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Screening, identification and detection of growth-promoting antagonistic endo-
phytic bacteria from Carex moorcroftii in alpine grassland
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Abstract: In order to exploit the resources of dominant bacteria with antagonistic function from the en-
dophytic bacteria of Carex moorcroftii, the antagonistic effects of endophytic bacteria against nine fungi
such as Fusarium oxysporum, Colletotrichum coccodes, F. solani, etc. were evaluated by using the flat
confrontation method; the selected endophytic bacteria with excellent antagonism were identified based
on morphology and sequence analyses of 16S rDNA and gyr-B, and the growth-promoting effects of en-
dophytic bacteria on cucumbers and peppers treated with the bacterial fertilizer fermented with selected
endophytic bacteria were determined. The results showed that 14 endophytic bacterial strains were iso-
lated from the leaves of C. moorcroftii, and eight endophytic bacteria with antagonistic activity were ob-
tained by preliminary screening of the strains against F. oxysporum. Among them, the inhibition rates of
strains 1Y4, 1Y5 and 1Y7 were 57.53%, and the inhibition rate of strain 1Y 11 were 58.44%, both high-
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er than 56.73% (the average inhibition rate). The strain 1Y4 had broad-spectrum antibiotics, especially

against F. solani. and C. coccodes, with their inhibition rates reaching to 73.33% and 71.43%, respec-

tively; it also had the nitrogen-fixing function. According to morphological and sequence analyses,

strain 1Y4 was identified as Bacillus siamensis. When the cucumbers and peppers were treated with

0.5% fermentation agents of strain 1Y4, the height of plants was increased by 153.06% and 117.33%, re-

spectively. The results indicated that the endophytic bacterial strain 1Y4 from leaves of C. moorcrofiii

in alpine grasslands had great anti-fungal and growth-promoting effects, and it also had the great poten-

tial for the development of microbial agents.
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UTAER , I HOA S ) B A= By A T A 2
FF & Bacillus spp. . ¢ 6 B L ¥F R Pseudomonas
Sfluorescens R +3EFT 5 Agrobacterium cradia-
bacter 55 , o W ] fie o % ik A9 2 25 AT T (SR e
25,2017) o XIBRHRSE (2015) 0 158 4 Ay 5 2F BT
B. subtilis xj063-1 X} 2 5 BA BN 18] Alternaria alter-
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i R PR BV R A T NA Al | (5K 4655 ,2017) ,28C
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DY JE A5 R 30 mm AR 4R 1.2.1 Fir 07 6 45 21 09 4 Bk
T RAEHUAZE AR, LR I B o N R
T 25 CHHIRIEFAR T BRI 6 dJ5 , W B I P
BEARIF IR, UM ER IR HSIUE R RN,
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[ L RE 7 0 5 <0 1.2.1 TR AR B 00 4 BRAL B
FEPU A 550 T NB R WO 55 5% 24 h e, B
0.2 mL 2R T Ashby 55 38 b, DL R S5 5
TCH K KRR, T 289C . 120 r/min 5544 T 4R 1% 15 %
7 d, A RE SRR, IR WIZSS BTN A= 4 A B A
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TE AR HEULEE B 1.2.2 B A3 30 Y 1 Bk 3545
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B ROUES IR IR . RRUOREE 5N HRET , B4R
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3[R P 51 43 #r - 1) FH TIANGEN 41 5 3 4 40
DNA J2{ 51 G B2 HCHS $1 B A% B DNA, (8 FH 38 FH 5 1)
27F (5'-AGAGTTTGATCCTGGCTCAG-3' )/1492R
(5'-GGTTACCTTGTTACGACTT-3")#4716S rDNA
) PCR Y44, 50 uL S b & % : 2x TSINGKE Master
Mix 25 uL .DNA 2 pL. - FiiF51 445 2 uL . ddH,0
19 uL; JZ N AR : 94 CTAL M 5 min; 94 °CZEYE 1 min,
48°CiB & 30 s,72°CHEAH 1 min, 32 MEH ; 72 CLEff
8 min(Fan et al.,2016) . {514 UP-1(5'-GAAG-
TCATCATGACCGTTCTGCAY GCNGGNGGNAAR-
RTTYGA-3' )/UP-2r (5'- AGCAGGGTACGGATGT-
GCGAGCCRTCNACRTCNGCRTCNGTCAT-3" ) ik
17 gyr-B #3044 , 50 uL W 1K & 5 16S rDNA )
FN AR Z AR 5 W R - 94 °C AL YE 4 min; 94 °CAR
P 1 min, 57°CiB K 1 min, 72°C ZE{# 70 s, 35 PMEFE;
72 °CHEAH 10 min (CH XWWISE,2014) . PCRHIZE 1%
B A I, 26 O & TR B A ) TR BR Y
R T, B A5 I0 7 25 535 A GenBank 04 5 iE 17
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fii ] Mega 6.0 BAFHHE R GE A B, 8 DL R 45HT
PRI R G R B 2 LA
1.2.4 35 NFedR MR A A A 69 ) 2

