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A Review of the Taxonomy of the Genus Echinacea
Kathleen A. McKeown*
Echinacea (Asteraceae), a North American genus of 11 recognized taxa (McGregor 1968), is of great
economic and scientific interest. Three species, E. angustifolia DC. var. angustifolia, E. pallida (Nutt.) and E.
purpurea (L.) Moench, show potential pharmacological activity (Bauer et al. 1988a; Bauer and Wagner 1991).
Hydroalcoholic extracts of the roots of these three taxa stimulate phagocytosis in vitro, but there are no conclusive human clinical trials to date that fully substantiate the immune stimulating effects of such extracts
upon oral administration. Although these taxa have been subjected to extensive chemical characterization
(Bauer et al. 1988b; Bauer and Remiger 1989; Bauer et al. 1988, 1989), the exact chemical identity of the
active constituents is unknown (Awang 1999). There is historical documentation of the medicinal uses of
Echinacea by the North American Plains Indians (Kindscher 1989). This ethnobotanical validation has certainly been a factor in the popular herbal use of Echinacea, which has skyrocketed over the last few decades.
The market demand and the medicinal properties are responsible for the recent interest in this genus as a new
specialty crop.
All species of Echinacea are herbaceous, perennial flowering plants of the composite family (Asteraceae).
Generally, a basal rosette of petiolate leaves and one to several annual stems arise from an underground, perennial rootstock. A single taproot is characteristic of all species except for E. purpurea, which has a fibrous
root system. The stems terminate in a long-lasting and mildly fragrant inflorescence. The disk flowers are
attached to a conical, hemispherical or occasionally flattened receptacle. The disk itself may also be flattened, conical, or hemispheric. Surrounding the capitulum is an involucre of 3 to 4 series of imbricating
bracts (phyllaries). Each disk floret is subtended abaxially by a modified bract, the palea, which protrudes
beyond the 5-lobed corolla. The disk florets are protandrous and development and anthesis follow the typical
centripetal pattern of development of the composite family. The whorls of sharply tipped palea give a distinctive look to the capitulum; indeed, the genus name is derived from the Greek word echinos, for hedgehog.
Pubescence on the stems, leaves and bracts ranges from hispid, hirsute and strigose to glabrous and varies
among the species. The sterile ray flowers have strap-shaped ligules with colors that range from white, pink,
magenta and purple to yellow.
The majority of taxa are diploid (n = 11). E. pallida and some populations of E. angustifolia var. strigosa
McGregor are tetraploid (n = 22) (McGregor 1968). A complete understanding of the reproductive biology
and breeding system is lacking; the presumed sporophytic self-incompatibility system is not perfected in this
genus. Every species of Echinacea self pollinates to some degree, E. purpurea more so than the others
(McGregor pers. commun. 1997). A mixed breeding system has been recently demonstrated for E. angustifolia
var. angustifolia (Leuszler et al. 1996).
In addition to its possible medicinal uses, Echinacea has enormous ornamental potential. E. purpurea,
the only species for which ornamental cultivars have been bred, is both productive and profitable as a field
grown specialty cut flower (Starman et al. 1995). In fact, E. purpurea is the only species of the genus which
has been domesticated thus far. It is interesting to note that the cultivars of E. purpurea that are now in
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mercial field plantings of the other species in the genus have been sown from generally unimproved, wild
seed. Plant breeders have an important task and a number of challenges before them.
Between 1997 and 1998, there was a six-fold increase in the number of accessions from wild populations
of Echinacea maintained by the USDA National Plant Germplasm System. Now at 134 total accessions, this
is the only available collection in the world of the primary genepool for the genus. This preliminary collection represents a valuable starting source of genetic diversity for breeders. Harlan (1984) makes a point about
the evaluation and utilization of wild germplasm that is relevant to the Echinacea situation, namely that “plant
breeders are rarely familiar with wild relatives....and are often misled by inept taxonomies.” Despite the widely
cited and detailed monograph on the genus Echinacea by McGregor (1968), there are a number of misleading
generalizations regarding the taxonomy that are being repeated in the scientific literature. There is also a
tendency to omit designation of taxonomic varieties. The purpose of this article is to address the problems
associated with these generalizations, to review the major macroscopic characters by which the taxa can be
identified, to highlight some of the morphological characters that may be of interest to breeders and in which
species they are found.
COMMON MISREPRESENTATIONS
The most common misrepresentations about Echinacea deal with the natural range of the genus, which
has implications regarding the suitability and adaptability for cultivation in different climates, and the usefulness of ligule color as a diagnostic taxonomic characteristic. These misrepresentations are addressed below.
Echinacea is not entirely a genus of the American Midwest, although the area of greatest species richness clearly lies in a band running from the Ozark Mountains of Missouri south through the east central grasslands of Oklahoma (Fig. 1). The genus as a whole is not exclusive to the Midwest or to the Great Plains, a
common generic description that may be derived from the assumption that the range of the popular E.
angustifolia var. angustifolia is descriptive for all species. The natural range of Echinacea is most accurately
defined in broader terms as the Atlantic drainage region of the United States, extending into south central
Canada (McGregor 1968). The southern United States is an important native area for this genus. Two of the
species are endemics of the southeast, those being E. tennesseensis (Beadle) Small and E. laevigata (Boynton
& Beadle) Blake, both of which are federally endangered. Half of the taxa have natural ranges that also
extend well into the southern United States.

Fig. 1. The natural range of the genus Echinacea in the US. The outer
solid line marks the limits for native populations; the inner dashed line
marks the area of species richness. Accessions collected in 1997 and 1998
are mapped. Each dot may represent more than one accession.
