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Herbicidal activity of fungal endophyte HL-1 against weeds and its safety
to crops
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Abstract: Strain HL-1 isolated from diseased Cirsium setosum ( Willd. ) MB. leaves in Hualong, Qinghai province,
was evaluated for its herbicidal activity to target weeds and its safety to crops. The disease incidences of Galium aparine
L., Chenopodium album L. ; Malva crispa L. , and Polygonum lapathifolium L. applied with HL-1 filtrate were 98. 10% ,
90.20% , 56.67% , and 66.67% , the disease indexes were 98. 01, 88.33, 56.71, and 47. 46, and the fresh weight re-
ductions were 69.31% , 71.83% , 65.54% , 56. 10% , respectively. The filirate was safe to wheat and broad bean and
slightly pathogenic to rapeseed, pea and highland barly. The strain was identified as fungal endophyte by cultural character-
istic and 16SrDNA sequencing. These results indicated that fungal endophyte HL-1 could be a potential microbial herbicide
for the control of G. aparine L. and C. album L. dominating in wheat and broad bean fields.
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T OIS S 1 g S e e A g %o A
o A = P I 5T, A JE IR 2 AR
WEBRFRY . R I Bk R T A
SRR IR P AR B B SRR EDT R L T
B ZRIR A N R RS M T R T 43 S Al Ak S
531410 Schulz 25X ARG #4325 21 (96 500 Bk
WA BTG I E , R 80% ~83% HA B4
B PUE MR

PR A B A AR AR AR (9 22 R A AN A5
FhEAT G, i 5T ARSI AT O, Tl R
MRS AT T MR s L5 A
Zi R TR B A WO R A T 8 S0 ) A OG T AR B2
AT 2010 45 T I EE 0 B RAS 53 FRISZEDD,
HrpgEg Lt b3R5 — Mk 2 A R E0s 1 A A
AT HL-1 bk,

AMFFTIAXT B AE HL-1 677 B 9F B0 1 & 2
TER R TG PSRRI 5T, I 6 H AR Bl & e AT R 4
AL, B AE A S IR AT & A TR BR R 4R 4t
SR

1 MRSk

1.1 REMNRERBRERENT B4

N T3 B B R A 0 1 LR ( Cirsium se-
tosum) M7 KM A S S 3 X R
SEARIEATIC S FARR I T 4 CUkARIRAA &, SR
SCHRT 12 DX LS B 5 AR A HEAT 0 B I 57
> PDA IR A A e 5 M 5 4 d
Je R A T H BT 22, e B Pk IR 22 347 )
WAL g5
1.2 HL-1 E#HBURENE
1.2.1 Wpegsomiml 2 SR SMa BT B i
Y ( Galium aparine L. ) \Z& ( Chenopodium album
L. ) & %% (Malva crispa L. ) FRALMZE ( Polygonum
lapathifolium L. ) #iW FHICH /K #h Bk 3 S H 2R
T CE T HRA LR IEA R SR (P =9 em) N, 7E
Fie 7 d MR L ZIBOE D D=8 mm) RN Fr
ETH, DU FP C B 19 PDA 15 % SEH R X IR B
(25+1) COCMILFAE P IRBER SR, 200 T4 5 3
d 5 d WEEH R Aw T L .
1.2.2 K@ P somEnl e EHFT R
BT G 22 PR B AT 200 ml PD A B S50
o BRI S BR,25 °C (150 v/mindfi g 14 d, R

FLAS R, UV AL UERR (D =0. 45 pm) S8R
FRANT DA A A 7 0 8 T, 4 D S 55 2 b T
7 ~ 10 M HIE R SR O R 4SRRI AR
PR bR AR 20 ml, BERRG B9 SREAR AR E T
28 °C .12 h WG N T A0 h RS 4%
TRIBEE SR REALPREE A 4 Wk, LA R R JCH PD B
TR PR ARVE 25 O R, 20 3 PR 3 d5 d
7 d JEWMERAFLR RGO, KRR o e 2 IR
SCHR[ 137, Ab3E 7 d JE TR 3 15 48 SR fif
B, T AR &R = Kt 7B
A < 100% ; 9 T 48 50 = 2 (45 P00 B« 4%
PARTRAE) / (WA S B e = AR TR AEL) x 100 5 i
JoT fe B A% = (0] 4 B Jo e — Ab 3 2 T T ) /
Xof R AR LA BT 5 100%
1.3 HL-1 E#RIMED R EHENE

