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Physiological mechanisms of the allelochemical stress to three weed species caused

by Eupatorium adenophorum extracts
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Abstract: To explore the inhibitory effects of Eupatorium adenophorum extracts on weed seed germination and early seedling
growth, three common weed species, Echinochloa crusgalli, Chenopodium glaucum, and Amaranthus retroflexus, were
chosen as materials to investigate seed germination and seedling growth, morphological characteristics of root tip cells and
root border cells (RBCs), and pectin methyl esterase ( PME) activities in the root cap using suspension cultures. The
results indicated that Fupatorium adenophorum extracts significantly inhibited the seed germination, and damaged the root
tips, including swelling, shrinking, and deformation of root tips, loss of epidermal root tip cells, and disordered
distribution of internal root tip cells. Moreover, Eupatorium adenophorum extracts obviously inhibited RBC number; the
RBC number of the three weed species decreased by 44.5% (E. crus-galli), 48.3% ( C.glaucum), and 64.0% (A.

retroflexus) , respectively, compared with the untreated control). Eupatorium adenophorum exiracts also induced RBC
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apoptosis; the RBC apoptosis rate of the three weed species decreased by 81.7% (E. crus-galli), 91.3% ( C.glaucum)
and 97.1% (A. retroflexus) , respectively, compared with the untreated control. In addition, Eupatorium adenophorum
extracts increased the thickness of RBC adhesive layers, and improved PME activity. Taken together, these findings indicate
that Eupatorium adenophorum extracts inhibited RBC development and induced RBC apoptosis, thereby weakening the
protective effects of RBC on root tips, and eventually inhibiting the growth and development of the whole root system. Our

findings shed light on the development of bioherbicides derived from Eupatorium adenophorum extracts.

Key Words: weed; Eupaiorium adenophorum extracts; root border cells; allelochemical stress
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o RJRAEFHBREL Y SRZERE SRR R B S RARTE PR B, AR U X Z AR ) BLAT SR B AR E T,
MHRE I E R LT AT SR IR RR SR 0 T 24 R SR 45 . I 35 H0E , 2.5% I SR8 2
W P K AR IBOR R 35 R A0y 3 YRR TR O IR R AR RIS SRR TR R Mg A
TR HGHE L 100 mg/L (14 582505 22 RHRIBOW (1 = BB 22 BRI AE B 8 b T 2 ZF R i A K 384 2 1
R
FLEE ( Echinochloa crusgalli) . JKERZE ( Chenopodium glaucum ) FJ AL UE ( Amaranthus retroflexus ) 435 & R AR
Bl BB AR e o A ) S T RO M B AR L ) A T A E A R LU AR TR fE AR
VEVI AR Rl e A 2012 AEoRTEFRIE 2 28 B T SRk ™ X8 — MR A 7T S MK R 1 7 i S i i, 2
ARk Wik 3 AR RE A BER , 22 R PN AR BR A AR 2= BR300 0 7 vk, ANGRE 9% KB A HLR B Ak
W BB A S PR A B T MR VR RTIIAT 5T K 30, 2R 25 2 R U X RO B R R SR B b 1
5 & AN A KA i R P X &l SR K A W R ) (R B2 2 SR U I o
B 1) 240 B AR FRAILTRIE ANV AE | 58 25008 22 BT X LR 5 A AR E TR WARE . it , A DA 3k
3 i 20 H [RI  F RS S B E DA L A B A B IS T SR R L SR I N 3 e i R 4y AR AR
Sx AN AL JEAE FH R 52, 5 A I 55 2505 22 SR IUYI T 3 A 2 B b B e 1 A BRATL AR , Dby 55 250 22 SRV T R
BAE IR R HER B T 3 R R g (B 4R HE B A

1 MRS T®

L1 iXgR

SRRV S PRI 25 07 1k SR AR B 2R S A IR T I B AR ALK B 3 40 H B, 95% 1) £ T
FU0 72 h 23 Wk, RSP SIS 8% (LB IESLAR N 0.45 wm) 108 B IFRIGM . RASMT I 22 %
IR AR R 25 ARy S A B AR A S R . R A RO v T e K ) SO B, SRS R Tl kA T
AR FEFEI S WK, AR e 26 A R MR A I TR 25 T MR A v 2 A At Ay Y T A 391 58 2K =2
SEICY) , ACARIE N #OCORAE 2 T o TR I PR 58 250 22 S IRy, 5o F /D i DO IR e ( g e 2 30 5 mL
VAT ) R 1) RS A ] e 38 ) 42 U 7K

