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1. Effects of the NAA Concentration and the Rooting Media
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ABSTRACT

To develop a new propagation method of Korean ginseng (Panax ginseng C.A. Meyer) by cutting, stem
cuttings with leaflets obtained from ginseng seedlings were planted in rooting media treated with three leveis
of NAA concentration. NAA solution of 1.0 ppm was the most effective for the rooting of ginseng stem
cuttings as well as for root growth after initiation of the roots from cuttings. A mixture of sand and leaf
compost as a rooting medium for ginseng stem cuttings showed the best results in rooting percentage of

cuttings and root growth after rooting. An acril film cap covering was very effective to prevent water loss by
transpiration from the leaflets of stem cuttings and for rooting and root growth after rooting. Cuttings of
leaf petiole with S leaflets from 2 year old ginseng plants showed good rooting as well as root growth after
rooting in a mixture of sand and leaf compost treated with 1.0 ppm NAA.

INTRODUCTION

As it takes at least 3 or 6 years for one generation
of a ginseng plant (Panax ginseng C.A. Meyer) to
mature, 20 to 30 years are required to develope a
new variety, and another 20 years are necessary
for enough multiplication of the new varety. To
solve this problem a more convenient propagation
method of ginseng must be developed.

In 1963, M.K. Grushvtchkaya et alz) of the
CCCP reported that callus and adventitious roots
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were initiated at the cut surface of a ginseng stem

cutting. Theyz)

used a glass bottle cap to prevent
water loss by transpiration from ginseng leaflets.
But they did not use any plant growth substance
for the rooting of the cuttings. In a previous study
on the effects of plant growth regulator on callus
induction®®) and on root initiation from ginseng
stem segments, J. 3097 found that Naphthalene-
acetic acid (NAA) had an excellent effect on induc-
ing roots from ginseng stem segments. He”) also
suggested that NAA treatment should enhance the
possibility of the vegetative propagation of the
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ginseng plant by stem cutting.

The present study was conducted to determine
the effects of NAA and rooting media on the root-
ing of ginseng stem cuttings and then to define the
possibility of vegetative propagation of Korean gin-

seng by stem cutting.
MATERIALS AND METHODS

Experiment 1.

Rooting of ginseng stem cuttings in in-vitro
culture: To determine the suitable concentration
of NAA for rooting and to observe the rooting
phase of the ginseng stem cuttings, experiment [
was carried out using test tubes, 15,0x1.8cm. Both
the Murashige and Skoog (MS) agar medium and
the Blaydes’ agar medium were used as. rooting
media for ginseng stem cuttings. Four rooting
medias were used: An MS agar medium containing
2.0ppm NAA and three Blaydes’ agar medias
containing 0.5ppm NAA, 1.0ppm NAA, and 2.0ppm

NAA.

The cuttings were taken from ginseng seedlings
which were obtained from the ginseng embryo
culture on the MS agar medium 45 days after
planting. At that time, the stem length had reached
about 4cm and the leaflets were fully expanded.
The stem cuttings were obtained by cutting 2cm
below the leaflets of the ginseng seedlings and were
about 2cm long with 3 seedling leaflets. Before
the cuttings were made, the seedlings were soaked
in a 10% NaOCl solution for 10 minutes and
washed 2 times with sterilized water to prevent
contamination. The stem cuttings were lightly
inserted into the agar medium and the tops of the
test tubes were covered with aluminum cooking
foil. 60 cuttings were taken for each treatment of
NAA concentration and for the basic medium.
The stem cuttings were grown in a growth chamber
in which temperature was about 20°C and lignt
intensity was about 3000 lux. Rooting percentage,
number of roots and rooting stage of stem cuttings

were observed 40 days after planting.

Experiment I,

Rooting of the ginseng stem cuttings in sand:
The new ginseng plants obtained from the stem
cuttings in nutrient agar medium had difficulty in
surviving after transplanting in leaf compost, be-
cause of the soft and fragile callus formed at the
base of cuttings and weak root systems. So, sand
was thought to be more effective for rooting of
ginseng stem cuttings and growing of ginseng plants
obtained from the cuttings.

Sterilized fine sand was used as the rooting
medium for the stem cuttings in experiment I1, 6cm
by 16cm vials were filled with sand to a height
of 7.5cm. The ginseng stem cuttings were planted
in sand at a depth of about lcm. After planting,
the cuttings were irrigated with NAA solution
and top of vial was covered with aluminum cooking
foil to prevent water loss from leaflets by trans-
piration. The cuttings were grown in the growth
chamber under the same conditions as those of

experiment I. The NAA concentrations prepared

for this experiment were 0.5 and 1.0ppm, and 20
vials were used for each concentration of NAA.
The stem cuttings used in experiment II were
obtained from ginseng seedlings which were grown
in plastic pots for 70 days. Rooting percentage
and number and length of roots were measured

50 days after planting.

Experiment III.

