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論文
Formation of Adventitious Roots from Callus 
Cultures of Taranoki (ArαliαelatαSeem.)* 

Nobuo YOSHIZA WA， * * Hideaki SHIMIZU， *本 Yohichi W AKIT A，本*

Shinso YOKOTA，車掌 and Toshinaga IDEI存率

Nobuo YOSHIZAWA， Hideaki SHIMIZU， Yohichi WAKITA， Shinso YOKOTA and 

Toshinaga IDEI : Formation of Adventitious Roots from Callus Cultures of 

Taranoki (AraliαelatαSeem.) Adventitious roots wer巴 inducedas tissue-

culture materials for the breeding and micropropagation of taranoki (Arαliα 

elαtαSeem.). Calluses were induced successfully from petioles and subcultu-

red on BT (broad leaved tree) medium with various combinations of plant 

growth regulators to regenerate adventitious roots and buds. When calluses 

were induced on the m巴diumcontaining 1.0 mg/l of NAA O-naphthalen-

acetic acid) and were subcultured on medium with 0.1 mg/l of BAP (6-

benzylaminopurine) and 1.0 mg/l of NAA in the dark， they showed active 

growth and regenerated adventitious roots after 20 days of culture 

On the other hand， both the adventitious roots and the buds regenerated 

within 10 days of culture when the calluses were induced on medium 

containing 0.1 mg/l of 2， 4-D (2， 4-dichlorophenoxyacetic acid)， then subcul悶

tured on hormone回 freemedium. Cultures of the root cuttings obtained from 

the callus cultures gave direct differentiation of roots without callus 

formation on the hormone-free medium. The results obtained her白 indicate

that material sources for tissue cultur巴 oft且ranoki can be obtained 

aseptically at least within three months. 

Key words : adventitious roots and buds， AraliαelαtαSeem.， callus， plant 

growth regulator， protoplast 

吉津伸夫・清水秀昭・脇田鶴…・様隠信三・出井利長:タラノキカルス

の培養と不定根の形成 タラノキの形質転換と高木の大量増殖を罰的として、葉樹

から得たカルスを培養し、不定根を誘導した。1.0mg/l NAA及び 0.1mg/l 2，4ωD 

添加培地において、カルスが効果的に誘導された。 NAA由来カルスを 0.1mg/l 

BAP及び1.0mg/l NAA添加培地で継代培養した時、カルスは活発に増殖し、培養

後約 20日で不定根を再生した。一方、ホルモン無添加培地で培養した 2，4-D由来カ

ルスから培養後約 10臼で不定根と不定芽が誘導された。不定芽はその後活発に成長

し、マルチプルシュートに発達した。さらに、再生した不定根をホルモン無添加培地

で培養したところ、カルス形成を伴わず複接外横体からの発根が綴察された。本研究

の結果、カルス誘導から約3ヶ月でタラノキの組織培養に使用可能な幼植物体(不定

根・不定芽)が誘導された。

19~26 

A part of this paper was presented at the 43r‘d Annual Meeting of the Kanto Branch of 

the Japan Forestry Society， October 1991， Ohmiya， Saitama-ken. 

傘 Forestryand Forest Products， Department of Forest Science， Facu1ty of Agriculture， 

Utsunomiya University， Utsunomiya 321， Tochigi明 ken.
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INTRODUCTION 

Taranoki (AraliαelatαSeem.) is a deciduous 

broad leaved shrub belonging to the family 

Araliaceae and is distributed widely in Japan 

(Makino 1982). Its roots and bark have been 

used medicinally for many years， and its fresh 

shoots， "taranome" ， are very popu1ar as an 

edib1e wi1d p1ant (Fujishima 1981; Kobayashi 

1984; Maeda 1986). 

Taranoki has many thorns on its stems， which 

reduce 1abor efficiency. In addition， recent over同

harvesting of the shoots has curtailed a supp1y 

of fresh shoots (Fujishima 1981). Therefore， 

an improvement of breeding and seedling 

propagation using tissue culture techniques is 

desired for efficient cu1tivation in the fie1d. 

