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ABSTRACT

Establishing an aseptic in vitro culture for Dendrobium, or for any plant in fact, is the most important step 
towards developing an effective in vitro tissue culture including micropropagation protocol. Success in initial 
aseptic culture will contribute to the successful production of in vitro cultures that may involve the initiation 
or formation of callus and/or protocorm-like bodies (PLBs), the induction, regeneration or multiplication of 
shoots, and the preparation and proliferation of plantlets suitable for acclimatization. The initiation of an aseptic 
culture is closely related to the appropriate selection of an explant source and its preparation, including its  
(in vivo) pre-treatment if necessary and subsequent disinfection procedures. Care in the choice of explant and 
the application of an appropriate disinfection protocol can successfully reduce, or eliminate, contamination in in 
vitro cultures while reducing the negative impact on plant tissues and plantlet regeneration. Many unique aseptic 
culture procedures for Dendrobium genus have been reported in the literature, very often specific to particular 
tissues or genotypes, and this review not only highlights the details of such protocols, but also provides practical 
advice for novice – and even seasoned – orchidologists who wish to research Dendrobium in vitro, although it 
is cautioned that there is currently no universal aseptic culture procedure that can be applied to all conditions, 
all explants or all genotypes.
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EX VITRO TO IN VITRO: NEED FOR 
SURFACE DISINFECTION OF PLANT 
TISSUES FOR THE ESTABLISHMENT 
OF DENDROBIUM IN VITRO CULTURES

The most important aspect in the establishment of 
an effective tissue culture system from explants or 

plant parts derived from ex vitro material, such as 
greenhouse or field-grown plants, is the disinfection 
process (George and Debergh 2008). Although it is 
more likely that field-grown plants will contain more 
soil- and air-borne contaminants than greenhouse-
grown plants (Niedz and Bausher 2002), and that 
conventionally soil-grown plants will have a higher 
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level of infection by microorganisms than plants 
grown in hydroponic culture, in all instances, 
plant material needs to be prepared for in vitro 
culture, usually in three steps after initial washes 
and removal of coarse contaminants (Hall 1999): 
(a) treatment with a disinfectant solution (e.g., 70% 
ethanol), then either washing in sterile distilled 
water (SDW) or not; (b) treatment with a solution 
of another disinfectant (e.g., sodium hypochlorite 
(NaOCl)) and finally (c) rinses in SDW at least 
three times. There are different variations in the 
type, order and concentration of disinfectants used, 
their combinations and their exposure period (Hall 
1999, Onwubiko et al. 2013). Aspects such as age 
of the donor plant, temperature, relative humidity 
(RH), photoperiod, light intensity, irrigation and 
fertilization, as well as the type and size of the 
explant, topophysis, genotype, the season when 
explants were collected, length of disinfection 
and concentration of disinfectant will all affect 
the outcome of the disinfection process, explained 
in more detail in the next section of this review 
(Traore at el. 2005, George and Debergh 2008, 
Dobránszki and Teixeira da Silva 2010, Mihaljevic 
et al. 2013). The primary objective of disinfection 
procedures is to find a balance between reducing 
infection and explant survival and regeneration, 
which are strongly affected by the physiological 
state of the explants and the disinfectant used 
because they are often toxic to plant cells. The 
rapid development of explants, or their etiolation, 
can cause explant tissues to become thinner, 
causing disinfectant to penetrate deeper inside the 
tissues (Traore et al. 2005, Jan et al. 2013). The 
depth to which a disinfectant can penetrate a tissue 
is also important, and may be more important for 
tissues such as root tips or tuberous organs which 
are heavily exposed to soil microorganisms than 
for organs such as anthers that may be protected 
by other surrounding tissues such as petals (Sugii 
2011). An understanding of these factors can 
determine the success of growth, regeneration or 
germination since this will undoubtedly be linked 
to the level of contamination.

Using these principles, this review seeks 
to find how disinfection procedures have been 
used to prepare in vivo-derived plant material 
for in vitro culture in Dendrobium since the in 
vitro environment serves as an important tool for 
multiple biotechnological advances, symbiotic 
and asymbiotic seed germination, and molecular 
advances, including genetic transformation 
(Teixeira da Silva et al. 2015a, 2015b, 2015c, 2016). 

