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Screening and identification of antagonistic and plant-growth
promoting endophytic bacteria from Seabuckthorn nodules

ZHANG Ai-Mei© WU Ju-Yan HAN Xue-Ying KONG Wei-Bao
College of Life Sciences, Northwest Normal University, Lanzhou, Gansu 730070, China

Abstract: [Background] Endophytic bacteria can produce antagonistic and plant-growth promoting
substances, which can not only inhibit host plants attacked by pathogens, but also promote the growth of
plants. The endophytic bacteria from Seabuckthorn nodules are a kind of symbiotic microorganism.
Studying endophytic bacteria with antagonistic and plant-growth promoting activity, which could be used
as the basis of bacterial manure research. [Objective] To screen and identify efficient endophytic bacteria
from Seabuckthorn nodules and study its activity of antagonistic and plant-growth promoting substances.
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[Methods] Antagonistic endophytes from Seabuckthorn nodules were screened by double agar layer
piaque technique, agar diffusion assay, confrontation culture and oxford cup culture in vitro. The ability of
indole acetic acid secretion were detected through the Salkowski colorimetric method, the production of
siderphore were measured through the blue plate assay and phosphate solubilization were detected through
Mo-Santispetrophotography method. The effects of growth promotion on cucumber seedlings were studied
by using the fermentation broth of strain SR308. In addition, strain TT201 and SR308 were identified by
morphological, culture, physiological and biochemical tests and 16S rRNA gene sequence analysis.
[Results] Among 131 strains, 9 strains displayed the antagonistic and plant-growth promoting activity,
especially strain TT201 displayed high antagonistic activity and broad antimicrobial spectrum; strain
SR308 displayed high growth promoting activity. Pos tests showed that cucumber growth index treatment
with SR308 fermentation broth were promoted significantly. Strain TT201 was identified as Brevibacillus
laterosporus; strain SR308 was identified as Bacillus mycoides. [Conclusion] Two endophytic bacteria
from Seabuckthorn nodules with antagonistic and plant-growth promoting activity are possible to be
further developed as an excellent strain for microbial fertilizer and fungicide.
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*1 REHEEX S MEXFREONEL@ETE, mm)

Table 1 Antagonism of endophytic bacteria to five indicating pathogen (inhibition zones, mm)

LIS o] Fusa;’frfR j}i}fjfi]n f. sp L LT Fusf’friE fyyilf]mm S
Strain number B. subtilis Cucumebrim Ower; ’ S. aureus Schlecht E. coli
TT201 18.8+0.32 23.3+0.41 23.9+0.05 23.2+0.04 20.3+0.32
SB107 17.9+0.94 24.1+£0.58 18.7+0.23 18.1+0.24 17.0+£0.04
TT207 13.2+0.24 25.940.03 21.5+0.46 27.3£0.58 11.4+0.06
SY101 12.4+0.33 25.240.22 21.7+0.05 21.9+0.09 10.3+0.09
NR204 14.3+0.09 31.2+0.80 13.3£0.16 20.5+0.08 9.9+0.43
NR107 10.440.05 27.7+0.34 18.0+0.07 18.8+0.06 /
TTO06 12.3+£0.21 25.6+0.06 15.8+0.39 18.7+0.05 /
GR201 14.3+£0.13 27.0+£0.22 13.0+£0.44 27.1+0.06 /
SR308 11.8+0.34 25.4+0.21 11.1+0.33 18.7+0.07 /
SR204 11.1+0.25 21.5+0.06 11.3+0.05 19.2+0.23 /
SY117 11.7+0.02 23.0£0.11 13.5+£0.21 20.7+0.08 /
NR102 9.7+0.07 20.0+0.04 9.9+0.19 / 10.7+0.08
SY122 12.0+0.26 19.5+0.19 24.3+0.36 / /
TT15 10.0+0.05 25.7+£0.35 / / /
SY126 10.0+0.30 24.3+0.27 / 24.1+0.42 /
SR301 11.0+0.20 / / 23.4+0.16 /
TT308 12.5+0.14 / 11.9+0.33 / /
NR103 14.0+0.30 / 10.3+0.16 / /
GR203 13.0£0.16 / / / /
SY108 10.24+0.29 / / / /
TT20 10.3+0.35 / / / 9.84+0.03
TT114 / 22.740.08 / 19.9+0.23 /
TT115 / 30.440.22 18.5+0.23 / /
GB305 / 24.340.16 11.6£0.04 / /
SB301 / / 10.3+0.05 / /
WYFEAR
8 mm

Diaphragm diameter

e /0 TCIRECR.
Note: /: No inhibitory effect.

