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Allelopathicpotential of volatile oil from Chenopodium ambrosioides L. on root tip

cells of Vicia faba

HU Wanjun', MA Danwei'> *, WANG Yanan'?, ZHANG Hong'*, LI Qun'?
1. College of Life Science, Sichuan Normal University, Chengdu 610101, China
2. Cell Biology Laboratory, Sichuan Normal University, Chengdu 610101, China

Abstract: Chenopodium ambrosioides L. , one of the aromatic herbaceous species of the Chenopodium genus, native to
tropical America, has become major invasive plant in China. It was first recorded in Tamsui, Taipei County in 1864. Since
then, it has spread extremely rapidly, now it can be found in Shandong, Shanxi, Zhejiang, Jiangxi, Fujian, Taiwan,
Guangdong, Hainan, Hunan, Hubei, Guizhou, Yunnan, Sichuan Provinces, the Guangxi Zhuang Autonomous Region,
Beijing, shanghai, Chongging and Hongkong cities, posing threat to local biodiversity and economics. It is extremely
difficult to control or eradicate C. ambrosioides. Allelopathy is one of the mechanisms by which invasive alien species
invade successfully. Invasive plant may release allelochemicals into the environment by leaching, root exudation,
volatilization, residue decomposition and other processes. Allelopathy of these allelochemicals could be achieved by soil
media. The volatile oil from C. ambrosioides was extracted by steam distillation, and genetic toxicity and apoptosis of root
tip cells of V. faba induced by volatile oil in soil were investigated using V. faba root tip micronucleus assays and DNA
ladder analysis technique. The resulted showed that lower dose (5 wL) volatile oil promoted root growth and mitosis of root
tip cells of V. faba, but root growth and mitotic indexes were inhibited with the increase of dose (>5 pL) and prolonging of
action time. The aberrant chromosomes of V. faba root tip cells such as micronucleus, chromosome bridge, chromosome

break, chromosome lag, chromosome conglutination, chromosome loop and multi-pole divide induced by the volatile oil in
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soil were observed. The volatile oil from C. ambrosioides was shown to induce increased micronucleus frequency of root tip
cells, but this increased effect gradually decreased along with the increasing dose of volatile oil. DNA ladder analysis of root
tip cells revealed that volatile oil can induce apoptosis, in a dose-and time-dependent manner. The progressive delineation
of fragmented DNA was coincident with the appearance of DNA ladder was observed after being exposed to >15 pL volatile
oil for 48 h and >15 pL volatile oil for 72 h. These results suggested that the volatile oil from C. ambrosioides was shown to

be with significant allelopathic potential on root cells mediated by soil.

Key Words: Chenopodium ambrosioides L. ; volatile oil; root tip cells; genetic damage; apoptosis; allelopathy
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I P 5 M 15 A DL B AR DGR 8 40 o 7 AR AR 1 A S A 10 240 B ast 1% 40 403 1 — A R vk, DR Ak B
JE TR A DA g P T B85 v 1 SO AR B2 AR AL B BRI AR 9T 32 T A AR AR MU AR N
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Pl 24 h, JCERE 12 h 30K 1K, K8 Wik i #3550 B TAA I 2 A (s i b L i 2R
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K 3 min, %2 25 CHEIRA TR FR 24 h GV EEN 1 em 2245, ] Carnoy [EE WK [ E 24 h,70% LT 4
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1.3 Hdagiit

FIFH Excel 2003 F1 SPSS 18. 0 X 8 i 47437 .
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F1 THFELZBMNBIRICAPEFLSRHFMN

