Micropropagation of Temperate
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Summany. We report the results of serial studies aimed at clarifying several factors affecting organogenesis in
rhizome culture of temperate Cymbidium species and their hybrids. The growth patterns and regeneration
ability of rhizomes derived from asymbiotic seed or shoot tip culture vary according to media composition,
kinds and concentrations of plant growth regulators, culture conditions, and species and varieties. N°-
benzyladenine was the best cytokinin for inducing shoot formation, for switching rhizome tissues into
protocorm-like bodies, and for directly forming multiple shoots from branched rhizomes. Activated
charcoal appeared to be necessary for producing healthy plantlets and for stimulating shoot growth at levels
of 0.1% to 0.3% but concomitantly decreased rhizome growth. Sucrose at 5% was the most effective
concentration for shoot induction from rhizomes. The above results support the conclusion that
organogenic pathways between tropical, subtropical, and temperate Cymbidium species may be controlled
by the genetic backgrounds of the species or cultivars.

ypical terrestrial Cymbidium species are distributed in temper-

ate eastern Asia including Korea, Japan, Taiwan, and China.

Cymbidinum species found in tropical and subtropical Asian
countries, such as Nepal, the Philippines, Malaysia, Thailand, and Sri
Lanka, are not regarded as temperate or oriental orchids. This is simply
because many of the flowers of cymbidiums growing in tropical or
subtropical Asian countries are very showy and colorful, which western
people favor, but that have little or no fragrance or stripes on the
leaves, which oriental people favor. Such a difference in terms of appre-
ciation modes and value standards between oriental and western
people seems to originate from traditional living customs and garden-
ing culture. The origin of the value system in which people more
highly regard fragrance and the several types of leaf chimera and shapes
comes from China.
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The historical background of Korea’s
native orchids stretches back as far as Europe’s
does; however, there are great differences
between the principles of cultivation. Orien-
tal Cymébidinm cultivation in Korea appreci-
ates the inter- and intraspecific variants of the
indigenous species and natural hybrids. Col-
lectors usually do not hybridize them, rather
collect from the habitat, especially in the cases
of C. kanran and C. goeringii. For Asiatic
terrestrial cymbidiums, which are strongly
endangered by extinction in their natural
habitats, only some kinds of asymbiotic seed
culture and a single asexual method of con-
ventional division are available. Although
strongly protected by the Nature Preserva-
tion Law, these plants are still being collected
by so-called orchid lovers to bring them
home for horticulture. Many habitats have
been reduced and devastated. With the above
mentioned considerations, our team has ap-
plied a tissue-culture system for micropropa-
gation and in vitro breeding of temperate
cymbidiums. However, these methods often
suffer from relatively poor germination and a
low frequency of caulogenesis from rhizome
tissue and need sophisticated handling.

In vitro approaches

Under natural conditions, the multipli-
cation rate of temperate and oriental cym-
bidiums, especially chimeral cymbidiums,
which are very popular among orchid lovers,
is very low compared to their subtropical or
tropical counterparts. Generally the rate of
newly formed shoots in vivo ranges between
zcro and three per plant per year, depending
on the species and cultural practices. Espe-
cially, division of varicgated cultivars is very
limited. The introduction of an asymbiotic
seed (Knudson, 1946) and shoot-tip culture
(Morel, 1960) have had a profound influence
on the methods by which orchids arc propa-
gated. Apart from the need for mass propaga-
tion of desired clones, tissuc-culture tech-
nique is used to free existing hybrids or clones
from viral infections (Ishii, 1974). Indeed, it
was in his attempt to produce virus-free cym-
bidiums from diseased plants that Morel
(1960) developed the meristem culture
method of multiplication and orchids be-
came the first horticultural crop successfully
mass-produced through tissue culture.

But eastern Asiatic temperate cymbidi-
ums have received less attentdon. This is due
in part to the rareness and difficulty involved
in collecting sufficient amounts of experi-
mental materials and the unimaginable prices
caused by enthusiastic orchid lovers. At
present, only a few reports (Chung et al.,
1985; Hasegawa and Goi, 1987; Lee et al.,
1986; Pack etal., 1987, 1989, 1990, 1990a,
1990b, 1993; Pack and Yeung, 1991;

Shimasaki and Uemoto 1990; Ueda and
Torikata, 1969; Wang et al., 1988; Wuetal.,
1987) exist in the literature concerning mi-
cropropagation of temperate cymbidiums.

