when individual bulblets were separated and
transferred to media containing the basal con-
stituents with 0.1 mg/liter NAA (Fig. 3).
Bulblets of ‘Delft Blue’ had a higher percen-
tage of root initiation than did those of ‘Anna
Marie’.

Ninety to 100% of the bulblets of both cul-
tivars grown on medium with 0.1 mg/liter
NAA had developed sufficiently to be trans-
planted to a soil mixture (Table 2). All of the
transplanted bulblets had produced new
growth after 3 weeks.

Using this technique, it is possible that
more than 1,000 plantlets can be obtained
from a single inflorescence in a period of 4 to
6 months. Further multiplication could be ob-
tained by inducing buiblet formation from the
in vitro generated bulblets.
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Sensitivity of Ginseng to Ozone and
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Abstract. American ginseng (Panax quinquefolius L.), was injured by exposure to 20 pphm ozone
and/or 50 pphm (v/v) sulfur dioxide for 6 hr daily for 4 days. Ozone induced upper surface leaflet
stippling along the veins and interveinally, and sulfur dioxide induced mild chlorosis to irregular
necrotic areas. Ginseng was less sensitive to ozone and as sensitive to sulfur dioxide as ‘Cherry Belle’
radish (Raphanus sativus L.) and ‘Bel W-3’ tobacco (Nicotiana tabacum L.).

Ginseng (Panax sp.) grows wild and is cul-
tivated in countries known to have air pollu-
tion problems. For instance, ginseng produc-
tion areas of southern Ontario, Canada (8)
frequently experience phytotoxic levels of air
pollutants, specially ozone (Air monitoring
data, Air Resources Branch, Ontario Ministry
of the Environment, Toronto). Injury to gin-
seng by ambient air pollutants in this area has
not been documented (7) and to our knowl-
edge has not been reported for any other gin-
seng growing area (6). The purpose of this
study was to establish, under controlled con-
ditions, the sensitivity of American ginseng
to 2 common air pollutants, ozone and sulfur
dioxide, singly and in combination.
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Three-year-old field grown roots of Ameri-
can ginseng were transplanted, 1 root per pot,
to 15 cm diameter plastic pots containing 1
sphagnum peat:1 perlite (v/v) on November
1, 1979. Pots were placed in storage at 7° *
2°C and 50 *= 5% relative humidity to satisfy
the dormancy requirements of the roots. On
January 8, 1980, pots were moved to the
greenhouse (23° * 3°day, 18° + 2° night) and
placed under a nylon mesh shade cloth which
permitted 30% of full sunlight to reach the top
of the pots. By February 11 shoot develop-
ment had started and by March 5 the plants
had reached maximum height and the leaves
were fully developed. The plants were then
moved to controlled environment chambers
(Controlled Environment Model EY8M)
maintained at day/night temperature of 20°/
15° + 2°, photosynthetically active irradiance
at the top of the plants of 155 = wEm™s™' pro-
vided by 73% input wattage Cool White
fluorescent and 27% incandescent lamps, a
photoperiod of 12 hr, and relative humidity of
45 % 5%. The plants were irrigated alter-
nately with deionized water and half-strength
complete nutrient solution (3). Pots were se-
quentially removed at monthly intervals from
cold storage to the greenhouse and then to the

controlled environment chambers to establish
3 replications. Also periodically ‘Cherry
Belle’ radish and ‘Bel W-3’ tobacco were
seeded in 5 cm diameter plastic pots and
grown in the controlled environment cham-
bers with the ginseng. These plants, which
have known sensitivity to O; and SO,, were
included for comparison with ginseng.

Ginseng, radish, and tobacco plants were
moved to the exposure chambers one day be-
fore beginning the pollutant treatments. Ex-
posure conditons were 350-400 WEMs™'
high pressure sodium light, 12 hr photo-
period, 22 *+ 2°C temperature and 50 * 5%
relative humidity. The plexiglass exposure
chambers were 70 cm cubes and the exposure
system included a Grade Model LG-2-L2
ozone generator with a Dasibi Model
1003AH ozone monitor, sulfur dioxide from
a gas cylinder and a Beckman Model 953 sul-
fur dioxide analyzer. Six-hour daily expo-
sures in the middle of the photoperiod for 4
days were given. Treatments were (a) control;
(b) 15 pphm ozone; (c) 50 pphm sulfur
dioxide, and (d) a mixture of (b) and (c).
There were 5 plants per treatment, the experi-
ment was repeated 3 times and the combined
data are presented.

Pollutant injury severity as percent of leaf
area injured was determined on the 4th day
after the end of exposure. The rating was
based on the Horsefall and Barratt (4)
scheme.

