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Abstract; Since 1866, large quantities of endophytes with metabolic activity have been isolated from almost all kinds of
plants including trees, shrubs, grasses, and even from algae, moss and ferns. The grass endophytes and their hosts are
mutualistic symbionts which differ from other endophytes. Studies on Neotyphodium endophytes and grasses indicate that the
endophytes can not only protect the host grass from abiotic stresses but also enhance its resistance to biotic disturbances,
such as herbivores and pathogens. Up to now, most research on the pathogen resistance ability of endophytic fungi has
focused on endophytes isolated from non-grass medicinal plants. As for grass endophytes, limited studies have reported that
endophyte-infected grasses are less frequently infected by pathogen disease. Was the resistance from endophytes themselves
or from the interaction of the grass-endophyte associations? To address this question, this experiment was performed with

isolated endophytes in vitro.
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In this paper three endophytes were used, i. e. , Neotyphodium sp. , N. coenophialum and N. lolli. They were isolated
from Achnatherum sibiricum (L.) Keng ( a native grass which was widely distributed in the Inner Mongolian Plateau) ,
Festuca arundinacea Schreb and Lolium perenne L ( cultivated grasses which were widely grown in north China lawns) ,
respectively. Five turf grass pathogens were chosen, i. e. , Fusarium sp. , Rhizoctonia sp. , Cladosporium sp. , Phomopsis
sp. and Curvularia sp. , antagonistic interaction experiment, spore germination experiment and micro-cultivation experiment
were carried out to address if the endophytes could resist pathogen fungi in vitro. If this is the case, what kind of
antagonistic mechanisms might be involved?

The results showed that endophyte Neotyphodium sp. was antagonistic to Cladosporium sp. , Curvularia sp. and
Phomaopsis sp. , and the inhibition percentages were 70. 1% , 52. 3% and 30. 9% , respectively, after three days of
inoculation. The possible mechanism involved is thought to be competitive advantage of the endophytes for nutrition and
super-parasitism. The endophyte N. coenophialum had an inhibitory effect to some extent against Cladosporium sp. , while
N. lolli appeared to have no inhibitory effect against any of the pathogens. When N. [lolli was inoculated with the
pathogens, it turned brown while the pathogens took up nutritious space. The results demonstrate that Neotyphodium sp. is
more antagonistic to pathogens than N. coenophialum and N. lolli, thus being beneficial to its host grass in pathogen

resistance.
Key Words: endophytes; pathogens; inhibitive effect

P4 F B (endophyte) B 1 De Bary T 1866 4F 5 Soigih , IR TAERR THESTNAEREB
RH54085, H3) 1977 4F Bacon £ AMEWBEFPABEHNARE"  WENARESHEIEMZAXR
KIS A IERXTF R, BEiE 2N &R (Taxus cuspidate Sieb. et Zucc. ) ¥ 4% (Abies holophylla Maxim) | £1.
¥2 (Sequoia sempervirens Endl) 41 -2 LL AR ( Quercus acutissima Carr) \ F¥E ( Betula platyphlla Suk. ) FE&H#
( Eucalyptus spp. , ) S MR EIR B o P BB Z A RNIME M NAERSE, WAMEEARMEAR E2
EBE HE MY BRI THARR, FENAEE SHEMYNAREK X FI7ETEME EEY
IR AT 8D, REWIR TAERAREN A RREAMUARER B 18 E Vx84 Y e B pi ik, 8 a1 3R 15
FHEPPEY TS, 5E T EAEeEsY ™ e SRR Mg Kh " REES naEs,

