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Abstract—We analyzed phenolic compounds and other elements in leaf
extracts and compared morphology of three species of the Phytolaccaceae
family found in South Korea. To test allelochemical effects of the three
Phytolacca species, we also examined seed germination and dry weight of
seedlings of Lactuca indica and Sonchus oleraceus treated with leaf extracts.
The concentrations of total phenolic compounds were exotic Phytolacca
esculenta (3.9 mg/l), native Phytolacca insularis (4.4 mg/l), and exotic
Phytolacca americana (10.2 mg/l). There was no significant difference in
concentrations between P. esculenta and P. insularis, but the concentration of
total phenolics in P. americana was two times higher than either P. esculenta
or P. insularis. Analysis of aqueous extracts by HPLC showed seven phenolic
compounds (gallic acid, protocatechuic acid, chlorogenic acid, caffeic acid,
m-hydroxybenzoic acid, p-coumaric acid, and cinnamic acid). Total phenolics
in P. americana were eight to 16 times higher than either P. esculenta or
P. insularis, respectively. P. americana inhibited seed germination and dry
weight of the two assay species. The phytotoxic effects of the two Phytolacca
species were different, despite the fact that P. esculenta and P. insularis had
similar levels of total phenolic compounds. We also found that P. americana
had invaded Ullung Island, which suggested that P. americana had excellent
adaptability to the environment. The three species of Phytolaccaceae in South
Korea can be distinguished by their different allelopathic potentials and
morphologies.
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INTRODUCTION

Many plants in the Phytolaccaceae are distributed throughout tropical and
subtropical zones. Three species of Phytolaccaceae are found in South Korea:
Phytolacca esculenta, Phytolacca insularis, and Phytolacca americana (Lee,
1985). Among these, P. americana is native to North America, but is distributed
widely in Europe and Asia. It is a perennial weed in the central and southern
provinces and Cheju Island. Since 1993, it has become an invasive exotic in
South Korea and is threatening native species (Lee et al., 1997; Han et al., 1998;
Kim et al., 2000), especially in polluted areas (Park, 1995a; Park et al., 1999).
P. insularis is native to Ullung Island, and P. esculenta is native to China, but
occurs rarely in the central province including Cheju Island in South Korea
(Lee, 1985; Park, 1995b). There have been several reports of the role of
allelopathy in exotic plant invasions and its defense against the spread of invaders
to maintain biodiversity of natural systems, community structure, and ecosystem
function (Callaway and Aschehoug, 2000; Keane and Crawley, 2002; Kennedy
et al., 2002; Bais et al., 2003; Vila and Weiner, 2004). Little is known about the
Phytolaccaceae except for a few papers dealing with the invasive threat of P.
americana in South Korea (Han et al., 1998; Kim et al., 2000). Researchers in
South Korea have claimed that P. esculenta and P. insularis are not morphology
distinct, although their distributions are limited to different areas. The opinion of
researchers is that P. insularis is the same species as P. esculenta and that there
are no native species of Phytolaccaceae in South Korea. To address this issue,
morphological and chemical analyses of these three species were conducted.

Allelopathy is an ecological mechanism operating in natural and managed
ecosystems. In competition between exotic and native species, exotic species
that produce large amounts of allelochemicals effectively repel other species,
and their ability to invade plant communities increases (Pellissier, 1993; Inderjit
and Dakshini, 1998; Kim et al.,, unpublished). There are many secondary
metabolites that act as plant allelochemicals including phenolic, terpenoid,
flavonoid, and alkaloids. Among these, phenolic compounds are the most
abundant under field conditions and are known to affect seed germination,
seedling growth, cell division, and fungal activity (Lodhi, 1976; Bhowmik and
Doll, 1984; Rice, 1984, 1995; Inderjit, 2003; Kim et al., 2000).

