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Abstract 

In response to a growing interest and demand for medicinal and herbal plants, 
many growers are turning to the integration of the cultivation of medicinal plants in 
their forest systems. This study was conducted over a 5-year period, permitting us to 
clearly elucidate the potential of growing ginseng organically in a broadleaf forest. 
Our results showed that the type of mulch and soil preparations significantly 
influenced the emergence of American ginseng seedlings. Moreover, the soil prepara-
tion influenced the growth and the mineral absorption of American ginseng plants. In 
contrast, the sowing density poorly affected the overall emergence or growth of 
ginseng plants, presumably because of the low survival rate during the first year 
caused in part by an especially damp spring. The light conditions in the forest under-
story proved to be vital factors influencing the photosynthetic capacity and the 
pigment concentration of American ginseng and also the growth and root ginsenoside 
concentrations of the plant. VAM soil inoculations significantly influenced the root 
morphology and ginsenoside concentrations of one-year-old American ginseng plants. 
 
INTRODUCTION 

American ginseng (Panax quinquefolius L.) is indigenous to North America 
forests (Oliver, 1996). The almost complete decimation of natural populations of 
American ginseng renders its cultivation essential either in fields under artificial light or 
in forests. While American ginseng is widely cultivated under artificial shade, an 
increasing number of ginseng growers are turning to forest culture. American ginseng is 
an esteemed medicinal plant valued mostly for its roots that contain ginsenosides, a 
collection of triterpene saponins. Over 30 types of ginsenosides have been isolated and 
identified in ginseng and six major ginsenosides are found in American ginseng: Rb1, Rb2, 
Rc, Rd, Re and Rg1 (Court et al., 1996). 

The popularity of forest cultivation of American ginseng is growing in part due to 
the dramatic fall in prices for field-grown ginseng and the high price of forest-grown 
ginseng with high bioactive contents. The roots of forest-grown ginseng are worth up to 
ten times those of field-grown roots (Oliver, 1996). Forest-grown roots contain superior 
concentrations of ginsenosides as compared with field-cultivated roots (Betz et al., 1984) 
and have a brown coloration, highly appreciated by Asian consumers (Oliver, 1996). The 
production costs associated with forest-cultivation are also lower than that of field 
cultivation as the forest canopy acts as a natural light filter, providing the shaded 
environment necessary for the growth of American ginseng. 
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American ginseng is generally regarded as a plant that is physiologically adapted 
to moderately to very shady forest understories (Anderson et al., 1993). American ginseng 
grows in slightly acidic soil with pH ranging from 4.8 to 6.0 (Oliver, 1996) and the 
optimal pH for culture is 5.5 (Khwaja et al., 1984). Liming is an efficient method of 
increasing soil pH in addition to increasing the availability of soil Ca, an element shown 
to greatly improve the growth of American ginseng (Stoltz, 1981; Konsler and Shelton, 
1990). Increased soil Ca levels have also been shown to decrease Al toxicity, which is a 
major limiting factor of growth in severely acidic soils (Foy, 1992). 

To date, the effects of solar radiation and temperature on the yield, photosynthetic 
rate, respiration and transpiration of field-grown ginseng plants have been studied (Lee et 
al., 1980). However, wild-simulated and woods-cultivated root production of ginseng 
plants has been less researched. The heterogeneous nature of the forest canopy creates a 
mosaic of light in the understory where plants are exposed to direct sunlight transmitted 
through the gap of the forest canopy (sunflecks), which be sources of excessive light 
levels (Kursar and Coley, 1999). The objective of this study was to evaluate the potential 
of growing American ginseng organically in a North American broadleaf forest. 
 
MATERIALS AND METHOD 

The experiment was conducted over a 5-year period, from August 1996 to 
September 2000, in a broadleaf forest located at l'Île d'Orléans, Quebec, Canada (Lat. 
46.57 North; Long. 70.56 West). Details on the procedures and study design for the 
experiments done on soil (preparation, organic mulch, liming and sowing density) can be 
found in Charest (1999), while details for the experiments done on light and mycorrhizae 
are reported in Fournier (2001) and Fournier et al. (2003a,b, 2004). 
 