Dendrobium is one of the largest orchid genera, 
with an estimated 1400 species (Jin et al. 2009), 
and has both ornamental and medicinal importance 
(Takamiya et al. 2011), and thus serves as an optimal 
plant for investigating this topic since several dozen 
studies on its in vitro culture have been conducted. In 
commercial production, well-established protocols 
have been developed from initial trial and error 
(Teixeira da Silva and Winarto 2015, 2016), but for 
novice orchidologists or plant scientists seeking to 
establish initial Dendrobium in vitro cultures from 
in vivo material will not easily navigate the large 
literature to understand how best to treat material 
to establish an initial in vitro culture. This review 
thus serves also an extremely important practical 
purpose: to survey and examine this vast literature, 
to analyse and determine the conditions that 
would allow for tissues from various sources and 
genotypes to be sufficiently disinfected to allow for 
subsequent regeneration to take place. Three studies 
involving disinfection procedures have emerged for 
the Dendrobium genus in 2015 and until March, 
2016.

IN VIVO CONDITIONS OF DONOR 
PLANTS AND EXPLANT CHOICE
Most authors working with Dendrobium in vitro 
cultures grew donor plants in pots in a greenhouse 
(Malabadi et al. 2005, Sujjaritthurakarn and 
Kanchanapoom 2011, Kumari et al. 2013), 
glasshouse (Asghar et al. 2011, Paul et al. 2012), or 
net house (Lone et al. 2008, Dohling et al. 2012, 
Vijayakumar et al. 2012). Fruits and seeds have 
also been collected from native wild environments, 
such as D. huoshanense (Luo et al. 2009) and  
D. densiflorum (Luo et al. 2008) or from botanical 
gardens (Pradhan et al. 2013) (Tab. 1). All of 
these growth environments are not free from 
microbial contamination, and must thus be treated 
(disinfected) before they can be used in an in vitro 
environment, thus favouring the growth of plant 
tissue over microbial development.

The source, size and age of explants are 
some of the factors that influence the success of 
disinfection. Kumari et al. (2013) used the shoots 
of D. Sonia ‘Earsakul’, 8-12 cm in length and with 
3-5 nodes collected from 2-3 weeks-old shoots 
(‘keikies’), as explants to initiate an aseptic culture. 
In their study, 66.7 to 100% of explants survived 
(2.33 shoots per explants with BA at 4.0 mg  
dm-3). Ferreira et al. (2006), who used lateral shoots 
8-cm long arising from the base of adult plants of 
D. ‘Second Love’ (Nobile type), found that about 
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20% of explants were contaminated and that only 
60% of buds developed into shoots. Asghar et al. 
(2011), who also used 8-cm long shoots to culture 
D. nobile ‘Emma White’, observed only 22.5% 
explant survival in the best treatment that used  
8 min exposure of explants to 10% NaOCl (active 
chlorine 6-14%) with continuous agitation, followed 
by 4-5 washes, but a high level of contamination 
was observed: 42.5% bacterial contamination and 
30% fungal contamination. In D. ‘Zahra FR 62’, 
0.4-cm long shoot tips were used by Winarto et al. 
(2013) as the explant to initiate protocorm-like body 
(PLB) formation. PLBs were subcultured every  
15 days, with 85% of explants successfully 
producing green callus in the basal part of explants; 
initially, callus was green to dark green and 
compact then became friable in the next subculture 
and produced PLBs easily, and only 15% of explants 
were contaminated by bacteria and/or also suffering 
from browning (Winarto et al. 2013). In liquid 
culture, there is abrasion between the surfaces 
of pieces of callus leading to callus browning, 
caused by phenolic compounds (Kaewubon et al. 
2015) and the application of disinfectants alters 
the color of explants from green to pale green/
whitish, serving as an indicator of tissue damage 
(Fig. 1F-H). A similar explant source, size and 
treatment (see Fig. 1C-E), but with slightly higher 
explant responsiveness (87%), was recorded for 
D. ‘Gradita 31’ (Winarto and Rachmawati 2013). 
The intersection between suitable explant choice, 
disinfection procedure and the elimination of 
browning, which typifies young Dendrobium callus 
cultures (Kaewubon et al. 2015), will determine 
the success of the callus or shoot induction route. 
Although the procedures described in Table 1 by 
Winarto et al. are effective for several cultivars, it 
has not been tested for all cultivars.

