
INTRODUCTION

Japanese angelica trees (Aralia elata Seem.) are arbor plants
of the Araliaceae family and grow wild in Northeast Asia.1)

They are picked in fields and mountains as edible wild plants,
but they are also grown on farms.1) Plants of the Araliaceae
family are used all over the world as medicinal herbs and
spices.2) Labor costs are high for harvesting A. elata sprouts
from the tops of trees, because the trees can grow up to four
meters tall. Furthermore, it is difficult to harvest a large num-
ber of sprouts from A. elata trees because they grow few
branches. A larger harvest would be possible if a number of
cuttings were made from the stems of fall plants and buds
formed on them. Less harvesting work would be necessary if
the stems of the plants were cut to a lower height and buds
sprouted on them. Tissue culture is used for the propagation
of A. elata.3) However, the production of seedling by tissue
culture requires a large investment in facilities and labor. Bud
sprouting is promoted by growth regulators, which increase
branching, and a large number of sprouts can be harvested the
following year in A. elata. Cytokinins are thought to control
the differentiation of tissue in plants.4) 6BAP is a cytokinin
that induces morphological changes in chrysanthemum.5)

The effects of 6BAP on bud sprouting were studied for in-

creased sprout harvesting in A. elata.

MATERIALS AND METHODS

1. Plant Material
The research field of the Myoukou Forest Horticulture Re-
search Institute (640 m above sea level) was used for all the
experiments, which were conducted in 2004. Materials were
collected from wild plants in the field.

2. Effects of 6BAP on Sprouting of Lignified Cuttings
(Experiment 1)

Lignified stems 25–40 cm long were divided into three parts
(top, 200–300 cm; middle, 80–160 cm; bottom, 20–40 cm
above the ground) as shown in Fig. 1. Cuttings were collected
and planted in the field on April 30. They were then sprayed
with 50 mg/l 6BAP (‘BA-Ekizai’, a 0.5% 6-benzylaminop-
urine solution from Kumiai Chemical Industries Co., Ltd.)
with 0.4% NAA (‘Ruton’ of 0.4% a-naphthl acetamide pow-
der from Ishihara Sangyo Kaisha Ltd.) at the base before and
after cutting in the field on April 30 and May 6 and 13. The
percentage of rooted cuttings and of bud sprouting were in-
vestigated for every 18 plants on June 30.

3. Effects of Number of Spray Applications of 6BAP on
Sprouting and Growth of Stumps (Experiment 2)

Buds 20–40 cm above the ground were removed on April 30.
6BAP was applied at 50 mg/l onto the stumps once (April 30),
twice (April 30 and May 6) or three times (April 30, May 6
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and May 13). Bud sprouting, sprout elongation (length of the
longest sprout on a tree) and leaf numbers (foliate leaf num-
bers of the longest sprout on a tree) were investigated for
every 18 stumps on the same day as in experiment 1. The per-
centage of buds 1 cm or more in diameter on stumps were in-
vestigated for all regenerated buds for all treatments.

4. Effects of the Concentration of 6BAP on Sprouting and
Growth of Sprouts on Trunks with the Apical Shoot
Removed (Experiment 3)

Three to four-year-old plants without branching were used for

this experiment. 6BAP was sprayed onto whole plants after
the removal of apical buds. Plants were sprayed three times
with 10, 50 or 200 mg/l of 6BAP. Whole cuttings were
sprayed with the 6BAP solutions on April 30, May 6 and May
13. Bud sprouting, sprout elongation and number of leaves
were investigated in 18 plants on June 30. The percentages of
buds 1 cm or more in diameter on stumps were investigated
for all regenerated buds on the same day.

RESULTS

1. Effects of 6BAP on Sprouting of Lignified Cuttings
Bud sprouting on lignified cuttings from the middle and bot-
tom of the tree was promoted by 50 mg/l of 6BAP in the field
(Fig. 2). An average of 2.1 buds formed when 50 mg/l of
6BAP was sprayed onto cuttings from the bottom of a tree.
An average of 1.2 buds sprouted without 6BAP. On large-di-
ameter lignified cuttings from seven-year-old plants, buds
sprouted after the application of 6BAP (Fig. 3A). Only 44%
of cuttings from the bottom took root after 6BAP was applied
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Fig. 3. Effects of 50 mg/l 6BAP spray applications with 0.4% NAA in A. elata. A: Bud sprouting (↓) on lignified cuttings from the bottom of
the tree. B: Sprouting (↓) and rooting (⇓) on cuttings.

Fig. 1. Six cuttings and a stump from a seven-year-old A. elata
tree. A, stump (stem grown seven years); B, a cutting from the bot-
tom; C–F, cuttings from the middle; G, a cutting from the top. The
scale on the left indicates 1 m.

Fig. 2. Effects of 6BAP applications on bud sprouting with ligni-
fied cuttings of A. elata. Top, cuttings were collected from the top of
the tree; Middle, cuttings were collected from the middle of the tree;
Bottom, cuttings were collected from the bottom of the tree. Vertical
bars show standard errors (n�18). Different letters indicate a signifi-
cant difference (p�0.05) according to the Tukey test.



with NAA (Fig. 3B). However, lignified cuttings taken from
the top did not develop roots. About 70% of sprouts were 1
cm or more in diameter with and without treatment with
6BAP.

