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FE . JGETE ARSI IETE N TR HIREE T AR IR (A A 585 4052 % -+ e 4 By BAL S 1 5 DA B A 00 A =
HIYMW, VIS (Panax quinguefolium L. ) W NSEZFEL S50, AR 85 A2 7 TP AE ™ 1 W E AR AR IR, S T 4R W Bk
JEBR B 7E 3 AR R A = e R AR R R A R SE ), D S WR3R IR 3% B8 78 () AR FE X MR PY 1 S A K PR, DA 3 4R 7
PSRN G , oR FZE NZK RE 50 L B FH [ 28R, 38 Ao VAS 00 VG V3 SR 1 o TR AL UL AR B A 00 s L VG o S A R 5
Wi, KIS P A B IR A BIEN 0. 02.0. 1.,0.5 mg/mL FEEESARM Y , b B S AERG S5d 2 AR B R IT I 0 Bk i e
WRAEA K Aahn . AR AE HHEP RN 0. 1 mg/g MUBREY), THRANG 1—2 M E VES M R ITIE B0 Ak & e IR 55 A K 4
B s 7K 85 B a0 34 F R 0] B 0T 65 SR s b B b AR i . SR v AR AH (6 5%k ( HPLC) 0 5 AR R 3 v 8
IR SR & . IRIGSS R R KSR P ER N 0.02—0. 5 mg/mL ARFRAK, T W MBI TS [ B H EIRAM 1K I
RN 25 R AE W i B AR 14. 9% —45. 0% ;% H T 5431052 i 32 2R IO 78 - A 28 e EANTAR AR 4K (P<0. 05) , K ES
BIAH LG, 2 R IE RN 0. 1 mg/g ARFRIK R S B0 S R AR N F] 0 2 AL UL A1l b H T 38 SRR (- 28 A 1t
YImTXR, A B IR SR ARG Z AR VS S AR L b T H/ R B R p-F TR L BT A R A5 I R 28 Ak B T T R
49. 1% —81.4% (B R B5 {5 S YR A KIS B T4 59. 9% . LI B 45 50T LA AR SR AT PR 2 R A K B 1 3 A
XU AR T, FRBCA I ARG S B W W R R R A K R R AR AR K (HAEH MR, B 2 VE AT
FIESZ AR R AR 542 ik 3 L T - S X I e 7 A0 R S P 5 e A T 055, el fRR A B A B B
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Autotoxicity and promoting . dual effects of root litter on American

ginseng growth

JIAO Xiaolin, DU Jing, GAO Weiwei "
Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100193, China

Abstract: Both in the natural ecological system and in agricultural system, plant debris in soil may significantly influence
the physical and chemical features of soil that consequently affect the plant growth. American ginseng ( Panax quinquefolium
L. ), a member of Panax genus, as a highly valuable perennial herb for its medicinal properties, was cultivated with serious
continuous cropping problem in cultivating places. The objectives of the study were to determine the effects of degraded
annually-maintained root tissues in soil on plant growth and the influence of the postharvest root debris left in soil on the
development of continuous American ginseng system. This study used the 3-year old American ginseng seedlings planted in
solution and in soil mixed with ground root pieces as simulated root litter to determine their effects on plant growth. Then the
effects of root litter on the growth of American ginseng were measured in the hydroponic and field cultural condition

respectively. Based on previous studies, this study used nutrient solution amended with 0. 02 mg, 0. 1 mg, 0.5 mg
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American ginseng root debris per mL of solution. The plant growth data were collected every 5 days starting from mixing root
debris in the solution including expansion of leaves, plant height, canopy growth and etc. The biomass of above and under
ground parts were measured at seedling leaf expansion, blooming and fruit set stages. Potted soil was added with 0.1 mg
root debris pieces per gram of soil. The measurements of leaf expansion, plant height, canopy growth and etc were
conducted every month after planting date. The biomass of above and under ground parts at leaf expansion, blooming and
fruit set stages were measured. American ginseng bulk soil samples were collected 30 days after planting date, their
phenolic allelochemical contents were determined using high performance liquid chromatography ( HPLC). The results
showed that in the nutrient solution mixed with 0.02—0.5 mg/mL root debris, the growth of above-ground part of American
ginseng were inhibited, leaf expansion was delayed, and the biomass was significantly reduced by 14.9% —45.0% in fruit
set stages. The growth of root system was promoted also in such solutions ( P<0.05) only during the leaf expansion period.
Comparatively , for the potted plants, soil mixed with 0. 1 mg/g of root debris also delayed the leaf expansion, plant biomass
in both above and under ground parts were all greater than those of the non-debris control. Besides, the results also showed
that some phenolic allelochemical contents in the American ginseng bulk soil, such as syringic acid, vanillin, p-coumaric
acid, ferulic acid, were decreased by 49. 1% —81.4% . However, the salicylic acid content in the treated soil, a stress-
induced signal substance in many plants, was increased by 59. 9% compared to the control group. In this study, we
concluded that the American ginseng root debris had both effects on the inhibiting the growth of above-ground plants and
promoting growth of American ginseng roots. This inhibiting effect consequently resulted in a significant decrease in biomass
production. However, in the field soil, the degradation rate and the soil adsorption of the root decomposition might reduce

the autotoxicity of roots, leading to the effects on growth promotion more significant.