Numerous papers (Tab. 1) have described the 
environmental conditions in which donor plants 
are optimally grown, obtained and prepared. 
Lo et al. (2004) indicated that D. tosaense plants 
collected from natural environments in Taiwan 
were cultivated in pots 13.5 cm in diameter and  
10.7 cm in height, containing tree fern as a substrate; 
plants were maintained in a greenhouse with 70% 
RH and 25/20°C day/night temperature. In these 
conditions, 12-week-old fruit capsules that formed 
after hand pollination produced the highest number 
of seedlings in ½MS medium than capsules of other 
ages (8-, 9, -10-, 11-, 13-, 14-weeks-old) and other 
media (MS, KC, VW). D. nobile plants collected 
from the wild in India were used as donor plants, 

cultured in pots and grown under glasshouse 
conditions. Shoot tips 0.5-0.8 cm in length were 
harvested from donor plants and used as the explant 
source (Malabadi et al. 2005). Pseudobulbs of  
D. microbulbon collected from the forests of South 
Gujarat (India) were used as the primary explant 
source (Sharma et al. 2007). Mature fruit capsules 
of D. densiflorum collected from Yunnan province, 
China were used as the explant source (Luo et al. 
2008). D. transparens plants were collected from 
their natural habit in Imphal (India) and kept under 
netshade which cut 50% sunlight. Flowers were 
hand pollinated on the second day of anthesis 
since flowers only last for 3-5 days and capsules 
were harvested 120 days after pollination and used 
as donor explants for in vitro seed germination 
(Sunitibala and Kishor 2009). D. nanum plants, 
collected in the KMTR region, South India, were 
maintained in a greenhouse and 5-cm shoots were 
used as the explant source (Maridass et al. 2010). In 
Shillong, India, healthy plants of D. chrysanthum 
were planted in pots and grown in a greenhouse, 
and after flowers were hand pollinated, and old  
(8 months) pods were used as explants (Hajong et al. 
2010). Three-month-old mature and well-developed 
D. chrysanthum pods were used as the explants for 
seed ger mination experiments (Sujjaritthurakarn 
and Kanchanapoom 2011). Old (15 months) fruit 
capsules of D. aphyllum were collected from wild 
habitats in Sarisha, India (Dutta et al. 2011). D. 
chrysanthum, D. hookerianum and D. longicornu 
plants were collected from Meghalaya, India, 
grown in a glasshouse and stem explants (1-2 cm 
long), each comprising a node and axillary bud, 
were used as the explants (Dohling et al. 2012). 
Paul et al. (2012) used purplish-green fruit capsules 
of D. hookerianum collected after 8-9 months 
from pollination. Vijayakumar et al. (2012) used 
hand pollination in the second day after anthesis to 
obtain fruits from plants of D. agregattum collected 
from a natural environment and grew them under  
a shade net house (75% shade). Shoots 8-12 cm long 
with 3-5 nodes were harvested from 2-3-weeks-old 
keikies of greenhouse-grown mother plants served 
as suitable explants (Kumari et al. 2013).

