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2.7 m) A (E+H) SR B (E—) R,
1.2.2 SR Ee L EE S T 2009 45 10 H f)xd B 8k K A 5 s 1 BA 27 BOHEA T [R) 0 R A 0 A
FRREIEAT Z F R 5 sSHUFEYE B S BEDLIR AR 5 Bk Gt &%,

155 %W @B (P, coronata) P Je 15 B &KW (Uredo sp. ) ™ B B 43 65 HE (9 JE Rl 00207, 45 4 S2 BRI
DLHE TR BRI I . S IR AR IR RS O G (AR 1 ~3 BRI A ~5 BN EE
I
1.2.3 Byt BRmE oy BITE R R R R R I AR R L S MR 1 AR EE L 3R 4 AN EE L =R R
T 2 A AR B AR R . TREERC 30 iRy 1 AN AR R 4 A AT A T KR i R A 2 T 4 U8 R 2R T
BHTHA N 105 CARE 20 min, 80 CHt 48 h BIHTE ARG ARE . #¢ B H1 2 S350 451 2% 28 R0 bR A AL %

ﬁwﬁ%$@@_@ﬁ$%%$ﬁ—ﬁ%$%§$ﬁ

- HEMRAE D T X100
\ oy R — R i
SRR R (YD) R X100

1.2.4 OUHIERINE  FEESMEFERTIE F 9:00—11:00, M\ % 2H 4k BEAE Bk A BE B2 B R M A, 73558
2SR R Li-6400 5485 2O A G0 & At R B AR PR E A0 15 . I S8 i A ot G
H(Pn, pmol/m* « ) ZEMH A (Tr, pmol/m* « ) MFFLFHE (Gs, mmol/m* « ) ZEHFHr. 4 H & il B (18
+2) COEAAERER S M (500£20) pmol/(m” + s),
1.2.5 ARG AR E AR A I R R K R R R E ks R R ]V e R R s 4
SR FH 2 A A 0 TR T Y v N BT L (50 . SR AR W) B AL T (superoxide dismutase, SOD) it & ALY (perox-
idase, POD) %% .7 25 i & FR (free proline, Pro) Pl & A — ¥ (malondialdehyde, MDA) & & il & 43 51| 2% A 28
B RS PO A R T RS K R T AR AR R R ik
1.3 %t 57

K1 SPSS 15. 0 #AFHEAT J5 25 43 B F0 I 25 P 0 7
2 RS54
2.1 HmmRER

] B 22 8 E+ E—fHPK T 2009 4F 9 A PG AR R AE G0 E2 R EAEM Fr 3L, &4 /s BBk 7 4t
AN B VA AN BRI I s A RS T A T2 3R R i 2L B RO AR B 6 B A oL AR T SR [RDE 5K B
T R A6, R TA /DR RN 19.00~22. 25 pm X 14, 25~18. 50 pm, H5 J5 3 H 0 0 1 W1 T 45 )8 (Puccin-
ia spp. ) EES,
2.2 NAEMEAKRGH IR

Sk R LR G I H BRI E— R AR B R RN B 21, 92 % F1 65.02% . KRES IE MR BEE KRR I
o e o /0 o v B R R R S Ak b EH AR AR A RR S A A e S T E— A AR (P<T0.05) . % B R ER N
B E-HAE BRI R R R B R T E— AR (P<<0.05), 7EME B E- AR B R B EM/KT E—
FE#E (P<20. 05) , 1M 42 BE R Mk rf E-+F E— MR R bR B L S 22 AR B35 (P=>0. 05) (R D),
2.3 sAREASFAYGH W

JRYLEE R E I E—REAR P ot Gl A R I R DL SR AL B R R R R, 5% R R RN R
B E4 i R ol A R B S T E— 0 v (P<C0..05) 40 Bl i 71 74080 77,950 fdpkTh i E+ I E—
M LG R 22 TN (P>>0.05) R LE 8 B Ak RN B kb JE I () 28 I i R I 3 i T E— i
F(P<C0.05) , 43 il &5 64. 54 %0 F1 55. 46 %, E-+ 1 E— Rk 1 1 1 7% 1# 3 38 7 {g bk 0 2 5 P48 1k (P=>0. 05),
FE 5% BP0 R AL B L E AR R B RAL R B B R T E— AR (P<C0. 05) , 43 il i 26. 1300 F145. 54 %,
E-+HAM bk R BRI S AL S 5@ E SRR (P>0.05), M B ERKMIILGE Sk E R D E(P<
0. 05) 5 E—A# Bk v 48 F o A R o0 J32 g Ak 1 AL 5 B8 5 bk 2 5 B 25 (P<C0. 05) (R 2),
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®1 AARKREENE+ E—EZEKRFNEYENEIN