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The center of origin for Echinacea may well be the Ozark Mountains of Missouri and Arkansas. However, southeastern Oklahoma and the southern Appalachian Mountains as areas of diversity and speciation
should not be overlooked. No native Echinacea populations have been discovered north or east of Pennsylvania and Virginia, although literature references to populations in Massachusetts and Maine, for example, are
occasionally made without distinguishing these as probable introductions. A distinction between native and
introduced populations is obviously important in any discussion of the evolution of the genus. The presence
of naturalized populations in the northeastern US is a reflection of the adaptability of the genus rather than its
potential or natural range. In addition to modern introductions, the existing range of the genus was impacted
by the Native Americans who used and planted it; see the description of E. angustifolia var. angustifolia.
Another set of generalizations concerns ligule color. Misuse or misunderstanding of this diagnostic character is a likely factor in species misidentification and may result in the digging of rare endemics. The ligule
is the strap-shaped part of the ray corolla of the composite inflorescence. Ligule color is generally a reliable
character for distinguishing the yellow coneflower, E. paradoxa (Norton) Britton var. paradoxa, the only species with yellow ligules. For the other taxa of Echinacea ligule color is generally unreliable for a number of
reasons. First, the color of the ligule is often developmentally dependent, being paler in the early stage of
inflorescence development, darkening with maturation and anthesis, and fading with senescence. Therefore,
one must clearly define the stage at which color is to be determined, notwithstanding the need to use a standard color system in order to avoid the subjective in the human evaluation of a physical character. The common names that refer to “pale” and “purple” coneflower are particularly misleading and ought to be avoided
in the scientific literature.
A second reason to avoid using ligule color as a diagnostic character is that a geographical color cline
exists for a number of the species. The ligules of E. pallida during mid-anthesis are nearly white in the most
southern portion of its range, and take on a much deeper pink color in the north (McGregor 1968). E. laevigata
is another species, the populations of which have very pale pink to white ligules at their most southerly boundaries and which are distinctly darker at northern latitudes, reaching a deep magenta color in some populations.
The author has observed whole populations of E. angustifolia var. angustifolia, E. paradoxa (Norton) Britton
var. neglecta McGregor and E. sanguinea Nutt. that are very pale pink to white in ligule color during anthesis.
E. pallida is so designated because its pollen is white, not because its ligules are pale, yet it continues to be
described as being the taxon having pale-colored ligules. In E. sanguinea, the disk corollas and the palea tips
are blood red in color while the ligules can be quite pale.
There are two much more taxonomically useful characteristics of the ligule: the ratio of its length to
width, and the ratio of its length relative to the width of the disk. This is reviewed below for each species.
Obviously, with a genus as variable as this one, there will be exceptions to these features as well.
The taxonomic misconceptions are further compounded by the fact that many of the taxa are similar
phenotypically and can be difficult to distinguish without familiarity with the morphological variation among
them. The existence of hybrid swarms complicates this situation, especially in south central Missouri and
southeastern Oklahoma. There has been no complete molecular systematic study of Echinacea, although restriction site investigations of the chloroplast genome suggests a close relationship among taxa (Urbatsch and
Jansen 1995). Despite the very fine work of Bauer and colleagues as cited above on the identification of
chemical constituents, no complete systematic chemotaxonomic study of this economic genus has been conducted. No doubt this is due, in part, to the previous lack of available material for study.
SUMMARY OF THE GENUS BY SPECIES
Ligule color, when given, is for reference to ornamental potential and is described for the period when
approximately half of the florets have passed through anthesis. The reader should refer to McGregor (1968)
for a complete metrical treatment of the macroscopic characters. These observations are of wild populations;
variations may occur in cultivation.
E. angustifolia DC. var. angustifolia
This is a prairie forb that apparently thrives in the mixed and tallgrass habitats and dry, calcareous soils
in which it grows. It is one of several species in the genus that has a compact growth habit, attaining 0.5 m in
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maximum height. Ligules are reflexed and broad relative to their length, that length being shorter than or
equal to the width of the disk. Pollen color is bright yellow. These three simple macroscopic characters taken
together, i.e., the short plant height, the short and broad, reflexed ligule, and the yellow pollen color, can be
used to easily distinguish E. angustifolia var. angustifolia from E. pallida, despite reports to the contrary. The
latter species is generally taller and has narrow and long ligules and white pollen. However, identification can
be difficult among wild populations on the eastern edge of the range of E. angustifolia var. angustifolia, where
it overlaps the range of E. pallida and where intermediate colonies exist. This is discussed in detail by McGregor
(1968). Flowering of wild populations of E. angustifolia var. angustifolia generally occurs in June and July.
This species has a hispid or hirsute pubescence, usually unbranched stems, and linear to lanceolate leaves.
The native range of E. angustifolia var. angustifolia is from south central Texas through the Great Plains
north to Saskatchewan, Canada. It is the only species of the genus that is native to Canada. There is ample
ethnobotanical evidence for the widespread use of this species as a favored medicinal plant of the Plains Indians (Kindscher 1989). An important point to add is that the Comanche women traditionally collected seed of
this species and distributed the seed throughout their buffalo hunting grounds so as to have this useful medicinal plant at their disposal (T. Whitewolf pers. commun. 1997). The Comanche people originally ranged from
Wyoming to Texas. Although more evidence from oral histories and tradition is needed, the broad distribution of this species throughout the plains region of the United States may be the result of its ethnic usage and
human dispersal rather than that of natural modes of seed distribution, which for this genus include water and
possibly birds and mammals.
