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Abstract
Two sets of laboratory experiments were used to determine the effect of two growing mixes (ProMix® and
Potting Soil®) on Echinacea species (Echinacea angustifolia, E.pallida and purpurea) seed germination.
Additional two field experiments were also used to determined the effect of three cropping systems
(Conventional, Transitional, and Organic) and three planting structures (Ridge-Row, Bed-Row and Flat-
Row) on Echinaceapurpurea seedling survival, plant growth and quality. Echinaceapurpurea had highest
percent seed germinations (39.3 and 23.3%) for both Pro Mix® and Potting Soil® mixes, respectively. The
respective lowest values of 11.3 and 8.7 percent were for E. pallida. The three species evaluated exhibited
very low seed germination in a Mark III Environmental Chamber®. Seedling growth was not different
during a one month growth period. The conventional cropping system which had generally greater plant
survival and growth also had the lowest root volatile oil content. Similarly, the ridge-row planting structure
which had greater plant survival and growth had lowest root volatile oil content. The interactions between
cropping systems and planting structures were significant, except for root length (2005) and root volatile
oil (2006). Findings suggest that the Transitional Cropping System favored root volatile oil production
more than the Conventional and the Organic Cropping Systems. Root volatile oil contents were also
favored by both flat-row and bed-row planting structures compared to ridge-row planting structure.

Keywords: Echinacea species, seed germination, cropping systems, planting structures, plant growth and
quality.

1.0 Introduction

Progress toward cures of the serious disease that
afflict humankind depends upon discovery of new
chemotherapeutic agents (drugs) which can
effectively treat them. The search for new drugs has
traditionally involved evaluating preparations or
organisms (particularly higher plants) to seek for
appropriate biological activity; followed by
purification and characterization of the substance(s)
responsible for the desired activity (McChesney »¬

¿´., 1992).

The genus Echinacea, which belongs to the family
Asteraceae; and indigenous to North America
(Stuart , 1982) has antiviral, antibacterial, antifungal,
and insecticidal activities (Bauer and Wagner, 1991).
In Europe, materials isolated from
Echinaceapurpurea are being developed as immune
system stimulants (McChesney »¬ ¿´., 1992). A
commercial preparation of Echinaceaangustifolia and
Serenoarepens is highly praised, natural remedy used

in orthodox medicine to relieve prostatic problems
and other urinary ailments (Weiss, 1988). It is now
considered the most effective detoxicant in Western
medicine for the circulaltory, lymphatic, and
respiratory systems. It is used internally for skin
diseases, fungal infections, boils, upper respiratory
tract infections, and vernal diseases (Bauer and
Wagner, 1991; Brown, 1995).

A renewed interest in Echinacea has occurred during
the last decades with the recognition of
immnestimulatory activities in its extracts. However,
cultivation of some Echinacea species has remained
difficult due to low seed germination and lack of
cultural information (Galambosi, 1992). In a
greenhouse study, E. purpureaexhibited a
significantly higher germination rate than E.pallida
and E. angustifolia (Smith-Jochum and Albrecht,
1986). They also reported that the control (no
treatment), one month stratification in peat moss or
sand, and soaking seeds in water for 24 hours
resulted in significantly higher germination than two



month stratification in peat moss or sand as well as
soaking in potassium nitrate for 24 hours for all
species. Germination was also enhanced by either
light exposure or the use of gibberallic acid in the
dark.In the field, spring germination was greater for,
E.purpureacompared to E. pallidaand E. angustifolia.
Although Echinacea plants may flower and fruit at
the end of the first growing season, plants grown as
perennials had larger yields of herbs, flowers, and
roots at the end of the secondyear of growth
(Shalaby »¬ ¿´., 1997). When grown in southwest
Mississippi, Echinaceaangustifolia; E.pallida and
E.purpureagrew to maturity, flowered and produced
marketable roots during the first growing season
(Igbokwe »¬ ¿´., 2002).

Echinaceapurpurea which generally produced
greater overall above-and below-ground biomass
was considered superior in growth potential
compared to other two species. Although E. species
can be propagated by seed, through crown division
or by 4-5 inches root cuttings, propagation by seeds
seems to be the best choice since the roots are the
commonly harvested part of the plant (Brown, 1996).

