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Seed germination and growth effects of endophyte infection on Melica transsilvanica under Pb stress

LI Ke, SHI Chong, WANG Wen—quan’, LI Yang

(College of Pratacultural and Environmental Sciences, Xinjiang Agricultural University, Urumqi 830052, China)

Abstract: Melica transsilvanica infected with(E+) or free from Epichloé sp.(E-) was studied using different concentrations of Pb to ana-
lyze the effect of Pb stress on seed germination, and to determine the effect of endophyte infection. The result showed that 5 mg- L™ Ph
could promote seed germination, significantly improving root length, dry weight, and fresh weight of the seedlings (P<0.05). With increas-
ing concentration of Pb, the germination and growth index of Melica transsilvanica seeds increased. Epichloé guerinii infection alleviated
the degree of host inhibition by Ph, especially when the Pb concentration was more than 800 mg+L™'. Germination percentage and germina-
tion potential were significantly higher in E+ seedlings than in E— seedlings (P<0.05). Simultaneously, the presence of the fungus in the
plant led to a decrease in the total Pb content. In conclusion, endophyte infection had a beneficial effect on Pb stress in the host Melica
transsilvanica.
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B e ] RO PR i, 4 i T % R H
#iPE B (Ph) R — MG QTR AR R VA
Gy WA 15 e, A EFE R BT, Ph Al LI il A
Y BT &, R Ay 8 A A il — e AR RS MR

SR R R O R T A A T ke A iR 1 o
HAg RGO 2 RS 24T Z A B 5 054,
SRR, N A LR HA e R R R S, T A AT
FAEY B T A A T SR 0T AN AF R
AR ATRE AR AR ST n] LS AR AL AR
Ko AOFFERI, ARE N A AR T8 SRR R Y
SEAFRE ), T LA R AR R B T R A
WA TR, AR B R YL RERGE fid T X A1% . Zn!!
A CuM i 57 M HE T AT DAGR g X R A R
RIS RE

i 2% BB (Melica transsilvanica) J&: R AR FF R g
ZAE R RR AR R, TE R ™ BB L
SEHLIX, A2 TR 800~2000 m Y 7 I fid] AR B 1
BAHEN D R B g B JLARTE R R S K
FF AT T AR, R BOR R 2 RE A KRTEA
FEPISE o KRB R M AR IR R )5 K
BZAR BN N B E.guerinii™, BT 2K 5% 5 75
90% LA "', HAT, 5T N AR LI MR P ) S AR 1A
SH i AR T e P T A A S AR B AL
A Z BN FRTE

AP ST 2 OB 22 B A TR T A R
TAEA R H 4w Ph A R, B & Rt
LA Kz 4y %k o 4 JR 1 W Bt S R A L DF S TE R R
Ph [Pr 38 T A A= ECTR X T FE AR ) R A e X
4 G Y A SR AR LA ORI B A A

1 MREFE

1.1 R ge+r 4

ISR 8 2 RFDR T, 2016 AR TR 5
BAFTH/NEF 2 [N (43°34723.52" N, 87°057
04.92"E V4K 1387 m) . BEHUHURLARL I /N4 51 1
Pl -, >R FH U T B 5 1 AR AR A8 25 L RO
(E=)Fh—F1, Kty i (E+) Fp - F1 E-Fh 56 H 2% 1
SR N VA W R 8 min, ZE 4B K vk 3~5 38 , FE
75% W LB U8 S min, 2RI /K IE VEEGE . >R A g 4R
R IRIEAT RN T A& . 43 1) A A 85 55 Lo
A 10 mL A [FJ¥€ BE 9 Ph(NOs ) I8, AN Z&418 K E
XF R H LSRN 1 2B (AR 2R 4K BE Gk B A - —
BT R ZE IR )
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1.2 Pb fifiB 4b 28

KRR 2 58 A BEALIX 2 303, %l 2% B s
HATES S P AR . NEZ &P kA, X
11 A4~ 4 B 7K SF L 4351 24 0.5, 100, 300, 800, 1200,
1500,2000,2500.,3000.3500 mg-L™; [N &£z 2 M4
BRI B+ E-, B E = A TR,
ABEEFR LR SO RN F o IR FFEE 15 do
1.3 MEERSFiE