Chemically, this species is well studied. Roots contain alkylamides and caffeic acid derivatives (Bauer
et al. 1988, 1989; Bauer and Remiger 1989; Bauer and Wagner 1991).
E. angustifolia DC. var. angustifolia is an obvious candidate for the selection of cold hardiness because
it has adapted to northern climates. McGregor (1968) reported that E. angustifolia var. angustifolia is the
only species in the genus with sclereid cells in the pith, and that all hybrids with this species maintain this
character, which is potentially useful in breeding for stem strength.
E. angustifolia DC. var strigosa McGregor
This is a taxonomic variety of E. angustifolia which has not been recognized in the literature or studied
beyond its taxonomic identification. E. angustifolia DC. var. strigosa is an endemic that runs in a narrow
band from south central Kansas through central Oklahoma and northeastern Texas. It is characterized and
distinguished from its closest relative, E. a. var. angustifolia, by the presence of a strigose, rather than hirsute
pubescence, frequency of branching, a wider disk and darker (reddish) ligules. These morphological characters, hybridization studies, and the species’ distribution, which follows the eastern edge of E. a. var. angustifolia,
and the western edge of E. atrorubens, led McGregor (1968) to the suggestion that this taxon is derived from
hybridization between the latter two species. McGregor (1968) also found tetraploid colonies of this species,
more frequently in its southern segment.
Southeastern Oklahoma is a geographical area where hybridization has been occurring and where the
taxonomy of these taxa is incompletely understood (R. McGregor pers. commun. 1997). Hybridization between E. paradoxa var. neglecta, both varieties of E. angustifolia and E. atrorubens may account for some of
the variation that is typical of this region.
E. atrorubens Nutt.
E. atrorubens is an endemic found in a narrow region running north to south along the eastern grasslands
of Texas, Oklahoma (west of the Ouachita Mountains), and Kansas. This species, except for its taxonomic
features, is essentially unstudied. In habit it has a tall, sturdy, unbranched flowering stem that grows to about
0.9 m in height, normally without lodging. The inflorescence is characterized by very broad ligules that are
shorter or equal to the length of the head, which are very strongly reflexed, and which are a deep magenta or
reddish purple color. E. atrorubens is relatively early in flowering late May and June.
A potentially useful character of E. atrorubens is its large seed head. Wild seed (technically, the achene)
of a number of Echinacea species has entered the commercial market not only as a propagule but as a source
of medicinally active constituents, despite the fact that there are no clinical studies to directly support this
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latter usage. Potentially active compounds such as cichoric acid have been extracted from the “flowers” of E.
purpurea (Bauer and Wagner 1991), which may include the achenes in varying stages of development. Also,
it has been documented that the Lakota ate the green fruit of E. angustifolia var. angustifolia (Kindscher 1989).
Presumably, either the ethnobotanical usage, documented for this one species and extended to the others, or
unpublished chemical profiling of the achene has been justification for its inclusion in commercial products.
If medicinal value for the achene is eventually demonstrated, then breeding and selection for large achenes
and seed heads that can be mechanically harvested will be desirable.
E. laevigata (Boynton & Beadle) Blake
E. laevigata is one of the two federally endangered species of Echinacea. It is closely related to E.
purpurea (McGregor 1968) and is found at the eastern edge of the geographic range of the genus, in the Appalachians and piedmont running from Virginia through the Carolinas to the northeast corner of Georgia. Its
distinctive characteristics are a glabrous, ovate leaf, long narrow rays that droop and a tall, usually unbranched
flowering stem that can reach a meter in height. It is this latter characteristic coupled with a wide range of
ligule color, which in some populations varies from white to deep magenta, that may make it a good candidate
for ornamental breeding as a long stemmed cut flower. The ligule is much like that of E. pallida in shape,
being long and thin relative to the width of the disk, and drooping. E. laevigata flowers in June. The presence
of alkamides has been demonstrated in this species (Bauer and Wagner 1991).
E. pallida (Nutt.) Nutt.
E. pallida is the only tetraploid in the genus (n = 22) with the exception of occasional tetraploid colonies
of E. angustifolia var. strigosa (McGregor 1968). This species is generally characterized by long, rarely branching flowering stems up to 0.9 m in height, with drooping or reflexed and slender ray flowers significantly
longer than the width of the disk. Typically, this species has white pollen. However, the distinction between
E. pallida and the closely related E. sanguinea at the southern boundary of its range (discussed under E.
sanguinea) and from E. simulata to the east, is a matter of taxonomic controversy. Regarding the range overlap with E. simulata, there is an area of intergradation that is roughly one county wide which occurs in the
Ozarks of north central Arkansas (P. Hyatt pers. commun. 1998) and south central Missouri. Some wild populations in this zone are of a “mixed pollen color” character, i.e., they are composed of individuals with pure
white, bright yellow, and a clearly intermediate, soft yellow colored pollen. McGregor (1968) discovered
sterile triploids in this area which he characterized as having an ochre-like, pale yellow pollen color (McGregor
pers. commun. 1997). This interesting area of hybridization is unfortunately also an area frequented by root
diggers and wild seed collectors. The flowering period of E. pallida follows a cline running south to north,
May to July (McGregor 1968).
E. pallida is one of the three species under study as a medicinal plant. Its roots contain a number of
polyacetylenes that with a few exceptions have not been found in any of the other species of the genus to date
(Bauer et al. 1988b; Bauer and Wagner 1991).