W HL-1 T8 Pk & B 8 T LA RE 25 20 ml 4351 g 55
RT3 ~4 M E‘J/J\i( Triticum aestivum L. ) (M
3% ( Brassica napus L. ) %% 5. ( Vicia faba L.) (%5
( Pisum sativum L. ) .75 B ( Hordeum wvulgare L. ) I,
KRk 1.2.2, BAMEESE 4 ), LR
FhIJCH PD 3R A PRAE M S FIXT IR, 7 d J5 M
EVEW ARG, F DI ARMEIC BRI FEEE (NS %
FRTGREAR (O BE, REAR IE # AR K ) 5 LS Fom B2 ik
W (I A R BB, A K A2 ) s MS FRoRh
SRR (175 ~ 1/4 0y TE AR 3090 B, A K 32 41
i) 5SS Frn U H R (1/4 DL b T AR B
BE, A 2 ) E AP
1.4 HL-1 E#%HNEE
1.4.1 B&E%ZT Kk HL-1 T PDA Kigidk b
Bt O B TS HR 2 fHIEs . BER
9 8 mm T 22 B AEFN TSR AP (P =9 em) ,25
CHFE, B RERWERE A KIS, BB gL
WL AT,
1.4.2 5F%% FHk DNA BB CHk[13 ],
VEWGHE H 519 1TS4 § 15 L 40 DNA 19 ITS X,
ITS4: 5'-TCCTCCGCTTATTGATATGC-3', ITS5: 5'-
GGAAGTAAAAGTCGTAACAAGG-3', PCR 44 )z v
KA (50.0 wl) @1 F:4.0 wl ANTP mixture ( 2.5
mmol/L ), ITS4 (20.0 pmol/L) Fl ITS5 ( 20.0
pwmol/L) £ 1.0 wl,6.0 wl AJ10xTaq 2% Mk, 1.0 ul
Tag DNA R4 (2.5 U/pl),2.0 wl #H DNA,
35.0 wl TEEBE 77K, PCR W 51F .94 C T
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AP S ming94 CAEE 1 min, 51 °C B K 1 min, 72
CHEM 1 min, FiE 35 NEH; FeJ7 72 CIEAH 10
min, G WITE 1. 0% 19 SRUIR I BE I e vk 43 B
Ja R ZBE (0. 5 pg/ml) Be€5 15 min, il 5
Bio-Rad Gel Doc 2000 % R 4t i~ ic sk LIk &5 5
Wk PCR P43k 1A TAE W) TREH AR IS5 A BR
PNElMR, P45 chromas. exe B4HETT 51
EIESS , N NCBI Blast #5285 H b5 77 51 [m) P54 5 1)
DNA JF41, SA 5 53 5l FEAT B AR A N X, R
MEGA 5.0 32k Iz 4B IH #F 1 ( Neighbor-joining )
MHERGR TR, &5 S E A5 B A 28480 ( Boot-
strap)1 000K ,

2 BRI

2.1 HL-1 BT RHERNERE

PR HL-1 P OF 3 F 8 0 e g 28 498 TR
M3E 3 d 5, Ze s A b s R o AR g D DY
S R A 22, B SE TR DU R P Al — PB4 (e B2,
Horp &350 5 U Ok 8 RIS B 4
PR o] UL 0 B 2248, RIS, B 22 2 il 3 i
AR ,S d 5 W 249 R BRAZ T e R
B A TEREM AL BRA I 2 B AR BRI 2
FRICEE PDA KiR3EAY 4 Rl BB 500t B g by, A
S AR . TR DRSO TR E 25 SRR HL-1 T
PRXT K 4 Fh e g Rt 7 3 3R R o S0 1

Wit 2 IR 3 d ), E A2 B i A [
FREE )52 FREAR R 220 B R 245 v
B AR, A28 0 Bt B B A, AR L
TP A IR s it I A B, 5
d J& S R B R ZE 0 R B KA RE R 25
i, iR RGBT, 4358 172 R R IR R B 2R R
Wiy R, TR AT I 2 B KT AR B, 2 172 A B
WidE, 7 d &, M R 0% % ik 98.10% il
90.20% , K TREUSIRNTAE TR BE | A5 (1) F- 34 i o
FBR k3] 69.31% 71.83% 65.54% , %
o T R TR I YR %o T A ot S %) S 347 i T 5 A% ( P<
0.05) (£ 1), JAIEIREC(FR 1) R I ZEx)
PRI AR 2 PR DRV e TR, 2 R PG TR 7 d S IR
RONIG IR B AW T, B2 R AR R A T (&
1), JCH PD 53R (X I8 ) XF ik 4 Fhaudint 3%

SO (P 1) o B, 2 DR AR T B VRN A T B A

B HA B B BRAOR

F1 HEHkHL-1 EBERT 4 MEEBREALLE(7 d)
Table 1 Comparison of the pathogenicities of metabolites produced

by strain HL-1 against four weeds (7 d)

e o L St
SR 98.10+0.43a 98.01+0.26a  69.31+0.05a
3 90.20=+0. 40b 88.33+0.24b  71.83%0.12b
23 56.670. 44¢ 56.71+0.36¢c  65.5420.06¢
R i3 66.67+0.33d 47.46+0.16d  56.10+0.05d

[RZEE 5 AN RNG SRR R 22 55K 0. 05 27K (P<0.05)

CKEFNTCH PD 59500 A B PIR; B .32 C. 435 D RSN 3
E1 Btk HL-1 EBERABURE(7 d)
Fig.1 Pathogenicity of metabolite produced by strain HL-1 (7 d)

