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ABSTRACT 

Renanthera imschootiana Rolfe is an extremely rare and endangered tropical epiphytic orchid. 

Studies on in vitro culture of R. imschootiana were conducted in order to conserve and increase 

the genetic pool of this wild orchid species. In this study, the effect of plant growth regulators 

(BA and NAA), ripe bananas in combination with potato, humic acid, and silver nanoparticles 

(AgNPs) were investigated to find a suitable condition for in vitro plant regeneration from R. 

imschootiana protocorm-like body (PLB). The results showed that after 45 days of culture, MS 

medium supplemented with 100 g ripe banana/liter and 100 g potato/liter was suitable for 

regenerating shoots from the protocorm-like body (PLB) (17.56 shoots/PLBs and 100.00% of 

shoot-regenerating PLBs); MS medium supplemented with 2.0 mg/L BA, 0.3 mg/L NAA and 4 

ppm AgNPs was the most suitable for the growth of shoots after 60 days of culture (10.00 

leaves/shoot and shoot length of 4.22 cm). The in vitro shoots were transferred to half-strength 

MS supplemented with humic acid and AgNPs to investigate the root formation of R. 

imschootiana. After 60 days of culture, the best rooting was obtained at 2.0 mg/L humic acid and 

6 ppm AgNPs (8.33 roots/shoot; root length of 4.00 cm and 100.00% root formation). The 

findings suggest that the in vitro micropropagation from R. imschootiana protocorm-like body 

provides a useful alternative tool for the conservation of this endangered species. 

Keywords: Conservation, epiphytic orchid, humic acid, plant growth regulators, silver 

nanoparticles. 
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INTRODUCTION 

Renanthera imschootiana Rolfe is a rare 
orchid species, whose natural origin is from 
some primaeval forests featured with an 
altitude of 1,000–1,500 m in China, India, 
Myanmar, and Vietnam (Chen et al., 2009). 
The plant belongs to the group of single stems 
without pseudobulbs; inflorescence axillary, 
to 1 m, usually branched, many-flowered; 
peduncle and rachis slender; floral bracts 
broadly ovate, apex obtuse (Chen et al., 
2009). In nature, this orchid is narrowly 
distributed in mountainous areas in Highland 
and Northwestern Vietnam (Ho, 1992). It is 
considered to be an endangered species and 
listed in Appendix I of the regulations 
formulated by the Committee for International 
Trade in Endangered Species Wild Fauna and 
Flora (CITES, 2021). 

In vitro propagation by plant tissue culture 
is considered the most effective method for 
the rapid multiplication and conservation of 
many rare orchid species. Plant tissue culture 
media can be manipulated by phytoregulators 
such as auxin, organic extracts, and other 
classes to influence in vitro growth and 
development. Auxin plays a focal turn in the 
formation of adventitious roots (Haissig & 
Davis, 1994; Guan et al., 2019), and the 
interdependent physiological stages of the 
rooting process are supported by changes in 
concentrations of endogenous auxin (Heloir et 
al., 1996). Besides auxin, organic extracts are 
known to be natural sources of carbon, 
containing a wide range of vitamins, natural 
hormones, proteins and minerals. When 
culturing orchids, the culture medium is 
supplemented with organic extracts such as 
coconut water, banana, potato, corn, papaya 
(Islam et al., 2003; Aktar et al., 2008; 
Gnasekaran et al., 2010). 

Humic acids (also known as the black 
gold of agriculture) are the most important 
organic constituents of the soil (humus), 
defined as the organic matter in the soil, a 
mixture of partially and totally humified 
substances. Humic acid plays a vital role in 
the plant tissue culture as a growth hormone 
for in vitro propagation of many plant 