Table 1 Effect of essential oil from Chenopodium ambrosioides on mitosis of Vicia faba root tip cells
- £y &1l Bl B 2253 ZHE 8 Mitotic index (xxsd)/%
Times/h Dose of AT B R T 41 ity 1 1

essential oil/pL. Mitotic index Mitotic prophase Mitotic metaphase Mitotic anaphase Mitotic final-phase
24 CK 9.5467+0.105 a 6.7390 +0.129 a 0.8916+0.065 a 0.9418+0.098 a 0.9743+0.066 a
5 11.9101+0.588 b 8.3442 +0.377 b 1.2982+0.066 b 1.0504£0.165 a 1.2173+0.123 b
10 8.3127+0.093 ¢ 5.4925 +0.130 ¢ 0.9069+0.097 a 0.9400+0.093 a 0.9733+0.149 a
15 7.7849+0.085 d 5.0740 +0.136 d 0.9485+0. 100 a 0.9807+0. 101 a 0.7817+0.095 ¢
20 7.0316+0.091 e 4.5604 £0.121 e 0.9955+0.136 a 0.9781+0.103 a 0.4977+0.060 d
48 CK 9.4817+0.149 a 6.3717+0.210 a 0.9428+0. 106 a 0.9760+0.119 a 1.1912+0.067 a
5 11.0952+0.171 b 7.2161+0.192 b 1.7100+0.348 b 1.2469+0.112 b 0.9222+0.135 b
10 7.4892+0.082 ¢ 4.8560+0.119 ¢ 0.9212+0.100 a 0.8064+0.105 ¢ 0.9056+0.062 b
15 6.5833+0.057 d 3.8074+0.080 d 0.9307+0.104 a 0.9473+0.091 b 0.8978+0.123 b
20 5.5825+0.072 e 3.2307+0. 146 e 0.9278+0.072 a 0.7117+0.088 ¢ 0.7122+0.094 ¢
72 CK 9.5044+0.113 a 6.3589+0.167 a 1.0986+0.137 ab ~ 1.0985+0.069 a 0.9485+0.137 a
5 8.9780+0.156 b 5.8046+0.192 b 1.1405+0.105 b 0.9257+0.107 b 1.1072+0.086 b
10 6.7442+0. 066 ¢ 3.8207+0.133 ¢ 0.9968+0.085 abc  0.9632+0.092 b 0.9635+0.095 a
15 5.5630+0.043 d 3.0262+0.104 d 0.9649+0.131 ac ~ 0.8841+0.078 b 0.7063+0.079 ¢
20 4.5447+0.093 e 2.4306+0.095 e 0.9155+0.082 ¢ 0.5827+0.059 ¢ 0.6159+0.095 ¢

ANEFAHAREAR R F A FEZH [E] 0. 05 KT 2E5F (P<0.05)

F2 THIFERMINRERCAERAZZZNE

Table 2 The effect of essential oil effects from Chenopodium ambrosioides on the micronucleus frequency of Vicia faba root tip cells

P % ) %= Micronucleus frequency ( MCN%ozxsd )
Dose of essential oil/pL 24 h 48 h 72 h
CK 2.29+0.42 a 2.48+0.52 a 2.08+0.48 a
5 5.10£0.53 b 7.92+1.08 b 5.50£0.59 b
10 6.19+0.43 ¢ 9.38+1.05 ¢ 6.54£0.50 ¢
15 10.02+0.77 d 11.41£0.42 d 12.86+0.80 d
20 5.830.68 he 6.67+0.68 e 7.71£0.79 e

2.4 FHIITHE RIS SN T

AN [FR R R AL S | 2 AR RN A R R BE A R T (181 3) o T LB M, AN () 7)o 2 2 T
AEBE 24 b J5  MRASAN AR A A PR T, BRI R] Y ZEHC , FH 15 WL/ L #52 & ih AL 3 48 h J5 4R HH 28 DNA Ladders i
AH I 4R B E 2T BRI T 5 YA B[R] 3K 5] 72 h i, 10 /UL AYF7) 5 A DNA Ladders 5230, H 257 19 35 i
FE R IR KR,
3 itig
3.1 IR ISR AR A K AR