Although tissue-culture techniques have
been successfully applied since Morel’s find-
ing ( 1960) of meristem culture in Cymébidinm
in clonal propagation of orchids, recalcitrant
species remain and there exist two distinctly
different organogenetic pathways between
temperate terrestrial and subtropical or tropi-
cal Cymbidium in vitro. In subtropical or
tropical Cymbidinm, organogenesis from
asymbiotic sced or shoot-tip culture can be
attained by way of a protocorm, but in tem-
perate Cymbidinm organogenesis is via the
rhizome, which is recalcitrant to regenera-
tion compared to the protocorm system.
However, not much attention has been given
to this matter,

The regeneration ability from rhizome
culture can be controlled by manipulating
environmental conditions or media supple-
mented with several additives or plant growth
regulators. However, the principal
organogenic capacity is governed by the ge-
netic background of each species or variety.

The present work focused on several
factors affecting organogenesis from rhizomes
of temperate Cymbidinm in vitro,

Regeneration from rhizome
culture

EFFECT OF PLANT GROWTH REGULATORS.
Usually, rhizomes of temperate cymbidiums
can be obtained from in vitro cultures of
seeds, shoot tips, inflorescent stems, or flower
organs. The growth patterns of rhizomes
derived from cultured tissues in vitro are
variable as affected by media composition,
kinds and concentrations of plant growth
regulators, various cultural conditions, and
species and varieties, The growth patterns of
rhizomes cultured on MS medium (Murash-
ige and Skoog, 1962) are as follows: a) thick
and long rhizomes with numerous branches
(Fig. 1A); b) thin and long rhizomes with
many branches (Fig. 1B); ¢) thick and short
thizomes with few branches (Fig. 1C);and d)
thin and short rhizomes with many branches
(Pack and Yeung, 1991). However, differen-
tation of rhizomes into plantlets does not
occur easily and the cultural conditions needed
for differentiation of the rhizomes into plant-
lets have not been fully investigated.

Several investigators have reported cyto-
kinin-induced shoot formation in rhizome
culture of temperate cymbidiums (Chung et
al., 1985; Hasegawa and Goi, 1987; Pack et
al., 1990). Usually, elongation and prolifera-
tion of rhizomes occurred in culture media
supplemented with auxins. Cytokinins gen-
erally reduced rhizome growth based on an
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Fig. 1. Differential growth pattern of
rhizomes as affected by Cymbidium species
and growth regulators. (A) Thick and long
rhizomes of C. neveo-magenatum; (B) thin
and long rhizomes of C. kanran ‘Namkuk’;
(C) thick and short rhizomes of C.
goevingii; cultured on MS medium contain-
ing 0.3 mg/L NAA; (D) protocorm-like
bodies forming from rhizomes of C. kanran
cultured on MS medium supglemented with
5.0 mg.-L! BA and 0.3 mg-L~! NAA.

increase in fresh weight and the number of
branches: When rhizomes were cultured in
the light, N°-benzyladenine (BA) induced
shoot formation and was the best cytokinin
for switching rhizome tissues into protocorm-
like bodies and for forming multiple shoots
directly from branched rhizomes (Fig. 1D)
(Paek etal., 1989). Rhizomes cultured in the
presence of 5.0 mg-L' BA rendered the
medium yellow to brown in color.

We determined the polyphenol contents
of rhizomes cultured in the high-level BA-
containing and control media. Total polyphe-
nol contents reached maximum after 30 to 60
d in culture but decreased after 90 d, and
browning of the medium was also observed.
When the extracts of rhizomes were analyzed
using thin-layer chromatography, rhizomes

ﬂgﬁhmbgy + July—September 1998 8(3)

cultured with BA showed more spots and
medium browning than control (Paek et al.,
1993).

Augxins clearly stimulated rhizome growth
and increased the fresh weight of the ex-
plants. NAA, IBA, and TAA at 2 mg-L! had
similar effects; NAA and IBA were more
effective than TAA. Rhizomes obtained from
IBA treatment differed from those of the
NAA treatment in that they were thinner in
appearance and shoot formation was slightly
inhibited upon transfer to the BA-containing
medium (Paekand Yeung, 1991). Since NAA
caused the highest fresh weight gain of the
rhizome, it was used as the sole auxin in
subsequent experiments (Fig. 2A).

