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Abstract : Gibberellic acid (GA) was applied to field-grown 3-year-old North American ginseng (Panax quinquefolius L.)
between 1 and 4 times, before and during bloom in 1999. Applications of both GA, and GA,,; four times (x4) to the
developing inflorescences increased maximum pedicel length, and seed head diameter and height. Treatment with GA,,,
increased mean and total root fresh weight linearly, whereas those treated with GA, did not show similar increases. Both
GA, and GA,,; at 50, 100 and 200 mg L' (x4) increased the incidence of breaking of dormancy of perennating buds

with GA; being twice as effective as GA,, ;. Both GA, and G

A, treatments resulted in an increased number of new bud

initials forming per root, with the number of new initials per root increased two-fold by the GA, sprays compared to

GA4+7‘
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INTRODUCTION

Applications of ethephon (as a source of ethylene) required
to achieve berry removal in ginseng often resulted in pre-
mature chlorophyll loss, development of pigments in the
leaves, and abscission (Fiebig, 1999). The reduction of
chlorophyll may impair photosynthetic processes, leading
to a reduction in carbon fixation by the plant. Therefore,
methods for minimizing leaf coloration and injury due to
ethephon treatment are necessary.

Symptoms of senescence can be delayed in detached
leaves or leaf discs by the application of cytokinins (Rich-
mond and Lang, 1957; Letham, 1967), auxins (Osborne
and Hallaway, 1964) or gibberellins (Beevers, 1966). Pig-
ment synthesis occurring within plastids (chlorophyll, car-
otenoids) and in the vacuole (anthocyananins) are induced
by ethylene and arrested by gibberellins and cytokinins
(Goldschmidt, 1974, 1980). Fletcher (1969) demonstrated
that senescence in bean leaves (Phaseolus vulgaris) is
retarded by the application of gibberellins. In addition,
gibberellins also induce green chloroplast development
(Goldschmidt, 1974) and reduce the biosynthesis of caro-
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tenoids and anthocyanins (Dostal and Leopold, 1967; Proeb-
sting and Mills, 1969; Abdel-Gawad and Romani, 1974).
However, the senescence effect of gibberellins have been
reported more widely with fruits than leaves (Noodén and
Leopold, 1978). Other common physiological effects of
gibberellins in the developing plant include cell elonga-
tion and increasing internode length (Davies, 1995; Graebe,
1987).

The objective of this study was to determine the effect
of foliar applications of gibberellin on inflorescence and
root development in North American ginseng.

MATERIALS AND METHODS

Three-year-old ginseng in an established garden at JCK
Farms, North of Burford, Ontario was used to determine
the effects of GA on seed head and root development. The
plants were grown under wooden lath shade at a height of
1.9 meters, providing approximately 75% shade to the
crop in raised soil beds at commercial spacing, and cov-
ered with straw mulch.

Sprays were applied with an 8.5 L. Hudson backpack
sprayer fitted with a Teejet nozzle (80015) at approxi-
mately 2 kg cm™ pressure. Approximately 300 mL of
solution was applied per meter of row. Plots were sprayed
in the morning (about 20°C), on calm days, to the point of
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run-off. No wetting agents were added to these solutions.

Control, hand removal and GA treatment plots were
arranged in a section of the established garden using a
randomized complete block design (RCBD) with 3 repli-
cates. Spray treatments consisted of 50 to 200 mg L™ pre-
and post-bloom GA, applied from 2 sources, GA,
[Activol, Abbott Laboratories, North Chicago, I11. (1 tab-
let=1 g a.i. gibberellic acid 5-10% w/w), alternative name:
BERELEX tablets, Composition: Gibberellic Acid and
Adipic Acid], and GA,,, [Procone, Abbott Laboratories
(4.2 g a.i. per L gibberellins GA,,-» 40% wiw), inert car-
rier]. Concentrations of GA; and GA,,, used, volumes
applied, and times of treatment are listed in the Tables.
Plots were 3.0 m long and each treated plot was divided in
two. One-half of each plot provided plants for sced head
sampling throughout the season, the other half was used
for seed and root harvest at the end of the season.

At each sampling date, 10 seed heads per treatment with
peduncle attached were selected randomly from within

the plots. Counts of dormant and broken perennating buds
were made at root harvest on September 28 to determine
the effect of GA sprays on bud dormancy.

