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Isolation, screening and characterization of phytopathogen antagonistic

endophytes from wild Artemisia argyi
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Abstract: A total of 68 endophytes isolated from roots, stems and leaves of wild Artemisia argyi were used to study
antagonistic effect against phytopathogens including Fusarium oxysporum , Magnaporthe grisea and Alternaria alternate, and
characterized by 16S rDNA sequencing and phylogenies. The results indicated that three of the endophytes have the most
obvious inhibitory effect by the first and the second screening. Combined with the physiological and biochemical
characteristics , colony characteristics, cell morphological characteristics and 16S rDNA sequencing results, the three strains
L8, S11 and R6 were identified as Bacillus subtilis, Bacillus cereus, Paenibacillus polymyxa, respectively. Antagonistic
experiment showed that hyphae of Fusarium oxysporum became bending and knot while hyphae of Alternaria alternata grew
more branches. The growth end appeared coralline branch with deformity and atrophy, suggesting that allelochemicals

produced by endophytes in the development process, might be inhibit the development of pathogens hyphae.
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f A Y (Artemisia argyi Levl. et Vant) J&—Fh 258} (Asteraceae ) 2245 H 2 WEAMR B A 25 A Y) , £ TR [H
BIZRAL AEE AR AERE PE R LA SR S H R A DR I W e A . FE TR CE T R SRS T BT
SRR AT AR R A A, JCHRA TR XU T g il ™2 I B B A AR i AR AR R Ak K
AR R IR R AR R K AR X AR ISR AR A S A B AR R AR

S T A U AR NS S MBS = SR A Y RS M S R W S T i
Ak & P EADURAL TE R B IR DU A0 B A 2 R R e A SO R IR R C A P E A,
PINTAT ' o B 1 3L 0 €6 R AR BT T R M i B R 8 € R R AT T RS s BN T RS T AR
HrAn Al B ERAE il S A 1 AR E T SRR X RIS R 1 ' ER AR, DL B e 25 B LR G
B R 5 SUHEZE I 7K IR BB UK R B B & i 2 K AR I LA o 5 i AR FR T R /KR B ik A
1R SCEARBOBOS K F B 4 o A BR v R AT IG5 S 3 W 6 g D A B A AR B 0 20
T

FE ) N AE T ( Endophyte ) SEF87EH A 15 52 09— B B el 4 BB B AR I TAE ) 09 & Fh ZH SURIE5 B 1) 4t e 1]
BB 20 B N B A ), o — T S B B A W B R, R R AR R B i E R IR — . BT, B HGETE A
FhAA ) Fe 28 BEAE ) h 2 BRI AE ) PN A 20 TR 5 =2 TG SH P AR 2 TR BAPEAT TR, 438 T 54 N8 Y 129 F B
MR AN, KE h HIER A Y Fh 28 HoA B 28 i B & ( Pseudomonas ) . 28 fFT 5 J& ( Bacillus ) (25 2F 04T 1 &
( Paenibacillus) 5 ¥F W J& ( Enterobacter ) Lk X + S FF 8 J& ( Agrobacterium ) . 1Z W J& ( Pantoea ) | [H & 1 J&
( Diazotrophicus ) 55 f5 K H W, iX BE N LR TR L-FAETEAE DI 0 i A AL 20, MY N AR A% BV G, A9 %
RIS AR P AR, A B B0 25 0, P e S ORGP, — i 4 1 AR 60 DV
TTAY B AL 3 SR A A 7 AR AR RIS KA S A A AU 1 50 A AR Wy W o, 5 Dt o 3 4 5
W) 5 o 2 0] 50 A BRI IR ) L RO PR A R G SRR A R R R AR K

TERFE B PR B B A TR AN RE P8 A 2F 27 AR A P R A ARG 9 i T8 R 28 i B
Bty w7 A 5 1 A R SOAS ) 4 A B P s SR, B P A ke 2 AR A S T O 2 R AR A )
SRR 1 R ) A A A R DR I S A A D o E T P A TR R A 2 K T 4 B D AT T
HAR KR, “ATEGA B AR B VISR . N AR TE R I R RE ) 72 75 5 32 SR W e ik 8 3% o3
ST ANsE , H TR R E R ARA R, PRI R GE TS ST PN A T BT R, AR RS 2 R s I L R ) A DA
FH 5 e A 400 B8 TG M N A T, DRt — 2D I e A W TR R AR 0 B R RN AR A 2SR A PR B
1 #RE5FZE
1.1 #E