Recently, phenolic-induced oxidative damage was found to be mediated by
aluminum (Sakihama and Yamasaki, 2002) and that accumulation of such
metals occurs by conjugation with phenolic compounds in various plant organs
(Santiago et al., 2000; Lavid et al., 2001). Under field conditions, phenolics
interfere with the growth and establishment of competing plant species by
releasing water-soluble compounds into the soil. Furthermore, extracts of
P. americana inhibit seed germination, seedling growth, and exhibit antifungal
activity at low concentrations (Lee et al., 1997; Kim et al., 2000).
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Phenolic compounds were not studied in the context of physiological re-
sponses associated with this family. Therefore the goal of this study was to
characterize the three species located in different environments by comparing
physioecology of allelochemical effects, heavy-metal accumulation, and mor-
phology in South Korea. The objectives of the present study were to (1) deter-
mine the effect of the leaf extracts of Phytolaccaceae (P. esculenta, P. insularis,
and P. americana) on seed germination and seedling dry weight of Sonchus
oleraceus and Lactuca indica and (2) differentiate species of Phytolaccaceae
according to morphology, phenolic compounds, and allelochemical effect.

METHODS AND MATERIALS

Study Areas. We examined the bioassay of seed germination and seedling
growth with the extract of roots, leaves, fruits, and stems. Leaf extract had
the strongest effect among these, so we used leaf extracts in this experiment.
Plant extracts were made from fresh leaves of 10 individual plants per species
(P. esculenta V. Houtte, P. insularis Nakai, and P. americana L.). Leaves
were collected from Youngdong (36°10'N, 127°46'E) in Chungcheong Province
(P. esculenta), Dodong, Ullung Island (37°28'N, 130°54'E) in Kyungpook
Province (P. insularis), and Suwon (37°16'N, 127°00'E) in Gyeonggi Province
(P. americana), South Korea, in August 2001. Seeds of S. oleraceus L. and
L. indica Hara were collected in October and November 2000 from old fields in
Seoul, South Korea (37°30'N, 127°12'E), and were used for the seed ger-
mination bioassay. Youngdong (P. esculenta) and Dondong (P. insularis) sites
are located on rural hillsides with less anthropogenic pollutants. On the other
hand, Suwon (P. americana) site is at a recently developed suburban hillside,
influenced by heavy vehicle traffic. The climate is temperate, with four distinct
seasons. June, July, and August, corresponding to the summer season, account
for more than half of the total annual rainfall.

Analysis of Phenolic Compounds and Heavy Metals. Chemical standards
used for analysis of phenolic compounds were purchased from Sigma Chemical
Co. Two hundred grams of fresh leaves of Phytolaccaceae (P. esculenta, P.
insularis, and P. americana) were extracted with 1-1 distilled water at room
temperature for 48 hr and then centrifuged at 15,000 rpm for 30 min (Centrikon
T-1045, Kontron Co.). The supernatant was collected and stored at 4°C until
used for bioassay and analysis. Phenolic compounds were purified from water
extracts by adding 10 ml of saturated NaCl to 40 ml of aqueous extract in a
funnel. The pH was adjusted to pH 2 with 1 N HCI. After adding 20 ml of 5%
NaHCOj; and mixing, we collected the NaHCOj; solution. This was adjusted to
pH 2 with HCI and mixed with 20 ml of ether. After mixing, the ether layer was
evaporated under reduced pressure with a rotary evaporator. The residue was
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dissolved into 5 ml of acetonitrile. Individual phenolics were analyzed by HPLC
(Hewlett Packard Series 1050, USA), with diode-array detection (250, 254,
284 nm). Twenty microliters of extract was injected onto a pBonda-Pak C18
Radial Pak (0.8 x 10 m) column, with a mobile phase of acetonitrile and 0.02
M sodium acetate (pH 4.3) and a flow rate of 1.3 ml/min. Total phenolics were
measured using the Folin-Ciocalteu phenol reagent (Swain and Hillis, 1959).
Leaf extracts were analyzed for elements B, Al, Co, Cd, Cu, Fe, Mn, Ni, Pb, and
As (Agricultural Improving Institute, 1988).