seedlings (Dhanapal & Sathish, 2014). Humic 
acid has a direct effect on plant cell 
membranes, which increases their 
permeability and makes mineral elements 
move back and forth through the membrane, 
resulting in increased transport of various 
mineral nutrients to sites of metabolic need 
(Robert, 2007). They are used to help increase 
the germination rate and support the 
development of roots (Gallant, 2004). In 
particular, humic acid has antibacterial 
activity by inhibiting the growth of bacteria 
and fungi, thereby reducing mycotoxins 
(Islam et al., 2005). To date, there have been 
several studies on the investigation of the 
effect of humic acid on in vitro propagation of 
plants, for example, effects of auxins and 
humic acids on in vitro rooting of strawberry 
(Fragaria x ananassa Duch.) (Rzepka-
Plevnes et al., 2011), the influence of humic 
acid (HA) on histological development, 
antioxidant enzyme changes and endogenous 
hormone levels during adventitious root 
formation in evergreen azalea microshoots 
(Elmongy et al., 2018) but only one for the 
orchid species Paphiopedilum x dalatense 
(Vinh et al., 2021). 

In recent years, many studies on the 
effects of metal nanoparticles on plants have 
been conducted (Kole et al., 2016; Sarmast & 
Salehi, 2016; Sanzari et al., 2019). Among 
metal nanoparticles, silver nanoparticles 
(AgNPs) are widely used in the field of plant 
tissue culture. Many previous studies have 
proved the vital effect of AgNPs on plants. 
AgNPs had a remarkable ability to improve 
the growth rate and yield of wheat crops ex 
vitro. Specifically, when wheat plants were 
grown in clay pots supplemented with AgNPs 
at concentrations of 25 ppm and 50 ppm, fresh 
weight, dry weight and chlorophyll content 
were recorded higher than the control 
treatments and the grain yield was the highest 
(Razzaq et al., 2016). Ngan et al. (2019) 
conducted a study on the effect of AgNPs in 
Gerbera jamesonii in vitro and found that 
AgNPs have played an important role in 
reducing hyper-hydration and enhancing 
plantlet quality. In detail, on culture media 
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supplemented with a concentration of 2 ppm 
AgNPs, an increase in shoot multiplication 
and shoot quality was observed; whereas, 
hyper-hydration was observed to be 
significantly reduced, and the addition of 5 
ppm silver nanoparticle solution to the root 
induction medium was the most optimal. In 
addition, when it comes to acclimation, the 
survival rate of young plantlets was witnessed 
to be high, which contributed to a source of 
high quality plantlets. Sanzari et al. (2019) 
have published an overview of nanomaterials 
used in plant science and accurately described 

the main interactions in terms of uptake, 
mobilization mechanisms and biological 
effects. Ali et al. (2019) also showed that the 
addition of different concentrations of AgNPs 
increased callus induction, development and 
biomass when AgNPs were combined with 
plant growth regulators supplemented on MS 
medium in in vitro culture of Caralluma 
tuberculata. Besides, Zia et al. (2020) noted 
that AgNPs effectively enhanced the in vitro 
shoot multiplication and plantlet proliferation 
of Carnation cultivars cv. Noblessa, cv. 
Antigua and cv. Mariposa. 

 

 

Figure 1. Tree and flower of Renanthera imschootiana Rolfe 
 

In the genus Renanthera, several 
micropropagation protocols have been 
successfully developed such as Renanthera 
ammani (Vanda Josephine Van Brero x 
Renanthera storiei) (Goh & Tan, 1982), R. 
imschootiana (Seeni & Latha, 1992; Lin et al., 
2008; Wu et al., 2014; Dan et al., 2018), R. 
imschootiana x Vanda coerulea (Rajkumar & 
Sharma, 2009), and R. imschootiana x R. 
monachica (Wu et al., 2012). However, there 
is still no study on the effects of AgNPs on the 

micropropagation of R. imschootiana in 
general, as well as on improving plantlet 
quality in particular. 

This research aims to investigate the 

effect of plant growth regulators (BA, NAA), 

ripe bananas in combination with potato, 

humic acid, and silver nanoparticles (AgNPs) 

for in vitro plant regeneration from R. 

imschootiana protocorm-like body. The best 

condition was found to shorten culture time. 



H’Yon Nie Bing et al. 

