
INTRODUCTION

Traditional techniques of vegetative propagation
and some methods of micropropagation have effec-
tively shortened the production cycle of orchids
routinely cultivated in European greenhouses,
including several genera with many species and
hybrids. Unfortunately, diseases of viral origin are
very frequent in vegetatively propagated material.
The majority of papers dealing with viral diseases
of orchids have focused on genera of great com-
mercial importance, among them Cattleya species
and hybrids. The plant material tested is usually
infected with Cymbidium mosaic virus (CyMV) and
Odontoglossum ringspot virus (ORSV). Single or
mixed infections with those viruses are common in
commercial facilities and orchid collections all
over the world. Frequent symptoms are degenera-
tion of flowers and reduction and deformation of
vegetative organs (Lawson, 1970; Zettler et al.,
1990; Barcial and Bajet, 2003; Freitas-Astua,
2003). When the entire clone is infected, which is
not unusual, an in vitro approach is advisable for
eradicating the virus. The viruses are unevenly dis-
tributed in the host; meristems of infected plants
may be either free of infection or carrying only 

a low virus concentration, depending on the gradi-
ent of virus distribution. To produce virus-free
plants from systemically infected material, a rou-
tinely applied technique is meristem tip culture,
frequently combined with heat or chemical treat-
ment (Lozoya-Saldana and Dawson, 1982). It has
been suggested that adding some plant growth reg-
ulators to the medium may suppress viruses in
infected cultures, and that high cytokinin concen-
trations stimulate host rather than viral protein
synthesis (Walkey, 1991; Clarke et al., 1998). The
cured tissue is then used to regenerate plants from
such a population of virus-free cells.

In the present experiments, Cattleya interspe-
cific hybrid mericlones were obtained from donor
plants infected with CyMV and ORSV. We assessed
the extent to which viral coinfection can be eliminat-
ed by means of tissue culture with therapeutic doses
of cytokinins and their analogues. Another objective
was to determine the course of morphogenetic
events starting from meristematic explants on media
supplemented with different doses and sequences of
benzylaminopurine, kinetin and zeatin.
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The study investigates the chemotherapeutic effect of plant growth regulators in eradicating mixed infection with
Cymbidium mosaic (CyMV) and Odontoglossum ringspot viruses (ORSV) from Cattleya schönbrunnensis
× C. leopoldii gutata. The experiment was designed to test a range of concentrations of 6-benzylaminopurine,
kinetin and zeatin added to the basal medium on proliferating Cattleya mericlones. The results indicate that to
eliminate CyMV from tissue cultures the best protocol for adding plant growth regulators was induction with
3.2 mg·l-1 kinetin added to modified MS medium and then further propagation on 0.2 mg l-1 zeatin. This treat-
ment was advantageous in terms of micropropagation. Micropropagation on basal medium supplemented with 
5.0 mg l-1 BA after induction with 0.5 mg l-1 zeatin also effectively eliminated CyMV from cultures of the Cattleya
hybrid. Infection with ORSV virus persisted in all treatments. 
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MATERIALS AND METHODS

The source material was the interspecific hybrid
Cattleya schönbrunnensis × C. leopoldii gutata
obtained by K. Batko in greenhouses of the
Botanical Garden of Jagiellonian University and
kindly supplied for our research. This material was
systemically coinfected with Cymbidium mosaic
virus (CyMV) and Odontoglossum ringspot virus
(ORSV). The viruses were detected in donor plants,
with symptoms on leaves and flowers (Fig. 1) before
meristematic explant excision. The pathogen was
isolated and transferred to a range of indicator
plants by mechanical inoculation (Fig. 2). The infec-
tivity of CyMV and ORSV in leaf tissue samples was
verified with Cassia occidentalis L., Chenopodium
amaranticolor Costa & Reyn, Ch. quinoa Willd.
Gomphrena globosa L., Nicotiana glutinosa L., 
N. tabacum L. 'Xanthi' and Tetragonia expansa
Murr. Electron microscopy was also used to detect
infection in tissue (Fig. 3). The next step of diagnos-
tic verification was performed on leaf tissue of
regenerated shoots and once again on obtained
plantlets, using Loewe commercial diagnostic kits
for the double-antibody-sandwich procedure of
enzyme-linked immunosorbent assay (DAS-ELISA)
and Cartel plates. Absorbance values at 405 nm
were recorded on a Multiscan MS spectrophotome-
ter (model 352), following addition of P-nitrophenyl
phosphate. 1938 plantlets were subjected to virolog-
ical examination, 330 in every treatment except
treatment 3, for which 288 plantlets were verified
for the presence of virus (Tab. 2).