WY R R ZFS B R RS B LR A
A5

0y & =15 d K ZF 19 Fh - BUFh 7 19 52400 x
100%

R EEH=(HT 5 d & ZF 750t 1 S50 x
100%

KRGl = X G/D,
s GO AN RIS ] 255505 DR AR 28 R AL

6 JIHEELVI=GIxS
e S AR T

4 JE B Ab BREE RS, RO 4l Y 2
K K A RV FR i B A i T i T i

Pb & 5 (Y RE « A7 227 )57 WA (TAS-990) .
PEREA T 28 oK B BT, 105 CAR T 30 min,
70 CHET 2 B, WEFR AR LAY 1 g TIH A
B AN R/ AR (40 1) IRA VAR 10 mL, 3= 5
WL AE LWY -84B i st 21 /M 2 0 oK 7 0 i
EIAEW,BHEZIR, 0.5 mol - L AN R £ 1K
PRGN ER VR EH T 10 L E B P ISR EH)
B EHLIE
1.4 RS

K FH SPSS 19.0 X e i 540 26 4 7 G2 1+ 434, HF
P bR R R R 25 0L o SR TS IR 3R Oy 22 40 M
o 56 TR 55 AN A R D ] 1 Ph 8 A B A] ) 22 5
I 2= 5 22 frke e N AE B R Y4 5 Ph A 2
8] i 22 H.AE L, F Duncan 35 %5 5] — 48 B3 1045 19 500
AT L2 E B, K Excel 2003 #E47/EE .

2 HRESW
2.1 PhME THEERERANEZREM FHAN
|

N 1 P 7R, AN TR EE 1Y) P By 38 7 1 0 78 22 R
BB B A AR R B B R 2 A (P<0.01) 5 Y
A R RGNS 22 RFR T AR R PR R R
Wi (P>0.05) , X J 2548 B0 1 148 BORA R 3% 152
— 281 —



KU FREMEFHR L3755 F 28

F1 NEERRENEERE PhIMENEZREZMHMNEET ES

Table 1 Two—way ANOVA of the influence of endophyte infection and Pb stress on Melica transsilvanica

- WA B R Y Endophyte infection R I3A Ph stress 22 5 AFF Interaction

7 Variable
F Sig. F Sig. F Sig.
Bi & Germination percentage 1.44 NS 1245.75 ok 28.92 ok
% 4 Germination potential 2.93 NS 24.52 ok 1.39 NS
K FEAEE Germination index 12.41 ok 435.47 ok 19.14 ok
6 HFEE Vitality index 60.23 ok 588.42 ok 67.20 ok
2K Bud length 214.27 wE 462.86 ok 59.67 ok
K Root length 150.11 wE 705.40 i 127.28 ok
#f [T i Fresh weight 71.31 ok 1657.84 ok 48.90 ok
T & Dry weight 0.76 wE 787.58 ik 87.06 ok
Ph 7% 4t Pb content 52431 o 890.13 o 84.24 kil

NS F R AS 3 (P>0.05) 5 RN 5200 13 (P<0.05) 5 #* F m i Ml i 3 (P<0.01) o

Note: NS indicates no significant influence; * indicates the significant influence (P<0.05); ** indicates the extremely significant influence (P<0.01).

i (P<0.01) ; Ph JBri8 5 PN AR B 5 42 e 169 28 B A RV
Fh 7 & 2F AT B 5 (P>0.05) , 3 HAd i & $6 524
BN 520 (P<0.01) .
2.1.1 XJRIF 1 R 2R 5 R

Ph JHlpiE T P A= B PR 4= e i i 2 LR R L R
(IR, A 1 TR o 5 mg - L7 B 38 Ik 28 X o -
KA AL VEVE R, Eo Al v BE (4 Ph 8 X 4 2% 5L R R
(R & e 25 BRI I R L BE % Ph R B A o
5 TG . 2 Ph B MR AE 5,100,300 mg - L
I, ol 1 38 15 0 BRI

FE5 mg- L7 3BT B+ & 5 X B 22 5
AR E E-F T kR B E & T E+(P<0.05) . 7
100,300 mg- L™ i~ , E-Fh 7 5 % BEAH e 22 A 8
B AR R R ER T R RS AN E 4
SN2 AN E 2 #5.(P<0.05) o 24 Ph [kl 2 85 T 300
mg - LB, 87 & 28 20 R %, Ph P8 ik 2 800 mg -
L7, E+FP 78 &K 51%, B~ & KN 46%, 7] L)
AR M T A 1200 B SR A 2% BLRTE Ph il T (R 20
W 5 24 Ph JBhaf e B A 800~3500 mg - L' B, E+Fh T
WY & 3 5 F E-F 7, JUILAE Ma vk 8001200
20002500, 3000 mg « L7 i}, 25 5 3k B 3% K (P<
0.05)
2.1.2 XPHP R ZE R R

