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Orchids are valued ornamental plants used both 
in floristic compositions and as decorative pot plants 
[Zeng et al. 2016]. Paphiopedilum sp. has a high 
position among other species in this group of plants 
due to a very original and showy, bilaterally symetric 
flowers with a cup-like lip, resembling a shoe, which 
is responsible for the common name Lady slipper  
[Ng and Salech 2011]. 

Propagation of Paphiopedilum in a traditional way, 
through division of mother plants, is not effective  
[Ng and Saleh 2011], because only a few new plant 
may be obtained from one mother plant. Due to high 
demand of the market, it seems necessary to develop  
a technology for the mass production of these species 

and tissue culture is one of the methods to obtain the 
highest vegetative propagation rate.

Paphiopedilum insigne (Wall. ex Lindl.) Pfitzer is  
a terrestrial orchid, it does not produce pseudobulbs. 
In natural conditions, orchids get nutrients from air, 
rain and bird manure, they do not tolerate urea. They 
have rather low nutrient requirements, especially during 
vegetative growth, and such growing media should be 
provided for Paphiopedilum cultivation. Plants may uti-
lize only the amount of nutrients they need, they cannot 
store any for the future, therefore a continous supply of 
nutrients is necessary [Naik et al. 2010].

The composition of a growing medium plays an 
important role in plant propagation in tissue culture. 
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ABSTRACT 

Paphiopedilum is an ornamental orchid used mainly for interior decoration. As the division of plants is un-
economical, a fast method of propagation is needed. The aim of this study was to evaluate the influence of 
medium type (MS or VW), growth regulators, i.e. BA, KIN, TDZ used separately or in combinations and 
natural additives, i.e. coconut water, banana pulp, casein hydrolysate, on Paphiopedilum insigne plantlets 
grown in vitro. It was found out that BA in concentration of 0.5 mg·dm–3 allowed to obtain the highest mul-
tiplication rate (2.92), however the use of KIN in concentration of 1 mg·dm–3 resulted in formation of bigger 
and higher quality plantlets, It is possible to replace cytokinins with other biologically active substance, such 
as banana pulp. The 1/2 MS medium might be used for Paphiopedilum insigne tissue culture, as there was no 
difference in terms of multiplication rate and the obtained plantlets were of better quality, especially that it is 
cheaper and easier to prepare. 
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The media used for micropropagation of most orchid 
species is poor in nutrients. Murashige and Skoog 
(MS) medium [1962] with macro- and micronutrients 
reduced by half was proved to have a positive effect 
on many of Orchidaceae species in tissue culture.  
It was successfully used with Dendrobium aqueum 
[Parthibhan et al. 2015], Cymbidium ensifolium var. 
misericors, Epidendrum sp., Oncidium sp. or Paphio-
pedilum sp. [Chang et al. 2005]. Use of the media with 
a reduced amount of components allows to reduce 
plant production costs additionally. The other medium 
often used for micropropagation of orchids is Vacin 
and Went (VW) [1949]. It was used for the tissue cul-
ture of Vanda teres [Sinha and Roy 2004] or Vanda 
coeruela [Jitsepakul et al. 2013].

Apart from the macro- and micronutrients, the ad-
dition of plant growth regulators (PGRs) might have  
a crucial influence on growth and development of 
plants in tissue culture. Use of PGRs is one of the most 
effective methods of controlling plant organogenesis 
in vitro. As for Orchideaceae species, the most often 
used PGRs are benzyladenine (BA) [Talukder et. al. 
2003, Asghar et al. 2011, Jitsepakul et. al. 2013], thid-
iazuron (TDZ) [Jitsepakul et. al. 2013] and kinetin 
(KIN) [Asghar et al. 2011]. Some authors emphasize 
the role of other media supplements that might act as 
both source of nutrients and compounds regulating 
development of plants, which are biologically active 
substances of natural origin. Some of them were prov-
en to have a positive effect on propagation of plants in 
tissue culture [Oszkinis 2004]. They include coconut 
water, extracts or juices from pineapple, banana, pa-
paya, potato, tomato, yeast and malt, poplar or vine 
[Oszkinis 2004]. They are a valuable source of amino 
acids, fiber, phenols, organic acids, peptides, carbohy-
drates, fats, vitamins and growth regulators in various 
concentrations [Gnasekaran et al. 2010]. According to 
Parthibhan et al. [2015] the use of organic substances 
for supplementation of the media in the form of co-
conut water or banana pulp is profitable. The studies 
on micropropagation of Dendrobium aqueum showed 
that the applied substances induced growth of shoots, 
enhanced multiplication and rooting. 

The aim of the presented research was to estimate 
the optimal composition of the media ingredients, in-
cluding macro- and micronutrients, PGRs and natural 
additives, for micropropagation of Paphiopedilum in-

signe in relation to multiplication rate and quality of 
plantlets.

