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Pn ETR 32 2|41 ( P<0. 05) ,{H Fo/Fm AL ; SR 520 EZLRIN 0. 06 mg/mL p-F F AL BRLH 76 R0 PAL F TS 7192 5
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Allelopathic effect of p-coumaric acid on American ginseng and its

physiological mechanism

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

Abstract: The cultivation of American ginseng ( Panax quinquefolium L.; Araliaceae) is frequently hindered by problems
during replanting. Our previous studies showed that p-coumaric acid significantly inhibited the radicle growth of American
ginseng embryos grown on filter paper. The objectives of the study were to determine the allelopathic effects of p-coumaric
acid on embryos of American ginseng grown in soil, to evaluate the effects of p-coumaric acid on adult plant growth, and to
identify the physiological mechanism involved. The role p-coumaric acid played in the growth of American ginseng embryos
was investigated using natural soil to mimic real conditions in the field. We also studied how p-coumaric acid affected the

growth of 2—year—old American ginseng roots grown in nutrient solution. During the seedling emergence and fruit set stages,
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we monitored changes in plant growth and physiological index. In the experiment with embryos, American ginseng seeds
were planted in soil to which either 0.0024, 0.012, 0.06, 0.3, 1.5, or 7.5 mg p-coumaric acid per gram of soil had been
added ; after 7 days of treatment, the radicle and shoot lengths of the embryo were measured. In the hydroponic experiment,
the nutrient solution was amended with 0.012, 0.06, or 0.3 p-coumaric acid per mL of solution. Plant growth data,
including expansion of leaves, plant height, and canopy growth, were collected at 5-day intervals starting from the day
p-coumaric acid was added to the solution. The aboveground biomass, the new grown fibrous root biomass and the activity of
phenylalanine ammonia lyase (PAL) in the fibrous roots were measured at the leaf expansion (10 d), blooming (20 d),
and fruit set (30 d) stages. Moreover, photosynthetic parameters, including net photosynthetic rate ( Pn), apparent
photosynthetic electron transport rate ( ETR), and maximum photochemical efficiency of photosystem II ( Fv/Fm) , were
determined after leaf expansion. The results showed that in soil containing 0.0024—7.5 mg/g p-coumaric acid, the radicle
and shoot lengths of American ginseng embryos decreased by 28.52%—100% and 1.09%—100% , respectively, and this
inhibitory effect was dose dependent. p-Coumaric acid significantly inhibited the above-ground growth of American ginseng
plant at all tested concentrations (P<0.05, Dunnett i-test) and also delayed leaf expansion. Furthermore, the aboveground
biomass was significantly reduced by 17.17%—54.55% at the fruiting stage (P<0.05). Moreover, Pn and ETR of leaves
were also significantly reduced ( P<0.05) by p-coumaric acid; however, the values of Fv/Fm were not affected. For fibrous
roots, their PAL activity in the 0.06 mg/mL p-coumaric acid treatment was 69.05% higher than in the control at the fruiting
stage, and then both their biomass and PAL activity were lower than in the control after this growth stage. When p-coumaric
acid was at concentration of 0.3 mg/mL, the PAL activity and biomass of American ginseng fibrous roots were lower than in
the control in all the three growth stage. These observations indicated that p-coumaric acid in the natural-soil rhizosphere of
American ginseng embryos exerted profound allelopathic inhibitory effects, and it also inhibited the growth of adult
American ginseng plants above ground while decreased the photosynthetic capacity of leaves. The fact that PAL activity in
fibrous roots was higher than the control at seedling emergence stage and lower than the control at blooming stage in 0.06
mg/mL p-coumaric acid treatment, associated with fibrous root biomass was decreased at blooming stage, also demonstrated
that p-coumaric acid may be a potential stress factor during the growth of American ginseng root systems. In conclusion, our
data showed that p-coumaric acid exerts autotoxic effects on both embryos and seedlings of American ginseng and that these

allelopathic effects might be partially achieved via the inhibition of photosynthesis in leaves of adult plants.

Key Words: Panax quinquefolium L.; p-coumaric acid; allelopathic effect; biomass; photosynthesis; PAL

Pi¥ES (Panax quinquefolium 1.) N H BN S8 24084 LR85 250 , 76 B (8] A 7= v i VR RIS 43 ™
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Fig.1 The effects of p-coumaric acid on American ginseng embryo growth
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mL ZbFRZH 15—20 d B, FERE SRR T X6 R 35.43% F11 34.90% , H k525 5 58 57K - (P<0.05) ; 24 7R ik i 42
2 0.3 mg/mL B, FEIG SR A 1—2 BRAT R 0, S IR AE 6 A SRAE T[] 45 1 43 51 LX) R AIK 16.61%
30. 58% 47.24% 43.99% 33.79% 1 28.10% , 1E 30 d (5N , IrA e (1) p-7 52 R A B4 FE AR ik v 211K
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MAEREAE K B A p-7r SRR AN BRZH ) b6 F AKX R, p- 75 TRV FEAE 0.06 mg/mL LA I
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Fig.2 The effects of p-coumaric acid on leaf expansion, crown width and height of American ginseng plant
P v B S ] — A B 5 OCE S - BB R 22 (V=5) ;5 3R [a) — I ] G Ak BRAHBSHE S5 00 R ZH 22 53 W8 35 ( P<0.05) 5 R ZAL B (A
I ARAERR R (V= 1) 3 HIE i A7 I 2

