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as Influenced by Leaflet Removal

John T. A. Proctor
Department of Plant Agriculture, University of Guelph, Guelph, Ontario, N1G 2W1, Canada

(Received November 11, 2008; Accepted December 20, 2008)

Abstract : Seedlings of North American ginseng (Panax quinquefolius L.) were grown to full canopy establishment and
then leaflet or leaf removal at different times applied to determine the effects on plant growth and performance. Leaf
removal at 47, 57, 69 and 78 days after seeding resulted in 82.1, 59.8, 41.3 and 29.8% reduction, respectively, in root dry
matter (economic yield) ; this indicates that leaf removal during the early root growth period causes greatest reduction in
root yield. Removal of 1, 2, and 3 leaflets at 42, 52, 62 and 70 days from seeding reduced root weight at harvest (80 days
from seeding) linearly, particularly at earlier removal dates. The perennating bud formed on all roots and was not influ-
enced by treatment. This would suggest that if leaf loss occurs after canopy establishment the plant will re-grow the next
year after the obligatory dormancy period.
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INTRODUCTION

The production and maintenance of a healthy canopy on
the slow growing herbaceous perennial North American
ginseng (Panax quinquefolius L.) is essential for optimal
growth of the economically important root. Root yield
comprises two major components : individual root weight
and the number of roots per unit area. Ginseng is propa-
gated by seed. In the seedling year seed reserves are used
initially to produce an epicotyl (stem) topped with a trifoli-
ate leaf and a perennating bud is initiated in June1). >.1)

below same The canopy contributes assimilate which is
partitioned to the root (62%), and stem plus leaves (38%).2)

The young ginseng seedlings are susceptible to freeze
damage3) and to diseases.4) These damages can cause reduc-
tion in the photosynthetic area of seedlings and may dis-
rupt the initiation of the perennating bud so vital in the
growth of this perennial crop. There is no information on
the quantitative relationship of leaf damage to root growth
and to perennating bud initiation. By carrying out simula-
tion studies of leaf damage it was hoped that quantitative,
and possibly predictive, relationships between damage
and root growth would be found.

Therefore, the objective of this work was to grow gin-
seng seedlings under controlled environmental conditions,
subject them to different degrees and timing of defolia-
tion, and then assess the effects on root growth and plant
performance. The objectives of Expt.1 were to determine
the magnitude of dry matter loss, or gain, from complete
leaf removal at different times during the growth of the
seedling, and to see if defoliation influenced formation of
the perennating bud which is needed for growth in the
second year. The objective of Expt. 2 was to determine
the effect of one, two or three leaflet (complete leaf)
removal at different times, on the growth of the seedling.

MATERIALS AND METHODS

These experiments were carried out at the University of
Guelph, Guelph, Ontario, latitude 43o 32´N, longitude 80o

15´W. Mature stratified seeds were purchased from a
grower in October. The seeds were mixed with moistened
mortar sand (1 seed/3 sand,v/v) and put in plastic contain-
ers. These containers were held in a controlled environ-
ment room (4 ± 1oC, 50 ± 5% relative humidity) until
experiments were started in January or February. At that
time 21 cm diameter pots were filled with ProMix BX®
(Les Tourbieres Premier LTEE, Riviere du Loup, Quebec)
which is a general purpose growing medium of 75 to 85%
Canadian sphagnum peat moss, perlite and vermiculite,
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plus dolomitic limestone, calcium nitrate, potash, super-
phosphate, frittered trace elements, and a wetting agent.
The pH of the mixture was about 6.0.

For each experiment 10 seeds were planted equidistant
within each pot. The pots were placed in a greenhouse (21
± 2oC day, 16 ± 2oC night ) and shaded with knitted black
polypropylene shade cloth to allow 78% of the outside
light to reach the pots. For each experiment, which was
repeated at least twice, there was a minimum of 4 pots per
treatment. The leaf removal treatments varied and are
described for each experiment.