MATERIAL AND METHODS

Plant material. In vitro cultures of Paphiopedilum 
insigne were initiated from microcuttings obtained as 
a result of asymbiotic seed germination. The plant ma-
terial for all of the presented studies were plantlets of 
Paphiopedilum insigne obtained from a stabilized cul-
ture cultivated on a basic medium containing micro- 
and macronutrients according to Murashige and Skoog 
[1962] reduced by half (1/2 MS) and supplemented 
with vit. B1 – 0.05 mg·dm–3, vit. B6 – 0.25 mg·dm–3,  
vit. PP – 0.25 mg·dm–3, glycine – 1 mg·dm–3, myo-ino-
sitol – 50 mg·dm–3 and sucrose – 15 mg·dm–3. The basic 
medium did not contain any growth regulators. 

Effect of the cytokinins on the multiplication and 
morphological features. Explants which had three 
completely formed leaves of about 8–12 mm length 
and 1–2 roots, were placed in 300 ml Erlenmeyer flasks 
containing 75 ml of the basic medium and supplement-
ed with PGRs: benzyladenine (BA) in concentrations 
of: 0.5, 1 or 2 mg·dm–3, thidiazuron (TDZ): 0.5, 1 or  
2 mg·dm–3, kinetin (KIN): 1. 2.5 or 5 mg·dm–3,  
1 mg·dm–3 BA + 0.5 mg·dm–3 TDZ, 1 mg·dm–3 BA +  
2 mg·dm–3 TDZ, 1 mg·dm–3 BA + 0.5 mg·dm–3 KIN or 
1 mg·dm–3 + 5 mg·dm–3 KIN. The PGRs were obtained 
from Sigma-Aldrich, St. Louis, USA. The pH media 
was 5.7. The media was gelled with BIOCORP agar 
in concentration of 6.75 g·dm–3. The experiment con-
sisted of 16 treatments, in two repetitions with 3 flasks 
containing 7 explants each. The experiment lasted for 
16 weeks. At the end of the experiment the following 
features were evaluated: number of leaves per plant-
let, length and width of leaves (mm), multiplication 
rate per plantlet (calculated as a number of new plant-
lets obtained from one explant), percentage of rooted 
plantlets, number, length (mm) and fresh weight (mg) 
of roots

Effect of a medium type, growth regulators and 
natural additives on the multiplication rate and 
morphological features. The plant material for the 
research were leaf rosettes obtained from a stabilized 
culture cultivated on the basic medium. The explants 
were 4 mm high and 3 mm wide and had 2 completely 
formed leaves.
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The explants were placed in 300 ml Erlenmey-
er flasks containing 1/2 MS medium, supplemented 
with the same substances as in the basic medium or 
VW medium [1949] supplemented with myo-inositol 
– 50 mg·dm–3 and sucrose – 15 g·dm–3. Both media 
were supplemented with PGRs and biologically active 
substances of natural origin in the following combi-
nations: 5 mg·dm–3 KIN + 1 mg·dm–3 BA; 1 g·dm–3 
casein hydrolysate (CH); 1 mg·dm–3 BA + 2 mg·dm–3 
TDZ; 1 g·dm–3 CH + 1 mg·dm–3 BA, coconut water 
(CW) in concentrations of 15 or 20% (v/v), banana 
pulp (BP) in concentrations of 20 or 30 g·dm–3. The 
pH of the media was 5.7. PGRs used in the experi-
ment were selected on the basis of the results obtained 
in the previous experiment. The experiment consisted 
of 16 treatments with 2 replications with 3 repetitions 
containing 21 explants each. The study lasted for 16 
weeks. At the end of the experiment, the same features 
were evaluated as in the first experiment.

Cultivation conditions. The flasks with explants 
were placed in a growth room at 28°C ±2°C during 
the day, 24°C ±2°C at night and 16-hour photoperiod. 

The light source were Fluora fluorescent lights with 
the light intensity of approximately 30 μmol·m–2·s–1. 

Statistical analysis. The obtained data was ana-
lyzed statistically according to the one-way orthog-
onal analysis of variance in the first experiment and 
two-way orthogonal analysis of variance in the sec-
ond experiment with the use of Statistica 13 software 
(StatSoft). The significance of differences between the 
means was estimated with the Tukey’s confidence in-
tervals at the level of significance α = 0.05. 

RESULTS AND DISCUSSION

Effect of the cytokinins on the multiplication rate 
and morphological features. The cytokinins used 
in the presented experiments had a significant effect 
on multiplication rate and morphological features of 
Paphiopedilum insigne cultivated in tissue culture  
(Tab. 1, Fig. 1). 