Key Words: Panax quinquefolium L. ; root litter; autotoxicity; promotion of root growth; rhizospheric phenolic acids
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FES R T geh BA L BGE PR 8 R RIS AL G 1R Ak, R 3 BT AR B A G AR Bl AR S AR T
1 #R5FHE
1.1 HY K

BER 2 FEAETTES T 2009 4F 4 SR F Al i 8 P DXty IR VY v S A4 7= 3 dth , R Il 5 1—3d kAT
RS, PEHCK B | BN 4 I SARBEAL S R 4 21, FH SPSS13. 0 A AR EE A7 7 25 504 , A 45 A R4
AR TG 2 25 5, T s AR AR AE T e AR 4 AR 2B PVESAR )50°C TR 5, Mrfivad 40 B,

http ; //www. ecologica. cn



B
i

3130 2 SO Eire 324

1.2 XA FH

R AR LAY (32 ] Waters 23 7], 600-486-717 ) 834 YMC-Pack ( H A YMC A H],250 mmx4. 6
mm,5 wm) HL TR (Hi+ Mettler Toledo 24T, AL204 %I 1,10 000)

THER FEE p-HFER PR KGR SRR R F R AR (% E alfa aesar 23 A, 7317
ali) VK R (AL EE b2 A ], AAral) | BB (5 Merck 28, (i) |
1.3 SEETrik
1.3.1 /KEFSEE

JKIEIEH 1000 mL B & 0 & 3555 , 2 AR AR PUVES T2k i % 9% 10d 5, AT a0 38, AR 48T
FH () i A 45 59 R P PE SR AE IR AR Bl 8—16 o/m” B — IR T 10 em 2247, 3% IR FH#F
TIEARE1.0—1.3 g/em’ HE, AN 1m® JEFE N 10 em B HIEHEN 100—134 kg, 3315 1 TEVESHRAE T
[i] - 35 5% B &R 0. 06—0. 16 mg/g, A B R A 1 EIME 0. 1 mg/g VE R PUHESARAE HH 0 A SRk B i, $%
WL AR B 25% 115, KRB R P B Z THRESR0T & 0. 4 mg RFRIAR , 2 BBk 15 5256 v AL s
J57 55 AR R4 fh BT B4 | SIE v JBE SR FHAIG T HH [R] A9 S PRy B2 /K 35 52 5051 0. 02—0. 5 mg/mL B AR B4 ¥ 0
i, PRIIRIG T 4 ML BRAL . (1) A EFRBP IR 0. 02 mg/mL PEES B IEY; (2) 2B FWPEHRMo. 1
mg/mL FHVES MY ; (3) TR PRI 0.5 mg/mL FEEES M EEY); (4) XTI 28R, EEFRK
ZH A AHIR BT 0. 0025 mol/L, B2 #% 0. 0025 mol/L, S AL45 0. 003 mol/L, BEHZ — % # 0. 002 mol/L, i B2 B
0.002 mol/L, RFMACFREL 5 M IEFRHEVATIRAE , T 4 PRAEVK . IREEFEHITE 20—25°C , B KBS 8 h,
1.3.2  Zfkils

RIGTE [ B 2Bl B 25 RIS T (b a0) PEEES IR IR b E 1T, B B0 b5 1 B R N 25% —30% 1
Wl EHEAE 40 em 5 50 em WAEAIE T AR A 1 10 ke, HIEILRRAE T M08 f# A 64. 01 mg/kg, 35K
% 35.45 mg/kg, AL 181.97 mg/kg, AL 1.49% , 2% 0.0804% , 4% 0.0922% ,pH 4 6.85, AbFHLH %
0.1 mg/g M HLBDE FEEES AR RS I 2R A L3 v X IRAR TR AN, AP 6 S H & BEAE 5 RRAEAR
1.3.3 VSRR E