WE 2 P, Bl Ph 30 v FE 3G, 75 > 5L R ff
TR F BB S, 3 8 5T X R (P<0.05) .
Ph AW EE A 5,100 mg- L7 BF B+ & 2F 348 F E-,
BARA BFE 25 (P>0.05) . Wrid ks 300~3000
mg- LB, B+ 25348 3 3 T E-(P<0.05)

— 282 —

100

§ b ba O E+
§° 90-% M/ b b OF-
§ 80 c C{_
5 701 B
= -
= 60 q
*5 507 €
2 401
£
& 30f £
101 I_L ] [‘L_‘ i
= J mﬁ b A

0 5 100 300 800 1200 1500 2000 2500 3000 3500
Pb ¥ Pb concentrations/mg« L™
AT FEEFROR 22 5 835 (P<0.05) o T I+
Different letters indicate significant difference (P<0.05). The same below
Bl AEREPHMETHEEREANE=ZREMF
A& 2500
Figure 1 Effect of endophyte infection on germination percentage

of M.transsilvanica seed under different Pb concentrations
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2.1.3 XA & e A

2% BRI T & 2545 BURE Ph P38 R 35 n
T2 T BRI, 389 52 1K F X BE (P<0.05) , Wl 3 T o
Joip 3 e B R 100~3000 mg - L7 B, E+Fh % 2F F6 50
5 T E-(P<0.05). 3500 mg- L' Ak E T, E+.
E-f R ZEHE 500 0 0 1.22.0.71, —FH 2R A B E (P>
0.05)

2.1.4 XFPFIE J146 £ 5

W 4 JT R, P e B R 5 mg - LB, F -1
TG I8 B 2 TR R (P<0.05) , 22 BB -1
15 148 B P 30 v 32 1 14 i i 28 i RG34 48 3
I T BE (P<0.05) . 100~1500 mg - L' il 38 % F
E+ 196 8508 % & F E-(P<0.05) . 2000~3500
mg- L BT E+AE 4850 T E- (H & A
BABE2ER(P>0.05).

22 PhAMETHAERBEAMEZREH HEKT
A

4@ PhPE | AR BB R YL YA 2 5 e
2RI ZEK, HE 48 PhPhia flN A E
A e 2 A 22 AR FRHR K R R B RA R EER
S (P<0.01,% 1),

Wil 5 P JBlpaE o B () 38 i, 71 2% BB 2R R FRAIR
R T R RIR R R (R 2) . Y PhIkE
H5 mg- LB, E+40 1 284K S5 T X B (P<0.05) o
14 Ph A ¥ EE R T 100 mg - LB, B4 AR A9 28 K 34
KT MR E R E-HIPE (P<0.05) . Ph vk
100,300,800 mg - L™ i, E-ZF K43 1 B & Ik T E+
i K 66% .84% .66% .

Ph N 5 mg- L7 B, 2l AR S 2 1 X B

40-‘ O E+

o _da

—§ 35MEEH b O E-

:é 301 ‘I'E[- 4

S h 4

E 20t

o e

= 15 5

= | -

x 10 - |

R 1 L K1kl
. [ [ [ fw [ G
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Figure 3 Effect of endophyte infection on germination index of

M. transsilvanica seed under different Pb concentrations
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(P<0.05) ,E+5 E-ZR AR % ; Ph k&4 100 mg- L™
B, B+ B 2 T R, HEHAR K 3 5 T E-(P<
0.05) ; 24 i A A BE 5 100,300 mg- LI, E+FEARAR K
i E T E-HIFR (P<0.05) o Ph Bt X 4 2% RS AR
A K PRI FH R X 28 A K A il VR AR 2
Pb 38 & B2 R T 1200 mg - L B FRA

23 PhAMETHAERREAMEZREYHEYE
Eap=Al

H 4@ Ph JPE N A B G A A IR 5 e
= B )T B i i, HOEE 4 JE PhJba A
A FLI R e 22 00 (428 B X&) i 1 o i ot o Al
HAWREMZM(P<0.01,% 1),