Rooting of the ginseng stem cuttings in a mix-
ture of sand and leaf compost: It was very dif-
ficult to control the water content of sand medium
was too moist for root growth after rooting. The
ginseng plants obtained from stem cuttings in sand
medium had to be transplanted in a leaf compost
in order to make their growth continue. This
experiment was conducied to find out a way of
eliminating transplaating step after rooting. A’ mix-
ture of sand and leaf compost was used as a rooting
medium for this purpose. This rooting medium
consisted of sand and leaf compost in a ratio of
1:1. The containers used in this expenment were

small plastic pots, 10cm in diameter and 10cm
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in height. The stem cuttings used were taken.

from ginseng seedlings grown in plastic pots for
80 days, at which time the leaflets were fully
expanded and the stem length was about Scm.

The stem cuttings were 3cm in length with 3
seedling leaflets. After filling plastic pots with
rooting medium, the stem cuttings were planted
in the rooting medium and irrigated with NAA
solution. After irrigation, the exposed portion of
cuttings was covered with an acril film cap to
prevent water loss by transpiration from the leaflets
(Fig. 1). NAA concentrations in this experiment
were 0.5,1.0 and 2.0ppm. For each NAA concentra-
tion, 30 cuttings were tested. The rooting per-

centage, the number of roots and the rooting stage

were qbsgry: :‘3’5Hdays after planting.

Fig. 1. Thestem cuttings obtained from ginseng
seedlings were planted in a mixture of
sand leaf compost. The cuttings were
then irrigated with an NAA solution
and covered with a acril film cap to
reduce transpiration from the cutting
leaflets.

RESULTS AND DISCUSSION

1. Rooting of ginseng stem cuttings

in in-vitro cultures:

The effects of the NAA concentrations on the
rooting of ginseng stem segments in in-vitro cultures
were studied7 and it was found that a 0.5ppm
NAA or higher concentration had an effect on
rooting from the ginseng stem segments, but a

callus was induced from the roots at the concentra-
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tion of 2.0ppm. There levels of NAA concentra-

“tion, 0.5, 1.0 and 2.0ppm, were studied in this

experiment,

The effects of the NAA concentrations and the
kind of media on the rooting percentage and the
number of roots from the stem cuttings 40 days
after treatment are shown in table 3, The percentages
of rooting was higher at 0.5 and 1.0ppm NAA
th;an that at 2.0ppm NAA. But there was no
significant difference in rooting percent between
the two basic mediums. In each treatment, the
rooting percentage at 40 days after planting the
cuttings on the media was about 70 to 30%. Some
cuttings showed root initiation 15 days after the

planting of the cuttings in the media. The average

Table 1. Effect of NAA on the rooting percent,
the days for rooting and the number
of -roots of the ginseng stem-cuttings
in-vitro.

Kind of NAA Rooting Days for Number of
Mediums ppm Percent Rooting Roots

BL 0.5 87.2a 31.4*11.0 4.3a
BL 1.0 87.8a 29.9t 83 5.0 aa
-BL 20 72.7b 32.1x 6.5 48a
MS 20 72.2b 35.5t 6.7 29.b

BL : Blaydes’ medium

MS : Murashige and Skoog medium

Different letters indicate the significant differ-
ance at the 5% probality level by Duncan’s
Multiple Range Test.

number of days required for the rooting of the
cuttings was the least in the Blaydes’ medium
containing 1.0ppm NAA and was the highest in
the MS medium containing 2.0ppm NAA, which
caused larger callus formation. Two kinds of rooting
stages were observed in this experiment. Some
cuttings formed thin-layered callus on their cut
surface and then roots were initiated, but others
produced larger callus, more than Smm in diameter,
and roots were induced after callus development.
The latter generally required a longer period of
time for the rooting of the cuttings than the former,
The rooting stage of the cuttings planted on Blaydes’
medium containing 0.5 and 1.0ppm NAA followed



the former pattern and those on the medium
containing 2.0ppm NAA followed the latter. The
number of roots was slightly higher for the cuttings
planted on the Blaydes’ medium containing 1.0ppm
NAA compared with those on the Blaydes’ medium
containing 0.5 or 2.0ppm NAA, but there were
no significant differences among them. On the
other hand, the number of roots was significantly
lower for the cuttings planted on the MS medium
containing 2.0ppm NAA than those on other
mediums and NAA concentrations, Considering
the results of this experiment, 1.0ppm is appeared
to be the optimum concentration of NAA for the

rooting of ginseng stem cuttings.

2. Rooting of ginseng stem cuttings in sand:

The effect of the NAA concentrations on the
rooting percentage of cuttings in sand medium
is shown on table 2. The rooting percentage of the
ginseng stem cuttings irrigated with 1.0ppm NAA
solution was significantly higher than that with
0.5ppm NAA, but the root growth, number of
roots and length of roots were slightly better
at 0.5ppm than 1.0ppm NAA. Some cuttings
showed root inijtiation without callus formation,
but almost all of cuttings formed relatively than
and white callus which was induced on the cut
surface of stem cuttings in the in-vitro culture.
The callus of cuttings in the sand medium was
very hard and tight.