For D. ‘Zahra FR 62’ and D. ‘Gradita 31’, 
maintaining donor plants under a shade glasshouse 
(75%) in a mixture of Cycas rumphii bulk and 
wood charcoal (1:1, v/v) by watering every morning 
at 7.00-8.00 am and fertilizing them using 2 g 
dm-3 of N:P:K, 20:20:20 and applying 2 ml dm-3 
BioSugih liquid fertilizer twice a week successfully 
induced vegetative growth of the donor plants and 
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Figure 1. Several conditions affect and/or occur in Dendrobium tissue culture. First, the importance of age and the 
condition of donor plant material as an explant source for disinfection experiments and subsequent success of in vitro 
culture. (A) Optimal two-year-old donor plants maintained in the greenhouse under careful growth conditions result 
in highly regenerative shoot tip explants in in vitro culture (photo/data not shown); (B) in contrast to (A), 5-year-old 
donor plants maintained in the greenhouse with minimal care only provide explants with low or moderate regenerative 
capacity in in vitro culture (photo/data not shown). Second, the disinfection protocol can have a profound effect on 
the quality of the explant, as exemplified by Dendrobium ‘Gradita 31’ shoot tips. (C) Explant disinfected with running 
tap water (RTW) for 1.5 h, 1% liquid soap solution for 30 min, 1% pesticide for 30 min then 0.05% for 10 min, and 
finally 6 rinses with sterile distilled water (SDW) result in light or no tissue damage, low contamination (< 15%) and 
reduced explant browning (< 10% of explant). (D) Explant disinfected with RTW for 1.5 h, 1% liquid soap solution for 
30 min, 1% pesticide for 30 min, 10% Clorox® for 5 min then 5% Clorox® for 10 min, and finally 6 rinses with SDW 
result in more tissue damage, a higher percentage contamination (as much as 75%) with 20-35% explant browning. 
(continued on next page)
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accelerated the development of new pseudobulbs. 
This procedure led to the development of 
vigorous and highly regenerative explants with 
low contamination in in vitro aseptic culture of 
ferns (Winarto and Teixeira da Silva 2012) and 
Dendrobium hybrids (Winarto et al. 2013, Winarto 
and Rachmawati 2013) without any additional 
disinfection steps. Using these donor plants, in 
vitro seed germination was possible and PLBs or 
protocorms formed. The growth conditions of 
mother plants most likely represent the first and 
most important risk of contamination. Disinfection 
needs to be strong and complex when tissues of 
mother plant are old. While milder disinfection can 
theoretically result in higher regeneration since less 
tissue is damaged, stronger disinfection might result 
in lower regeneration due to greater explant damage 
by physical and chemical abrasion (Mng’omba et 
al. 2012), although no such studies that examine 
these links exist for Dendrobium. There are also 
no quantitative studies that examine the relation 
between the age of the explant tissue, or the age of 
the mother plant, and the level of contamination. 
Separately, the correlation between the age of 
the mother plant and regeneration efficiency has 
been reported in other species in which juvenile 
tissues generally resulted in better regeneration 
than tissues from adult mother plants or were less 
recalcitrant to regeneration (Liu and Pijut 2008, 
Cardoso and Habermann 2014, Lema-Rumińska 
and Kulus 2014). In addition, we observed that 
in most Dendrobium micropropagation studies 
that employed somatic tissues as explants, young 
shoots (0.5 to 12 cm long) were the main explant 
used rather than mature shoots with leaves or 
pseudobulbs (Tab. 1).

In general, contamination of explants from 
seeds, collected from immature or mature healthy 
capsules, is very low (0-10%), probably because of 
the small size of seeds (Kauth et al. 2008). This, 
combined with highly sanitary conditions of fruit 
inside (due to a lack of endosperm) results in only  
a small amount of microorganisms which allows for 
simple and effective disinfection of explants derived 
from such tissues (as opposed to, for example, mature 
leaves). Jean Carlos Cardoso used, for seeds, 10 min 
disinfection in 10% NaOCl (= 0.20-0.25% of active 
chlorine) under agitation followed by two washes in 
autoclaved distilled water for seeds from different 
crossings among different Dendrobium species 
without contamination problems. Differently, 
explants from somatic tissues such as shoot tips 
normally have a greater chance of contamination, 
either by bacteria, yeast, or fungi hence the milky 
nature of the solution (Fig. 1I-U). It is likely that the 
use of long shoots (5-8 cm) that have been exposed 
to irrigation over the plant (sprinkling or similar) 
results in the accumulation of free-water in the 
portion between the sheath and the stem tissues, 
where the shoot tips and axillary shoots may be 
found (Fig. 1C-E), resulting in bacterial growth and 
thus easy contamination of tissues. For example, 
a plant that is watered from the top, thus wetting 
leaves, is likely to become more contaminated 
than one that is watered with a drip approach (Jean 
Carlos Cardoso, personal observations).

