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HWE . LIPS (Achnatherum sibiricum) N EE, SR H 3 N A 90 58 ¥ 01 78 B YL R T6) N A= BB A0 ) 36 18 2 V00 R4 38 ( Stipa
grandis ) R B S R4y i AR BOARIEAE T O R TR G35 - B35 ( GC-MS) 6 T AR X I R 48 b i A 2 Lo A5 o0 BT, 45
SRR 1A E IR AT R A 3258 X RIS LSRN S I AR 5 2. 79 A T R X 1 3 2P AL A E A el 5 o A
HE AL, BIRF I A T RGP, YL Epichloé gansuensis T B 35 & A Aig 32 5P 35 X6 KA 1 400 460 1 P, T Jee 2
Neotyphodium sibiricum ,Neotyphodium gansuensis 45 Zfif 1128 X KEFAGBAE FI R H BAGR2) W2 ;3. PP R H 5/
2,4-ORCT BEOR M AR IR AROR YRR T IR FIAE AR IR HY R SV TR AL BT, X 4 i JBORE X Y 22 S T RE R AN [R) Y
A FLTE ARSI P 7 A R [ A B8ONE 1Y 323 S I 5 4.0 PP 2 ST 4 Fh i AL B o ) A A E T AT S0 TE S 0, 45 SRk
2, 4- ZRUT BRI AT 5 AR P AR R U A o FEE TR ve vk BE ), @B — VR — T BB 0 fh e A e I Oy IR 2
TR B0 e i A0S AR Y R TSR A R Y X DR A S B R AL < SR 800 (A A SRR A TR 3, B 4 Vs A 1 Sy IO A v W
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Allelopathic effect of endophyte-infected Achnatherum sibiricum on Stipa grandis

GAO Yuan, LI Geping, SHI Hong, LIU Hui, REN Anzhi*, GAO Yubao
College of Life Science, Nankai University, Tianjin 300071, China

Abstract; Endophytes are commonly defined as fungi that colonize internal tissues of plants for all or part of their life cycle.
The largest plant family hosting endophytes is Poaceae. Enhanced competitive ability of endophyte-infected grasses has been
well documented, including improved shoot and root growth, and greater resistance to biotic and abiotic stresses. However,
the role of endophytes on the allelopathic effect of host grass is less studied. Achnatherum sibiricum is a perennial sparse
bunchgrass, which always occurs as an accompanying species, and is typically highly infected by fungal endophytes. A.
sibiricum can be infected by three endophytic fungi, Neotyphodium sibiricum (Ns) , Neotyphodium gansuensis (Ng) , and
Epichloé gansuensis ( Eg). Early studies of A. sibiricum-endophyte symbiota suggested that endophyte infection could
improve the growth and stress tolerance of A. sibiricum, allowing the host grass to adapt to stressful or even extreme
environmental conditions. However, few studies have examined effects of endophyte infection on allelopathic performance of
A. sibiricum. In our study, we selected the natural grass Stipa grandis, a dominant species in a native community of A.
sibiricum , as our research subject. The allelopathic effect of water aqueous extracts of A. sibiricum with different endophyte
infection levels on seed germination and seedling growth of S. grandis was tested in petri dishes in the laboratory. GC-MS
were used to identify chemical components of aqueous extracts of A. sibiricum. The results were as follows: 1. Uninfected A.

sibirtcum elicited the strongest inhibitory effect on the germination and seedling growth of S. grandis. Endophyte infection
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could alleviate allelopathic effect of A. sibiricum on the target species. 2. The allelopathic effect of A. sibiricum was related to
the endophyte species. Compared with endophyte-free A. sibiricum, Eg infection significantly alleviated the allelopathic
effect of A. sibiricum, whereas Ns and Ng infection tended to alleviate the allelopathic potential of the host grass, although
the difference was not significant. 3. Four allelochemicals in water aqueous extracts of A. sibiricum were identified via GC-
MS, including 2,4-di-tert-butylphenol, phthalic acid, dibutyl phthalate, and methyl stearate. The relative difference in the
amounts of these four allelochemicals may account for different allelopathic responses of A. sibiricum. 4. The allelopathic
effect of the four potential allelochemicals was validated. The results showed that 2 ,4-di-tert-butylphenol had no significant
effect on S. grandis at lower concentration, but was inhibitory at higher concentration, as compared to the control. Dibutyl
phthalate showed a “low-promotion and high-inhibition effect” , whereas phthalic acid and methyl stearate showed a “dose
effect” on S. grandis. Therefore, the four potential allelochemicals could inhibit seed germination and seedling growth of S.

grandis at higher concentrations.

