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Isolation and functional characterization of culturable
endophytic bacteria from Alhagi sparsifoliaShap.
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WANG Wei?, CHU Min"'
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Agricultural Sciences, Urumgqi 830091, Xinjiang, China
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Abstract: [Background] Endophytes represent valuable resources for investigating microbial
diversity and adaptive evolution, owing to their long-term co-evolutionary relationship with
their hosts. Alhagi sparsifolia Shap. exhibits robust tolerance to stress conditions including
drought and saline-alkali. However, the studies about the endophytes of A. sparsifolia remain
limited. [Objective] To analyze the diversity of culturable endophytic bacteria and evaluate the
stress tolerance and plant growth-promoting effects of the strains. [Methods] Endophytic
bacteria were isolated from A. sparsifolia by the tissue homogenization and gradient dilution
methods. The strains were identified by comparison of 16S rRNA gene sequences. Subsequently,
we determined the stress tolerance, plant growth-promoting effects, and antimicrobial activities
of the strains. [Results] A total of 14 culturable endophytic bacterial strains were isolated
from A. gparsifolia, belonging to 9 genera (Bacillus, Brachybacterium, Microbacterium,
Corynebacterium, Solibacillus, Glutamicibacter, Leucobacter, Brevibacterium, and Acinetobacter),
among which Bacillus was dominant (33.33%). These strains exhibited varying levels of stress
tolerance, plant growth-promoting effects, and antimicrobial activities. Notably, Bacillus subtilis
L-1 demonstrated strong tolerance to 20% NaCl solution and 20% PEG6000 and inhibitory effects
on four pathogenic bacterial species and three pathogenic fungal species. [Conclusion] Our study
revealed the stress tolerance, plant growth-promoting effects, and antimicrobial activities of
culturable endophytic bacterial resources in A. sparsifolia. The findings provide a scientific basis
for further exploration and utilization of these valuable resources.

Keywords: Alhagi sparsifolia Shap.; endophytic bacteria of plants;
growth-promoting properties; antimicrobial activity

stress tolerance;
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Stierle 55 PV E YR I AT P 242 B v 4 5 4
AR SRR N A TR AR, A N A TR
BME | TE N ST DRE AR AR C SO [
SN B BB 2 — o IEZ ST

KW, WA S EAYAER DI R E L
TR BRETE N T —Fh E R A RP 4
AT AR P o3 B LR B N AR R i A K
R.OUHEBUR . ACCI AT FE L MINRE, IFAT
AR SR LT, e e AR
e+,

g% 5 jil (Alhagi sparsifolia Shap.)J&—Fh &
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AN R [ R AR H IR X B
FE v th BT 52 DX 5 B R & O 8 N A A0 TR Ay
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1.2 EFE. FELFFNE

MRS [E 455 725 | NAKE %L . NBR 7
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radioresistens L-13 . Bacillus rugosus L-14 .
Brevibacterium sediminis L-15, Microbacterium
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1 ETHRIERAEE 16S rRNA EEFIINMEEZGENRAZLEN  FHS5 PP S NEKRD
GenBank 55355 Fr/X 0.050 fURIFFIMMELE; 70308 ERECTARERITIL 1000 YORZE ] —& 1 LR
Figure 1 Phylogenetic tree constructed by neighbor-joining method based on the 16S rRNA gene sequence

of Alhagi sparsifolia Shap. endophytic bacteria. The serial number in brackets is the GenBank accession
number of the strain; the value of 0.050 represents the sequence deviation value; The number at the node

means the percentage of occurrence in 1 000 boot-strapped trees.
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Table 1 Resistance properties of endophytic bacteria
Strain PEG6000 NaCl