The highest multiplication rate was obtained on 
the media supplemented with BA 0.5 mg·dm–3 (2.92) 
in comparison to KIN 2.5 or 5 mg·dm–3 (1.38 and  

 Table 1. Influence of cytokinin on the multiplication rate and morphological features of Paphiopedilum insigne in vitro 

Treatment 
(mg·dm–3) 

Multiplication 
rate  

Number  
of leaves  

Length 
of leaves 

(mm) 

Width  
of leaves 

(mm) 

Presence  
of roots  

(%) 

Number  
of roots  

 Length  
of roots 
(mm) 

Fresh 
weight 

of plants 
(mg) 

BA 0.5 2.92 a* 3.12 bc 7.52 e 3.33 e 73 bc 3.06 a-c 6.26 d 171.22 b 

BA 1 1.83 ab 4.09 a 11.14 bc 4.86 ab 88 bc 2.68 a-d 7.58 cd 225.79 ab 

BA 2 1.72 ab 3.64 a-c 9.63 c-e 4.10 b-e 89 a 2.18 b-d 6.39 cd 139.60 b 

TDZ 0.5 1.57 ab 3.21 a-c 12.10 a-c 4.47 b-d 83 bc  2.20 b-d 6.27 cd  207.32 ab 

TDZ 1 1.91 ab 3.20 a-c 11.42 bc 4.14 b-e 78 bc 2.26 a-d 6.58 cd 162.58 b 

TDZ 2 1.88 ab 3.75 ab 12.83 ab 3.99 c-e 69 bc 1.39 d 8.00 a-d 252.80 ab 

KIN 1 1.53 ab 3.27 a-c 8.69 de 3.67 de 97 a 3.84 a 10.93 ab 246.54 ab 

KIN 2.5 1.38 b 3.03 bc 10.77 b-d 5.08 ab 97 a 3.64 ab 9.01 a-d 256.24 ab 

KIN 5 1.00 b 3.93 ab 14.47 a 5.79 a 100 a 2.97 a-c 9.20 a-c 399.33 a 

BA 1 + TDZ 0.5 1.39 b 3.24 a-c 8.49 de 3.53 de  32 c 1.30 d 5.08 d 111.18 b 

BA 1+ TDZ 2 1.90 ab 2.74 c 11.74 bc 4.28 b-d 74 bc 1.59 cd 5.91 d 270.02 ab 

BA 1 + KIN 0.5 1.59 ab 3.29 a-c 10.82 b-d 4.53 b-d 59 bc 2.12 b-d 11.62 a 246.92 ab 

BA 1 + KIN 5  1.48 ab 3.50 a-c 9.57 c-e 4.05 b-e 30 c 1.29 d 6.33 cd 131.31 b 
 
* means followed by the same letter do not differ significantly at α = 0.05 
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Fig. 1. Influence of cytokinins on growth and morphological features of Paphiopedilum insigne in vitro
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1.0 respectively) and BA 1 mg·dm–3 + TDZ 0.5 mg·dm–3 

(1.39). A tendency was observed that the use of BA in 
higher concentration lowered multiplication rate, what 
confirmed the research conducted by Jitsepakul et al. 
[2013]. The authors obtained the highest multiplica-
tion rate of Vanda coeruela in presence of BA, how-
ever the concentration above 3 mg·dm–3 reduced the 
number of new shoots. A positive effect of BA was 
also proved by Roy and Banerjee [2002] in case of Ge-
odorum densiflorum, Talukder et al. [2003] in Dendro-
bium and Asghar et al. [2011] in Dendrobium nobile 
var. Emma White. On the other hand, Parthibhan et al. 
[2015] noted a disadvantageous effect of BA at con-
centration of 1, 3, 5, 7 or 10 mg·dm–3 on Dendrobium 
aqueum multiplication of shoots in vitro. According to 
Parthibhan et al. [2015], BA inhibits protocorms con-
version into plants therefore it is not recommended to 
use high concentrations of this PGR. Another cytoki-
nin often used in tissue culture is kinetin. Hong et al. 
[2008] observed the positive influence of KIN on mi-
cropropagation of Paphiophedilum ‘Alma Gavaert’, 
while Nisayan et al. [2010] noted a negative effect of 
KIN on multiplication of Paphiopedilum ‘Delrosi’. 

The cytokinins used in the research influenced 
the number of formed leaves, their length and width  
(Tab. 1, Fig. 1). It was noted that there were more 
leaves per rosette, when explants were cultivated in 
presence of BA 1 mg·dm–3 (4.09 pcs.), in comparison 
to BA 0.5 mg·dm–3, KIN 2.5 mg·dm–3, and BA 1 + TDZ  
2 mg·dm–3 (3.12; 3.03 and 2.74 pcs. respectively). The 
leaves were the biggest in presence of KIN 5 mg·dm–3 
(14.47 mm long and 5.79 mm wide), while the smallest 
ones were observed on the media supplemented with 
BA 0.5 mg·dm–3 (7.52 mm long and 3.33 mm wide). 
The positive effect of KIN on length of leaves was 
observed in the reserach of Roy and Banerjee [2002] 
on micropropagation of Geodorum densiflorum and 
Asghar et al. [2011] on Dendrobium nobile var. Emma 
White, while Talukder et al [2003] observed that 
leaves of Dendrobium were longer in presence of BA. 