AR L AR ( Echinochloa crusgalli) IKRERFE( Chenopodium glaucum ) AL U6 ( Amaranthus retroflexus ) H
T BRIl P Al R 2 bl 253
1.2 BARHE IR R 2R 2 SR b 3

PRSI Y 3 FhaeRiRh F-i& & 1 0.1% HeClL K EE 5 min, 85 HZE MK I8 2 HeCl, 3Rk, F HIUE 4R
W R ¥ 3REIK G o RAUE & 2R J7 i RSO0 K 2/ 2R 43 351 H 100 A7 BREEI 50 R0 124 2 25 7E 18
emx25 em JEARAYH B, 55 E ISR/ NAIEAR, N R IE AR AN . B 4 DG IR LY —2H (4 IR
HE) BT 300 mL AR AT R FE A B U AL B ( Extracts treatment , ET) | 3 LAZE R K 2L BRAE A%t BR

http ; //www.ecologica.cn



10 41 Sy rR AF HR R AR 3 R R A AL IR aE B A AL 3

SER A, 3 B AR RN ET I oA AR AN [, 0 R SR T, 2 VR R T 600 mg/L ET Kb PE 4
KIG, AEHNE ., AETHIT 3 M2 B s L8, 8 BEE R K 53R+ 19 ET Wl 250,500,750
mg/L 1 1000 mg/L, i Sk S Ff 119 ET ¥ K 150,300,450 mg/L F1600 mg/L, H¥Hebh BT 25°CEF# 46,
PRHE T IR R 2R, BRGNS UK R P kA 8 d SEAilEe, eAh, % REAR R
WA TR TR K, BB A — N R E ) ET (1000 mg/L) X 3 FhZe v fh 1 gEf 7 ab 3, Ah 7 BB K ZE 4 d
B, B0 (401 AR T AR F AR A Sl PR 4

VT T 1 SUZ 2D A FIAS R A7 81 52 4 500 mL B 1 L SRS R4S 42 55 i R 200 i B 1 FP 7 & T 2010
b FER T R R U — 2 AR . AERERE A3 A 51N 15 mL 288K (FE %t BR) 5 500,750
mg/L 1 1000 mg/L 1Y ET, B AR EEEEL P, B Beph 8 25°C 3740 N, BT O R B as B 95 L 19 3 b e Bixd
PR 2 20 mm B, #EAT A0 AREE (1) AN A2 B R A BRPRE 50 34 5)— B AR I il 25 AR 30 2 240 f
W, T O A 2 4L (RBC) B0 16 TR BERZIERE , (2) AN[FZeFERR AL B4 5 H 5 AN T
YIEZ) 10 mm K RIS FAR IS FIAR AR JFAV 10 2% 20 B 11 S SR 2 411 B

] R PR e s 85 5 vk, EAT 3 Fh R REAR B A BE 3R CORIEAT BT Wil R 4R A K 220 5 mm
I, X AR AR AR R 1 h Wit 28 1 /K (A A% IR ) 3] 500,750 mg/L A1 1000 mg/L () ET, # LW 5 K, FiE K
12 h JE UIERA) A AR SR 0 FLAR 5ot S e HY SR 6 ( PME ) 15
1.3 MEdRIR S ik

RIR) 2% AT & ZE RGN A AR PR ST 3Pl TR IR BLRE ) Gt 45 A B RO PP T R 2R R R ZEH(6) =
Ga/6nx100 % (Ga:3d K ZHFFE; Gn ALAF F40) R (GI) = 2(Gt - Di™") (Gt d WRZEFTEL
Dt : REFREL) TG SH8EL(VI) = GI xW (W BRGNP fEE ) 2RI = (WA R b B 2R ) /%
JEZER AR IR = O IEAR - A ARG ) /X JERAR G gl o, P SRR AR I 22 | &)y iy faf
HARR AP 20 BRENETHCFYME . AR E R 4 1,

