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ABSTRACT

Present study describes a method on the application of efficient tissue culture systems for the micro-
propagation of juvenile and mature sawtooth oak(Quercus acutissima). Nodal segments with axillary
buds were used as initial explant sources. WPM{(Woody Plant Medium) was the best in growth and
proliferation of shoot among the media tested. Although the single effect of zeatin revealed on two
dorminant shoot elongation with normal growth until the elevation of levels up to 3.0mg/l, BAP(N®-
benzyl amino purine) usually showed better response than zeatin on shoot multiplication and/ or elonga-
tion. In addition, the incorporation of BAP and zeatin onto the culture media represents more effective-
ness in shoot proliferation and its growth. Optimum concentrations of BAP and zeatin were 0.5 and
0.05~1.0mg/l, respectively. Ninety percent of the proliferated shoots was rooted on half-strength GD
(Gresshoff and Doy, 1972) medium containing 0.5mg/! IBA(indole butyric acid) in 4 weeks after
culture. More than 70% of the rooted plantlets survived after 5 months of transplanting into artificial
soil mix containing equal amount of peatmoss and perlite.

Among 27 plus tree clones which were grafted twice onto the juvenile rootstocks, only 4 clones
revealed the possibility for shoot multiplication through tissue culture system. The capacity for the
micropropagation using mature explant sources was highly depended on clonal differences compared
with those of ortet age. More than 90% of rooting ratio was obtained from the best responding clone.
Among the 7 rooting media tested, GD medium was the best for rooting. The most effective rooting
was obtained on half-strength GD medium containing (.2 to 2.0mg/l IBA. More than 60% of rooted
plantlets survived after 5 months of transplanting into the artificial soil mix,
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INTRODUCTION

Qaks are one of the most important broadleaved
trees which occupied 27% of the total forest stocks
in Korea. Among this genera, Quercus aculissima
has been considered as more valuable species due
to its straight shape, high timber quality as well
as productivity for mushroom. However, natural
or conventional reforestration of this species are
still difficult for their low survival rate after
transplanting, severe variation on acom production,
the problems related to acorn storage and insects.
Moreover most of the selected plus trees for tree
improvement programs appeared as low seed pro-
duction and severe variation of acorn fecundity
(Moon et al., 1989). Although vegetative propaga-
tion via in vitro or rooted cuttings has been sug-
gested to overcome the obstacles, these kind of
approaches are still considered as difficult partly
due to the lack of extensive studies(Moon et al.,
1987, 1988; 1989%; 1991). The object of present
study was to develop reliable micropropagation
systems of Quercus acutissima from juvenile and
mature tissue by modifying culture conditions
using a broad spectrum dosage of plant growth
regulators and media.

MATERIALS AND METHODS

1. Juvenile materials

Seedlings of €. acutissima were obtained by
germinating 8 acorns in wet artificial soil mix.
They were placed in a growth chamber maintained
25+2T of temperature, 16 hr of photoperiod, and
periodically watering conditions. Nodal segments
with apical and axillary buds from 3-month-old
seedlings were used as initial explants. To avoid
exudation of water phenolic compounds or tamnins,
initially cultured juvenile explants were re-cultured
onto same fresh media after 3 to 5 days of inocu-

lation and for mature explants, tissues were ma-
nipulated onto the water. Shoots were proliferated
continuously from the WPM supplemented with
0.5mg/1 BAP and 0.01mg/l NAA(e-naphthalene
acetic acid) at 3 to 4 weeks of interval for 18
months. To obtain a sufficient number of n vitro
stock sources, each proliferated shoot was subcul-
tured on WPM containing 1% activated charcoal
for 4 weeks, To test the ability for shoot pro-
liferation, #n vitro grown stem node(ca. 1.5cm in
height) containing 1 to 2 axillary buds without
shoot apex were cultured on various media such
as : SH(Schenk and Hildebrandt, 1972), GD(Gres-
shoff and Doy, 1972), MS(Murashige and Skoog,
1962), Bs(Gamborg et al., 1968) and WPM(LIloyd
and McCown, 1980). Different levels of BAP,
zeatin, and IBA were employed onto the media
just mentioned above.

The pH of the media was adjusted to 5.5-5.7.
The media were sterilized in an autoclave at 1.5
atmospheres(121°C) for 15min. The cultures were

with 3,000L.ux, Each shoot was subcultured on
half-strength GD medium containing 0.5mg/1 IBA
for rooting. Rooted plantlets were transferred
into greenhouse conditions for acclimatization.