Key Words: endophyte; Achnatherum sibiricum; Stipa grandis; allelopathy

WAL AR H (allelopathy ) J&48 1 AR )38 3ok TR 25 0KV 25 43 A28 208 LA S A ) B AR 1) D8 A 25 1k A
Ir) PR 58 o BRI T e S5 17 5 i FL A A AL A R ARUR B 2 AR S B E R 2 A T R S
G IFE A BT AE S AT AR (allelochemical ) 32246 U5 AR 4 1O R A AR 4
FOATX BT Y AR R E (IR A A R ) S AR A A R ECR E R TE FAR S KRR AL
SR JoT 3 3 T 25 i 0 7 2R R R A AR E T R IS iR A ) AR B A 1) AR SR AR
JFHX B st AE A e e M 40y v A AR 8 52 ) P SR 4R 5 AR Ak R i ) R O i A LA ) AR DL B R AR, 0T
T B A A SR 18] ) A ELAE FHAIL RIS A A 5 R R

RN A B (fungal endophyte ) f2 48 B85 7 R H H BE 3 R 70 ol 43 i 26 i el B (AN fili g AR R B0
B s AR ) — R A b W5 d 2 1 2 B AL TR B ( Epichloé) , Fe TC MBI 45 24 4 Neotyphodium
J&' L REETT R, B N AR R ATl g £ RS A e ) g R e Vazquez-de-Aldana S
AR BTN i EAE ) 5 A RE T RS2 R T REARBRAE =7 T . (1) WA BRI i F RN AR AT, i
T i 1 £ SE R34, A Vila-Aiub 507 R, 5 AIERY N A FLIAB R L, R P A L R T
AR ¥ (Lolium perenne) WIFh T8 K& A/ BEAE K A4 9 ) B 2R ; Malinowski il Belesky USRS R AR A
PR AEAE T MR RS A AR R R B Rt R AR, (2) W BLTR RE S 5 7 F- A % B ™) R s
P R R SRR R Y S A T, DA R KR Y R G A A M i i SR RE
s FAEY) I TEFRE ST BERGIN . (3) WA ELRR W] 5 R A A P A7 0 o 14 722 A 17T eS8 A 400 ) A SR 7
{H 3K — I H Fi A B2 JE 0% 1Y SE g e

Har, M PARE - A B A e R IR Z8E T8 E 5 (Festuca arundinacea ) F1 237 B R R &L
X RARAR BN A AR EAE b o i TR € [ 5, 8 350 0 8 22 R AR i R el o LUk
Yo 1 RPN AR BT, IR S8 R B AR YL 2 A 9 2E LT Sullivan Al Faeth™™ & 3 | & 98 3 5 ( Festuca
arizonica) FIRFHEEIRYLA 2 Fh N4 BB N. tembladerae 1 N. huerfanum ; lannone 25> % FW A [ b B Fh 3 () 48
% ( Bromus auleticus ) UYL 2 N A= ELE N.pampeanum Fl N.tembladerae ; Leuchtmann S OI AR =R
(Hordelymus europaeus) "' & BUBGAT 6 AN [A) N AE LA . I8 A R B A4 A RS g 02 15 DR DY AR L TR A 2 A A [+
A EIWE 7 H i AR DL RE .

P 5% v e i T I ) 7 B0 A R b R IR Ay AR A BT RN X N SR
JER SR AR H P AR EL G B GLR B E A 2 30, T A 1 21 J& 43 FORARBHE Y, 27 Rl A AR B, b,
P2 (Achnatherum sibiricum ) BN A2 LRI A B 185 (869%—100% ) , M AR B [l e )32 o P28 AR B K
R I —Fp AR A SR, FE TR B ARAL ARILSE A A0 A 2 AR A i A A R R
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(Stipa grandis) & FITTERETE A OL RN o A BRGS0 A AT 58 K B, () — 3t BRI R 1) 21 55 0 S e A7 2 b
Epichlo¢ J& N ' H. 1 Bl Epichloé sibiricum H1 Epichloé gansuence'™' | Hoth E. sibiricum R %% BLA JC kMY
Neotyphodium sibiricum(Ns) , i E. gansuensis BEA TCER N. gansuensis (Ng ) WA A YA E. gansuence (Eg)
PRI, P12 S F ST AN [R) Tl 26 P A L G0 i SRR R e ) BRARATRE AR S5 LB 20 D ARk R A [ 4 A
FLTRE AP0 TLPT AR R T USRI S S B AR RSSO, 2R TR @3 - 1 ( GC-MS ) Bk B AR RS P17 12 32
TR A AT T o3 D — 0 TN PN 5 oty e D A A R Ve Bl AR A B AR S R G R S A B S
et