E. paradoxa (Norton) Britton var. neglecta McGregor
This species is a narrow endemic found in the Arbuckle Mountain region of south central Oklahoma. It
is characterized by strigose pubescence, a glossy, lanceolate to elliptical leaf, and drooping ray flowers that
are, much like E. pallida, longer than they are wide and longer than the width of the disk. They are white to
pink or light purple in color. This botanically unstudied species is of unknown medicinal value and could be
easily confused with E. pallida by a wild harvester with no taxonomic background; digging of this taxon has
been a problem in south central Oklahoma. Strigose pubescence, bright green stems and yellow pollen are
characteristic of E. paradoxa var. neglecta and serve to distinguish it from E. pallida. Its closest putative
relatives are E. paradoxa var. paradoxa and E. atrorubens.
E. paradoxa (Norton) Britton var. paradoxa
This is the only yellow coneflower of the genus, and is endemic to the Ozark Mountains of Missouri and
Arkansas. It has the same strigose pubescence, bright green stems and yellow pollen that characterize E.
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paradoxa var. neglecta. Polyacetylenes identical to those found in E. pallida have been identified in its roots,
as well as echinacoside, a caffeic acid derivative found in E. angustifolia var. angustifolia (Bauer and Foster
1991). In the wild, E. paradoxa var. paradoxa tends to grow in the same localities as E. pallida or E. simulata
and hybridization in these mixed wild populations apparently occurs (author, pers. obs.).
This species and its hybrids have ornamental value. It generally flowers in June.
E. purpurea (L.) Moench
Although the natural range of E. purpurea is quite broad, in the wild it is truly a plant of the ecotone,
preferring the shaded edges of savannas and glades and open woodlands with partial sun exposure. Characterized by a classic discontinuous distribution, as is the genus as a whole, it is found in scattered prairie remnants
of the south from Louisiana to North Carolina, and from Oklahoma and Kansas through the Midwest to Ohio,
Kentucky, and Tennessee. The wild populations of E. purpurea in Louisiana and Mississippi are particularly
striking in terms of pigmentation; the ligules are deep lavender and contrast dramatically with bright orange
tipped paleae. Both soil pH and genetics may factor into ligule color, and any genetic component underlying
the coloration of these populations is worthy of selection for ornamental value. E. purpurea flowers from late
June through September.
E. purpurea is probably the most widely used and is certainly the most widely cultivated medicinal species of the genus. All parts of the plant are harvested, including the flowering heads for polysaccharides and
cichoric acid (a caffeic acid derivative) and the roots for cichoric acid and various alkylamides. The polysaccharides, caffeic acid derivatives and the alkylamides are three chemical classes of constituents that are implicated in the immunostimulatory effect of this species and others (Bauer and Wagner 1991); see Bone (1997)
for a good general review of these studies.
E. purpurea is a host of the aster yellows phytoplasma (Stanosz and Heimann 1997) which is a notable
problem in cultivation (J. Simon pers. commun. 1998). Selection of thick pubescence to discourage leafhoppers may be achieved by working with accessions of wild populations from the western segment of the species
range, as a general tendency toward the glabrous occurs to the east. Also, the transfer of an insect-deterrent
pubescence from other taxa, particularly E. tennesseensis, which has a dense, hirsute hair type and phenological compatibility is a possibility. Such transfers have been successful for other crop plants (Harlan 1984).
E. sanguinea Nutt.
The historical range of E. sanguinea is from eastern Texas and western Louisiana north into Arkansas
and southeastern Oklahoma. E. sanguinea is not cold hardy (McGregor 1968). Although it generally flowers
in May, wild populations in southern Louisiana will bloom well into August.
This species can be difficult to distinguish from E. pallida, especially where its northern range overlaps
the southern boundary of the latter, because there are close phenotypic similarities between these two. Heights
of both can approach 0.9 m and the ligule of E. sanguinea, like that of E. pallida, is long and narrow and can
be very pale in color. Qualitatively, E. sanguinea is the more delicate of the species, having more narrow rays
and more slender stems (McGregor 1968). One character not noted in the McGregor monograph is that the
disk corolla of E. sanguinea is a blood red color, whereas that of E. pallida is very pale (L. Urbatsch pers.
commun. 1997). However, this character, as for ligule color, may be developmentally dependent and may not
hold true for E. pallida in some parts of its range, especially where its populations intergrade with those of E.
simulata. Some taxonomists make a geographical distinction, placing E. sanguinea south of the Red River in
Louisiana, and E. pallida to the north, but there are clear exceptions to this rule. What is agreed is that E.
sanguinea is always found in more acidic, sandy soils and open pine woodlands.
E. simulata McGregor
The range of this species runs from south central Missouri east through Tennessee and northern Georgia.
It is phenotypically very similar to E. pallida from which it is primarily distinguished based on ploidy level (n
= 11), pollen size and pollen color. The strictly white pollen color of E. pallida, as described by McGregor,
may not be a reliable character in the area where the two species overlap, i.e. south central Missouri. E.
simulata has ornamental potential in that the ligule color varies dramatically from pale pink to deep magenta
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in many of its populations, and it is remarkably fragrant. Ornamental, purple colored stems are also found in
this species, as well as in E. purpurea. There is an undescribed, glabrous race of this taxon found in a few
isolated prairie barrens of northeastern Alabama and northwestern Georgia.