Data analysis was performed using Analysis of Vari-
ance using general linear models procedure of SAS (SAS
Institute, Cary, N.C.). Treatment means which included
growth regulator and hand removal effects were also
compared using the Least Significant Difference (LSD) or
Duncans Multiple Range Test at P <0.05.

RESULTS AND DISCUSSION

1. Root mean/total fresh weight and number

Both mean and total root fresh weight increased linearly
as the concentration of GA,,, increased (Table 1). Sprays
of 200 mg L™ GA,, applied 4 times throughout inflores-
cence development (pre-bloom and bloom) resulted in a
10% increase in mean root fresh weight and a 20%
increase in total root fresh weight. Similar increases were

Table 1. Root fresh weight and number in North American ginseng treated with GA or hand removal of inflorescences. Treatments were

applied in June 1999, on JCK Farms 3-year-old gardens

Root Fresh Weight (g)

Root Number

Treatment (mg L)

Mean Total
Control 15.1 bed” 2448 be 163 ab
Hand Removal 15.5 abed 2457 be 161 ab
100 GA, pre-bloom (x1) ¥ 16.6 abc 2741 abc 167 ab
100 GA, bloom (x3) 173 a 2805 ab 163 ab
100 GA,,, pre-bloom (x1) 15.9 abed 2412 ¢ 152 ab
100 GA,,, bloom (x3) 15.9 abed 2670 abc 169 ab
Control 15.1 bed 2448 be 163 ab
50 GA, (x4) 16.4 abcd 2528 be 156 ab
100 GA; (x4) 16.7 abc 2655 abc 160 ab
200 GA; (x4) 16.9 ab 2471 bc 149 b
Significance *
L NS NS NS
Q NS NS NS
Control 15.1 bed 2448 be 163 ab
50 GA,,; (x4) 147 d 2527 be 174 ab
100 GA,,, (x4) 15.0 cd 2526 be 169 ab
200 GA,,, (x4) 16.6 abc 2936 a 177 a
Significance *
L * NS
Q NS NS NS

‘Within columns, means followed by the same letier are not significantly different using LSD (P< 0.05)
"Sprays applied once (x1) on June 7, 3 times (x3) on June 15, 21, 29, or 4 times (x4) on June 7, 15, 21, 29
*Grouped GA treatment means (excluding hand removal) analyzed by single-degree-of-freedom contrasts

NS, * Effect not significant or significant at P<0.05 respectively
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not seen with GA, sprays. Regression analysis showed no
effect of either GA; or GA,,, on root number.

The largest differences in root fresh weight occurred
between the highest application rates of GA and the con-
trol (16.9 and 16.6 vs. 15.1 g, Table 1). Few differences
were seen with the timing of the GA sprays. Early appli-
cation of 100 mg L' GA, and GA,,, (I1xpre-bloom)
resulted in mean and total root fresh weights similar to
those of multiple applications of the same concentration
(3xbloom). Combination of 100 mg L™ GA; and GA, 4
pre-bloom and bloom sprays (4x) resulted in mean and
total root fresh weights similar to those of pre-bloom
sprays alone.

No significant increase in mean or total root fresh
weight was seen with hand removal. Small plots showed
no more benefit with hand removal than larger, field-scale
trials run in the same season. Proctor et al. (1999) stated
that ginseng root fresh weights increased 25 to 30 percent
by the end of the season as a result of manual inflores-
cence removal in early July. Therefore, this result further
supports the notion that physiological stress due to low
rainfall and high temperatures may have been partly
responsible for the lack of root yield increase in these
field trials.

2.Perennating bud counts

GA applications increased loss of dormancy in peren-
nating buds on harvested roots of ginseng (Fig. 1). Occur-
rence of premature expanding of perennating buds
increased as concentration of both GA; and GA,,; increased
(Table 2). Dormancy loss was less with GA,_ . Based on

Fig. 1. Range of perennating bud broken dormancy of North
American ginseng roots treated with gibberellic acid.
The untreated (control) is on the left.
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an average of one perennating bud per root, GA, and
GA,; at 200 mg L~! applied four times (pre-bloom and
bloom) resulted in 98% and 48% loss of dormancy (buds
broken), respectively. Even the lowest rate of GA, at 100
mg L applied once at pre-bloom resulted in approxi-
mately 46% of buds breaking dormancy. Similar applica-
tions of GA,,, resulted in only 11% loss of dormancy.
Occurrence of bud dormancy break in control plots was
approximately 2%. This rate of bud break falls below the
5-8% rate that can be attributed to fluctuations in Fall
temperatures (Anon, 1998). Premature bud development
in the Fall has been seen previously in one-year-old gin-