E1 AEAER S HlHEREOINEZRE

Figure 1 Antibacterial effect of endophytic bacteria to five indicating pathogens

TE: CK: XM A: RIGHFHE; B: SWEOWHEKE; C: MFZFAME; D: BUIMEZEREERE; E: WICHRERIEEE.

Note: CK: Control. A: E. coli; B: S. aureus; C: B. subtilis; D: Fusarium oxysporum f. sp. cucumebrium Owen; E: Fusarium oxysporum Schlecht.
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PR AR (S 4.940.37%)1RE )T, HH™ IAA
AEJ1fei . WRE SY101 AUVABERE Sk, nIvTE
W&l 2.040.02 pg/mL . FkE TT207 1774k 2%
TRBE I, PR & LA 68.240.06%. K] 3
R A3 R AR A A T I S A RICR
222 HENZBAELLER

S o X6V ARG PN A 2 T A A O P N R
KB, Kk SR308 RERINS ™4 3 At A= 1G4
B, PRIV RE SR308 X 5 I AR A= VE Pl ik
117, 43 DG 52 o AR A 1) A= A S S
LRRO AT TIE

fiff 5% & B SR308 Bk & I % 5 v A A 4
HA AR EERGE 3), 56 A EE, F SR308

I ~. coli
E 1 B. subtilis
S. aureus
[ Fusariumoxysporum f. sp. cucumebrium Owen
B Fusarium oxysporum Schlecht

7

TT201 SB107 TT207 SY101
FFk 45 Strain number

2 9 BRAEAER 5 MMEIRRE A EE

NR204 TT06

201

Figure 2 Antibacterial activity of nine endophytic bacteria to five indicating pathogens
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Table 2 Plant-growth promoting activity of endophytic bacteria

LS 5| W 2. 2 Bk TG
Strains IAA (ug/mL) Siderophore (%) Dissolving inorangic phosphorus (jg/mL)
SR308 23.17+0.17 4.940.37 1.36+0.01
TT201 0.55+0.03 7.7£1.50 /
SB107 8.24+0.61 / /
NR204 1.90+0.27 / /
SY101 3.78+0.31 / 2.00+0.02
GR201 / 27.5+0.52 0.67+0.01
TT207 / 68.2+0.06 1.13+0.01
TT06 / / 1.15+0.01
NR107 / / /

e /o TefRAE .
Note: /: No plant-growth promoting activity.

B3 REAEREREMENHRE
Figure 3 Plant-growth promoting effect of endophytic bacteria

Note: A: IAA; B: Dissolving inorganic phosphorus; C: Siderophore. CK: Control.

3 BE#k SR308 3R AE KBRS

Table 3 Affection of strain SR308 to cucumber growth index

Jas ] EY | o b b RS> T TR FMRFE
Treatments Height of seedling  Stem diameter Wet weight of Dry weight of Main root wet Main root dry
(cm) (cm) aboveground parts (g) aboveground parts (g) weight (g) weight (g)
SR308 64.80+1.66a 0.514+0.04a 20.91+1.63a 1.16+0.07a 1.20£0.19a 0.045+0.006a
Control 45.40+1.81b 0.42+0.02ab 10.51£0.50b 0.71+0.03b 1.00+0.14a 0.041+0.004a

e SRR NG TR BB R BRI AEAE P<0.05 KO B EMEE 5.
Note: Lowercase letters are significantly at 0.05 probability level of the different treatments.

PRIV & PR YR Ak 3L I 1) 80 I 1) 45 30 AR K A8 bR 38 8 1 W & B, SR308 PRI R R BETE LT Y i )
X PRALBE, SR bk SR308 BRI SRS RS THICHEKEER G 4. Hit45%Ea, b
JHE ISR E AT e B 1.99 5 FLECE RS BRZH Y 1.83 1 2.14 F1 2.01 £,
1.63 1%, HENEHRE LU R8I T 70%, 225  BARFEESME, KAY MRS = T R4S
Fei R 2. ERTEMERBENETXE  0.07 mgg, HESERRE. AT, VBt ANA
4, HEFHARE, 1A SR308 X 5 2 A M ELAT BH i e A8 R (5] 4).
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&4 EHK SR308 M FHNMEEZ EMFMN
Table 4 Affection of strain SR308 to chlorophyll content of cucumber
pisiil 24K a H24tK b ESUIDN N 2R R
Treatments Chlorophyll a (mg/g) Chlorophyll b (mg/g) Carotenoid (mg/g) Total chlorophyll content (mg/g)
SR308 1.70+0.068a 0.454+0.054a 0.33+0.009a 2.61+0.014a
Control 0.93+0.104b 0.2140.024b 0.26+0.028a 1.30+0.134b

T BdER/ N TR HIFORAE BRI AATE P<0.05 /KB 22 5.