1 #EFFEE

1.1 FhFrREE

PIEFIFT 2012 R4 [ i EAOV R BERPAS DR B A 25 R G0 5T SR WA 52 3 ( 119.67°F,
49.100°N) , K 629m , AL F-BE M EE 200 367mm , 3R -2°C | R HE WG FLA5 £ o X 3R AR 1 Fh i FH 2R R
Y (kAT P A R ARG ) 5 SR SR SR A b A P A T P A LR 100% , P13 Rl AT
A R B 4liAk 0 e MR A TRl — B B Fh 7 P 48 5 R O Al F A TmIL B A R, JETE 50% i
1% i3 20min , B BRERE] 5 HI TSR 2818 /K vk 3 IR, SRS TE 3% I &R 4R i 0 20min , K U R A5 L
FTCHEZEIE K0P YE 3 WK, B Fp IR TE TR ZE K TR RS TAE G PR R K 5 1 PSR
T E] PDA K537 55 (200g/L 452, 15¢/L BEAR, 20g/L % bH) b o Z 05 (8 F EF P JB0RE 55 5 L3 4 54 8 1
25CHHIRIGFRAE PRI RTE . FE A O EZ MR PRI s 20K A, BRBUE 220617 3 YA At fb LASRAS 5l
E%E ., LLEEABERRRY b B A1 tef A FFFIE LTS, FH GenBank H Y BLAST 2 /748 R [R) ¥ 51 — 17 &
W A=l ,ﬁ%ﬁﬁﬁ?&%ﬁ{%%ﬁ%{@fﬁﬂ?ﬁ‘]ﬁiﬁ : N.sibiricum \N. gansuensis 1 E. gansuensis , X H 6] —F4
FA) o 30 R TR A A LB RS ) N 2 TR RSP R R T4 By, — 1 T 4°C VKRR IR AE, 0 — IR A
60°C T miRALFE 30 K, IARIS A YL R A7, X i A B 1) 5 32 BB A% {39 58 o7 o e 1) PN 26 TR AR T, O
H TR TR 2E ghit Bk A K 00 B AR

KEEH Ry 22 AF A 25 AT B REAKE ), 2 I 5 0 X e ELER M A A ) 2 — B2 X 4 B i
MR R R A Y SO B B KA SRR 1T 2012 4FRAE N S8 R A7 R S
1.2 AN[R] P A LRGSR 1 P 25 R by

BEIUAS [ P4 A L P B R B0 1) S 0 IR U5 #  31 ELAR 20em 55 20em , & 0 Ay (1) SR AL A0
B TR KRR E (FiFiEE 80% L R ARG, RifK) B 9% EIRAK 8h 247, IR E 10—30°C . Feflbke
K—AAJE, ERKH—BEARK R, A S 10 BRAH TS5, B H 5 1 K Hoagland 78 45
FRW, BRI 500mL/ %, A 2015 4E 4 A 5 HZE 6 H 29 HIHFEE 85 K AIa) P AR E R BRI Y P28 & Ft S
F  WSOIR 5 e TR o A A R R G R 1 P 2P R A 28
1.3 PEPREE A5

FRICAS [l P4 A B TR ER G AR 10 1 2P 20 4% 20, R LB A 2em /N, T 200mL ZE 1 7K IR 48h J&, WL
FEidpg, - EAEEEAGTIE, S E A 0.45um MBI R, A5 BUR S UE D B R 0.1 ¢/mL 1
PIERPERRI B FRRR B3] 0.01.,0.03 1 0.05 g/mL IR, BT 4°C VKA 245 .
1.4 AREEPEA i

RIE R AR E S, BCEAR 9em RUREFEIMLES LT 5 4l A 9 J2 IR BB 48, B0 T8 755 10 K& SR
FHIEHAREFE ML BRI 50 KL, R )5 1 3555 ML 40 SIEL 6mL3 FiAS [G) ik B2 19 P iR 48 . FHZ8 187Kk b 28
YERXTIR(CK) , BAAb 3 6 IREE &