RESULTS AND DISCUSSION 

Our results showed that emergence and survival of one- and two-year-old 
American ginseng plants were significantly influenced by soil preparation (Table 1). 
Ploughing the soil to a depth of 15 cm or preparing a 10 cm bed prior to sowing the seeds 
resulted in a doubling of the emergence of ginseng plants compared to those grown in 
wild-simulated soil. The mortality of emerged seedlings on ploughed soil (22 to 34%) was 
significantly lower than that of seedlings grown in wild-simulated soil (37 to 62%) or 
seedbeds (34%). Working the topsoil has been shown to increase soil drainage and soil 
temperatures (Wang et al., 1995) permitting a more rapid seedling emergence in the 
spring. 

The growth of one-year-old American ginseng was also significantly affected by 
soil preparation (Table 2). Plants grown on ploughed soil and seedbeds had 18 to 24% and 
40% higher shoot and root fresh weights compared to plants grown in wild-simulated soil, 
respectively. However, there was no significant effect of soil preparation on the dry 
weight of the plants (Results not shown). The differences appear to have been in part 
caused by increased water contents. The total length and surface area (Table 2) of 
American ginseng rootlets was 60 to 83% higher for plants grown in ploughed soil and 
seedbeds compared to those grown in wild-simulated soil, probably increasing the water 
uptake of the plants. 

Soil preparation significantly influenced the mineral content of the shoots but not 
that of the roots (Results not shown). The nitrogen levels were 34 and 21 times higher in 
the shoots of plants grown in seedbeds and ploughed soil, respectively, than those grown 
in wild-simulated soil. The elevated nitrogen content of the shoots probably accounts for 
the higher shoot weights noted for the plants grown in ploughed soil, as previously shown 
by Konsler (1982). Ca levels in the shoots of American ginseng plants were also signif-
icantly higher (0.86%) in those grown in seedbeds compared to those grown in wild-
simulated soil (0.66%). Sufficient Ca and P levels in the soil are essential since deficien-
cies in either of two elements can limit the growth of ginseng plants (Konsler, 1982). 

The type of mulch significantly affected the emergence of American ginseng 
seedlings. Seedlings grown with straw mulch had 75% lower emergence than those grown 
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without mulch (natural forest floor) (Results not shown). Moreover, neither the 
emergence nor the mortality of two-year-old American ginseng was significantly affected 
by the type of mulch (Results not shown). Our results showed that additional mulch is not 
required for the protection of the seeds or the perrenating buds since the accumulation of 
snow acts as a natural protection against extreme temperatures that could cause severe 
damages. The low emergence rate of seedlings grown on straw mulch could be attributed 
to the higher water retention of this material slowing the warming of the forest soil in the 
spring. Seedlings grown under straw mulch invested more carbon energy into their stems 
than plants growing under natural forest litter and deciduous leaf mulch (Results not 
shown). Our results showed that stem length of ginseng plants emerged under straw 
mulch was 11.4 cm, which was higher than that of seedlings grown under deciduous leaf 
mulch and natural forest litter (9.5 and 8.1 cm, respectively). This could be explained by 
the fact that the snow compacted the straw, forming a dense layer that the seedlings had 
difficulty penetrating. 

The pH of the soil in our experimental site was shown to be below the optimal 
range for maximum American ginseng growth with a measured pH of 4.5 in control plots 
(Table 3). The addition of lime to the soil prior to sowing significantly increased the soil 
pH and electric conductivity, and decreased the Al content (Table 3). Ginseng plants 
grown in excessively acidic soils can suffer from serious physiological disorders 
associated with Fe, Al and Mn toxicities (Oliver, 1996). Our results showed that the Ca 
content in the shoots and roots of plants significantly increased by up to 50% with soil 
liming (Results not shown). Higher Ca in ginseng plants is highly beneficial as it plays a 
critical role in the active and passive resistance against pathogenic attacks. 

Planting density did not significantly affect the emergence, mortality or the 
survival of the plants (tested at 25 kg ha-1 to 35 kg ha-1). The especially damp spring 
during the year of development certainly greatly decreased seedling emergence due to 
slow warming of the forest soil and increased seed root rot. This explains why so few 
plants survived to the three- and four-year-old stage. 