Note: Lowercase letters are significantly at 0.05 probability level of the different treatments.

Control

SR308

4 PR SR308 LR 30 d B EMEKAE N
Figure 4 Effect of strain SR308 to cucumber growth after 30 d treatment

23 FWHRAEWAENEE
2.3.1 EHRBIESHHE

IR PE R N A BTk TT201, DL
7 3 AR AR TE I BT RE BRI T R SR308 43371
AT T %0 . T 5 FIEL 6 S Wk PN A 41 BT 1) TR 7%
OB SEE . BRk TT201 WEE BT . WoF,
SUAEZ ULV /N REAE 2N (2 SV ]

HEAED,

T, EYEEAHN 1 mm—4 mm (8] 5A), ZH2K
Yefn JE B R R Hoh GTE, AL A iPIR, A3
1A (8] 5B); ik SR308 AV 2 BITE | i Fok
W, FLAGAEN, gk, R, &
% HEAAHN 1 mm-3 mm (& 6 A), Z5 22 [R5 5
KM GH, iR EAPR, A 2
(B 6B).

E 5 Bk TT201 HEEES

S F RS

Figure 5 Colony and microscopy morphology photos of TT201

*: A BVES; B: BRUEBA.

Note: A: Colony morphology photo; B: Microscopy morphology photo.
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6 F¥k SR308 HIEEFSMEMES

Figure 6 Colony and microscopy morphology photos of SR308

H: A WHIES: B: BRUBE.

Note: A: Colony morphology photo; B: Microscopy morphology photo.

232 BERREVEIEE LIAE

PR AR DA A= 4 BT 1% 35 23 A B A Ak 5 e 45 2R L 3R
5, A EA AR R REAE SR I g DS 2 R AT AR 2
AR R A TR RIS B 2 T IR0 . TR PR TT201
(i s | $EfbE . FHERLL . Bk s 48 5 Rk
V-P. FBEIRER SO S I, REAE AR NSINE, ANEE
IKARTERY, BERIFHAZTHE . AHIRER , KB EFZE
HEFR, 55 A EE (Brevibacillus) R FVRFIE AR
FIFF . PR SR308 iz hh | i . HELL, 4
R V-P SR AR, AR S S B
REZKARTERY, RERIHIMIZHE . fHIREL, KB AN
YR, 5T E (Bacillus) B R FRAE JE A A
FF o W00 S T X T R TR R 20 0l O 2 AR TR R
(Brevibacillus) 2 {14 J& (Bacillus) .
2.3.3  H#k 16S rRNA EREF5I 4

MIFZERATH, FbE TT201 (4 16S rRNA 3
R B BER 1400 bp Z247, HERE SR308 [ 16S
rRNA S0 A BEK R 1420 bp 2247 WHERGEAH
W R R (& 7), TT201 5 Brevibacillus laterosporus
DSM 25 (NR 112212.1)f3; Flal—43 3, HERE o
JE£°h 100%; SR308 Y Bacillus mycoides ATCC 6462
(NR 115993. )i T lal—43 3¢, HIRFESFFImE R
95%. LA EASFIAFAELRMER Ik TT201 %5E
N 2R AT B8 (Brevibacillus laterosporus), Bk
SR308 %28 K EHAR ZEAUAF BRI (Bacillus mycoides).

3 WS4

L) N A 40 TR 5 i AR A R e TR Ak B9
WP T EE RS AR, — I Y
NAEATE S A KD I RE R A E TR YIS —T5
TET P A 240 T AT A R T R I A B T S A%
AR IR R A o RPN A A TR HAT [
R ERT fetaP R W EAEYPTYE . b
W E S LYY AR RN, WY

x5 SEENMHEER

Table S Physiological and biochemical characteristics

WEFEHR Ttems TT201  SR308
A =R Glucose produces acid + +
HI%IHE=<, Glucose produces gas - +
iz 5 Motility + 4+
FEfii Catalase + i
2T Methyl red 4 4
TEN KA Starch hydrolysis - +
V-P _ +
N3[k 7= 4: Benzpyrole + -
FAEERER A Citrate utilization - -
fi b4 Jit Nitrate reduction + +
B i1t Gelatin liquefaction + +
£F4E 2K f# Lignocellulose hydrolyzed + +
nfb = HoS + +

W o+ PRI - FRMERNL

Note: +: Positive; —: Negative.
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TT201 (MH687927)

100

100 Brevibacillus laterosporus DSM 25 (NR 112212.1)

—
0.01

Brevibacillus fluminis CJ71 (NR 116293.1)
FBacillus cereus JCM 2152 (NR 113266.1)
100\—[ SR308 (MH687928)
93 Bacillus mycoides ATCC 6462 (NR 115993.1)