2. Mature materials

Among the plus trees of Q. acutissima which
were selected at the Forest Genetics Research
Institute in Korea, total 27 clones were used for
this experiment. These clones had been estab-
lished by grafting onto the 2-year-old seedlings
twice. The current year shoots 15 to 30cm long
were used as explants. For initial establishment of
shoot culture, excised stem pieces(2cm in length
with 1 or 2 axillary buds) were individually trans-
ferred to test tubes(2.4x15cm) containing 8ml of
WPM with 0.5mg/l BA and 0.0lmg/l NAA.
Subcultures were followed by 2 or 3 weeks of
interval. Data were collected after 5, 11, and 17
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weeks from the final subculture. To obtain more
reliable result, rooting experiment was carried out
using Chonbuk(CB) 17 clone which represented
high shoot proliferation rate as well as reproduci-
bility. Media used for this experiment are as
follow : GD, WPM, BTM(Chalupa, 1981), Bs,
MS, LP(Quoirin et al., 1977), and SH. In all
experiment for root induction, various levels of
IBA were associated. Cultures were maintained
under the same conditions as specified for juvenile
materials culture.

RESULTS AND DISCUSSION

1. Juvenile materials

1) Shoot proliferation
Basal parts of explants usually began to swell
or formed calli first, then bud burst and growth
were started. Most of the explants cultured on

cytokinin contained media showed bud burst with-
in a week, whereas those on hormone free media
failed to bud burst. All the multiflied shoots
formed calli(0.3-1.0cm in diameter) at the basal
part. The callus usually represent white or green
color and the size of the callus increased along
with the concentration of growth regulators. These
kinds of calli have frequently been reported in
oak tissue culture(Chalupa, 1981; Vieitez et al.,
1989). Vieitez et al.(1989) suspected that the
basal callus might act as a sink or a storage
place for cytokinins or nutrients.

BAP gave better results in shoot proliferation
than zeatin(Table 1 and 2). Effective concentration
of BAP on WPM was 0.2 to 0.5mg/l. Among
the media tested, WPM showed the best response
in shoot elongation and shoot induction. Some
explants growing on GD or MS developed normal
shoots, but those shoots frequently showed retar-

Table 1. Effect of various media and BAP levels on shoot proliferation of microshoots derived from

juvenile Q. acutissima.

. a No. of shoots No. of shoots induced Length of shoots
BAP (mg/1) Media cultured (x+SD)® (x+SD)® (cm)
1 28 0.5 + 0.2 0.9 + 0.5
2 30 0.5 £ 0.4 0.9 = 0.7
0 3 30 1.0 + 0.2 0.5 ¢ 0.4
4 30 0.7+ 0.5 0.8 0.6
5 29 1.1 + 0.3 1.4 * 0.9
1 29 1.5 = 0.7 1.9+t 14
2 30 2.6 £ 1.7 1.6 £ 0.8
0.2 3 30 25 + 1.3 2.1 = 1.5
4 30 2.5 ¥ 1.3 2.1 ¥ 1.4
5 29 4.8 £ 1.7 2.3 £ 1.5
1 30 1.6 + 0.7 1.7+ 1.2
2 30 3.0 £ 1.6 1.5 = 0.7
0.5 3 30 2.3 + 1.1 2.0 = 1.2
4 30 1.9 + 1.2 1.7+ 0.9
5 30 4.5 £ 1.7 1.8 ¥ 1.2
1 28 1.3 = 04 1.2 + 1.1
2 30 2.8 t 1.2 1.7 £ 0.9
1.0 3 30 2.4 © 1.9 1.6 + 1.1
4 30 1.6 + 0.7 1.6 © 0.9
5 .36 4.3 + 1.7 2.1 + 1.5
1 30 1.0 = 0.8 0.9 + 0.6
2 30 2.9 = 1.5 1.3 £ 1.0
3.0 3 30 2.0 + 1.3 1.5 = 0.9
4 30 1.3 + 0.7 1.6 = 0.9
5 26 2.7 1.2 1.6 + 0.9
2 Media 1:SH, 2:GD, 3:MS, 4:B;, 5:WPM

Y Mean *+ standard deviation
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Table 2. Effect of various media and zeatin levels on shoot proliferation of microshoots derived from

juvenile Q. acutissima.

