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Echinacea purpurea (L.) Moench. is a perennial plant used for the treatment and prevention of the common
cold and flu because of its immunomodulatory and anti-inflammatory effects. At present, it is one of the
most widely used medicinal herbs in the world. This study evaluated several weeding methods during three
years of E. purpurea cultivation: mulching with black polyethylene film, corn gluten meal treatment, white
clover living mulch, flame weeding, and metribuzin application. The adventitious flora was periodically
inventoried, recording the coverage (%) and density (individuals/m?®). Furthermore, yields of biomass were
determined and concentrations of alkamides and caffeic acid derivatives were analyzed. Plastic mulching
and metribuzin controlled weeds efficiently, allowing profitable biomass production. The highest yield of
aerial and underground parts was afforded by plots mulched with black polyethylene film (5800 kg DM/ha
and 1032.5 kg DM/ha at year 3). The highest concentrations of alkamides were found in plants from plots
treated with metribuzin. Caffeic acid derivatives concentration in plants from plots treated with metribuzin
was similar to that from plots treated with plastic mulching.

Key words: Adventitious flora, alkamides, biomass, caffeic acid derivatives, flame weeding, live mulch, medicinal
plant, metribuzin, polyethylene film.

INTRODUCTION

Coneflowers are perennial herbs of the genus Echinacea
(Asteraceae) found naturally in North American
grasslands and open woodlands (Binns et al., 2002).
Three species of purple coneflower, E.purpurea (L.)
Moench, E. pallida (Nutt) Nutt and E. angustifolia DC, are
valued for their medicinal effects (Mistrikova and
Vaverkova, 2007). All three have traditionally been used
by native North Americans in remedies against ills
including pain, colds, influenza, cough and fever, and
even as antidotes against snhakebites (Foster, 1991;
Kindscher, 1999; Li, 1998). In modern studies they have
been observed to possess antiviral, antibacterial, anti-
inflammatory, antioxidant and immunostimulatory
properties (Bodinet etal., 1993; Facino etal.,, 1995;
Skwarek etal.,, 1996; Burger etal., 1997; Sloley et al,
2001),
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apparently due to the combined actions of caffeoyl
phenols, alkamides and polysaccharides that are present,
in different proportions, in all three species (Briskin, 2000;
Speroni etal.,, 2002; Randolph etal., 2003; Raduner
et al., 2006; Pillai et al., 2007).

For several years now the cultivation of these medicinal
Echinacea species has been increasing in various parts
of the world in order to supply a growing market. The
most extensively cultivated, and the most widely used for
medicinal products, is E. purpurea (Loaiza et al., 2004).
Products based on E. purpurea extracts are among the
world’'s best-selling natural medicines for the prevention
of colds, influenzas and respiratory infections, and for
stimulation of immunomodulation (Mahady et al., 2001;
Vimalanthan et al., 2005; Hinz et al., 2007).

Though E. purpurea is successfully cultivated in the USA,
Canada, Europe, Russia and New Zealand, relatively little
has been published on the influence of plantation
management practices on biomass and bioactive substance
yields (Chen et al., 2008). One of the aspects of plantation
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management to which most attention has been paid is
weed control, especially in newly established plantations,
since coneflowers compete poorly with adventitious
weeds, by which they are easily displaced (Li, 1998;
Kristiansen et al., 2008).

Farmers frequently use herbicides to control
adventitious flora in echinacea plantations because of
their ease of application and efficiency. Nevertheless,
some studies prove that in echinacea plantations treated
with chemical herbicides significantly high levels of these
chemicals are found in the echinacea plants (Kucharski,
2000). To avoid this potential problem the ecological
culture of echinacea is recommended, by using other
methods for weed control, as hand weeding, tillage or
mulch (Kristiansen et al., 2007).

In Galicia, NW Spain, the company Milhulloa cultivates

and processes medicinal plants, included Echinacea
purpurea (L.). Control of weeds is for this company the
most important problem to be solved, especially because
of the prevaling humid warm climate of the region, which
favours weed growing.
In this study we investigated the influence of various
methods of weed control (black polyethylene mulch, corn
gluten meal, Trifolium repens cover, flaming, and
metribuzin treatment) on the biomass yield and alkamide
and phenolic acids contents of a NW Spanish E. purpurea
plantation during three successive years.