By A= 30 T 2012 4F 5 1 003 FAT R 4 R b vl 22 el X PG RS0 DX Sre b, AR R AL T8 3R AR I M A PR A LA
LA SREEH AR AR Ry - N34°25—36" \E115°37—40" 4K 52m , 1 35-F 30 HEARCIR L K 4, 38145
ZUbHEL pHT. 8,

FEY)9 I TR < MR AE RS 259 T8 FO101 ( Fusarium oxysporum) FEJEIR I MG102 ( Magnaporthe grisea) ¥ ¥ iR
IR AA103 (Alternaria alternata) H P AU MR K24 A Bl 2222 BE U W24 200t 25 28 me | DL AZ A9 TE U0
JBAE~T0°C UKAE T AR AR IR R S48 A A B UIR R 7R 45 (PDA ) ,28°C B 5% 2d.,

1.2 Jik
1.2.1  BpA SO N AR 42 Atk

HAVRETH S S0 A T 4 B R E AR FH AR A U AR B i PR T e e (8 B RS,
T R A
1.2.2 A0S PENE

S P2 DR R A O SO SR PR IR B e IR A AL, TR R = [ O PR TR AR - Ak 3
PR 7 ELAR ) /X BT v ELAR ] x100% o W00 1 O R R BREA T S0 , ol AR A iy, S b B 3 ANEAT
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1.2.3 (AW A A AR v TR TR AR RN A BT AR Ak 0

PEHRAR TSR ikt i 43 B A R R A A A0 B A AL R T SRR 25 PR A 24 e £ R R AR K /N

BRI

1.2.4 16S rDNA JPFIIE K RG 4B b

KA R 20 DNA 207 & OSR-M502 ( RARAEABH A B R A7) SR B HE K 20 DNA IR LAZ R
B, FEAT 16S tDNA BIH 38, BTG 19) P AR R A 0F W22 SOk P e ik Bl AR ) TR R
TS5 U AR I PP 25 SR K 145 20 ST 9 7 GenBank H13E47 BLAST 4347, ] DNAMANG. 0 #E17 /551
AR, i 3 Clustal-X1. 81 Fl TREECONW X fF: (version 1.3b) , LA Neighbor—joining H i E#H R A K EH
4 , FH Bootstrap (1000 YR E & ) #E1TR 5
1.2.5 o J5 R T 22 19 W oL 43¢

JE B B TR B B AR &, WS A B PR AT A T R T 2 AR I AR e SRR IR
2 ZEREHH
2.1 WIS LRy

AR 25 e g BB 0 AR TR 43 6B B A 2 TR R TR AR R A R TR A T B, R T 45 R
(1) KRB0 3 FiAE Y B R LA 0 4 FH A P A TR A 850 o3 A b 22 AN R T B8 A s P AR T P AN TR
s DR L A P HIE I BURAFAE 25 5 o FR I mT L XS [RIAE 098 A R 136, [)— e 49 R 900 281 4 FE 1) N 7
FIRNTE ) IS AR 22 5

F1 REMHBUNEVREEENEERNERNEE XA GG
Table 1 The number and percent of inhibiting endophytes from different parts of plant to pathogenic bacteria

JI—— HRAEREZE T T TR T JHRE Sl B T S EHEB% )
TP : .
) Fusarium Magnaporthe Alternaria Total number
Strains source . -
oxysporum grisea alternata ( proportion % )
HFE Root 14(32.56) 18(36.00) 6(25.00) 38(32.48)
257 Stem 15(34.88) 15(30.00) 9(37.50) 39(33.33)
A Leaf 14(32.56) 17(34.00) 9(37.50) 40(34.19)
SBEL(AS) Total 43(36.75) 50(42.74) 24(20.51) 117(100)