Experiment (Expt 1). In this experiment the seedlings
were allowed to become established (stage 109, Fig. 1a) ,1)

and 47, 57, 69 and 78 days after seeding the single trifo-
liate leaf and the stem were removed from the seedling.
On day 105 all seedlings were harvested and the number
of roots that had formed a perennating bud, stem length,
leaf area, and dry weight at 80oC of the leaves, stems, and
roots were measured.

Experiment (Expt.2). As in Expt.1 the seedlings were
allowed to become established and on days 42, 52, 62, 72,
one, two, or all three leaflets were removed. On day 80 all
seedlings were harvested and measurements made as in
Expt.1.

All data were analyzed, using the Statistical Analysis
System package (SAS Institute Inc., Cary. N.C.).

RESULTS AND DISCUSSION

Expt.1. By Day 47 after seeding the stem (petiole) was
fully extended, the leaf (of 3 leaflets) was horizontal and
the crop canopy was complete. Between Day 47 and Day
105 stem length and dry weight, leaf area and dry weight
did not change (Table 1). During the same period fresh
and dry root weight and the root to shoot ratio increased

linearly (Table 1). The values for root: shoot ratio (0.35 to
1.58, Table 1) are in agreement with those for ginseng
seedlings grown in growth chambers (0.2 to 1.6) and in
greenhouses (1.4 to 1.8).8) The linear increase from 0.35
on Day 47 to 1.58 on Day 105 (R2 = 0.97) is a direct
reflection of root dry weight increase as stem and leaf dry
weights remained constant over this period (Table 1).

Leaf removal at 47, 57, 69 and 78 days after seeding
resulted in 82.1, 59.8, 41.3 and 29.8% reduction respec-
tively (Table 1), in root dry matter (economic yield); this
indicates that leaf removal during the early root growth
period causes greatest reduction in root yield. These
severe growth reductions in the early-mid growing season
stress the importance of maintaining a healthy canopy at
this time. As this was a linear reduction over time it
would allow the development of a predictive equation Y
(Root wt. decrease) = -1.67 X (Days from seeding) + 158,
R2 = 0.98. The defoliation treatments in this experiment
removed more leaf area than would be expected from
most leaf damage except spring freezes which can remove
the entire leaf area. The effects of a wider range of defo-
liation treatments are considered in Expt.2. The perennat-
ing bud formed on all roots. Although there are no time
course studies of perennating bud initiation in North
American ginseng, Ahn and Kim,5) studying Asian gin-
seng, showed that initation takes place very early in the
growing season. Their study would suggest that perennat-
ing bud initiation occurred before the leaf removal treat-
ments were applied in this study. Since leaf removal, as
carried out here, did not influence the perennating bud,
the plant would grow again after the necessary dormancy
period.6) The practical implications for cultivators of this
crop is that if late frosts,3) insects or diseases,4) accidential
loss of shade and associated photoinhibition damage,7) or
inadvertent leaf damage with an agrochemical occur after

Table 1. Effect of complete leaf and stem removal at 47, 57, 69 and 78 days after seeding on subsequent plant growth. Seedlings were
harvested 105 days after seeding.

Seedling
measurement

Leaf removal time : days from seeding
Meanz Statistical

significance47 57 69 78 105
Stem length (cm) 5.9 6.1 5.7 5.9 6.4 6.0 ns
Stem dry wt (mg) 8.4 9.2 9.1 9.3 10.0 9.2 ns

Leaf area (cm2) 10.3 11.0 10.3 10.3 9.8 10.3 ns
Leaf dry wt (mg) 23.6 27.1 26.0 28.4 29.6 26.9 ns

Root dry wt (mg) 11.2 (82.1)y 25.1 (59.8) 36.7 (41.3) 43.9 (29.8) 62.5 (100) 35.9 linear
R2 = 0.97

Root:shoot ratio 0.35 0.64 1.04 1.16 1.58 0.95 linear
R2 = 0.94

Z Means across columns: ns = non-significant, P = 0.05.
Y ( ) Percent reduction in root dry weight compared to that at 105 days.
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full plant height and leaf area have been attained, there
will be loss in root dry matter but the plant will re-grow
the following spring.

