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Abstract: To clarify the effects of grass endophyte and arbuscular mycorrhizal fungi (AMF) on growth
and leaf spot disease of perennial ryegrass, perennial ryegrass infected with (E") and without (E") grass
endophyte, and two AMF, Claroideoglomus etunicatum and Rhizophagus intraradices individual or
mixed were used to establish the grass endophyte and AMF treatments, and the Bipolaris sorokiniana
conidia was inoculated with (B”) or without (B™) to above treatments six weeks after seedling emer-
gence. Chlorophyll content, net photosynthetic rate, water use efficiency, percentage of AMF coloniza-
tion, disease incidence, plant dry weight and P content were analysed. The results showed that two
weeks after inoculation, the disease incidence of B. sorokiniana was 25.00%—38.75%. The presence in
plants of both grass endophyte and C. etunicatum decreased plants incidence to some extent, and the dis-

ease incidence was significantly decreased by 35.48% in the treatment that inoculated with C. etunica-
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tum and infected with grass endophyte. The combination of AMF and grass endophyte had stronger pos-

itive effects on increase chlorophyll content, promote plant photosynthesis, improve P uptake and plant

growth compared with the individual inoculation of AMF or grass endophyte, the effects were varied

with the combination of AMF and grass endophyte, of which the combination of C. etunicatum and

grass endophyte was best across the treatments.
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Table 1 Interaction between grass endophyte and arbuscular mycorrhizal fungi on growth and leaf spot disease of perennial ryegrass

LD HRJES B %Egjiﬁff UIER ;jﬁ%ﬁif;ﬁl: A e nteracton
ni KPR KR RA

fndex B sorokiniana endophyte . egunicatum R. intraradices 7 Mix BB EM - BM EXBXM
IR Incidence <0.001 ns 0.013 ns ns ns ns 0.005 ns
AMF {245 0.007 <0.001 <0.001 <0.001 <0.001 ns ns ns ns
AMF colonization rate
Map o <0.001 0.047 ns ns ns ns ns 0.019 ns
Chlorophyll content
P REpLES ns <0.001 <0.001 0.003 <0.001 0.011 0.005 ns ns
Net photosynthetic rate
KA R R <0.001 0.010 0.008 0.008 0.004 ns ns ns ns
Water use efficiency
M - P& Shoot P content 0.007 <0.001 0.002 ns ns ns 0.016 0.001 ns
iR P& Root P content <0.001 <0.001 <0.001 ns ns  0.003 0.004 0.005 ns
Hb A=t Shoot dry weight ns <0.001 0.001 ns ns ns 0.001 ns ns
iR AW Root dry weight 0.001 0.012 0.010 ns ns ns 0.001 ns ns

ExB: AR AR SRR TR s EXM: RN A HE 5 AMF AR BXM: iR -5 AMF (958 B AT 5

ExBxM: A KN A EH SRR AMF = 18] 1958 HAEF ; ns 2R84 LSD LR B67F 0.05 /K V- 22 7 AR 3% . ExB: Interaction
between grass endophyte and Bipolaris sorokiniana; ExM: interaction between grass endophyte and AMF; BxM: interaction be-
tween Bipolaris sorokiniana and AMF; ExBxM: interaction among grass endophyte, Bipolaris sorokiniana and AMF ; ns indicates

there is no significant difference at 0.05 level by LSD test.
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60
mm ' 3 E

S
8 Aa
E 40 Aab Aa Aa Aab
e Ab Aab
‘o Ab
172}
g
A 20
N
®
&

0 )

NM AMI1 AM2 Mix
KAbF Treatment

Bl AENEEESMAREREAEELETSFERZENRFE
Fig. 1 Disease incidence of perennial ryegrass with and without grass endophyte and arbuscular mycorrhiza fungi
EYV/E s B/ ARG AR B AL B s NM: R AERD AMF; AMIL: SEFPAIEBRIERT ; AM2: EFR N EREES ; Mix: R 45
PRAEFEHIR N ER RS . IR B A PR R . AR FREROR B B AR ] ARG FRER R AR AMF AR B 22
LSD ¥E 4 58 75 P<0.05 /K-F- 25+ .3 . E/E": With/without grass endophyte; NM: no arbuscular mycorrhiza fungi; AM1: Cla-
roideoglomus etunicatum; AM2: Rhizophagus intraradices; Mix: Claroideoglomus etunicatum~+Rhizophagus intraradices. Data are
mean+SE. Different uppercase letters indicate significant difference between E™ and E™ plants at P<0.05 level by LSD test. Different

lowercase letters indicate significant difference among mycorrhizal treatments at P<0.05 level by LSD test.
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Fig. 2 AMF colonization rate of perennial ryegrass with and without grass endophyte,
arbuscular mycorrhiza fungi and Bipolaris sorokiniana