This species is coming under the digging pressure of its close relative, E. pallida, probably due to
misidentification. The medicinal value is unknown; however, alkamides similar to those of E. angustifolia
var. angustifolia and ketoalkenynes similar to those of E. pallida have been identified in the roots of E. simulata
(Bauer and Foster, 1991).
E. tennesseensis (Beadle) Small
E. tennesseensis was the second plant to be officially listed by the U.S. Fish and Wildlife Service as an
endangered species (U.S. Department of the Interior 1979). Although McGregor had considered it to be possibly extinct at the time of the publication of his monograph (McGregor 1968), five populations in a 14 mile
radius in central Tennessee are extant and have been the subject of a careful recovery plan (Currie and Somers
1989). In fact, E. tennesseensis may soon be ready for downlisting to threatened status (A. Shea pers. commun.
1997).
This species is unique from all others in the genus in that its rays neither droop nor reflex backward, but
spread up and outward to form an inverted cup-shaped corolla. Ligule color varies from white to rose and
purple. Its flowering occurs from June through September and is similar to that of E. purpurea. E. tennesseensis
has ornamental value because of its compact habit, the multiplicity of flowering stems arising from a single
rootstock, and its range of ray flower pigmentation. The medicinal value of this species is unknown. Alkamides
identical to those found in the roots of E. angustifolia var. angustifolia have been identified in ethanolic extracts of the roots (Bauer et al. 1990).
CONCLUDING REMARKS
This paper was intended to provide a brief overview of the taxonomy of the genus Echinacea, and to
highlight the macroscopic characters most useful for species identification. Another objective was to clarify
the misrepresentations that have appeared in the literature, and to provide some preliminary guidelines for
breeders interested in this economic genus. This review will hopefully also serve to educate a broader audience and help to prevent the digging of rare endemics, by providing a simplified version of the taxonomic
descriptions. Wild harvesting is a potentially serious problem; the in situ conservation of the genus Echinacea is a growing concern among American scientists engaged in the monitoring of wild populations. Much
research is needed in breeding and horticulture, and breeding for secondary metabolites will remain a challenge until the active constituents are unequivocally identified. Agricultural production is essential, however,
and supports conservation by directly addressing the issue of supply.
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Echinacea angustifolia: An Emerging Medicinal*
Ali O. Sari, Mario R. Morales and James E. Simon
The genus Echinacea (Asteraceae) is native to North America and consists of nine species (McGregor
1968). E. angustifolia DC, a narrow leafed species, is distributed on barrens and dry prairies from Minnesota
to Texas, Oklahoma, Kansas, Nebraska, Iowa, the Dakotas, Colorado, Wyoming, Montana, Saskatchewan,
and Manitoba (McGregor 1968; Kindscher 1989; Foster 1991). E. angustifolia grows lower and exhibits a
smaller leaf area and biomass than E. pallida (Nutt.) Nutt. and E. purpurea (L.) Moench. Echinacea angustifolia
grows up to 60 cm and usually branches simple not sparsely. The ligules of E. angustifolia are also short (to 5
cm) and the pollen is yellow (Hobbs 1989). E. purpurea grows taller (to 150 cm), branches more, and its
pollen is also yellow. E. purpurea has wider leaves than E. angustifolia and E. pallida. Echinacea pallida is
also simple branched like E. angustifolia, but grows taller (to 90 cm) than E. angustifolia, and has white
pollen (Hobbs 1989). As a result of the slower growth, E. angustifolia is a weaker competitor to weeds than
E. pallida (Snyder et al. 1994). The ray flowers surrounding each Echinacea flower head are sterile (Hobbs
1989; Foster 1991; Feghahati 1994).
MEDICINAL VALUE
Three Echinacea species (E. purpurea, E. angustifolia, and E. pallida) have medical properties (Schulthess
et al. 1991), and are commercially traded as medicinal plants. Native Americans used echinacea extensively
for the treatment of snake and other venomous bites, rabies, toothaches, coughs, soremouth, throat, dyspepsia,
colds, colic, headache, and stomach cramps (Hobbs 1989; Kindscher 1989; Foster 1991). European settlers
first used echinacea around the beginning of 19th century. By 1921, echinacea preparations were among the
most widely sold medicines extracted from an American plant (Flannery 1998). Echinacea appears to have
strong anti-inflammatory activity, wound-healing action, stimulates the immune system, and may be effective
against some viral and bacterial infections (Bauer et al. 1990; Schulthess et al. 1991; Leung and Foster 1996;
Burger et al. 1997; Cox 1998). Scaglione and Lund (1995) observed that an anti-cold remedy including E.
purpurea was effective for the treatment of common cold and it shortened the healing time. Echinacin, a
product made from the juice of fresh plant tops, has been produced for 50 years and subjected to more than
150 clinical studies in Germany (Hobbs 1989). Echinacea products are medically prescribed in Germany
(Blumenthal 1998; Hobbs 1989; Leslie 1995, 1996). In the US, many health remedies or dietary supplements
include echinacea in the form of dry root, capsules, tablets, crude extracts, tinctures, and are mainly from E.
purpurea and E. angustifolia (Leung and Foster 1996; Li 1998). Injectable preparations using echinacea extracts are available only in Germany (Li 1998). Echinacea products can also be found combined with other
medicinal herbs yet in the US, but the product label is not allowed to have specific therapeutic claims (Li
1998). McCaleb (1998) reported that the squeezed sap of Echinacea purpurea L. (Echinacinâ, Madaus AG,
Cologne, Germany) is well tolerated and appropriate for long term-oral use, with no adverse reaction observed other than aversion to the taste during oral use for up to 12 weeks. Even injections were found to be
safe for both adults and infants. Some rare side effects were observed such as shivering, vomiting, headache,
and fever during injection treatment. Mengs et al. (1991) reported no evidence of any toxicity using E. purpurea
in rats or mice during a 4-week application of single oral or intravenous doses, amounting to many times the
human therapeutic dose. Tyler (1993) and Scaglione and Lund (1995) conclude that the use of echinacea is
safe.
