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Abstract

Aims  Achnatherum sibiricum plants were infected by fungal endophytes Neotyphodium and Epichloé and high
infection rates have been found in our experimental field. Our objective was to determine the effects of Neotypho-
dium and Epichloé on growth and physiological characteristics in 4. sibiricum.

Methods In a field experiment, we measured plant growth and physiological characteristics of 4. sibiricum with
a LI-6400 portable photosynthesis system and determined the contents of carbon (C%) and nitrogen (N%) and
other physiological variables in 2011 and 2012. Achnatherum sibiricum plants were successfully infected with
Neotyphodium and Epichloé.

Important findings Neotyphodium infection had a significant positive effect on both leaf length and plant height
in A. sibiricum, whereas Epichloé infection had a significant negative effect on the two variables. Maximum net
photosynthetic rate was significantly higher in the endophyte-free plants than in plants infected by Neotyphodium
and Epichloé; whilst Neotyphodium infected plants had significantly higher maximum net photosynthetic rate than
Epichloé infected plants. Moreover, Neotyphodium infection significantly increased stomatal limitation and water
use efficiency (WUE) of the host grass. Epichloé infection had a negative effect on photosynthetic variables ex-
cept intercellular CO, concentration in the first year. Neotyphodium infection resulted in greater accumulation of
soluble sugars in host plants than Epichloé infection and endophyte-free treatment. The N% in Epichloé infected
plant was significantly higher than in Neotyphodium infected plants in both years and in endophyte-free plants in
the second year.
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S A AR RETT S W AR RGP A B A 73

T £ 1R 44 (Ascomycetes) & ff ¥ £} (Clavicipitac-
eae) 11 TG V£ B! Neotyphodium & 4 1 T Epichloé )&
LW, Wi AT TR =R R AR, AERY)
A PN 5E BT 43 B4 5 A 3 52 (Schardl et al., 2004),
Neotyphodium )& W £ 51w 518 EAEYIC R RAR
RMMBETE X, W 7 e, fEmEr
(Festuca elata). % "3 ¥ (Lolium perenne).
Achnatherum  robustum F1 ¥ 5 (Achnatherum  si-
biricum) FHAFAEAT XN HE LR (Wei et al., 2007).
Neotyphodium N = TL T (1) 4= 5 A2 35 F WIS AG ) A
W IE K, 22100 FORBIF RN T b5, A
MG, WARSLBEEAFAE TR, A Al BT
AR REAT AR, LA U § e el 1. H
i FITOFIE IR R A ) v 1 P AR BB R 20 & T 2R
14577 Epichloé )@ FR Re 8 G TN 51671 & LA
LERRARHEY), (e FEE N 3] Z (Moon et
al., 2004; Schardl et al., 2004). Epichloé 2L i@ 14 7K
P07 ALHE, ERBEAERE) (1) 2R ER ks
AEPER 7P, WAESCETE A P T, i e
M, SHABRRE A R AT A, R
TR, RSB K (Bultman & Leuchtm-
ann, 2003), PRIEAE 5 (KA 1 98 0 4 58 4 4 ol
LeuchtmannAIClay & Il K £ BUK YL Epichloé typhina
FR)SBBol  J (Elymus )RR ) [) — A ANAA L, AEAETA]
I AELEAT A 1 BRI = AR I AR A, AR
W TE AT B AR SR E AT PR AR T, BT K P
&, 0 AE LR AL 2 T AR AT I AR B R B A 1
(R TeME B AT T ELAL R, X AP REAEAEACPALRE X
A 3 H AL 7 10 77 20 A TR A AL 3R 72U (White,
1988).