Morphological Comparison of Phytolaccaceae. The morphology of Phy-
tolaccaceae was observed by anatomy microscope (36, EPT, 160T). The anther
of P. esculenta was observed at 2.5 x 50 and the flower and the fruit at 2.5 x
8.5. The anther of P. insularis was observed at 2.5 x 25 and the flower and the
fruit at 2.5 x 10, and the anther of P. americana at 2.5 x 30 and the flower and
the fruit at 2.5 x 10. Those were compared between Phytolaccaceae. Photo-
graphs were taken using a Nikon F801 camera, using T-MAX 100 Kodak film
(Phillips et al., 2000).

Seed Germination and Seedling Bioassay. Leaf extracts were filtered
through Whatman No. 1 filter paper and then diluted to concentrations of 0,
12.5, 25, 50, 75, and 100% for bioassay. After being selected for uniform size,
seeds from S. oleraceus and L. indica were sterilized for 3 min in a solution of
5% sodium hypochlorite and then rinsed with distilled water. Thirty seeds were
sown in a Petri dish (diam 90 mm) on filter paper treated with leaf extract
solution. The bioassay was repeated four times in a growth chamber set at a
constant temperature of 26°C and 80% relative humidity, with an alternating
photoperiod of 12 hr light/12 hr dark for 10 days. The germination percentage
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FIG. 1. Comparison of total phenolic compounds from leaf extracts of (1) P. esculenta,
(2) P. insularis, (3) P. americana. Means (+SE, N = 5) with the same letter are not
significantly different (Duncan’s multiple range test, P < 0.001).
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and dry weight for each seedling were measured at each concentration of ex-
tract. Seed germination was assessed daily, whereas the dry weight of seedlings
was measured after 1 wk. This bioassay was modified from Lodhi (1976).

Statistical Analysis. The data were normally distributed, and significant
differences at P < 0.001 between the total phenolic compound, treatments, and
controls of the bioassay were calculated using Duncan’s multiple-range test
(SAS Institute 2000, Figures 1 and 4).

RESULTS

Among the species examined, P. americana had the highest total phenolic
concentrations at 72.2 mg/l, whereas P. esculenta and P. insularis had concen-
trations of 29.0 and 32.1 mg/l, respectively (Figure 1, P < 0.001). Seven phe-
nolic compounds were identified by HPLC analysis of Phytolaccaceae extracts:
gallic acid, protocatechuic acid, chlorogenic acid, caffeic acid, m-hydroxybenzoic
acid, p-coumaric acid, and cinnamic acid. Chlorogenic acid in P. esculenta and
P. americana exhibited the highest concentration, whereas P. insularis appeared
to have none. A small concentration of m-hydroxybenzoic acid appeared in P.
esculenta, but not in P. americana and P. insularis. An unknown peak was
present at Rt = 5.5 min in P. esculenta and P. insularis that was not observed in
P. americana. Another unknown peak was observed at 14.5 min in P. esculenta
that was not present in either P. insularis or P. americana (Figure 2).

Most of the elements (B, Al, Mn, Ni, Cu, Zn, As, Cd, Pb, except Fe) were
found about 3—16 times more concentrated in the leaves of P. americana than
those of P. esculenta and P. insularis, respectively (Table 1).

Fruit from the three Phytolacca species had different characteristics. The
fruit of P. esculenta was berry-like with the ovary separated into eight cells. The
number of stamens was eight, the anther was pink, and the stem was pale green
(Figure 3A). The fruit of P. insularis was also berry-like, the number of stamens
was eight, the anther was white, and the stem was green (Figure 3B). The fruit
of P. americana was spherical, the number of stamens was 10, the anther was
white, and the stem was green and reddish (Figure 3C).