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ORNAMENTAL VALUE
Echinacea species are also grown for their ornamental value. Samfield et al. (1991) reported that Texas
wild flowers, including Echinacea species, were desirable for their low maintenance requirements, erosion
control, and esthetic qualities. E. purpurea is used for wildflower establishment, perennial gardens, and as a
cut flower (Wartidiningish and Geneve 1994). E. purpurea is reported to be a good landscape plant since its
flower color ranges from white to rose-pink to red-violet so that it can associate with everything from pale
yellows to blues or reds (Cox 1998). Echinacea purpurea, with average 18 stems and 47 cm stem length per
plant was reported as one of the most profitable perennial cut flowers without major pest or post harvest
problems while E. angustifolia with lower stem yield (four) and stem length (24 cm) was unprofitable (Starman
et al. 1995).
FIELD PRODUCTION
The largest areas of commercial cultivation of Echinacea species in North America is estimated to be in
the Pacific Northwest, though actual production figures are difficult to obtain. Central and western Canada is
emerging as a new production area. Commercial cultivation has increased rapidly due to increased marked
demand (Li 1998), but information on cultural methods and their effect on growth, yield, and chemical composition remains limited.
One of the basic obstacles facing field production is the poor and erratic seed germination. Low seed
germination percentage of Echinacea species was noted by Smith–Jochum and Albercht (1987, 1988). E.
pallida and E. angustifolia seem to have stricter dormancy than E. purpurea. Shalaby et al. (1997) reported
70% germination from untreated E. purpurea seeds while stratification at 2°C for 40 days increased germination to 82–85% and cold dry storage to 83%. However, germination of E. pallida and E. angustifolia were 0–
1% even after stratification. Baskin et al. (1992) found that fresh mature seed of E. angustifolia germinated
only from 0% to 6% when they were placed under light and from 0% to 2% when placed in darkness, but that
a 12-week cold stratification at 5°C broke dormancy. In another study, no germination was observed when E.
angustifolia and E. pallida were directly sown in the spring (Smith–Jochum and Albercht 1988). Li (1998)
recommended stratification of echinacea seeds in moist sand at 1°C to 4°C and for 4 to 6 weeks. Germination
of E. angustifolia using both stratified and nonstratified seeds reached 94% after treatment with 1.0 mM ethephon and 86% after treatment with 2500 mg/L GA3 at 25°C germination temperature (Sari 1999).
A second major field problem facing the echinacea production is the susceptibility of the plant to aster
yellows. E. purpurea appears to be the most susceptible of all Echinacea species. The disease, caused by a
phytoplasma transmitted by thrips, can been devastating. Growers have reported near complete losses in areas of heavy infestation. Resistant cultivars are not available, and control of the diseases can only be achieved
by controlling the vector. Under field conditions thrip control has been difficult, and even more problematic
under organic production systems. Research on genetic resistance to thrips, and sustainable control methods
need to be pursued.
IMPROVING SEED GERMINATION WITH STRATIFICATION AND PLANT GROWTH
REGULATORS
Fresh seed of E. angustifolia were obtained from the Prairie Moon Nursery Winoma, Minnesota. Seeds
were treated as described below and stratified at 10°C for 4, 8, or 12 weeks in dishes but only the results from
the 8 week stratification period are reported here. When the stratification period was complete, a subsample
of all treated seeds were transferred to petri dishes containing two 90 mm Whatman filter papers (25 seeds per
petri dish; with 4 petri dishes per treatment), which were placed into germination incubators at a constant
temperature of 25°C. Germination from constant temperature was equal to or greater than alternating temperatures of 25° (12 h) and 15°C (12 h).
The 5 seed treatments were as follows:
1. Stratification with water: Seeds placed on blotter paper in the petri dish, were saturated with deionized
water.
2. Stratification after soaking: Seeds were first placed in a cloth bag with running tap-water for 24 h.
Seeds were then blotted dry on paper towels at 25°h for 24h and then transferred to petri dishes with
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blotter paper saturated with deionized water.
3. Stratification with ethephon after soaking: Seeds were first soaked as described above and then transferred to a petri dish with blotter paper saturated with 1mM (2-chloroethyl) phosphonic acid (ethephon).
4. Stratification with GA3 after soaking: Seed were first soaked as described above and then transferred to
a petri dish with blotter paper saturated with 2500 mg/L GA3.
5. Dry stratification: Seeds were exposed to stratification temperatures without any pre-stratification seed
treatment.
Our results (Fig.1) demonstrate that germination rates of greater than 95% for E. angustifolia can be
achieved when seeds are cold stratified and treated with either 1mM ethephon or 2500 mg/L GA3. High
germination rates were also achieved simply
100
by soaking the seeds in water prior to or at
Stratification with
the time of stratification. Presoaking the
water
seeds for 24 h improved germination comStratification after
pared to moistening the seeds only at the time
soaking
80
of stratification, presumably allowing inStratification with
ethephon after
creased water imbibition. Germination afsoaking
ter dry stratification was significantly lower
Stratification with
than all other treatments (< 50% after 20
GA after soaking
60
days). Once stratified seeds were placed into
Dry stratification
incubators, germination began by day 4. The
germination percentage did not significantly
increase over the 20 day counting period, ex40
cept for the dry stratification seeds which
reached a maximum at day 16. The results
of the dry stratification appear to fall within
the low range that seed companies and grow20
ers report for E. angustifolia.