As a result of increased utilization of medicinal plants
for healthcare, destructive harvesting threatens their
sustainability. Cultivation techniques for commercial
production need to be established to prevent the
future loss of native Echinacea species and other
medicinal plants. Both indoor and outdoor studies
were therefore designed to investigate the influence
of agronomic practices on Echinacea seed
germination, plant growth, and quality.

2.0 Materials and Methods

Two laboratory experiments were used to determine
the effect of two growing mixes (PromixBx and
Porring Soil®) on Echinaceaangustifolia, E. pallida
and E. purpurea seed germination. Additionally, two
field experiments were also used to determine the
effect of three cropping systems (Conventional,
Transitional, and Organic) and three planting
structures (Ridge-row, Bed-row and Flat-row) on
Echinaceapurpurea seedling survival, plant growth
and quality.

For 2005 seed germination study in the laboratory,
three Echinaceapurpurea seeds were seeded in each

set of 30 plastic pots containing either 200 gms of
ProMixBX or potting soil® Seeds which were slightly
covered with additional 10 grams of the different
germination medium for a total of 210 grams per 8
cm plastic pot were carefully moistened and labeled
before assigning them randomly to spaces within
Mark III Environmental Chamber®. Photoperiod in
the chamber was adjusted to provide 9 hours of
light and 15 hours of darkness each day.
Temperature was set at 900F for both day and night.
Light was provided by both incandescent and
florescent bulbs. Additional moisture was uniformly
applied as needed. Pots were checked for
germination each day for a total of 14 days from the
seeding date. Seedling growth was also determined
by their heights and number of leaves after additional
two weeks. Average data from both sets of studies
were analyzed by the analysis of variance and means
separated by the Least significant difference (LSD)
test (Steele and Torrie, 1980).

For field experiments, two studies were conducted
on a Memphis silt loam soil in southwest Mississippi
during the 2005 and 2006 growing seasons. A split-
plot arrangement in a randomized complete block
(RCB), experiment design was used during each
study period. The cropping systems made up the
main plots, whereas the planting structures made up
the subplots. Each planting structure under each
cropping system was replicated four times. The initial
soil fertility level was high (108 and 4473 Kg/ha)
for phosphorus and calcium, respectively; very high
(648 Kg/ha) for magnesium; and low (179 Kg/ha)
for potassium. Soil acidity (pH) was 6.8. Each
cropping system was separated on all sides by
uncultivated, neatly mowed alley (1.5 m wide) to
prevent overlapping of treatment effects. Field
preparation, fertilization and pest management varied
with the cropping system.

For the conventional cropping system tractor was
used for disking 3 times before structure
preparations. Each structure within each cropping
system had 3 ridge-rows, 3 bed-rows or 3 flat-rows.
These represent rows made on ridges, raised beds
or on flat grounds, respectively. Structures were
treated with preemergence herbicide Treflan®,
prepared by mixing 85 cc in 11.34 liters of water.
Application and incorporation into the soil at a depth
of about 2.5 to 3.0 cm were during structure
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before weighing. Root length was a measure of the
extent of the root tip penetration into the soil. Root
weight (yield) was the weight of the average below-
ground biomass production or root mass. Volatile
oil (plant quality) determination was with
representative root samples which were allowed to
over-dry at 700C for 24 hours and ground in Wiley
Mills to pass through a 5 mm sieve.

On April 20, 2006, six randomly selected plants
from the second row (middle row) within each block
were tagged and used for data collection. Selected
plants were also transplanted into field plots on
December 16, 2005, but allowed to overwinter.
Additional mulching with pine bark was after counting
the number of plants that survived the mild winter
months. Percent plant survival was based on the ratio
of the number of plants from each row within each
block at harvest (November 11, 2006) to the number
that overwintered. All other management practices,
data collections and analyses were as for 2005 study
period.

3.0 Results and Discussions

The effects of two plant growing mixes on
Echinaceaangustifolia, E. pallida and E. purpurea
seed germination and seedling growth are reported
in Table 1. Echinacea purpurea had highest percent
seed germination (39.3 and 23.3%) under both
ProMix®and Potting Soil®, respectively. The lowest
values of 11.3 and 8.7 percent, respectively were
for E. pallida. Data indicate that the three E. species
evaluated have very low germination percent,
however better germinations may occur with the use
of ProMix® compared to potting soil®. This could
be due to differences in acidity, texture and/or
structure of mixes. Both seedling height and leaf
number per plant were not influenced by the growing
mixes. This could mean that the nutrient
compositions of the growing mixes are capable of
supporting the initial seedling growth if other growth
factors are not limiting.