The forest canopy began its development in the beginning of May. At this time, 
large openings in the forest canopy were present allowing high light levels to penetrate to 
the understory of the forest (Fig. 1A). The beginning of the forest canopy development 
coincides with the emergence of American ginseng seeds in their first year or the 
perrenating bud of the rhizome in their second year and subsequent years (Fig. 3A). At 
this time, the developing American ginseng plants were exposed to up to 8 h d-1 sunfleck 
durations (Fig. 2B) and up to 31% of the solar radiation (Fournier et al., 2004). The 
ginseng seedlings were also exposed to elevated red (R) and far-red light (FR) fluence 
rates (Fig. 4). During the deployment of forest canopy leaves (Fig. 1B and 1C), the 
duration of sunflecks and red light levels dramatically decreased by up to 80%. At this 
stage, the leaves of American ginseng plants were generally furled (Fig. 3B), protecting 
them from excessive light levels. At the beginning of June, the forest canopy had 
completed its deployment and the total light levels in the understory were generally less 
than 10% of the solar radiation (Results not shown). However, the ginseng plants 
(Fig. 3C) remained exposed to direct sunlight penetrating through gaps (Fig. 1C) in the 
forest canopy (sunflecks) lasting on average 2 h d-1 (Fig. 2B). 

Chlorophyll fluorescence (Fv/Fm), which is an estimate of the photosynthetic 
capacity, was greatly influenced by understory light conditions. High light intensities and 
long sunfleck durations significantly decreased the photosynthetic potential of two-year-
old American ginseng plants, especially during the initial emergence of American ginseng 
plants which concords with the beginning of the forest canopy development (Fig. 2). At 
this time, the zeaxanthin content of the leaves was significantly higher than the content in 
plant exposed to lower light levels after the deployment of the canopy (Fig. 2). As the 
season progressed, our results suggest that there was a gradually de-epoxidation of 
zeaxanthin to violaxanthin via antheraxanthin in the leaves since violaxanthin concentra-
tions were higher in plants exposed to lower light levels than those exposed to the high 
light levels (Fig. 2). While American ginseng plants were exposed to high light levels 
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during their initial development, it did not cause long term photo-oxidative damages to 
the photosynthetic apparatus as chlorophyll fluorescence measurements rose rapidly after 
the deployment of the forest canopy, and continued to rise during most of the growing 
season as detailed in Fournier (2001). 

Understory light not only affected the photosynthetic capacity of American 
ginseng plants, it also significantly affected growth and morphology of one- and two-
year-old plants. The duration of sunflecks significantly affected the root weight of one-
year-old plants, accounting for up to 45% of the variation (Fig. 5A). There was a positive 
relationship between sunfleck durations and root growth up to 2 h d-1 and plants exposed 
to sunfleck durations beyond 2 h d-1 had decreasing root weight, probably because light 
levels transmitted through forest canopy gaps were over the point of light saturation 
(Fournier et al., 2004). While American ginseng is generally recognized as a shade plant, 
it is nonetheless capable of effectively using direct sunlight transmitted through the gaps 
of the forest canopy probably by adapting physiologically, as previously shown in Asian 
ginseng (Zhang et al., 1995). 

Light is the most influential environmental parameter on the ginsenoside content 
of American ginseng plants (Fournier et al., 2003a). The ginsenoside content (Rg1, Re, 
Rb1, Rc, Rb2 and Rd) of one-year-old roots was significantly affected by light, accounting 
for up to 35% of the variation (Fig. 5B). The red and far-red light levels also significantly 
affected the content of several ginsenosides, notably Rg1 accounting for up to 40% of the 
variation (Results not shown). The total ginsenoside content in the one- and two-year-old 
roots (Fig. 6A) cultivated in the broadleaf forest was up to 36% higher than in ginseng 
plants cultivated under artificial shade (Court et al., 1996). This difference is probably 
largely due to unique light conditions in a forest system caused by sunflecks and R and 
FR light levels. Forest-grown American ginseng plants even contained higher 
ginsenosides than wild roots (Betz et al., 1984). 

Adding VAM fungi (Glomus intraradices and G. etuticatum) to the soil 
significantly increased Re ginsenoside content by 19% in one-year-old roots compared to 
plants grown in non-inoculated plots. Our results showed that roots grown in VAM 
inoculated soil have 16 to 25% higher rootlet surface areas and total volume than non-
inoculated plants (Fournier et al., 2003b) which has been shown to increase the absorption 
of P, Mg, K and other minerals by American ginseng (Nadeau et al., 1998) and other 
plants (Furlan and Bernier-Cardou, 1989; Çigsar et al., 2000). 