Table 1 Effect of different disease severity on height and biomass of E+ and E— perennial ryegrass

BRI i B s i R ki R B
Disease severity Population Height (cm) Dwarf of diseased leaf (%) Biomass (g) Loss of diseased leaf (%)
f@E Rk Free diseaes E+ 30.36+E1.12 a 0.00+0.00 d 1.16+0.05 a 0.00+0.00 e
E— 30.18+1.00 a 0.00+0.00 d 1.1440.01 a 0.00+0.00 e
#2 B g5 Bk Slight disease E+ 28.4940.83 ab 9.15+0.84 ¢ 0.99+0.01 b 14.66+0.91d
E— 27.13£0.49 b 10.11+0.17 ¢ 0.8140.02 ¢ 28.95+1.01 ¢
HJE Rk Severe disease E+ 23.7941.55 ¢ 24.1440.54 b 0.4740.03 d 59.48+1.15 b
E— 21.62+0.71d 28.36+0.96 a 0.3140.01 e 72.81%£1.32 a

E-t s 4 44 SUR B Infected-endophyte plants E— Al P2k SURIAB No-endophyte plants iS85 19 [ 5 B 16 0. 05 K- 2% 5

#,FJA. Means with different letters in the same column indicate significant difference (P<C0.05), the same below.

R2 AEARFREENEH E-—EZESLGER ZBERRSASENZT
Table 2 Effect of different disease severity on stomatal conduction, net photosynthetic and

transpiration rate of E+ and E— perennial ryegrass

B R A e AL

Disease severity Population Net photosynthetic rate Transpiration rate Stomatal conduction
(pmol/m? « ) (pmol/m?* = s) (mmol/m? « s)
fd#k Free diseaes E+ 9.283+1.062 a 1.093+0.194 a 0.05940.010 a
E— 8.77940.779 a 1.026=+0.053 a 0.05540.004 a

B2 #E Slight disease E+ 8.41040.424 a 0.7984+0.068 b 0.05440. 001 ab
E— 4.897+0.713 be 0.48540.070 cd 0.03940.006 b
HJE ik Severe disease E+ 5.689+1.046 b 0.569740.077 be 0.02940.002 ¢
E— 3.197+0. 146 ¢ 0.36640.025d 0.02040.005 d

2.4 AR ANIEAFGH W

FRAE YL 5 P A AR B I AR O K i S AR R B R R R R R S B T R TR
TR 29 bR v B RELBR 9 I AR 5 K R 3 T E— MR (P<<0. 05) . Zr Bl i i 8. 24 00 Fl 29. 3506, S {d bk
FHEC 5 BE RN A AR o E - VE— REURR 0 I AR KR R R T AR (P<20. 05) (R 3).

x3 AEARFREEWN E+H . E-EZEMHFENEKEHEZZREERTRIERESENF L
Table 3 Effect of different disease severity on relative water content, chlorophyll and

soluble sugar content of E+ and E— perennial ryegrass

R R FhRE I AR R 5 K LIRS s AP PR
Disease severity Population Relative water content (%) Chlorophyll content (mg/g) Soluble sugar content (pg/ml)

fdttk Free diseaes E+ 78.48+1.63 a 59.59£0.93 a 22.13£0.71 ¢

E— 77.527+0.62 a 55.6742.56 a 20.8240.39 ¢

12 B Ak Slight disease E+ 62.03+£1.26 b 40.9440.70 b 39.47+0.31 a

E— 56.9240.91 ¢ 33.53+3.85b 33.714+0.27 b

T B AR Severe disease E+ 38.70+0.44 d 23.25+1.38 ¢ 39.4540.46 a

E— 27.3440.59 ¢ 14.1240.50 d 30.774+2.30 b
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f@tk fER RS, E+ 5 E— MR Z MR & 825 AR (P>>0.05) , 76 5 B bk E+ A k09 it
GEGRLIE— KR 64.52%,. 2 F BEF(P<0.05), ULHBERY)E . Ha R gk R, 4 2 & 8 T L
R R E RS EAERIGGR 3.

