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Identification, functions, and growth-promoting
characteristics of an endophytic bacterium from Stipagrostis
pennata

JIAO Shiyu, LI Xudong, ZHANG Tingting , MA Lei’
College of Life Sciences, Shihezi University, Shihezi 832003, Xinjiang, China

Abstract: [Background] With tenacious vitality, Stipagrostis pennata is a pioneer plant species in the
desert, which features fast reproduction, high seed yield, and wide spread of seeds. [Objective] To test
the growth-promoting endophytic bacteria of S. pennata. [Methods] The endophytic strain Z1 was
isolated from the seeds of S. pennata and the biochemical characteristics, fermentation conditions, and
growth-promoting performance were explored. [Results] The colonies of Z1 were spherical, yellow, and
opaque, with small protrusions in the center and wrinkled and wet margins. Microscopy showed that it
was straight rod-shaped with fine flagella on the surface and the size of (0.5—1.0) umx(1.0—3.0) um. The
Gram staining test, indole test, oxidase test, starch hydrolysis test, V-P test, and gelatin liquefaction test
all demonstrated positive results, while the methyl red test and urea hydrolysis test showed negative
result. Moreover, it was identified as a Pantoea strain. Z1 produced Indole-3-acid, with the yield of 3.14
mg/L. Moreover, it can solubilize phosphorus and potassium and secrete iron carrier. The optimum
fermentation conditions of Z1 are as follows: peptone as nitrogen source, soluble starch as carbon
source, calcium carbonate as inorganic salt, and pH 9.0. The wheat growth-promoting effect of Z1 was
obvious 10 days after the inoculation, as the leaf width, plant height, and root length were 60.0%,
13.5%, and 8.0% larger, respectively, and the leaf water content, total chlorophyll content, nitrogen
content, and soluble protein of wheat seedlings were significantly increased (P<0.05). [Conclusion] Z1
is a functional bacterium with growth-promoting potential, which can be used for microbe-plant

interaction and desertification control.
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A RREAAR Y B RE (K 3C). Hbk 21 Rk
TEfR G PE Ryl g 55 T B —— e RN K FR 2 b
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BB D Z2AENESIE R
Figure 1 Morphological identification of ZI
bacteria. A: Colony morphological characteristics; B:
Z1 Gram stain optical photo (1 000x); C: Electron
micrograph of single cell morphology; D: Electron
micrographs of multiple cells morphology.
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£1 BEHZ1EBEHVRIEER

Table 1  Physiological and biochemical test results of strain Z1

JE Y S RIS LR
Test names Experimental phenomenon Results
22 YL fh Gram staining test P52 84 The cell is purple +

HE PR Imdole test J W RS 21 {2, The reaction solution is red +

FH 327856 Methylred test SN 5L 2149, The reaction solution is red -
FALBFRT Oxidase test SN 5L 28 {4, The reaction solution is purple +

TEM KRR Starch hydrolysis test JeE 645 4k No color change +

V-P % V-P test R FR M S 4148 The culture medium is red +

B i AL i3 Gelatin test Kre 3k 4 2 A The medium is liquid at 4 degrees +

JRZE 53R 5556 Urea decomposition test By 4135 7R S A AE£1 Phenol red indicator does not turn red -

fi {58 Contact enzyme test 4 <./I Bubble +

Note: +: Positive, —: Negative
25 100 — Pantoea agglomerans KABNA3 (MT605812.1)
100 Z1 (ON982519)
Pantoea vagans LMG 24199 (NR 116115. 11)
99 Pantoea ananatis JCM 6986 (LC462185.1)
Pantoea stewartii subsp indologenes LMG 2632 (NR 119256.1)
100 Pantoea stewaetii ATCC 8199 (NR 044800.1)

|7 76 Pantoea stewartii LMG 2715 (1 19351.1)

Pantoea dispersa DSM 30073 (AB907780.1)
Cronobacter sakazakii NBRC (NR 1140771.1)

100 Escherichia fergusonii NBRC 102419 (114079.1)
0.005 Citrobacter koseri LMG 5519 (NR 118105.1)

B2 FNEKRMSEERET 16S rRNA EEFIIHARFRER 155955 N GenBank HH 35 ;

FEF 1000 IREE 1Y 50%H bootstrap [HFRIC T/ Ak ; FRR 0.005 £IR 0.5% 1T R 255+

Figure 2 The neighbor-joining phylogenetic tree based on 16 rRNA gene sequences of the tested strains and
their closely related reference strains. The serial number in brackets is the login number of GenBank; The
bootstrap value >50% based on 1 000 repetitions is marked at the branch point; Scale 0.005 represents a
nucleotide difference of 0.5%.