R BRI Dy B AT T O Y A A B 35 PR B I TR A TR B B O T B

2.2 EiSEmEER A

A3 90 7 35 0T B S B (B RAA 20% LA ) (1 2) BB MRS T B0, AR 3 AR B
F% 720 J5 o B0 E B YR ELAR KN B3 AN EE B IE AR A E R R A X TR E RN RN (R 2 %3
ME4),

1 SEEK R6 MR EHEFE FOL101 FIMHIER (L E N B2 4EEkk Sl AR ERE AAL103 HIDSIER (LK Y

L) )
Fig. 1 Fusarium oxysporum FO101 inhibited by endophyte R6 (Left: Fig.2 Alternaria alternata AA103 inhibited by endophyte SI1 ( Left.
control ) control )
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R2 HEENBERERENNEZLR

Table 2 Inhibition effect of endophytes to Fusarium oxysporum

Bk bR P A Xt HE 7% EA MEH
Strains Diameter of treatment colony/cm Diameter of control colony /cm Inhibitation rate/%
R6 4.63+0.017 6.87+0.087 32.61+0.066a
S11 4.93+0.036 6.87+0.087 28.24+0.065b
L1 5.03+0.036 6.87+0.087 26.78+0.052¢
S7 5.03+0.027 6.87+0.087 26.78+0. 108¢
S10 5.43+0.020 6.87+0.087 20.96+0. 046d
12 5.70+0.076 6.87+0.087 17.03+0.053¢
S8 5.70+0.079 6.87+0.087 17.03+0.070e

WG ST 76 S: 259 Stem, R #2348 Root, L: M7 Leaf; WV ELFR R 72h BHINAEY 3 ANEE S M T ehr i 22 5088 )5 AN R/ NG 5
HHRRERWE(P<0.05)

K FT2ERBI0 A AT 4 bk, XA AE R ST T 0 A0 B S DR B 1R B 179 Db B R
28, 249% (I H A BSOS AT 2 b AR AR S 0 S0 B B 1T, I 26. 789% 5 HUMS4Y B AP 2 BT 1
B, SRR AR B P FEL O 0 0 IV 32 610% ., F HCAMES AR 25 RIIT F 0 A 2 A
SRR VAR P<0.05 KT AF{EWT GLAO 2 5 . M T . S ) 60 4 A R 2B A 2 41
BRI RS2 M

*3 MNEFENBEREHNERR
Table 3 Inhibition effect of endophytes to Magnaporthe grisea

Ib B EVE HAZ Xt BE B ¥ E A il EEs SEBHERTE E AR Xt BRI A M

HR Diameter of Diameter of Inhibitation 7S Diameter of Diameter of Inhibitation
Strains  treatment colony control colony rate Strains  treatment colony control colony rate

/cm /cm /% /cm /cm /%
I8 4.05+0.027 6.67+0.027 39.28+0.017a R8 4.23+0.044 6.82+0.056 37.98+0.099b
S1 4.30+0.062 6.75+0.036 36.30+0.020¢ S7 4.16+0.046 6.45+0.030 35.50+0.092de
12 4.11+0.046 6.39+0.092 35.68+0. 115d 14 4.22+0.043 6.52+0.056 35.28+0.026e
L5 4.32+0.036 6.49+0.080 33.44+0.070f S10 4.34+0.027 6.47+0.036 32.92+0.053g
S11 4.50+0. 053 6.50+0. 066 30.77+0.056h R7 4.15+0.017 5.87+0.035 29.30+0.217i
13 4.70+0. 062 6.48+0.066 27.47+0.066j 19 4.28+0.102 5.76+0.062 25.69+0. 128k
L6 4.70+0. 062 6.26+0.070 24.92+0.0701 S2 4.90+0. 036 6.38+0.062 23.20+0.132m
R4 4.40+0.036 5.70+0.099 22.81+0.062n 4 5.19+0.027 6.76+0.044 23.22+0.125m
R5 4.50+0.017 5.71+0.027 21.19+0.096p S9 5.25+0.063 6.7+0.099 21.64+0.0850
S6 5.27+0.087 6.72+0. 066 21.58+0. 1150 S3 5.02+0.027 6.34+0.030 20.82+0.061q