PR ILE TN TR RERE 240 hE IR 25°C F 5% 3d, 3B 4d JBAEIRE 25°C IR 12h 2 FHEE3E,
TG AT AR TR IR BRI AR RIS AR . R T OT AR & 2R, B KOSl S R ZE R T8 B (AR sl il 28
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WP Bz 1—2mm KGR , HEHEL R T FH & 1L, N 201547 H 16 HE 8 H 1 HILAS 17d, 115
KEF R FI0& 2ER IR ZER B AR IR .,
KR = (R TR AR T BB x100%
K EES = (HT 10d PIEHR & 28R 50 SR 7 250 x100%

FERGFRIR , TR G TR ML Pkt 10 ARAEHED 0, HIWOK 400 K 43, FH RGN 5E R AR 401 1 00 1 v FAR
K I RPFRE X 10 RGBT H (105°C AT 0.5h 5, 70°CHt T2 1EHH) .
1.5 PRI 0 HT

TR IERTE PR A AR YL B (K —) PS8R R IBORE PR 055 I B G Eg 11 P18 R 3R R AT A € 1% - o 3%
(GC-MS) Yz . 455 10mL P2 BRI RE, Jim A S5 2 (14 4 I Tk A6 A 58] 9ol ok A6 U , e 2 2% AN
TE 40°C PR ET, B ImL A il Bk , HEFE GC-MS 23#r,

GC A% (A 35AE Sy HP-5SMS 3 1 B B AN AE (30mx250pumx0.25wm ) ; FHEAR AW 4R 70°C, LA 15°C/
min AYHETEE 180°C , FAFF Smin, F-LL 10°C/min F+E 220°C , #4F 15min; 254 He (99.99% ) , ¥ ¥ 2 4
lrnL/rnin,Z:ﬁi}”i)lﬁ;ZHE_I:*-:\Ié MR R 280°C

MS FF B B U8, 8 UEIE B 230°C ; - FREHE N 70eV ; F A Bl o 39—450amu; RA4E 77 b 4
i,

K Agilent B 3 A F7FFI NISTLL 335 e S Bt €2, 33% O B s [R] 5 >R T 06 10 AR SRR W o % &, AR 4R
“809%% JFI " 140 SR 2R DT i R AUK T2 TF 80% LA kAT /04T
1.6 W TEARIEY) T Y Bk

S A T . K 2,4- 0BT FOR B ABOR TR AROK TR T W AN A R Y R S A JE K
CBEE AR, FRB I A ZEREK B RIAS 3] 0.01.,0.05 1 0.10mmol/L FUVE IR , L BERAMRIE N 1.5% , L) 1.5%
BE/E AR IR (CK) % E 6 MR, BURTRIEE IR omL 2 B GG 962 K D8 48 0 T 455 75 I rp gk A7
KE R0 & g i AR, BT 0R 1.4,
1.7 Bk

IRIEEEH Excel2010 #AFFA R SPSS21.0 B A4 HE 478504 09 70 B b 34, S 35cis 35 DL < (8 + 4

2 ERES

2.1 PSRRI RET SR8 A B

REFZBh T 1 A 2532 P2 R AR AL 1) 50, H. 4 FAS [R) P9 2R ECRR R AR DL ) PSR B 1 R B
HH RGN BB TR AR WA L G X R B2 Al R 2 A A AR B Ao (3% 1, 1) o REFSE AT
K 25 A8 A2 N AR LR Y B R BARR TR SRR MO BE 2510, R YL T (E-) PSP IR B WO KBS

®1 AENEEE-PFLEFRD, BRARE NEERRERENZHEXHFMFHLMDBHEREMN T ESHT
Table 1 Analysis of variance for the effects of extract concentration, endophyte infection status of different Achnatherum sibiricum-endophyte

symbionts on the seed germination and seedling growth of Stipa grandis

REH/% R/ % {75/ cm FK/em i T/ mg T /g
ar Germination rate  Germination potential Seedling height Root length Shoot weight Radicle weight
F p F ) F p F p F ) F p
C 2 45.149 <0.001 82.104 <0.001 131.436 <0.001 37.680 <0.001 165.479 <0.001 19.671 <0.001
E 3 6.418 0.001 6.340 0.001 2.609 0.059 0.646 0.589 10.348  <0.001 3.415 0.023
C*E 6 1.669 0.144 2.417 0.037 0.432 0.855 0.642 0.696 1.288 0.276 1.533 0.183