Explants 1–2 mm thick were excised from 21
buds isolated from a large systemically infected
mother plant. After washing and immersion in 70%
v/v ethanol they were surface-sterilized for 1 min
with 0.1% (v/v) solution of mercuric chloride.
Meristems with two leaf primordia were placed on
basal induction medium containing MS salts and
vitamins supplied with 2 mg l-1 adenine sulphate,
4.95 mg l-1 benzylaminopurine, 1.0 mg l-1 naph-
thaleneacetic acid and 3% sucrose, and additionally
supplemented with 0.5 mg l-1 zeatin (treatments
1–4), 3.2 mg l-1 (treatment 5) or 0.4 mg l-1 kinetin
(treatment 6). During the multiplication stage, which
was performed on propagation media, the basal
medium was supplemented with 0.2 mg l-1 zeatin
(treatments 1, 2, 5), 5.0 mg l-1 benzylaminopurine
(treatment 3) or 0.4 mg l-1 kinetin (treatment 6),
according to the schedule presented in Table 1. The
pH was adjusted to 5.5; for solid-media treatments
0.8% w/v Difco Agar was used. The cultures were
incubated at 26°C under cool-white fluorescent light
(PPFD 80 μmol m-2 s-1) with a 16 h photoperiod, and
were transferred every six weeks onto appropriate
fresh media. These incubation conditions were
maintained throughout the course of the experiment

with solid media; the liquid media were agitated on
a horizontal gyrotary shaker at 100 r.p.m. under
continuous 3-month dark at the beginning and con-
tinuous light afterwards. After potting, the regener-
ated plantlets were maintained in a growth chamber
at 80% relative humidity in the above-described con-
ditions for 3 weeks, then gradually acclimatized to
greenhouse conditions and cultured to produce
plants. For each treatment during the micropropa-
gation stage, the number of regenerated shoots and
aerial roots were recorded and measured, and rep-
resentative samples were weighed (fresh and dry).
Some of the obtained data were analyzed statistical-
ly. The results were subjected to ANOVA; the signif-
icance of differences between means was assessed
by the F test using STATISTICA 6.1. The entire
experiment was done twice, each time consisting of
30 replicates of every combination of proliferation
medium. A single replicate in the micropropagation
stage was a container with 25 shoot explants. 

RESULTS

Therapeutic treatments of whole plants infected with
CyMV and ORSV failed to eradicate the viruses from
them. Aseptic tissue cultures from systemically
infected donor plants were obtained in every experi-
mental treatment. The control chosen was the satis-
factory mericloning protocol for Cattleya schön-
brunnensis × C. leopoldii gutata elaborated previ-
ously in our laboratory (number 1 in Table 1).
Cultivation of meristems on liquid induction media
yielded cream-white undifferentiated protocorm-like
bodies (PLBs), whereas on solidified media the ini-
tial explants developed numerous shoots (Fig. 4).
Shoots readily developed on control propagation
medium supplemented with 0.2 mg l-1 zeatin. In
treatment 2, however, the propagation coefficient
was higher than in the control; the differences
between the two were in the physical state of the
induction medium and the light conditions. The
level of virus eradication was comparable to the con-
trol and rather low, regardless of the elevated dose
of BA added to the basal medium in the whole exper-
imental design (Fig. 5a; Tabs. 1, 2). During the
micropropagation stage, the induction of adventi-
tious buds and the course of their development were
asynchronous when solidified induction medium
with a high additional dose of kinetin (3.2 mg l-1) was
replaced by propagation medium with 0.2 mg l-1