CHOICE OF METHODS FOR SURFACE 
DISINFECTION
Most papers used seeds from mature or immature 
capsules and young axillary shoots for initiating 
Dendrobium in vitro cultures (Tab. 1). As for many 

Figure 1 continued description
(E) Explant disinfected with RTW for 1.5 h, 1% liquid soap solution for 30 min, 1% pesticide for 30 min, 20% 
Clorox® for 5 min then 10% Clorox® for 10 min, and finally 6 rinses with SDW result in considerable tissue damage, 
low contamination (< 20%) but extensive browning (75-80%) causing all explants to die. Third, Dendrobium liquid 
cultures 1.5 months after culture initiation can be easily contaminated if incomplete disinfection of shoot tip explants is 
not performed. (F) Contaminated Dendrobium ‘Zahra FR 62’ shoot tips by bacteria. (G) Contaminated D. ‘Gradita 31’ 
proliferated PLBs by bacteria. (H) Contaminated D. ‘Jayakarta’ proliferated PLBs by bacteria in liquid half-strength 
MS medium containing 0.3 mg dm-3 TDZ and 0.1 mg dm-3 NAA. For all cultivars, small shoots (± 0.3 cm long) served 
as the donor explants and cultures were incubated in conditions described in Tab. 1 until PLB initiation was clearly 
observed. For all cultivars, explants were subcultured every 15 days and after PLB initiation then transferred to liquid 
half-strength MS supplemented with 0.3 mg dm-3 TDZ and 0.1 mg dm-3 NAA. In this medium, periodic subcultures 
(4-5 times, each subculture period was 15 days) were carried out in the same medium to proliferate PLBs. For more 
details, also see Teixeira da Silva et al. (2015a) and Teixeira da Silva and Winarto (2016). Fourth, bacterial (I-O) 
and fungal (P-U) contamination of Dendrobium ‘Zahra FR 62’ (I, J, L, M, O, R), D. ‘Gradita 31’ (K, N, P, S) and D. 
‘Jayakarta’ (Q, T) in solid and semi-solid cultures of shoot tips (I-K) or PLBs (L-T) can take place 2 months (I-Q) or 1.5 
months (R-T) after culture initiation on half-strength MS containing 0.3 mg dm-3 TDZ and 0.1 mg dm-3 NAA. Precise 
characterization of bacterial and fungal strains was not performed. All photos unpublished (B. Winarto)
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other plant species, the most common products 
for disinfection are based on chlorine-derived 
commercial solutions, such as NaOCl or mercury 
(II) chloride (HgCl2) (Tab. 1).

A meta-analysis (Tab. 2) indicates that  
most (94.3%) Dendrobium experiments describe 
a protocol for surface disinfection, but 92.5% of 
studies fail to report the percentage contamination 
while only 50.9% of studies indicate the percentage 
germination or explant regeneration (Tab. 1). 
One possible explanation is because most papers 
(estimated from Tab. 1 at in excess of 90%) used 
an establishment phase only to obtain in vitro 
explants for the next step and to conduct the 
real experiment, without reporting the role of 
contamination and/or the regeneration efficiency of 
the aseptic technique(s) used. Another hypothesis is 
that contamination is not a problem in Dendrobium 
species, especially when seeds are used to initiate 
the in vitro culture. In support of this hypothesis, 
in 18.9% of studies, authors disinfected immature  
(or green) fruits (Tab. 1), before natural dehiscence, 
in which case the seeds are naturally “disinfected” 
(or rather, they are not naturally contaminated) 
inside the fruits, reducing the risk of contamination 
during in vitro culture. The use of green pod 
culture also prevents direct contact of seeds with 
the chemical disinfectant, which is potentially toxic 
to tissues (Yeoman and Macleod 1977, George 
1993), thus improving the chance (and thus number) 
of seeds that are able to germinate. Soares et al. 
(2012) disinfected fruits before seed inoculation in 
vitro, and observed higher percentage germination 
(80-100%) than when seeds were excised from 
fruits and then disinfected, obtaining only 46.47% 
germination (Tab. 1).