Root cuttings have been used effective1y for 

the clona1 propagation of taranoki (Nakayama 

& Shimizu 1976; Fujishima 1981; Maeda 1986). 

The use of calluses or protop1asts has resu1ted 

in the successfu1 genetic improvement of 

many p1ant species (Ochatt & Power 1992; 

Bonga & von Aderkas 1992)， and the production 

of a vriety without thorns or a somatic hybrid 

of taranoki may be achieved by this method. 

Amemiya and others (1992) induced some 

mutants by the culture of calluses， but fai1ed to 

obtain mutants without thorns. Severa1 investi-

gators (Kaimori 1986; Koyama 1990; Amemiya 

& others 1992) succeededinp1ant1etregeneration 

of this species through calluses cu1tured on MS 

(Murashige & Skoog 1962) medium. However， 

there are severa1 prob1ems concerning thecu1ture 

period， proliferation of the calluses， and the 

formation of adventitious roots from the 

calluses. In addition， no p1ant1ets have obtained 

through the culture of protop1asts. 

In our present study， we tried to induce 

adventitious roots from callus cultures as the 

first step in producing a new variety of 

taranoki. Petio1e-derived calluses were cultured 

on BT (broad 1eaved tree) medium with various 

combinations of p1ant growth regu1ators， and 

optima1 culture conditions promoting the 

pro1iferation of calluses were found. Thecalluses 

were subcultured further to induce adventitious 

roots and buds. 

MATERIALS AND METHODS 

/nduction and culture of calluses 

Petio1es were collected in mid-May from five-

year-01d trees of taranoki (Araliαelate Seem.) 

growing in the nursery of Utsunomiya 

University. After washing with running tap 

water， they were cut into small pieces 2 cm in 

1ength. They were surface-sterilized with 70 % 

ethano1 for 30 sec， then further steri1ized with 

a 1 % sodium hypoch1orite aqueous solution 

containing a few drops of Tween 80 for 5 min， 

and rinsed three times in sterilized distilled 

water. 

The exp1ants were inocu1ated in BT medium 

(Cha1upa 1984)， solidified by 0.8 % agar whose 
pH was adjusted to 5.8， and cultured for callus 

induction under fluorescent illumination of 

2，000 1ux at 25
0

C. Four kinds of au:xins， IAA 

( 3 -indo1eacetic acid)， IBA (3 -indolebutyric 

acid)， NAA (1 -naphtha1eneacetic acid) and 

2，4-D (2，4-dich1orophenoxyacetic acid) were 

added to the BT medium with various concentra 

tions (0， 0.1， 1.0， 10.0 mg/l). Five exp1ants 

were cultured for callus induction in each horm 

ona1 concentration. After one month， induced 

calluses were collected and divided into small 

pieces of about 10 m罰S， then subcultured on the 

same BT medium in continuous light or dark 

conditions at one-month intervals. 

/nduction of adventitious roots and buds from 

calluses 

Calluses cultured on the medium containing 

0.1昭 /1of NAA or 0.1 mg/1 of 2，4-D in the 

dark were used for the induction of the adventi-

tious roots and buds. After one month of 

culture， calluses were divided into small pieces 

of about 1 cm3 and transp1anted on the medium 

supp1emented with various combinations of 

BAP (6七回zy1aminopurine，0， 0.1， 1.0， 10.0 mg 

/1)， NAA (0， 1.0mg/1)， or2，4-D (O，O.lmg/l). 

They were incubated under fluorescent illumina-
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tionof2，0001ux (16hr/day) at250C. 

Culture of root cuttings 

Adventitious roots regenerated from the 

white callus which was cultured on the BT 

medium containing 1.0 rng/l of NAA in the dark 

were used for th巴cultureof root cuttings. They 

were cut into small pieces 1 cm long and cultur 

ed on the BT medium supplemented with 

various concentrations of BAP (0， 0.1， 1.0， 

10.0 mg/1) ， NAA (1.0 rng/l) ， or 2，4-D (0.1 rng 

/1) under the light (24 hr) at 250C. 