50 

MATERIALS AND METHODS  

Materials 

Protocorm-like body (PLB) (about 0.3 cm 
long induced from R. imschootiana seed was 
used for experiments. The materials are 
currently available in the laboratory of the 
Department of Plant Resources, Tay Nguyen 
Institute for Scientific Research, VAST. 

Methods 

Medium and cultural condition 

The explants were cultured on Murashige 
and Skoog (1962) (MS) medium 
supplemented with plant growth regulators, 
banana extract, banana extract in combination 
with potato extract, humic acid and AgNPs 
with concentrations depending on the 
experiment. The organic extract was prepared 
as follows: remove ripe bananas’ thin outer 
skin and grind them finely; wash and boil 
potatoes with the skin, then use boiled water 
to grind them finely. The medium was 
adjusted to pH 5.8 and then autoclaved at 121 
o
C, 1 atm for 25 min. 

Condition of culture room: The explants 
were cultured in a culture room at a 
temperature of 25 ± 2 ºC, average humidity of 
55–60%, under the fluorescent lamp with a 
photoperiod of 16 hours per day and light 
intensity of 35 µmol/m

2
/s. 

Silver nanoparticle solution 

AgNPs with a size of less than 20 nm 
were used as follows: AgNO3 750–1,000 ppm, 
β-chitosan 250–300 ppm, NaBH4 200 ppm, 
mole ratio NaBH4/AgNO3 of 1/4, and a drip 
rate of NaBH4 of 10–12 drops per minute 
(Chau et al., 2008). A nanoparticle solution 
was provided by the Institute of 
Environmental Technology, VAST. 

Experimental set-up 

Effect of organic extracts on shoot regeneration 
from PLB 

PLB was separated into blocks about 0.3 
cm in size and cultured on a medium 
containing MS supplemented with different 
concentrations of ripe banana extract (0, 50, 

100, 150 g)/liter medium and in another 
experiment with MS supplemented with 
banana extract (0, 50, 100, 150 g)/liter 
medium in combination with potato extract at 
100 g/liter medium. The results on the number 
of shoots and the rate of shoot regeneration 
will be collected after 45 days of culture. 

Effect of BA and NAA on the growth of shoots 

The shoots with a height of 0.6 cm were 
cultured on MS medium supplemented with 
different concentration of BA (0; 1.0; 1.5; 
2.0 mg/L) in combination with NAA (0.3; 
0.5 mg/L). The effects of culture media on 
the growth and development of shoots were 
evaluated by the number of leaves/shoots, the 
average length of shoots (cm) and shoot 
morphology after 60 days of culture. 

Effect of AgNPs on the growth of shoots 

The best shoots with a height of 3.0 cm 
from the above experiment were cultured on 
MS medium supplemented with optimal BA 
and NAA treatment in the above experiment 
combined with different concentrations of 
AgNPs (0; 2.0; 4.0; 6.0 ppm). The effects of 
culture media on the growth and 
development of shoots were evaluated by the 
number of leaves/shoots, the average length 
of shoots (cm) and shoot morphology after 
60 days of culture. 

Effect of humic acid on in vitro root 
regeneration of shoots 

For the root induction experiments, the in 
vitro shoots with a height of about 4.0 cm were 
cultured on 1/2 MS medium supplemented 
with different concentrations of humic acid  
(0; 0.5; 1.0; 1.5; 2.0; 2.5 mg/L). The number 
of roots, length of roots, and rooting 
percentage were determined after 60 days. 

Effect of AgNPs on in vitro root regeneration 
of shoots 

For the root induction experiments, the in 
vitro shoots of about 4 cm were cultured on ½ 
MS culture medium with the optimal humic 
acid concentration in the above experiment 
and were then combined with different AgNPs 
concentrations (0; 2.0; 4.0; 6.0; 8.0 ppm). The 
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number of roots, length of roots, and rooting 
percentage were determined after 60 days. 