RXTFHAERE R RARNSMAR T ELETEEREAAEY TN EEE, Memin %' N
Eucryphia cordifolia H15) 8 1} — R K IR B ( Glioladium sp. ) , B A EREWRELEY, NEREE
( Pythium, ultimum ) FIHAEE (Verticillum dahlice) S35 R EEEBIEEM . ZHERE" N A TH MEE
F2 Yo B M H BB (Paecilomyces sp. ) WAER B, KRB Bk AL E & ( Neurospora sp. ) JHRTJH R
(Fesrium sp. ) \AREJ& (Trichoderma sp. ) R IR R HE AR BAMWHIER . 7SN EIEE (Artemisia annua) |
% 11 8 (Artemisia mongolica) (8] = B 7 ( Celastrus angulatus) O &N EE( Tripterygium wilfordii Hook. F) [10] 2
MY BEIPRREEENRRARG MR NERE, XTARENERBEKEL, BRRWRERS
HERFEF -WEEELAEKKT LS, I Wely %8155 & TR A4 B IR GL 0 55 3 F 71 45 98 (Puccina
graminis Pers subsp. graminicola Z. Urban) .M -3E5% ( Rhizoctonia zeae Voorhees) I ANHEAER , XI5 KT B L1898
FwIHm T Gwinn SHPIEERNRANABHER T B EFNEN EBRLZRK (Rhizoctonia zeae
Voorh ) 138 BEJ ( Rhizoctonia solani Kithn) BHTHHE" o X 1LHA P A B0 58 7T BE4E 30 18 AR Wy 320 SR T 19
itk , BENAERRARTHRRIIRA 2K, EEEAMR ., RCURRERETZ05 N E AR ERFN
EF BT R EITEY SR BEEDOBENNEER RS, B B AR L 3 N AE RN
EIPHY LA IWRIR BB RIER , SRRSO, 0 A B XHE MY RBF R 22 /EM,
T ot 7 P F A 50 R AR SRR AR TE

hitp : //www. ecologica. cn



8 WRAT % AR X R SR Y R IR R A LR 3915

1 #H#EFpmE
1.1 szmbfst

WAERR : AR R R BE P (Achnatherum sibiricum (L. ) Keng) #FH 3 BHIBEMR Y (Neotyphod-
wm sp. ) , HE® HE, S0REN, SEBLEBFE, RE& M, KB B FF (Festuca arundinacea Schreb )
i Millennium #7553 B EE AR M ( Neotyphodium coenophialum) , HEE Q@ BH R, R BEH, KEEHZ
B, b KR8 B R B (Lolium perenne L. ) [ Justus FpF 3 BEIE R J( Neotyphodium lolli) , B
RERE T MG, B R AR Z BARE I B, B R, AP EEL M ERT , A REE,

WIREW 88 JJ W )8 Fusarium sp. . LA 22 %% J& Rhizoctonia sp. M5 )& Cladosporium sp. . #1ZE 5B
Phomopsis sp. \BAE & Curvularia sp. , Lk FER AR R RFFIRIF IR LB YR B R N R E P2
BE.
1.2 SEWJ5ik
1.2.1 JRIREEKAERINE-5 ST

FERZ Smm BFTILASERE RITGIN MBI, PRI 1. Sem LXFRER 4 MHAERRH
Bk, 7P M B R IR RS, AR NAERENCE X R(AERR Y AURREAKEIR, EF
BHER G WA EE MJARKEIE B PR EES M A NEER | AGHENREER) . 8740853 4
HE, XX, Z HENEER, SNARE SHRIBRRBEHERE, HZ2KZERMEBNAERE JREEEM
XTHEAGEAR R, R, R, FE T I AR EIER"

WA RREAREEERNAERIHR(%) =

1.2.2 HREERAEFHREIE

fF BRI RBRIR R SR PR PDA 575 b ,3d BAR%IRM In A TR K , # s+
BR L ETHELRT 104 /ml,

KR & BN A ER SRR DS BEER IR FRES RGBSR, 2 AEERARETE&H
THAMENFEZER F] Sml FE.OEH, SLL 4000r/m B0 Smin, B EE W, L 6000r/m B0 10min B b
BT KB

TETE T TOEE BB 2R3 1 B MR o HR T 200l 19 Y] EE AR, ER T ARG TES ST, BT
JEINA 150l S EFLFH , FF 3R B 10 ~60 A~/ HREF (10 x 16 £545) , B TR K AL B 3T IR, B4k
HI3IANEE, R EE MR BEEF L, B A (25 +1) CRMAN,10h GRERTIHRE,