Our results clearly illustrate several
options to overcome seed dormancy in this
species that could be of use by growers, seed
0
companies, and nurseries. The use of ethe4
8
12
16
20
phon or GA3 plus stratification increased
Counting days
seed germination more than when stratification alone was used, or when either growth Fig. 1. Germination of Echinacea angustifolia following seed
regulator was used in the absence of stratifi- treatments with 1mM ethephon or 2500 mg/L GA3 and 8 weeks
of stratification at 10°C. Seed germination conditions were at
cation (Sari 1998).
a constant 25°C.
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Cichoric Acid and Isobutylamide Content in Echinacea
purpurea as Influenced by Flower Developmental Stages
W. Letchamo, J. Livesey, T.J. Arnason, C. Bergeron, and V.S. Krutilina
Echinacea purpurea (L.) Moench, Asteraceae, a native of North America is among the most frequently
utilized Echinacea spp. for medicinal, cosmetic, and beverage preparations. Most of the echinacea preparations in the industry originate from wild harvesting and few from non-standardized (unregulated) cultivation
and harvesting. According to the recent reports (Brevoort 1996), echinacea preparations are among the best
selling herbal immunostimulant products in health food stores in the US. Currently more than 800 echinaceacontaining drugs, including homeopathic preparations, are available on the German market. Most of the products are derived either from the aerial or underground parts of Echinacea.
Within several herbs, Echinacea species are among the main investigation targets, because of their value
as immunostimulants (Bauer and Wagner 1991). The therapeutic effect of Echinacea has been assigned to the
presence of caffeic acid derivatives such as cichoric acid, echinacoside, chlorogenic acid (Fig. 1), and lipophilic polyacetylene-derived compounds, such as alkylamides, constituting isobutylamides (Fig. 2), and various other components found in the hydroalcoholic extracts. The low molecular weight constituents of
hydroalcoholic tinctures can be determined by HPLC or TLC analysis.
Cichoric acid has been shown to possess phagocytosis stimulatory activity in vitro and in vivo, while
echinacoside has antibacterial and antiviral activity (Bauer and Wagner 1991). Cichoric acid was also recently been shown to inhibit hyaluronidase and to protect collagen type III from free radical induced degradation, while lipophilic alkamide (isobutylamides), polyacetylenes, and glycoproteins/polysaccharides have been
shown to possess immunomodulatory activity (Bauer and Wagner 1991). When testing the alcoholic extracts
obtained from the aerial parts and from the roots for phagocytosis stimulating activity, the lipophilic fraction
alkamide (isobutylamides) showed the highest activity (Bauer and Wagner 1991). Most of the alkamides are
reported to be responsible potent inhibitors of cyclooxygenase, while the requirement for inhibition of 5lipoxigenase depends more on the particular structure of the single compound. The inhibitory properties of
the alkamides on arachidonic acid metabolism are in accordance with the traditional use of the herbal drugs in
the therapy of inflammatory diseases. Alkamide (isobutylamides) is also responsible for local tongue anaesthesis
(tingling effect) when ingested and used as an informal test for the quality of Echinacea (Bauer and Wagner
1991). Purified alkamide fractions (isobutylamides)
OH
from E. purpurea and E. angustifolia were recently
OH
O
HO
shown to enhance phagocytosis in the Carbon-ClearH
O
OH
ance-Test by a factor of 1.5 to 1.7 thereby contributO
H
HO
O
ing to the immunstimulatory activity of echinacea
O O OH
tinctures (Bauer and Wagner 1991). It is possible, Cichoric acid
therefore, to consider that cichoric acid, echinacoside,
HO COOH
HO
and alkamide (isobutylamides) are parts of the active
principles and suitable for standardization of E.
O
HO
OH
purpurea row material and finished products.
O
OH
There is no published scientific information to
Chlorogenic acid
date on the relationship between flower developmenGLc-O
tal stages and the accumulation of some of the above
H2 C
O
O
mentioned components of E. purpurea. Recent phy- HO
O
O
tochemical investigation shows that there is a tremenOH
Rha-O
dous variation in the quality of echinacea products HO
OH
that were made available from various international
HO
Echinacoside
sources (Letchamo et al. 1999). Furthermore, there
is a dire need for genetic improvement and precise Fig. 1. Some of the hydrophilic components of E.
knowledge on the influence of ecological and devel- purpurea extract.
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Fig. 2. Some of the major alkamides (isobutylamides) of E. purpurea extracts.
opmental factors on yield and quality of Echinacea. The objective of this investigation was therefore to study
the pattern of the accumulation of the active ingredients during different developmental stages of the flower
heads of E. purpurea as part of the, introduction, selection, genetic improvement and agronomic programs of
medicinal herbs in Trout Lake Farm since summer 1996.
METHODOLOGY
The Plant Material, Selection and Harvesting
A new selection of E. purpurea named ‘Magical Ruth’ (Fig. 3) was propagated by root division and
organically grown under sandy loam soil of volcanic origin (pH = 6.5), at Trout Lake Farm, Washington. The
selection procedure and identification of the promising E. purpurea cultivars was based on yield potentials,
better morphological traits, and freedom from diseases and pest infections. Morphological traits such as suitability for mechanical harvesting (erect and non-lodging), medium plant height, number of tillers, branches
and flower heads, flower size, uniformity in flowering, possession of large, smooth green leaves with minimum leaf-hairs (less potential to carry dirt and microbes) were seriously considered and recorded. In addition
to this, the plants ornamental values such as possession of attractive flower heads with deep purple color,
higher production of pollen grains, speed and intensity of “tongue tingling” effects of the stems based on the
organoleptic tests were included (Fig. 4).
