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Abstract: In the present study, the growth and endogenous hormone contents in leaves of Festuca sinensis infected with
Epichloé (E+) or free (E—) were measured under Zn and Cd treatments to investigate the endophyte-mediated alleviation of
abiotic stress in Festuca. The results are as follows: 1) Compared to control, Zn treatment could improve the plant height and
biomass of Festuca infected with (E+) or free (E—) (P < 0.05); the contents of gibberellic acid (GAj), cytokinin (CTK), and
indole-3-acetic acid (IAA) increased, whereas that of abscisic acid (ABA) decreased under Zn treatment (P < 0.05). 2)
Compared to control, Cd stress inhibited the plant height and biomass in F. sinensis, decreased the contents of GA;, CTK,
and IAA, and increased the content of ABA (P < 0.05). 3) Endophyte infection had a beneficial effect on Zn and Cd

treatments; it increased the tiller number, plant height, and aboveground biomass. Further, it increased the GA;, CTK, and
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IAA contents in F. sinensis under Zn treatment and Cd stress separately (P < 0.05). These results indicated that the endophyte

can improve the adaptability of abiotic stress by regulating the content of endogenous hormones in F. sinensis.

Keywords: endophyte; heavy metals; plant height; biomass; IAA; GA;; ABA

Corresponding author: TIAN Pei E-mail: tianp@lzu.edu.cn

IR A A L TR R AR E R B AR A U A S K
g3 A2 i R SRR R R A B AN S OR AR ERE AR 1) — K
KEE TEMARANERE T ER TREE
(Ascomycota) % ffi £l (Clavicipitaceae) '] H 1 tH 18
EpichloéFl F: it %t N 18] Neotyphdium J& W/ E B H, J&
4t — 1 % N EpichloéJ@& WA FL 15, EpichloéN £ LT
I A TE T8 K32 (Hordeum brevisubulatum)- %
¥ (Lolium perenne)~ "W HEESF (Festuca sinensis) 55 K
m e B9 R B R RO E I L AR A
16 LMY AN A B R R A KRR E R,
R SN e S o i N W e B S | R
K, WintE FEDEYE, eI REWIE. mf
SRR BT HF A P B B E e ) D& B AE )
J A e, B2k ¥ (Festuca arundinacea)
R 22 B GE N AR T AN D B 8 8 i LX) R Bl
P HCHT 0, Bt B ER A5 dE AR ) W E R
J1, FHEeew R E G B s U, kg
FRSMEREFE. W), HRFSEmr 244
WERIRAR FEFBHEY, HARZHTEET
WA Epichloé & B, WE5KBL, EpichloéM
A FCBE RE PR U R A TSP AR RV e R B AR FE AR AL
RN, BRHLZEGHEY EAPBEZEZET, W
AEFERERS TR G BEFLEKEE
bR, 8 T PR R b e S A R
B, WAERWRRE NP EEFRES ), it
R K, RErpnasnrt. B5E
R, ThAEFEFNERFEL A AREESH
PR A <. BAT, o T e AR R
w AL AR AT EEE R ELTE. R RAEY
Bl b, T A T T R AN A2

W2 B ha s, NIEBERSESKEZNLEL
NSRRI A A R B R EE, T R W AR ) 1 A B
R, NIRRT HEE S T S A
7= A 1) R A 0 AR 4 AR e NS 31 T AR Y
PEVIBT, XA R B EE, A
BERMES. FAMEDNEBREAEKRSE

(auxin). 755 2 2K (gibberellic acid). 40 i 7> R F K
(cytokinin). it 7% R 28 (abscisic acid) & 24
(ethylene), EfIXHEMEKMEME R L, /4
M rREMEK. AREE N WASZEZET
M, ulsHE R EEEINERK. K8
AR, FERE Y B S AN, NI E S
R A DA R X R 85 Y

BEEER TR S®RARE, EEEniear
— AN R W R ) A K DA R RO AR 7 R B B ) R
In ZREHAEKEKELEPTIFERNER TR, 28
TR U B NE AL ), BR Zn 2 20O RE BR B BR AL
AR AR ARG, H s Zn 9 Bl S k2
XY AR FHEAER, AR A AL,
Kz, #ESHETY, cdi2—MREESR
TG, MHEMEOCEER . WRAEA . B E M
KEFRITLRMBUE R, Cd2WIAE RS,
A BE 1, A FY BN T SO A A
e R, WAEEE S RESE, TRER
EEYHES B, RENERETHTES
BiEdnesE, HAFW RS —2NERE
PERE R YD AR, B R BE R I B BRI AR K Ty K
P2 R e T P A U R A T B
HERBMRRAER,:, HEERKEESEHIE
T, WAEARES RS EEDH LR, 5T
I, RN R NORE A BN T EE TG R
MR,