The cytokinins used in the research influenced 
rooting of Paphiopedilum insigne plantlets in tissue 
culture (Tab. 1). In presence of 5 mg·dm–3 KIN, 100% 
of rosettes formed roots. Higher percentage of rooting 
was noted also on media supplemented with KIN 1 or  
2.5 mg·dm–3 (97%). A good rooting in presence of KIN 
was earlier observed by Parthibhan et al. [2015] in Den-

drobium aqueum. The least rooted rosettes were noted 
in presence of BA 1 with KIN 5 mg·dm–3 (30%) or with 
TDZ 0.5 mg·dm–3 (32%) what confirmed the results ob-
served by Wattanawikkit et al. [2011] who proved that 
in order to obtain rooting in Paphiopedilum callosum 
TDZ should be eliminated and the concentration of 
BA should be low. The positive effect of KIN on mor-
phological features of Paphiopedilum insigne plantlets 
might result from its participation in accelerating cells 
and increasing their volume [Rogozińska 1969].

The number of roots was also dependent on the cy-
tokinins used. The most roots were obtained on the me-
dia supplemented with KIN 1 mg·dm–3 (3.84). Similar 
number was noted in presence of BA 0.5 and 1 mg·dm–3 
(3.06 and 2.68 respectively), TDZ 1 mg·dm–3 (2.26), 
KIN 2.5 and 5 mg·dm–3 (3.64 and 2.97). Similar results 
were noted in case of Dactylorhiza hatagiera [War-
ghat et al. 2014] and Paphiopedilum ‘Alma Gavaert’ 
[Hong et al. 2008]. The negative effect of BA on root-
ing was proved by Parthibhan et al. [2015] on Dend-
robium aqueum. In the presented research low amount 
of BA had a positive effect on number of roots formed 
what confirms the results obtained by Talukder at al. 
[2003] who noted the biggest number of roots of Den-
drobium in presence of BA. 

The cytokinins influenced the fresh weight of 
plantlets. Rosettes with the highest fresh weight were 
obtained on the media supplemented with 5 mg·dm–3 
of KIN in comparison to BA in concentration of 0.5 or 
2 mg·dm–3, TDZ 1 mg·dm–3 and BA 1 used together 
with 0.5 mg·dm–3 TDZ or 5 mg·dm–3 KIN. It was also 
noted that the increase of the KIN concentration in-
creeased the fresh weight of plantlets as well. A posi-
tive effect of KIN on the studied feature was proved by 
Ket et al. [2004] on Anoectochilus formosanus, while 
Asghar et al. [2011] obtained a high fresh weight of 
Dendrobium nobile ‘Emma White’ plantlets in vitro in 
presence of 1-2 mg·dm–3 BA. 

Effect of media medium type, PGRs and natural 
additives on the multiplication rate and morpholog-
ical features. The content of macro- and micronutri-
ents as well as addition of growth regulators and nat-
ural origin additives had a significant effect on growth 
and multiplication of Paphiophedilum insigne plants 
in vitro. 

The regeneration rate was the highest when BP at 
concentration of 30 g·dm–3

 was added to the VW medi-
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Gnasekaran et al. [2010], however with the use of low-
er concentration, 10%, it was positive. Nambiar et al. 
[2012] also proved that CW added to the MS medium 
in concentration of 30% limited regeneration of Dend-
robium ‘Alaya Pink’ PLBs. Similar effect was proved 
on many other species, like Phalaenopsis violaceae 
[Gnasekaran et al. 2010] or Dendrobium ‘Alaya Pink’ 
[Nambiar et al. 2012].

The positive effect of casein hydrolysate in concen-
tration of 1 g·dm–3 observed in the presented research 
(Tables 2 and 3), confirmed the studies conducted by 
Sinha and Roy [2004] on Vanda teres. The authors re-
ported that the use of that substance to supplementa-
tion of the medium significantly influenced the elon-
gation of plants.

There was no difference in multiplication rate, 
when the types of media were compared only. VW 
medium is commonly used in cultivation of orchids in 
tissue culture, for example it was used for microprop-
agation of Vanda teres [Sinha and Roy 2004], Van-

um (93%) (Tab. 2). A lot of regenerated plantlets were 
also obtained in presence of 1 g·dm–3 of casein hy-
drolysate (88%) on the 1/2 MS medium or 5 mg·dm–3 
KIN + 1 mg·dm–3 BA on the VW medium (85%). The 
least regenerated plantlets were observed when casein 
hydrolysate in combination with BA were added to the 
VW medium (35%). 