wE 62
. C R extract concentration , E; P HLEJERYLIRAS endophyte infection status; & H BB FIRE /R 2 5 .3 (P<0.05)
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80 | T ab
o b 60 - ab I
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%5 60 T T
i S i
RE 40
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WeBE Concentration/(g/mL) P ARZ Infection status
1 AEERBREMPEREXN K FHFRFRNZMN
Fig.1 Effects of different extract concentration and endophyte infection status on the germination rate of Stipa grandis
Ty~ 2 AR B ARV TR o | P92 TR e vl 22 il 1 100 -
TP AT 5 AR M A, ELI R 280 5 GOE
TSN N Iy, e o] e N e X 80 f
DI BRI e ML TR R B e T 3 .y
T PR E BT, T8 Ns Ne 1 2 OO aE-
A 7 S]] . = By = S =2 #ﬁ? =}
DX RS AR R a3 U] E-RP M < g ]
RIEFNRERS(F LD, £
i N =2 s Y= SR Y i o 20 +
KECFR TR ERZ P FRRROKE ML ©
FIZE AW (F 1,8 2) . 0.01 o/mL IZ 4R B E- 0 i
UGN 5 0.01
S SZ 3F B8 40 4 P 8 5 T g 1M o
%O ﬁlﬁ 0.03 g/mL /;{QEﬂ(EF‘—F ’ Ezg% Ng *ﬂﬂig@( E—) Concentration/(g/mL)

BRI R RN KT R FHRABAE R ZE R E S B2 ARRMERRET, AARNEEEBLREN X HFHT
TG Eg P, 0.05 o/mL i@ &R AL ELXT REFEFp  £FBHHM

?k%?}‘ E@ﬁﬂﬁ?ﬂ ﬁf FHE%@E,{E lﬂﬁﬁk E?V‘] /EE E%E/‘J @% Fig.2 Effects of different endophyte infection status on the
R B T 2 2 germintati(t).n potential of Stipa grandis under various extract
22 BB KEFOIH A R
2.2.1 PR RO R SE 4 R AR 5 Neotyphodium sibiricum E, endophyte-free

KEF 4P 1 T 1 32 P IR B AR B 1) 2 5
4 BRI P AR TR ERGR R 0 108 2P 20 05 B v 38 2 30 o < v B TS R i e R B R 0 v BE AR R A (3R 1, A
3), HXTRAAHLL,0.05 g/ mL ¥k FE /KT A3 B8 U b 2 100 ) 32 A 0 1 /&1, 1T 0.03 1 0.01 g/ mL =4I AKF-XF K
FEOEIN R O A LR T PN AR LR ORGP R R E R 2 R (R 1)

KA L AR A 32 2P 51 Y v B 10 S 2 52 i), LA () A A TR TR R0 ) 2P I B VR P A FH e 3
PRI AR B A, iR BRI (3% 1,181 3) . SXFRRAH EL, Bk LY 0.05 g/ml 3232V AL B LI 35 0 1 32 1A
PR AT 0.01 g/ mL Y& BEAKF- ] I AR A2 AR A AR A o (E P AR TR A SRR B0 X 32 A KA P AR K 1Y
ARTEELM(EL),

2.2.2  PIEFR RO BT S5 4 i R 5

FKEF S B2 T B A2 R PR RO B A S R, 4 A (] P AR B BRI ) P P R B R I ARk
JFETCHA S A v B f i e A (R 1,18 4) . SXTERAELE,0.05 g/mL R BE PR AR RO B2 AR 1 R I
5 AR RIE A, 1T 0.01 A1 0.03 g/mLL ¥ B /KA SRR 4R 4l i 1 B G W &, S5 2L, KA
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Fig.3 Effects of different extract concentration on the seedling height and root length of Stipa grandis
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Fig.4 Effects of different extract concentration and endophyte infection status on the shoot weight and radicle weight of Stipa grandis
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4 4] T AN A ELE PN AT S AL AR IS 7

¢

TSP 4 R FE U 37 P15 B RO 114 S 3 S ), AN ) DY A B R IR O 1) S R R ) FH R 343
TPy FHEARSON ™, RIVB IR B R AR B () BEN , FOE 5 &Jy B AR L AZ B A AR R B om (3R 1, B 4) . ISk,
ZRRE WG AR L SZ N AR JLR A 52 (3R 1, B 4) [ RBUTE . 3 PR ERMIRFE -  E- RIS IR B0t
KE A AR X B SR I E R . SSRGS A PSP AH L SR Eg W] 10 25 G2 P50 X KA 5P 4 i AR
FIARERAE T, TR Ns Ng AP35 R SR E D AR FH IR E— B2 A HE AR 3 B 3 22 5%