10% 15% 20% 3% 20%
Bacillus subtilis L-1 ++ ++ ++ ++ +
Corynebacterium callunae L-3 ++ + - + -
Brachybacterium phenoliresistens L-5 ++ + - + -
Solibacillus silvestris L-6 ++ + + -
Glutamicibacter mishrai L-7 ++ + + + -
Bacillus coreaensis L-8 ++ + + + +
Leucobacter insecticola L-9 ++ + + + -
Microbacterium saperdae L-11 ++ + + + -
Bacillus pumilus L-12 ++ + + + -
Acinetobacter radioresistens L-13 ++ + - + -
Bacillus rugosus L-14 ++ + + + +
Brevibacterium sediminis L-15 ++ + - ++ +
Microbacterium resistens L-16 ++ + - + -
Bacillus cabrialesii L-17 ++ ++ ++ ++ -
+: Growth, ++: Vigorous growth; —: No growth.
Fx2 BORNEMAENRERMY
Table 2 Probiotic properties of some endophytic bacteria
Strain Organophosphorus  Inorganic phosphorus Nitrogen Potassium Iron

dissolution dissolution fixation  dissolution  carrier

Bacillus subtilis L-1 + + + + +
Corynebacterium callunae L-3 + + + - +
Brachybacterium phenoliresistens L-5 - - + + +
Microbacterium saperdae L-11 - + + - +
Bacillus pumilus L-12 + + - +
Acinetobacter radioresistensL-13 + + + - +
Bacillus rugosus L-14 + + + - +
Brevibacterium sediminis L-15 - + + - +
Microbacterium resistensL-16 - + - -
Bacillus cabrialesii L-17 + + — +

+: Positive; —: Negative. The same below.

b PRI R 2F R IR 5 95%, R T 40%., 6FkIHIfk
Ab PR A AR B 2 B 1, FLH TR ARL-S b R
ZFREFENLI0 cm, ZFRIEE 17129.17%; Witk
L-11AbHRAA AR K fe i 02,10 em,  $755 1743.84%.
2.4 ERRIEEREM

20 AR B B i 9 A= T il e R T
O30T, EERANFRATIR o AR B 1 7 g e ) A7
TR, HREW, THRIE A E ARG

Forp ER LR AU R O 3, SPRTE HA ™ e 8
BEAEST, PRI HA LT YR MRE
2.5 EHREIMEFE

A A A AR TR B R AR BT P (3R 5),
ARAFSPRIG DU MR . IR AR I 1, SERI K
Xt 4 v O A BRI A AR, 1O AR TR
R ZF AT AT AR s FERSDURCER 5 i, A7
AR DA A TR A M T 92 T R AR 2500 1R 4
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Table 3 Endophytic bacterial treatments on wheat (Xinchun 26) growth-promoting functions

Strain Germination rate (%) Bud length (cm) Root length (cm)
CK 55 0.48+0.15bcd 1.46+£0.27cd
Bacillus subtilis L-1 80 0.74+0.18bcd 1.88+0.27ab
Corynebacterium callunae L-3 70 0.78+0.33bc 1.58+0.15bcd
Brachybacterium phenoliresistens L-5 95 1.10+0.16a 1.94+0.23ab
Solibacillus silvestris L-6 45 0.40+0.19d 1.32+0.13d
Glutamicibacter mishrai L-7 50 0.46+0.11cd 1.40+0.21d
Bacillus coreaensis L-8 60 0.4440.17cd 1.34+0.25d
Leucobacter insecticola L-9 65 0.42+0.08d 1.38+0.19d
Microbacterium saperdae L-11 85 0.70+0.23bcd 2.10+0.44abc
Bacillus pumilus L-12 75 0.72+0.26bcd 1.82+0.31bcd
Acinetobacter radioresistens L-13 70 0.68+0.33bcd 1.70+0.19ab
Bacillus rugosus L-14 80 0.82+0.48ab 1.86+0.22bcd
Brevibacterium sediminisL-15 65 0.74+0.18bcd 1.68+0.33bcd
Microbacterium resistens L-16 70 0.67+0.10bcd 1.63+0.24bcd
Bacillus cabrialesii L-17 80 0.75+0.21bcd 1.93+£0.31ab

TR R S s RIS RING TR 22 57 .35 (P<0.05). T IH]
The data in the table is the mean+standard deviation. Different lowercase letters at the same row indicate significant difference at
0.05 level. The same below.

