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Abstract; The obvious continuous cropping obstacles have been observed in Paeonia ostii planting. In order to understand
this phenomenon, the present work studied the autotoxic potential of rhizosphere soil and root extract of Paeonia ostii on
itself seedlings. Then, the extracts of rhizosphere soil and root bark of four years old Paeonia ostii were qualitatively and
quantitatively analyzed with high performance liquid chromatography ( HPLC). Based on the examined results, we
researched the effects of five exogenous autotoxins of ferulic acid, cinnamic acid, vanillin, coumarin, paeonol and their
mixture at three different concentrations and physiological responses on Paeonia ostii seedlings growth with pot-culture. The
results showed that:; (1) The aqueous extracts of rhizosphere soil and root could inhibit the root growth of Paeonia ostii
seedlings (p < 0. 05). These indicated that, under the controlled laboratory conditions, Paeonia ostii presented an
allelopathic potential against itself; (2) Five phenolic compounds of ferulic acid, cinnamic acid, vanillin, coumarin and
paeonol were detected and measured by HPLC in the rhizosphere soil and root bark of Paeonia ostii, and ferulic acid,
cinnamic acid, vanillin and coumarin were reported previously as allelopathic substances; (3) Under controlled sand

culture in laboratory, the height, root length, aboveground and underground biomass of Paeonia ostii seedlings could be

ELWE  ZHARKESRLEERS R E ; ZRARE SHAR G4 A4 ¥ 8w B (2006-5)
1555 H #A:2008-10-04 ; &17 H #1:2008-12-02
* W ifAE#H Corresponding author. E-mail ; lwnie@ mail. ahnu. edu. cn

http ://www. ecologica. cn



1154 E oA ¥ W 29 %

affected by adding five substances and their mixtures in various concentrations. The growth indexes of seedlings were
inhibited in moderate and higher concentration treatments, especially on root length and underground biomass, but ferulic
acid and vanillin could stimulate seedlings growth in lower concentrations. The results were the accordant with observational
phenomena in field that the root discolored and became putridity little by little when seedlings were transplanted in condition
of continuous cropping; (4) The variability of root activities and chlorophyll contents of seedlings in all treatments were
homologue,, namely that root activities and chlorophyll contents were higher in lower concentration, inversely, they were
lower when concentrations became higher, but there were stimulatory on root activity and chlorophyll contents of Paeonia
ostii seedlings with lower concentration of ferulic acid and vanillin. These results revealed that the aqueous extracts from
rhizosphere soil and root for 4 years could inhibit the root growth of its own seedlings, and suggested that the action of
continuous cropping obstacles may relate with the autotoxic substances of phenolic compounds which come from itself

exudates of root.
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JAF}( Paeonia ostii T. Hong et J. X. Zhang) JEATZRL—Fh 44 25 AT, IRAEY i LLAL Y, £ 85
7 LA e RVBLL RS e G L — 5 , Rk UL o RUPHR B AR RR R B2, TR B Gt s 2 bt , 4
ARRBENE O KPR E &P B2 A B, BURZS BB S R I, R BA U TUw 3 1L
# R LA IR I P AR PR . VA DI R, FE 25 FALPHIO RN A AE R ) B MRS IR,
— BRI AP R, T AR 3 ~ Sa A BEFL A, TESEAAE , W & S BOR 7 1 BEBA A BB AR 4 i AR AT
FET-. EZ5FAALFHED GAP AEFP=RLTE v, MRS IL AR E R . KU AR BIRAS, T5 2 Sa Bl , it
E IR Sa, M RUPHE 35 10a A4 BEFE [ 1 UK, 3 KT AE P2 A BRI o

AR R A6 7E A — TR i SR R A kR R A 9V M it BIVRE7E IE 3 AR5 B G T,
SRAEKBT PR R T REOIER Y o EIERIY B INE & A4 R R E 440, Horh B
RO L0 E L EEAERECE MRS RREE YT EN A BERSE" . ASEREHEYE
ARG RRF ZBR B FFEY A 3 R I H] , X 2635 30 R 40 AR M R T B Tl A e S AR
LLFR Y AERS o BRBE TR BRIERMAES R, AR R 4008 R 14 I A 75 38
S B EEHRFBOE RN EER T2,

