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g. 1. Comparison of shoot and root growth on transplanted
Phytolacca americana treated with different concentrations of
E. rugosum leaf extract. Means with the same letter are not
significantly different(Duncan's multiple range test, P<0.001),

se of n=3 measurements each are given.

Table 1. Analysis of total phenolic compound {mg/l) on leaf extract
and soil treated with different concentration of E. rugosum

under Pinus canopy

Concentration (%) Leaf Extract Soil Extract
Control - 0.04£0.02 ¢

10 0.12+0.07 ¢ 0.06+0.03 *

25 0.3040.03 ¢ 0.1040.02 °

50 0.624037 ° 0.48+0.17 ©

75 0.944025 ° 0.65+0.24 °

100 1144062 ° 0.90£038

Means with the same letter are not significantly different (Duncan's
multiple range test, P<0.01), + se of n=3 measurements each are given.
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Table 2. Comparison of total phenolic compound (mg/l} on leaf
extract and soil of E. rugosum at forest interior and forest
edge, and under Pinus and Quercus canopy

Sampling Site TPL TPS
FI 1434045 ° 0414021 *®
FE 1.09+047 0.35+0.06 °
UPC 1124003 © 0.40+0.12 ®
uQC 1.66+0.87 * 0484003 °

Means with the same letter are not significantly different (Duncan's
multiple range test, P<0.001), *se of n=3 measurements each are given.
FI: Forest Interior, FE: Forest Edge, UPC: Under Pinus Canopy, UQC:
Under Quercus Canopy, TPL: Total Phenolic compound of E. rugosum
Leaf, TPS: Total Phenolic compound of Soil under E. rugosum.
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Fig. 2. Comparison of the germination rate on six species treated with
different concentrations of E. rugosum leaf extracts. A:
Echinochloa crus-galli, B: Rumex acetocella, C:. Cassia
mimosoides var. nomame, D: Phytolacca americana, E: Seta-

ria viridis, F. E. rugosum.
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Fig. 4. Comparison of the germination rate of Phytolacca americana
with different concentrations of phenolic compounds. A:
Benzoic acid, B: Caffeic acid, C: Cinnamic acid, D: p -hydro-
quinone, E: Protocatechuic acid F: Hydroquinone
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Table 3. The heavy metal concentration in outside soil and inside
soils and organs of field grown Eupatorium rugosum plants.

Soil (mg/L) Plant (mg/L)

0} I Root Leaf
Al 975.09°+15.53 83423°+1278  3.63°+0.78  45.09°+553
As  462°+117  492°+140  032°4040  042°+0.07
B 1324017  084°4037  039°+0.12  126°+0.13
Cd  0.04°+0.01 N.D N.D N.D
Co  0.14°+011  024°+0.10 ND 034°+£0.02
Cu 366019  201°+0.14 0284001  026'£0.12
Fe 34174610 2941°+506  041°+006 2671023
Mn 26654292  1158°+267  128°+0.17 28.94'+8.82
Ni 1394042 1154034 ND 0.12°+0.03
Pb 935206  453°+137 ND 0.06°+0.01
Zn  509°+136 N.D 021°+0.17  432°+1.01

Values reported are means and standard errors. Means with different
letters are significantly different between soil and plant(Duncan's multiple
range test, P<0.01), £se of n=3 measurements each are given.

O: OQutside soil(soil without E. rugosum), 1: Inside soil (soil with E.
rugosunt), N.D: Not Detected.
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Environmental Adaptability of Eupatorium rugosum : Relationship between
Accumulation of Heavy Metals and Phenolic Compounds

Kim, Yong-Ok", Jong Ya Park* and Ho-Joon Lee*
Y Intensive Forestry Program, Washington State University, Puyallup, WA 98371-4998, USA
Department of Biological Sciences, Division of Natural Science, Konkuk University*

ABSTRACT : Seed germination rate and seedling growth were measured on & different species(Phyfolacca
americana, Eupatorium rugosum, Rumex acetocella, Echinochloa crusgalli, Cassia mimosoides var. nomame,
Setaria viridis) treated with leaf extract of E. rugosum. Total phenolic compound and heavy metal were analyzed
on leaf and soil with and without E. rugosum. The growth of P. americana seedlings were stimulated by 10%
and 25% of E. rugosum water extract treatment. The content of total phenolic compounds in soil was lower than
that of leaf extract, and 25% was confirmed as threshold concentration in natural systems because the total
phenclic compounds were not significantly different between the control soils and the soil treated with 10%, and
25% extract. Total phenolic compound concentrations of the leaf extracts were highest (1.66 mg/l) with E.
rugosum grown under the Quercus forest canopy and lowest (1.09 mg/l) for the plant grown in the mixed forest
edge. Leaf extracts of plants selected in different sampling sites (Forest interior, Forest edge, under Pinus
Canopy and Quercus Canopy) were significant, while soil extracts were not. Seed germination of R. acefocella
and S. viridis were significantly inhibited at over 50% concentrations of E. rugosum, but C. mimosoides var.
nomame was not affected at any concentration. The radicle and shoot growth of the native species group were
reduced two times more than those of the exotic species group by the treatment of extracts. Especially, the
seed germination percentage and dry weight of E. rugosum were greater than those of the control group by
treatments with extracts of 10% and 25%. Analysis of aqueous extracts from E. rugosum by HPLC identified
6 phenolic compounds: caffeic acid (460.9 mg/l), benzoic acid (109.7 mgfl), protocatechuic acid (7.3 mg/l), e

-hydroguinone (6.0 mg/l), cinnamic acid (2.7 mg/l) and hydroquinone (0.23 mg/l). The seed germination of P.
americana was also inhibited dramatically by protocatechuic acid and cinnamic acid even though the content
of caffeic acid (460.9 mg/l) was the highest among analyzed phenolic compounds. The heavy metal content of
soil without A. altissima was higher than that of soil with E. rugosum. Particularly, Al, Fe and Mn was
considerably high and most of the heavy metal were accumulated in leaves where a high level of total phenolic
compounds was found.

Key words : Eupatorium rugosum, Heavy metal, Seed germination, Seedling growth, Total phenolic compounds.