Seed germination and dry weight of S. oleraceus and L. indica were
inhibited with increasing concentrations of Phytolaccaceae extract (Figure 4).
Germination rates of the two species were greatly reduced in the leaf extracts of
P. americana in comparison to P. insularis and P. esculenta, and were slightly
stimulated by 12.5 and 25% concentration of P. insularis and P. esculenta
(Figure 4A and C), respectively. The dry weights of S. oleraceus and L. indica
were similar to the germination result, but the dry weights of S. oleraceus were
slightly stimulated by 12.5-75% leaf extracts of P. insularis and P. esculenta
(Figure 4B). L. indica seedling dry weight was stimulated by 12.5-75% of
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FIG. 2. Analysis of phenolic compounds in leaf extracts of P. esculenta (1), P. insularis
(2), and P. americana (3) by HPLC. Identified phenolics are (A) gallic acid, (B)
protocatechic acid, (C) chlorogenic acid, (D) caffeic acid, (E) m-hydroxybenzoic acid,
(F) p-coumaric acid, and (G) cinnamic acid.
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TABLE 1. HEAVY METAL AND NUTRIENT CONCENTRATIONS OF
Phytolacca LEAF EXTRACT

P. esculenta (mg/l) P. insularis (mg/1) P. americana (mg/1)
B 0.39 0.31 0.81
Al 1.49 1.32 35.99
Mn 8.11 0.42 66.33
Fe 2.80 4.00 2.32
Ni 0.0 0.0 0.04
Cu 0.04 0.03 0.25
Zn 0.72 0.05 3.49
As 0.04 0.04 0.20
Cd 0.0 0.0 0.01
Pb 0.0 0.0 0.02
Total 13.59 6.17 109.46

Highest concentrations of each element are in bold.

P. insularis (Figure 4D). Leaf extracts of the three species were significantly
different (Figure 4, P < 0.001). Seed germination of P. americana was little
affected by extracts of P. americana (data not shown).

DISCUSSION

Phenolic compounds have been studied as candidate allelochemicals
because they are water-soluble and can complex with ions in the soil (Rice,
1984; Appel, 1993). P. esculenta and P. americana are exotic species, whereas
P. insularis is the only native species of the Phytolaccaceae distributed in South
Korea. P. americana is widely distributed not only in polluted areas, but also
occurs in fields throughout South Korea, whereas the distribution of P.
esculenta and P. insularis is limited and is decreasing in South Korea (Lee,
1985; Park, 1995a; Park et al., 1999). This phenomenon may be explained by
total leaf phenolic concentration shown in the present study. P. americana had
a much higher total phenolic concentration (72.18 mg/l) than those of either
P. esculenta (29.04 mg/l) or P. insularis (32.08 mg/l) (Figure 1). The phenolic
compounds in leaf extracts of P. americana were found to inhibit growth of 35
plant species and nine fungal species (Kim et al., 2000). The quantity and
chemical nature of phenolics have important effects on the distribution of plant
species and a plastic response that contributes to survival in adverse envi-
ronmental conditions (Del Moral, 1972; Inderjit and Dakshini, 1998). Wu et al.
(1998) isolated 14 phenolic compounds from Buchloe dactyloides with the most
abundant phenolic compounds being salicylic and cinnamic acids. Among sev-
en phenolic compounds analyzed, chlorogenic acid was the most abundant
compound in the exotic species, P. americana and P. esculenta, whereas the
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FI1G. 3. Morphological comparison of flowers (1), fruits (2), stems and flowers (3), and
anthers (4) on P. esculenta (A), P. insularis (B), and P. americana (C).
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FIG. 4. Effect of the leaf extracts of Phytolaccaceae (PA: P. americana, PE: P.
esculenta, PI: P. insularis) on seed germination and dry weight of S. oleraceus (A and B)
and L. indica (C and D). Means (+SE, N = 3) with the same letter are not significantly
different (Duncan’s multiple range test, P < 0.001).

native species, P. insularis, had none (Figure 2). Therefore chlorogenic acid
appears to be a candidate phenolic compound that could be used to differentiate
between P. esculenta and P. insularis. Chlorogenic acid is derived from
phenylalanine or tyrosine through the shikimic acid pathway and is more
widespread in higher plants (Neish, 1964; Rice, 1984). In analysis of phenolic
compounds from several plants, the unknown compounds in Figure 2 with Rt =
3.8, 5.5, and 14.5 min were identified as p-hydroquinone, gentistic acid, and
scopoletin, respectively (Kim et al., 2000; Lee et al., 1997).