(20 d) I, 3 DUREERY p-7 TLRRAL BRA AR A= My BT X0 IR, 235 [ A1 25.33% ,33.33% ,41.33% , {H R 1K
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Table 1 The effects of p-coumaric acid on biomass of American ginseng plant

P 10d 20d 30d

953 P 14 o 14
Concentration/ M & ﬁjj‘j: ;ii,ﬁn s L ;TJ’J;?: ;iti o li[ﬁ‘j: j::ji
(me/mL.) Aboveground fibrous roots Aboveground fibrous roots Aboveground fibrous roots
X H& Control 3.06+0.49 0.75+0.32 3.90+0.85 0.75+0.21 1.98+0.43 0.40+0.18
0.012 2.78+0.77 0.92+0.26 2.97+1.15 0.56+0.36 1.63+0.89 0.40+0.26
0.06 2.06+1.06 " 0.86+0.40 0.88+0.13 " 0.50+0.26 1.64+0.53 0.57+0.23
0.3 1.14£0.44 " 0.60+0.37 0.73£0.22" 0.44+0.17 0.90+0.35" 0.30+0.19

FP B A R — A B S YR ST B AR IE2E (N =5) 5 FRoR TR — o [H) s b 20 B0 5 %o B 2 2 5 W % ( P<0.05)

2.3 p-EGIRAVEFESHEMOL A R R R

E%F A EE,0.012.,0.06 mg/mL il 0.3mg/mL p-7r 5. R AL B S PO ¥ S AE MR A B89 P (B F B 41, 58% |
64. 74% M1 70. 53% ,p-75 G HRUE FEAE 0. 06 mg/mL LA b if, 55 R 20 25 53k 3 i 27K F (P<0.05) . 0.06 mg/
ml p-FF GRS ETR 3% TR 5.45% (P<0.05) , p-F& S R4 W B AL BRAAE AR Fv/Fm 5 X IETCAE b
(%£2),

K2 p-BEBRMAFSEKRLEAERNIN

Table 2 The effects of p-coumaric acid on photosynthetic rate of American ginseng plant

b P i LB AR (Pn) WAL TAZ R (ETR) FIIAL AR (Fv/ Fm)
Concentration/ Net photosynthetic rate/ Apparent photosynthetic Maximum photochemical
(mg/mL) (umolCO, m™2 s7") electron transport rate efficiency
X B Control 1.90 + 0.25 3.30 + 0.04 0.81 + 0.009
0.012 1.11 £ 0.73 3.34 + 0.19 0.81 = 0.004
0.06 0.67 + 0.55" 3.12 £ 0.02° 0.81 + 0.006
0.3 0.56 + 0.00 " 3.26 + 0.00 0.81 = 0.000
FR R Rl — AL PR 5 B A P AR EZE (N=5) 5 * F [ — I 18] Ak B B0 5500 I 20 22 57 |23 (P<0.05)
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(P<0.05) , TFPEIESE KBNS (30 d) , i W E 1) p-75 G RRANFRA] PAL BTG 1 SXTHEAHZEA K, YA
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Fig.3 The effects of p-coumaric acid on phenylalanine ammonia lyase (PAL) activity in fibrous root of American ginseng plant
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BE MW T p- SLRRAE T X PEPES MR . S0 RTINS R 23 p-Fr TR & 1 0.462—
0.985 mg/g"" , % L& + HE i LR o3 AT A B B L, ZEFI IR A K SE 30 i -7 RV B Ry 0.0024—7.5
mg/ g, KIS B A R 5T S RR E A B SR AR T R SE PR AR, 1T 0.012—0.3 mg/mL
p-Tr RSN