Tobacco was more severely injured by
ozone than either radish or ginseng (Table 1).
Characteristic upper surface stippling (2) was
obvious by day 2 of the exposure, and by day
4 a high proportion of the leaf had bifacial
necrosis. The ozone sensitive ‘Cherry Belle’
radish (9) had the expected necrotic fleck and
bifacial necrosis on leaves and cotyledons.
Ginseng leaflets had upper surface stippling
along the veins and interveinally, which was
more pronounced near the base of the leaflets
(Fig. 1A). Injury was similar on all 5 leaflets.

Ginseng was less sensitive to ozone as the

647

/0’ #7/PU-ou-Aq/sasua9l|/610 suowooaAeal0//:sdny (/0" #/pu-ou-Ag/sesual|/Bio’suowwooaAnealo//:sdiy) asuaol|
AN-DON-A9 DD 8y} Jepun pajnquisip a|oie ssaooe uado ue S| Siy] "sS922y uadQ elA 90-/0-G2Z0z 1e /wod Aiojoeignd pold-swid-yiewlsiem-jpd-swid//:sdiy wouy papeojumoq



Table 1.

Effect of ozone (O3), sulfur dioxide (SO,), and their combination on ginseng, ‘Bel W-3' tobacco, and ‘Cherry Belle’ radish as assessed by % leaf

area injured. Three-year-old fully developed ginseng plants and young tobacco and radish plants were exposed for 6 hr daily for 4 days. Data for leaf
number and plant height are included to show stage of plant growth.

Leaf area injured (%) No. of leaves Plant height (cm)
Pollutant Concn
treatment (pphm) Ginseng Tobacco Radish Ginseng Tobacco Radish Ginseng Tobacco
Control 0 0" 0 0 3.3%0.5 50+1.0 2710 19.2+47 10.7x1.1
O, 20 2.1=x2.1 7.3*0.6 4.0x14 3.5%0.5 5.0£0.0 2.5*1.2 20653 10.5*0.9
SO, 50 1.1+1.9 4.0*1.0 0.0 3.2+04 5.0+0.0 33x1.0 18454 123=x2.1
O; + SO, 20 + 50 2.7%25 9.6+2.0 6.0*+0.9 3.4+0.6 6.3+0.6 3.0+0.9 200+47 14207
“Rating based on Horsfall and Barratt scheme (4): 0 = 0% injured leaf area, | = 1-3%, 2 = 3—6%. 3 = 6-12%, 4 = 12-25%, 5 = 25-50%, 6 = 50-75%, 7 =
75-78%. 8 = 78-94%, 9 = 94-97%, 10 = 97-99%, 11 = 99-100%, and 12 = 100%. Mean of 3 runs of 5 replicate plants each *+ sp.

mean foliar injury to the 2 ozone sensitive
species was about 50%, whereas it was about
5% for ginseng (Table 1). The concentration
but not the duration of ozone used here may
be approached or exceeded in ambient air.
For instance, Anlauf et al. (1) have reported
periods in August for Toronto, Ontario, when
20 pphm ozone concentration was exceeded.
Ozone at concentrations which caused gin-
seng injury in controlled environments may
occur in the crop producing areas of southern
Ontario (7) and may also occur in the ginseng
producing areas of the United States and
Asia.

Ginseng was more sensitive than radish,
and less sensitive than tobacco, to sulfur
dioxide injury (Table 1). Since radish is con-
sidered to be relatively sensitive to sulfur
dioxide (5), ginseng should also be classified
as sensitive. Injury to ginseng leaflets ranged
from a mild chlorosis to irregular necrotic
areas which sometimes fell out giving a rag-
ged appearance to the leaflets.

Injury to plants in the combined treatment
was greater for all plants than when the gases
were given singly (Table 1). Characteristic
ozone stippling was accompanied by irregular
bleached patches particularly towards the
base of the leaflets; typical bleaching is
shown in Fig. 1B, in this instance occurring,
as it sometimes did, at the tip of the leaflets.

Documentation of leaf injury on ginseng is
sparse and old. For instance, the North Amer-
ican standard for ginseng diseases and their
control by Whetzel et al. (10) was published
in 1930. Advances in the recognition of air
pollution injury to crops in the last 20 years
allow possible relationships between moni-
tored phytotoxic levels of local pollutants and
associated plant injury to be established. This
report, establishing symptoms of ozone and
SO, injury and classifying ginseng as moder-
ately sensitive to ozone and sensitive to sulfur
dioxide, will be of use in disease assessment
in the field.
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Fig. IA. Ozone-induced stippling of the upper surface of a ginseng leaflet. The stippling was photographed 4 days after

an exposure of 20 pphm for 6 hr daily for 4 days.

Fig. 1B. Ginseng leaf tip chlorophyll bleaching induced by an exposure of 20 pphm ozone plus 50 pphm sulfur dioxide

for 6 hr daily for 4 days. Photograph taken 4 days after the exposure.
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