AT, 1 245 PR P ARV R A DL B 9 R B4R e e A T ) WA 0% B 3R P B9 04
RIARE . ABFFEE TP A T3 B R MRS Y SRS EERE b, il R SL e, B
FEARR BT R B AR AR BN , SR RUPHR B A 7E B 3 AR T B LA P i AR AL, LASB D 8%
g R R A B s iR 3t B SRR L 22K 8
1 #HRFTEE
1.1 #H

(1) RAMRECRAE T 2007 456 A NZRUERIBRE 1 1LRHRIAR R 48 RUPHAR R 1396 , RAR 2 2 1
PRkt FEAR A P U K3 5] — BUN R 4a IORPHERRE T BRI MR R AR , R R FE L
HE RS 38, PHE INTEAR R R T LA 38, IR G JoAR PR e iy, 3 SRR A AR RUPH B R R 3t 33, 2
BT, i 40 B 4 CHRIFEMA . MECRTMHE 4a BIRFHERBRIR R, 20 4mm 724, Y, BT,
A

(2)REMT T 2007 4 8 A M LRFAE R RE R T, #ATHEE M

(3) 25 5150 FHEZB (LB 99% ) JoFeial/R B A ml4R Mt , o ioml o b ¥ 25 5 23 A iy (AT
).
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1.2 Fi:
1.2.1  RUFHY 8 31 R

BURR P - 38 A0 ) R - 4984 5 45 100g, il 100ml 25 85 F 7K 2 41 48h, 3 (8] A 8 PR , 1 U8 , 15 B4R Br 38
BRI B B PR BB 6 R 4 AEAEAR Sg, I 50ml KBS oK, 12 ML S HX 48h , 13 I8 VR FH /K 5 B 50
5,153 2mg/ml B . EHARKETE (4 £0.2) cm MR RPHIF, FZRBKBEG, S BAEREA 3 2
AR ERN 12em FIEESRILA AL 5 L, A AL FER 10ml, | T8 F- 25 — 7K 8 4K ( AR RRAR & BBl 25 1Rl g 7K
43) X B AN 10ml ZE187K ,25°C 53555 , B0 2d 4 FE 2808 K 2ml, 35 5% 15d J5 , M BR MK E, BA4HE
25K,
1.2.2  RPHRFR T AURTT 4a AAR B2 B 3404 5 1 AG 0

IR R A B 308 RPHB B2 Sg, 55 % STk e FIZBRZBE (3 x 50ml) Bl 325 24h, R B 45
BT, BRAY A BKYEAR, FH 2 mol L™ HCL 5 pH % 2. 0( ABR R EIFW AR ML) , A LR BRH
B, ZE UM AE 2T, A 4ml (RT3 81 80% H BRI W %5 % , B ¥ b HPLC #3ll, HPLC K%tk Shimadzu Model
LC-20A , #AE 7 ODS-Cq (4.6 x 150 mm) , FESHAH K 80% () F BEVA W, Wik 0.5 ml-min ', #1035 K 7 280
nm , B i 3R PR VRS (30 (5 B 18] 4T 8 1, DAV TR AR BEA T e B ™
1.2.3  RPHh AR Em it KA KRRl E

HRAE 1. 2.2 RSG5 R, A SLI0 3 & 5 A 2 P i R 3k 6 N, BN 3 MIREE, DAZRIR
KR ER(FR 1) A& B REM . &AW e 2ARTE 1. 2. 2 S25 b I E 2 i RPHR By 15
SR EEIENSE, BHEI 3 MRES, 56 2 MREEN DIRPZY R SRS &, 56 1R 3 MK
BE 53 R — 2 R fin— A A