kA TF2EE AN A TR AT 9 MR, X RS 0 A B S 0 4 A TR R E 3R B 20% DL b B KA B 3k
36.30% ;MR BRI AE A 7 B AR IR A B 0 0 VR, MR R IR B 24% DL b, B KA R
39.28% AR BS B9 N A TR A 4 bR, XA IR AT B R IR, I R R E) 21% DL L | KIE EN
37.98% ., X HLAES AR 2R ANNT 5 0 N A B X R 1 40 B R R I, 7E P<0. 05 /KF A7 A2 B B 1 22
5o HBERT UL R RIS P A B RIS (O P B SR R B - i e SRR > 2535

kA TFEET AN AE B 4 Bk, 600 B AR B AT B R A AR B0 R A B 25% L) L e R I Rk
32.10% ;MR BB N A A 2 fk, XA R R 2 B A VR T, R R AR E] 27% DL B e R IR
31.20% ; AREB/TES N AE AT 1 AR, XIS R 2 A BH B A VR S RIS 25. 04% X EUARTER 253
FI - B P9 A= B R A R R B, 7F P<0. 05 /K EAFE I 25 5%, ikl L, R [R1 B A5 9 A T 6
B R B A BRI RO R BA L 253> A >R
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x4 HNEENEEFRENDEERER

Table 4  Inhibition effect of endophytes to Alternaria alternate

Sb PR EYE HAR 25 W AR EilIEES Ab PRI EAE %5 W% AR EllIES
Rk Diameter of Diameter of Inhibitory HRk Diameter of Diameter of Inhibitory
Strains  treatment colony control colony rates Strains  treatment colony control colony rates
/(em /cm /% /(cm /cm /%
S11 5.27+0.056 7.43+0.050 32.10+0.027a L7 5.33+0.076 7.43+0.061 31.20+0.085b
S8 5.40+0.017 7.42+0.035 30.06+0.178¢ 14 5.57+0. 104 7.42+0.061 27.53+0.061d
S5 5.62+0.072 7.43+0.036 26.89+0.087e S1 5.71+0.061 7.41+0.062 25.34+0.061f
RI1 5.73+0.061 7.41+0.053 25.04+0.096¢

X R A AR 25905 I PR SR dn R BH S ok B AR BB A B AR R6 (LMK 32. 61% ) , X eI 9 00 17 2050 S de
SRR S B R A3 R A TR 18 (LA R 39. 28% ), Xof AR B A% R 0 A A0k R e b T S A R 0 S 25
PRIPR S1L(CHAMHIZR 32.10% ) o AT UL, 4325 7 A S 0 P9 2B BRDGEAS [R) AR 00908 Dt v (R I TR RUCR AR TR 25 57
R > H AL 220 > T B AR AL
2.3 WkIwIL K E

SRR 3 v I A R VE AR A B R R6 L8 I S11 AT PRI 5%, 48 2d 1555, PR A VR H-IE K - T
TR AN G PR A, TR A IE A — 3, VR I SN R ST E R AR . P TR B Re
HI L8 B TE AL i bR, L €0, R TR 6% T RE S11 A8 168 R JOOGE . 3 PRI HE 7% AR
F(R6:2.5mm 1.8:3.0mm S11:2. 0mm) , ARIEANMIIE S FRAE AR B A AL RR MR IR 25 2 (R 5) , a5 A ARk
SRR WA RGNS E T Rk R6 L8 AT S11 Y4025 % 5 hy ZE AT B ( Bacillus ) Ak .

*5 Btk R6.L8.S11 RYAEIR A0 I8 45 R A0 A 4HAE

Table 5 Physiological and biochemical test results and cell characteristics of strain R6, L8 and S11