AP O NIRE VAL E B 2 L, AR
R, PridtEsg, EANT R KR & ia
EFHNAARUEHRA R ENTE, hEFEFE
TIEFAA T IR NS, BETE 55 IR 95 0
o B 3 R A R AR, (A E LR
BN AR SR - AR L R AR I AR K I R
WARIE o KT N AR LB A 52 R BN E 4 P
MR Z, BXTESEMETHNERESH
F RN IR B O R AR, R
CSE S A N P T g R KN VWSS ) B

http://cykx.1zu.edu.cn


mailto:tianp@lzu.edu.cn
mailto:tianp@lzu.edu.cn

2252 ok B}

36 %

THENFEBREOTAAEES EEZN R L. A
FLLL Epichloé)d WA= LB A2 G4 (E+) MIARAZ 44 (E-) 1
HARESE AR, TEIREIEE i@ Zn Al Cd 4bHE,
DR A EEBOE TR EEFNAERK S AR
s tl, MAESBLEELGETHNAERES WK
BERGRNX R,

U RhRHS T

1.1 RIE R

EHE P B ERA 2 (102°06'E, 36°20' N,
W 3129 m) FAEESERE AR EORIKFF, 4 C R
A7 22 M K 2 3 b el Bt 4 2 B B b £R 47 1F A2 B
UK A o BT FH AL % 25 5 ¥ 0 4 BT 4l ZnCl, 1
CdCly, 3 Cd™ I K £ 100 mg' L', Zn®'f 9K %
500 mg-L~'*7,
1.2 R

PRI T 2017 4 7E 25 P K 2% M Rz X B bk ol
RE B2 B B BE iR %= (105°26" E, 35°36' N, ik
1718 m) JF & o HR 4R 25 S0 Bl 7 35 T 26 A I FH 26 i 06
Beta =B, SRR 20 L BRERN TR R, &
SN AR ARG (B MORAZ Y (B-) FhBE. 2017 4E
S AM LM T iFF T MmN, fHAK2~3 A
SYBEJE, XN A3 BE I I B R AT N AR D RR T B R
ROR I, WA LA B R K EE L B BRI E— R
Fl1o0HBEEEREN. TERHEL D EA=31
FIRAE T, il EE AN LR 155em x F4&
11.5cmx & 14 em PETEAR . ERZHEANEE
KB EEMA L, BRTEEFHN 1k, &
WK — b YN, EEEKTIMA
Jo . oy BERL— S 15 7 B 15 7 E—fE AR, X
e WK, T Zn b FRE 5 Cd 4L ¥ 4H 5 1)
100 mL 4 ZnCl,(500 mg-L ") 55 CdCL(100 mg-L ") ¥
WAL 2k, B 14dwE—ik, &E28d, AL
HSAEE, WRIESEK@E: 25£2°C, &
FE: 425 %), AbFETE R R BGREYAM B TR
FE bR BT A o
1.3 $EFRNE

DGR SE S R bR . o EESL, TR
60 ‘C/48 h M+ 1HHE, J5H M7 KF (BSA224S-CW,
Sartorius) 73 71 W 72 Hu b A1 R 4 i &

FAEEF R NI R R R (GAy) K ER
(TAA). 4017 %4 & (CTK) Al 7% BR (ABA) I % F
FA 1 Bk %0 9% 4 At (ELISA) W77 &, 1 bl il A=
VIRE A R AR S, fERMRATE 28d f5, A
2g RN A, Y E A E A E K S
~80 C fRAFE . HMREFE N 1 IREE, 3 IREE.
AW g FEF M, A 9mL PBS (pH 7.4),
MFLHIRETRBESK, &L 20min@4 C,
2000 rmin '), FHERFGS WU, AR
Fr X (Rayto RT-6100) £ 450 nm % K K il & £ & %
J6E (OD fH), ik b A il 22 71 SRR i A 4 N IR
WEREE.