Statistical analysis 

The designed experiments were repeated 
three times following Complete Randomize 
Design. Each treatment comprised five vessels 
(V = 250 ml) with 30 ml culture solution, with 
3 shoots per vessel. The data of treatment 
effects were analyzed using the ANOVA test, 
and a comparison between mean values of 
treatments made by Duncan’s test (Duncan, 
1955). All statistical analyses were performed 
using SPSS 22.0 software. 

RESULTS AND DISCUSSION 

Effect of organic additives on shoot 
regeneration from PLB 

The ability to regenerate shoots of R. 
imschootiana after 45 culture days was shown 
in Table 1. 

After 45 days of culture, different 
supplements had different effects on shoot 
number and shoot regeneration rate. In the 

experiment without the appearance of mashes, 
the number of shoots was only 7.27 per PLB, 
whereas, in the medium supplemented with 
ripe banana and potato mash, the number of 
shoots/PLBs increased from 8.85 to 17.56. 
When individually adding ripe banana to the 
culture medium, the culture medium 
supplemented with 100 g ripe banana/liter was 
noticed to bring the best effect with 13.96 
shoots/explant and 88.33% of shoot 
regeneration. Van et al. (1975) showed that the 
addition of blended banana to culture medium 
stimulates the orchid growth because it helps 
balance the pH medium. However, when the 
ripe banana content was increased to 150 g/L, 
the monitoring indicators tended to decrease 
(10.04 shoots/PLB and 79.00% of shoot 
regeneration samples). When the ripe banana 
content in the culture medium is too high, it 
inhibits the formation and growth of shoots, 
possibly due to the high osmotic pressure of the 
medium, and prevents the absorption of water 
as well as substances necessary for the growth 
of shoot development. 

 
Table 1. Effect of organic additives on shoot regeneration  

from PLB of Renanthera imschootiana 

Ripe banana  

(g/liter medium) 

Potato  

(g/liter medium) 

Average no. of 

shoots/explant 

Regenerating shoot 

percentage (%) 

0 0 7.27
f* 

50.33 

50 0 8.85
e 

76.00 

100 0 13.96
c 

88.33 

150 0 10.04
d 

79.00 

50 100 15.45
b 

77.00 

100 100 17.56
a 

100.00 

150 100 15.18
b 

86.33 

Note: *: In each column, the mean values with a different letter (a, b, c,…) indicated significant difference 

between treatments with p < 0.05 by Duncan’s test. 
 

The medium supplemented with banana 
and potato mash had higher regenerating shoot 
percentages and numbers of shoots than the 
control medium. According to Islam et al. 
(2000), bananas, potatoes, and taros contain 
niacin and some vitamins, which have a 
stimulant effect on the germination and growth 
of orchids. In the culture medium 
supplemented with ripe banana and potato 

mash, there was a marked increase in the 
monitoring parameters compared with the other 
treatments. The highest number of shoots/PLB 
of R. imschootiana was observed at 100 g ripe 
banana/liter medium and 100 g potato/liter 
medium, which was 17.56. A maximum rate of 
shoot regeneration (100.00%) was also found 
in this medium. When increasing the ripe 
banana content to 150 g/L combined with  
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100 g potato/liter medium, it inhibits the 
formation of shoots. To date, there has been no 
publication on the combined addition of 
banana and potato to the shoot regeneration 
medium on orchids of the genus Renanthera. 
This may be a new direction for further studies 
to regenerate shoots from PLB in orchids of 
this genus. The results of the high regeneration 
rate and the number of shoots in this study are 
consistent with the results of the study on 
Paphiopedilum x dalatense (Vinh et al., 2021). 
In a study of R. imschootiana shoot 
multiplication derived from protocorm, MS 
medium supplemented with 1.5 mg/L KIN and 
15% CW was observed to be the most suitable, 

specifically, shoot multiplication rate reached 
15.33 shoots/explant after 12 weeks of culture 
(Dan et al., 2018). Thus, compared with the 
conditions established by Dan et al. (2018), 
shoot multiplication on the investigated media 
in this study was better, which may indicate a 
positive role of organic additives (ripe banana 
and potato mash) in the shoot multiplication of 
this orchid. 