Our results showed that ploughed soil and seedbeds maximized the rate of 
emergence and minimized mortality. American ginseng plants grown in prepared soil had 
a higher water uptake and increased mineral absorption due to the increased rootlet 
development. The addition of lime to the soil prior to sowing increased the soil pH to 
optimal levels and increased Ca content. This mineral is essential not only for the 
development and growth of ginseng plants but also in active and passive resistance 
against pathogenic infections. While the root weight of one- to four-year-old American 
ginseng plants (Fig. 6B) was generally lower than that obtained with plants grown under 
artificial shade, their ginsenoside content (Fig. 6A) was significantly higher than that of 
plants grown under artificial shade and even wild plants (Betz et al., 1984; Court et al., 
1996). A conservative pruning of the trees forming the forest canopy would allow ginseng 
growers to optimize understory light levels, thereby maximizing the growth and the 
accumulation of ginsenosides in American ginseng roots. Care should be taken, however, 
not to excessively open the canopy because ginseng plants exposed to greater than 50% of 
the solar radiation would be exposed to excessive light that could be potentially lethal 
(Wang et al., 1995). 
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Tables 
 
Table 1. Effect of soil preparation on emergence, mortality and survival of one- and two 

year-old American ginseng plants grown in a broadleaf forest. 
 

Emergence (plants m-2) Mortality (plants m-2) Soil preparation 
one-year-old two-year-old one-year-old two-year-old 

Wild simulated 6.2 ±2.2 a x 2.6 ±1.5 a 2.3 ±1.2 a (37%)z 1.6 ±1.1 a (62%)
Ploughing (15 cm) 14.2 ±2.8 b 8.5 ±2.4 b 3.2 ±1.4 b (22%) 2.9 ±0.6 b (34%)
Bed (10 cm) 13.5 ±4.0 b 5.6 ±4.8 b 4.6 ±1.6 c (34%) 1.9 ±1.5 a (34%)

GLM Procedure     
Blocks NS y NS NS NS 
Soil Preparation ** ** ** * 

x Mean (±standard error) number of plants in a 1 m2 quadrant for 3 blocks. 
y NS, *, ** : non-significant and significant at P ≤ 0.05 and P ≤ 0.01. 
z Percent survival of emerged plants. 
 
Table 2. Effect of soil preparation on growth and root morphology of one-year-old 

American ginseng plants grown in a broadleaf forest. 
 

Total length (cm) Surface area (cm2)Soil preparation Shoot FW (g) Root FW (g) 
diam. ≤ 1mm 

Wild simulated 0.17 ±0.02 a x 0.10 ±0.02 a 97.8 ±23.8 a 17.8 ±4.3 a 
Ploughing (15 cm) 0.21 ±0.02 b 0.14 ±0.05 b 175.7 ±35.7 b 28.6 ±8.3 b 
Bed (10 cm) 0.20 ±0.02 b 0.14 ±0.04 b 179.3 ±47.9 b 29.2 ±6.7 b 

GLM Procedure     
Blocks * y * NS NS 
Soil Preparation ** * ** ** 

x Mean (±standard error) number of plants in a 1 m2 quadrant for 3 blocks. 
y NS, *, ** : non-significant and significant at P ≤ 0.05 and P ≤ 0.01. 
 
Table 3. Effect of lime treatments added to the soil mixture on pH, electric conductivity 

(EC) and Al content in a broadleaf forest. 
 
 pH EC (dS m-1) Al (ppm) 
Liming treatment    
0 t ha-1 4.5 ±0.5 a x 0.15 ±0.02 a 786 ±115 a 
6 t ha-1 5.4 ±0.6 b 0.18 ±0.03 b 673 ±115 b 
8 t ha-1 5.2 ±0.6 b 0.18 ±0.03 b 681 ±113 b 

GLM procedure    
Block ** y NS ** 
Lime ** * * 

x Mean (±standard error) number of three samples collected in 18 experimental units. 
y NS, *, ** : non-significant and significant at P ≤ 0.05 and P ≤ 0.01. 
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Figurese 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Photographs taken at the beginning (A), middle (B) and after (C) forest canopy 

development in a broadleaf forest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Variation in the photosynthetic capacity (Fv/Fm), (Z)eaxanthin, (A)ntheraxanthin 

and (V)iolaxanthin (A), and sunfleck durations (B) at the beginning, middle and 
after the development of the forest canopy in a broadleaf forest. 
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Fig. 3. Development of American ginseng at the beginning (A), middle (B) and shortly 

after (C) the forest canopy development in a broadleaf forest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Changes in red (R) and far-red (FR) light before, during and after the development 

of the forest canopy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Effect of sunfleck durations on root dry weight (A) and total ginsenoside content 

(B) of one-year-old American ginseng plants cultivated in a broadleaf forest. 
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Fig. 6. Total ginsenoside content (A) and root fresh weight (B) of one- to four-year-old 

American ginseng plants cultivated in a broadleaf forest. 
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