Bl 5 Ph W38 e 3 (0 184 o, 72 > B R Y i
T A B NS N ) A B, IR 2 s
Ph A R 5,100 mg- L7 i, 40 T B f i
7 TR IR MR BE R 5 mg - L7, 4l R R
i 3/ T4 B8 (P<0.05) . Pb 38 ¥ 4 100~1200
mg - L7, B+ 5T i S 2 0 T A ) vk B B4 ff
Jiz & (P<0.05) 5 Pb 38 ¥ FE - 5~300 mg - L™, E- )5
R E K THEWE T E+1 T & (P<0.05) , Pb i
AW FELE 800 mg- L' ,E+ S5 E-T /R 25 A B #H
(P>0.05) , 1fi Pb ¢ FF 7E 1200 mg - L™ i, B+ i & i
FH KT E-(P<0.05).

24 AEIPLAAEBTHEERERAME=RELHH P
PhE&EHFIN

4 & Ph a9 A FLR AR G A A 2 e £
2 B Ph i, FLEE 4 JE Ph WA A AR B
12U 2 18] 58 BAE X Ph 5 st 5 A 8 25 5 i (P<
0.01,% 1),

3.5r0
) OE+
s 2O, ﬁ mE-
=}
z c c
= 20
= d
&8 15F
am
= e
fﬂ 1.0f i
h =h g h hy h
o (b (% (b gh fh th B
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4 FEREPHMETHEEREEANE=ZREMF
im e HR R
Figure 4 Effect of endophyte infection on vitality index of

M.transsilvanica seed under different Pb concentrations
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Table 2 Effects of Pb stress and endophyte infection on growth index of M. transsilvanica seedling

Ph#<J¥ Pb concentrations/mg-L" 41 Seedling %4 Bud Length/cm 24 Root length/em /i i Fresh weight/g T/ Dry weight/g

0 E+ 4.88+0.63a 1.02+0.10c 0.675+0.024d 0.17320.006¢
E- 4.3120.26ab 0.94+0.05¢ 0.6510.042d 0.17120.014c¢

5 E+ 4.23+0.27b 1.180.09h 0.929+0.041a 0.2040.008b
E- 4.60%0.52ab 1.1620.07b 0.924+0.050a 0.22620.004a

100 E+ 4.42+0.31ab 1.52+0.14a 0.821x0.017¢ 0.17820.017¢
E- 1.51+0.06d 0.42+0.06d 0.6610.007d 0.208+0.007b

300 E+ 3.86+0.04¢ 1.02+0.11c 0.876+0.003b 0.16020.001d
E- 0.62+0.19¢ 0.30+0.04e 0.557+0.026e 0.215+0.009ab

800 E+ 0.53+0.03e 0.22+0.08e 0.289+0.066f 0.11820.012¢
E- 0.18+0.01f 0.12+0.01e 0.196+0.001g 0.119+0.003e

1200 E+ 0.16+0.01f 0.15+0.02¢ 0.125+0.005h 0.12520.004¢
E- 0.13+0.01g 0.10+0.02e 0.062+0.011k 0.073+0.006f

1500 E+ 0.20+0.04f — 0.082+0.007; 0.042+0.011h
F- 0.10+0.00g — 0.091+0.003i 0.059+0.003g

T FFUA R NG FRF0R 22 57 35 (P<0.05) . Tl

Note : Different small letters in the same column indicate significant difference (P<0.05). The same below.

R3 AEPHAAETHEERRENEZREYHEH P FEMNHI (ug-g")

Table 3 Effects of endophyte infection on Ph content of M. transsilvanica seedling under different Pb concentrations(pg-g™)

411 Seedling 0 5 100 300 800 1200 1500 2000 2500 3000 3500
E+ 12.50a 112.72a 1122382 1619.16b 1259.55a 2052.98b 2068.94b 2767.48b 4241.55b 5690.63b 6032.32b
E- 13.34a 125.53a  1244.47a 1867.43a 1286.3la 2533.64a 3652.65a 5902.63a 6926.75a 7558.26a 10900.22a

i BB R Ph & WL 3, Bl Pb WA &
FE BB, A AR AR N Ph & i RN TR [
— PbJIAVE T , E-4l i b Pb & 515 T AR
Pb B ¥ 4 0.5.100,800 mg- L'}, E+5 E-411
HiPh &R 2Z S AR E(P>0.05), HARKREMA T,
E-+HE RN 1Y Pb & & 44 B E T E-HE R (P<0.05) .
3 g