BRI EERED EC AN TTEERE S EEE ST E— Mk (P<T0.05), 43l & i 17. 09% A
28.2% . EA M E—RIEMY ol A 0E & R AR 22 ROR B3 (P>0.05) (8 3),

A RRIEIN IS A E+ 5 E— MR A IR & &5 R & AR S50 A MR Lo 38 B3 T e (P<C0. 05) . §
JEE RN B AR P E-H AR AR IO I AR & B R R T E— A AR (P<C0. 05) 43l i 25, 70 %0 f1 22. 642, E+RIE—
FEAR B I R & R bk F R B E 2 F(P>0.05) (£ 4, I H& LKW EMA SOD 5 POD i #: & 3 %
Fhi G B R A FLrh R R R B AR b EH A AR ) SOD 35 M 35 & F E— Ak (P<C0.05), =3 43 il i i
16. 87 Y F0 24. 54 % .1 E-+ 1 E— Ak 19 SOD 7 ¥ 76 fd #k L 25 5% K B3 (P>0. 05) . REMRES E+ KM
POD Gt 3% T E— MR (P<<0. 05), @& il 39.52% ,E+ Ml E— Rtk A9 POD I ¥ 76 filt bk G & 3% 22 % (P>
0.05) (F 1),

EJIERRAE FE & KRR EE AR BRI MDA & 38, Hrh AR A E Ak b EH A BRI MDA & i B IR
F E—(P<C0.05) . 4r BIFEAL 49. 56 %A1 62.30% . E+HM E—HFkAY MDA & AR 7E bk £ 22 R R B 3% (P>
0.05)(F 41,

F4 TRARFEENE+ E-EZEEHBER.REBRAR_BSENHI
Table 4 Effect of different disease severity on enzyme activities, proline and

MDA content of E+ and E— perennial ryegrass

R REIE Tl

Disease severity

i AR 5 it 4 AL ) AL AL Y R

Population  Proline content(pg/mL)  SOD activity(pg/min) POD activity(pug/min) ~ MDA content(pumol/g)

fdt#k Free diseaes E+ 12.03+1.52d 19.65+1.26 e 155.1+13.23 ¢ 14.054+1.83 ¢
E— 9.18+1.17 d 18.67+1.23 e 131.7+8.82 ¢ 15.23+1.72 ¢
B2 R FR Slight disease E+ 37.8742.60 b 30.83+2.16 a 293.3415.67 a 16.01+0.77 ¢
E— 30.12+1.15 ¢ 26.384+1.12 ¢ 210.0415.06 b 21.83%2.29 a
T BE R Fk Severe disease E+ 43.9840.49 a 28.524+1.85 b 252.7416.55 ab 19.5740.48 b
E— 35.864 0.19 b 22.9042.56 d 208.0+6.08 b 24.0640.94 a

3 itig

A ST 0 AR T ) SR o G A I . N AR LT A AR K A R A BAR AR AR, S5 SRS,
R R E A MR I B AR ) R 1 ST E— AR (P<20. 05) , I HL E-H AR RR 190 IR Ak 2 R I 45 2R
F R FRT E— MR (P<T0. 05) , BLWITE B I8 T A B X R 22 s B AR AE K PEM . X5 Bacon il
Siegel ™" I 52 P AE TR I JR e T 418 12 22 4P AF B B AR KOBB T 0 S5 1R AR L