The highest multiplication rate was obtained when 
explants were cultivated in presence of 1 g·dm–3 of  
CH on the VW (2.47) or 1/2 MS (1.73) medium and 
on 1/2 MS with addition of 20% coconut water (1.98) 
(Tab. 2, Fig. 2). In case of Orchideaceae family, natu-
ral additives were more often observed to have a nega-
tive effect on propagation in vitro. The negative effect 
of 1/2 MS media with CW on multiplication of Den-
drobium aqueum shoots was noticed by Parthibhan et 
al. [2015]. Zhang et al. [2013] reported that CW lim-
ited the multiplication of Cypripedium macranthos. 
The negative effect of 20 or 30% coconut water on 
Phalaenopsis violacea regeneration was shown by 

 Table 2. Influence medium type, PGRs and biological supplements on the number of regenerated microcuttings and 
multiplication rate of Paphiopedilum insigne in vitro 

Regeneration 
Medium type Supplements 

regeneration rate (%) mean multiplication rate mean 
5 mg·dm–3 KIN + 1 mg·dm–3 BA 81 1.05 c 
1 mg·dm–3 BA + 2 mg·dm–3 TDZ 75 1.02 c 

1 g·dm–3 CH + 1 mg·dm–3 BA 67 1.21 bc 
1 g·dm–3 CH 88 1.73 a-c 

CW 15% 78 1.10 c 
CW 20% 46 1.98 ab 

BP 20 g·dm–3 6 1.13 bc 

½ MS 

BP 30 g·dm–3 63 

69 

1.41 bc 

1.31 A 

5 mg·dm–3 KIN + 1 mg·dm–3 BA 85 1.05 c 
1 mg·dm–3 BA + 2 mg·dm–3 TDZ 62 1.07 c 

1 g·dm–3 CH + 1 mg·dm–3 BA 35 1.18 bc 
1 g·dm–3 CH 52 2.47 a 

CW 15% 72 1.60 bc 
CW 20% 53 1.31 bc 

BP 20 g·dm–3 73 1.42 bc 

VW 

BP 30 g·dm–3 93 

65 

1.12 bc 

1.41 A 

* means followed by the same letter do not differ significantly at p = 0.05 
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Fig. 2. Influence of the medium type, growth regulators and natural additives on 
growth and morphological features of Paphiopedilum insigne in vitro
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da coerulea [Jitsepakul et al. 2013], Paphiopedilum 
wardii [Zeng et al. 2016], however the MS medium is 
less labor intensive and cheaper to prepare. 

The use of growth regulators or natural active sub-
stances as media supplementation had an influence 
on morphological features of Paphiopedilum insigne 
in the presented research (Tables 3 and 4). Paphiope-
dilum plantlets with a higher number of leaves were 
obtained on 1/2 MS supplemented with 30 g·dm–3 of 
banana pulp (3.85 pcs.) in comparison to VW medi-
um with the addition of 20% coconut water (2.5 pcs.). 
The positive effect of BP confirmed studies conduct-
ed by Zeng et al. [2012] who observed that the addi-
tion of banana homogenate added in concentration of  
100 g·dm–3 to the VW medium increased the num-
ber of leaves on Paphiopedilum wardii. On the other 
hand, Lo et al. [2004] underlined the positive effect 
of MS medium supplemented with coconut water on 
the number of Dendrobium tosaense leaves. Aktar  
et al. [2008] stated that a positive effect of ba- 

nana pulp resulted from a large content of carbo- 
hydrates.

In the presented study it was noted, that the type 
of media and substances used for supplementation in-
fluenced the height and width of the Paphiopedilum 
insigne rosettes (Tab. 3). The highest leaf rosettes 
were obtained on ½ MS media with 1 g·dm–3 of CH  
(11.95 mm) and it was also observed that 1/2 MS medi-
um was better than VW in relation to the size of plants. 
The positive effect of casein hydrolysate on elonga-
tion of Vanda teres shoots was observed by Sinha and 
Roy [2004]. In the presented experiment, the BP in 
higher concentration positively affected the height of 
rosettes, what confirmed the results obtained by Zhang 
et al. [2013] on Cypripedium macranthos. On the oth-
er hand, a negative effect of 200 g·dm–3 of banana ho-
mogenate on leaves of Paphiopedilum wardii length 
was showed by Zeng et al. [2012]. 