EY/E: Y ARIBYR LN B s AMIB': HERP A B ERIERE LR B0 ; AMIB: EFPAIE IR ; AM2B': AR N
BRPEFGAHHL R B UG I ; AM2B ™ RN N BRIEET ; MixB': HeFh 2B SR PTG+ N BRI EE AR B I AL ; MixB™: SR 4Bk
AR ERERE . IR TP A P bR . ARG SR 30R8 B AR Z ] AR NE SFRER RN [F] AMF Fli J5E 1 4
E AL PR 2 (8122 LSD 1L K I8 7E P<0.05 7K F-22 53 .2 . E'/E": With/without grass endophyte; AMI1B": Claroideoglomus etunica-
tum + Bipolaris sorokiniana; AMI1B™ : Claroideoglomus etunicatum; AM2B" : Rhizophagus intraradices+ Bipolaris sorokiniana;
AM2B™ : Rhizophagus intraradices; MixB" : Claroideoglomus etunicatum + Rhizophagus intraradices + Bipolaris sorokiniana;
MixB™: Claroideoglomus etunicatum+Rhizophagus intraradices. Data are mean+SE. Different uppercase letters indicate significant
difference between E” and E™ plants at P<0.05 level by LSD test. Different lowercase letters indicate significant differences between

different mycorrhizal and B. sorokiniana combinations at P<0.05 level by LSD test.
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2.4 REHNLEERENAMF XA IR
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(AM1D)AbFER | ANAE 2 A SRS R R P AR L, 2R
o DR 34 S AR T AR A R A R A R e R
WK 27.52%%~55.71% ; 1953 I B S 5 FAIR TR
TR IR P A LB AR AR K A3 R RIS BRI 40 551
50.25% F147.19%(P<0.05) . AR NERER (AM2)
T, JCIR B sl AR B R B P A LR, R I
PR S S RRAIR T 240 A R A2 ROR A R HRIOR., IR
I35 K 45.46% F1149.36% (P<0.05) . $EFh R4 1 77
SRUETR B i D S 3 BRI T IR R R PN A LR
FERE A R HRCR, FEME A 47.94%(P<0.05,362)

AR R R A5 R AR AMF (NM) X I
PR EBR R (AMI) fl) 247 A BRI R YL R BT
WA BLR S 066 RO B A ik 43 1) b 5 4
151 40.81% H1 16.74% , 7K 53 FI| F 803 40 A IR e A vk
A3 ) 3 5 65.39% 1 60.17% (P<0.05) ; 4EFR A
PRI 2240 A BA A R R RN A L e, e f
TR AR A SR AT R 25 4 57 64.329% (P<0.05) ; HL
LR BRIEFR () 24 B B i R A R
Flt AMF (NM ) X} 8 I 25 45 55 161.40% (P<0.05) , Bl
RGBT 245 B B S R S A
HORBE AL A AMF (NM) X BE 52 35 45 55 61.829% F1
77.21%(P<0.05,%%2),

R AENEER MKEREFERFERLETSFERZEMRRRAEHALFERMASF AR
Table 2 Chlorophyll content, net photosynthetic rate and water use efficiency of perennial ryegrass with and without grass

endophyte, arbuscular mycorrhiza fungi and Bipolaris sorokiniana

QbR 452 &+ Chlorophyll content ol 12 Net photosynthetic rate 7K 43 S Water use efficiency
Treat- (mg/m?) (umol-m™-s™) (mmol CO»/mol H,O)

ment E’ E E’ E E’ E
NMB* 710.40+104.61 Ac 535.42423.78 Ae 3.83+0.65 Ac 2.72+0.60 Bd 26.814£3.65 Abc  16.21+£2.33 Bd
NMB~ 1057.63+65.73 Aab 1208.81£152.07 Aa 4.95+1.27 Ac 3.12+0.48 Bed  34.52+3.66 Aab 32.58+2.92 Aab
AMIB®  924.26+131.96 Abc  646.63+69.44 Ade 8.30+0.49 Aab  7.11+0.68 Ba 29.5243.78 Aab 18.43+1.54 Bed
AMIB™ 1275.14+£23.50 Aa 1 095.53+57.28 Bab 9.49+1.33 Aa 6.19£0.90 Bab  39.10+4.78 Aa  34.90+3.57 Aa
AM2B"  925.43+26.65 Abc 734.62+89.39 Acde 5.07£1.68 Ac 4.40+1.03 Acd  18.87£1.80 Ac  15.93+2.59 Ad
AM2B™ 1022.28+71.87 Aabc  950.95+89.67 Aabc 6.10+£1.52 Abc  4.21£0.88 Bcd  34.60+4.64 Aab 31.46+2.16 Aab
MixB* 902.81+44.34 Abc 866.39+164.74 Abcd  7.92+0.89 Aab  4.82+0.96 Bbc  18.53+0.68 Ac  17.86+2.50 Acd
MixB~ 1001.744225.14 Aabc  934.90+43.35 Aabed  9.22+0.95 Aa 4.84+0.83 Bbc  35.59+2.59 Aab 25.48+5.21 Abc