MR B BEFI A RE S A I/ S 2 IR AR S ik DO HR AT 1000 me/L ET VUM 6 Ab B A HR AR
KL 10 mm , G HCE] 3% 5 1 e W ,0—4C FREE 2 do FBERRERZE b (0.1 mol/L, pH=7.2) Pk 3
W, B 15 min, MK 30% ,50% ,70% ,80% ,90% F11 95% 1) 2. 15 2 5 i 7K (4 —HRRER /K 15 min) , 100% 14 Z,
PR K YK, £ YK 20 min, ZJE AL T BEE e, BES ] JEOL JFD-320 ¥ T4, 5 TR 4 O R S o 8 Al
FEFESL 5 1, H JEOL JFC-1600 55T 55 A m 95 40 4, W% 4 AT LA JEOL JEM-6490 LV ¥ T ik
(G kS kN

FRAI 2R ANME (RBC ) 7 P R B AR IS 2 40 M 5 8K RBC Jl PR E S i R SRR 5 i, A2
B AL ERBRE 50 AN —EUNARAS  PIHL S mm K HIRO AR AT 200 pL ZRIB/K B0 T IRG 2R 30
s, BUB AR P 50 WL AYZETR/K v e IR o OS2 L B e AT RS 2 (B 1000 L) $% Hs 3 Uk, 1 A 4]
B G AN B, BRI 4 °CF 500 v/min Z.0 3 min, 77555 LI, SR AL E A) WSS
FLAVAAE R A . 50 L RBC &P, A 20 pL AO-EB Z5 Y (AO : EB= 1 : 1), 585HEA], L
Yt 1 min, BULVFEW, AN 800, 76 Olympus BX 53 (U-RFL-T) %0 i (W (& Ot) T mgg
0 ST MR 10 5% 40 BB, T 40 R P 4 KR i R AR R AR (5 FEA I S AG AL (s AT (580 ) . AR R
= (VAN AR ) x100% , TEACIRE SR S IR ; R AL BRDIE 5 SRR B 4k Bk i b /b i AO-EB B &
UL YR FERTA T E Al DR (N

RBC TR A E B S50 wL £ FH A4 E, A 75 WL Hochest-33258 J4¥ii , M5 AbYe 2 5 min , W HU/ b 2
BRI, A MLZ RO, 7R 2841 UV 3805 SUEETE 41 -5 08 T 40 BT A5 AR R

RBC Zh2 R BLS0 pl 25 F B AR, 5 50 pL A 387K (India ink ) AT G4 (A 5 min, U R
ETRTER YL F b 35 OGBS N W & . RBC Y26 12 J5 8 I & A W) 40 B0 52 10 40, 45
AU 3 ASAS )7 B O (Y

http ; //www.ecologica.cn



4 A E = 38 &

ML FH R il ( PME ) V&R SRR R Y S50 ik . A2 5 BEALEY BUR R AL BE K 25 5 mm
AL 30 4, JILA 400 L PME #2508 (N2 0.2 mol/L Na,HPO,, 0.1 mol/L ####, 1 mol/L NaCl, pH =
5.8) , VKIGWHES 5 i A5 R B0 T, PR 400 pl PME $2HGRIE VEWFER 1 IR, BIFABE.OE T, B F 4°Ck5E
o, A3B% 20 min #5% 1 7%, 1 h J5,4°C 15000 r/min 25.0> 10 min, B 300 pL BERINA 4 mL PME JEYIVE TR (N
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Fig.1 Effects of Eupatorium adenophorum extracts of different concentrations on seed germination and seedlings growth of weeds
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Echinochloa crusgalli Chenopodium glaucum Amaranthus retroflexus
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Fig.2 Morphological features of root tips and border cells in Echinochloa crusgalli, Chenopodium glaucum and Amaranthus retroflexu

revealed by SEM
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Fig.3 Morphological features of root tips and border cells in Echinochloa crusgalli, Chenopodium glaucum and Amaranthus retroflexu

under the fluorescent microscope
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Fig.4 AO-EB stained RBCs of Echinochloa crusgalli (A) , Chenopodium glaucum (B) and Amaranthus retroflexu (C)
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Fig.5 Effects of Eupatorium adenophorum extracts on the numbers and motilities of RBC in Echinochloa crusgalli, Chenopodium glaucum

and Amaranthus retroflexu

50um

6 Hoechest-33258 L EHIME (A ) K& (B ) FRKIE(C) R RBZHM(RBC )
Fig.6 Hoechest-33258 stained RBCs of Echinochloa crusgalli (A) , Chenopodium glaucum (B) and Amaranthus retroflexu ( C)
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Fig.8 The mucilage glue layer around RBCs in Echinochloa crusgalli, Chenopodium glaucum and Amaranthus retroflexu subjected to

treatment with Eupatorium adenophorum extracts
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