MATERIALS AND METHODS

Experiments were carried out 470 m above sea level in
Palas de Rei (Lugo, NW Spain) (7°56'W, 42° 53" N), an
area with an annual mean temperature of 11.9 °C and
mean annual precipitation of 1305 mm. The main
chemical characteristics of the soil of the experimental
site, a silt loam, are listed in Table 1.
At the beginning of April 2008, an area of 250 m* was
ploughed and fertilized with 1 t/ha of Biof®, an organic
fertilizer composed of granulated dehydrated chicken
manure that is 4 % N, 2.2 % K,O and 2.6 % P,Os The
dose was calculated taking into account the initial
characteristics of the soil, and the recommendations of
other authors based on field experiments (Galambosi and
Valo, 1995; Shalaby et al., 1997). Eighteen 1.6 x 5.0 m
experimental plots separated from each other by 0.5
meter-width paths were defined, and the paths were
covered with 50-um-thick black polyethylene film. Three
plots were assigned to each of five weed control
treatments (mulching with 50 um black polyethylene film,
a live mulch of white clover, corn gluten meal treatment,
flame weeding, and metribuzin treatment) and to the
statistical control treatment (no weed control) in a
completely randomized design.

The plots with polyethylene mulch were completely
covered with this material. The live mulch was
established by sowing white clover (Trifolium repens L.)

cv. Huia at a rate of 38 kg/ha. For the gluten meal
treatment, corn gluten (3.3 t/ha) was spread
homogeneously on the plot surface. The herbicide
treatment (metribuzin; Sencor 70 WG ®, Bayer) was
applied at the beginning of May under dry sunny weather
conditions, by spraying at a rate of 0.75 kg/ha. Finally,
flame weeding was carried out twice, a few days before
planting (9th May) and one month later, using a
Dessicagaz® (model 1B) burner.

Two-month-old homogeneous E. purpurea seedlings
germinated in a seedbed under greenhouse conditions
were planted in mid May with a distance of 30 cm
between successive plants in rows 50 cm apart. After
lyear, during flowering (early September to early
October), their aerial parts were harvested and,
immediately after collection, leaves, flowers and stems
were separated and their fresh and dry weights were
determined. This was repeated in the second and third
years of cultivation, when the harvest also included roots,
which were washed, cut in pieces, dried, and weighed
(the roots of half the plants of each plot were collected in
year 2, and those of the other half in year 3). To avoid the
thermal degradation of active principles, drying was in all
cases carried out in an oven at 35°C.

The adventitious flora in each plot was periodically
inventoried, recording the coverage (%), density
(individuals/m?) and total biomass of each species (only
data for the last inventories of the first and second years,
taken just before harvest, are presented here). Species
were identified using Flora Europea (Tutin et al., 1964-
1980) and Flora Ibérica (Castroviejo et al., 1986-2013). In
the case of stoloniferous and rhizomatous species, every
fragment composed of roots, stem and leaves was
considered as one individual.

The levels of the major Echinacea alkamides (dodeca-
2E,4E,8Z,10E/Z-tetraenoic acid isobutylamides) and of
the caffeic acid derivatives caftaric acid and cichoric acid
were determined in representative samples from
polyethylene- and metribuzin-treated plots. One-gram
powdered samples were extracted three times with 25 ml
of ethanol, sonicating each suspension for 5min, and the
pooled extracts were analysed by HPLC as follows.

HPLC Analysis

HPLC was performed using 75x46mm (LxID)
Superspher® 100 RP-18 cartridges (particle size 3,m;
from BDH, Toronto, Canada). For alkamides, the
chromatographic conditions were adapted from Bauer
and Reminger (1989) to take into account the shorter
column wused in our work: gradient elution with
acetonitrile/water at a flow rate of 1.0ml/min was
performed using a linear rise from 40% to 80%
acetonitrile over 15min, followed by a linear fall to 40%
acetonitrile in 1 min, and 6 min at 40%; cut in peaks were
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Table 1. Chemical analysis of the soil of the experimental plot.

pH pH C oM N P Ca Mg Na K Al % sat
H.0 KCI (%) (%) (%) (mg/kg) (cmol/kg) (cmol/kg) (cmol/kg) (cmol/kg) (cmol/kg) Al
5,70 530 3.88 6.71 0.244 37.5 6.37 5.34 0.69 0.78 0.29 0.38 5.03

Table 2. Yields of aerial parts (flowers, stems and leaves) of Echinacea purpurea (kg of dry matter (DM) per ha) after
1 year of cultivation in control plots and in plots given different weed control treatments. Values with different letters in

the same column differ significantly (P < 0.05).