RESULTS AND DISCUSSION 

Induction and culture of calluses 

Callus formation was observed on the petioles 

just over the medium after 10 to 15 days of 

culturing (Fig. 1 -A). The media containing 

IAA and IBA were less effective for callus 

induction， whereas the media containing NAA 

and 2，4-D effectively induced calluses (Table 

1). All of the auxin-free media did not induce 

any calluses. The growths of calluses varied 

with the concentrations of auxin. Although 

calluses were induced with large concentrations 

of IAA and IBA， the calluses showed almost no 

proliferation by the subculturing. Thereafter， 

they browned and finally died. Calluses induced 

by large concentrations 00.0 mg/l) of NAA 

and 2，4-D also showed small growth rates， 

although they did not show any browning 

throughout the culturing of three months. The 

medium containing 1.0 rng/l of NAA or 0.1 

mg/l of 2，4-D gave better results in callus 

growth without browning throughout the 

subculturing. As a result， calluses induced with 

the BT medium supplemented with NAA or 

2，4-D were used in the subsequent tissue culture 

experiments. (Fig. 1 ) 

Kaimori (1986) and Amemiya and others 

(1992) successfully obtained calluses from the 

petioles and shoot apexes of taranoki， 

respectively， and they suggested that the 

presence of cytokinin in the medium is necessary 

for the induction and growth of calluses 

Fig.l. Induction and culturing of calluses 

A: Callus formed on the petiole after 10 

days of culturing on the besal medium 

containing 1.0 mg/l of NAA 

B: Callus subcultured on the basal medium 

containing 1.0皿g/lof NAA in the dark 

for 10 days 

C: Callus subcultured on the basal medium 

containing 0.1 mg/l of 2，4-D in the dark 

for 20 days 

Bar: 1 cm 

However， Koyama (1990) induced calluses 

using half-strength MS medium with two 

combinations of 2，4-D (1 ppm) and BAP (0 

and 0.1 ppm). In the present experiment， calluses 

also could be induced with cytokinin-free 

medium. It was suggested that cytokinin is not 

always necessary for callus induction from the 

petioles of taranoki. 

After calluses induced on BT medium 

containing 1.0rng/l of NAA or 0.1mg/l of 

2，4-D were cultured for one month， they were 

divided and further subcultured on the same 

medium under continuous light or dark 

conditions at one-month intervals for three 

months to allow examination of the growth 

characteristics of calluses. The results are 

shown in Table 2. Calluses cultured in the light 

gradually became green and hard， whereas those 

cultured in the dark showed white and yellow 

(Fig. 1-B， C)， and then they gradually became 

soft after one month of culturing. The calluses 

cultured on the medium containing NAA formed 

adventitious roots under both the light and 
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Table 1. Effects of auxins on petiole-deriv巴dcallus induction. 

Conc巴ntrations，mg/l 

Auxins 

O 0.1 1.0 10.0 

IAA O 。 2 

IBA O 。 1 2 

NAA O 4 5 5 

2，4-D O 5 5 4 

Note: Five explants were used for callus induction in each treatment. Numerals indicate the number 

of explants which induced calluses. 

Basal medium: BT + sucrose 1.5 %十 agar0.8 % (p日 5.8).Culture condition: light-24 hr 

(2，000 lux)， 25
0

C. 

Table 2. Growth characteristics of calluses subcultured under continuous light or dark conditions and 

regeneration of adventitious roots and buds 

Characteristics 
Auxins Light conditions 

of calluses 
Growths FAR FAB 

NAA Light Green， Hard G + 
(1.0 mg/l) Dark White.8oft VG + + 
2，4-D Light Light green， 80ft G + + 

(0.1 mg/l) Dark Whit巴yellow，80ft G 十

Note : Ten calluses were used for the subculturing of calluses in巴achtreatment 

Basal medium: BT + sucrose 1.5 % + agar 0.8 % (pH 5.8)ー

FAR: formation of adventitious roots， FAB: formation of adventitious buds， G: good， VG: 

very good. Marks of plus (+) indicate the formation of adventitious roots and buds 

Fig.2. Formation of adventitious roots and 

buds. 