HR I 2 AN M X S B8 5 (Elymus - dahuricus) (1) 9% T
RIE RN, 76/ Hu DX KA 5 FF 1~ P Neotypho-
dium 1) I e AL 4.4%-100.0%, 46K 2 KUY 1A 1 4%
B LU AN G BRI 1K) 22 77 A — P AR —— i, %
[ P55 7K STt A P (A A6 RN 2R 4 177 A2 4k (Zhang &
Nan, 2007). 7ER 5L K T Neotyphodium uncinatum
53R (Festuca arundinacea) ) LA AR (403 F
%,2003). EH I RIN, Epichloé yangziiZ LT
RO WL B (Roegneria) KELA) A 71 AT 11 20 A 2E S s
(FP3EAE, 2009). Wei%s(2007)% H b 5 HX 1724
R PR R N AR R R DL A T2 R A S
R, FEF AR R4 1R OR S 25l R B GL T

WA, AP (Achnatherum sibiricum) (1) &G
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o, i HLA AR B S R A LA AT R TR
T RS RGO R 5 .

X 5 2 o AR 22 BB LR IR, Neotyphodium
REdE e AR K (Marks et al., 1991). Tif 5P (Elmi
& West, 1995). X &5 I ORTR ] (Malinowski &
Belesky, 2000), LA fe 3% 84 ()46 & fig ) (Clay,
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JE 3RS, ALFHIN R 30K . BT AT AN 4 1 S AN I
WAETTIR o il AR P (R T R 2R R A
R ZEFEE T B3 5 (22 5%, 2010). 20114E5
H, RIR2HGLBEFE T, PP AR AR iR b=k
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P AERET7 L HE I 73 0 s N% 43 il 72 0.033%
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2.16%. FEHFE T IR 3-SR BT S A A
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1.2 £ K5%EIERNE

20114E5 HAI20124F5 H, IS AEAR I A= K Fabs:
PR KR e A A B AR . G
1K 9:00-12:00, ) FAE MR BT 58 4 R FF IS — v
-, i H L1-6400 5 #5 3 ' A 1F FH I & 1% (LI-COR,
Lincoln, USA) 5E # bk ¥ SR AZ H R EIE S 4.
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PEHEATINSE (da Silveira et al., 1978).
1.3 HESH
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Fig. 1 Effects of Epichloé and Neotyphodium infection on growth of Achnatherum sibiricum in 2011 (mean + SE). Different lower-
case letters indicate significant differences at the 0.05 level. EF, endophyte-free plant; Ep, plant infected by Epichloé; Ne, plant in-
fected by Neotyphodium.
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Fig. 2 Effects of Epichloé and Neotyphodium infection on growth of Achnatherum sibiricum in 2012 (mean + SD). Different lower-
case letters indicate significant differences at the 0.05 level. EF, endophyte-free plant; Ep, plant infected by Epichloé; Ne, plant in-
fected by Neotyphodium.
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Fig. 3 Effects of Epichloé and Neotyphodium infection on specific leaf area in Achnatherum sibiricum (mean + SD). Different low-
ercase letters indicate significant differences at the 0.05 level. EF, endophyte-free plant; Ep, plant infected by Epichloé; Ne, plant
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Fig. 4 The influence of Epichloé and Neotyphodium infection
on photosynthetic pigments in Achnatherum sibiricum in 2011
(mean + SE). Different lowercase letters indicate significant
differences at the 0.05 level. EF, endophyte-free plant; Ep, plant
infected by Epichloé; Ne, plant infected by Neotyphodium. Car,
carotene; Chl a, chlorophyll a; Chl b, chlorophyll b.
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R IR 1 (Moon et al., 2004). EATHIFTRI:
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Fig. 5 The influence of Epichloé and Neotyphodium infection on maximum net photosynthetic rate in Achnatherum sibiricum (mean
+ SE). Different lowercase letters indicate significant differences at the 0.05 level. EF, endophyte-free plant; Ep, plant infected by
Epichloé; Ne, plant infected by Neotyphodium.