x4 WOALERE~EEFMS

Table 4 Enzyme-producing activity of some endophytic bacteria

Strain Amylase Protease Cellulase
Bacillus subtilis L-1 + + +
Bacillus coreaensis L-8 + + +
Microbacterium saperdae L-11 - + _
Bacillus pumilus L-12 + + +
Acinetobacter radioresistens L-13 - + -
Bacillus rugosus L-14 + _
Bacillus cabrialesii L-17 + _

x5 BOREAEMEE

Table 5 Bacteriostatic properties of some endophytic bacteria (inhibition zone diameter, cm)

Pathogenic bacteria Strain L-1 Strain L-8 Strain L-12 Strain L-14  Strain L-17
Bacillus subtilis 0 0 0 1.57£0.12a 0
Staphylococcus aureus 1.42+0.40a  1.14+0.65b  1.18+0.12b  1.42+0.45a  1.42+0.40a
Escherichia coli 1.60£0.56a 0 0 1.45+1.14b  1.60+0.56a
Canidia albicans 1.64+0.93a 0 0 1.63£0.40a 0
Cytospora chrysosperma 1.43£0.15b  2.20+0.46a 0 1.67+0.15b  1.80+0.2ab
Fusarium oxysporum f. sp. niveum 1.43£0.15b 0 1.93+0.06a 1.83+0.25a 0
Fusarium oxysporum f. sp. vasinfectum 2.5340.15a  2.33+£0.25ab  2.07+0.35b  1.60+0.10c 0
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B FEPOER, A 30k A T 04 RS 25 1 A
FEBUVE R o 38 A LS TR R 2R V0% st L 1A 1Y)
TR RHE(B12), & BLEARL-1FIL- 14X 2% Ak 22
NN E S R A e S SRl i e
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3 Wik

AR, B AT A IR 4 43 B8 45 )
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TE, FITARTRR 322 i AR AR R 18 (Sinorhzobium) |
M98 i J& (Sinorhizobium) . w18 A= M 9% 1# &
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A, DM POF LB, TSAMIR2AX 3F 5
I HE & B Fh - Hh 3 B B 1 TRR N AR AT, HE

MR R AR R 2, 4 B A A Bk R R
(Staphylococcus) . H P4 F1] 3V 1 J& (Massilia) T &l
BR 1A 8 (Paracoccus) & Bk o 7k e %21 M i
7 FE A R K R 1 T T ) v 3 5 ) A 2 BR T
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w8 AR AT R R R R e . =S, i EIBA
20 DI 68 2 Y B 1) 36 B0 43 125 3RAS TORR 20
IH, FZIHJE T Actinobacteria, Bacteroidetes,
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Firmicutesf) 2 AT 18 o5 46 X f 3432 AR sz 6
FE vt ELIR B RAE o v SRR TG 14k N A= 4T
3154 B9 & 1440 F, ZEA T 1 s AR 2L
WL, HUCOh AT RE R, Z45R 5 B
RO e SIS AL, (AR F
DAV EE . FEASHREBEZEREE; 5%
PSP B RO S AR . 25 PSR

L- L4

L- | 7

2 EHEAEEFERNBEERNMEZR  A-C /3 M HIZB R R R . 79Ik 2290 1 S AR 16

e
Figure 2

Inhibitory effect of fermentation supernatants of strains on pathogenic fungi. A—C are inhibite

Cytospora chrysosperma, Fusarium oxysporum f. sp. niveum and Fusarium oxysporum f. sp. vasinfectum

pathogenic fungi, respectively.
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*o6 HHEXHIRAH I HREEENINER
Table 6 Inhibitory rates of antagonistic bacteria
against three pathogenic fungi tested (%)