Treatment effects on the number of plants that
survived after transplanting, plant canopy height and
width are reported in Table 2. For 2005, treatment
influenced plant survival and canopy height but not
canopy width. Under the cropping system, plant
survival per row and canopy height were respectively

preparation. Fertilization at the rate of 1.50 Kg/row
with 13N-13P-13K was based on soil test results.
Applied fertilizers were mixed into the soil with
garden rake to ensure proper uptake by plants.
Hoeing and/or hand-pulling of weeds were for their
additional control on row tops.

For the transitional cropping system tractor was used
for disking (2 times) and structure preparation.
Fertilization was with 13.4 Kg/ha each of urea,
simple superphosphate, and potash. Application was
as for the conventional cropping system. Mulching
with 4-mil black plastic was for weed control.Hand-
pulling on row tops was for additional weed control.

For the organic cropping system, tractor was used
for disking (1 time) and structure preparation.
Fertilization was with 975.74 Kg/ha of organic
nitrogen, 875.74 Kg/ha of rock phosphate, and
341.51 Kg/ha of sul-po-mag, based on
manufacture’s recommendations. Mulching with pine
bark was for weed control. Mulch layer was
between 5.1 to 7.6 cm to ensure effective control of
most weeds. Hand-pulling on row tops was for
additional weed control.

Transplanting into each structure on April 27, 2005
was on rows 6.1 m long and 1.2 m wide at a within-
row distance of 0.61 m. Moisture was applied by
hand at the rate of one cup per plant, immediately
after transplanting. Additional moisture applications
were by natural rainfall and sprinkler irrigation.

Data collection on plant survival, canopy height,
canopy width, root length, shoot and root weights
were from the left outside-row for each cropping
system. Six randomly selected plants from each first
row (left side) within each block were tagged one
month after transplanting and used for date
collections. Plant survival was a percentage of the
ration of the number of plants at harvest (December
16, 2005) to the number initially planted. Canopy
height was a measure of the distance from the soil
surface to the tip of the tallest leaf at natural stand
for each plant. Plant width was the average of the
values obtained for the largest shoot spread
measured in the North-south and East-West
directions for each plant. Underground biomass
determinations were with plants lifted with diggings
fork, gently rinsed with water and allowed to dry
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cropping system, in 2005, root weight per row and
volatile oil were influenced by treatment bud did not
influence root length and shoot weight.   Root weight
was highest (0.39 Kg/row) for the conventional
cropping system, whereas volatile oil was highest
(1.40%) for the transitional cropping system. Under
the row preparation, treatment influenced volatile oil,
but not root length, and root weight. Volatile was
highest (1.70%) for the bed-row and lowest
(0.67%) for flat-row. The interaction between
cropping system and row-preparation was highly
significant for root weight and volatile oil and
significant for shoot weight.

Under the cropping system, in 2006, treatment
influenced root volatile oil, but not root length and
root weight. Root volatile oil was highest (1.39%)
for the transitional cropping system which was not
different from 1.17% reported for the organic
cropping system. Under the row preparation,
treatment influenced, root dry weight and root

highest (71.8%, and 54.2 cm) for conventional and
organic cropping systems. Under the row
preparation, the highest respective values (65.0%
and 56.9cm) were for ridge-row. The interaction
between cropping system and row preparation was
significant for both plant survival and canopy height,
but highly significant for canopy width.

Treatment influence plant survival but not canopy
height and width. Under the cropping system, plant
survival was highest (71.9%) for the conventional
cropping system, and lowest (44.4%) for the organic
cropping system. Under the row preparation, plant
survival was highest (63.6%) for the ridge-row, and
lowest (51.1%) for the flat-row which was not
different from (53.9%) reported for the bed-row.
The interaction between cropping system and row
preparation was highly significant for all parameters.