Table 2. Effect of NAA on the rooting percent,
the number of roots and the length of
roots of the ginseng stem-cutting when
the sand was used as the rooting media
of cuttings.

Concentration Rooting Number of Length of

of NAA (ppM) Percent (%) Roots  Roots(mm;
0.5 76.7b 5.70 a 6.27a
1.0 97.1 a 5.18a S5.35a

In this cutting experiment, glass vials were used
as containers and the top of vials were covered
with aluminum cooking foil to prevent the cuttings

from wilting. The moisture content of the sand

medium was in the state of saturation and did
not change even after root initiation. Root growth
after initiation was slower and poorer in sand
medium than that in a mixture of sand and leaf
compost (Experiment II). The most suitable mois-
ture content for the best root growth of a ginseng
plant, was 60% of the water holding capacity of
the soil (data not shown). Root growth was signifi-
cantly inhibited by higher moisture content in
soil. Tt was very difficult to adjust the moisture
content of a sand media in glass vials for root
growth after initiation, because saturation is needed

for root initiation but lower moisture is needed
after root initiation. As in-vitro culture, the ginseng

plants obtained from cuttings in the sand media
had to be transplanted to leaf compost for continued
growth, but the growth of seedlings from cutting

was very poor after transplanting,

3. Rooting of ginseng stem cuttings in the
mixture of sand and leaf compost:

The rooting percentage of cuttings planted in
the mixture of sand and leaf compost without
NAA treatment was 50%, but the cuttings treated
with a 0.5ppm NAA solution or with higher con-

centrations (1.0 and 2,0 ppm) showed 100% rooting
(Table 3). The leaflets attached to the cuttings
without NAA treatment, tumed red at the margins
about 20 days after the cuttings had been planted
in the rooting medium. The leaflets which turned
red failed to root and wilted. The number of roots
was significantly increased when cuttings were
treated with a 2.0ppm NAA compared with those
treated with lower concentrations of NAA or
without NAA. There was no significant difference
in number of roots between the cuttings treated
with 0.5 and 1.0ppm NAA and the control plot.
The length of the roots was significantly increased
when the cuttings were treated with 1.0ppm NAA.
NAA concentrations higher or lower than .0ppm
were less effective for elongation of roots, and
root length was significantly decreased for the
cuttings without NAA treatment (Table 3 and
Fig. 3). The cuttings planted in the mixture of
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Fig. 2. Good root formation was shown in the
cuttings planted in the mixture of sand
and leaf compost but all of the roots

from the ginseng stem cuttings were
adventitious roots and it is unknown
whether a rhizome have formed or not.

i

Table 3. Effect of NAA on the rooting percent,
the number of roots and the length of
root of the ginseng stem-cutting when the
mixture of sand and leaf compost was
used as the yooting media of cuttings.

Concentrations Rooting Number of Length of

of NAA (ppm) Percent(%) Roots Roots(mm)
0.0 50.0 7.58b 174 ¢
0.5 100.0 6.57b 206 b
1.0 100.0 744 b 24.1 a
2.0 100.0 9.50 a 19.7b

sand and leaf compost also showed two kinds of
rooting phase, Some cuttings formed small (diameter
less than 3mm) and round calluses on their cut
surface and others formed large (diameter more
than 5mm) and cone-type calluses on their bases.

The root growth after the rooting of the ginseng

Fig. 3. The effect of different NAA concentra-
tions on the root growth of the ginseng
stem cuttings planted in a mixture of
sand and leaf compost.

stem cuttings was significantly increased when a
mixture of sand and leaf compost was used as
rooting media of the cuttings. The moisture content
of the mixture of sand and leaf compost could
be easily adjusted for the rooting of the cuttings
as well as root growth after initiation of the roots
from cuttings. Because the moisture content inside
a acril film cap could be easily adjusted by making
small holes covering the above ground portion
of the stem cuttings with acril film cap was more
effective way to prevent water loss by transpiration
than sealing the top of the glass vials or using a
glass bottle to cover cuttings as described by
Grushvtchkaya.z)

The cuttings of leaf petioles with 5 leaflets
of 2 year old ginseng were planted in a mixture
of sand and leaf compost media and irrigated with
1.0ppm NAA solution. The petiole cuttings showed
100% rooting, the average number of roots from
petiole cutting was 7.8 and the average length of
roots was 9.0mm 50 days after planting. The
root growth of petiole cuttings was significantly
slower than that of stem cuttings of seedlings.

Grushvtchkayaz) had reported that the roots
formed from stem cuttings were adventitious roots
and rhizome was not induced. In this experiment,
all of the roots induced from the cuttings were
also adventitious roots, although it is unknown

whether rhizomes have formed and new shoot
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primodias developed. Although shoot primodias
and shoots were induced from callus or embryos
by the treatment of auxin and cytokinin together,
it is of question whether rhizome and new shoot
primodias could be formed in ginseng plants

obtained from cuttings or not.

Cuttings of the leaf petiole with §
leaflets from 2 year old ginseng plants
also showed good rooting 50 days after
planting in a mixture of sand and leaf
compost treated with a2 1.0ppm NAA
solution,
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