SEIG VR BT F AT KB AL 3, AR BR AR A A W s e . B4V E 300g, SK &N
60% , B E KIS —BHRFH NPT (& 4om, 1K 3em) , B4 1 ¥k, B EHEAIES . €5
Hoagland 35570, ZEIRIEFF 1 MH)G WR 1 IHINSEW, BG4 100ml Z5 A LS, i ABBRARES
o 5d JEEESIMA—E &R Hoagland 35554, 1 A Ja , W E L) 1A KPR A B8R

AR EEE S E R KE LAY R R YR
1.2.4  AEHEISRAIE

A BAE bR E I E R AR R IE A R R S &

(DBREIME  BWELER 0.5, F 0.4% TTC ¥R pHT. 0 BEERSE B ALEE , DA DU A AR JF B 3R
WRARIE S, TTC Bl .

(2) U4 A 0. Sg, B , FITR RSB RHEHE , A e E a2 Z &8,
1.3 st

LI AR AT IS, B R B + iR 25 (Mean £ SD) , FI| f] SPSS13. 0 #£47 One-way ANOVA J7
ZOHT, AT S EAE AR RIAL B[R] 22 7, Excel 228,
2 ZR55H
2.1 RPHRFs 158 B 3 1E Ak

HESFE 4a IR PHEMRAR bR 13X 8 B A PR A KR 2, K2 TLUEH , RR KR
BT R A F IR A BE NI HIER , 2= B HE /KR BRI B AR VR, M6 & B R R BRI, X
R BEKT . NS EFE , AP F R AR R AL B 1818 B KL IS, B 15d J5 , B —F IR KM
HLIRIE AR Fr - R R ARt — B /R L L3R B8, 1 % FR 2 3 - 3 A P 4 AR L 4R L3R E
SRV T AR PR 3 AR /K B P BB AE — SRR FAR AR K, AT X = A= R EAE . R
HR B = SRR (1) 7K IR B RPN 1 & IR 1 7 A S AR SE 30 W R AERR I, H 225 1R 3 RUPH P i R 358
AR, HFE MR MKIRY (4 ~8 M), FBT LR A=, RPHEER 28 F & B2 HZ S
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Table 1 Preparing for Five allelopathic substances
TSI B I e B
Y s =] S sY = =]
S5 (No. ) MRS e e Substances -l (No.) R AT KRS Substances
Experiment Experiment . Experiment Experiment .
. Name number concentration eroup Name number concentration
ot (ng/s) (ne/)
1 B ER Ferulic acid 11 1.85 42 7.62
12 3.70 43 15.24
13 7.40 5 F} Bz iy Paeonol 51 17.65
2 PR Cinnamic acid 21 10. 89 52 35.30
22 21.78 53 70. 60
23 43.56 6 B4 Mixture 61 39.04
3 FHE Vanillin 31 4.84 62 78.08
32 9.68 63 156. 16
33 19.36 7(CK)  Z&8/K Distilled water CK 0
4 75 # Coumarin 41 3.81
*2 RARBRIERRRREROBHEAR
Table 2 Autotoxicity of rhizosphere soil and root water extracts of P. ostii
FEIR K IR 238 1 KB MR KR B
Distilled water CK Water extract of contrast soil Water extract of rhizosphere soil Root water extract
K Root length(cm ) 4.66 +0.13 5.12+0.11** 4.41 +£0.03* 4.14 +0.06 **

* B EZEF(p<0.05); % »« AR B FEZEF(p<0.01) = express significant differences (p <0.05); * * express extremely significant
differences (p <0.01)

2.2 AFALEY B HPLC 4
A FH HPLC X LR 4a KPR PR 1398 X B 340 4 A4 RUHMR B AT A5 R (R 3) I L2 5 F

70 -
65 -
60 -
55+
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g

—
—
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4.790

7.132
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- 5.296

- 6.663

o
>— 7.826

-5 | | I | I I
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I} ] Time (min)