Effect of BA and NAA on the growth of 
shoots 

After 60 culture days, the shoot growth 
and development results of R. imschootiana 
were summarised in Table 2. 

 
Table 2. Effect of BA and NAA on the growth and development  

of Renanthera imschootiana shoots 

BA 

(mg/L) 

NAA 

(mg/L) 

The number of 

leaves/shoot 

The average length 

of shoots (cm) 
Shoot morphology 

0 0 2.67
c 

0.867
f * 

Small shoots, weak shoots 

1.0 0.3 5.67
b 

1.65
e 

Small shoots, weak shoots 

1.5 0.3 6.00
b 

2.93
b
 Small shoots, dark green leaves 

2.0 0.3 7.67
a 

3.50
a
 Big shoots, dark green leaves 

1.0 0.5 7.33
a 

2.87
b
 Small shoots, dark green leaves 

1.5 0.5 6.33
b 

2.75
c
 Small shoots, light green leaves 

2.0 0.5 5.33
b 

1.75
d
 Small shoots, light green leaves 

Note: *: In each column, the mean values with a different letter (a, b, c…) indicated significant difference 

between treatments with p < 0.05 by Duncan’s test. 
 

The results in Table 2 show that the 
concentration of BA in combination with NAA 
influenced the average number of leaves 
produced per shoot as well as the mean length 
of the shoots. With the same concentration of 
0.3 mg/L NAA, shoot growth increased as the 
concentration of BA increased. The highest 
number of leaves/shoot and shoot lengths 
observed at the concentration of BA 2.0 mg/L 
combined with 0.3 mg/L NAA was  
7.67 leaves/shoot and 3.5 cm, respectively, in 
this experiment, it has shown to have big 
shoots and dark green leaves (Table 2 &  
Fig. 2c2). When the MS medium was 
supplemented with 0.5 mg/L NAA combined 
with BA (1.0; 1.5; 2.0 mg/L), the growth of 
shoots decreased gradually, and the number of 
leaves/shoot decreased from 7.33 leaves/shoot 
to 5.33 leaves/shoot and the average length of 

shoots decreased from 2.87 cm to 1.75 cm, also 
with small shoots and light green leaves. The 
presence of BA at appropriate concentrations in 
the culture medium has been shown to have a 
positive effect on shoot growth in many orchid 
species (Hossain et al., 2010). Results are also 
supported by the findings of Roy & Banerjee 
(2002), who reported that BA enhances shoot 
multiplication more actively than kinetin. In 
this study, the combination of BA with NAA 
showed better growth and development of 
shoot than the studies adding only BA, which 
is a special point in our study. Meanwhile, Wu 
et al. (2014) concluded that Hyponex N016 
medium supplemented with 0.5 mg/L NAA,  
1 g/L peptone, 150 g/L BH and 20% CW was 
the most suitable for the growth of in vitro  
R. imschootiana plants, with a height of  
3.63 cm after 8 weeks of culture. 
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Figure 2. In vitro regeneration of Renanthera imschootiana from PLB. (a) PLB; (b) Shoot 
cluster formed from PLB; (c) Effect of BA and NAA on the growth and development of shoots 
in treatments (Control; 0.3 mg/L NAA combined with 2.0 mg/L BA; 0.5 mg/L NAA combined 
with 1.0 mg/L BA); (d) Effect of AgNPs on the growth and development of shoots; (e) Effect of 

humic acid on root regeneration; (f) Effect of AgNPs on root regeneration 
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Effect of AgNPs on the growth of shoots 

After 60 days of culture, the effects of 
different concentrations of AgNPs in the 

culture medium containing 2.0 mg/L BA in 
combination with 0.3 mg/L NAA on the 
growth and development of R. imschootiana 
shoots were shown in Table 3. 