Strain Cytospora Fusarium Fusarium

chrysosperma oxysporumf. oxysporum f.
sp. niveum  sp. vasinfectum

Bacillus 84.00 51.50 67.00

subtilisL-1

Bacillus 73.48 57.00 0.00

coreaensis L-8

Bacillus 0.00 52.00 65.00

pumilusL-12

Bacillus 74.35 59.00 61.50

rugosus L-14

WAERAEN R 2ZR, FELUBNF®EF

(Enterobacteriaceae) 1 {8 ¥ i s
(Pseudomonadaceae) H Hk fl i £ . H 4N, A
553 5 1Y 138 27 AT 147 |8 (Solibacil lus) Rl 43 24
W b1 8 (Gl utamicibacter ) 25 F# B4 fif UL DA 3 58
Hor B s, k2D R BN [R] DR I Y 5% B
il L A TR ZH B AN B AN (] P i 34y v 2 % B B
L P A TR A 7 328 5 AR IR S

IR SERI A BRI PIIE . PR LSRR
WA e B R P R AR K. M
KBS RIT, AN AR AR WK 5 A 3 TR
itk HfE EMAYEST TEUNEEXR, S
HTHYRZAEm R, ek mEy gy
IR 038 W RO gl 25 P o & B e R
N4 TR Enterobacter sp.. Klebsiella sp.. Pantoea
alhagi . Pseudomonas sp.f1Sccibacter sp. 55 [ i
REA &b = /N2 P PR AR o A SR R I
JIT AR A 5% B2 R N A 20 T 48 296 3 S A 1 Tt 6 1
PR, He, FKB. subtilis L-1/@ 3 H )
SREGPTITE, AI7E20% NaClek20% I PEG6000/)
HAAMT REFAR; i Wk EL N G & 26)
1E1.5% NaCl# il i) #h v &g, 45 R 2R
108k A _E B A B 0 T 348 AR B50OR e il &
Brevibacterium sediminis L-5fE4E R 0%, 5

Chopra5:**/ %] Ff Brevibacterium sediminis A6k
kR A I 25 RS L. J34h, B. subtilis
L- 10 R R A7 A A ML AL . 1A
A R P R B AR BE ) /N Z T R AR AR RO .
ARERRY], MFZFHRATE AT 2, WY
PR AR N G 43 2548, IF 7z W T
P P B B RN g A B2 4 ) i 1A R 0
K, Rk — 2 A58 BE R N AR T R R e
A TGS IR T AR DG TRRI A& B A2 1 iy 40 2

TIA, AR T SHREA R BRI
PR, BT I A (W] A R e A R
HrpB. subtilis L-12B. rugosus L-14ZHH T 1%
DU I 40 B B TR AR, JC e XA AR A 22
gL PO I 200 FIAZ MR JE S T A R L B 1 2
AEIFREIRE ST, M EETES1.50%-84.00%
Hip, BB, rugosusd 202 14E B vk M i 45
o IR S E A 44, O R P AR T
[l I LR = W i i D R = R s A )
JEE . SIS . RERE . BIEE . KB Y B
W, SWARENICLTYAME, BRI T R
A A= 577 1 T 5. AR 7S S5 PG 7 Bacillus
rugosusx} 7 £E 1 255 14 (Banana wilt disease)
A RIFAEBRCE, HiZEH0 X &5 SN
A (Colletotrchum musae) . 7 % &
(Botryosphaeria dothidea)Zs 75 )5 L B 14 #5
Ui e, [y, ZHRIESERIN A W2 A R
Wiy . VEMBEAIZF4ERBERE T, LRSI
A S B IIREIE Y, k2 AR A
R PRIRAE T 0T AL

4 Zi
A TEARAT IR SEA N LE AN 148K, 0 )8 T
3NTISAHOAN R, Horp 2R AT s s o 3

J& s PraRAT AR R I A R RO e A
FeAWTE St , oA RRR - 1 B H i ) e 3
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e, AT 3220% NaClA120% PEG6000 ) itk id ,
FF X Z2 T JE AT o % L TR LA I AE . AT
FREE IR — 25 A T U T N AR A B IR 2 A

Pk, D B B PN A A0 TR B DR T A A B E T
HRFEA o
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