Observing the issue of disinfection from  
a different angle, somatic tissues tend to be 
more susceptible to contamination than seeds 
and to the toxic effects of chemical disinfectants 
(Yeoman and Macleod 1977, George 1993, 
Traore at el. 2005, George and Debergh 2008, 
Jan et al. 2013). A single use of NaOCl seemed 
to be the least effective for the disinfection of 
Dendrobium shoots but various combinations of 
different disinfectants (EtOH, NaOCl, HgCl2) 
increased the efficacy of the disinfection procedure  
(Tab. 2). Contamination of shoot tips ranged from 
0 to 100%, using Clorox® and Teepol™ (time of 
exposure and concentration not reported by the 
authors) depended on the species: D. laxiflorum 
(0%), D. pseudoconantum (0%), D. canaliculatum 
(100%), D. strebloceras (40-50%), D. sp. Maluku Ta
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(100%), D. lineale (50%), D. veratrifolium (0-50%) 
or D. racianum (0%) (Soetopo and Purnamaningsih 
2012). In another study with D. nobile var. ‘Emma 
white’, Asghar et al. (2011) tested three different 
periods of explant surface disinfection (6, 8 
and 10 min) with 10% NaOCl followed by 4-5 
washes in sterilized (autoclaved) distilled water 
(SDW) and observed 0 to 12.5% necrosis and 
contamination ranging from 67.5 (35% bacterial 
and 32.5% fungal) to 87.5% (47.5% bacterial and 
40% fungal) and survival ranging from 12.5%  
(6 min) to 22.5% (8 min). The latter condition, i.e., 
8 min, was the optimal disinfection period with the 
highest survival (22.5%) with decreased infection 
(from 87.5% to 72.5%) and with negligible necrosis 
(5%), indicating the importance of finding the right 
balance between disinfection and explant survival 
during a disinfection procedure.

Based on the experience of Jean Carlos Cardoso, 
working with 10 Dendrobium hybrids (Denphal 
type), namely D. ‘Brazilian Fire 101’ (yellow with 
red strips), D. ‘Wooleng’ (white with purple lip),  
D. ‘Tongchai Gold’ (yellow with red lip), D. Red 
Prince (red), D. ‘Visa Peach’ (white and rosy), 
D. ‘Sonia’ (white and pink), among others, in  
a commercial lab (thanks to Uniplant Co., Brazil), 
at least 15-20% of axillary buds and shoot tips 
were contaminated by bacteria and/or yeast if the 
following protocol (unpublished) was used for 
surface disinfection: 70% alcohol for 1 min, then 
NaOCl (0.5-0.6% of active chlorine) with 4-5 
drops of Tween® 20/100 ml for 20 min followed 
by three rinses in sterile distilled water. Using 
that protocol, 15-20% of the infected explants 
would result in a lethal response, i.e., explant 
death (caused by 100% contamination of those 
explants) while the remaining uncontaminated 
(80-85%) explants could regenerate, although the 
regeneration potential was linked to the level of 
explant browning, a phenomenon that was also 
observed for D. crumenatum (Kaewubon et al. 
2015). In the above protocol, intermediate washes 
with sterile distilled water were not performed, 
and in fact only eight studies listed in Table 1 
provided an intermediary wash of each disinfectant 
before applying the next one even though a wash is 
generally not required between disinfectants, only 
in the final step. The need for independent washes 
of each steriliant is a topic that has not yet been 
explored in plant science and may be required for 
different species or genotypes. The efficiency of  
a disinfection procedure was tested by Ferreira et 
al. (2006) using 96% ethanol for 2 min followed by 

different concentrations of NaOCl (20, 40 and 60%, 
v/v) for 30 min for surface disinfection of 8-cm 
lateral shoots of D. ‘Second Love’ (Nobile type). 
They observed that 40% commercial bleach (2.5% 
active chlorine) followed by three washes in SDW 
resulted in a high level (80%) of decontaminated 
material with no visible deleterious effects. This 
is considered, in commercial terms, to be a good 
result, and could be used for other species or 
genotypes to test the efficiency of the protocol. 
When HgCl2 was used as a substitute for, or in 
addition to, NaOCl treatment for the surface 
disinfection of shoots, good regeneration results 
were obtained, as observed in D. nobile (93.5 ± 8.1% 
of responsive explants) (Malabadi et al. 2005), D. 
longicornu (86.6 ± 3.3% explant response) (Dohling 
et al. 2012) and D. Sonia ‘Earsakul’ (100% explant 
survival) (Kumari et al. 2013). HgCl2 was also the 
chosen disinfection agent for D. dixanthum seeds  
(Su and Wang 2014), D. warkianum seeds (Zhou 
et al. 2014), and D. chrysotoxum seeds (Ju et al.  
2016).