2. Effects of Number of Applications of 6BAP on Sprout-
ing and Growth of Stumps

More buds sprouted on the stumps treated with one to three
applications of 50 mg/l 6BAP than on those not sprayed at all
(Fig. 4). An average of 2.9–3.4 sprouts formed with one to
three applications of 50 mg/l of 6BAP on stumps and an aver-
age of 1.4 without 6BAP. Three times more buds sprouted fol-
lowing two 6BAP applications. There were no significant dif-
ferences between the effect of one to three applications.
Sprout lengths and leaf numbers were decreased on stumps
given three applications of 50 mg/l of 6BAP compared to
those treated once, a twice, or not at all (Table 1). About three
new buds sprouted when 50 mg/l of 6BAP was applied to
large diameter stumps of six to seven-year-old trees (Fig. 5).
Some 74% of buds were 1 cm or more in diameter following

two applications of 6BAP at 50 mg/l to stumps.

3. Effects of Concentration of 6BAP on Sprouting and
Growth of Sprouts on Trunks with the Apical Shoot
Removed

More buds sprouted with the spray applications than without
on trunks with the apical buds removed (Table 2). An average
of 1.8 buds sprouted without 6BAP and 2.9–3.5 with 10–200
mg/l of 6BAP. There were no significant differences between
bud sprouting, sprout elongation and number of leaves at 10,
50 and 200 mg/l.

DISCUSSION

Cytokinins promote the growth of leaves and lateral buds in
plants.5,7) Cytokinins also promote the development of sec-
ondary xylem in pea and growth of lateral buds from xylem in
tobacco.8,9) Also, it is easy to promote adventitious buds with
plant callus using auxin with a high concentration of cy-
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Fig. 4. Effects of the number of 6BAP applications on bud sprout-
ing on stumps of A. elata. 0, control; 1, sprayed on April 30; 2,
sprayed on April 30 and May 6; 3, sprayed on April 30, May 6 and
May 13. Vertical bars show standard errors (n�18). Different letters
indicate a significant difference (p�0.05) according to the Tukey
test.

Fig. 5. Effects of 6BAP on bud sprouting (↓) on stumps in A.
elata. A, without spraying; B, three applications with 50 mg/l of
6BAP.

Table 1. Effects of number of applications of 6BAP on the
growth of sprouts on stumps in A. elata

Times Sprout
No. of

% of 1 cm or

of 6BAP length
leaf

more diameter

spray (cm) of sprout (%)

0 17.6 ba) 6.9 b 88.0

1 15.9 b 6.1 b 89.6

2 16.8 b 6.2 b 74.1

3 4.1 a 2.7 a 65.6

a) Different letters indicate a significant difference (p�0.05)
with the Tukey test.

Table 2. Effects of 6BAP concentrations on the growth of
sprouts on trunks in A. elata after removal of apical buds

Bud 
Sprout 

% of 1 cm 

6BAP sprouting
length

No. of or more

(mg/l) (No. of 
(cm)

leaf diameter of 

sprouts/trees) sprout (%)

0 1.8 aa) 4.8 a 2.9 a 77.8

10 2.9 b 5.0 a 3.0 a 83.3

50 3.5 b 5.1 a 3.1 a 72.2

200 3.3 b 4.7 a 2.8 a 66.7

a) Different letters indicate significant difference (p�0.05) with
the Tukey test.



tokinin.10,11) The percentage of bud sprouting on plants with-
out buds increased with 6BAP treatment in A. elata.1) Bud
sprouting was promoted by 6BAP sprayed on cuttings, stumps
and subterranean stems in A. elata in this study. A cytokinin,
‘6BAP’ promotes the growth of axillary buds in Citrus unshu
trees.12–14) Apical dominance is inhibited by the cytokinin be-
cause it accumulates in the vessels of roots when the apical
bud is removed.15,16) Therefore, it is thought that application
of 6BAP promotes epinasity and is useful for lateral bud
sprouting of arboreous plants like A. elata because it has a de-
veloped xylem.

Buds can be harvested when the tops of stems with a bud
before sprout growth are harvested and grown in a green-
house in A. elata.1) Buds sprouted on treatment with 6BAP
not only from tops of stems but also from five to six cut stems
from 2–3 m tall plants. Therefore, it is thought that cuttings
from all parts of tall plants can be used for the harvesting of
shoots. Bud numbers were 2–4 on stumps sprayed with 6BAP.
Therefore, it is thought that if a mature tree is cut down, the
amount of harvesting work will decrease because it will be-
come a dwarf plant and 6BAP will increase sprout harvest
from stumps the following year. It will be possible to increase
bud harvesting with 50 mg/l of 6BAP for whole trees after re-
moval of the apical bud, because application of 6BAP pro-
motes branching in A. elata trees.

6BAP promoted bud sprouting on cuttings, stumps and
trunks with the apical bud removed in A. elata.
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