W 1.2 2 AR 1R ISP A 4 B HERD
Z NB I FW T, T-28°C . 180 r/min 551F ¥R % 1555
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el =N T I IETR SN L U G- S | s
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A ZE LR 0 5 FELARZEREL AR 0 7 S 2563 5 R
ST EAEAR T PR i R, SRS LT 70°C LT
ZEEFRETE.
1.3 S

% JH Excel 2016, SPSS 19.0 &k 4F HEAT i 56 84
HIGETT4 4T, 1 Duncan FGGB &2 A 22 60015 24 55

60
59 +
58 | ab
57 F
56
55 F
54 +
53+
52
51

FME = Inhibition rate (%)

EHERK
2 HZRE7H

2.1 WAAENS B RIENERIIGIE

MG VEIE A B L) R 75 B A E , AT
P B F e N A B Al AR AR B 14 /R N AR AN, S
FAYI~1Y14, 14BRNAQE A 8 R 5 7 B 5
JAAG 259 o B A FEBUE R, 20 5o 1Y4.1Y5.1Y7.
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Fig. 1 Inhibition rates of endophytic bacteria from Carex moorcroftii leaves against Fusarium oxysporum
P PO N P B AR DR . ARS8 3R 48 Duncan FGHT & AR 25 75 K 50 7F P<0.05 7K F- 22 5+ 12 % . Data are mean+SE.

Different letters indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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N AFEPTAR T 1Y4.1Y5. 1Y 7 A TY 11 %) 8 Fdi
Py R LR P BB AR AR 22 S . P AR 1YS.
1Y7 FU1Y 11 X5 52 55 00 S8 995 B 1 4900 1 238 53l R
70.48%.72.86% F170.95%, . 3 755 T-%F Hegs 7R B

ECR IR (R 1) s HRR 1Y 4 XTSRRI 3 A
B S JEL S TR P SR e A (L 2) | R 40 5]
h73.33%FN71.43%, it 2 = TR 6 Fivig  FL I Y
TVER 6, FLXGT 8 P I L BT 1) - H P BRT %638 63.36%
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Table 1 The inhibitory spectrum of antagonistic endophytic bacteria from Carex moorcrofiii

I & Inhibition rate (%)

9y i EL A Pathogenic fungus

1Y4 1Y5 1Y7 1Y11
INAZMRIEIRTE Bipolaris sorokiniana 64.40+£0.43 b 65.80£1.92 b 64.90£1.17 b 64.43+0.87 ¢
T4 8 BRI T Rhizoctonia solani 49.10+0.87 d 49.10+1.15 ¢ 52.17+0.43 d 49.60+0.43 ¢
FIRARJE G T Fusarium solani 73.33+3.08 a 65.3342.03 b 66.22+0.45 b 68.00+£0.77 b
7 IR S I B Fusarium sp. 61.33+0.77 be 59.11+0.44 ¢ 60.00+0.77 ¢ 59.56+0.44 d
TLEA SIS T Phoma foveata 64.65+1.82 b 64.14+1.01 b 65.15+¢1.51b 63.64+0.87 ¢
DA BIRIE YR I Colletotrichum coccodes 71.43+143 a 70.48+0.48 a 72.86+1.43 a 70.95+0.48 a
LA BEAE SR T Fusarium avenaceum 63.60+0.42 be 63.16£0.76 b 62.72+0.44 be 64.03+0.44 ¢
TR I Alternaria solani 59.07+0.42 ¢ 54.85+1.12 d 59.494+1.93 ¢ 62.03+1.46 ¢
18 Average 63.36 61.50 62.93 62.77