Expt. 2. The overall leaf area per seedling was 20.0 cm2

(Table 2). Removal of one leaflet reduced the area per
seedling to 13.3 cm2 (66.6% of total leaf area, or 33.4%
leaf area removed), and for two leaflets removed reduced
the area to 7.3 cm2 (36.5%) [Table 2](Table 2). The treat-
ments are illustrated in Fig. 1 and show the reduction in
root size with leaflet area removal.

Root dry weight was reduced linearly by increasing
leaflet removal, particularly at the earlier removal times
(Table 2). Stem and leaflet dry weights were similarly
reduced. Regression analysis of root dry weight against
leaf area in Table 2 gave a range of R2 from 0.80 to 0.99
for the five different leaflet removal days and a mean of
0.83 for all data. This emphasizes the importance of main-
taining a large healthy leaf area to maximize root dry
weight (economic yield).

The regression equation for root dry weight and leaf
area for all data was Y(root wt) = 5.0 X(leaf area) + 39.7.
If it is assumed that this relationship is correct and appro-
priate then a 10% loss in leaflet area would reduce root
weight by 49.7 mg, and by 59.7 mg for a 20% loss. These
estimates were calculated to compare with a 10 to 30%

leaf thinning which reduced biomass yield of willow,
Salix viminalis, significantly.9) From these experiments
Kendall and Wiltshire9) proposed a figure of 10% defoli-
ation as a threshold for significant impact on the yield of
coppiced willows.

Unfortunately I did not include a 10% leaf removal
treatment in these experiments but the above calculations
suggest that minimal leaflet damage in ginseng will have
a significant effect on root yield.

All roots in all treatments formed a perennating bud.
Therefore leaf removal after canopy establishment, as car-
ried out in Expt. 1, did not influence initiation of peren-
nating buds. Plant establishment will occur the next
growing season but the initial root weight will depend on
the extent of the leaf damage (Table 2).

The manual defoliation treatments employed here obvi-
ously reduced the photosynthetic capacity of the seedlings
by rapidly reducing the leaf area. Damage by various dis-
eases, e.g. Ontario Ministry of Agriculture and Food,4)

would be more gradual and progressive.
The findings from the present work emphasise >

emphasize] the importance of maintaining a healthy gin-
seng seedling canopy, particularly early in the growing
season, to maximize root yield. Appropriate well man-
aged shade structures and implementation of a pest man-

Table 2. Effect of complete, one and two leaflet removal at 42, 52, 62, and 72 days after seedling on subsequent plant growth. Seedlings
were harvested 80 days after seedling.

Days after seeding Leaflet treatment Leaf area (cm2) Root dry wt. (mg) Stem and leaflet dry wt. (mg)

42 0Z 21.6 161 91
1 13.5 103 59
2 7.7 62 39
3 0 9 0

52 0 17.6 131 71
1 12.7 90 55
2 7.0 71 38
3 0 25 0

62 0 22.8 155 91
1 12.1 66 49
2 8.4 87 42
3 0 39 0

70 0 19.3 139 81
1 14.6 130 64
2 6.9 88 38
3 0 56 0

80 0 18.6 128 75
1 13.8 115 64
2 6.4 84 34
3 0 77 0

Z 0 = no leaflets removal, 1=1, 2=2, and 3=3 leaflets removed
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agement program, e.g. Ontario Ministry of Agriculture
and Food,4) are needed to ensure a healthy crop canopy. In
these experiments perennating bud development was not
influenced by the defoliation treatments. This ensures that
despite leaf damage after full canopy development the
seedlings will re-grow in the following year.
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