EV/E: JERY/ A BYR T AL B NMB': U FR R B s NMB™: BEAR$ER AMF U RS F% 5 B ; AMIB': SR 4hEE sk
PWRHEBIGIE s AMIB . SEM AR BREER: ; AM2B': FERIAR N BR PR HIRE B 1 s AM2B™: SEFPMAR N RS ; MixB': 4
P A ES PR TR N SR B AL B A s MixB . MO PRSI A Bk E . R P B P iebnifiik . T ARIRE
FERIR B E MR Z 18] RIS NG SRR R R AN R AMF 595 J5 T AR B ZH 5 22 [A] 242 LSD ¥E A S0 7E P<0.05 /K122 5 3% .
E'/E" : With/without grass endophyte; NMB" :
AMIB': Claroideoglomus etunicatum+Bipolaris sorokiniana; AMI1B™: Claroideoglomus etunicatum; AM2B'": Rhizophagus intra-

only Bipolaris sorokiniana; NMB™ : neither Bipolaris sorokiniana nor AMF;
radices+ Bipolaris sorokiniana; AM2B™: Rhizophagus intraradices; MixB™: Claroideoglomus etunicatum+ Rhizophagus intraradi-
ces+Bipolaris sorokiniana; MixB™ : Claroideoglomus etunicatum+ Rhizophagus intraradices. Data are mean+SE. Different upper-
case letters in the same row indicate significant difference between E" and E plants at P<0.05 level by LSD test. Different lowercase
letters in the same column indicate significant differences between different mycorrhizal and B. sorokiniana combinations at P<0.05
level by LSD test.

2.5 REHNLEEBENAMEX P EMEYEHEI

X F AR AMF (NM) X BRI 5, 2200 i i
AR TR R BN A LR A A R R b
AR b P i BRI 300 R 22.13% F132.97%
(P<0.05). HEMYEIRBESLMT , AE R ARG
TRE PN AE LT, FEAI SR TR 34 0 R T AR A R
FEFIH PR MM T P, IR R 23.53%~
44.65%, [R] B, 0 1 25 B ARG 1 A JER L 7R B PN AR EL TR

FH T A=, [ M 27.38% (P<0.05) . 4RI N
BREEREACME T, P S A7 o S5 RN T AL R BE
AR B REAR L T P& &, BRI o 40.86% ., 2 Fh
TRA TR AT, H P I 25 IR T e R AL
DA B RERR B LT P BRI R 35.14%(363) .
TR SRR AR T PR Py R ) DR
YL R B A B S, R P R R LA AR
FHE D 102.55% (P<0.05) 5 420 R A B 77 1) 2454
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PR R R TN A R S L P A S AR
i FIVHL R A2 W) A R TR L A AR 3 ) i S R
49.65% .44.94% F128.33% (P<0.05) ; P e Fh AL N

FRETFN) ZAEAE A W N A& M T P&
R $EFF AMF (NM) X B8 I 25 IR T 24.48% F1I
56.90%(#£3),

RIARENEER AREREALFREALETSEERZEN E MTEMEMPEE
Table 3 Shoot dry weight, root dry weight, shoot P content and root P content of perennial ryegrass with and without grass
endophyte, arbuscular mycorrhiza fungi and Bipolaris sorokiniana

HF P& i A
Root P content (mg/pot) Shoot dry weight (g)

Ab3 P aE
Treat- Shoot P content (mg/pot)