ARAFFREE R, LI R I 7 2 AR AT 2253 4 B 5 AT A e i ARk vy . FH 3R #5 R Th Ad
AR AR 24 h 148 h 5 ARFEHE LI (5 wL/ L) BB AR T 48 D4R A A K (HUR Bifi 2 A 34 s i) S8 4
PRI G0, A2 N Ik 55 , B 2RIl A AARA A WnAb ] 72 b S AR A e 3 SZ B, AR
AR AL, X5 Hajjouji ZFAIRFFE—20 " RGN AL T | & OAR A A K 2 B R AN S AR OS
BT S TR AN 2 PN A A I A T P S 3 s R P SR KT LA AR e D X 3 A 47 i [A]
RS MEHER TR BT RIAL T AR R T A R AZ 7, DT B AR A

FE IR R MAE RS M50 A DX AR A A 22 53 2448 B8 A A R K 1 28 16 3R 0 Hh AR RL iy 45 51, 15
it IR R I EAT IR A SRS L (1) AT 225334, bifi A Ak BHL) k3 AR Ak 3 B ) B 200 AT 22 53 4R B
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B2 THFELZHFSEZIRRAMEEEFEET
Fig.2 The aberrant chromosomes ofVicia faba root tip cells induced by of essential oil from Chenopodium ambrosioides

a. [AIYIBORZ b, IR, . BEIINT A, d. 5 A A0 02 e R IIIBT 1 € ARRIVIT e SR , g RIBIT o, b, ARIDIER i SR I3 g 31

20uL 15uL 10uL SpL OpL M 20pL 15uL 10pL SpL OuL M 20uL15uL 10uL SpL  OuL M

24h 48h 72h

3 THIFELZHLESETRALMEEE DNA EKE

Fig. 3 Electrophoretic pattern of total DNA ofVicia faba root tip cells treated with s essential oil from Chenopodium ambrosioide

TR, I 2257 S A I A0 MR IR, 4K S B AN LAk A 22 0y 4RI (ELB o Ak B ) A R i A
YA LB D IXE—RE AR U IR K A T SRR AR 1 A ST, 5 200 o S B A
A, T i A B 3, RO B AN R G O, 1 B R A0, 5 A i A A REUE ARTIY
3.2 IR R 20 M

f#% (micronucleus ) = AE 2 7E AN AZ SNSRI 2R (54850 SOl 305828 7)) il A 18 0 T, e At 30 by
R H YR 24T B B, PR A 2243 S8805 BRIA Y W5 A Y (R sl e (R BT R DG 40 e BB F 4l e
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LIRS T ERA/IMZ (L) o AWTFERI, SR [R50 i IR T #8 ab B | A AR A A i Hh B 2
Tl A T ) e (O P A2 | R 25 S 25 1 8 IR A — G Y T PN S ) A0 R e B 28007, >4 Ak R 4y 15
I, SO AR B R R, X — 45 R SR e A5 R Wu S5 HGE I 25 0L, HIRIITHE & AT LR 30 DNA
SLHIFE R A2 B, 7 S B G, 310" Az i) A Bl B A% e (8 M E 7 U0 Ik 70 B B 240 v, T 08 ol 50
T, B Ak B ) SRR KA, 4 il T BE S B TN R R AR A TGk BE A MO, o AL T2
fE L RPN, NI SCRBU MO RUZ RO Gl AR L PR A8 R 7 it Ak B 591 g 39 DR R Ak B ] 32
KRR A XA DNA S A5 SR, BUBRIRIE A ( DNA ladder) , 32 A 1300 744 S i HAT 75 T 4 i 0
TR,

M BOREOG 22 0 A0 I 0 T DR R AR 2, H b S A 3 T 498 3 S I BRI R 4 e 4 i
T2 AT, IR A S T R R IR AR IR T, AR S RO A R R SRR
240 3 P AR B B O (EUA S TR 4 i 5 RS A St 0 1 15 2k — B P UESE
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