AR YR A A ) A= R OO 1) B B8 A, T 2 3R A AR AT O B VR T AN W] A iy W o, A R T R
DU 5 e A6 400 1) A OGS 0 DR 0 R AR A s R I g (5 A L il D AR ) D R OIG  TED AR AT R 35 O
YERYS . AHESE KB 4 B 2 Y B 22 B0 )5 T AT I8 R AR 9 1 e & R 2R I Sl R RS AL R B 2 F Rt 3 1
E-HAE PRI O G 33 ZE I R M AL R B & T E— MR (P<<0.05) . NAE BB ) i 22 PR 242 Foh 4
FrE R R — E AR LR TR R R G MR RE L I B2 S A AR (BT PE . X5 Amalaric S50 BT £ 47
2 B E+ MR AL R B 2RI R DA g S R T E— R DL K Belesky %557 BIF 5% P9 2E BL I AT DL 4R
AR BB R 565 VR T LA BEAR A= k38 X 25 3200 He ) S S50 A — 2. 7 AR sk Rl 4 SR 1 D TR AT BB 2 P AR LT I A
FEH I T 2F F2 A R TR A R i R 0 AE R AT A AT A o ke B 2 Y A R

ABIESE S B o B GL  a 1) R A2 R S R A O B I TR (P<Z0. 05) , B I A it PR AT R s I 1 1R A 23
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0 T I g A e 0 ) o 2 19 5 o (AT A A S DTG 32 B0 5 03X 5 R AR AR AR X T A AR B (Pseudo pe-
ziza medicaginis) W WF 5545 BEAH AL . A 78 106 5% 45 10 T Az K A2 2030 A R s 20 o i R oA AT 3 R
FERE M 2 2 AR AR 15 2] R 0 76 AP ) 52 3095 5 1A 43 e b ] AR S L Rk bl A 0 SR R R 1 38 3 L b b i
BEX R R E DY . ARBEIE P T IR R L EH R R A I R R B K R AR R R AT A A S Y
1 T E— R (P<C0. 05) 7 Az M85 5 04 J5 DR n] g2 N A 1A 9 77 A T UG080 995 T B A0 42 A RI AT T o DT I A1 o Ji
B X PS5 A P B IR AR B . R I =2 A o P 2R LR T A AR 7 A T 2 198 0 R YT ) R 1 SRR R 1 BT B8 1 LA/
Bt A B fE . X BB g IR 5 K M A B SE I S B (Achnatherum inebrians) 16 R 4 44 & W (Rho palosi-
phum padi) [ 1E % T 15 H N A= BT AT G2 MR A R v R A 35 7K R R SR R A N R R S5 A L. RS R B, £R
W36 5 - B K3 (Hordeum brevisubulatum) E-+FhfE e E—FREAY b BE AL B8 2 00 n 35 R0 DL 8 75 2 10
PrasipE

A WFGEUESE o 1E 5 R T PR P i F 16 HE S BRI R 48 (SOD, POD, CAT 4§) [ A7 £ 1 i 45 15 M 5010
Wb F B A EHERAEDY L MR 2 B A W sk AR AR W T A B A P TS M R T T O A B R R
JoE A A A S AT AT 7 A DR A Al 3, o MDA 55 i A0 I B 3 44 A T 3R 59 ) — A JE B A L
o P A )RR R AR P R e SR AR ) MDA B B A PR R B 25 A AR S, ARIF ST o, EH A R 7E 5 9 AN TR
RRGFEREF H A MDA & B Z LT E— AR (P<<0. 05) . 2 BIFEAIK 49. 56 % F1 62. 30 %, ILZ5 93200, N 4=
FL A REAZ REARAR P PR 9 MDA (1 5 b, 50 (4 J8 27 B0 88 3R 490 1 17 402 v L oo 1 o i 220 I 22 9 0 4 5 v 1)
— PRSI R BB ER . A 3 W i I 2R Y R 2R TR B A0 B AR G A A D I O 4 A L 0 Y
B A REARD 0T ARSI R R R RO R R E A R 0 I 2R B i L SOD T DL &% POD I 1 3
F E—Hi#k (P<C0.05) ,3X 5 Tian 17 FERF 57 2 27 5082 Fols I 18 )5 » P9 2B BC B AT 42 &5 iF 9 SOD 36 4 L & POD
WEYEM 5B A2l . Zhang I Nan"™ [ RFF 55 0E 55 . 727K 43 W38 F N A2 BB AT 48 5 45 08 (ELymus dahuricus) &
PN 2 TR B o DA DR AP R G TS s TR AR R SR 0 T . X Ud B AR AR ) s AR 2R Wb aa R AR BB T
S A 2 T B AR B S I PR A G U T N A A R R A Rk

A FEAE B P9 A BT A T 4 R AT TR A TR A5 PR RO BRI R 0 L o BA 22 R — Pk BT R AR 1 A B
FH K AT 7 T8 O BF 58 B2 A6 5 At o 008 LA o 15 0F — 2B 0T

S 23K

(1] HBEEEL, P00, XA, 3. dLatiX 57 8 FERUR B BT J A iy A4 58 P D], Bl B2, 2010, 27(8): 69-75.