1.2.3 HRRBEFEEAMNE

HEIEAH THKE G PDA 3R R HIZ 50C A, REREIKE BRI, 78 LB 5G4 3
B/ NAEREAREEE, M L2 . 7EIRF I 3 ZEIREEA, B 40H 30% i H il , ¥
R MBI AR I, S O B SR MG, B3 (25 1) CHERERM PR, WEMEXE, &
N2 B T MR JHLE 58 L% R RS TA,

1.2.4 A IR R IR B B % T2 B

B 1.2.2 R B R 20 A, e TAE & 1K 200ml 7% Bk 2P AR, R85 R 95, 7R
YRR Smm WNARRE, UAENAEBEE GRS FREEEM 3 HHEEERX LR, 3t
20 ML, A 3 AN ER, HBAERAE O BEERELT, A (25 £1) CRERZERET, WENEER
HHRISHRIEREREE Y B E R EER A ER B =EWEE,

1.3 g4

SR A SPSS10.0 AR ER 5 24347 (one-way ANOVA) H i) Duncan’ s £ 8 HBR TR [F] N A4 B XHR IR

HIHEREZ R BE .

YRR AR R, - W FRIREE LR R, « 100%
WA R, ’
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2 BRESH
2.1 PAERFEIRFEEENWRER

ST IR REIA, Y X 5 YRR R EAE A R R NMEER. R8I RERENAERER
BB RT MR Y, AR 3 KBRS, M3CHT, Y S ATA R IR B AA B2 BRI R R , i
HER . SHERANZESRRERERENIHECR Ly EE, R SR (8 1AE) HILRREEEAEK
ARG, W A A KA R B BEEELASILFATESERZ (B 1B, F)  mERNERFER BF
RTFXIRA R R, MERS BT 70.1% .52.3% M1 30.9% (% 1) . FEENEKNHER,Y BHR G ER
28], I faXE R IR R A VR R R, Y B, AR S XY ARBNER =N, RREE/L PR
Bi(E10), TR, WERE Y SRERESABEFRES SREREREERZIWABHAH. 5YAR
[, M R Al e R R B bl (2 & (B 1D) R R W& L A=A SER L, A KERZ 3|
BARRIER, 2UEH1 RIREES M A, 7E8 M i JE Bl A B A 1 R R A R M AR s Mt
SAGLBRTS RER R IR R R TEXT R B R AE —E R RER, MR ARG M JLPEIRER  WIR
HEBE MR X T, EZEXR SR Hx g ) B A8 2 R R R R E M RICR R 2, %
AR R R R RIER SR EFRZN,] FILERFBEEIR LT,

A Cladosporium sp. B Cladosporium sp. XY C Cladosporium sp. XY

fit
D Cladosporium sp. xM E Curvularia sp. xM F Curvidaria sp. xY

B1 AEERREEENRER
Fig. 1 Inhibition of fungus pathogens by endophytes
A: BRERMEB.BRERS Y MHER(H3 X);C.ERERE Y MIFEF(H 5 X);D: BREBRS MMIHEFR(FE3IX); E: &
REREXET: TREBERS Y MIHEHF(FE3 X)
A Cladosporium sp. control; B:Cladosporium sp. antagonistic ally cultured with Y( the third day) ; C: Cladosporium sp. antagonistic ally cultured
with Y (the fifth day); D: Cladosporium sp. antagonistic ally cultured with M (the third day); E Cunularia sp. control; F; Curwularia sp.
antagonistic ally cultured with Y ( the third day)

2.2 PWARRABEBTREEEATHARNRE

BHETRENLANR, FRREREENRATRT ERENEZKEHERTANEREREBRAL
BT, X HANAERRRERXI TR AE —ENEEFEH. AR2 TUAHENAERE Y. MM]
REERACBN A RERERTHARYE THEEE,Y M HABERNEIIR HELBNESRERNET
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HAFEREHMEER, 10h 5, UESABHAETENRLHETHHEZEAD 30% , TRREHTHELR
KT AR TR N A B, B Ll MR R R BT ARG, 2NERE Y AERAHEKN AT
RBERG9.4% , BE|RTHNRAKEREBAH, 7 Y ARSI HFEEH IR IZE SRR THRN
ViR, WARE J MRER AR B AN ZE B AT AT E—ErMHEEM.