2.2 HL-1 ERIHEM R EM
PR HL-1 % B O 3 /N 22 T 5 2 TE B0
P VER 345 B bk 2 AR 52 5, 22 B0 AN B (NS
TSR I R IR (LS) ,5% W F -2 1 50 B 5,
BES MMRTCE IS, SR BEAY i SRR
BRI (LS) , s a3t e i kB o7 A 28 B B a5, it
FR B JE W BEAN YR Wi T 3R BN B RO
(LS) ,BREMHIF R 5.8% (£ 2) .
F2 R EMXI B HLA SR
Table 2 Sensitivities of the crops to strain HL-1
% s

HHXEY) (%) (%) SR P
INFE 0 0 NS
g 0 5 LS
" 0 0 NS
Wit 5.8 2 LS
R 0 3 LS

NS AN 5 LS : B SR
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2.3 HL-1 B#EE NHEE, JE AR e O, a2 R (] 2A4) . T/
2.3.1 FAEHAE PDA ML HL-1 W LEFOE 2240, P azMgs (K 2B) . 1A W8
A RS, — AR L, RUERZZ 208,000 R A -T m S BT, A i A (] 20) .

2 HL-1 BEASHFHE( x1 000)
Fig.2 Morphological characteristics of strain HL-1( x1 000 )

2.3.2 oF%5x MWHIEAPEBEEM A RS A FJ450011. 1 Fl JN986768. 1 A VL AL & H13k 5] 99%
B (E 3) AT kR HL-1 59 ITS SN ATEE 455 EME KER I HZ-1 N4 B,
B ITS & AL, Hd 5 A B FJ450003. 1,

HQ385970.1(Alternaria sp.)
IN986764.1(A. tenuissima)
JF835834.1(A. alternata)
83| AB369497.1(A. tenuissima)
JF835819.1(4. tenuissima)
9 FJ949086.1(A4. tenuissima)

HQ914865.1(4. sp.)
AB369443.1(A. altemata)
39 HQ647312.1(A4. tenuissima)
IN114420.1(Ustilago tritici)
HQ846584.1(Phomopsis sp.)
JF422730.1(A. porri)
FR846400.1(A4. compacta)
91| IN120430.1(4scomycota sp.)
GQI121322.2(A. alternata)
HQO025971.1(4. sp.)
FJ450011.1(P4 4E ELH)
FJ450013.1(4 2B EL1H)
76| IN986768.1(A. alternata)
96| HL-1
6%~FJ450003.1(P~]EE)

0.5

3 ET ITS rDNA FIIHE % HL-1 FRER B R
Fig.3 Phylogenetic tree of strain HL-1 based on ITS rDNA sequence

3 Wit IS R AR e F R AT B BRE SR
A AT P AR IEAR 2, 101 Arshad 2011 41

R 5 R SR IS A AU E AR, IOREEJE 4 D FP A SR U8 h 3845 1L 22 25 7T LLB

TR R A YL 25 F )t AR e 5 2 A91E W fE I INAE AR /INF-RE R ( Phalaris minor L. ) It
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SR FR ( Rumex dentatus L) IR ZE K EMAY &,
Phattanawasin'"”! % 3 2% 75 /K it 85 ( Aspergillus fischeri
TISTR 3272) A= B4 7™ $y %t il 3t 5 25 55 ( Mimosa
pigra) FIRLEL ( Echinochloa crus-galli) R AT 241
AR 809% LA b ; T #1222 P A T 4R
SRR 25 OISR R SRR VR ZF 0 A BRI
WHIVE ; Dor!'” Y% Fusarium oxysporum {. sp. or-
thoceras [ R TREIER ™ AE 1) Hie T TR A1 9, 10-dehydro-
fusaric acid ( DFA) fE 5| #& Helianthus annuus . Oro-
banche cuman Sonchus oleraceus fHR IR LEMZEE . 24
WFFEN AR R L3 b4 8945 31 HL-1 bk, H &
TREDE RO 10 R AR A B 4l B HAT A [ R ) B4R
FH X R e BAT AR 5 A 0 1, Wit T A AR IS
AREOL R A B R FL RN AE

W) N A= B AR A IR B, 2802 A
FEANTR U AACEA ), ZER I 15 Je %75 A 2
SHYEMIAEDR , Hik HL-1 N A SR & il LsEn -
Oy EARAT AR N BN M A AR 4 mn]
TSR BRA I , (B F™ A B B 3 IR B
P AR I SRR (EX B SRR AR =
ARBAINHEIERT . AT R A X 2 8k
FAT I R [R) XA X 2 4 W] DATE LASE 3
FRFNEE R A IR EE R /N N d L h 22 2 fdi ]

I TR DA 7 P T 2 10 ol A 0 5 e 55 B
AR G I Al D5 AR A, SR AR A 2h
LARGMRRAE, Ah ] LU HARE " A7
FRAAEE Y YEE | Tl 5 A G A AR TT B B R L
R, BRI, AR ECEE HL-1 BRI 4 0% N i 55
AR, AY k— 2L st A7 SR A S s Mo i 45 44
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