Bl S RbREY R 4a A RUPHRELBRAR B 1 A0 8R4 T i €6 1 ]
Fig. 1 HPLC chromatograms of five standard phenolics and them of rhizosphere soil of P. ostii for 4 planting years
A.B.C.D.E 4> B 0br kY B (PTERRR  POAERR (B il B R PHE ) il Bl 5 a bocid e 43 BIMARER L4 vh S Rby B (PTERRR . A
MR EFEE FOR ) iR A, B, C, D and E are ferulic acid, cinnamic acid, vanillin, coumarin, paeonol respectively in standard

chromatograms and a, b, ¢, d and e are above compounds in the soil
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PRIED) S 4 SRR RPHRPR 138 W) B EL . BT 1 AT AR ZEFPAE 4 4R RUPHIOAR B 38 P AP 7E BT B R L A
R AR FER SHEBERIEY R, EMELRPHERIEZG) P rT R ma B, 53] 35.30
e s HURPEERR 21. 78 pg-g ™, FIBRRRIRARAL N 3. T0ng g~ o ZEARFIERFF S b 3 b A< BAG I 21
IR AE R, REERIN, AERS PR B & Bm > TR LR P &SR 50, FERPHR B - duiil
X5 AR, I HEANH & BT R TR S B & 8 XU, 1P ) S Ry i fE— R
MRAR T U7 A R AE AR , FF R O R PR P 21 R

#3 MiEda RARBRTENB YRR
Table 3 Contents of phenolics compounds of P. ostii rhizosphere soils in with planting 4 years

S e IR AR A Fik ) i
> Ferulic acid Cinnamic acid Vanillin Coumarin Paeonol Total
ﬁ%ﬁla . . 3.00 3.32 4.11 4.79 7.13

Retention Time( min)

4 AR A RPHR bR 4 B

Contents in rthizosphere 3.70 £0.18 21.78 +1.46 9.68 +1.26 7.62 +0.36 35.30 +1.82 78.08
soil ( p,g-g'l )

Pugiihnt: o

Contents in contrast soil ND 7.30 +0.32 9.72 +0.65 ND 2.76 +0.18 19.78
(pgs™")

4 AEA RPHR B

Contents in Toot bark 1444.00 £106.2 2562.50 £57.06  743.50 £26.53  774.25 +33.24 6298.50 +126.84 11822.75
(pgrg™")

ND . A H B4 i not detected, no phenolic compounds observed on chromatograms

2.3 KR B FEYBT R4 AR SRR R

KP4l A KR IEARE A R AL BT AR R 40 3R 4 1], RUPHAI B R BE AR Rk A &
st bR AP ESF A KIS ARRE R Z 2] 5 7 B Y REEN, EPEMERERMFT, XEPmER
RIANHINE e Ao HAM GV PR B YR BE 93 RT3 . MEERR KN EREERNEER, B
XA 4 AR ISR BRI 8R 205038 D 73 (49 .52 F 60 (X HE K 100) , HyR E W IR & W4 o), BRI
AR 324 76 .56 .55 F168 o EATI B R Kk B B Z Bt BE Ko A4 AR 4 A KIEPR RN
H AR BRI T AR B2 BN IS O . T35 AR BE B AP AR B2 O BT B YRR BRI A B X P&l
ERAERAREEM . R4 RERERT , AR R EE AT = R R iR st . AR MM %&
HREREEHEAR K BE MY A K, 45 B R AR BE A A I, AR BEASCRA B B2 /Ko TR, 3 i B 64 ot KU 4
R B A B IR R ROR  FERVR B A R AL B R B K o b B R AE W B AR AR U B O BT B R
iy AL T P R R o DX S SR TE LA A 9 1 ST R A AR K BE AR &, Rl iR R B
H RIS E I BV R AL
2.4 KRR BT R EAR R TG ) B i 4R R A B AR

R4y BAR R 6 D AEA R AL B P (S5 SR LI 20 T AR M, BRAK U BE Y P2 R At 55 41
FHNERRTE T RA, WAL IR R ERIEZ B WM. ESWRAN T RRTEIBEE YR
WEER TR TR, RATE IR R R WER SR, KR RRE IR G YA . SXIRARLL , vk B Y fT
BRI E FREREIR R A AR ARG T1