BA treatment was important for mul-
tiple-shoot induction, subsequent growth of
shoots, and prevented browning of medium
when rhizome cultures were used. Pulsing
treatment of rhizomes concentrations >10
mg-L* for >10 d in the liquid shaker or in
stationary culture was effective in producing
protocorm-like bodies from rhizome tissue
and multiple-shoot formation, while rhizome
growth was strongly inhibited (Paek et al.,
1990). The effect of the auxin to cytokinin
ratio of the culture medium on organogen-
esis from rhizomes was also examined. Higher
NAA (2.0 mg-L!) to BA (0.3 mg-L™) ratios
of the medium enhanced rapid growth of the
cultured rhizomes. Lower NAA (0.5 mg-L1)
to BA (5.0 mg-L™?) ratios in the culture
medium resulted in the proliferation of nu-
merous branches, formation of protocorm-
like bodies on the rhizomes, or both. These
protocorm-like bodies developed poorly into
plantlets and subsequent shoot growth was
severely inhibited. The formation of shoots
and growth of formed shoots from rhizomes
were stimulated when the cultures were trans-
ferred to a medium of lower NAA to BA ratio
after two or three passages in a medium of a
higher NAA to BA ratio (Paek et al., 1989).

Structural investigations showed that the
apical meristem responded differently to ex-
ogenously supplied plant growth regulators
by reducing the cytoplasmic zone of the
apical meristem and causing meristem deriva-
tives to differentiate rapidly into vacuolated
parenchyma cells. Leaf formation and devel-
opmentwas retarded in the presence ofauxin.
BA-treated rhizomes had a well-defined mer-
istem with several leaf primordia protecting
the small dome-shaped apex. When rhizomes
were grown in the auxin-containing medium,
they enlarged in size and the surface of apex
and the tip of rhizome had poorly developed
leaf primordia (Pack et al., 1990a, 1990b).

Itis difficult to determine the reason for
the effects of each complex additive. Many
have been tested with rhizomes, seeds, and
other tissues, but there is little consistency in
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the results on rhizome growth and organo-
genesis. So far we have found that adding
natural products such as homogenate of po-
tato, tomato, banana, and apple into the
medium helps prolong the culture of rhi-
zomes for 4 to 5 months without subculture,
and that the plantlets did not show symptoms
of nutrient deficiency. Malt and yeast extracts
had no effect in rhizome cultures on organo-
genesis. But the effect of several additives on
organogenesis from rhizome culture de-
pended on the kinds of medium, species, and
cultivars. Natural products such as homoge-
nate of banana, potato, and apple are usually
used for temperate Cymbidium tissue culture
(Pack et al., 1987). Potato homogenate was
made of unsprouted potato tubers to prevent
fermentation of the medium after culture.
EFFECT OF ACTIVATED CHARCOAL. Charcoal
generally reduced rhizome growth based on
an increase in fresh weight but increased the
number of branches of cultured rhizomes
compared to the charcoal-free medium. Shoot

Fig. 2. Reestablishment of plantlets ob-
tained by Cymbidium rhizome culture into
orchid culture medium. (A) Rhizome
proliferation from 1-cm-long rhizome
segments on MS medium containing 0.3
mg:L~! NAA after 2 months in culture; (B)
transferred proliferated rhizomes into 0.1%
activated charcoal (AC) added medium
(note shoot formation from the rhizome
tips, which oriented into the medium); (C)
vigorous shoot growth after 4 months
culture on MS medium with 0.1 AC; (D)
reestablishment of in vitro plantlets into
fine bark after 6 months in culture of C.
kanrvan and C. goeringii.

formation was strongly inhibited in charcoal
medium (Paek and Yeung, 1991). In the
presence of activated charcoal, the tips of the
rhizomes tended to grow into the medium.
Charcoal appears to be necessary to produce
healthy plantlets and stimulate shoot growth
at concentrations of 0.1% to 0.3% after trans-
ferring formed shoots from a medium with-
out charcoal to a medium containing char-
coal (Fig. 2B). Generally charcoal can assistin
adsorbing toxic substances that may be present
in the media as a result of autoclaving or are
produced by cultured tissues when first trans-
ferred to the medium or during further
growth. It is also known to adsorb growth
regulators added to the culture medium. In
rhizome culture, the results indicate that the
adsorption of cytokinins and auxins by acti-
vated charcoal reduces the effective growth
regulator concentration required for shoot
induction. A number of shoots of different
Cymbidinm species have been found to root
readily in vitro when activated charcoal was
added to a medium supplemented with auxin
(Fig. 2C). Stimulation of root growth may be
due partly to the fact that charcoal adsorbs
inhibitory substances, adsorbs auxins, or ex-
cludes light from the medium.