P. americana accumulates high concentrations of elements primarily in
the leaves, whereas P. esculenta and P. insularis had lower concentrations
(Table 1). Sakihama and Yamasaki (2002) reported that Al, Zn, Mn, and Cd
stimulated phenoxyl radical-induced lipid peroxidation. The element concen-
trations in P. americana, especially Al and Mn, were higher than in P. esculenta
or P. insularis (Table 1). Ruta graveolens treated with a mixture of Ni, Cu,
Co, Cr, Cd, and Pb exhibited both qualitative and quantitative differences in
phenolic concentration (Zobel et al., 1999), and phytoremediation plants in field
accumulated high concentrations of metals in their foliage (Baker and Brooks,
1989; Raskin et al., 1997). Therefore, the accumulation of elements in the
leaves of P. americana may be related to the high total phenolic concentration
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that was observed in the leaves and may account for the species distribution.
P. americana is widely distributed in polluted areas throughout South Korea,
and its distribution has been correlated with absorption of heavy metals from
polluted soil (Park, 1995a; Park et al., 1999).

Lee (1985) and Park (1995b) reported that the only difference between P.
esculenta and P. insularis was the color of the anther. We found that the anther
color of P. esculenta was pink and P. insularis was white and yellow (Figure 3A
and B). P. americana showed different fruit, flower, stem, and anther color
(Figure 3C). Recently P. americana has been found around Dodong on Ullung
Island, which is visited by many people. This suggests that P. americana has
invaded Ullung Island, possibly as a result of its high total leaf phenolic
concentration and its ability to adapt to this environment. This invasion may
threaten the distribution of P. insularis, the native species present on the island.

Allelopathic effects typically are the result of an interaction of a mixture of
compounds rather than due to a single compound (Veronneau et al., 1997,
Inderjit, 2003). Under field conditions, additive or synergistic effects among
allelochemicals become more influential, especially at low concentrations
(Dalton, 1989; Einhellig, 1995). Thus, we investigated the seed germination
and dry weight of S. oleraceus and L. indica to test physiological effects of leaf
extracts. The seed germination and dry weights of S. oleraceus and L. indica
were dramatically inhibited by increasing concentration of P. americana
extracts. The phytotoxic effects of P. esculenta and P. insularis were signi-
ficantly different, although they had similar levels of total phenolic compounds
(Figures 1, 2, and 4). We also investigated self-limiting phytotoxic compounds
in P. americana to confirm if P. americana had self-constraining effects on its
own seed germination and seedling growth. Seed germination of P. americana
was little affected by extracts of P. americana (data not shown). Consequently,
the extract of P. americana may decrease the invasiveness of neighbor species
more than those of P. insularis and P. esculenta ensuring survival of their
offspring. The phenolic compounds found in leaf extracts have been reported to
reduce seed germination, seedling growth, and dry weight (Einhellig, 1995;
Inderjit, 2003) as shown in the present study (Figure 4). Since 1993, P. ame-
ricana has become a threat to native species in South Korea (Han et al., 1998;
Park et al., 1999; Kim et al., 2000). The overall pattern of seed germination
inhibition by leaf extracts containing phenolic compounds corresponds with the
findings of previous studies (Pellissier, 1993; Lydon et al., 1997). Species
containing abundant phenolic compounds strongly suppressed seed germination
of other species. In our study, seedling growth and dry weight was slightly
stimulated by 12.5-25% concentration of P. insularis and P. esculenta extract,
but not with P. americana extract. Similarly, seed germination is stimulated by
low concentrations of phenolic compounds (Heisey, 1990; Inderjit and Dakshini,
1998). Our results showed that P. americana also has abundant phenolic com-
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pounds that inhibit seed germination and seedling biomass. We suggest that
P. americana is a successful invader of existing plant communities and may
be able to expand its habitats by employing foliar allelochemicals. We also pre-
dict that P. americana is more adaptable than P. insularis and P. esculenta to
environmental changes through the production of self-defense allelochemicals.
Therefore, we need to protect P. insularis and P. esculenta from P. americana
to maintain species diversity in South Korea.