A
Root dry weight (g)

ment E* E- E* E- E* E E E

NMB' 12.22+42.06 Ac 14.54+1.36 Abcd 4.85+0.31 Ad 6.38+1.03 Ab1.90+0.28 Ac 2.19+0.15 Abc1.16+0.11 Ac  1.43+0.05 Aab
NMB~ 18.23+1.80 Ab 18.31+£2.50 Aab 6.45+0.72 Acd 5.24+0.21 Ab2.44+0.11 Ab 2.45+0.21 Aab1.38+0.13 Abc 1.42+0.10 Aab
AMI1B" 18.87+1.03 Ab 15.86+1.34 Abc 7.81+0.94 Abc 6.11+0.68 Ab2.68+0.07 Aab2.43+0.23 Aab1.46+0.12 Aabc1.22+0.19 Abc
AMIB 25.61+1.26 Aa 20.74+1.34 Aa 14.11+1.42 Aa  8.28+0.17 Ba3.02+0.16 Aa 2.79+0.20 Aa 1.79+0.10 Aa 1.68+0.02 Aa
AM2B" 18.50+2.46 Ab 13.33+1.88 Acde 5.57+0.44 Acd 2.75+0.76 Bc 2.70+0.26 Aab2.03+0.12 Abc1.33+0.11 Abc 1.08+0.05 Ac
AM2B™ 15.2642.58 Abc 9.67+0.68 Ae  7.35+0.48 Abcd 4.65+0.35 Bb2.55+0.24 Aab 1.81+0.05 Bc 1.58+0.07 Aab 1.21+0.09 Bbc
MixB" 16.91+0.27 Abc11.30+1.23 Bde 6.00+0.34 Acd 4.65+0.53 Ab2.58+0.11 Aab 1.78+0.11 Bc 1.54+0.06 Aab 1.20+0.08 Bbc
MixB~ 19.08+0.47 Ab 13.15+0.95 Bede 9.25+1.26 Ab  5.44+0.37 Bb2.55+0.10 Aab1.79+0.14 Bc 1.74+0.18 Aa  1.18+0.09 Bbc
EVE : B/ AR AR F N AL B ; NMB': (R s NMB: BEARIERR AMF tU R IR0 R 3 AMIBT: B2Rh 4Rk
PR BIUGA ; AMIB™: SEA AN E BRI ; AM2B' : $RFIAR N BRE R+ R BTG4 ; AM2B™: SRAMR N ERIERE ; MixB': 1%
PO PRAEFE AR N BRE TR B AR 5 MixB . JER AN SRR TR N BRAE RS . R B PR . AT ARIRE
FhERIR EYS E MR Z 1] RSN [F) /NG FhE R R AN 7] AMF 536 B AR B 2H & 2 (8] 282 LSD K I 7E P<0.05 K22 5 ik 2
E'/E" : With/without grass endophyte; NMB" :
AMIB': Claroideoglomus etunicatum++Bipolaris sorokiniana; AMI1B™: Claroideoglomus etunicatum; AM2B": Rhizophagus intra-

only Bipolaris sorokiniana; NMB" : neither Bipolaris sorokiniana nor AMF;
radices+Bipolaris sorokiniana; AM2B™: Rhizophagus intraradices; MixB": Claroideoglomus etunicatum+Rhizophagus intraradi-
ces+Bipolaris sorokiniana; MixB™ : Claroideoglomus etunicatum+ Rhizophagus intraradices. Data are mean+SE. Different upper-
case letters in the same row indicate significant difference between E™ and E™ plants at P<0.05 level by LSD test. Different lowercase

letters in the same column indicate significant difference among different mycorrhizal and B. sorokiniana combinations at P<0.05

level by LSD test.
3 itig

KT WA EL T AMF BB 3 S A Py bome 1 1
i R £ (Yao et al., 2002 ; Saldajeno et al.,2012;
JRE S, 2014) . ABWFIELE R, R P AR B A
AMF (BRAR N BR 55 97— BT FIEIR T 24
A R FEMBER ) A 26 (B 5 X REAR L, A4l Es sk
PRGN A SRR I 2 AR 2 AF A R R B
KIRF . XA RS TN [ AMF 9 TR R 45 44 W2 i
(355 AN TR (B RS, 2010) , AR AMF 5 5
FE P09 1 35 DR AR 35 PR 2 8 it AR ] (/NP &%
2012) , PRI 3 A HRHURR BEAN ] . REC AR LA
S Erk fe g L VE I, 2247 4 B A7 BUR 5 R AIK
T2 MR AR A A %, R WL 2 A AR
YRS SUEEAR =) I L