. . a No. of shoots No. of shoots induced Length of shoots
Zeatin (mg/D)  Media cultured (x = SD)° (x+SD)° (cm)
1 28 0.5 = 0.2 0.9 £ 0.5
2 30 0.2 0.4 0.9 = 0.7
0 3 30 0.5 £ 0.2 0.5 0.4
4 30 0.7 £ 0.5 0.8 £ 0.6
5 29 0.7 0.3 0.9 £ 0.7
1 30 0.7 £ 0.5 0.8 0.7
2 30 0.6 £ 0.5 0.4 + 0.3
0.2 3 30 0.3 + 0.2 0.2 0.1
4 30 0.4 + 0.3 1.2 £ 0.9
5 30 0.9 + 0.3 2.3 £ 1.5
1 30 0.8 £ 0.6 0.5t 0.4
2 30 1.3 + 0.6 0.9 = 0.6
0.5 3 30 0.5+ 04 0.2 £ 0.1
4 30 0.7 £ 0.5 1.0 = 0.9
5 30 1.0 £ 0.2 2.3 * 1.5
1 30 0.8 + 0.6 0.7 + 0.6
2 30 1.5 + 0.5 0.6 * 04
1.0 3 30 0.4 + 0.3 1.2 £ 0.5
4 30 0.7 = 0.5 1.4 * 1.2
5 30 1.0 = 0.3 1.8 + 1.2
1 30 0.8 £ 0.6 0.6 £ 0.5
2 30 1.5 = 0.7 0.6 * 0.5
3.0 3 30 1.2 + 0.4 0.8 £ 0.7
4 30 0.6 + 0.5 1.4 + 1.1
5 30 1.1 £ 0.6 1.1 £ 0.8
*Media 1:SH, 2:GD, 3:MS, 4:Bs, 5: WP

" Mean * standard deviation

dation or hyperhydricity. Generally, cultures main-
tained on the media containing BAP showed higher
multiplication rate and rapid elongation than
zeatin treated one(Table 2).

Table 3 summarizes the results of the combina-
tion effect of BAP and ZN on WPM. Although
there were no significant differences among the
treatments, great results were obtained from
media containing 0.5mg/l BAP and 0.05 to 1.0
mg/l zeatin. From the results, we could suggest
that the interaction of BAP and zeatin might be
more effective than that of BAP alone. Lee et
al.(1985) and Shoyama et al.(1992) reported similar
results using BAP.

Even though a lot of reports had described
clonal differences or position effect in oak tissue
culture(Favre and Juncker, 1987, Moon et al.,
1987; San-Jose et al., 1988; San-Jose et al., 1990),
we did not observed those effects. These results

seem partly due to the juvenility and uniformity
of explants used. One of the problems in shoot
cultures of this species was shoot-tip browning
or necrosis. Shoot-tip necrosis occurred after 3
weeks in culture. Frequency of necrosis ranged
from 5 to 20%, and necrotic state became intensive
with the time lapse in cultures. When dominant
shoot-tip was dead by the necrosis, subdominant
shoot buds were developed to replace the dead
one. It has been suggested that apical necrosis
of in witro cultures is attributed to calcium
deficiency, lack of cytokinins, and the presense
of auxin in the culture medium(Vieitez et al.,
1989). In previous study, Moon et al.(1987) sug-
gested that shoot-tip necrosis could possibly be
prevented by shortening the subculture period.
2) Root induction

More than 90% of the explants were rooted on

the half-strength GD medium containing 0.5mg/1
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Table 3. Interaction effect of BAP and zeatin on shoot proliferation of microshoots derived from juvenile

Q. acutissima.

.. No. of shoots No. of shoots induced Length of shoots

Cytokinins (mg/ cultured * (x+SD)" e SO
BAP 0.2 + ZN 0.05 30 3.5 * 1.1 2.4 v 1.7
ZN 0.1 30 4.7 * 1.2 2.2t 1.5

ZN 0.5 30 3.6 7 0.8 2.3+ 1.3

ZN 1.0 30 4.4 + 1.6 1.7 £ 1.3

BAP 0.5 + ZN 0.05 30 4.5 + 1.6 2.2 1t 1.4
ZN 0.1 30 4.6 + 1.6 1.9 + 1.5

ZN 0.5 30 4.9 + 1.2 1.8 + 1.6

ZN 1.0 30 4.9 * 1.9 1.8 T 1.4

? Explants were cultured on WPM for 4 weeks.
® Mean * standard deviation

IBA(data are not shown). Roots were initiated from
swollen part. In many cases, roots with some
callus were formed, but direct rooting without
callusing was also occasionally observed.