R PEOLAERIIS R LA

Table 1 The comparison of fitted values of photosynthetic characteristics in Achnatherum sibiricum

Year ZEME A AL Jia (8] O & AL BRI VR ES JGRERI AR
Transpiration rate Stomatal Intercellular CO, Stomatal Water use efficiency Light use efficiency
(mmol-m>s™") conductance concentration limitation (mmol-mmol™") (umol-umol ™
(mol'm™s™) (umol-mol™)
2011 Ep 5.83° 0.33° 320.6° 0.19¢ 2.035¢ 0.009 8°
Ne 4.76° 0.30° 294.8° 0.26" 3.086" 0.012 1°
EF 6.47" 0.42° 306.1° 0.23° 2.712° 0.014 5°
2012 Ep 2.07° 0.09° 210.47° 0.48° 4.52% 0.008°
Ne 2.44° 0.09° 199.80° 0.51° 4,53 0.009°
EF 3.45° 0.15% 249.13* 0.38° 3.74° 0.011*

[F)FIRRAR P AN )7 BER IR 28 5 {3 (p<0.05). EF, ANYLBRIRE; Ep, BYEpichloéFHtiAk; Ne, &Y NeotyphodiumIREFK .
Different letters indicate significant difference in the same columns within each year (p < 0.05). EF, endophyte-free plant; Ep, plant infected by Epichloé; Ne,

plant infected by Neotyphodium.

Wk £ 1245 5<(de Battista et al., 1990), Xt n] fig 544
Wb W AE BB AL 3% 7 47 X (Tingjer et al., 2008).

XTI AN [ A% 15 7 = P AR T 08 2 T
PRI 28 A . AL T BEFD SRR FH AR AR
W R T AR . X R PN A B RO R AR IR
HAERAE — @R HEE T . X ] BEXHrE SR A%
&7 A & (134 (Cheplick & Faeth, 2009), 3%
VAR IRTCAE Y P A TTRRT nT DABR B 25 1 S L R L
RUK R AR, B4 MR A= FURE 19/ FH 208 2%
27, Morse 5 (2002)FF 58RI, A G B LA S
EF (Festuca arizonica)Z& I H 5 5 16 A HER RS,
FUREE. v, PSR- AR BURE 2 )R AR S R
BRI T T AL 5 2P R Qe AR %, 5 g

WA BB LR 7 X @ KR

T KA W) 2 R ) TP B JZE (1) i 47 (Donaghy &
Fulkerson, 1997, 1998; Cheplick & Chui, 2001). &5
BT WY P AR BT AT DA 0 22 4 A TR 22 R P oK Ak
A1) (Cheplick & Cho, 2003; Hunt ef al., 2005;
Rasmussen et al., 2007). AHF5TH, ACPALRR TN 2R
FLpE A e S HAA S S ik B, (HEE EAL R A
A ELRATAE AR B T AL . T TR
— R EZERBERSY R, AT REhad T,
WA AT B AR — s R R R L
AN KRB 38 N AE 11 (Sanchez et al., 1998). il
IR B e T A 47 1 PN 2B BB 11 2R) 5 LU AN YL B
PR AT I 20 A A BT AR TP AR R B 2 1 m]
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Fig. 6 Effects of Epichloé and Neotyphodium infection on soluble sugar and total phenolic contents in 2011 and the total nonstruc-
tural carbohydrate in 2012 in Achnatherum sibiricum (mean £ SD). A, Soluble sugar content. B, Total phenolic content. C, Total non-
structural carbohydrate content. Different lowercase letters indicate significant differences at the 0.05 level. EF, endophyte-free plant;
Ep, plant infected by Epichloé; Ne, plant infected by Neotyphodium.
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Fig. 7 Effects of Epichloé and Neotyphodium infection on nitrogen content, carbon content and C:N in Achnatherum sibiricum in
2012 (mean + SD). Different lowercase letters indicate significant differences at the 0.05 level. EF, endophyte-free plant; Ep, plant
infected by Epichloé; Ne, plant infected by Neotyphodium.
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