F1 AERENIREREHERKNH
Table1 The growth inhibition of fungus pathogens by endophytes

¥ 5, Control Btk Y Btk M BitkJ
y p 4 w 4 w 4 W
] HEEE  EEEE R g IEE e SRR
Pathogens Colony radius Colony radius Colony radius Colony radius
( ) ( ) percentage ( ) percentage ( ) percentage
mm mm (%) mm (%) mm (%)
usarium sp. .0+0.52a .3 0. . .8+2.23a . LTzl .
WIER F 24.0+0.52 20.3 +£0.86b 15.6 22.8+2.23 5.2 20 1.61b 14.1
RYR, ¥4
I_‘{Lh*ﬁoc—to&)a 28.9+0.38a 23.5x0.51b 18.7 25.0+5.40a 14.0 26.3+2.8a 8.9
izoctonia sp.
g}g‘og}a 38.5+0.87a 11.520.50c 70.1 26.1+2.10b 34.2 36.3 x£2.5a 5.7
adosporium sp.
2%
%{hjﬁ}a 42.312.25a 29.2x1.06¢ 30.9 40.7x1.01a 3.7 32.3x0.25b 23.7
mopsis sp.
SARR 28.1+0.58a 13.410.38b 52.3 24.1+3.8a 12.7 28.0 £0.05a 0.4

Curvularia sp.

BIEHPARIFRRERLEREBE P<0.05 , HRAIFHRRSLERAEBE P>0.05; FF Different letters within rows indicate a significant difference

P <0.05, while same letters denote non-significant difference P >0.05; the same below

£2 AEENFREARTEHHEEEHRE

Table 2 Effect of culture filtrate on average germination rate of the pathogenic spores

R B Pathogens it B8 Control Y M J
YT @ Fusarium sp. 99.3a 88.6b 92.7b 90.6b
BB )R Cladosporium sp. 100. 0a 90.0a 93.3a 96.7a
2 5B Phomopsis sp. 29.4a 9.4c¢ 17.2b 20.5b
EHB)R Curvularia sp. 90.5a 83.8b 81.1b 87.7ab

2.3 PWAERRMWRFEERENEFEEN

HOERGREAR Y SUBLERRFEREMARERFITERK (B2 A) , EHAFFEFREM, Y S5KUS
B WELABNSRBEFNREERERSFEFNRBEFZNS, BT RE ] SRR EE R, MRIR
HETHCEFRYR (WK 2 B E0HLTR) , RARBEEEZ, fRREEEZ R (WE 2C =08 55
R B SRR 2R A (W 2D =OEEK TR BRI EE R R A R, T, Y XHRREE
MEFEEARABHNEREANNZ —. BT MJEKERKIER, REEREEBENEIRENELZ,
RIREE A KERMEXI R, KA EIAERESHAE, R GBMEFZN, BERERERLRAN
A EEEHER,
2.4 PAERRESHRIREREEE REEH

®HE 3 KE RIREEREEE . %M Y 8P b RIREE N D& YR, T iR BE
B R B R IR R A VR B, (ELRE S I RS R IR R TN AE R A K, —HEZ A BA W B R
Ro Y SMZLRRIRRET AN EREEENRE—HF, BHLEE Y BRAENMZRRRE
B2 12 PO RE U B R (B 3) X Y BB ER Y N R RR R E R ZHEB X T M
T, i T HAREIR , TR R R A KERENER, R . MAER XSRS RS RREEER
PREDKE M 1] B8 M BEEUR R IR SR, T ) e BUG SoE , AT,
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B Cladosporium sp. XY