RPH4 4R 2R S B AR (1B 3) SRR TE 1AL BT A AR , BB A0 B4 B 2 RO 4R 15 , P4 R
HREN TG BRI E PR NE FERER A KRN & B, HEAL R TR, S8 &
READRREEER WER IREVAST RS, EREEASPRBBEKE. MRRERE-ERE L
ELHR B B RSV 58S , X R A RT T4 # DG & AR FTE — 1 B & 2 X Su i R Ve F S
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F4 TRLEI R4 8 ERKIEREZ
Table 4 Effects of allelopathic substances on the growth of P. ostii seedling
KA Type 4’5 No. LR (em) LR (em) T HRA Y1 (g) o IR A Y ()
X B control CK 16.06 +0.72(100) 7.84 +0.27(100) 0.51 +0.06(100) 1.13 +0.17(100)
PTZRER Ferulic acid 11 15.20 £1.20(95) 8.50 +0.40(108) 0.58 +0.09(114) 1.14 £0.14(101)
12 14.20 £0.97(88) 7.90 +0.44(101) 0.50 +0.11(97) 0.95+0.16(84)
13 13.70 £1.23(85) * 5.36 +0.41(68) ** 0.41 +0.16(81) 0.81+0.11(72) *
AR Cinnamic acid 21 14.70 £1.20(92) 7.96 +0.52(102) 0.59 +0.18(116) 0.99 +0.23(88)
22 13.44 £1.75(84) 6.92+0.41(88) * 0.42 +0.19(82) 0.92 +0.21(82)
23 12.60 £2.12(78) * 4.84 +0.54(62) ** 0.38 +0.05(75) * 0.78 £0.15(69) *
¥ Vanillin 31 17.26 +0.77(107) 9.10 £0.17(116) * 0.62 +0.04(121) * 1.21 +£0.23(108)
32 15.68 +£0.90(98) 8.50 +0.48(108) 0.50 +0.09(98) 1.01 +£0.16(89)
33 13.60 +1.95(85) * 6.72 +0.53(86) 0.43 £0.14(83) 0.80+0.15(71) *
5 & Coumarin 41 13.84 £1.59(86) 6.94 +0.46(89) 0.41 +0.10(80) 0.97 +0.21(87)
42 12.38 £1.06(77) ** 6.26 +0.22(80) * 0.35+0.12(73) * 0.80+0.10(71) *
43 11.70 £0.44(73) ** 3.84 £0.32(49) ** 0.26 +0.06(52) ** 0.68 +0.18(60) **
F} BB Paeonol 51 13.96 +1.06(87) 7.26 +0.51(93) 0.39 +0.11(76) 1.09 +0.12(96)
52 12.90 +0.87(80) ** 6.38 £0.42(81) * 0.44 +0.13(86) 0.90 +0.22(80)
53 12.20 £0.75(76) ** 5.80+0.43(74) ** 0.30 +0.10(58) ** 0.80+0.12(71) *
BAY) Mixture 61 14.24 +1.14(89) 7.32 +0.31(93) 0.45 +0.11(88) 0.99 +0.23(88)
62 13.24 £1.05(82) ** 5.66 £0.26(72) ** 0.42 +0.17(82) 1.08 +0.36(96)
63 12.16 £0.96(76) ** 4.36 +0.28(56) ** 0.28 +0.06(55) ** 0.77 +0.13(68) *

RPBAE A PHE + bRd2s, 55 P I BUE AR B 5 %0 K LUAEL, > 100 ShfEik, <100 il

Values in the table were average * standard

deviation, the values in parentheses were ratio for treatment and control, >100 is promotion, <100 is inhibition. s express significant differences (p <

0.05), = = express extremely significant differences (p <0.01)

45
40 |
35
30 -

25+

* %

20

* %

WRTEN

Root activities (ug-g”'-h™ FW)
*
* %

* *

1011 12 1321 22 23|31 32 33| 4l
CK" Fas PIRERR B HiE

Ferulic acid  Cinnamic acid Vanillin

REFYI IR Treatments

HER

Coumarin

B2 R AR X RS R R S g

42 43 | 51

% %
%%

52 53] 61 62 63
e NEEx]
Paeonol Mixture

Fig. 2 Effects of different substances on root activity of P. ostii seedling

3 g
(1) RFH B BALEE R

KEILUK A A FE 1 B PR AR o) (BB 3 E 25 R T R R, s 27 3 1
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25