L4 BERSH

AH T A FU4E F Microsoft Excel 2010 5% A
YEB, & T48 45 F SPSS 18.0 4t it 4 bt #AE HE 47 4%
B, AN TR BS54k B R B ER 2R 7 22 a0 A, KRR
SEEMAEYE, EENIEBEREAE R (GAy). £K
# (IAA). 415 24 3 (CTK) ML R (ABA), it
1T LSD v A il 2 57\ 2% 1%, Duncan V£ 4T £ # 2
SR

2 HR50H

21 E€REZn, CAEBTHEEREPEFEF
e SEMEYIEEN

Zn A1 Cd 5 FhAS [ 4b B2 3 dh S 2E 2 bk
SO . B3RP ACER T, HAESESE BRIk S B E
KT E-WkkE (P<0.05). SxIEME, Zn bH 5
EWINT B E-Mbk R, CdbH B ZEREM T+
P IR (P <0.05) (K] 1A).

Zn F Cd P A AS [F] b 36 H A2 58 ) 23 BERZ A A
o 6 M AFRAE T, HHAEES B+l o 8 W3
KF E-70BE (P<0.05). SxIIEAHEL, Zn A3 XF
HRAESE S BRI -2 BER S M AN 235 (P> 0.05); Cd
AT E G I T B+ 4 BE HOA B K, E—fEK
BN 9/ (P <0.05), TiBH WA F I BESE FE Cd 4b
HE AR RS Ay BERR AR B2 (B 1B).

Zn A1 Cd 5 FhAS [A] b B SS mi h A2 2R SR 3k B S
MR AR TE Zn OE AT, FAEEF R
AR RERTREA Cd b F, B+ FAmE
X EF Cd db 3 2 7 A B3 (P> 0.05), H E+M

http://cykx.1zu.edu.cn



29 FET %5 Zn FCd ALEET P9 AR B TR A A A SR SR AR K R PR R ISR 1 5 2253
OE+ OE-
50 - A 20 X
g 40 a 5 s | —i— . _i_ . B
S LI 1 b c E I E3
B 30 1 1 d E
E 5 d
= = 10
S 2 3
~ =
i ;‘;2
5
0 L 0 L
CK Zn Cd CK Zn Cd

1 Zn. CdBTREEENPLEFFHPRES O ENTE

Figure 1 Effect of endophyte infection on plant height and the tiller of Festuca sinensis under Zn and Cd treatments

RS bR R R A F % R % (P<005). FHEIE.

Different lowercase letters indicate significant differences between different treatments at the 0.05 level; similary for the following figures.
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t 462 5 B+A1 E—7E Zn A1 Cd &b 3 4600 Y U
WRCTKN S EAREER. XRAF, B+t )y
1 CTK &&= T E-(P<0.05). SxMEAME, Znkt
R EWIN 7 AR BRI B AR CTK & &, E+
N 35.8%, E-1N 38.26%, B+ & T E—
(P<0.05); Cd &bFffirhES8 CTK SREE M (P<

0.05), E+& &k 56.5%, E—I§/b 55.4%(P < 0.05),
E+5 E-Z R AR E (K 2B).

HAEE S BRI E—(E Zn A Cd AbE45 4 R IR
KIANA S EZREE (P<0.05). MEAHAG, E+M
E- o TAA =GR & Z 57 (P> 0.05). 5XF
FRAHEL, Zn A0 BRI T H A RSP B o
IAAS &, B+ IAAS &30 7 24.1%, E-10
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Table 1 Effect of endophyte infection on aboveground and underground biomass of Festuca sinensis under Zn and Cd treatments

AR Aboveground/g R A2 Underground/g
AL FE Treatment
E+ E+ E-
CK 0.59 = 0.02ab 0.49+0.01b 0.62 +0.03b 0.51 +£0.04¢
Zn 0.66+0.01a 0.59 + 0.04ab 0.73£0.01a 0.70£0.01a
Cd 0.57+0.01ab 0.40 = 0.06¢ 0.50 = 0.04c 0.43 +£0.02¢

ANF/ING S RE RIS AN R AR SR A4 Bl A2 4 ) 2 3 22 57 (P < 0.05).

Different lowercase letters indicate significant differences between different treatments at the 0.05 level.
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Figure 2 Effect of endophyte infection on endogenous hormones in Festuca sinensis under Zn and Cd treatments
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