3 Z1 BARTERRE NS, MRITHEE. PR, RRIERERE RIS IAA BIRIRIR A WA
DB SRIE; B: MCHIBREESRIE; C. P EaAIEIRIE; D: MAEIRIL; E: ) TIAA 5L
Figure 3 Growth performance and IAA production of strain Z1 in organic phosphorus, inorganic phosphorus, iron

carrier and potassium medium. A: Hydrolyzed organic phosphorus medium; B: Hydrolyzed in organic phosphorus
medium; C: Iron producing carrier medium; D: Potassium dissolving medium; E: IAA auxin production.
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% Salkowski WA A H, W Z1 BEEE  REAK, AW AE pH 6.0 BHRAIK, F1FE pH {EAY
KRR EIE AR SV O LT, R Z1 B Bnmsgn, 7€ pH 9.0 B, AEWEA T,
PR B s p R T L B, LB U] o 2.016, ULIAERE Z1 E55AEE (A 5A),

Z1 HA 5 TAA BIRE ST, (PR AEe Tt VA 4 FOCHLEL B S g A K R
5 TAA R LB, Z1 BB TAA 75 ik o
3.14 mg/L (K 3E). 12|

2.1.4 71 EHREH Lk 1.0}

600

MR Z1 2 K 2R (B 4731, 0 50k 40 S
PR A ARAE KR IR A, R SR 2 h 5 AT A 0.4}
HOU.L BRI ORI | BE% 8 h R “l
B K. ARSI, 0o 2 4 6t(h)8 10 12 14
22 71 ERABEHMUER 4 71 EHEK s
Z1 WHRAE IS Fri &0 4 ZLRR A1 T 4R Figure 4 Growth carve of strain Z1.
B B3o,

lo25 2035 2016 2.5+

a
0+ b
20 "
g 151 sl
A sl
Q 0.9
1.0 1ol
0.5} 05L
0 . 0

o
ODyy

6 7 8 9 No inorganic Sodium Calcium Magnesium
Initial pH salt chloride carbonate sulfate ahhydrous
Cig. a ba D 5q. Inorganic salt
L6F b : L 1.8} 8
1.4 1.6}
g 121 o L4y
8 1oy S 1of b
0.8 | 08l
0.6 | {):6 I
041 04}
0.2F 02+ I ©
¢ No carbon Soluble Maltose Lactose 0No nitrogen Peoton Ammonium Urea
source  starch source sulfate
Carbon source Nitrogen source

5 Z1 ARABESERMRAL A WM pHEX Z1 AR KT RN ; B: SMUKELHLEN 21 A=K
REBEW; C: ARBKEX Z1 KK FREN: D ARIEEXN Z1 KB & b2 a 22 5 2
F AR NG PR RIR (P<0.05), ERZEFRCE N B Ebr iR, T 1H

Figure 5 Optimization of fermentation conditions of strain Z1. A: The effect of initial pH value on the growth
and development of Z1; B: The effect of various water-soluble inorganic salts on the growth and development
of Z1; C: The effect of different carbon sources on the growth and development of Z1; D: The effect of different
nitrogen sources on the growth level of Z1. The difference between the groups in the figure is significantly
represented by different lowercase letters (P<0.05), and the error bar represents a standard error deviating from
the mean value, the same below.
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A
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514t
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210t
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oy
6..
4t
2_
0
CK 71
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Figure 6 Effect of strain Z1 on plant height (A) and root length (B) of wheat seedlings.
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