~ 20 -
=
9
‘2
g€ 1s
b : . P, .
'W'\' 5 * * * *
z * x
% o * * *
£ 3 - *
> 1.0
a,
19
E L :
6 *
0.5
0
10 | 11 12 13121 22 23 (31 32 33|41 42 43|51 52 53|61 62 63
CcK FUER R PIRERR B HEHR Ji Bz iy RAEY
Ferulic acid Cinnamic acid Vanillin Coumarin Paeonol Mixture
AP R Treatments

B3 AR BB RSl SRR i i

Fig. 3 Effects of different substances on Chlorophyll contents of P. ostii seedling

) H AR MBI ER " . AR RSN EERRZ —, BB YRR
ISHIFRIR M= A I AR BRI . RPHMR AR Rk RZAS, KEHEE FEHRAEREY, 1
A S 5 FIEIEA IR B, 5 R4 SR AEFIAE 4a f) E 398 b [RTREBIAIN H , U6 R 53 2 ) R T RE 2
IR AR I B R TR B PR B e AR B R AL it = S IR A, B R 1 SR
BT KPR B HAk 139 h e B 3 AR A A B o, AR T AT BB 7 A RUPHE AR s B R

ABRFAIN (9 5 Fh BT RSB AT, oAk 4 A R 2 SR A (AR IR %) T B B
ERFHEA K BREYIR . TERFERPT ) 139 B I 2 /0 8 ) P B2 B | ARE BRI B, L J [R AT REJE X
FR - St S A R DX R PR 3 P 2, T BB S 77 78 KPP B0 388 7 R L AR ) A A W 20 6 e 77 HE
BT ERERD, CERRBMHER, AR, B T2 8RR R &8 BFRTR MR E KA et
e

(2) BN KP4 A K B

B3 T Rl B A R R RN 22 75 T D, (ELX AR B 82 M R 1 B S, IS DR BRAE X AR BE AR K R
i , [t R BUAEXT AR AR Wy B 2, R T B RUPHR B = 8 o TEABT T, 5 R AL R AE b vk
it I O IR R R B R, I R, R R B P AR BHE S o W O3
RN PR BE O B BRI R RS A K, X 5 DR S/ ST 2R A S BN e A — 8 B
HALEE H AR

(3) BN RPTH4l i 4 R & B AR AR 35 J1 B2

M4 R & B EE RS AL, BB WY (1 & BRI A KK, R i m] DU A Y fi bk 4
RTINS B Y O A AR o AR R R T BR A RS B RS AR L AR A KBRS F
TKOF B R WA IR B FR G = 8K o Yu 1 Matsui Ak B 28 499 BN A4 1) AL JRAE F RS Wi T M40 3¢
RBRFRA MR B AR IR AR, 3 TR A K AR TR M A 7= 1o ABFIE RIS
AR B B9 B P40 AR 2R T ) 40 R & B R A — B, RPN IR YR BET = T
6K, 3158 A A R i B v o LA R K . SRR R BRIV B B R R & B R KR e 4o
B B AR R AT B B IR P o o B R P B R AE (IR JBE Pt S ARG ) Bt S R 5 B (R VR A
X ARSI B B A 8 0 L REAS B ST R
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BB R, NP P B SCAE e A B ILR, HAR PR LSRR KRR PRt BT IR AR B I T 5
RANFHZ S 5 PR BT RER R A M EZ A B, X AT RESk B TR HE PR IR 5 AR
R U SN Ee ) S 7 v e W BE 1 0 REAS A RUPH Sl B A KOF TR AR RIS AR AR B Sk . o TiEA
Pk IR R R AR R B i E BB R A BB S535E BRI R S MY Z FR KR MR ERE,
B IT RS 22X J5 T BT , DAEHES) RS B2 A 7= I AT 82 A
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