The number of adventive primary roots were
2.5cm in average number. The number and/ or
growth of roots induced from excised single shoot
cultures were highly effected by the quality of
shoots than culture media. When the rooted micro-
propagules were transplanted into the greenhouse
conditions, mean survival rate of 70% was
observed. After 5 months, the height of these
shoots reached 10cm. We suspect that the low
survival rate of plantlets may be due to the decay
of callus formed at the basal part of the plantlets.
Recently, Tomita and Kondo(1991) reported that
the survival rate of plantlets was decisively de-
pended on the callusing at the time of root induc-
tion. These results represent the strong relation-
ships between direct rooting and their survival
after transplantation. After 4 years, more than
90% plantlets were still surviving at field.

2. Mature materials

1) Shoot proliferation
Table 4 summarizes the results of 27 clones
cultured on WPM containing 0.5mg/l BA and
0.0lmg/l NAA for 17 weeks. Axillary bud burst
and elongation varied with clones. General features
observed from the stem node cultures were cate-
gorized as follows : 1) failure of the bud expanding,
2) callogenesis on the upper axillary zones and,
3) abnomal shoot growth. Although explants with

apical buds showed rapid shoot elongation, these
sources revealed press multiplication effect com-
pared with those the subapical buds containing
explants, Lignified explants at the time of pri-
mary culture reduced the percentage of bud break
and their growth, while greenish explants showed
good response. Favre and Juneker(1987) observed
similiar results in Q. robur.

Clonal variation in shoot growth was apparent
after 11 weeks in culture. After 4 weeks of pri-
mary culture, only single shoot was elongated,
and the length varied with 1 to 6cm in all clones
tested(Table 4). After 17 weeks in culture, some
clones produced multiple shoots, whereas the others
died gradually. In vitro response(bud burst or
shoot growth) was not influenced by ortet age.
This results suggested that the bud burst or
shoot elongation at the initial culture seem to be
more influenced by the developmental stage and
physiological state of the explants. From the 4
clones of similiar ortet age, clone Chungnam 12
and Chonbuk 44 were dead but Chonbuk 17 and
Chonbuk 1 showed shoot development after 17
weeks in culture.

Clonal variation in shoot cultures of oak trees
has also been observed frequently in juvenile
tissue culture(Moon et al., 1987; San-Jose et al.,
1988, 1990; Shoyama et al., 1992). San-Jose et
al. (1988) reported that 7n wvitro response of five
clones of @. robur was influenced greatly by both
clones and types of explant, and the interclonal
differences in shoot productivity were unrelated
to the juvenility of the clone. In our results, we
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Table 4. Clonal reactivity for in vitro shoot proliferation of Q.acutissima plus tree clones rejuvenated
after twice grafting onto the 2-year-old understock.

No. of explants

No.of shoots obtained from

Clones® Age® . each culture period Range of shoot
cultured 5wks 11 wks 17 wks length (cm)
CB 1 35 16 16 19 26 1.0-6.0
3 37 24 24 20 20 1.0-3.0
5 38 4 4 5 7 1.5-3.0
8 36 9 8 3 2 1.5-2.5
14 37 6 6 3 3 1.0-2.0
15 38 15 13 16 26 1.0-2.0
17 36 15 15 30 70 1.0-3.5
20 38 9 9 7 5 1.0-3.0
23 37 9 9 6 4 1.0-3.5
32 39 20 18 10 6 1.0-2.5
33 38 1 1 0 0 1.0-1.5
36 37 13 7 ] 1 1.0-1.5
40 39 12 12 3 1 1.0-1.5
41 38 10 10 10 17 1.5-3.0
42 36 10 10 5 3 1.0-2.0
44 36 5 5 2 0 1.0-2.0
CN 3 40 18 18 18 17 1.5-2.5
5 42 16 16 5 4 1.0-2.5
6 42 8 6 2 1 1.0-2.5
8 38 19 18 17 17 1.0-3.0
9 39 5 5 ] 2 1.0-2.5
11 39 8 ) 2 2 1.0-3.0
12 35 9 6 0 0 1.0-1.5
14 36 6 4 3 2 0.5-1.5
KG 3 69 16 16 14 7 1.0-2.5
5 54 30 30 30 98 1.0-5.0
PS 3 48 10 5 1 0 1.0-1.5
® CB: Chonhuk, CN : Chungnam, KG : Kvonggi, PS: Pusan

® Represent the actual vear of mother trees grafted onto understock at the time of initial culture
¢ Explants were cultured on WPM containing 0.5mg/l1 BAP and 0.0lmg/l NAA.