Several workers with multiple years of practical experience in the organic production of herbs volunteered to participate in the preliminary field evaluation in the summer of 1996. From a field with two million
plants, about 420 plants which fulfilled most of the above mentioned criteria were selected, numbered, and
flagged for further organoleptic tests and phytochemical analysis. Preliminary field organoleptic tests (“tongue
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tingling”) were carried out on 400 plants. About 360 different lines that meet the preliminary selection criteria were selected and propagated by root divisions (Fig. 5). In autumn 1996, all the selected lines were transplanted (about 80 plants from each line with 20–30 plants planted at three different locations). Evaluation
continued as above during the 1997–1998 growing seasons.

Fig. 3. A promising E. purpurea that had been selected
from among two million plants for further propagation,
Trout Lake WA, summer 1996.

Fig. 5. Left: Preparation of uprooted echinacea for
root crown division. Right: Root crown divisions
ready for an immediate field planting.
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Fig. 4. Organoleptic evaluation of E. purpurea,
Trout Lake, WA, summer 1996.

For phytochemical investigation, the aerial
parts of 20 plants replicated three times were harvested in July–August, 1997 and 1998. Immediately after harvest, the flower heads were separated
by hand from the stems and divided into four different developmental stages as described below
(Fig. 6). Stage I (small or early stage): flower buds
starting to develop until the beginning of the first
appearance of ligulate florets without rolling out
(expansion), and dehiscence of disc florets. Stage
II (medium stage): the first two to three lines of the
disc florets open (dehisced), while the ligulate florets just starting to roll out (expansion) and attain
their typical purple color. Stage III (large or mature stage): more than three quarter of the disc florets open, with fully expanded ligulate florets and
intensive release of the pollen grains. Stage IV (old
or overblown stage): Ligulate florets starting to
droop and slightly turning to dark-brown color, with
visible seed development and sharp decline in pollen grain formation. This classification was slightly
modified from earlier work for Chamomilla recutita
(Letchamo 1996). After the separation, the samples
were dried at 38°C for 72 h and sent to the University of Ottawa for phytochemical analysis.
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3
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1
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% Isobutyamides

Sample Preparation
The dried samples were milled to powder and
aliquots of each (ca 0.5 g) were extracted three times
in 8 mL 70% ethanol using ultrasound (5 min), followed by centrifugation and collection of the subsequent supernate. The extract volume was adjusted
to 25 mL, and filtered through a 0.45 µm PTFE
membrane prior to injection of 5 µL into HPLC system. The liquid extracts were centrifuged to pellet
any particulate matter, and the supernate was filtered as above prior to injection. The oil sample
was diluted with ethanol (ca 1/20 for the lipophilic
analysis, and 1/5 for the hydrophilic analysis), and
filtered as above prior to injection.
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Fig. 6. Top: flower developmental stages of E.
purpurea, cv. Magical Ruth. Bottom: variations in the
content of cichoric acid and isobutylamide in flower
heads at different developmental stages (1= stage I, 2=
stage II, 3= stage III, 4= stage IV).

HPLC Analysis
Separation and quantitative analysis of the components was based on a modified method of Livesey et
al. (1998), based on Bauer and Remiger (1989). HPLC (C-18 column, 75 × 4.6 mm; 3 mm) was used to
determine the lipophilic and hydrophilic constituents.
RESULTS
Identification and Naming of the Cultivar ‘Magical Ruth’
The new E. purpurea cultivar ‘Magical Ruth’ (Fig. 3) was selected because of its relatively unique agronomic traits, freedom from pests and diseases, excellent frost resistance, attractive ornamental qualities, uni497

Table 1. Variations in the content of echinacoside
and chlorogenic acid in flower heads of the new
Echinacea purpurea cultivar ‘Magical Ruth’. The
results are obtained from 20 plants replicated three
times.
Hydrophilic components (%)
Flower stage Chlorogenic acid
I
II
III
IV

(early)
(medium)
(mature)
(overblown)

0.060
0.024
0.023
0.020

Echinacoside
0.012
0.022
0.015
0.016

formity in growth, flowering, high yielding potentials, and better “tongue numbing” effect compared with
other E. purpurea lines under investigation. There were also a dozen of other interesting lines that were
simultaneously propagated in the experimental fields and meet the selection criteria.
Cichoric Acid
The highest content of cichoric acid was found at stage I (4.67%), with content declining to stage IV
(1.42%) (Fig. 6).
Alkamide (Isobutylamide)
The concentration of isobutylamide was higher in stage III and IV than stage I and II with the peak at
stage III, (Fig. 6).
Echinacoside and Chlorogenic Acid
Echinacoside content was maximal at stage 2 (Table 1). Maximum content of chlorogenic acid was
recorded at the 1st stage, while the lowest concentration was measured at the 4th stage (Table 1).
Our results indicate that the quality of echinacea is strongly influenced by the floral developmental stage.
To obtain optimum yield levels of both hydrophilic and lipophilic components, echinacea flowers should be
harvested at the 3rd (mature) developmental stage. It is important that floral developmental stages be considered during screening and selection.
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