Different explants require different types of 
compounds, concentrations and exposure periods 
for the disinfection process to be optimized. 
For capsules, the most commonly used surface 
disinfection protocol applied 70% ethanol for  
30 sec to 5 min, followed by 1-3% NaOCl for 20-
60 min (15.1% of papers), or with  0.1-1.0% HgCl2 
(substituting NaOCl) for 5-15 min (7.5% of papers) 
and obtained more than 80% germination, but in all 
cases failed to describe the percentage contamination 
(Tab. 1). Similar treatments were used for seeds 
and lateral shoots (Tab. 1). However, some authors 
(16.7%) dipped undehisced capsules in 70 or 95% 
ethanol and flamed capsules for surface disinfection 
(Sujjaritthurakarn and Kanchanapoom 2011, Paul 
et al. 2012). Paul et al. (2012) used this technique 
for D. hookerianum capsules and observed 95.27 
± 0.68% seed germination. Most authors did not 
describe the efficiency of disinfection procedures 
because that was not the main objective of their 
experiment.

CONCLUSIONS, LIMITATIONS  
AND FUTURE PERSPECTIVES
Use of in vitro symbiotic germination is another 
way to improve Dendrobium micropropagation 
(Teixeira da Silva et al. 2015c) but the introduction 
of symbionts poses a significant challenge to the 
in vitro culture of orchids because the balance 
between the need for the symbiont and the need to 
maintain a sterile culture, i.e., without the symbiont 
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growing excessively and killing the plant tissues as 
a result of exposure to a nutrient-rich environment, 
is a tremendous challenge in orchid biotechnology. 
For example, Zhao et al. (2013) observed improved 
(almost 100%) seed germination by co-cultivation 
of a fungus Sebacina sp. with D. officinale seeds 
after five weeks of culture while the same culture 
medium (oatmeal agar) without fungus resulted in 
no seed germination.

Optimal timing for harvesting explants and 
the age and physiological state of donor plants are 
important aspects that can increase the efficiency 
of surface disinfection of the explants and ensuing 
success of in vitro culture (Fig. 1A) (Hall 1999), 
including seed germination, callus and/or PLB 
formation. Plant material derived from plants 
grown in suboptimal conditions, for example aged 
material or in a poor physiological state, are more 
sensitive to disinfectants than explant from plants 
grown in optimal in vivo conditions, while the size 
of the explant (e.g., thin cell layers; Teixeira da Silva 
2013, Teixeira da Silva and Dobránszki 2013) can 
make explants more sensitive to disinfectants due 
to their small size, while sub-optimal harvesting 
period or season may also contribute to a high 
level of contamination (Traore et al. 2005, George 
and Debergh 2008, Dobránszki and Teixeira da 
Silva 2010, Mihaljevic et al. 2013). For example, 
100% germination of D. tetrachromum and  
D. hamaticalcar was observed when green capsules 
120 days after pollination were used (Ali et al. 
2011). In most studies reported in the literature, 
the level of explant contamination has rarely been 
reported during the establishment of an aseptic 
culture. The disinfection protocol of explants can 
affect the quality and thus vitality of the explant 
(Fig. 1C-E) and hence the success and outcome of 
the in vitro protocol in liquid (Fig. 1F-H), semi-
solid or solid medium (Fig. 1I-U). The lack of such 
details in almost all studies (> 90% of the papers 
did not report the level of explant contamination or 
survival; Tab. 2) reported in the literature (Tab. 1) 
is problematic since such information could assist 
future researchers by eliminating protocols that 
would not result in optimal explant decontamination. 
Other important aspects that should be included 
in future experiments (and research papers) that 
disinfect ex vitro plant material are: 1) the types of 
contaminants found, e.g., specific yeast, bacteria 
and fungi; (2) pretreatment of donor plants in the 
field or greenhouse, including fertilizers, watering, 
plant maintenance, pest and weed control, that 
could induce or create highly regenerative explant 