F PR B MR o[RS R B2 R 28 Duncan [GHT B M 22 R 0 7E P<0.05 /K F-25 5 L #5 . Data are mean+

SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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PBORRIE B Fusarium solani
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Fig. 2 The inhibition effects of endophytic bacteria strain 1Y4 from Carex moorcrofiii of against

Fusarium solani and Colletotrichum coccodes
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P RS TN AR A0 1Y4.1Y5. Y7 FI1Y 1L T
Ashby 532 P 8532 7 dJ , S0 IEAH L, LR 3R
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BA A
2.3 EMERIEE
231 ALK

AT S L RSP AR 1Y4 T
NA - | 28°CHi 3% 72 h)m , Hsv% HA2 4 2.50 mm,
LS 1B 7S NI U2 & 5y S = RV N v I = g T e
R (] 3-A) 5 TR AR 1Y4 5522 [R5 fHPE(G+)
BARFTIR , KN R 0.24~0.88 umx1.04~2.69 pum ([
3-B),

’gﬁ:. /

232 ARFINHH
BLAST FUX &8, Rk 1Y4 ) 16S rDNA 7515
VUM ZEHEAT B B. siamensis(MF662474.1 MF682396.1
HI MGO008632.1) . D1 3¢ 8y 2F MU 4T 78 B. velezensis
(MK224503.1) Fl it 3E ¥ 28 BUAT B B. amyloliquefa-
ciens (MF521600.1) it #H 3¢ 15 51 AH LU 241 7E 99% L)
|, HSPEI2F AT (MG008632.1) 18 22 48 4 B A
FRFR—23Z (K 4-A) . gyr-BFEHF AT LI %
FE ZF HFF P JE I R, DL L R R S 5 | )
PEAT U E , R ILERR 1Y4 10 gyr-B 3L F41] 5 75
I 28 B AT B (KC608573.1 A1 KR092185.1) E’J*ﬁa‘éﬁ%‘
G ARLE IR 96% , W T[] — /3 L (K 4-B) . 454
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B

%&

B3 SHEEMRAERRARE 1Y4NERER (A MEFE=RLEE(B)

Fig. 3 Culture characteristics (A) and Gram straining (B) of endophytic antagonistic bacteria 1Y4 from Carex moorcroftii

A 4]00: Bacillus siamensis (MF662474.1)
66 Bacillus siamensis (MF682396.1)

496: Bacillus siamensis (MG008632.1)
1Y4

23— Bacillus velezensis (MK224503.1)
L Bacillus amyloliquefaciens (MF521600.1)

Bacillus amyloliquefaciens (MK392020.1)

B 82 Bacillus siamensis (KR092185.1)
498,—: Bacillus siamensis (KC608573.1)

1Y4

96— Bacillus mojavensis (DQ309297.1)
e,

Bacillus axarquiensis (GU568224.1)

Bacillus subtilis (KP336748.1)

El4 ET16S rDNA(A)Fgyr-B(B) EEFIIMEFTHEEMR AERNAR 1Y4 REERXEKRNREZREH
Fig. 4 Phylogenetic tree of endophytic bacteria 1Y4 from Carex moorcroftii and other related strains based on
16S rDNA (A) and gyr-B (B) gene sequences
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24 1Y4EFIMREEH

DL R 0.5% F11.0% H 1Y4 B 7)) 40 BH 5 I
S, HoR e R T A 2 v T R, R R
4 0.5% Bif, b PRLE # A AR =7 2R G o T E A
X HE 20 43 59) . 40 T 153.06% . 34.55% . 355.41%
F1232.4% (32 2) 524 1Y4 B8 746 BE R 0.5% B, BAR

(AR o I R 5 SR R R B e T R
YR T AL, T rpob o AR o) IR 2 i
JNT 117.33% F152.17% (% 2) . BEE B FRHe R 193
T, TSR A A 24 Bn BH . R, DA B e v i
(BT EA VR . ZREH 1Y 4 B0 TICRI B
) B3 v B 4 0.5% , BLARAEAE ] %

F2 EREEMR NEBRMAE 1Y4 B3 3 I SRME K IEARR 00

Table 2 The influence of the fertilizer with endophytic bacteria 1Y4 from Carex moorcroftii on the growth of cucumber and pepper