 
Table 3. Effect of AgNPs on the growth and development of Renanthera imschootiana shoots 

AgNPs 

(ppm) 

The number of 

leaves/shoot 

The average length 

of shoots (cm) 
Shoot morphology 

0 7.67
b 

3.50
c * 

Big shoots, dark green leaves 

2.0 9.33
a 

3.70
b 

Big shoots, dark green leaves 

4.0 10.00
a 

4.22
a
 Big and strong shoots, dark green leaves 

6.0 8.33
b 

3.54
c
 Small shoots, yellow leaves 

Note: *: In each column, the mean values with a different letter (a, b, c,…) indicated significant 

difference between treatments with p < 0.05 by Duncan’s test. 
 

After 60 culture days, the results showed 
that at all investigated concentrations of 
AgNPs, the number of leaves per shoot and 
shoot height were higher than those of the 
control. In the medium without AgNPs 
addition, the number of leaves per shoot was 
only 7.67 and the shoot height was 3.50 cm 
(Table 3 & Fig. 2d1). When the medium was 
supplemented with 2.0 ppm AgNPs, the 
monitoring parameters increased to 9.33 
leaves/shoot and 3.70 cm, respectively (Table 
3 & Fig. 2d2). Especially when the AgNPs 
concentration was increased to 4.0 ppm, the 
number of leaves per shoot, as well as the 
average length of shoots, reached the highest 
(10.00 leaves/shoot and 4.22 cm) (Table 3 & 
Fig. 2d3). However, when continuing to 
increase the concentration of AgNPs to  
6.0 ppm, the two monitoring parameters of the 
experiment (the number of leaves per shoot as 
well as the shoot height) tended to decrease 
gradually, the shoots were weak and the 
leaves yellowed (Table 3 & Fig. 2d4). The 
high AgNPs concentration causes reduced 
growth of R. imschootiana, which can be 
explained by heavy metal poisoning (silver) in 
cells leading to phenol polymerization due to 
peroxidase enzyme activity (Backor et al., 
2009). Cuong et al. (2018) used AgNPs on 
Fragaria x ananassa, showing that AgNPs 
not only increased the number of shoots but 
the shoots also had larger petioles, enlarged 
leaves, and darker green color than the control 
treatment. Huong & Gioi (2021) also reported 

that a medium supplemented with 4.0 ppm 
AgNPs was appropriate for the shoot 
multiplication and development of shoots of 
Gomphrena globose L. 

There have been many studies on the 
effects of AgNPs in many plant species, but 
for orchids, there are very few studies. Gioi & 
Huong (2019) used AgNPs for Phalaenopsis 
orchids and showed that the optimal medium 
for the formation of shoots from the PLB of 
phalaenopsis orchid was a culture medium 
containing 4.0 ppm AgNPs. Thus, our study 
demonstrated that AgNPs promoted shoot 
growth of R. imschootiana and the promotive 
effects of growth by AgNPs are beneficial to 
plant propagation. 

Effect of humic acid on root regeneration 
of shoots in vitro 

Root regeneration of shoots is the final 
step in the in vitro propagation process. At the 
end of this period, complete plants (with 
roots, stems and leaves) will be obtained for 
the training phase of plants in the nursery. 

In this study, the data on the number of 
roots, length of roots, and rooting percentage 
after 60 days of culture were recorded in 
Table 4. 

All the treatments produced roots with 
varying root numbers and lengths. In the 
control treatment where 1/2 MS medium was 
not supplemented with humic acid, rooting 
percentage, number of roots and root length 
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were lower than in the medium added with 
humic acid, which showed that the addition 
of humic acid to the culture medium had a 
positive effect on the root formation of  
R. imschootiana. When the concentration of 
humic acid was increased from 0.5 mg/L to 
1.5 mg/L, all three monitoring parameters of 
the experiment increased, the number of roots 
per shoot increased from 2.22 to 3.78, the 
average root length from 0.85 cm to 1.52 cm 
and the rate of root regeneration from  
62.67 to 82.00% (Table 4). In particular, the 
treatment of medium added with 2.0 mg/L 
humic acid was the best response, which 
produced 5.33 roots/shoot with a root length 
of 2.07 cm and a rooting rate of 99.00% 
(Table 4 & Fig. 2e5). However, when the 
concentration of humic acid increased to  
2.5 mg/L, the number of roots/shoots, root 

length, and rooting rate decreased by  
4.22 roots/shoot, 1.62 cm, and 80.67%, 
respectively (Table 4 & Fig. 2e6). 

