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FYP1101 69 B #rf 334 8%, HEA 43R4 B RAE 77 [ B A BEZE 4 2.59 nmol CoHy/(h-mg &
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Effect of Enterobacter sp. FYP1101 on wheat seedling growth under
salt stress
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(1. Institute for Applied & Environmental Microbiology, College of Life Sciences, Inner Mongolia Agricultural University,
Hohhot, Inner Mongolia 010018, China)
(2. Inner Mongolia Academy of Forestry Science, Hohhot, Inner Mongolia 010010, China)

Abstract: [Background] Saline-alkali land area in China is big, wide distributed and diversified,
which is mainly distributed in northeast, northwest, north and coastal areas in China. The research in
recent years has shown that the bioremediation by inoculation of PGPR can improve resistance of
plants to salt stress, increasing the saline-alkali land management. [Objective] To preliminarily
discover the growth promoting effect and mechanism of Enterobacter sp. FYP1101 on wheat
seedling under salt stress, and to provide the theoretical basis for the field application of the strain.
[Methods] On medium of phytate-phosphorus, using spread and streak plating technique to isolate;
on Ashby medium and inorganic-phosphorus medium, the bacteria of nitrogen-fixation and
inorganic-phosphorus-solubilizing were screened preliminarily, then analyzed their abilities for
nitrogen-fixation, phytate-phosphorus-solubilizing, inorganic-phosphorus-solubilizing, siderophore-
producing, 1-aminocyclopropane-1-carboxylate (ACC)-deaminase-producing and indole acetic acid
(IAA)-producing; 16S rRNA gene was applied to preliminarily and taxonomically classify the strain
FYP1101; plotted wheat under salt stress and conducted 3 treatments (treatment FP, adding particle
microbial fertilizer containing FYP1101; treatment NK, adding null particle carrier containing no
bacterial inoculant; treatment CK, neither particle microbial fertilizer nor null particle carrier added),
then compared the shifts of the growth traits and physiochemical properties of rhizosphere soil of
wheat seedlings under salt stress between different treatments. [Results] A total of 96 rhizospheric
strains were isolated; one isolate designated by FYP1101 has salt tolerance up to 8%, and showed
strong abilities of nitrogen-fixation (nitrogenase activity of 2.59 nmol C,H4/(h-mg protein)),
phytate-phosphorus-solubilizing (2.70 ug/mL), inorganic-phosphorus-solubilizing (4.29 pg/mL),
siderophore-producing (D/d ratio of 2.88), ACC-deaminase-activity (7.32 pmol oa-butanone/(h-mg
protein)) and IAA-producing (24.93 mg/L); based on 16S rRNA gene sequence, strain FYP1101 was
classified into the genus of Enterobacter; Compared with NK and CK, the wheat inoculated by FP
under salt stress showed chlorophyll content and biomass of overground and underground increased
markedly (with increments of 19%—54%) and root length also increased markedly (with increments of
46%); the concentration of rhizospheric organic matter and available nitrogen were improved by about
52%—98%, whereas pH slightly decreased (0.12 and 0.17 units) and salinity increased about 40%.
[Conclusion] Enterobacter sp. FYP1101 has many kinds of plant growth promoting traits. The strain
can significantly affect the root establishment of wheat seedling under salt stress, improve the content
of nutrition in rhizosphere soil, reduce the absorption of wheat for salt and promote the growth of
wheat seedling. This suggests that Enterobacter sp. FYP1101 has a great potential in improving the
adaptation of plant to stress.

Keywords: Plant growth-promoting rhizobacteria, Salt stress, Wheat seedling, Enterobacter
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Ashby Hi553E(g/L): WEIR S8 0.20. FRIRES
5.00, BREREE 0.20 A% HE 10.00, NaCl 0.20, CaSO,4
0.10. BUiEH 20.00, pH 8.30.

TeHUBEEE 73 (/L) AT HE 10.00 AR EE 0.50
LA 10.00, SR 030, BRAREE 0.30, WERRES
10.00. BRI 0.03., filiR%h 0.03 . BAEH 20.00,
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1.4 Enterobacter sp. FYP1101 B9 BSFEE
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BRI AR R AN ARSI RY R, EAEI
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Leclercia adecarboxylata LMG 2803" (NR117405)

—— Enterobacter kobei DSM 13645" (LT547822)
Pantoea agglomerans JCM 1236" (NR111998)
— Enterobacter ludwigii EN-119" (JTLO01000001)
l—l\ FYP1101 (KY684230)

—— Erwinia aphidicola DSM 19347" (AB273744 98)

Citrobacter werkmanii NBRC 1057217 (BBMW01000025)

86 Citrobacter murliniae CDC 2970-59" (AF025369)

Citrobacter braakii CDC 080-58" (AF025368)

Klebsiella pneumoniae DSM 30104™ (NR117682)

—_—

0.002

1 FYP1101 &F 16S rRNA £ E FFIM ARG X FiH LR
Figure 1 Phylogenetic tree based on 16S rRNA gene of FYP1101
T 5 P SRS GenBank B3k 55 70 SCUAMUE R KT 70%0 715 A E(1 000 HEZAIAERY [ 73 E); 0.002 FrRACEFS1

[EIR TS
Note: Numbers in parentheses represent the sequences’ accession number in GenBank; Bootstrap values higher than 70% are shown at
branching points (expressed as percentages of 1 000 replications); Bar 0.002 represents sequence divergence.