zeatin, but the propagation coefficient and virus
eradication level were surprisingly high in this treat-
ment (5) versus the control (Tab. 2). Treatment 3, in
which a high additional dose of BA (5.0 mg l-1) was
added to the basal medium during the propagation
stage, proved inferior in terms of fresh and dry
weight and shoot micropropagation; unexpectedly,
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in this approach an enormous number of aerial
roots (360) were regenerated (Fig. 5b). Almost all
the material turned out to be CyMV-free, and even
the absorbance values obtained during diagnostic
tests for ORSV were low (Tab. 2). Treatment 6, with
0.4 mg l-1 kinetin added to the induction and prolif-
eration media, was comparable to the control in the
caulogenesis rate and effectiveness of virus eradica-
tion.

In the course of the experiment the microprop-
agation rate of vegetative propagules was high. We
obtained much material, and an estimated 66% of
the evaluated material yielded CyMV-free plants. All
tested plantlets were infected with ORSV, but the
ranges of absorbance values differed between treat-
ments, suggesting some suppression of virus repli-
cation. Exposure of the obtained infected plantlets
to a gradually decreasing humidity regime was cru-
cial for their survival, and only 74% of such materi-
al could be reestablished in the greenhouse. All the

cured virus-free plantlets were acclimatized to
greenhouse conditions. The regenerated plants were
true to type, with no organ malformations recorded.

DISCUSSION

The suitability of MS medium for meristem culture
of Cattleya has been emphasized by many workers.
Both liquid and solid media have been tried for
meristem culture, but solidification of media with
agar was generally preferred (Morel, 1974; Rao,
1977; Prasad and Verma, 2001). The hybrid of our
interest also responded well to modified MS medi-
um, independently of its physical state. Under opti-
mal culture conditions, the larger the explant, the
greater the chances of plantlet regeneration; howev-
er, explant survival cannot be treated separately
from the efficiency of virus elimination, which obvi-
ously is inversely related to the size of the explanted
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TABLE 1. Regime of plant growth regulators used in six experimental treatments of mericloning Cattleya shönbrunen-
sis × C. leopoldii gutata infected with CyMV and ORSV (in every treatment medium contained 1.0 mg·l

-1 
NAA and

4.95 mg·l
-1 
BA)

TABLE 2. Effect of mixed infection with CyMV and ORSV on micropropagation and virus elimination in Cattleya shön-
brunensis × C. leopoldii gutata mericlones (screening for virus performed on leaf tissue of regenerated plantlets,
absorbance value of positive control 2.829, negative control 0.035 for ORSV) 

* Values within column followed by the same letter do not significantly differ at p = 0.05



tissue. Moreover, in certain hosts viruses have been
found precisely in the meristematic domes (Mori
and Hosokawa, 1977; Toussaint et al., 1984);
though in many cases the virus could be gradually
eliminated from this region during culture by means
of available therapeutic methods, it cannot be 
guaranteed. The efficiency of methods varies.
Unfortunately, the simple meristem culture system
routinely applied worldwide for mass propagation of
orchids spreads virus infections (Wisler, 1989). As a
result, Cymbidium mosaic and Odontoglossum
ringspot viruses have been distributed around the
globe, especially in vegetatively propagated hybrids,
species and cultivars (Zettler et al., 1990; Barcial
and Bajet, 2003). The situation is the same in
Poland (Cybularz et al., 1990, 1993; Kamińska and
Malinowski, 1992).