Table 2. Occurrence of broken and new bud initials on
harvested roots of North American ginseng treated
with GA or hand removal of inflorescences. Treatments
were applied in June 1999, on JCK Farms 3-year-old
gardens and roots were harvested and observed on
September 28, 1999

Root Perennating Bud Mean Counts

Treatme}lt Brok New Bud
- roken ew Bu
(me L) Broken  “(g5)  Initials/Root
Control 0.02 ¢ 2 0.18 i
Hand Removal 002 g 2 0.33 hi
100 GA, pre-bloom (x1)* 0.46 d 46 123 ¢
100 GA; bloom (x3) 0.70 ¢ 70 203 ¢
100 GA,,; pre-bloom (x1) 0.11 fg 11 051 h
100 GA,,; bloom (x3) 0.18 f 18 072 g
Control 002 g 2 0.18 i
50 GA, (x4) 0.69 ¢ 69 1.93 ¢
100 GA; (x4) 081 b 81 248 b
200 GA; (x4) 098 a 98 273 a
Significance *

L sk sk

Q Hk ek
Control 002 g 2 0.18 i
50 GA,,; (x4) 029 e 29 093 f
100 GA,,; (x4) 041 d 41 1.12 ef
200 GA,,, (x4) 048 d 48 144 d
Significance *

L ek Hk

Q EE3 ¥k

"Within columns, means followed by the same letter are not sig-
nificantly different using LSD (P< 0.05)

YSprays applied once (x1) on June 7, 3 times (x3) on June 15, 21,
29, or 4 times (x4) on June 7, 15, 21, 29

*Grouped GA treatment means (not including hand removal)
analyzed by single-degree-of-freedom contrasts

**Effect significant at P<0.01
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Fig. 2. Formation of new bud initials (e.g. arrow) on the
rhizome of North American ginseng due to gibvberellic
acid treatment.

seng plants, and causes redistribution of root reserves to
the developing shoot, which would otherwise be used for
the next years growth. This loss of dormancy of the
perennating bud is considered detrimental for the survival
of this perennial crop through the winter months (Anon,
1998). In addition, a higher occurrence of broken peren-
nating buds due to GA, treatment, with a subsequent loss
of stored nutrients in the root, may be responsible for lack
of root fresh weight increases comparable to those seen in
GA,,; treatments. A trend towards linear gain in root
fresh weight due to multiple applications of GA; was not
significant.

GA applications increased the occurrence of new bud
initials on harvested roots of ginseng (Table 2, Fig. 2).
New bud initial number increased as the concentration of
both GA, and GA,,, increased. Occurrence of new initials
is strongly related to the occurrence of bud break as the
number of broken buds showed a positive correlation with
the development of new bud initials. A stronger correla-
tion between bud break and new bud initials was found
for concentrations of 0 to 200 mg L GA, (r=0.93) than
for GA,,, (r=0.44). Loss of dormancy of the perennating
bud due to GA sprays stimulates the development of a
new bud initial and in some cases, multiple new initials to
replace the broken bud. Although the occurrence of mul-
tiple-stemumed plants in Panax ginseng C.A. Meyer is less
than 4%, ginseng plants can develop several adventitious
buds through artificial damage to the perennating bud.
Application of 100 to 400 mg L.™' B9 once per month for
4 months resulted in the development of 2 to 4 adventi-
tious buds (Hong et al., 1995). An increased number of
stemns per plant has the potential to increase leaf area, and

AEA4EHEA)

Table 3. Seed head height (seed intact and seed removed) of
North American ginseng treated with GA. Measured
on July 29, 1999

Treatment Mean Seed Head Height (mm)
(mg L™ Seed Intact  Seed Removed

Control 172 e?* 123 d
100 GA, pre-bloom (x1) ” 28.8 be 22.2 be
100 GA, bloom (x3) 27.0 bed 21.3 be
100 GA,,, pre-bloom (x1) 230 d 185 ¢
100 GA,,,; bloom (x3) 25.7 cd 187 ¢
Control 172 e 123 d
50 GA, (x4) 28.5 be 21.7 be
100 GA, (x4) 352 a 28.5 a
200 GA, (x4) 31.0 ab 24.0 b
Significance *