Paenibacillus lautus JCM 9073 (NR 040882.1)

B 7 ET 16S rRNA EREF7INAIGILEME TT201 F SR308 WARZ L B
Figure 7 Phylogenetic tree based on 16S rRNA gene sequences of TT201 and SR308 with the Neighbor-Joining method

. Z5HXFSIH GenBank ESr S 9 TAE S, /3 SCbbiii A AJRME, FRRFTRKEA 0.01 AR B,

Note: The GenBank accession numbers of aligned sequences are shown in the brackets. The bootstrap values are shown at the node. Bar 0.01

means the nucleotide substitution rate of 0.01.

DA A A TR AT 7 A R 2 ) o 4 e D R X
1=E, WY ARSI AT ) E A A AR
B YR R R R PR, TR R AEY)
B IVE FRUSY, A i e B 2R A KR S R
PR E A AR, [FIEE AT A2 2 1m 340 %t
R WL BREE IR TR,

AT VD BRI P A 40 TR b i 2 S — PR
AT EEE B AT TT201, 285 Al
T AT IR . IEEWIIH & IR bR TT201 X E. coli .
B. subtilis F1 S. aureus WI935 455 20.3 . 18.8
F123.9 mm, X8 TR 22 T B BRI T4 1 41
A 5k 23.3 mm 1 23.2 mm. KR4S &I
Xt E. coli, B. subtilis ¥ S. aureus W T8 435K
20.3, 16.3 il 18.3 mm, i JICK 2S00 B A EE LR
JET T AR % 24.5 mm F1 252 mm. SH)FHAH
o, EOHEE R R TT201 SRS 5 2R A AT 3 A4
ORI BR TR I A PR SS , UERH L B 85 > FGPH
PETR AR T 22 IR M . BT, TPk
TT201 X 5 Al It v 247 2 B LB AR X A rry 41 i

o BHAIRAMAIL, BRI VD ALIE N LR 2 TR X
B TR 2299 DA 1) 100 ol i AR e vy, LA
AT BESE FH T PP A 225 T 8 A [ A & AL AL T 5 |

EH . WSO R B, SRS AL TR ]
BROSHEA A AR BT, RIFP 2G5 AS R A
LA IR RCR A TE 2 . MR,
FESREAN R =5 A (14 25 Bl P A A BT e 3ol FH —
Pl B U i B Ry 0 45 A S AN 1
X FEIHIE N N A AR A BB T B — . 2R G B
RO . N VEEAEY, Hik, FEFEEE RN
RT3 B ol S R SR e E b, 0 T 2 A
WRIECA R, TR MY REIE, R
13 ZAR AN K R IG A TI0AIE , 12 R A 0 PN A A0 R 1Y)
ABHERER

AWFFEIN 131 BRUD AR P8 A6 40 0 v i 1 —
PREA SR AR G PR N AR 20 SR308, B A
B EEA, a8 NEDIRZEHIFF I . BT &
L, Witk SR308 et ALY AEKIMER 1AA, HE
FIAF) 23.17£0.17 pg/mL; [FIAREIA MR TEBRIR
O PUERERER, AEENETETE, R RgR)
R RBL, AKFENAE R R R A B ELERSS, 8
WA . PRI A KR RE S . AW
GEULREN, VDB N AE AN TR SR308 LA TAA .
BRI BERE ST, (AR TS HAT [ &R R
T iE— AIBIESE
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RS 4 PRI 5 S B 7 | Wk 2 R 5 L A
YERIZERAF R A AR . APt B, 3
ARZFFFFR SR308 11 K TR B N A= 4 HAT Y
ﬁﬁ’\]ﬁﬁﬂfﬁﬁ , FHTARE SR308 & A AL AT 114 ¥ I\
Eﬂﬁi ik 64.8 cm, HXTHEZLR 19.4 cm; Hinf4 &
BEEIRE] 2.61 mg/g, HOXTREZHE 1.31 mg/g. =
BB B EE AT T R IG 2 TG 2506 & %6
PRI, X SAR TR A R EBAR DL, (HARS
fERTFR SR308 X i IR A e AR AT, HUR A0t i
JIAE 2 BA PG E IR 52— 2P ik . XTIk
SR308 ﬁiﬁﬁﬂﬂ"]ﬁiﬁ%@ﬂﬂﬁﬁftiﬂ'ﬂ
IAA | BRBUREURBEE, TR IRT. B,

— AR Wi‘ﬁﬁﬁ\liéﬁilﬂ e A PR e S HAE
AERLER, AT AR v PN AR RO R A A AR AR SR 1Y
WA LS .
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