The influence of the type of the medium type, cy-
tokinins and natural biological substances used in the 

 Table 3. Morphological features of the Paphiopedilum insigne rosettes in in vitro cultures depending on the medium type 
and addition of PGRs and biologically active components 

Rossettes features 
Medium 

type Supplements number 
of leaves mean height 

(mm) mean width (mm) mean 

5 mg·dm–3 KIN + 1 mg·dm–3 BA 2.85 ab* 8.30 a-c 12.80 a-c 
1 mg·dm–3 BA + 2 mg·dm–3 TDZ 3.00 ab 8.35 a-c 12.15 bc 

1 g·dm–3 CH + 1 mg·dm–3 BA 3.45 ab 10.25 a-c 14.55 a-c 
1 g·dm–3 CH 2.75 ab 11.95 a 16.35 ab 

CW 15% 2.80 ab 10.60 a-c 18.40 a 
CW 20% 2.75 ab 9.70 a-c 12.55 a-c 

BP 20 g·dm–3 3.65 ab 7.40 c 13.30 a-c 

½ MS 

BP 30 g·dm–3 3.85 a 

3.14 A 

9.00 a-c 

9.44 A 

14.40 a-c 

14.31 A 

5 mg·dm–3 KIN + 1 mg·dm–3 BA 3.15 ab 7.55 c 13.10 a-c 
1 mg·dm–3 BA + 2 mg·dm–3 TDZ 3.00 ab 8.35 a-c 12.15 bc 

1 g·dm–3 CH + 1 mg·dm–3 BA 3.60 ab 7.80 bc 13.70 a-c 
1 g·dm–3 CH 2.95 ab 7.90 bc 13.10 a-c 

CW 15% 2.80 ab 7.80 bc 13.25 a-c 
CW 20% 2.50 b 7.05 c 10.25 c 

BP 20 g·dm–3 2.75 ab 7.60 c 13.15 a-c 

VW 

BP 30 g·dm–3 3.30 ab 

3.03 A 

11.60 ab 

8.09 B 

14.85 a-c 

12.69 B 

 * means followed by the same letter do not differ significantly at p = 0.05 
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experiment on the rooting system of Paphiopedilum 
insigne plantlets is presented in Table 4. It was not-
ed that the use of cytokinins only limited rooting of 
explantsand morphological parameters of roots, what 
was shown by Chugh et al. [2009] or Bektaş and Sök-
man [2016]. The number of roots was lower when the 
medium was supplemented with 20% of CW. In order 
to obtain plantlets with a good quality rooting system, 
it is advisable to supplement the medium with 15% 
CW, 20 or 30 g·dm–3 of BP.

CONCLUSIONS

The influence of the medium type, PGRs and nat-
ural biologically active media supplements on growth 
and development of Paphiopedilum insigne explants 
in vitro is proven. BA in concentration of 0.5 mg·dm–3 
allowed to obtain the highest multiplication rate, how-

ever the use of KIN in concentration of 1 mg·dm–3 re-
sulted in formation of plantlets of higher quality, there-
fore it might be advised to use the latter one before 
rooting or acclimatization of the plantlets. It is possible 
to replace cytokinins with other biologically active sub-
stance, such as banana pulp, especially before rooting 
of explants. It is advised to use 1/2 MS medium for Pa-
phiopedilum insigne tissue culture, as there was no dif-
ference in terms of multiplication rate and the obtained 
plantlets were of better quality. 1/2 MS media is also 
superior in terms of cost and amount of work.

REFERENCES 

Aktar, S., Nasiruddin, K.M., Hossain, K. (2008). Effects of 
different media and organic additives interaction on in 
vitro regeneration of Dendrobium orchid. J. Agric. Rural 
Dev., 6(1), 69–74. DOI:10.3329/jard.v6i1.1659

 Table 4. Morphological features of the Paphiopedilum insigne rooting systems in in vitro cultures depending on the 
medium typeand addition of PGRs and biologically active components 

Rooting features 
Medium 

type 
Supplements Presence  

of roots  
(%) 

Mean 
Number  
of roots 

Mean 
Length  
of roots 
(mm) 

