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Abstract Dried root of the medicinal plant
Echinacea purpurea (L.) Moench is used as an
immune stimulant. Evidence from initial field trials
in New Zealand suggested that root yield may be
improved by planting at higher densities than
commonly used. Plants were grown in raised beds
1.5 m wide at densities ranging from 1.5 to 65
plants/m of bed. Maximum root yield after two
seasons of growth was c. 30 g/plant at the lowest
densities, reducing to 5 g/plant at the highest
densities. Maximum yields of 260 g/m of bed were
achieved at densities of c. 20 plants/m of bed with
no change at higher densities. Root yield as a
percentage of root + rhizome yield increased from
45 to 65% as plant size diminished with increasing
density. Changes in rootirhizome ratio with plant
density are likely to affect alkylamide
concentration.
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INTRODUCTION

Echinacea (Asteraceae) is a genus native to North
America with an important place in Western herbal
medicine (Hobbs 1989, 1994; Foster 1991) as an
immunostimulant (Bauer & Wagner 1991). Market
research in New Zealand identified Echinacea as a
potential export (George 1990). Initial field trials
subsequently demonstrated that it could be grown
successfully (Parmenter et al. 1992).

German recommendations for£. purpurea (L.)
Moench planting density is for rows 0.4 m apart
with plants 0.3 m apart within rows, or c. 8 plants/
m2 (Anon. 1986). Yield at this density is claimed
to be as much as 500-600 g/m2 of dried (<10%
water) root. However, German production trials of
10 cultivars of E. purpurea planted at 7.9 plants/
m2 in three successive years (Bomme et al. 1992a)
produced a mean yield of dried root after 2 years of
growth of 224 g/m2 of dried root (Bomme et al.
1992b).

In field trials at five sites around New Zealand,
E. purpurea was planted in beds 1.5 m wide, in two
rows 0.6 m apart with plants 0.3 m apart within
rows (6.66 plants/m of bed) (Parmenter et al. 1992).
Yields of dried root (<1 % water) after two seasons
of growth at this relatively low density averaged
242 g/m of bed, with maximum yields at the
warmest sites of 325 g/m of bed (Parmenter et al.
unpubl. data).

Trials in the United States have used planting
densities as low as 2.4 plants/m2 (George 1990),
whereas results of preliminary field trials near
Alexandra, New Zealand, indicated that root yields
may be improved with densities as high as 25 plants/
m2 (L. Burton pers. comm.). In view of the
uncertainty about optimum plant density, the
experiment reported here was conducted to assess
the relationship between plant density and root yield
of E. purpurea.

In addition to investigating basic agronomic
questions such as optimum plant density for root
yield, we have assessed the content of medicinal
compounds in the root of E. purpurea. One class of
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compound thought to contribute to the immune
stimulating activity of Echinacea root is the
alkylamides (Bauer & Wagner 1991). In a
preliminary study of E. purpurea roots, which
looked at the relative alkylamide content of thin
roots (<2 mm), thick roots, and rhizomes (van Klink
& Perry 1994), there was evidence of greater
alkylamide content in rhizomes than in roots. This
has since been confirmed by further analysis of plant
parts (Perry et al. 1997). Planting density can have
a major effect on plant form (Harper 1977), and if
these effects extend to changing the relative
proportions of root and rhizome, then planting
density may affect the alkylamide content of the
harvested portion of E. purpurea. With this in mind,
we made a distinction between root and rhizome.
This introduces a difficulty in terminology, since
the word "root" is normally used to describe all
below-ground parts (root and rhizome). To avoid
confusion, where root is distinguished from
rhizome, the combined yield is described as "total
below-ground" or "root + rhizome" yield. Where
no distinction is made, the word root is assumed to
include both root and rhizome.

METHODS

Site
An area of Wangatui Silt Loam (DSIR 1968)
classified as a mottled fluvial recent soil (Hewitt
1992) at Invermay Research Station near Mosgiel,
New Zealand (Lat. 45.5°S, Long. 170.2°E) was used
for the experiment. It was ploughed and rotary hoed
in September 1992. In November, the equivalent
of 6 t/ha of quicklime (CaO) and 5 t/ha of potassic
superphosphate (6% P, 7% K) was worked into the
soil by rotary hoeing before raised beds were
formed. Nitrogen fertiliser (calcium ammonium
nitrate; 27% N) was spread by hand after planting
(330 kg/ha) and again in February 1993 (220 kg/
ha). In October 1993, a further 330 kg/ha was
applied.

Soil nutrient levels at root harvest in May of
1994 are shown in Table 1 (pH: Blackmore et al.
1980; P: Olsen et al. 1952; extractable cations:
Mountieret al. 1966.).

All plots were hand-weeded twice during each
season of growth.

Mean daily maximum and minimum
temperatures at this site are 19.9 and 8.8°C for the
summer months (December—February) and 10.7
and 0.6°C for the winter months (June—August)
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(New Zealand Meteorological Service 1983).
Incoming shortwave radiation in summer is c. 20.5
MJ/(m2/day) and mean annual rainfall is c. 700 mm
(Fig. 1). During the period from planting until
harvest, screen air temperature and rainfall were
measured at the Invermay climate station, 500 m
from the trial site. Incoming shortwave radiation
was measured at Dunedin airport, 17 km from the
site.

Trial design
Seed was obtained from the German seed company
Samen Mauser in September 1991, and was stored
at 2-3°C and 15% relative humidity until September
1992. It was then planted in cell trays (cell volume
12.5 cc) filled with seed raising mix (85% peat, 15%
sand). Cell trays were placed in a glasshouse (20°C
day, 10°C night) until December 1992, when most
plants had produced 2—3 leaves. They were then
planted at nine densities in each of five beds; the
nine treatments were randomly arranged within
each bed. Different plant densities were produced
by varying the number of rows of plants and the
spacing between plants within rows (Table 2). Each
bed was 1.5 m wide. The raised portion of the bed
was c. 0.9 m wide and the remainder was occupied
by wheel tracks on either side of the bed. Where
there was more than a single row of plants, the
spacing between rows and the number of rows were
matched to ensure that only the central 0.6 m of the
raised bed was planted. For example, two rows 0.6
m apart, or seven rows 0.1 m apart spanned only
0.6 m of the bed. Each treatment was five plants
long. To minimise effects from adjacent treatments,
only the central three plants of five in each row
were harvested, including those in outside rows.

Density and yield in this paper are expressed
per m of bed rather than the more usual per m2 to
ensure that it is clear that yields are dependent on a
particular planting arrangement in beds, rather than
on a uniform distribution of plants over the available
ground area. Plant density per m of bed is almost
linearly related to density and is calculated using
the product of row spacing and plant spacing within
rows. However, per plant yield in this experiment

Table 1 Soil nutrient levels at harvest of Echinacea
purpurea root in May 1994.

pH

6.5

P

36

Ca

2875

K
(ppm in soil)

100

Mg

960

Na

45