L sk Fk

Q Hk ke
Control 172 ¢ 123 d
50 GA,,; (x4 25.7 cd 188 ¢
100 GA,,; (x4) 28.2 be 24.8 ab
200 GA,,; (x4) 305 b 23.8 b
Significance *

L ] sk

Q *k ok

*Within columns, means followed by the same letter are not sig-
nificantly different using LSD (P= 0.05)

YSprays applied once (x1) on June 7, 3 times (x3) on June 15, 21,
29, or 4 times (x4) on June 7, 15, 21, 29

*Grouped GA treatment means analyzed by single-degree-of-
freedom contrasts

** Effect significant at P< 0.01

may increase root weight gain. Choi et al. (1984) obtained
a 50% increase in root yield from muiti-stem plants com-
pared to those with single stems. However, it is unknown
if the adventitious buds developed through the GA treat-
ments would develop to the point where they could sur-
vive the winter and germinate the following spring to
form a multi-stemmed ginseng plant. Therefore, prema-
ture break of bud dormancy in the ginseng plant has the
potential to be very detrimental to the development of the
plant.

3. Seed head measurements

By lJuly 29, one month after the last GA sprays, maxi-
mum ginseng seed head height increased as concentra-
tions of both GA,; and GA,,; increased (Table 3). A
similar relationship was seen when comparing seed heads
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with seeds intact or removed. GA, sprays loosen clusters
of ‘Thompson Seedless’ grape through inflorescence expan-
sion (Mosesian and Nelson, 1968). Pérez and Gomez,
(1998) used GA, treatments applied to “Thompson Seed-
less” grapes 2 weeks before bloom for bunch elongation,
and applied at full bloom for bunch thinning. The GA-
treatment caused an increase in size in the developing ber-
ries with an atypical flattening across the width of the
berry. These green berries also lacked seed and did not
ripen. Although gibberellic acid sprays induced partheno-
carpic (seedless) fruit development and increased berry
size (Miele er al.,, 1978), as well as reduced fruit set and
increased berry drop in ‘Thompson Secedless’ grapes
(Coombe, 1976; Ben-Tal, 1990) no similar thinning effect
was evident in ginseng.

Intact and bare seed head heights of ginseng plants

Table 4. Seed head diameter (seed intact and seed removed) of
North American ginseng treated with GA. Measured
on July 7 and 29, 1999, respectively

Treatment Mean Seed Head Diameter (mm)
(mg L™ Seed Intact  Seed Removed

Control 30.4 ¢ 20.8 e
100 GA, pre-bloom (x1)* 35.3 abcd 29.3 abc
100 GA, bloom (x3) 32.9 de 26.5 cd
100 GA,,, pre-bloom (x1) 338 cd 258 cd
100 GA,,, bloom (x3) 332 d 24.2 de
Control 304 e 208 e
50 GA,; (x4) 371 a 28.3 bed
100 GA, (x4) 36.6 ab 32.2 ab
200 GA, (x4) 36.1 abc 26.5 cd
Significance *

L ®3% 3

Q ek sk
Control 304 e 20.8 e
50 GA,,; (x4) 33.0d 25.7 cd
100 GA,,, (x4) 34.4 bed 29.2 abc
200 GA,,, (x4) 37.0 a 332 a
Significance *

L sk kR

Q NS ek

“Within columns, means followed by the same letter are not sig-
nificantly different using LSD (P< 0.05)

YSprays applied once (x1) on June 7, 3 times (x3) on June 15, 21,
29, or 4 times (x4) on June 7, 15, 21, 29

*Grouped GA treatment means analyzed by single-degree-of-
freedom contrasts

NS, ** Effect not significant or significant at P< 0.01 respectively
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treated four times (pre-bloom and bloom) with 100 mg L™
GA, were larger than those treated with 100 mg L™ one
time (pre-bloom) or three times (bloom). No significant
height difference occurred between pre-bloom and
bloom-treated seed heads. A similar relationship was evi-
dent with GA,,, applications; however, 100 mg L} GA,,,
applied three times (bloom) resulted in similar increases in
seed head height compared to 100 mg L™ GA,,, applied
four times (pre-bloom and bloom). It appears that the
effects of multiple applications of GA on seed head height
are additive.