In published studies on Cattleya, plants have
usually been produced by culturing explants
0.5–2.5 mm in size (Champagnat and Morel, 1969;
Rao; 1977; Wang and Yang, 1996; Torres at al.,
2000). In the experiments presented here, meris-
tems of comparable size with two leaf primordia
were isolated, in order to verify the effectiveness of
simple chemotherapeutic treatments, not combined
with thermotherapy, which is always destructive to
plant tissue. The morphogenic response of tissue
cultures was expected to be influenced by distur-
bances in endogenous levels of plant growth regula-
tors, which is a common phenomenon in infected
tissues (Sequeira, 1973; Grant and Mansfield,
1999). We obtained numerous plantlets that were
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Fig. 1. Symptoms of CyMV and ORSV infection in
Cattleya schönbrunnensis × C. leopoldii gutata plants.
(a) Folding and partial chlorosis of leaves, (b) Color
changes and flower deformations. 

Fig. 2. Symptoms of local infection on leaves of selected
indicator plants inoculated with virus isolate from
Cattleya schönbrunnensis × C. leopoldii gutata. (a)
Cassia occidentalis with CyMV infection, (b) Nicotiana
tabacum L. 'Xanthi' with ORSV infection.

Fig. 3. Particles of CyMv and ORSV in sap from diseased
leaves of single Cattleya hybrid; preparation by dip
method. Bar = 200 μm.



CyMV-free and still contaminated with ORSV. On
mericloned Laeliocattleya arcea doubly infected
with CyMV and ORSV, Ishii (1974) also obtained
partial elimination of virus: CyMV was eliminated
by isolation of meristematic domes, and Odonto-
glossum ringspot persisted. With Cattleya hybrid
we also found that more rigorous treatments are
needed to eliminate ORSV. 

It is recommended to combine orchid micro-
propagation procedures with therapeutic handling.
To eliminate Cymbidium mosaic virus from culti-
vated tissues, the best protocol for adding plant
growth regulators to MS nutrient medium seems to
be induction with 4.95 mg l-1 BA, 3.2 mg l-1 kinetin
and 1.0 mg l-1 NAA, with further propagation on 4.95
mg l-1 BA, 0.2 mg l-1 zeatin and 1.0 mg l-1 NAA.
Micropropagation on MS supplemented with 9.95
mg l-1 BA and 1.0 mg l-1 NAA after induction with
4.95 mg l-1 BA, 0.5 mg l-1 zeatin, and 1.0 mg l-1 NAA

would also be recommended to eliminate CyMV
from cultures of Cattleya. The applied chemothera-
peutic treatment failed to eradicate Odontoglossum
ringspot virus. Others have found that some growth
regulators reduce the concentration of viruses in
plant tissues (Dhingra et al., 1991; Hu et al., 1994;
Mauro et al., 1994), but to our knowledge there are
no previous reports on ORSV therapy for diseased
orchids, so the goal remains to be achieved.

Mericloning is not an advisable way to control
orchid viral diseases if it is undertaken without any
additional techniques to eradicate virus infection.
Every obtained plant should be tested several times
for about a year, and only those giving consistently
negative results can be labeled virus-free. Cured
material is still susceptible to reinfection, so ran-
domly selected cultivated plant material samples
should be rechecked. Also, part of meristem-
derived, virus-free plants can be maintained in vitro
as healthy stock for micropropagation. Species or
hybrids known to be frequently infected need to be
cultivated in vitro in order to preserve their
germplasm following elimination of pathogens. 
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Fig. 4. Reaction of explanted meristems to different
induction conditions. (a) Numerous shoots regenerated
from single meristem placed on solidified medium sup-
plemented with 1.0 mg l-1 NAA, 4.95 mg l-1 BA and 0.4
mg l-1 kinetin, (b) PLBs and shoots regenerated from
them in liquid medium supplemented with 1.0 mg l-1

NAA, 4.95 mg l-1 BA and 0.5 mg l-1 zeatin at the end of a
passage period. 

Fig. 5. Micropropagation of Cattleya schönbrunnensis ×
C. leopoldii gutata. (a) Adventitious shoots multiplied on
medium supplemented with 1.0 mg l-1 NAA, 4.95 mg l-1 BA
and 0.2 mg l-1 zeatin. (b) The mode of regeneration on
solid medium with 1.0 mg l-1 NAA and 9.95 mg l-1 BA (note
abundantly regenerated aerial roots).
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