 Shoots size longer than 1.5cm were counted.

could classify the clone Chonbuk 1, Chonbuk
15, Chonbuk 17, and Kyonggi 5 as higher shoot
forming clones.

Previous studies on FEucalyptus(Siniscalco and
Pavolettonai, 1988) tissue culture has been reported
that 6 times of successive grafting could improve
the rootability. Douglas fir(Franclet, 1981) could
also be rejuvenated after 5 times of successive
grafting onto the juvenile rootstock. The above
results suggested that the rejuvenation is attained
progressively. Boulay(1979) dealt with adult Se-
quota sempervirens, reported that juvenile charac-
teristics and rootability could be attained by suc-
cessive subculturing onto cytokinin media. On
the other hand,
proliferation was more influenced by the clonal

our results revealed that shoot

and the successive subculture to
fresh media could not overcome the obstacles,
This observation indicates that attention should
be paid to clonal selection to propagate from adult
trees using tissue culture. QOur results imply that
mature trees of Q. acutissima can be micropropa-
gated using two times successive graft, but fur-
ther research is needed to rejuvenate the recalci-
trant clones.
2) Root induction

Table 5 and 6 show the rooting of clone Chon-
buk 17. Root induction was observed between 7
to 20 days from initial culture. After 4 weeks in
culture, 93.1 % of the explants produced root on
GD medium, whereas 30 % of the explants were
rooted on SH medium(Table 5). Half-strength of

differences,
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Table 5. Effect of several media on the rooting of
mature clone Chonbuk 17 microshoots, *

Type of . IBA free IBA 0.5mg/1
media % .of No, of % .of No. of
rooting mean root rooting mean root
GD 76.7 1.5 93.1 1.9
WPM  30.0 1.1 90.0 1.7
BTM  46.7 1.4 83.3 2.0
mB5 43.3 1.5 70.0 1.8
MS 36.7 1.4 46.7 2.0
LP 10.0 2.0 46.7 1.5
SH 3.3 1.0 30.0 1.4
* Data were taken from 35-120 microshoots per
treatment.

Table 6. Effect of various IBA levels and GD
media on the rooting of mature clone
Chonbuk 17 microshoots.*

IBA GD 1/2 GD

(mg/1) % of  No. of % of  No. of
rooting mean root rooting mean root

0.0 74.0 1.3 84.2 1.4

0.2 72.4 2.1 90.5 3.3

0.5 90.3 1.5 89.7 1.6

1.0 70.4 1.3 85.7 1.4

2.0 80.0 1.6 85.5 1.3

* Data were taken from 27-58 microshoots per

treatment.

GD media showed a slightly better rootability
than full-strength(Table 6), and best rooting ratio
(90.5%) was obtained on the former media supple-
mented with 0.2mg/l IBA. The higher rootability
implies that this clone may be rejuvenated by
double grafting and successive i wvitro subculture
(Boulay, 1979; Franclet, 1981; Moon et al., 1988;
1988). The rooted
plantlets were eventually transferred to polyeth-
ylene pots containing a 1: 1 mixture of peatmoss
and perlite, and acclimatized in the greenhouse.
Sixty percentage of the plantlets survived after 5
months, and showed normal growth.

Siniscalco and Pavolettonai,

CONCLUSION

Our results imply that mature trees of Quercus
acutissima(plus tree clone) can be micropropagated
after rejuvenation of explants via grafting, or by
repeated subculturing onto BAP contained media.

In vitro proliferation from the explants derived
from juvenile trees of this species could be suc-
cessfully achieved on WPM supplemented with
0.5mg/1 BAP and 0.05-1.0mg/1 zeatin.

IBA showed effective rootability for both of
juvenile and mature trees. Optimum concentrations
for rooting were 0.5 or 0.2-2.0mg/1 IBA in both
origins, respectively.

Exudation of phenolic substances or tannins
could be prevented by some technical skills, i.
e., shortening the subculture interval to fresh
media and manipulating tissues in water,

The big obstacle for the development of micro-
propagation systems from this species was the
clonal differences on iz witro response. This
problem also occurred on the tissue culture using
juvenile materials.

Further studies on rejuvenation of source plants
are still required to develop reliable masspropaga-
tion systems from hard-to-regeneration clones of
this species.
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