[2] Siegel M R, Latch G C M, Johnson M C. Fungal endophytes of grasses[J]. Annual Review Phytopathology, 1987, 25: 293-
315.

[3] Latch G C M. Physiological interactions of endophytic fungi and their hosts: Biotic stress tolerance imparted to grasses by en-
dophytes[ J]. Agriculture, Ecosystems and Environment, 1993, 44 143-156.

[4] Pfender W. Demonstration of pathotype specificity in stem rust of perennial ryegrass[J]. Phytopathology, 2009, 99 1185-
1189.

[5] Dumsday]J L, Smith K F, Forster ] W, etal. SSR-based genetic linkage analysis of resistance to crown rust (Puccinia corona-
taf. sp. lolii) in perennial ryegrass[J]. Plant Pathology, 2003, 52 628-637.

(6] ZBEA, MEls. HNREPREEERFEFRII] FlAE, 1998, 15(1) . 48-50.

(7] BB, W28 kPR, . PRV G X EFF R 5T S PP L), VbR B =4, 2009, 24(3): 136-138.

(8] XU, BAEHHE[MI] Jtat. dER AL, 2005.

(9] XI5, ZHEAN, Paul V H. EEEFEFIHFL] R, 2004, 21(5): 63-66.

(100 mgaEAR. 2oy v [ A M s 3 T e 2 4 BLA R [T ] Bl 274k, 2000, 9(2): 1-9.

L] Wifad, S84, whpUfk, S, RO R0R A A HU 25 tE IR B oe e [0, k2 4f . 2009, 18(2): 196-204.

[12] Prestidge R A. Causes and control of perennial ryegrass staggers in New Zealand[J]. Agriculture, Ecosystems and Environ-

ment, 1993, 44. 283-300.



5520 &5 6 H2E R 2011 4R 155

[13]
[14]

[15]
(16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
(28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]

[36]
[37]

[38]

W AR g #/NJE, Segenet K. M A BB 5 R HUR MEAT ST ], S0P 2=4%, 2009, 18(2): 39-45

Hoveland C S. Importance and economic significance of the Acremonium endophytes to performance of animals and grass plant[J].
Agriculture, Ecosystems and Environment, 1993, 44. 3-12.

Clay K. Clavicipitaceous endophytes of grasses: their potential as biocontrol agents[ ] ]. Mycological Research, 1989, 92. 1-
12.

Guy P L. Incidence of Acreamnium lolii and lack of correlation with Barely yellow dwarf viruses in Tasmanian perennial
ryegrass pastures[J]. Plant Pathology, 1992, 41 29-34.

Tian P, Nan Z B, Li CJ, etal. Effect of the endophyte Neotyphodium lolii on susceptibility and host physiological response
of perennial ryegrass to fungal pathogens[J]. European Journal of Plant Pathology., 2008, 122(4) . 593-602.

B AEAR. A A BT TE AR 23 [ AN G LA 4 R s i e A LT D B R, 1996, 5(3) . 13-17.

FEAkJE . SRRSOk M. de st s E ROl B At . 1998,

VRF5 . Lh s . i, A Kt R X R AR W e R B S LT, Bl 2, 2008, 17(1) : 43-47.

AR, 2, XUROE. B E ST BRI ). ElAeE, 1991, 8(2): 19-22.

Zhang X X, Li CJ, Nan Z B. Effects of cadmium stress on growth and anti-oxidative systems in Achnatherum inebrians sym-
biotic with Neotyphodium gansuense[J]. Journal of Hazardous Materials, 2010, 175: 703-709.

BEE. MYARAEAASRE ISR ARIM]. Jat: ®AFHHE AL, 2000.