A: Adventitious roots regenerated from the 

callus subcultured on th巴 basalmedium 

containing 1.0 mg/l of NAA in the dark 

for 20 days 

B: Adventitious buds regenerated from the 

callus subcultured on the basal medium 

containing 0.1 mg/l of 2，4-D in the light 

for 30 days 

Bar: 1 CIs. 
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dark conditions after 20 to 25 days of culturing. Induction of adventitious roots and buds 

The roots were thick and showed active growth， from callus 

particu1ar1y in the dark (Fig. 2-A). In the The calluses cultured on the BT medium 

medium supp1emented with 0.1 mg/1 of 2，4心 containing1.0 mg/1 of NAA or 0.1 mg/1 of 

on the other hand， adventitious roots a1so were 2，4叩Dfor one month in the dark were trans 

formed in both the light and dark conditions p1anted onto the BT medium containing various 

after 100 days of culturing. However， th巴roots concentrations of BAP in combinations with 

were fine and small in number. Furthermore， NAA (0， 1.0 mg/l) or 2，4-D (0， 0.1 mg/l). 

the formation of adventitious buds from some The results are shown in Tab1e 3. 

calluses was observed under the 1ight conditions Among the media containing NAA， on1y in 

(Fig. 2-B) ， but they showed a1most no growth. the medium containing 0.1 mg/1 of BAP and 

These results indicate that the supp1ement of 1.0 mg / 1 of NAA did adventitious roots 

NAA to BT medium is effective for the regenerate within 10 days. Calluses cultured on 

induction and growth of adventitious roots. It the media containing 1.0 mg/1 of BAP and 1.0 

is considered that the dark conditions are mg/1 of NAA showed active proliferation，but 

effective for root growth， a1though differences root formation did not occur. The roots induced 

of light conditions in the culturing of calluses on the medium containing 0.1 mg/1 of BAP and 

a1ways does not infiuence root induction from 1.0mg/1 of NAA continued to grow active1y and 

calluses. (Fig. 2) deve10ped thick root branches. It was suggested 

that these roots cou1d be used as a materia1 

Table 3. Effects of plant growth regulators on induction of adventitious roots and buds by callus 

culturing 

Calluses Auxins Cytokinin Growths of callus巴S

NAA (田g/l) BAP (mg/l) 

NAA 。 。 NG 

-induced 1.0 0.1 G 
0.0 mg/]) 1.0 1.0 VG 

1.0 10.0 NG 

2，4-D (mg/l) BAP (mg/l) 

2，4-D O O NG 

induced 。司1 0.1 G 
(0.1 mg/l) 0.1 1.0 G 

0.1 10.0 NG 

Note: Five calluses were used for the culturing in each treatment. 

Basa1 medium: BT + sucrose 1.5 %トagar0.8 % (pH 5.8). 

Cultur、巴 conditions:light同 16hr(2，000 1ux) ， 250C. 

FAR FAB 

O O 

5 O 

O O 

O O 

4 4 

2 l 

O 。
O 。

FAR: formation of adventitious roots， FAB: formation of adventitious buds. G: good， VG: 

very good， NG: not good. 

Numera1s indicate number of calluses which regen巴ratedFAR or FAB. 
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source for the tissue culture of taranoki 

However， no adventitious buds w巴reinduced 

during the subsequent cultures of three months 

on all of the media containing NAA 

Calluses cultured on the basal media 

containing 2，4-D regenerated both adventitious 

roots and buds in the two media， one of which 

was hormone-free and the other was a medium 

containing 0.1 mg/l of BAP and 0.1 mg/l of 

2，4-D. Although calluses cultured on the medium 

containing 0.1 mg/l of BAP and 0.1 mg/l of 

2，4-D successfully r日generatedboth of them， 

they did not show active growth throughout 

the subsequent cultur白s.It is likely that since 

this medium promoted callus growth， shoot 

regeneration is difficult to achieve. On the 

hormone..free medium， on the other hand， both 

the adventitious roots and budswereregenerated 

from all of the calluses cultured (Fig. 3-A) 

expect for one medium with contamination. 

In this medium， adventitious roots first 

regenerated after six days of culturing and then 

Fig.3. Formation of the plantlet and multiple 

shoots. 