Pseudacidovorax sp. NH-1* (HQ834241)
96|' Pseudacidovorax sp. ptl-2' (GQ249664)
Azospirillum brasilense AWB 12' (GQ161239)

Ideonella dechloratans (EU542578)

71 Ensifer adhaerens clone 1 (JX081993)

YOO1 Giorhizobium sp.TJT 1707 (AJ505315)
FYP1101 (KY710740)

Herbaspirillum seropedicae DX 35' (KF357957)

99
L Herbaspirillum sp. REICA 064" (IN698218)

Beijerinckia indica subsp. lacticogenes DSM 17197 (AJ563939)

—
0.02

2 FYP1101 &F nifH EEM ARG LB H#H LR

Figure 2 Phylogenetic tree based on nifH gene of FYP1101

T 5575374 GenBank %3355 4 3CmAMUE R KT 70%M 715 SAE(1 000 WEEHIFER E 43 1L); 0.02 A RARFERITS
ISR

Note: Numbers in parentheses represent the sequences’ accession number in GenBank; Bootstrap values higher than 70% are shown at
branching points (expressed as percentages of 1 000 replications); Bar: 0.02 represents sequence divergence.
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2.2 Enterobacter sp. FYP1101 BYE A4 <4k
F{RAEFF4

Xt Enterobacter sp. FYP1101 34N A= otk
AR AE RS T 00T, 45588, FYP1101 94
KAREEJE R 4-45 °C GEEAKIEE N 35 °C).
pH 4 4.00-10.00 G&E E. A= K pH 6.60), £ (NaCl)
H0-8% GEHAEKERE R 2%), ULHIZH A K
S AT B, SR B ELE VS R BE . HoA A
FEPE ST 2R, 20 A B0 % [ 2R BE ) [ U g
61K 2.59 nmol C,H, /(h-mg & )] f#AE FR T fig
11(2.70 pg/mL)., f#JCHLBERE J1(4.29 pg/mL, H
pH H 7.19 F524 4.68) . Pk # ik RE ) (B (5% 18l B
REEIEER WM D/d H 2.88), ACC & BT
P[7.32 umol a- T BFER/(h-mg & [1)], [FIAFiZHEH
ARSI TAA feJ], WY TAA WEW A
24.93 mg/L, A UL, FYP1101 2 HA 2R A 4%
PE Y R
2.3 Enterobacter sp. FYP1101 kB / &4
PN ERN: A

ERIE /AN DA 30 d, BRRTZY 20 cm B,
XF EEXRESHIN 2 T M EA T A e IR

Fimbag RS, 250 3, £ DEW, CK (Nt
25 AR B A AL B S NK (it i 4 A ) ik
PRYXTER A T /N AR K R TG B 2
FP 5 CK #I NK A, Phimdo & 25, i HAEY)
TR 19%F01 38%, Hb ™AW 54%F1 50%,
AR 2 46% , 248 R O T HE = 29 52%F1 54%;
o, Brith T EARAE 225 5K 0.05 4, I
BRI T 0.01 B EEFKF; A, FRERER
20 HKi/NFERIF, FP ARFIEL CK A1 NK () H P RREL
W& 2, B A= i AT S B R T E (R LB AE M i BR LA
FARIARER, Bl AR )5 5 B A P i) AR AL AR
i, AIOL, FYPL101 PEPERT & 52 mhiia =/
BA, I ERIEAR .
2.4 Enterobacter sp. FYP1101 XJ 2B/ NE1R
PRI RAYEZ I

MBS+ SHEYAR AR R %, HAEE A Yt
WPEFIE SRR, SHEYIE R RED] . X
F 1 3 AL BT ER A T /INZ L AR bR - A AL
PR . pH RIS, % 2 4ERE
B: B Ab T /Y pH 22 54R/1M0-0.17); CK 1 NK
WL B L5844 1R], FP 9452 T+t CK Fil NK

3 BT NEERES

Figure 3 Plant morphology of wheat under salt stress

. CK. NK Al FP 43 B FRAG I 2 3 AR me s 14 IE (9 25 AL 3 . i 2s s Rt i+ FYP1101 o550k B IE.

Note: CK, NK and FP represent the treatments adding neither null-carrier nor microbial fertilizer particle, null-carrier and particle fertilizer

contained FYP1101.