FALFRAE FACFRAE
Physiological and P.p B.s B.c R6 18 Sl1 Physiological and P.p B.s B.c¢c R6 18 S11
biochemical characteristics biochemical characteristics
MU Catalase test + 0+ +  +  +  +  FEEEIKARE Tyrosine hydrolysate + + + + + +
V-P &35 V-P test + o+ + + o+ o+ 4 - - - - - -
D-H & HE =R D-glucose acid yield + + + + + + 10C + + - + + -
BRI G e iR
igi{ifiﬁii vield L ooy T *
D-H & D-mannitol + o+ - + + + 40%C + + - + + +
ABE Xylose + + - + + - 50% - - - - + -
A% Broth (pH5.0) + + 4+ + + + 5% NaCl - + + + + +
JEH Starch + + + + - + 7% NaCl - + - + + +
b o T
ﬁii%ﬁ?fﬁminase oot o o 0% - - - - N -
YR WENRT Lecithinase - - 4+ -+ HZCYA Gram stain + + + + + +
EAR A SR Nitrate reductase + 4+ 4+ -+ + HIGEHH Spore + + + + + +
Ji% 2543 Casein decomposition + + 4+ + + + AR/ Bacterial size (um) 0.8x3 0.7x2 1.1x4 1.2x3 0.7x2 1.2x4
FEAEIRE M Citrate utilization - + 4+ 4+ 4+ +  HIIAR Bacterial shape DS 7N 15 N 3 7 N B VN VNI S B N

+2 N B - FRoR B P p: Paenibacillus polymyxa, B. s: Bacillus subtilis, B. c: Bacillus cereus X 3 BREE N ZEAAT B A% IE Rk

2.4 KR 16S tDNA 518 & Z 50 K B 2500

Sl th 3 BB 165 DNA F51028 PCR 50T, 4™ HP=HR IR 290 1. Skb. JE1E GenBank 1119571
BT KC245140-K 0245142, 44 T bR I e 91 5 RER B P 9L T LOXE , 46 SR, BT L8 5 A B 2 0T o
( Bacillus subtilis) 7 ¥k NRRL NRS-744" ¥ %] EU138520 AH AL % ¢ K, ik 98. 7% , 1% W ¥k 5 B & Bacillus
subtilis NRRL NRS-744" {0 T [fl— RGERK F 403 b, 56 HA B ACRRPE RIS FRRRAE I TR 8 T 28 AT
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PG R ZEHIAT R . TRk S11 SRR BB Bacillus cereus ATCC14579"( AF290547) v T-Rl— kB 42 b, =& A
A IR BIAIEE 35 99. 3% ; Itk R6 SREGBE Paenibacillus polymyxa TAM13419" (D16276) [7]— & & 43 X
b, H AR AR K, 18 99. 1% (K 3) . 454 kK S11 F R6 1A= BRA R FRAE DL R K F2FRAE , 3 A T 1
350 & TR ZE AT B ( Bacillus cereus ) F1Z2 ARG5S ZEHIAT 1A ( Paenibacillus polymyxa) ,

*6 MNFEHRMSLLETLER
Table 6 Classification and Identification of the tested strains

16S tDNA 51405

Witk HHRTRIE R . . S ZEL VRS AR/ %
. . Accession No. of 16S R
Strain Genus affiliation The most colsest match Similarity
rDNA sequence
I8 Bacillus subtilis KC245141 Bacillus subtilis NRRL NRS-744 98.7
S11 Bacillus cereus KC245140 Bacillus cereus ATCC14579 99.3
R6 Paenibacillus polymyxa KC245142 Paenibacillus polymyxa 1AM13419 99.1
100 L8 (KC245141)

90 |' Bacillus subtilis NRRL NRS-744T(EU138520)

Bacillus mojavensis BCRC17124T(EF433405)
Bacillus atrophaeus NRRLNRS-213T(EU138516)

56 Bacillus licheniformisATCC 145807(GQ91 1552)

Bacillus megateriumIAM 134187(D16273)
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Fig.3 Phylogenetic tree generated by the neighbor-joining method based on 16S rDNA sequences of selected strains. Bootstrap values

(1000 replicates) are indicated above the branches. Strains obtained are labeled in bold. Bar: 0.02 sequence divergence
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Fig.4 Mycelia change of plant pathogenic fungi under inhibition of Artemisia argyi endophytes A. Normal mycelia of Fusarium oxysporum
FO101; B,C. Deformity, bending knot mycelia of Fusarium oxysporum ¥FO101; D. Normal mycelia of Alternaria alternate AA103; E. F.
Autolysis, fracture and atrophy of Alternaria alternate AA103
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