Acknowledgments—Y. O. Kim and E. J. Lee were supported by Brain Korea 21 program in
South Korea.

REFERENCES

AGRICULTURAL IMPROVING INSTITUTE. 1988. Methods of Soil Chemical Analysis, p. 450.

APPEL, H. M. 1993. Phenolics in ecological interactions: The importance of oxidation. J. Chem.
Ecol. 19:1521-1552.

BaIs, H. P., VEPACHEDU, R., and GILROY, S. 2003. Allelopathy and exotic plant invasion: From
molecules and genes to species interactions. Science 301:1377-1380.

BAKER, A. J. M. and BROOKS, R. R. 1989. Terrestrial higher plants which hyperaccumulate metallic
elements. A review of their distribution, ecology and phytochemistry. Biorecovery 1:81-126.

BHOWMIK, P. C. and DOLL, J. D. 1984. Allelopathic effects of annual weed residues growth and
nutrient uptake of corn and soybeans. J. Agron. 76:383-388.

CALLAWAY, R. M. and ASCHEHOUG, E. T. 2000. Invasive plants versus their new and old neighbors:
A mechanism for exotic invasion. Science 290:521-523.

DALTON, B. R. 1989. Physiochemical and biological processes affected the recovery of exogenously
applied ferulic acid from tropical forest soils. Plant Soil 115:13-22.

DEL MORAL, R. 1972. On the variability of chlorogenic acid concentration. Oecologia 9:289-300.

EINHELLIG, F. A.1995. Mechanism of action of allelochemicals in allelopathy, pp. 96116, in
Inderjit (ed.). Allelopathy: Organisms, Processes, and Applications. ACS Symp Ser 582. Am.
Chem. Soc. Washington, DC.

HAN, S. M., BAE, K. H., and CHoI, K. S. 1998. Identification and bioassay of bioactive compounds
isolated from Phytolacca americana. Kor. J. Ecol. 21:35-45.

HEISEY, R. M. 1990. Allelopathic and herbicidal effects of extracts from tree of heaven (Ailanthus
altissima). Am. J. Bot. 77:662—670.

INDERJIT. 2003. Ecophysiological aspects of allelopathy. Planta 217:529-539.

INDERJIT and DAKSHINI, K. M. M. 1998. Allelopathic interference of chickweed, Stellaria media
with seedling growth of wheat (Triticum aestivum). Can. J. Bot. 76:1317-1321.

KEANE, R. M. and CRAWLEY, M. J. 2002. Exotic plant invasions and the enemy release hypothesis.
Trends Ecol. Evol. 17:164-170.

KENNEDY, T. A., NAEEM, S., and HOWE, K. M. 2002. Biodiversity as a barrier to ecological
invasion. Nature 417:636-638.

KM, Y. O., LEE, E. J., and LEE, H. J. 2000. Antimicrobial activities of extracts from several native
and exotic plants in Korea. Kor. J. Ecol. 23:353-357.

LAVID, N., SCHWARTZ, A., YARDEN, O., and TEL-OR, E. (eds.). 2001. The involvement of poly-
phenols and peroxidase activities in heavy-metal accumulation by epidermal glands of the
water lily (Nymphaeaceae). Planta 212:323-331.

LEE, T. B. 1985. Illustrated Flora of Korea. Hyangmunsa, Seoul, p. 990.



1186 KIM ET AL.

LEE, H. J., KiM, Y. O., and CHANG, N. K. 1997. Allelopathic effects on seed germination and fungus
growth from the secreting substances of some plants. Kor. J. Ecol. 20:181-189.