A: Regeneration of a plantlet from the 

callus which was induced on the basal 

medium containing 0.1 mg/l of 2，4-D and 

then subcultur巴don the hormone-free 

medium in the light 06hr/day). 

B: Multiple shoots formed on the hormone-

free medium in the light 06 hr / day) 

Bar: 1 cm 

Fig.4. Root formation from the multiple shoots 

which were cultured on the basal medium 

containing 1.0 mg/l of NAA for 30 days 

Bar: 1 cm. 

adventitious buds differentiated four days after 

the rooting. Thereafter， the regenerated buds 

grew actively and developed into multiple 

shoots after one month of culturing (Fig.3-B). 

This process of redifferentiation of the roots 

and buds from the calluses was common to all 

of the calluses cultured. In general， the forma 

tion of adventitious buds from the calluses 

occurred earlier than that of the roots (Bonga 

& von Aderkas 1992). Therefore， it is of interest 

to note that root formation occurs prior to the 

formation of buds through the culturing of 

calluses in taranoki. These results indicate that 

the rooting treatment of shoots could beomitted 

in the micropropagation of taranoki seedlings. 

The multiple shoots obtained were cut off and 

transplanted onto the rooting medium 

containing 1.0 mg / 1 of NAA which was 

effective for the induction of roots. After 30 

days of culturing， many roots were formed from 

the shoots which grew actively (Fig. 4)， 

suggesting that these roots can be used as a 

tissue-culture ma terial. 

Kaimori (1986) needed a culture period of 
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Table 4. Effects of plant growth r白gulatorson the culturing of root cuttings. 

Auxins 

(concentrations) 

BAP， rng/l 

Free NAA 2，4-D 
(1.0 rng/ n (0.1 rng/ f!) 

O R C C 

0.1 C-R C 

1.0 C C 

10.0 C C C 

Note: Basal medium and culture conditions are the same as those shown in Table 1. R: direct 

root formation， C: only callus formation， C-R: root formation through calluses 

Root cuttings regenerated from callus which were cultured on BT medium containing 1.0 

rng/l of NAA were used in this位戸nment.

F ig .5. Root regeneration by the culturing of 

root cuttmgs 

A: Roots regen巴rat巴d dir巴ctly in the 

hormone-free medium. 

B: Root regen巴ration through callus 

formation in the medium containing 0.1 

時 /1of BAP and 1.0 rng/l of NAA. 

Note: Root cuttings r巴g巴nerated from 

calluses which were cultured on the 

basal medium containing 1.0 rng/l of 

NAA in th巴darkwere used. 

Bar: 1 Cffi. 

nine months to regenerate a plantlet of taranoki 

using MS medium supplemented with 2，4-D and 

BAP. Koyama (1990) succeeded in shortening 

the culture period to four months using half 

strength MS medium supplemented with 2，4-D 

and BAP. In our present study， we promoted 

the proliferation of calluses by using the BT 

medium. As a result， both th己 adventitious

roots and buds could be obtained within three 

months， indicating that material sources of 

tissue culture can be obtained from plantlets 

of taranoki cultivated aseptically throughout 

the year. 

Culturing of root cuttings 

Root cuttings obtain巴dfrom calluses whi叩ch1 

were induced on BT medωlUm c∞ontaining 1.0 

I昭n昭lぼ札札gιιg/〆，

varying hormonal combinations. The results 

are shown in Table 4. 

All of the medium containing 2，4-D formed 

only calluses and did not regenerate roots or 

buds. However， root regeneration through the 

callus was observed in a medium containing 

0.1 rng/l of BAP and 1.0 rng/l of NAA， as 

shown in Fig. 5. In this medium， the roots 

regenerated from the calluses 20 days after the 

culturing of root cuttings. In the hormone-free 
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medium， on the other hand， root differentiation 

occurred directly from the root cutting without 

the formation of calluses after 10 days of 

culturing， and then calluses were formed on the 

original explants. These results suggest the 

potential for root propagation by the culturing 

of root cuttings. However， no adventitious buds 

were induced from the root cuttings in this 

experiment. Further efforts are needed to 

regenerate adventitious buds from the root 

cuttmgs. 
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