Weed control Yield (kgDM/ha)

treatment Aerial parts Flowers Stem Leaves
Control 24.8 a 0 a 58 a 19.0a
Metribuzin 3785 b 76 b 955 b 275.4b
Flame weeding 96.4 ¢ 0 a 30.3 a 66.1a
Gluten meal 86.6 ¢ 0 a 27.0 a 60.2 a
Live mulch 86.6 c 0 a 27.7 a 58.9a
Polyethylene 1543.1 d 87.1c 359.5 ¢ 1096.5 ¢

monitored simultaneously at 210 and 260 nm, and the UV
spectrum of each peak between 200 and 400 nm was
recorded on-line. For phenolics, gradient elution at a flow
rate of 1.5ml/min was carried out using 50 MM sodium
dihydrogen phosphate brought to pH 2.80 with
phosphoric acid (solvent A) and 1% 0.1 M phosphoric
acid in acetonitrile (Solvent B): a linear gradient from 5%
to 25% B over 7 min was followed by 2 min at 25%, a fall
to 5% B in 1 min, and a 5 min equilibration with 5% B;
detection was carried out at 320 nm (Bergeron et al.,
2000).

After verification of normality using Kolmogorov-
Smirnov tests, data were analysed by one-way ANOVA,
followed when appropriate by post hoc tests Duncan’s
test for homoscedastic data, the Games-Howell test for
heteroscedastic data). Statistical analyses were
performed with SPSS 14.0 software.

RESULTS AND DISCUSSION
Yields of Aerial and Underground Parts

The highest yield of aerial parts at first harvest (1 year
after plantation) was afforded by plots mulched with black
polyethylene film, which produced 1543.1 kgDM/ha
(Table 2). This exceeds the first-year yield obtained in the
USA by Coltrain (2001), 1120 kg/ha. The untreated
control plots were the least productive (24.8 kgDM/ha).
No significant differences were found among the 86.6-

96.4 kgDM/ha vyields of plots treated with white clover
cover, gluten meal or flame weeding, all of which were
higher than that of the control plots, lower than that of the
metribuzin plots (378.5 kgDM/ha), and much lower than
that of the plots with polyethylene mulch. The only
coneflowers to flower were those of polyethylene- or
metribuzin-treated plots.

At harvest time in the second and third years of
cultivation, the aerial parts of coneflowers in plots treated
with gluten meal, flame weeding or live mulch consisted
only of the basal rosette, while in control plots
coneflowers were absent, having been totally displaced
by weeds. Consequently, aerial parts were only
harvested in plots treated with polyethylene or metribuzin,
the yields in both years being almost five times higher in
the former, a significant difference (Table 3). In both
cases, the second- and third-year yields were very
similar, and 3-4 times higher than the first-year yield.
These results are in consonance with yields obtained in
experiments carried out in Italy and Germany (Aiello et
al., 2002; Bomme, 2000).

Roots were harvested in all plots in years 2 and 3,
highest yields being obtained from polyethylene- and
metribuzin-treated plots (Table 4). These yields are lower
than the 1.8-3.0t/ha/year reported from Germany,
New Zealand or the USA (Loaiza et al., 2005). Though it
is recognized that coneflowers are poor-soil plants, no
definitive information on their nutrient requirements are
available (Berti, et al.,, 2002). Nevertheless, soil pH
appears to be a key factor in obtaining commercially viable
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Table 3. Yields of aerial parts (flowers, stems and leaves) of Echinacea purpurea (kg of dry matter (DM) per ha) after 2 and 3 years’
cultivation in plots treated with metribuzin or polyethylene mulch. Values with different letters in the same column differ significantly

(P < 0.05).
Weed control Year Yield (kgDM/ha)
treatment Aerial parts Flowers Stem Leaves
Metribuzin 2 1145.6 a 1529 a 476.4 a 516.2a
3 1223.8 a 163.8 a 510.1a 550.0 a
Polvethvlene 2 5673.6 b 858.6 b 2225.0b 2592.0b
yetmny 3 5800.0 b 900.2 b 2789.0 b 2110.8 b

Table 4. Yields of Echinacea purpurea roots (kg of dry matter (DM) per ha) after 2 and 3 years’ cultivation in control plots and in
plots given different weed control treatments. Values with different letters in the same column differ significantly (P < 0.05).