LobHI, M. A. K. 1976. Role of allelopathy as expressed by dominating trees in a lowland forest in
controlling the productivity and pattern of herbaceous growth. Am. J. Bot. 63:1-8.

LYDON, J., TEASDALE, J. R., and CHEN, P. R. 1997. Allelopathic activity of annual wormwood
(Artemisia annua) and the role of artemisinin. Weed Sci. 45:807-811.

NEISH, A. C. 1964. Major pathways of biosynthesis of phenols, pp. 295-359, in J. B. Harborne
(ed.). Biochemisty of Phenolic Compounds. Academic Press, New York.

PARK, S. H. 1995a. Unrecorded naturalized species in Korea. Kor. J. Species Tax. 25:123-130.

PARK, S. H. 1995b. Colored Illustrations of Naturalized Plants of Korea. Ilchokak, Seoul, p. 376.

PARK, Y. M., PARK, B. J., and CHOL K. R. 1999. pH changes in the Rhizosphere soil of Phytolacca
americana. Kor. J. Ecol. 22:7-11.

PELLISSIER, F. 1993. Allelopathic inhibition of spruce germination. Acta Ecol. 14:211-218.

PHILLIPS, L. E., CHOL H. G., SAUNDERS, G. W., and KRAFT, G. T. (eds.). 2000. The morphology,
taxonomy, and molecular phylogeny of Heterocladia and Trigenea, with delineation of the
little-known tribe Heterocladieae. J. Phycol. 36:199-219

RASKIN, I., SMITH, R. D., and SALT, D. E. 1997. Phytoremediation of metals: Using plants to
remove pollutants from the environment. Curr. Opin. Biotechnol. 8:221-226.

RICE, E. L. 1984. Allelopathy. 2nd edn. Academic Press, New York.

RICE, E. L. 1995. Biological Control of Weeds and Plant Diseases: Advances in Applied Allelopathy.
University of Oklahoma Press, Norman, OK.

SAKIHAMA, Y. and YAMASAKI, H. 2002. Lipid peroxidation induced by phenolics in conjunction
with aluminum ions. Biol. Plant 45:249-254.

SANTIAGO, L. J.,, LOoURO, M., and DE OLIVEIRA, D. E. 2000. Compartmentation of phenolic
compounds and phenylalanine ammonia-lyase in leaves of (Phyllanthus tenellus Roxb.) and
their induction by copper sulphate. Ann. Bot. 86:1023-1032.

SAS INSTITUTE. 2000. SAS/STAT Guide for Personal Computers, Version 6.03 ed. SAS Inst., Inc.
Cary, NC, USA.

SwAIN, T. and HILLIS, W. E. 1959. The phenolic constituents of Prunus domestica 1. The
quantitative analysis of the phenolic constituents. J. Sci. Food Agric. 10:63—68.

VERONNEAU, H., GREER, A. F., DAIGLE, S., and VINCENT, G. (eds.). 1997. Use of mixtures of
allelochemicals to compare bioassays using red maple, pin cherry, and American elm. J. Chem.
Ecol. 23:1101-1117

VILA, M. and WEINER, J. 2004. Are invasive plant species better competitors than native plant
species?: Evidence from pair-wise experiments. Oikos 105:229-238.

Wu, L., Guo, X., and HARIVANDI, M. A. 1998. Allelopathic effects of phenolic acids detected in
buffalograss Buchloe dactyloides clippings on growth of annual bluegrass Poa annua and
buffalograss seedlings. Environ. Exp. Bot. 39:159-167.

ZOBEL, A. M., CLARKE, P. A., and LYNCH, J. M. 1999. Production of phenolics in response to UV
irradiation and heavy metals in seedlings of Acer species, pp. 231-242, in F. A. Macias and
J. C. G. Galindo (eds.). Recent Advances in Allelopathy, Vol. 1. Servicio De Publicaciones
Universidad De Cadiz, Spain.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


