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A laboratory experiment was conducted to measure the effects of various factors
on germinating goldenseal seed. Seeds were soaked in gibberellic acid (0.5 g•L,
GA3 ) or potassium nitrate (2 g•L-1, KNO3) for 2, 6, 12, or 24 h, followed by periods 
of cold stratification at 4 °C (0, 2, 4, 8, or 12 weeks). GA 3 treatment accelerated the
germination process with 61% of the seed germinating to the seed splitting stage
in 47 days compared to 4% in the non-GA 3 treatments. Neither soak time nor os-
motic conditioning with KNO 3 had any effect on germination. Cold temperature
stratification at 4 °C had a negative effect on germination. Jncreasing the stratifi-
cation time from 0 to 12 weeks induced secondary seed dormancy and reduced
overall germination after 6 months incubation at 1 °C by 23% compared to fresh,
untreated seed, which gave 80%-90% germination after 3 months. Germinating
seed from all treatments was observed to be highly susceptible to disease under
laboratory conditions suggesting this may also be a factor in the poor establish-
ment of goldenseal crops in the field.The lack of seedling development following
seed splitting suggests that the conditions, which favour the early germination
process are different from those that promote seedling growth.
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INTRODUCTION
Goldenseal (Hydrastis canadensis L., Ranunculaceae) is a highly valued North
American medicinal herb which has traditionally been gathered from wild popula-
tions (Foster, 1993). To ensure its survival goldenseal was listed under the CITES
Treaty (Convention on International Trade in Endangered Species) in 1997 (Ban-
nerman, 1998). Research into the production of this species is now focused on devel-
oping sustainable cultivation methods (McGuffin, 1999).

Goldenseal can be propagated by division of the underground rhizome, root. cut-
tings, and seed (Henkel and Klugh, 1908; Lloyd, 1912; van Fleet, 1914; Foster,
1993; Sturdivant and Blakley, 1999; Davis, 1999; Davis and McCoy, 2000) with
propagation by seed considered to be the most difficult and unpredictable method
(Sturdivant and Blakley, 1999; Davis, 1999; Davis and McCoy, 2000). As goldenseal
seed is recalcitrant; seed for propagation is extracted from the ripe fruit pulp in
summer and stored in moist sand until sowing (Henkel and Klugh, 1908; van Fleet,
1914; Hardacre, 1962; Davis and McCoy, 2000). Seed stored dry does not germi-
nate (Deno, 1993). Hardacre (1962) successfully grew goldenseal from both autumn
and spring sowings but. generally found autumn sowing was more successful than
spring sowing. Foster (1993) suggested goldenseal seed should be refrigerated for
3 months before sowing in spring, while Sturdivant and Blakley (1999) advocated
leaving seed sown in trays outside until early spring to achieve winter chilling be-
fore bringing them into a greenhouse to germinate. Davis (1999) considered that
the best seed germination was achieved by sowing fresh seed in the late summer-
autumn period immediately after extraction, Experiments by Davis and McCoy
(2000) found that where seed was stored in moist sand at 21 "C and sown in late
autumn an average germination rate of 37% (range 25%-88%) was achieved the
following spring. Seed, which was held at 21  for 30 days and subsequently at. 4
ºC , or held over the entire period at. 4"C, and planted the following spring, gave an
average germination rate of 45% (range 30%-70%) but with the germination occur-
ring two seasons later (Davis and McCoy, 2000).

Germination of genera within the family Ranunculaceae is often enhanced by
pre-chilling, exposure to light, gibberellic acid (GA3), and osmotic conditioning with
potassium nitrate (KNO 3) (Ellis et al., 1985). Recent examples in the literature
show that low temperature and GA, promoted the germination of Cimicifuga nan-
chuanensis (Fu et al., 1998) and Thalictrum aquilegiifolium (Sim et a]., 1996), and

KNO3enhanced the germination of Ranunculus sceleratus (Shim et al., 1998). Fos-
ter (1993) has previously recommended prechilling goldenseal before sowing but
no information could be found on the use of GA, or KNO 3 to aid the germination of
goldenseal seed. The success of these exogenous chemical treatments in enhancing
the germination of other Ranunculaceae genera raised the question of whether the
germination of goldenseal could also be improved to give a consistently high rate.
To investigate this, goldenseal seed was treated with GA3 or KNO3 and stratified at
4"C before being placed under constant warm temperature incubation to measure
the effects of the treatments on germination.

MATERIALS AND METHODS
Ripe berries were collected in mid summer (February in New Zealand ) from 5-year-
old goldenseal plants grown outdoors under shade cloth in the Waikato, New Zealand 
(latitude 37º 50 S, longitude 175º 18 E). The berries were mashed in a sieve and the
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seed was separated from the pulp under running water similar to method described
by Davis and McCoy (2000). The extracted seed was surface sterilised by soaking it in
a 0.3% sodium hypochlorite solution for 5 min and then air dried and weighed.