Weed control Year 2 Year 3

treatment Mean SD Mean SD
Control Oa Oa

Metribuzin 382.08 ¢ 16.02 565.05 ¢ 52.79
Flame weeding 106.00 b 5.96 94.97 b 7.88
Gluten meal 105.03 b 8.17 9255 b 8.27
Live mulch 55.13 b 3.78 54.85 b 3.46
Polyethylene 1080.70d 247.49 1032.50d 192.50

Data are present as mean and standard deviation

yields (Loaiza et al.,, 2002). The values at which
coneflower production has been reported to be most
profitable, pH 7.0-7.5 (Douglas and Parmenter, (2001)
are considerably higher than that of our experimental
plots, pH 5.7).

Weed Control

The above yield results faithfully reflected the efficacy of
the various methods of weed control, the most effective
methods being polyethylene mulching and metribuzin
treatment (Table 5, bottom panel). White clover cover
also significantly reduced weed coverage compared to
the 100% coverage of control plots, but only by about
50%. Flame weeding and gluten meal treatment were
quite ineffective.

In the control plots coneflower was unable to withstand
competition from weeds and was displaced, confirming
that the initial stages of plantation establishment are
critical (Galambosi, 2004).

A total of 34 weed taxa were identified; those for which
more than 10 individuals/m® were recorded are listed in
Table 5 (top panel). In control plots, the highest densities
were those of Agrostis stolonifera L., Holcus lanatus L.
and Fallopia convolvulus (L.) A. Love. Gluten meal and
flame weeding were not only inefficient but even
encouraged the proliferation of some species, such as
Achillea millefolium L., Agrostis stolonifera and Holcus

lanatus. White clover cover effectively suppressed some
species (Fallopia convovulus, Corrigiola telephiifolia
Pourret), but not others (Achillea millefolium, Agrostis
stolonifera, Holcus lanatus). Polyethylene mulch totally
prevented the establishment of weeds, while metribuzin
was effective against broad-leaved species but not
grasses.

The efficacy of polyethylene mulching for weed control
is well documented for many crops (Perry and Sanders,
1986; Bonanno and Lamont, 1987), including medicinal
and aromatic plants (Ricotta and Masiunas, 1991;
Hoeberechts et al.,, 2004). Mulches contribute to weed
management in organic crops by reducing weed seed
germination, blocking weed growth, and favoring the crop
by conserving soil moisture and sometimes by
moderating soil temperature. Opaque synthetic mulches
like black plastic provide an effective barrier to most
weeds and are amenable to mechanized application
(Tadasle and Mohler, 2000). The high cost of laying down
the polyethylene film can be counterbalanced by its
durability, since polyethylene can be kept on the ground
during the 3-4 year duration of echinacea cultivation
(Galambosi and Szebeni-Galambosi, 1992), though the
cost of removing the film prior to establishment of a new
plantation must also be taken into account.

Metribuzin treatment was quite efficient the first year,
but its effect diminished with time, allowing the re-
establishment of grasses and perennial asteraceae. In
Polish trials of chemical herbicides for use in this kind of
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Table 5. Average density (individuals/m?) of the most frequent weed species in years 1 and 2 (top panel), and total coverage of
soil by weeds (bottom panel), in control plots and plots given different weed control treatments. Within rows, values with

different letters differ significantly (P < 0.05).

Average density (individuals/ mz)

Treatments
Species o

Control Gluten Flame Clover Metribuzin Polyethylene
Achillea millefolium L. 21b 33 b 42 b 24 b 3a 0a
Agrostis stolonifera L. 106 c 121 ¢ 221 d 94 ¢ 27 b 0a
Corrigiola telephiifolia Pourret 24 b 24 b 6 a 12 ab 3a 0a
Fallopia convolvulus (L.) A. 42 b 18 b 9 a 2 a 0 a 0 a
Love
Holcus lanatus L. 8l c 221 d 315 e 163 cd 27 b 0a
Hypochaeris radicata L. 9 a 15 b 24 b 6 a 0a 0a
Le,ontodon taraxacoides (Vill.) 6 a 3 a 18 b 10 ab 0 a 0 a
Mérat
Plantago lanceolata L. 9 a 10 ab 3a 6 a 0a 0a
Raphanus raphanistrum L. 9 a 12 ab 15 b 15 b 6 a 0a
Rumex acetosa L. 12 ab 9 a 12 ab 15 b 3a 0a
Spergula arvensis L. 9 a 12 ab 12 ab 12 ab 3a 0a
Soil coverage (%)

Treatments
Year . .

Control Gluten Flame Clover Metribuzin Polyethylene
1 100 d 80 d 80 d 50 ¢ 15b 0a
2 100 100 100 50 50 0

plantation the most efficient chemicals were prometryn,
promyzamide (to control broad-leaved species) and
fluazifop-p-butyl (to control grasses) (Kordana et al.,
1996; Kucharski, 1997) the herbicide levels found in the
crops themselves were admissible (Kucharski, 2000).