C Curvularia sp. XY

D Curvularia sp. <Y

B2 AEERSREEEREZERRRL
Fig. 2 The growth status of endophytes and fungus pathogens

A:Y SYMEBRKELFTERB. Y NELESERBEREL;C.Y NELFATHERELZ;D. Y NHLSERBERBLME, HA

HE2M. A,B,C,D; 200 x

A Y growing parallel to hyphae of Rhizoctonia sp. ; B: Y coiling around hyphae of Cladosporium sp. ; C: Y inserting into hyphae of Curvularia sp. ;

D.Y penetrating hyphae of Curvularia sp. and growing inside of it. A,B,C,D; 200 x

3 i

AP NAERBEER Y ANEFFERERF D5
PG, B B HY IR & BUR S AR BB P U
BIEEEMAREMH, WAERBEBEKR M ] 25 W=
P Y F 3 Millenium FIBRFEE Jusus 438, —F 53
BT 8BS B 2 3 55 1 458 UF (fescue toxicosis) [ 1 2
22 5 B MHE (staggers syndrome) ' SRR IREA B EF
BEEMPFPHNE REN WS EEFE—
EWER , ALRNARGERENERIMNERFZEFTX
3 YRR A B R IR B W e R E A
NG

WARE Y XEFEYRERERAER .S
ERMUZESRAE —ERMBIER. Y MAERKEER,
RARRKERRREN, EAERKIBRD RSB D
HEFRER, NTIRIR L S SR A S, RS
YERR Y WHRIEEEN EZNH,. Y XRREEREKN
HAFEFEAORRBIUREEENEEZIN , Bl

S

L
5

5

5

e
A

Phomopsis sp. <Y

B3 MELSRES YIS, EY HES-ENER
Fig. 3 When Phomopsis sp. was cultured with Y, there was an

inhibition circle around Phomopsis sp. colony
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R FE RAFLHFETARAREEE R, 83 B/ AHE SRR R e, B A S BURR R F
oo [FR Y AR P ] R A R S 2 B T A MR E R PLAEY R, AP ESCR . AAERE
M BrARIREREAERRE, B S 0 XS, BN RN RS RN RE A BE WH
A BELRFEERE SOENEREZN MBREEEER. X MTE,] HAKERER, REEEA L
R BNEF=ESEAR MBI ] R — R EER, 6 TRIRBEIET, B Y M]3 HHEREX
AV LR R R R R R TUSE R T AR, Y SRR EENREIRCRILT MM ], WAERES5HE M
VIR AR K RFLREER, Y M. ] RN XDRR RS 257 7 88 518 MY P w R A5
BHAEBIREA R,

By —TREE KB, EPF R XA, A R L A EW, I B R RERE
AT AN LERIEF T S, FEREZINEZ A E R RN, LNEZEH B RPRA G HEERERHE
AR AR R AU SR 3%, e I R AR AR BB AR M AP AR L AOAR AR . RTE
ERICYIE, A XA REME AR T X RPN S, 2T WA RREFERE T REFERRE
RHEDFEBHATHRR B PFPAERENIRAEMRIRER, JHNEREXNPFN 20
fip=te T — B, A SCRIE A Y PR SHX R R AR A T B SR E A, b e Y 3998
HYPFHAEY T T —ErA e

ERIE MR T AR S A EBRPERATUR, MR FURE BTN ZExE D, 3
HIAEE TR R EARE S 5 Y P A BT A T W P SR B2 s i v A8 D 40 A 0l 1
PRSI R, X U PO A ELR T RE B AR I B A D B RUE RS B . BIE ROV IR, iR R
DEETEA L) 80 MBRY 290 ZRARE R R IA S IENNAEE, R~ EENAEEETEE, 8
B P9 A L -5 18 R 2 IR B A TR AR S AR AR O B R B SR B R R B 2 A AR
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