A factorial experiment combing 2 putative-dormancy-breaking agents (0.5 .L-1 GA,
or 2 g.L-1 KNO3) x 4 soak times (2, 6, 12, 24 h) x 5 moist-seed stratification treatments
at 4ºC (0, 2, 4, 8, 12 weeks) with the control treatments consisting of two replicates of
the seed stratification treatments (0. 2, 4, 8, 12 weeks) after soaking in water was laid
down on 13 March 1996 with one replicate. This design gave a total of 50 treatment
units with each unit having ten seeds placed on moist filter paper in a covered Petri
dish and kept constantly moist  for the duration of the trial. Following the stratifica-
tion treatments at 4 "C the Petri dishes were placed in a fluorescent lit incubation
cabinet at 14 "C. Seed germination, indicated by the splitting of the hard seed coat,
was recorded weekly for the next 264 days (180 days incubation after the longest
stratification treatment). The germination counts recorded after 47, 89, 131, and 180
days incubation were used to analyse the results. After 180 days, all ungerminated
seeds were dissected and assessed for seed viability by soaking them in a 1.0% tetra-
zolium solution for 6 h (Hartmann and Rester, 1975).

Analysis of variance was carried out on the seed germination counts after 47, 89,
131, and 180 days in 14ºC incubation using the inbuilt replication of the factorial
design to assess the main effects and two-factor interactions. The precision of the
main effect was further enhanced by combining treatments which did not differ
statistically from each other.

RESULTS
The fresh seed extracted from the berries had a mean seed weight. of 1.33 g/100 seed
(SD = 0.042) and after soaking for 24 h in either GA 3  or KNO3 solutions  had a seed
weight of 1.50 g per 100 seeds (SD = 0.092). There was no effect on germination
from varying the seed soaking time or soaking the seed in KNO 3 . This data was
subsequently pooled with the control treatments to increase the precision of the
GA, and the stratification effects.

Seed treated with GA3 when incubated at 14 'C began germinating after 19 days
with 61% germinating after 47 days and 82% after 180 clays. By comparison un-
treated seed or seed treated with KNO3 had 4% seed germinated after 47 days and
58% by 180 days (Fig. 1). Seed given a short stratification (0, 2, or 4 weeks) germi-
nated more quickly than those given a long stratification (8 or 12 weeks) with the
use of GA3 bothspeeding up the germination process and overcoming the stratifica-
tion effect (Fig. 2). Seed soaked in GA :, gave similar germination counts in all strati •
fication treatments following 47 days incubation, but the subsequent germination
was 20% less in the longer stratification treatment.. The short stratification treat-
ments without GA,, had a similar but slower pattern of germination than the seed
with GA S treatments with germination continuing over a longer period and ending
with a lower final germination (Fig. 2). The longer stratification treatment without
GA, showed an entirely different pattern of germination with low germination in
the first. 87 days and germination continuing over the entire 180 days (Fig. 2).

Regression analysis of the stratification treatments showed a significant linear
effect on seed germination as stratification time increased (Fig. 3). Stratification of
goldenseal seed for 12 weeks, reduced the overall germination by 23% from 81% to
58% compared to no stratification, with the effect being more pronounced for the
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GA.,-treated seed (93% to 68%) than for seed treated with KNO 3 or water (67% to
49%) (Fig. 3).

At the end of the experiment 13% of the KNO 3 and water-treated seed, and 2%
of the GA3-treated seed, that had not germinated were viable but dormant when
tested with tetrazolium. There were also more dormant seed left ungerminated in
the 12-week stratification treatment. (28%) than in the unstratified seed (7%) in
the KNO3 and water treatment. All treatments had a final germination potential of
80%-100% when the alive but dormant seed numbers were combined with the seed
germination numbers.

DISCUSSION
The propagation of goldenseal from seed is known to be difficult and unpredict-
able (Sturdivant and Blakley, 1999; Davis, 1999; Davis and McCoy. 2000). it is well
known that goldenseal seed needs to be stored moist to maintain viability (Henkel
and Klugh, 1908; van Fleet, 1914; Hardacre, 1962; Foster, 1993; Davis and McCoy,
2000) and, the increased seed dormancy after cold storage is one explanation for
the variable and prolonged germination of spring-sown crops compared to autumn-
seeded crops found by Hardacre (1962). More recent results have found that seed
stored under warm (21"C) rather than cold conditions has been beneficial to germi-
nation (Davis, 1999; Davis and McCoy, 2000). From our studies and those of Davis
(1999), the most reliable germination of goldenseal seed is from fresh seed sown
i mmediately. Treating seed with GA 3 had a significant positive impact on the rate
of germination and in addition it gave the lowest number of ungerminated seeds
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at the end of the experiment indicating it was effective in breaking seed dormancy
as well as accelerating the germination. There was no benefit from prolonging the
seed soaking in GA, beyond 2 h although soaking for 24 h is recommended for most
species (Hartmann and Rester, 1975).

Osmotic conditioning with 2 g-U 3 KNO3 for 2 to 24 h had no effect on germination
of goldenseal seed but it is unknown whether longer soak times of 2 to 21 days as
recommended by Khan (1992) would be more effective.

Our experiment successfully germinated goldenseal seed to the seed cracking
stage but the subsequent development of seedlings was very slow. Once the seed
had cracked there was a high mortality from a number of diseases identified as 
Alternaria alternata, Fusarium oxysporum, F. proliferatum, sacchari, and Mucor
species. In spite of the disease deprivation the slowness of the seedling growth sug-
gests that seedling development in goldenseal is either hampered by a secondary
dormancy or else the environmental requirements for seedling development are
markedly different than those for the germination process. This aspect of growing
goldenseal from seed is the subject of further research.
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