JKEG S TS AL S B3R 5d I £ A0 FRZH AR VY 1 SAE AR I I RSO0 (R 830 | e % =
I 78 St o8 bk R (CAAE R BB A K AR R EE) A KA b OF T AE K 10d (Rt
191) 20d (BLE DY) F1 30d (455 ) B ARG FRE P BEALE 1 Bk, DU b 1 3R AR AR | A AR B A AR A
Yrit, AARSEE TG 1—2 4 A W BRI S 7 R IGO0 ks el &8 AR K A8 b IF FA K 30d (R
1) 60d (BRFE ) A1 90d (4552407 ) i A A BEAILER 1 BRAEAR , 105 1358 3R AE AR TR R A= 9 i,
1.3.4  LIEPmR o e

FARVELES T 30d BEBOR R 38, B BRE PSS D b2 IO AR 22100 10 mm DL A - AE AR
il B ) — b B REIR ST G E 4 0 MER 4 AEE, B8 He ik K51 50 B, & S0CH T =16
OB 20 ¢ TR, THIEM P MA 2 mol/L NaOH % 150 mL,160 r/min ¥2EIRZHE 18 h,
FEWGE T 3000 t/min #5010 min, BV 100 mL, FHRERFR L pH £ 2.0, MKNMA 70 mL 4R L BRFEHL
5, B IR OBRFERGR T 50°C &+, 5% 80% W B M 2 252 5 ml,0. 45 pm FFLIEMENE T, L 15
L VEA SO AR OSSO 5 . 34 % ] YMC-Pack ODS-A C18 41 ( HAS YMC A%/ ,250 mmx4. 6 mm,5
pm) , VEEIAH R B (A)-1. 8% VK ZFR/KIEW (B) ,0 min(20% A)—60 min(100% A ) 465 PR ; 46113 K 280
nm; FEIE 30°C ; JiEk 0. 8 mL/min K X6T R il B 2R 910 e B ) s MR VAL, T N YRORH €8 3351 SUA S s 5 1 1 6 1 L
DIV (i i i AR Y RESL AR X A5 )& By R bn i 2 7 R N 1 FR
1.4 %dgabsg

FIIH] SPSS13. 0 #AFi#AT 5 25 0 Hrfl 2 8 L8 s ] Excel AR,

http ; //www. ecologica. cn



10 34 FRIAR S5 TIPSR B S A K B AR 3131
F1 8 FERESAARAE B 2% 75 12 RO AE Bl
Table 1 Equations of standard curve and recoveries of the eight phenolic acids

FRES PR T ) S IIF IS
Standard substances Equations of standard curve k Linear ranges Recoveries/%
/g xxSD,n =6

R HOR R Y=1310886X-15694 0.9993 0.02472—1.236 94.86+4.31
T HR Y=1525457X-4500 0.9992 0.01044—0. 5220 90.47+4.38
TR Y=2697275X-13212 0.9992 0.009990—0. 4995 90.89+3. 63
TR Y=4230887X-34571 0.9990 0.01512—0. 7560 90.09+4. 08
- R Y=5234244X-33952 0.9994 0.01872—0. 9360 99.30+3. 10
B 20 1 Y=3025990X-17947 0.9995 0.01992—0. 9960 89.51+3.44
KR Y=693319X-10722 0.9994 0.0324—1.6200 90.41+3.66
REERR Y=9054290X-22325 0.9997 0.00930—0. 4650 94.93+3.42

2 HZRE5HH

2.1 MRERMARKEE RS A K A

(%£2),
) 16 -
£100 - g 14l
5 — ——— 2
g% Dir
s 60 2 gt
=2 40 g 6
g &~ 4r
= 20 o2
E 0 | I | I ! ' L L
= 0 5 10 15 20 25 0 5 10 15 20
16 - I5f ] Time/d
14|
55 or . —— A
m\‘; 2 gl B —=— 0.02mg/mLHL ¥}
Fﬂ E 6+ —— 0.10mg/mLH ¥}
5 a4l —— 0.50mg/mLAfH}
2
0 r—l | | | |
0 5 10 15 20 25
5t ] Time/d