HeEVE AR 55 2 A AR A A RAR L B F 4R
b, TSR RSB DG AR IRy, 5

W2 AEYD G AR FISRES . AR R R Y2k
it R g € 28 20, DT {8 4 40 04 016 6 4R T Ok 55
(Scholes & Rolfe, 1996) . iX 5 A B 5% & B3 JL b
R AR AR | BRI T 4 R B i O
PR A RN B K 43 AR 25 FRAK A &5
JAAML, Belesky et al.(1989)BF 5 45 S F 0, R HL N
A= EL A RBAE AR E A VR AR i D ) s 5
(AU R B2, AT 28T 5 XA A A 483473 , 3 T e
RE A B AEERR IS T = i AR i) 2 e
PEA O (R B bR A2 788, 2004) . Kaminska et al.
(2010) 5T 45 R W, F%FI AMF 1] DL find 0 %55
JEL B AT A2 1 L FE A0 AMF J5 FE 06 S e A i ]
HEJE R & AMF B A&, Q4 i 73 %4 2 (Torelli
et al.,2000) , i 207 2428 A 7 AR R B E AR G .
14, Heath (2002) & B, AMF fig 595 J5L 14 52 064
PR R A i DR B B0 ) T B X B AR
FELE T2, B A B AR AMF (1) 24746 R
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&R MRS R W3 5 TR IR B, R A
N AE ELTR T AMF B REFE — R A2 A Ot
HVEH.

FERh AMF 1Y 224042 R A2 RARARA B B i s
AR ZE R, b, B AR A TR R Y AMF (=44 2%
dre e, MR A S Bk 1) AMF fR G RIK 2, T
Bl E R AR N ER 2 1) AMF {2 LR 57 ik . Duan et
al. (2011) B HEFPAR N BRERE Y/ NAZ , HE AMF 1%
RLT IR B 4% Gigospora margarita F1 3517
B EE X AT 45 SRR, T RE R A 2 2 Fh
AMF RS HRT/NERS, ZF A se AR/
1RYLZAE T 2 Bt AMF SRR EEF A 38 27 1], 3K 2 ]
TE ¥ EAHYIIR R IR 5 HeFh 2 B AMF B, —35 [0l 9 4H
HAEM S 3 YA G, AIFEA RELH] R
O N A ELTA Y 2248 A A B AMF (2 e 380K Tk
JEYe N AE LB , X 5 Mack & Rudgers (2008 ) £l
Miiller (2003 ) AT 58 45 4 — 2, I A ] REJE AR & N
Az FLE A 2 28 AMF U W) Z A AR S 4, HaxXFh
TEAHE RS2 P B MUK K AL & 1 5 1 52 )
(Liu et al.,2011) ; JeAh , RE N A= ELE A X T AMF
A A9 I #ePE (Mack & Rudgers, 2008) . Zambo-
lim & Schenck (1983 ) & ¥ AMF = Y 3 Fl 5 35 ™ 5
JEE SRR OC , I [ D A 38 B AR AR e R AIR T
38%. X GAMWEIE PN SRR S R IR G R R
(1 2245 A A R AMF 1R YL 1 AR T 18.35%
(45 SR AHARL, T BE S X AMF 59 Ji B 7 25 24k
WA TE N7 1 58 4 5O BT AE H (Maya & Matsubara,
2013),

Maya & Matsubara (2013 ) #ff 53 & 81, $E Fh 2R 14
Bk J1 8 Fusarium oxysporum A8 %I & Colletot-
richum gloeosporioides 7| J% {4 22 9 Tl i S0 23 Bk
= AR AN % 2K Cyclamen persicum #b I Ho R 4= 4y
X SIS RARL, AT BB P i ST 1= YA
VG SBHEYDCEEFRES , K5 FR W RE )48
55, A= K Az BH, K #4548 55 (Scholes & Rolfe,
1996) . ARFPIA: E A AMF B8 RGE 50510 T LAE
HERE YT P Y WSO 52 A ) A ) 5 (Marschner &
Dell 1994; Smith & Read 1996; Fg i b F1 25 A%,
2004) . AL KRR FEFMR G R 244 R
2 RURYLR BN A LA, M R AR A
P i B W TR B R RN A LA AR, X AT
RS2 PR A R 7 P AR EL T FIT AMF RERSAIE U 2474 72
F R RGE VRN P W (J7 2% [ M2, 20145
U ,2016) , NP B 4R A R B W) i

FHE T AP ARG N (H B AR Py Bk e g b B
FOMRRAR T 247 A S R b AR i R P&
i, XA 5 AMF X) P A AT G, R B AMF figi
i PR A Y) 4 K (Duan et al., 2011) . RE A
A ELR S AMF LR VE R 8 2247 A a2z R
i FAEYE T AR L E PSR P A
W m T A AR B 3 B A E FE R A 3
TR R AR Y 24 E A RS, AMF 5R BN AE
H A ReIL i 2R A R P Uitk
ISR I E=3)/ I
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