The main advantage of flame weeding is the ability to
weed more rapidly than hand-weeding. In addition, is
performed standing up, which is easier on the body,
cutting down on the amount of time needed bent over
hoeing or hand-weeding (Cohen, 2006). In our study,
flame weeding was clearly ineffective, and even favoured
invasion by heat-resistant plants (Achillea millefolium,
Holcus lanatus, Hypochaeris radicata L.). Furthermore,
flame weeding is expensive, requiring costly dispensers
and significant labour and energy (Nystrom and
Svensson, 1987; Nemming, 1994; Cohen, 2006).

Gluten meal is a byproduct of corn (Zea mays L.) wet
milling that contains several dipeptides that suppress
seedling germination and root growth (Christians, 1993;
Unruh et al., 1997). It has been patented as a natural pre-
emergent herbicide, and approved for use in certified
organic production systems. Gluten meal applied before
weed germination reduces weed density but it is applied

shortly after germination, it acts as a nitrogen source,
promoting the development of both crop and weeds
(Christians, 1993).

In this study corn gluten meal had no weed control
effect; on the contrary, it encouraged the development of
weeds and their subsequent competition with the crop.
Studies in Kentucky concluded that gluten meal has a low
herbicidal effect at recommended rates (Bomford et al.,
2006).

Live white clover mulch is both an inexpensive weed
control method and also improves soil fertility (Hargrove
and Frye, 1987). Legume cover crops provide a
substantial amount of biological fixed N to the primary
crop and possess a strong ability to absorb low available
nutrients in the soil profile and can help in increasing
concentration of plant nutrients in the surface layers of
soil (Fageria et al., 2005) . Its efficacy in weed control lies
in its quickly covering bare soil (Romero et al., 2001), and
is diminished if perennials with vigorous root systems are
present. On the other hand, clover also competes with
the crop, which in our case may explain the low yields
and poor root development of echinacea in our white
clover plots: the average DM weight of roots per plant
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Table 6. Total alkamide concentration (mg/g DM) in flower heads and roots of echinacea plants from plots treated with
metribuzin (Met) or polyethylene mulch (PEt), after 2 and 3 years’ cultivation. Within columns, values with different letters

differ significantly (P < 0.05).

Roots Flower heads
Year Treatment
Mean SD Mean SD
> Met 0.587b 0.148 0.16a 0.03
Pet 0.146 a 0.293 0.17a 0.03
3 Met 0.664 b 0.057 0.16a 0.02
Pet 0.474 a 0.085 0.18a 0.04

Data are present as mean and standard deviation

Table 7. Concentrations of caftaric acid (Caft) and cichoric acid (Cich) (mg/g DM) in leaves, flowers, stems and roots of
echinacea plants from plots treated with metribuzin (Met) or polyethylene mulch (PEt), after 1, 2 or 3 years’ cultivation.

Year Ph_enolic Treatment Leaves Flowers Stems Roots
acid Mean SD Mean SD Mean SD Mean SD
Caft Met 0.196 0.012 0.954 0.095 0.129 0.08
1 Pet 0.141 0.025 1.096 0.019 0.265 0.06
Cich Met 0.326 0.03 2.609 0.061 0.775 0.12
Pet 0.446 0.17 2.622 0.099 0.587 0.08
Caft Met 1.514 0.065 1.201 0.074 1.129 0.12 0.978 0.097
5 Pet 1.513 0.084 1.213 0.055 1.016 0.06 0.676 0.017
Cich Met 2.750 0.02 2.527 0.293 0.775 0.12 1.891 0.074
Pet 3.245 0.36 2.737 0.369 0.587 0.08 1.813 0.251
Caft Met 1.670 0.069 1.517 0.066 1.006 0.10 0.766 0.02
3 Pet 1.499 0.029 1.521 0.039 1.129 0.12 0.544 0.03
Cich Met 2.363 0.257 2.821 0.425 0.725 0.10 1.750 0.032
Pet 2.498 0.261 2.628 0.131 0.871 0.03 1.897 0.094

Data are present as mean and standard deviation.

was about 4 g in these plots, similar to the 3.3-4.09g in
plots treated with gluten meal or by flame weeding, which
had 80-100% weed coverage, and significantly less than
the 18 g of plots treated with polyethylene mulch and 10
g of those treated with metribuzin.