TG S INAR G- A B AR o 25 4 i VO e St B o i A G, SR bk RE MR 24 R B Y T I (I
1), TEVEFES AR IA AT, BE A AR e B 3G, AR s (R X Jo -3 ke vy 6 e s 1 00 o ek 3 340 T 184 o, -3¢
I WM EE RN 550 R AH Lb A% A B AR o b 1] B SR 43R 0. Sme/mL Wk BE AL PR 2 e 2441547 20%
TR R ASRETE PR o 3 AR 5% (A Ah 30 A AR AR R oo 00K 1 X0 R A, LA J it 03 (5—10d) 35 31 5 35 K
(P<0.05),0.02 mg/mL F10. 1 mg/mL ZMFRLAEES 10 RAFRR AR T XTI 14.229% —18. 62% ,15d Z J5 FEAR
Fr, ML PRIR FE AR E] 0. 5 mg/mL B, 454 K B BE AR AR PR S AR T XF 8 29. 79 —33. 5% , H £ % . 3% (P<
0.05), 0.02 mg/mL H10. 1 mg/mL ¥ JEAbFRXS & 11 J5 A AR AR e i 19 52 e AN (225 (P>0..05) kB2 3K 31 0.5
mg/mL B} | HE R T IR . 2 FRAR (P<0.05) ,5—25d PN, &b P 20 i Ak ek 0 40 1) Bb Xk BRAIG 10. 3% .22.3% 22.3%
20.7% 22.1% ., WAEMRA K 1F  EARSRAARAL 3 20d LUJS , HEEAE 0. 1 mg/mL DA b Rk b -5 ¢ 5 0
WFEAL,0.5 mg/mL AbFEL] 55 20 FKAEE 30 RAB MK HE b5 ff 5 L X B4 BIBE AR 30. 5% 1 44. 0% (P<0.05)

Bl1 iREGEXKEEFSRI GRS REIRN

Fig. 1 The effects of root powder on leaf expansion height, and crown width of hydroponic American ginseng

P B [ — Kb B 5 WREE S A A{E (n=5) 5 * F7 [F) — I 7] 3 Ak BE2H B8 5 %8 IR 20 22 7 3% (P<0. 05)

XF T4 43,0, 02 mg/mL F10. 1 mg/mL MR AR AR A KA 5.3 (P>0.05) ,0. 5 mg/mL AR
R RS 10 ) TEVES AR (P<0.05) , BES A E RIS . 75 30d M35, 500 18
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L EU A VA R A A Ah FHGT Ml T 308 14 2B A 1 S AR AT 2R (P>0..05) (% 2)
2.2 MR AR TS K AR

FIEFEIN 0. 1 mg/g MRERAR, 57K E5 45 FAH IR 5 BOE0R U S R v AR | AN [] 1) S X ke o | et g
TCEFMW (P>0.05,%3) , 0.1 mg/g MR IRE R TEIE S5, 55 0T EAH LU, A B J i 104538 | 26 30 Kt
JE R L BEFRAR 26. 7% ;30—90d AYAE KN | AbFRZH R Rk Hb 13505 0 30 R 25 M A0 S 2 e o 4 0 IR
HERAEE(P>0.05,%4),
2.3 MR LI 8 R S 1 R

K HPLC MAE T 2R PGPSR 4 8 Rl BT (B E A B R % 2 (&1 2) 45 5R R WIS 0. 1 mg/g
ARBR AR T 30 - 458 v 1y R S A SR T ) 1 R A AN [R] B A8 4k (11 3) , 5% REAE LG, AR D H 8 b T iR\ 7 B p-
TR BTELIR & it il 2 T % (P<0.05), 730 I BEAIK 81. 4% .49. 1% ,58. 4% F1 69. 9% , 8 F i iR & it F A%
33.23% , (HIKAGIR & 2T 59. 9% (P<0.05) XA iR F R N AERRIL AR Z 50 (P>0.05) .
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B2 BEFESIRELTEDS MBENSNRERILE
Fig. 2 Representative retention peaks of eight phenolic acids from American ginseng bulk soil as separated by HPLC
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Fig. 3 The effect of root powder on eight phenolic acids from American ginseng bulk soil

Pl Sl ] — b T 4 YRE A P IME (n=4) 5 o [l — I ] Ak BRI 30 T 2 22 57 1.3 (P<0. 05)

3 itig

FELIAEARIERAE AR 58 | 0o A B P A E I 2 0o 28 PRG3R LR 8 4R R AR P il ke
T 7K 55 5 95 s Bl P TR S Ay I ) A AR ok 2 s ) £ A TE T T A ZE s o 18 2% A 0 9 e K
Yy i) EARAE I AN e Z AR W2 TE ik 1 i [R]85 e IR BRI E T sz men , BRIt TEASBF 9 rhise it 1 K 8
5RO S VETESTEARIR R T AR KR AR, JEARTE 30d P4 58 UM R A K B d 45 51 5 i -
Femrrb A KRR RS, 90d N R BGA B [RIAR S, BRI, S0 B /K 35 75 7 245 32 I R1Ch 30d, 2548 02 90d,
2 H TR R U A R i BRI | DL LR [l — P A5 R . D3 oh 264 3 AR A VRS i g it
L UL T i R BR AR X 22 4F A= AW (AR T o WF 9% B, AR B AR 7 /K 335 W W v 438 T 7 2 o it 410 o |-
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