Bacon C W, Siegel M R. Endophyte parasitism of tall fescue[J]. Journal of Production Agriculture, 1988, 1: 45-55.
Scholes ] D, Rolfe S A. Photosynthesis in localised regions of oat leaves infected with crown rust (Puccinia coronata) ;: quan-
titative imaging of chlorophyll fluorescence[ J]. Planta, 1996, 199(4): 573-582.

Amalaric C, Sallanon H, Monnet F, et al. Gas exchange and chlorophyll fluorescence in symbiotic and non-symbiotic
ryegrass under water stress[J]. Photosynthetica, 1999, 37(1):107-112.

Belesky D P, Stringer W C, Hill N S. Influence of endophyte and water regime upon tall fescue accessions[ J]. Growth Char-
acteristics Annal of Botany, 1989, 63: 495-503.

FARR, BEMN. RE-NAERFEIERES A R P rgERLT ] A 8%, 2004, 24(3): 605-616.

WG, MR EESEYHRERRIT] LRURSE R . 2007, 13(6): 134-135.

MG, BHEN. EER. . A BOR N PO DL A EEEGE”UHZQJﬂIﬁ] Hum LT ] Bl “# 4k, 2001, 10(1): 26-34.
ARG, XUV, TG OB, b X 0 4 PO O ST A R TN R R ATV MM AE BU P R LT b R AR AR,
2006, 22(11) . 315-317.

KON, BRIE. 2EA, 5. REGEY S N AR E BRI D345 A BT ]. B 2Ef . 2008, 16(3): 239-245
FIER, FHEAR, &30, & ARSI REBEEMZmEI] SR, 2009, 17(1): 88-92.

Jung W J, Jin Y L, Park R D, et al. Treatment of Paenibacillus illinoisensis suppresses the activities of antioxidative en-
zymes in pepper roots caused by Phytophthora capsici infection[ J]. World Journal of Microbiology and Biotechnology. 2006,
22:901-907.

WSO, B, ERK. S UM BN A FK R At B MEAR DG EG 2 [T ], h EKFERLAE . 2008, 22(2): 219-
222.

B, BEAK, KL, SF. PEG PHE T 4 A RE R SA A IR AR S R R L], Bk A4k, 2010, 19(1) . 83-88.
Sun J Y, Zhao Y T, Chang R Z, et al. Study on the protective function and mechanism of cell wall glycoproteins in salt toler-
ance of wheat[J]. Scientia Agricultura Sinica, 1997, 30(4);: 9-15.

Zhang Y P, Nan Z B. Growth and anti-oxidative systems changes in Elymus dahuricus is affected by Neotyphodium endo-

phyte under contrasting water availability[J]. Journal of Agronomy and Crop Science, 2007, 193 377-386.



156 ACTA PRATACULTURAE SINICA(2011) Vol. 20,No. 6

Effect of fungal endophytes against rust disease of perennial ryegrass (Lolium perenne)
on growth and physiological indices
MA Min-zhi, NAN Zhi-biao
(College of Pastoral Agriculture Science and Technology, Lanzhou University, Key Laboratory of
Grassland Argo-Ecosystem, Ministry of Agriculture, Gansu Grassland Ecological
Research Institute, Lanzhou 730020, China)
Abstract: The biological, photosynthetic and physiological characteristics of Neotyphodium endophyte-infected
(E+) and endophyte-free (E—) perennial ryegrass (fairway cultivar) with Puccinia spp. infections were stud-
ied in a field experiment. The height and biomass of E+ plants were significantly higher than those of E—
plants, and the loss of diseased leaves of E+ plants was significantly lower than that of E— plants irrespective
of whether they were slightly or severely infected. The same response also occurred in the dwarf diseased leav-
es. For slight and severely affected plants, the contents of leaf relative water, soluble sugar, chlorophyll, pro-
line, and net photosynthetic rate, transpiration rate and stomatal conductance as well as the activities of super-
oxide dismutase and peroxidase of E+ plants were significantly greater than those of E— plants. However, the
malondialdehyde content of E-+ plants was significantly lower than that of E— plants. In conclusion, endo-
phyte infection improved rust disease resistance of perennial ryegrass under field conditions.
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