Mean 

5 mg·dm–3 KIN + 1 mg·dm–3 BA 65 bc* 1.31 b 2.92 c 

1 mg·dm–3 BA + 2 mg·dm–3 TDZ 5 d 1.00 b 2.00 c 

1 g·dm–3 CH + 1 mg·dm–3 BA 95 ab 1.53 ab 5.58 bc 

1 g·dm–3 CH 85 a-c 2.41 ab 8.11 a-c 

CW 15% 100 a 2.20 ab 11.85 a 

CW 20% 60 c 1.25 b 6.08 a-c 

BP 20 g·dm–3 95 ab 2.16 ab 6.79 a-c 

½ MS 

BP 30 g·dm–3 100 a 

75.62 A  

2.40 ab 

1.95 A 

8.30 a-c 

7.35 B 

5 mg·dm–3 KIN + 1 mg·dm–3 BA 80 a-c 1.44 ab 4.25 bc 

1 mg·dm–3 BA + 2 mg·dm–3 TDZ 5 d 1.00 b 2.00 c 

1 g·dm–3 CH + 1 mg·dm–3 BA 80 a-c 1.88 ab 10.13 ab 

1 g·dm–3 CH 100 a 2.20 ab 8.70 a-c 

CW 15% 90 a-c 2.00 ab 10.56 ab 

CW 20% 65 bc 1.31 b 7.31 a-c 

BP 20 g·dm–3 95 a-b 2.47 a 7.16 a-c 

VW 

BP 30 g·dm–3 100 a 

76.25 A 

2.15 a-c 

1.98 A 

9.9 ab 

12.69 A 

 
* means followed by the same letter do not differ significantly at p = 0.05 
 

https://doi.org/10.3329/jard.v6i1.1659


134 https://czasopisma.up.lublin.pl/index.php/asphc

Poniewozik, M., Szot, P., Parzymies, M. (2021). Tissue culture multiplication of Paphiopedilum insigne depending on the medium type, 
growth regulators and natural supplements. Acta Sci. Pol. Hortorum Cultus, 20(4), 125–134. https://doi.org/10.24326/asphc.2021.4.11

Asghar, S., Ahmad, T., Hafiz, I.A., Yaseen, M. (2011). In vitro 
propagation of orchid (Dendrobium nobile) var. Emma 
White (!). Afr. J. Biotechnol., 10(16), 3097–3103. https://
doi.org/10.5897/AJB10.401

Bektaṣ, E., Sökmen, A. (2016). In vitro seed germination, 
plantlet growth, tuberization, and synthetic seed produc-
tion of Serapias vomeracea (Burm. f.) Briq. Turk. J. Bot., 
40(6), 584–594. https://doi.org/10.3906/bot-1512-13

Chang, W.C., Chang, J.T., Chun Chen, Y., Lin, Y.H., Su, 
Y.H., Chen, T.Y, Tseng, M.C, Kuo, H.L., Wu, I.F, Chueh, 
C.M. (2005). In vitro morphogenesis of five orchids. Acta 
Hortic., 692, 115–118. https://doi.org/10.17660/ActaHor-
tic.2005.692.14

Chugh, S., Guha, S., Rao, I.U. (2009). Micropropagation of 
orchids: a review on the potential of different explants. 
Sci. Hortic., 122(4), 507–520. DOI:10.1016/j.scien-
ta.2009.07.016

Gnasekaran, P., Rathinam, X., Sinniah, U.R., Subramaniam, 
S. (2010). A study on the use of organic additives on the 
protocorm-like bodies (PLBs) growth of Phalaenopsis vi-
olacea orchid. J. Phytol., 2(1), 029–033.

Hong, P.I., Chen, J.T., Chang, W.C. (2008). Plant regenera-
tion via protocorm-like body formation and shoot mul-
tiplication from seed-derived callus of a maudiae type 
slipper orchid. Acta Physiol. Plant., 30(5), 755–759. 
DOI:10.1007/s11738-008-0158-2

Jitsopakul, N., Thammasiri, K., Ishikawa, K., Wannajuk, M., 
Sangthong, P., Natapintu, S. (2013). Efficient adventitious 
shoot regeneration from shoot tip culture of Vanda coeru-
lea, a Thai orchid. Sci. Asia, 39(5), 449–455. https://doi.
org/10.2306/scienceasia1513-1874.2013.39.449

Ket, N.V., Hahn, E.J., Park, S.Y., Chakrabarty, D., Paek, 
K.Y., (2004). Micropropagation of an endangered orchid 
Anoectochilus formosanus. Biol. Plant., 48(3), 339–344. 
https://doi.org/10.1023/B:BIOP.0000041084.77832.11

Lo, S.F., Nalawade, S.M., Kuo, C.L., Chen, C.L., Tsay, H.S. 
(2004). Asymbiotic germination of immature seeds, plant-
let development and ex vitro establishment of plants of 
Dendrobium tosaense makino – a medicinally improrant 
orchid. In Vitro Cell. Dev. Biol. Plant, 40(5), 528–535. 
https://doi.org/10.1079/IVP2004571

Murashige, T., Skoog, F. (1962). A revised medium for rapid 
growth and bioassays with Tobacco tissue cultures. Physi-
ol. Plant., 15, 473–479. DOI:10.1111/j.1399-3054.1962.
tb08052.x

Naik, S.K., Usha Bharathi, T., Barman, D., Rampal, De, L.C., 
Medhi, R.P. (2010). Basics of orchid nutrition. Mini Mis-
sion 1, Technical Bulletin 5. National Research Centre for 
Orchids (Indian Council of Agricultural Research), Sik-
kim, India.

Nambiar, N., Tee, C.S., Maziah, M. (2012). Effects of organic 
additives and different carbohydrate sources on prolifera-
tion of protocorm-like bodies in Dendrobium Alya Pink. 
Plant Omics J., 5(1), 10–18.