Active principle contents (alkamides and caffeic acid
derivatives)

Previous studies have shown that active principle content
varies greatly among individual coneflower plants (Kreft,
2005; Qu et al., 2005). Accordingly, we only determined
active principles in plots in which there were enough
plants to guarantee that the value determined would with
reasonable certainty be representative of the
corresponding treatment. This limited the study of active
principles to the plots treated with polyethylene mulch or
metribuzin, which retained most of the plants initially
planted.

Alkamide content was significantly higher in roots than in
flower heads, and significantly higher in metribuzin-
treated roots than in polyethylene-mulch-treated roots;
and, regardless of treatment, root alkamide content was

significantly higher at second root harvest (year 3) than at
first harvest (year 2) (Table 6).

A number of studies have shown that alkamide levels
are much lower in leaves than in roots (Perry et al., 1997;
El Gengaihi et al.,, 1998; Kim et al., 2000; Stuart and
Wills, 2000). That perennial parts (roots and rhizomes)
have the highest levels is interpreted as a defence
against herbivores, insects and larvae (Pietta, et al.,
1998; Ramirez—Chéavez et al., 2004; Lépez-Bucio et al.,
2006).

The alkamide levels observed in echinacea roots in this
work (Table 6) are within the range of those obtained in
Taiwan (Chen et al., 2009), and clearly higher than those
found in Germany (Bauer and Reminger, 1989). The
difference between the root alkamide levels found in
metribuzin-treated and polyethylene-mulch-treated plots
is in keeping with reports that polyethylene mulching can
affect the quality of various crops (Elkner and
Kaniszewski, 1995; Farias-Larios and Orozco-Santos,
1997; Andrady, 2003). These observations confirm the
influence of geographical, climatic and soil factors, and of
management practices, on the concentration of active
principles (Yu and Kaarlas, 2004).



Like those of alkamides, the concentrations of caffeic
acid derivatives (caftaric and cichoric acids) varied
among different parts of the plant (Table 7). This is in
agreement with the results obtained by other authors
(Stuart and Wills, 2003; Callan et al., 2005; Kreft, 2005).
Regardless of which weed control treatment was used,
cichoric acid levels varied little in flowers and stems, but
in leaves were lower in the first year than in subsequent
years, as were caftaric acid levels in all three tissues
(especially leaves and stems). In the third vyear,
concentrations were similar to those recorded in the
second year. Unlike alkamide content, caftaric and
cichoric acid contents did not differ significantly between
plants from plots treated with polyethylene mulch and
metribuzin. In general, the observed levels of both
caftaric and cichoric acid were lower than those reported
previously (Qu et al., 2005; Perry et al., 2001; Binns et
al., 2002; Kreft, 2005; Pellati et al., 2005; Wu et al., 2007;
Chen et al., 2009). However, these results should be
considered cautiously since variability in the
concentration of the bioactive compounds may be
explained not only by the management conditions. It has
been found that other factors such as the time of day at
which samples were taken, weather conditions, the
location of the plots, or the handling of the sample in the
course of its chemical analysis, may cause changes in
the concentrations of active ingredients (Parmenter and
Littlejohn, 1997; Stuart and Wills, 2000; Dou et al., 2001;
Berti et al., 2002; Perry et al., 2004). Cichoric acid, in
particular, is known to be susceptible to enzymatic
degradation (Bauer, 1997; Nisslein, 2000) and sensitive
to pre-and post-harvest processing (Tanko et al., 2005).
Also, the echinaceas planted in this study were grown
from seed, and genetic differences may therefore have
influenced our results (Binns et al., 2002).

CONCLUSIONS

Throughout the growing cycle of Echinacea purpurea (L.)
Moench. in Galicia, we have tested five control methods
adventitious flora mulching with black polyethylene, corn
gluten meal treatment, white clover living mulch, flame
weeding, and metribuzin application. The study revealed
that only treatments with black polyethylene mulch and
metribuzin are effective throughout the whole cycle.
The higher yields of biomass were obtained, both for
aerial and buried parts, in the plots in which the
adventitious flora was monitored with black polyethylene
mulch.

Harvested plants in plots treated with metribuzin
offered higher performance in alkamidas than those
obtained in the plots of black plyethylene mulch.

The concentrations of caffeic acid derivatives were
similar in the adventitious control treatments with
metribuzin and black polyethylene mulch.

In medicinal plant production, the use of effective non-
chemical weed control methods is especially important,
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since avoids the presence of residual herbicide in
commercial products.
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