% T HERE AR B B SRR T3 NS R LD DK RS AR B 5T A B E I e 45 R 5 - e o b i 45
FRATREAFERR D], FAT IS0 45 SR R BIHE T 3EBL B vh p- 8 SRS PO v S IR AR R BT SRS 1, 55 i A
DRARIE BT rh A 45 R — B0 BAE ISR BEA Tl 78 13D p-75 GRRON PO PR SRR 0 R 2 A A i 4 T LU AE DR
YR REAR, RIEE NG IA R 7.5 me/ g (Fi K BREK i 20% 1153, WA 37.5 mg/mL) B0 25 75 fig ik 5
100% , M AEJE4EH 7 10 mmol/L(1.64 mg/mL)p—%‘EﬁfiEﬂm%%ﬁﬂ%ﬂﬂﬁﬁﬂ@ﬁiﬁ”: s 52 MBS p- TG IR
T 3 b X IRAR B FH FE AR IR R F 3658 IR BEAE 0.3 mg/g (2t K ] 5K 2 20% 354, IE N 1.5 mg/
mL) I R 5 1k 75.4% , T 7E JEAE A ¥kl 1.64 mg/ml [ p-75 TR HFR I 63.4% il 57
T 5 A - o 0 PSR 025 T 55 - M L TR RO M) 1) B e i) 5 {1
A A U T A ) ) A P s L A 1) 3 P 1 A Ak e 1 = A SRRy I Pk 20 ) 3 A
Heh R A= SR AL R T SR G R X AR A TR RO A W 1 ) SR mT o3 ik g F AR IR R, X 5
PR A SRR P LU e 2T i 3R ) S T

X TAFTEEAE RS I Z AR AE VIR UL, H BEY) 00 AR AR AR 15 A B 1R S AT 108, A 92560 R F K 5 J7 X
WHFE p-T SLIRX VU PES IR A I AR T LA B Az BEAILAR , LA AR T HEBR T 1] 38 55 23 PR3 %0 10 B T G 52
ey, AT DATESR ] 25 A R R A BT VR o B2RERWIAS N p-7& LIRS PO S M bR SR 4R | 1o vk 32
(0.3 mg/mL) 27 85% M K A BESE 2 e TT, M i AR K Z 2 ], S BUEHMOL G MK K TR, 7350, p-F 5
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FRALBRLANT R Pn RN ETR ¥REAG, PRIIL AR SCHEIAR A G B TR A L KOG B N 32 il 2 p- 7 0 R 1 1 7
PESE KA EY R B ESEP . Blum 2517 H2E 0.5 mmol/L(0.082 mg/mL) p-7 & B2 AL F 8 R4 & )5
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Z 9 0.25 mmol/L(0.041 mg/mL) Y p-F S FRACBE 6 h J&5 8 KA I A ) Pn AH HE X BRI 69.64% , A4 3C
p-T R ISR T B B A K P A AL A FH P 5 DL B Rl — 2k, HIje] b | i T T REAEAE AR Wy A 2R )
DR TS i AR B G A p- T SRS BURR PG 9 2 ¥ 0 S BV A 83 ot 1 — A5 1 - S50 0 AT 96IE

PAL RV GARI N IR P Re S A A TR e A 3 720 ) S el il R SRk il , b T A 0 b 3k Sz by LA
FEAHRE Y R T A T TR B8 R A BRAY Y PAL OIS AR RE VT REAE — AR LR kA
FAEYRFVRE . PAL 6 1 BT E & A AR Y U 6 B ) 4R e S5 3 B e A SR R B b e
[E] S AR R PAL 36 J3 AR AR 2= 15 F /K 2 A | ] A AR A 4 B A 1 vl 0 55 A0 S R AR I
WA R, W 3B 25 AL FP ARG 2595 18 ( Plectosphaerella cucumerina) K55 & ( Verticillium dahlia) 1
d JEARH PAL {E M &, 7E 5 d SR B0, i b M AR e A 7 d BFER B FRAR, AR S
0.012 mg/mL p-Fr ERRAFELALTE 10—30 d VEHES R 1AW i K PAL 1§ 15 X BEAH 38 0 8 3% 25 5+ (P>
0.05) , BEBH UL BEA 15 B 6 vk B, Mk BE RS N3] 0.06 mg/mL A, AL HE 10 d () PAL 3§ 7 Ho Xt 8 38 fin
69.05% , 72 B A PO 2 AR 2R 32 21 ik 2R A9 s i), (ELZ00AR A5 4 i oK 32 B R AR, D00 G 5 S A ok %) 7
S8 ] BEALAE B TR R B BE ;20 d B PAL 3% 7 K T B (P<0.05) , X FhER 42 5 T ik ) ZE A EEAY
FEL ) 7 3380 10 Bl A ABERY rp Y e B — 350, B P AL S5 3R AE I 38U 107 1) S B A A ) 32 JBih e 5 AN J& — BT+ i, T
SRR P IRR SR L, Y p-F SRR L S E] 0.3 mg/mL B, 10—30 d IR PAL % J1 MIAE 9 &
U HEBEAR , 150 BRI B R VG 1 S 32 il AR BE N B, A K 2 2 0B, X B R B A B ZH A R 8 57 2 30 d
B, VU S C A0, #A KO AT T B0 BB, SR REAR 19 A2 K J7 R IR I8 55 | Z0HR A T8 2 R 7% 1
MG, NI BRI A Y L 10—20 d B R [, OB X B i A p-F IR AL B2 PAL 1% J1 B3 HE 10—
20 d BFREAR
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