2.3 PR ALERSY T

M ARG PR A B A Y B (E—) SPI5E RIS P4 55 B IR B 1058 52 H TR & 28 0 i ik 26 U5 0B A 7
AR B - TR I FHASU AT | 30 2t b v T R B i NIST 11 #EATH NG R SE H E-PIF R H &4 19
Pl I, R Bg WP & A 17 F i (2 2) , K  E- PP R P EEA bk &9 (18.
39%) 62 (5.07%) FHLER(2.93%) X A (2.68%) Z5(2.61%) T2 (1.74% ) T2 (1.37%) 5 1M B YL
Eg B3PS R R B EE M RARe BB Y (18.47%) (52 (2.60%) K —HHK(2.36%) (%5 (1.94%) A
HLIR (1.89% ) B (1.27% ) FH 22 (0.65%) . PRGN [F] iR $2 0 h 38 3 2, 4- 80T 8Kl (468
AR SRR R T IR AR R R, USRS MERCR Y BRI R 1 A 4 R A
F Eg P,

K2 ARUBBEEHAFRRERLERS

Table 2 The chemical composition of the extract from different allelophic potential of Achnatherum sibiricum

5% LAmsR TR BRI R P R

No. Name of the chemical Molecular formula o EgA.sibiricum/%
1 X 2 p-Xylene CeHyo 2.68 2.36
2 -+ /\JsE Octacosane CogHyg 0.26 0.34
3 +&fk-2,3- - H #:Z5 k¢ Naphthalene , decahydro-2, 3-dimethyl- C,Hy 3.61 2.82
4 % Naphthalene CoHg 2.61 1.94
5 +PU%E Tetradecane C,Hyp 4.21 5.14
6 %% Eicosane CpoHyy 4.33 2.39
7 9-H1 - — 175 %% Hexacosane ,9-methyl- CoyHag 2.21 -

8 1/ Octadecane CgHyg 0.46 1.02
9 2,4-FUT 37K E) Phenol ,2,4-bis( 1, 1-dimethylethyl ) C,,HpyO 1.37 0.65
10 +75 % Hexadecane CieHsy 0.36 0.28
11 7,9- B 375 ki Hexadecane, 7 ,9-dimethyl- CgHyg - 2.36
12 ~+—%% Hexadecane Cy Hy, 0.44 0.66
13 T kE Pentacosane CysHs, 1.21 -

14 F5 18 Linalool CpH;g0 1.74 1.27
15 9-H1 3+ JL%E Nonadecane ,9-methyl- CooHyp 0.18 0.46
16 &B7K — H R Phthalic acid CyH40, 2.93 1.89
17 k% Heptacosane CyyHag 0.48 3.00
18 3-H - +-E %% Heptadecane , 9-methyl- CgHag 0.64 -

19 LB —H 2 — T Mg Dibutyl phthalate CsHy0, 3.79 2.07
20 T ST S Methyl stearate CoH350, 1.28 0.53

2.4 WE(EILERY R KT IR K

1135 3 R 2, 4- BT HEAEBA R 3 0 P T P RS A B UG T, 5 e B 40 (OB 2
SIS R 0.01 mmol/L B2, 4-— KU T LRI 53 5 230 T A 54 T 802 KA W 3 4
FRIITE BB VN 0.05 mmol/L 1,2, 4-— KU T SEAE) B 40 T ICH 2B RN TR 3 R 298 04
BBRR KA K5 S50 9 0,10 mmol/L B I F T Ab, KB SF 0 R IR % 298 S AR KRR T 1 2 4
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Y52 3] 1 A

AR FH RN A 5 1) A R Iy RIS 240y ™ Ak BE 80 a3, 5% BEAH L, VR B2 0.01 i1 0.
05 mmol/L B}, 4878 — R B Z 30 T KEF A TR L R K FEHRAR T HE,H 0.05 mmol/L HYLEZKE —H
RXS K201 R 2538 R 2SR R0, 18 B4 235 7K 7 5 24K B 0.10 mmol/L I, BR&) R AR KA1, KA
PR R RFH e T EAR T AR PR 2 B AR OR IR Y B

RBA R T RN B SE B AR PR B I s 4 O RN e, 50 A 1 ,0.01 mmol/L ¥R JE
FOAR A — W — T MR W ek 1 ORE PRl 7 A0 & 2R B R A T 2RO 0.05 mmol/L i, &R — HI iR
TR BT S 4 B R v s A AR X HAR AR AR TG R 5 TSR 0.10 mmol/L I BRARAC A
MR EAN, RE R A R e v T B AR bRty 52 3] 25 ]