Tl —F 1 2 010 4V 30 2 A 0 %o A B PR 5 R 1
TR, B A AR R F, AR 4
J& Pb i A FREE 5 23 WA M)A 2R W, Bl 5 e i S A
7/ i % NTTE A T 7 LN e = N Y STE DG
Tl 274 R ZF SR 52 e B i AR T i B
Ph R % 75 % e BE i F P22 55 (Lolium perenne) (1)
B (Achnatherum inebrians ) T8 & F4h A= K, i
FER R BE S T AR FIAR S S s s e B Az k)
Ph {5 4% L 3EME 5 BE I Y SERR M S b, WAS B 1250
A58 . AR —Z 14518 ,5 mg- L 1Y Pb i
WA R TR 22 RBFh & S m b g A%, B
P Al AR A AR A AR i (P<0.05) 0 24
— 284 —

P [ir 30 96 R T 100 mg - L7 i, B3~ & 32 2040
X AT R 2 PR Ay s v 3 T 3 e SR R FL 11 K
fife T A i A R

MR ZEFIIRA A A= KR, BE 42 )@ P 3 %) 7
2 SRR AR 25 1 A K AT S Ve
O RAR AR R B3 iR TR T X IR ZE g 5 ), AR AE
Jolp 36 9 B K F 1200 mg - L7 BF R FRAE K. B BFSE
B, W] RE AN W R WA e SE S il Bz oK il
5 WEAR 9 3 4 Ja PR R R TR 2, 2 Jolhaf 5% i B P
PR RN, N AERERERSE FHY N ELSE
Cu"' Zn"™  AIPV i 52 M, DA T A R0 2 i 7 4 R 77
XTHE IR0 K B2 . ARPFR A R R, WA T
TR YL RB A AT RUZ% i Pb I ROV 22 5L RERD 4% T
R ERAE BRI 0GR B U Y Ph ISR BE K T
800 mg- L™ B, E+0 I ] & 2 F1 & 28 3VHT i 2 5 T
E-FlF (P<0.05) o 4#r JL A, Bl & B 1 75 5%
ok B TR AIREL, AR EL i SRR A IR, B
P A LR TR UE T SE AW A B X AN AR R A0
At BB SO0 308 3 A1 AR ) A K (AR AR R 8 i ) 32
7 B 0 5 A A A i S R, AR LR A

http://www.aed.org.cn



R AEFERJR P IPA T A A BRGSO R AR K

202053 A

RO 4w WA T RER B AR K AR
AHTA] Ph 38 ¥ BE T E+AF AR AR S 5 T E A Bk (P<
0.05)HUESE 13X —Kio

WFFE R W A A LR Y fR 2 AT A R AR Cd 35 35 %
P (Elymus dahuricus ) |5 R0 & N4 A=
KA ] A & BN A LT A G AT
DAREAR A % BB 4 v Ph & i, Y Ph TR
KT 800 mg- LB, E+4Jy i o Pb 3% i BEAR T E4)
Hi (P<0.05) o X A B2 A O 9 AR FUTE (e R 22 R L
R 308 7 K By 2 o, W3 2R ) 5 AT LA Ph 2
&, 980 Ph 7ETE T AR A B 2R, DA A g
Pb & & A Fr K>, Malinowski Z5""ifF 5% & 8L N
A EE RS FEGE YRR WY T B2
Jo & AN, W 2R BB e R < R AR )
WK . 23 10 R IR F PR R o W 25 fi
Al Cu 55 55 43 J 1Y B3 P 35 WA, DA bt AT A3 —
A A T TN A TR R Gk RE 5 A AL ZE A P 3l X 22
RELR IR T & A AR BRI AR L

4 ZEig

(1)5 mg- L™ Ph I RE A2 HE Rl 710 4 , B 2 3
Ingfr i AR R AE P

(2) P A= FLTR = e B 0% 22 i Pb 38 X 15 3 19 2%
T & AR AR R SRR, R0 Ph RO R
T800 mg- LB, SRR o0 i 25

(3) 24 Pb ¥ M KT 800 mg - L7 A, PN AE ELTA
R Y i SRR T A 2 R A b Ph i

Sk

(1122 WA, sk A RPN A E 5 A ERYE 4
JRHLEE RIIRITL. AW FRETR 22241, 2007, 26(6) :2038-2042.
JIANG Min, CAO Li-xiang, ZHANG Ren - duo. The relationship of
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