR B TR
GF-55 ffi ERMRKIETF 141.68% . fif & 12T+
231.25%. AW FT P B 9 A R DI R A A
Yy 35 R 0 4 B Y DL 3E BT 2F AR R
ZH60, FLA i TCHLEE . 43 TAA RE T . ZH60
2R I FOR MR AETCEE . 100 mmol/L NaCl,
200 mmol/L NaCl #h ¥k B T 73 il #¢ 55 T 36.8%.
21.4%. 42.9%. Dong ZEMER A HE Y435
BN A2, 7 150 mmol/L NaCl #hik T
IR DE R T B ARG, [T ER ke T R T Y
T e 35 DR R A 2 - I SO DR 2 R ARESE
f) ZH60-GFP HEAR 28 d i T KM bRbR R . 22K
GRAHBNTXTIRA, £H ZH60 XTFHEY
AR B HER, BT R 7 I )2 1 Y
TIHRTT

33 AEEEEVMARRNMEE

A TR FHAE IR 3R K )2 0 11 sl o 2 ik
BEAEPIEN, WAAETHRE RS R4
gl RN, W BEE TR, 25, 0,
. R E R pldn, AR
(Azorhizobium caulinodans) | FH il # 335 K 7
JE AN (1 2 A 0 AR B AT
1€ TS Z MR R, AR Rk A s
Rz 3h Jr N5F) . SRR RN R+
PEFRSE) . EFH AR (VBT SE) . ARBR W)
CEREMAEYES SR, Wy ie &5 f
FEEFRYRAK, HESERHORENAE
FE P AU 02 AR 9 AN it 6 (4 FH 35
- H T T R £ AR Y P A T —— DL S 2 A
FFE ZH60, il b 2= Ak #- 1 T o e hRid, #
WA B 0,75 ' J5URL (GFP) i FH 35 1 o9 4
(ZH60-GFP) 5 AR AT 96 R 12 14 N A 7 (ZH60)
AT AR & X, R A R KSR
—3, FE, % 1. 5. 17, 25 KXH4i74 (GFP)
FRICE 58 1Y EOKR AR SRR TP , 8 P Al B 7%
THECH AR B R MR A, & SRR & 1A A TR Bl el
A2, BB TREXT R EE, X
5491 /0 ARSI B AR 0 B 2 PR AR AE FOKR AT AR
I P 2 B %o - S T R B S %) ) iz B 5 P 4
B8 EEEPIENAR YN201728 E5H
AT BT YN201728-GFP #Ric 4
BAR MR, 5 1 R AE M L A AR AR A 0 LR A 10 Y T
P ¥0H 6.00x10° CFU/g; Feng 254\ 5 5 1
AbBR A KRR R A S Bk N AR T E BEK AR
ETHEMRBCRTE 1.07x10°-6.80x10* CFU/g, 1E
SEFLHS 7 REFAF R KAE 6.80x10* CFU/g. A
SEE TR AT ZH60 1E BOK R E B
1x10*-2.5x10* CFU/g, {E55 25 K& 5l & ik 5
RAE, FIRESE /KRR bR 5 R R 9 A
PRARVE . S5H 25 R
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