Ng, C.Y., Saleh, N.M. (2011) In vitro propagation of Paphio-
pedilum orchid through formation of protocorm-like bod-
ies. Plant Cell Tiss. Org. Cult., 105, 193. DOI:10.1007/
s11240-010-9851-0

Nisayan, E., Thepsithar, C., Thongpukdee, A. (2010). Multi-
ple shoot induction from seed derived shoots of Paphio-
pedilum. I International Orchid Symposium 878, 199–
204. https://doi.org/10.17660/ActaHortic.2010.878.23

Oszkinis, K. (2004). Storczyki (Orchids). Warsaw, PWRiL.
Parthibhan, S., Rao, M.V., Kumar, T.S. (2015). In vitro regen-

eration from protocorms in Dendrobium aqueum Lindley 
– An imperiled orchid. J. Genet. Engineer. Biotechnol., 
13(2), 227–233. DOI:10.1016/j.jgeb.2015.07.001

Rogozińska, J.H. (1969). Cytokininy i ich znaczenie w proce-
sach fizjologicznych roślin. Wiad. Bot., 13(4), 259–273.

Roy, J., Banerjee, N. (2002). Rhizome and shoot develop-
ment during in vitro propagation of Geodorum densiflo-
rum (Lam.) Schltr. Sci. Hortic., 94, 181–192. https://doi.
org/10.1016/S0304-4238(01)00373-9

Sinha, P., Roy, S.K. (2004). Regeneration of an indigenous 
orchid, Vanda teres (Roxb.) Lindl. through in vitro cul-
ture. Plant Tiss. Cult., 14, 55–61.

Talukder, S.K., Nasiruddin, K.M., Yasmin, S., Hassan, L., Be-
gum, R. (2003). Shoot proliferation of Dendrobium Or-
chid with BAP and NAA. J. Biol. Sci., 3(11), 1058–1062.

Warghat, A.R., Bajpai, P.K., Srivastava, R.B., Chaurasia, .P., 
Chauhan, R.S., Sood, H. (2014). In vitro protocorm devel-
opment and mass multiplication of an endangered orchid, 
Dactyloriza hatagirea. Turk. J. Bot., 38, 737–746. https://
doi.org/10.3906/bot-1308-48

Wattanawikkit, P., Bunn, E., Chayanarit, K., Tantiwiwat, S. 
(2011). Effect of cytokinins (BAP and TDZ) and auxin 
(2, 4-D) on growth and development of Paphiopedilum 
callosum. Nat. Sci., 45, 12–19.

Vacin, E., Went, F. (1949). Some pH changes in nutrient solu-
tion. Bot. Gard. Conserv. News. 110, 605–613. https://
doi.org/10.1086/335561

Zeng, S., Huang, W., Wu, K., Zhang, J., Teixeria da Silva, J., 
Duan, J. (2016). In vitro propagation of Paphiopedilum 
orchids. Crit. Rev. Biotechnol., 36, 521–534. https://doi.
org/10.3109/07388551.2014.993585

Zeng, S., Wu, K., Teixeira da Silva, J., Zhang, J., Chen, Z., 
Xia, N., Duan, J. (2012). Asymbiotic seed germination, 
seedling development and reintroduction of Paphiope-
dilum wardii Sumerh., an endangered terrestial orchid. 
Sci. Hort., 138, 198–209. https://doi.org/10.1016/j.scien-
ta.2012.02.026

Zhang, Y., Lee, Y.I., Deng, L., Zhao, S. (2013). Asymbiotic 
germination of immature seeds and the seedling devel-
opment of Cypripedium macranthos Sw., an endangered 
lady’s slipper orchid. Sci. Hortic., 164, 130–136. https://
doi.org/10.1016/j.scienta.2013.08.006

https://doi.org/10.5897/AJB10.401
https://doi.org/10.17660/ActaHortic.2005.692.14
https://doi.org/10.17660/ActaHortic.2005.692.14
https://doi.org/10.1016/j.scienta.2009.07.016
https://doi.org/10.1016/j.scienta.2009.07.016
https://doi.org/10.1007/s11738-008-0158-2
http://dx.doi.org/10.2306/scienceasia1513-1874.2013.39.449
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1007/s11240-010-9851-0
https://doi.org/10.1007/s11240-010-9851-0
https://doi.org/10.17660/ActaHortic.2010.878.23
https://doi.org/10.1016/j.jgeb.2015.07.001
https://doi.org/10.1016/S0304-4238(01)00373-9
https://doi.org/10.3906/bot-1308-48
https://doi.org/10.1086/335561
https://doi.org/10.1016/j.scienta.2012.02.026
https://doi.org/10.1016/j.scienta.2012.02.026
https://doi.org/10.1016/j.scienta.2013.08.006