; 5 JI\ Cucumber
e — T - \
Concentration PR EARHLIES I gy E-V il fitf TH
(%) Plant height ~ Length of first internode Leaf number Thickness of stem  Fresh weight ~ Dry weight
(cm) (cm) (cm) (g) (g)
0.0(CK) 73.50+12.06 ¢ 4.17+0.73 a 9.00+1.76 a 0.55£0.02 bc  15.70+4.06 ¢ 2.50+0.74 b
0.5 186.00+18.03 a 4.33+0.17 a 12.00+1.53 a 0.74+0.05 a 71.50£10.20a  8.31£1.63 a
1.0 115.00+£3.05 b 4.83+0.34 a 8.00+0.58 a 0.68+0.01 b 39.72+1.33 b 5.12+0.14 b
5.0 101.00+6.76 be 4.83+0.44 a 11.00+£0.88 a 0.50£0.00 ¢ 35.95+4.29 b 2.50+0.39b
Ve i A Pepper
- 7N ERRTIEIES " =M fitf 7 THE
Concentration . . PR . . .
Plant height ~ Length of first internode Thickness of stem  Fresh weight — Dry weight
(%) Leaf number
(cm) (em) (cm) (g) (g)
0.0(CK) 15.00£1.44 b 4.00+0.29 a 8.00+0.67 b 0.46+0.01 b 3.65+2.09 b 0.25+0.09 b
0.5 32.60+3.77 a 4.67+0.33 a 30.00+£5.36 a 0.70+0.05 a 25.27+4.65a 3.05£0.21 a
1.0 13.33+£3.18 b 3.67+0.33 a 13.00+4.73 b 0.51+0.05 b 1.78+0.27 b 0.25+0.05 b
5.0 13.33+1.76 b 3.66+0.67 a 10.00+2.85 b 0.53+0.01 b 2.97+0.56 b 0.36+0.10 b

PR RAE R EEBeEhR . [R B[R] 7R 32 7R 42 Duncan FCHT &A% 22 B R 678 P<0.05 /K24 5% B % . Data are meanz

SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

3 g

P 5 8 s SRR () M B ER S A S A A AL
Ui A%, ATREAEE T HATRRR AR W D RE IO 4, 56
Tk A A e HA R R RS L L
il A S S R AR 5 RN T S i A2 S (B 2T 5%
2006; 241555 ,2016a) . 4 H D15 (20162) 48 T
I H AR AR L FE B R A 5 Kobresia humilis
I 5 B R 2 AT R X T 4% AN £ 2N E A
FAMHIE] s £ B 3255 (2014) K IR4Y 85 H R AR 1L
121 FE BB 5 Stipa capillata W TE K 28 MAT 16 B
BT TEIREIE o A0 g v T B M A
AR A B EAT T O RS S RE TP A, 45 SR R
57.14% B PN A 4R HAT 5 AR E 7, L HL 9
TFREM 445 (2018) AR R AT rf 43 25 4540 I A= 4
PR AL (10.53% ) , BN R AR A7 2544 T B R [R) A
P10 P A6 20 R R A7 25 57 5 76 53 B TS i 45 4L
NAEANTE P, AR 1Y4.1Y5 . 1Y7 1Y 116 8 IOk
Z9 A I BRSO L T 2808 245 (2018) FRAE A T
PR NCRP2; fEFEHTNAE A D, TR bR 1Y4 % 6 J& 9 Ff

o D B P BRI ) R BRI M , AR PR AR S TR
T S T ST 9 TR RIS 22 KR TS AT )41 ) 340 15
73.33% .71.43% F1 64.40% , EAG I % Jy 1 By 771 1
SN I

F T 2E IR TR SR 2400 RARAT , PR LA HIFSY
i 1 24 M 16S rDNA Fll gyr-B JE K 51 43 #7 %)
FrAS O RASEPUR MR T 5508, B 2B IR bR 1Y4 %558
HVGI ZEMOAT IR . AR5 (2012) B R HTTE S
A B AL T 16S rDNA 751 438, K443 25 H - 3E 1)
PR FC12-05 %856 S VU AR 28 AT 7, HLHX /N AR
JER B RSP E R, S AR 45 SR A —
B A LS R R BAR 1Y4 X 4% A 2%
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Jeong et al. (2012) W 5% & B, MG il 1 28 B & 9 vh
Sy E 0 TG U 2 AT R o] DA TR S e A
YK EEEAF (2017) 1 UM T VG 1 24 AT 7 XoF
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