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



108 A 2 A

Microbiol. China

=1 EppEnEE KR
Table 1 Growth parameters of wheat under salt stress
AR/} -xA
" : . . . ES S
Ab B 7R Biomass (dry weight, g/plant) P L nl
Treatments ~ Number of plants b b R Plant height (cm)  Root length (cm) Chl content
(mg/g dry leaf)
Aboveground Underground
CK 16.4+2.4° 0.25+0.03° 0.05+0.00% 23.41+1.80° 7.61+1.00% 1.96+0.03"
NK 16.6+2.1° 0.2240.02° 0.05+0.00% 20.19+2.82° 7.60+1.13% 1.93+0.0°
FP 18.6+0.8" 0.30+0.02° 0.0740.01* 21.89+1.20° 11.09£0.71% 2.99+0.114

1. CK. NK 1 FP 20 SR AN ZS B AR sl mok: B IE A 28 (AL ER . 5 in2s 2R T in & FYP1101 (BRI IEAYALHE; AR A a

KNG FEAA R 0.01 F1 0.05 255 8 2K .

Note: CK, NK and FP represent the treatments adding neither null-carrier nor microbial fertilizer particle, null-carrier and particle fertilizer
contained FYP1101, respectively; Upper and lower letters in the superscript of A and a indicate significant difference levels of 0.01 and 0.05,

respectively.

Fz2 BB NERPREIELMER

Table 2 Physiochemical properties of rhizospheric soil of wheat under salt stress
fhgm B A AL HhE

Treatments Available nitrogen Available phosphorus Organic matter pH Salinity
(mg/kg dry soil) (mg/kg dry soil) (g/kg dry soil) (mg/g dry soil)

CK 43.4042.96" 32.30+2.30* 14.69+0.09¢ 8.91+0.03" 1.50£0.02°
NK 40.83+1.92° 16.89+0.42¢ 19.06+2.06" 8.86+0.02% 1.5120.04
FP 71.87+0.88" 27.25+1.53" 29.12+1.34* 8.74+0.01° 2.11£0.02°

1. CK. NK H1 FP 23 BICFA N Zs 2 A s ks B AR (0 28 AR SR . it hn2s 2 A0 in & FYP1101 (SR # AR AL 3R ; HFR A Fla

KNG FEA R 0.01 F1 0.05 225 5 27K

Note: CK. NK and FP represent the treatments adding neither null-carrier nor microbial fertilizer particle, null-carrier and particle fertilizer

contained FYP1101, respectively; Upper and lower letters in the superscript of A and a indicate significant difference levels of 0.01 and 0.05,

respectively.

A EEY 0.6 mg; CK. NK il FP ACFE T 4T 78
TP S A5 14.69. 19.06 F129.12 g,
FFIRF) T B E/KF(P<0.01); CK. NK Al FP
Wb PR BT v T A EUOE B o 32.30.
16.89 F127.25 g, Z=5ik3] TR /K- (P<0.01);
CK 1l NK FF 5T+ i s ZUK A, 535
4 43.40 g 1 40.83 g, W E LT FP AbFEAY 71.87 ¢,
Z5IR B TR E K (P<0.01),
3 i

Enterobacter J&WFZHEMEREA eI A=
KEER, BE—2% 0 A Y AR PR A 4= 5 (Plant
growth-promoting rhizobacteria, PGPR), £k
PGPR & F] FEARER B XTI 853, R EAE
FEPERERY . DL G AT R LTy 0y BT R T &

T EARR I, fEFT S 21 PGPR L 5t
Enterobacter spp. H.Z HATMERFFE S FATT A 41
— PO TEBE AR RAR bR 3 4325 PGPR 015 )
T Z8kizJEE, Hr Enterobacter sp. FYP1101 45
A TR BT ER P (0-8%) RIS RAF I [ . AR IR
W, MRICHLE . ™ TAA. WERERIAH™ ACC A
HSEM e AR R . BRILZ AN, HEr—2LmjEmw
RN Enterobacter sp. MDSROZ ik & B i T 7
HCN | ¥ 8 FpE S5 42 A R bk o X SE g5 SRR
Enterobacter spp. &= HAT R 41 I 189 PGPR #F
AR Wt Enterobacter sp. FYP1101 Jifa in 2 £F
SLERNE T R/ NE I, B S AR TN RS
apk, JUHRRERE S TARK A Ea TS A,
AR T 3B A . ARSI, it s
HAMAEY TG ACC A RHEM 05 BCET
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NI AR R bR R Hb BT AR R,
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P IR 154 K. Enterobacter sp. FYP1101 2
FHEE T ER A R /N MR A A LR AR
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RGPS, FYP1101 8 5 $ m - 3 rh Ag HL RN
PRALEUE SRR AT g2 L R AR R J 38 0] /N 22 AN )
SEM A R R 22— SR T A 3 B o3 (R e A G
B W K A T R R AU AT T R AT Y S A
— et N S AN A NERE R .
41, SBP-6* il G M 35 22 vt in T 2K T 114 - 3
Hr, HERR T g - E AR T (RS
() FYPL101 BRI ol (0 7 322 R AT iy ot
WSS, — U K i 3, W5
AT T HH A SR, PR AR K FH R wl S ey H
Hth AT REARAS RAFACR . — 28 PGPR FRAKER e 1)
HLEE Z — & BH 1k Na™ W i i 3 KM gt
FYP1101 BBt A5 1ia T /N2 AR bR - rh g $h
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