EFFECT OF CARBOHYDRATES. Sugars as a
carbon source for organogenesis from rhi-
zome culture of temperate terrestrial Cym-
bidium species were not systematically evalu-
ated. As a result, comparative studies were
made that identified sugars and carbohy-
drates as capable or incapable of shoot forma-
tion and growth from rhizome culture. Spe-
cies and cultivars vary in their organogenic
ability on several sugars, but, in some in-
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stances, the physiological problems are more
complex than an appropriate carbon source
(Arditti, 1977; Arditd and Ernst, 1993).
Among the sugars tested, polysaccharides,
other carbohydrates, and carboxylic acids—
D-ribose, D-xylose, lactose, trehalose, L-
rhamnose, starch, mannitol, sorbitol, malic
acid, pyruvic acid, and succinic acid—were
classified unsuitable as carbon sources for
organogenesis from rhizome culture. Cul-
tured rhizomes could not survive, or if rhi-
zomes subsisted on these sugars, they failed
to differentiate. The most widely used sugars
in temperate Cymbidinmrhizome culture are
sucrose and glucose. But their effect on orga-
nogenesis and subsequent growth of formed
shoots might vary depending on the concen-
tration and type of sugar. Sucrosc at 5% (w/
v) was most effective for shoot induction
from rhizomes. It was possible to establish
the optimum length of time rhizomes re-
quired a supply of sucrose by culturing them
on hyponex medium in the presence or ab-
sence of BA and NAA, and subsequently
transferring them from a 5% sucrose level to
a lower sucrose level. The rhizomes on
hyponex medium without sucrose did not
produce shoots and roots. After 2 weeks of
treatment at 5% sucrose, rhizomes formed
shoots and roots following transfer to hyponex
medium, which had a lower sucrose level of
2% or 3% (Pack et al., 1993). These findings
indicate that a high level of exogenous carbo-
hyvdrate is not required for growth and devel-
opment during the entire culture period. We
analyzed the changes of sucrose, glucose,
fructosc, and total free sugar content from
rhizome cultures of C. kanyan “Toja’ as af-
fected by culture period and growth regula-
tors. In general, regardless of species, visual
shoot formation could be observed after 4 or
6 weeks on the shoot-forming medium. The
content of sucrose and total free sugars of
rhizomes reached maximum at 4 or 6 weeks
in culture and, after that, the concentration
gradually decreased (Paekeral., 1993). There
was no significant difference in total free
sugar content between rhizome growth me-
dium and shoot formation medium. In rhi-
zome proliferation media, sucrose concen-
tration reached maximum at 2 weeks in cul-
ture and the trend was for decrcasing levels
with increasing culture age, Nonshoot-form-
ing rhizomes grown on 0.3 mg-L ' NAA-
containing medium contained more reduc-
ing sugars than shoot forming rhizomes.

Conclusions

De novo organ formation in plants can
be induced in many plant species by manipu-
lating the medium and the culture environ-
ment. The classical findings of Skoog and
Miller {1957) showed that the auxin to cyto-

mm)gy « July-Scptember 1998 8(3)

kinin ratio in the medium influenced the
pattern of organized development and that
shoots could be reproducibly formed in to-
bacco callus in the presence of a high cytoki-
nin to auxin ratio.

Since the initial culture of explants to
first flowering takes along time (Fig. 2D) and
is quite a limiting factor in temperate Cym-
bidinm growth and multiplication, we inves-
tigated the physiological and biochemical
events during organogenesis and several con-
ditions that controlled morphogenesis by
using an in vitro rhizome culture system.

" Recent research has revealed that the photo-

synthetic response curves relating to the net
photosynthetic rate, photosynthetic photon
flux (PPF), and CO, concentration in the
vesseland chamber air temperature were simi-
lar to those for tropical Cymbidinm plants
grown outside and for other C, plants grown
outside under shade (Kozai et al., 1990).
These results indicate that CO, enrichment
for the temperate cymbidiums in vitro at a
relatively high PPF could promote photosyn-
thesis and, hence, the growth of chlorophyl-
lous shoots and plantlets in vitro and that the
plantlets in vitro would make photoau-
totrophic growth under environmental con-
ditions favorable to photosynthesis (Kozai,
1990). So far, we do not have much knowl-
cdge of organogenesis from rhizomes com-
pared to tobacco systems. In vitro flowering
restricted some species that require a long
juvenile period before flowering, and segre-
gation of chimera in variegated Cymbidinm
species as well as chromosomal variations
during long-term subculturc has posed some
problem. So far, not much success has been
obtained in this area of research.
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