5RRIE Z RIS, e IR TR FHY XS AT 5 AR BSOS e St 2 B R < R B 00" . S0 BRARLE , 2SR 2
0.01mmol/L I, i iR TR HH i i & 4] 1 REF S5 A 710 & 2548 R ZF SRR 5 T 0.05 mmol/ L kP YA iR 12 1
e HT SR X R AT S5 Rl 710 & 2548 R 203 B R A T B A S ] 2R B2 0.10 mmol/L I, KR
MR ESN RE SRR AR R B i T B AR SR bR 1 32 1) i IS 1 P 156 1) S & 4 ol

R3  EFBFEL BT K F T I L 04 8 KA R0

Table 3 The effects of four potential allelochemicals on the seed germination and seedling growth of Stipa grandis

i WE O REE L mER WG WTR RTE
Treatment Concentration/ Germination GeI’mlTlathIl S(Tedhng Root length//cm Shool Radlcle
('mmol/L) rate/ % potential/ % height/cm weight/mg weight/mg
2,4-CRUT BB CK 81.24+2.18a  75.64+3.36a  8.26+0.42b 5.74+0.34a  23.43+1.02ab 7.66+1.27a
0.01 73.40+3.42ab  62.38+2.81ab 10.21+0.37a 4.21+0.17ab  27.26+2.17a 7.48+0.69a
0.05 59.76+2.77b  57.42+3.16b  7.62+0.33b 3.76£0.26b  18.39+0.87ab 6.71£0.55ab
0.10 42.16+1.86c  35.67+1.38c  4.25+0.52¢ 3.9240.38b  17.65+0.42b 6.28+0.31b
AR iR CK 81.24+2.18a  75.64+3.36a 8.26+0.42a 5.74+0.34a  23.43+1.02a 7.66+1.27a
0.01 62.16+2.16b  57.68+2.45b  6.78+0.47ab  4.36+0.57a  19.35+2.31a 6.39+0.73b
0.05 46.26+3.21c  42.37+1.79¢  6.46+0.39ab  4.57+0.24a  17.87+1.69ab 6.56+0.37b
0.10 35.65+1.75¢  30.54%2.17¢  4.57+0.29b 4.13x0.31a  15.42+1.37b 5.84+0.52b
AR HR T e CK 81.24+2.18b  75.64+3.36a  8.26+0.42h 5.74+0.34a  23.43+1.02b 7.66+1.27a
0.01 92.35+2.62a  68.47+3.25a  12.46+0.57a 5.86+0.35a  31.37+1.56a 7.86+0.75a
0.05 77.51£2.47b  71.36%2.37a  6.45+0.36¢c 4.36+0.25a  23.56+0.95b 6.35+0.54a
0.10 56.94+1.82c  52.82+2.46b  5.16+0.42c 4.57+0.36a  18.74x0.77c¢ 6.51+0.28a
T2 H g CK 81.24+2.18a  75.64+3.36a  8.26+0.42a 5.74%0.34a  23.43+1.02a 7.66+1.27a
0.01 58.26+2.47b  52.65+3.17b  6.37+0.25h 4.36+0.25ab  19.47+1.56ab 7.39+0.46a
0.05 45.85+3.12bc  43.2622.37b  5.67+0.41b 4.15+0.27ab  16.59+1.08b 7.57+0.35a
0.10 31.46+1.57¢  27.35£2.75¢  5.26%0.35h 3.26+0.41b  15.86+1.37b 6.38+0.26a
3 itig

KT A EL TR G 15 FAEY) AR 1 52 e B AT R o250 LR RS R B IS AR A T EL
N AR LR AR T 4518 A —3L, 40 Sutherland %5 % BB YL N A= BB 1) 22 4F A BB X
=B ( Trifolium repens ) BIACIESSN i 35 58 F R YL ALY ; Vazquez—de—Aldana BT R B A L TR
YETETE E ALY, Y 1A = 2 58 1R T IR 4R R B S 2 T A K AR ( Lotus  corniculatus ) F1 4 i B ( Plantago
lanceolata ) %5 BARMEYI M A4 o 1B Springer 25 L5 LM L B, B E 22X 5 MG RHEYI R Tl & %)
AR R A PR 5 P A R TG S S AR e . Renne 2560t % B, 155 2 55 X6 B 56 AR b 50 JEUA 400 1 1 & A
4 H AR A AR RN I E AN 32 B N AR TR S5 A B2 R AT ST LARE T P 2B b 2P 58 RO DL 38R A5
S IA R A IR G TR P B AR 5o R A A TR AT i 1 2 P20 X TR O 3T BT 28 A A
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4 1 WL A SRR PN AR R P X R S ) A I 9