Treatment effects on plant root development, and
root volatile oil are reported in Table 3. Under the

Echinacea 
Spec ies

Seed 
Germination
(%) ProMix

X Potting 
Soil

Seedling 
ProMix

Height 
(cm)Y  Potting 
Soil

Seedling 
ProMix

Leaf 
Number Z 
Potting Soil 

Angustifolia 16.0 14.7 4.2 2.8 3.4 3.0
Pallida 11.3 8.7 4.6 2.7 3.8 3.0
Purpurea 39.3 23.3 3.7 2.6 4.1 3.2
LSD, 5% 12.6 3.7 NS NS NS NS
LSD, 1% 19.3 5.6 NS NS NS NS

Treatment Plant SurvivalX

(Percent/Row)
Canopy Height 
(cm)

Canopy Width
(cm)

2005 2006 2005 2006 2005 2006
Cropping system (CS)
Conventional 71.8 71.9 47.4 66.0 33.1 58.1
Transitional 54.4 51.9 46.1 75.0 32.7 68.1
Organic 43.2 44.4 54.2 81.2 30.6 73.0
LSD, 5% 7.4 5.3 0.06 NS NS NS
LSD 1% 11.3 8.0 NS NS NS NS
Planting Structure (PS)
Ridge-Row 65.0 63.6 56.9 70.0 37.1 68.1
Bed-Row 53.2 53.9 40.8 77.0 28.9 65.2
Flat-Row 54.9 51.1 49.9 74.1 30.3 65.0
LSD, 5% 9.4 5.9 0.08 NS NS NS
LSD ,1% 12.9 8.0 0.11 NS NS NS
Interaction
CS X PS * ** * ** ** **

Table 1: Echinacea Seed Germination and Seedling Growth

X Percent seed germination after 14 days of seeding; Y Seedling height after 30 days of seeding; Z Number of leaves

after 30 days of seeding.

Table 2: Treatment effect on plant survival and shoot growth

*Plant survival was a ratio of the number of plants at harvest to the number transplanted.
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volatile oil.  Root weight was highest (0.24 Kg/row)
for ridge row and lowest (0.18 Kg/row) for the flat-
row, which was not different from (0.21 Kg/row)
reported for the bed-row. Root volatile oil was
highest (1.74%) for the flat-row and lowest (0.71%)
for the bed-row, which was not different from 0.90%
reported for the ridge-row. The interaction between
cropping system and row preparation was significant
for root length, and highly significant for root dry
weight per row. The overall root volatile oil ranges
of 0.67 to 1.40% in 2005 and 0.79 to 1.39% in
2006 reported in this study are within the 0.005
to4.0% range reported for both
Echinaceapurpureaand E.angustifolia (http://
www.viable-herbal.com/feature/more.htm).

Table 3: Treatment effect on plant root development
and volatile oil content.

YQuality is based on volatile oil contents of the roots.

4.0 Conclusions and Recommendations

• Echinacea angustifolia, E. pallida and E. purpurea
will exhibit low seed germination in both ProMix®
and Potting Soil® in a Mark III Environmental
Chamber®. Seed treatments that could enhance
germination are planned.
• Transitional Cropping System will enhance root

volatile oil yield potential more than Conventional
and Organic Cropping Systems in Southwest
Mississippi.
• The effect of planting structures on root volatile

oil yield potential is inconsistent at this time.
• Significant increase in plant survival and shoot

growth could lead to a significant reduction in root
volatile oil per unit area.

Farmers considering Echinacea as alternative crop
for production should:

Treatments Root Length 
(M)

Root Dry Weight 
(Kg/Row)

Root Volatile Oil
X 

(1%)
2005 2006 2005 2006 2005 2006

Cropping system (CS)
Conventional 0.26 0.24 0.39 0.21 0.67 0.79
Transitional 0.27 0.28 0.24 0.20 1.40 1.39
Organic 0.26 0.26 0.19 0.23 1.13 1.17
LSD, 5% NS NS 0.02 NS 0.13 0.16
LSD 1% NS NS 0.03 NS 0.19 0.24
Planting Structure (PS)
Ridge-Row 0.26 0.26 0.24 0.24 0.87 0.90
Bed-Row 0.24 0.25 0.29 0.21 1.70 0.71
Flat-Row 0.26 0.28 0.29 0.18 0.67 1.74
LSD, 5% NS NS NS 0.03 0.12 0.27
LSD ,1% NS NS NS NS 0.16 0.31
Interaction
CS X PS NS * ** ** ** NS

i. Identify market outlets for their produce.
ii. Purchase seeds and/or seedling from reliable

seed sources because of their generally low
germination percent.

iii. Transplant seedlings into field plots before the
third week in April in Southwest Mississippi.

iv. Consider ProMix(R for germinating seeds rather
than potting soil.

v. Consider growing E. purpurea because of its
higher germination rate in both Promix and Potting
soil than E. angustifolia and E. pallida, and its
comparable seedling growth potential to both
species.
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