sources by improving its physiological state, 
decreasing the level of surface contamination, or 
both; (3) new emerging disinfectants as possible 
tissue culture sterilants such as chlorine dioxide 
(ClO2) (Cardoso and Teixeira da Silva 2012), iodine 
and/or potassium iodide (Deein et al. 2013), or 
peracetic acid (Unemoto et al. 2009), all of which 
can be used in plant tissue culture (e.g., see use 
for chrysanthemums; Teixeira da Silva and Kulus 
2014). At least one study that addresses such issues, 
including addressing the weaknesses and failures 
in the literature thus far, for a range of Dendrobium 
genotypes, is required. Such information will 
undoubtedly further improve the success of the 
next step, in vitro culture.

A well-established disinfection procedure assists 
in obtaining suitable explants for regeneration 
and germination studies (e.g., Fig. 2). However, 
some endogenous bacteria or yeast could be  
a problem for orchid propagation and common 
chemical products used for the disinfection of the 
tissue surface does not always result in explants 
free of microorganisms. It is common to observe 
some persistent yeast and/or bacterial strains that 
contaminate the explants of orchids cultivated in 
vitro, especially those derived from somatic tissues. 
In other orchid species, similar microorganisms 
were observed, such as in Habenaria radiata, in 
which 33% of explants from shoot apices were 
contaminated with bacteria (Mitsukuri et al. 2009). 
Brown et al. (1982), who tested different fungicides 
and antibiotics to prevent contamination in several 
orchid species, observed that only one flask from 
a treatment that combined a cocktail (benomyl, 
quintozene, penicillin G, amphotericin B and 
sodium omadine) resulted in uncontaminated seeds 
and zygotic embryos of Dendrobium specisum 
var. hillii. Virus infection is another problem in 
orchids (Khentry et al. 2006b) and the elimination 
of important viruses such as Cymbidium mosaic 
virus (CymMV) and Odontoglossum ringspot virus 
(ORSV) is possible by seedling culture (Khentry et 
al. 2006b), thin section culture (Lim et al. 1993) and 
PLB culture (Chanprame et al. 2011) combined or 
not with chemotherapy using ribavirin treatment. 
For example, Khentry et al. (2006a) observed the 
occurrence of CymMV (but not ORSV) in six 
orchid genera, including in in vitro micropropagated 
plantlets of several Dendrobium cultivars (‘Chanel’, 
D. ‘Chao Praya’, D. ‘Pravit White’, D. ‘Sakura’ and 
D. ‘Shawin White’), which displayed high rates 
of infection. Khentry et al. (2006a) observed, in  
14 Dendrobium cut flowers propagated by cuttings, 
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that the rate of infection by CymMV ranged 
from 25-100% with a mean of 65.8% of samples 
infected, and in 29 cultivars propagated by tissue 
culture, a range of 0 to 100% of plantlets were 
infected, depending on the cultivar, with a mean of 
18.6% of all samples infected. CymMV was also 
detected in PLBs of Dendrobium ‘Sonia’ obtained 
from tissue culture laboratories in Thailand using 
RT-PCR (in 78% of samples) and ELISA (in 22% 
of samples), showing that RT-PCR was more 
sensitive at detecting systemic viruses in orchids 
(Khentry et al. 2007). The use of multiplex RT-
PCR could be used for simultaneous detection of 
CymMV, ORSV and Orchid fleck virus (OFV) in 
Dendrobium and another orchid genus (Ali et al. 
2014, Kim and Choi 2015). Using meristem (0.1 to 
1 mm) culture of Mokara Char Kuan ‘Pink’, Lim et 
al. (1993) observed that regenerated plantlets from 
the culture of larger meristems remained infected 
by CymMV and ORSV while TLCs of infected 
plantlets and PLBs, when treated with ribavirin, 
were free of these viruses. Interestingly, few papers 
described or show advances in studies of these 
microorganisms, although contamination problems 
continue to be observed in commercial laboratories 
and commercial orchid nurseries (Khentry et al. 
2006a, 2006b, 2007; Fig. 1A, B, I-U).
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