¢

AR S 45 5 — 7 T N AR TR B 4R e AR TS A BE T, 00— T R iR 18 AR A A Rk
YL A FLTR AP ORI F A R AR I 1 S0 Mcdle . ARSI s B RO BFSE b 3RAT T R SN AR EL I N
i EPE AR R B RGUET HEAT IEROR, an s 5 5O R & B, 55 R YR TR RIS AR L, P A R R b
TNT A 2P A Ak A R 1 SR i BB MORITARHE T AR R R H B RAEE L, W
P LT P S B T P AR G T 5 TR T A T IR T A SR N AR B SRR P S T
P I B 4R e 07 T BT — i BB AR VR ] o PR , X T3P T 5, N A L T SR S e A AR 9 A R
8 5 AT TR i e EAE RS TR

FAEE T A AE B RPN B — R 5 AR B, AR R el i SR e A 22 o P 2E LA, T A 2E LR A S X 1
SR AR S S AR R A A K A i, e AR T T, Tannone 257 & B 2 FhNAE B N. pampeanum Fl
N. tembladerae %1 F4E 2 JRAHY AW B WA W3 255, N. pampeanum X 15 FAEY) & 1) 5Tk B & & T N.
tembladerae, Hamilton % YT FE MR R [F] P9 A= ECA N, tembladerae F1 N. huerfanum X} 15 FHEYEH
TERTE T AR R A 2% 5 . {3 Oberhofer 2 R B[R R 2K 1 P 4E HLH E. hordelymi \E. sylvatica
ssp. Pollinensis 1 E. bromicola X115 3 =& WAV E SR A K24 LR 25 Yt , Brem LE[S0]
PR B T AR TR RN T 2 R B O (39 25 1 S R T MR T R 2RO R B NI Y R B X
FRZFA KA AR e Ng (PSP e AR ) B8 5 T Ns— P20 AR 1A TR, Eg 19 3P15 4iAE W)
[F) /s Ng I Ns BYPIFTC W35 22 5 . ST R B, AN [l Tl 288 A A TR IR 19 P10 0] 52 AR R 55 M1 1
G AR BRSSO A 03 25 5, SRR PISE A L B Eg FT 525 2 M 1 35 P20 X KRB 5 A iR H
MR YY Ns \Ng A it P00 KRB ZARIERAE I & 5 (HR A 3 1 52 mm

TR N B A A AT R Il 10, S I 20 B AN e B — s R MEE . BARAL 2 e T By ik 20 S hl
YA BT 43 15 M S At T AT 0 B HOR SCHRR, AUM 835 -BUE A (GC-MS) 2 #1568 5 A 18 ) 5 i) A%
RO R RAED FIF GC-MS Jy ik 43 8 S 2 45 v A A I AR A R R R PR R 2 - TR SRR T A o
B GC-MS HAR %5 A 5 3R T R 8 A6 R AR R SR 00T ) R T, SE T4 R GC-
MS BRI B UEE T Z AL MR B AR B B SRR — R N HATT A= W5 . ASHIFSE il I GC-MS HoAR AL
JETE MR 1 R G B PSP IR AR P S E A B 1 19 MW BT sr, Horh 2, 4- 00T BRI SRR R SRR
F R T T R I R 1 3 i 10 8 RO BT R SR A Y e S LA A M LK
TR I Eg PSP IR IGE 1] GC-MS BORI3 B85 17 Ry il iRl P &4 2,4- 20T
FERTy AP R SRR MR T B AR B2 TP R (EER L Eg 918 FRSE AN IX 4 B AR BT 5 A
TORYLTR IS | 3 AT BEAE P A P R A AT MR 10 35 22 R X SPIE iR B 4 g e Ak ot
B AR HIFEA T By, 5 R 3R T, 2, 4- ZORCT R 0 B30 i A IR 236 R A R vk J32 TE R i, v R E 41
il , &R Z F R — T R ) A B R By I e 400 80 A A, i <08 4% — PP I AR AR S TR P T o) R 5 e L
Hh < AR RON” AR IR TR 35 4 Fh i T A Ik Jo 7 e ok 88 I 349 T 30 8 0 ik D5 i 1 B A Nl i A 4K
X5 GC-MS MEH AR —3, MK, T GC-MS ABEXHEY) - R FR e P — 2o Ko R = it
FEAIHTE ARG ANHE BRI 5 bl A7 A8 A RPN 2 (0 AL B I, DRI sk — 28 B 5 205 rh i e AL I, 3
BT A3 BV E AN EE AL HLERARE 1R LS A58 5[]
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