By July 29, one month after the last GA sprays, maxi-
mum seed head diameter (seeds removed) increased qua-
dratically and linearly as concentrations of GA; and
GA,,; increased, respectively (Table 4). Sprays of 100 mg
L GA, and GA,, applied once (pre-bloom) and 4 times

Table 5. Pedicel and peduncle length of North American
ginseng treated with GA. Measured on July 29 and 7,

respectively
Treatment Meap Maximum Mean Peduncle
(mg L) Pedicel Length Length
(mm) (mm)
Control 95 f* 128 b
100 GA, pre-bloom (x1) ¥ 18.8 be 134 ab
100 GA; bloom (x3) 16.7 bede 130 b
100 GA,,, pre-bloom (x1) 137 e 143 ab
100 GA,,, bloom (x3) 15.0 cde 137 ab
Control 95 f 128 b
50 GA, (x4) 17.2 bede 139 ab
100 GA, (x4) 237 a 149 a
200 GA; (x4) 18.7 be 140 ab
Significance *
L ok NS
Q s NS
Control 95 f 128 b
50 GA,,, (x4) 14.7 de 137 ab
100 GA,,; (x4) 17.7 bed 136 ab
200 GA,,; (x4) 197 b 150 a
Significance *
L ok NS
Q ke NS

“Within columns, means followed by the same letter are not sig-
nificantly different using LSD (P< 0.05)

YSprays applied once (x1) on June 7, 3 times (x3) on June 15, 21,
29, or 4 times (x4) on June 7, 15, 21, 29

*Grouped GA treatment means analyzed by single-degree-of-
freedom contrasts

NS, ** Effect not significant or significant at P< 0.01 respectively
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Fig. 3. Increase in seed head height, diameter and pedicel length
of inflorescences of 3-year-old North American ginseng
treated with 100 mg L' gibberellic acid (GA; and
GA,,,) four times (x4). The untreated (control) is on the
left.

(pre-bloom and bloom) showed no significant differences
in either intact or bare seed head diameter. However, seed
heads treated with 100 mg L' GA, applied 3 times
(bloom) had diameters approximately 10% smaller than
those treated 4 times (pre-bloom and bloom). This indi-
cates that early application may be the most important
factor in increasing inflorescence expansion in ginseng.
This may be due to the age, degree of lignification of
cells, and stage of development of the pedicels.

GA increased pedicel length in a manner similar to seed
head height and diameter. By July 29, one month after the
last GA sprays, maximum pedicel length increased qua-
dratically as concentrations of both GA; and GA,,,
increased (Table 5).

The large increase in mean seed head height, diameter,
and pedicel length (Fig. 3) induced by GA may have ben-
efits for growers, including fewer berries lost due to
injury or crowding on the inflorescence, and better spray
coverage of the inflorescence for disease control or ethe-
phon sprays for berry removal.

4. Peduncle length

GA had few effects on peduncle length (Table 5). Mul-
tiple applications of 100 mg L™ GA, pre-bloom and
bloom (x4) did not increase peduncle lengths compared to
pre-bloom (x1) and bloom (x3) sprays alone. Field-grown
ginseng is a very heterogeneous crop, large variation in
peduncle length within the plots confounded any increase
in peduncle length due to GA treatment.

BN S

In summary, foliar sprays of GA increased seed head
height and diameter, maximum pedicel length, and seed-
less green berry number. Although GA,; and GA,,
showed similar promoting effects on seed head expansion
and parthenocarpic green berry development, GA,_, also
demonstrated increased root fresh weight, and a 50%
lower incidence of perennating buds breaking dormancy.
Previous studies have suggested that GA, may have addi-
tional and potentially greater biological effects (Swain
and Olszewski, 1996), than most of the approximately
100 identified plant and fungi-based gibberellins (Spon-
sel, 1995). Inclusion of GA,,, to these field experiments
confirms this. When applied as a spray, GA,,; sprays
appear to have greater application in ginseng production
compared to GA,. Further evaluation of the effects of
GA,,; in combination with Ethrel may allow growers to
improve spray coverage of the inflorescences for disease
control and for better abscission response, and promote
root development while minimizing the senescence
effects of the Ethrel treatments.
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