A few studies used humic acid in orchid 
culture. For R. imschootiana, when using 
humic acid, the quality of seedlings is good 
with dark green leaves, and strong root, and 

this will be a new direction in the propagation 
process of the genus Renanthera in the next 
research rounds. Vinh et al. (2021) in the 
Paphiopedilum x dalatense propagation study 
indicated that the growth and development of 
roots were maximum at 2.0 mg/L humic acid, 

which is consistent with our results. In 
addition, Mohamed et al. (2017) studied the 
propagation of evergreen Azalea and obtained 
the optimal rooting medium results when 
adding 1.0 mg/L of humic acid. 

 
Table 4. Effect of humic acid on root regeneration of shoots in vitro 

Humic acid (mg/L) No. of roots/shoot Root length (cm) Rooting percentage (%) 

0 0.67
d 

0.38
e* 

49.33 

0.5 2.22
cd 

0.85
d 

62.67 

1.0 3.22
c 

1.20
c 

72.00 

1.5 3.78
bc 

1.52
b 

82.00 

2.0 5.33
a 

2.07
a 

99.00 

2.5 4.22
b 

1.62
b 

80.67 

Note: *: In each column, the mean values with a different letter (a, b, c,…) indicated significant 

difference between treatments with p < 0.05 by Duncan’s test. 
 

Effect of AgNPs on root regeneration of in 

vitro shoots 

The experiment was continued with the 

culture medium containing 2.0 mg/L of humic 

acid combined with AgNPs at different 

concentrations (0; 2.0; 4.0; 6.0; 8.0 ppm). The 

in vitro root regeneration ability of shoots after 

60 days of culture is presented in Table 5. 

The results obtained in Table 5 showed 
that AgNPs had a positive effect on the 
rooting ability of shoot R. imschootiana, the 
experiment supplemented with AgNPs gave a 
higher number of roots/shoot and root length 
compared to experiments without the 
addition of AgNPs. As for the number of 
roots, in the control treatment, only 5.33 

roots/shoot were obtained, while this 
indicator in the treatment with AgNPs 
addition ranged from 6.67 roots/shoot 
(addition treatment 2.0 ppm AgNPs) to  
8.33 roots/shoot (addition treatment 6.0 ppm 
AgNPs) (Table 5 & Fig. 2f). Regarding the 
root length criterion, in the control treatment, 
the average root length was 2.07 cm, while 
this indicator in the AgNPs additional 
treatments ranged from 2.53 cm (addition 
treatment 2.0 ppm AgNPs) to 4.00 cm 
(addition treatment 6.0 ppm AgNPs) (Table 5 
& Fig. 2f). Among these treatments, the 
treatment with 6.0 ppm AgNPs showed the 
best results in terms of growth parameters 
(8.33 roots/shoot, root length 4.00 cm and 
100.00% root formation) (Table 5 &  
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Fig. 2f4). It is observed that the seedlings are 
healthy with strong green leaves. They have 
many thick and uniform roots, which will be 
a source of quality in vitro seedlings in the 
future. When AgNPs concentration increased 
to 8.0 ppm, root formation was inhibited and 
the number of roots decreased (Table 5 & 
Fig. 2f5). The positive effect on rooting in 
this case may be due to the additive effect of 
humic acid (2.0 mg/L) combined with 
AgNPs (6.0 ppm). 

AgNPs have an important role in plant 
tissue culture. It not only enhances the 
growth and development of Brassica juncea, 
bean (Phaseolus vulgaris L.), and corn (Zea 
mays L.) (Salama, 2012) but also accelerates 
root formation in Crocus sativus (Rezvani et 
al., 2012). In our research, AgNPs was 
proved to be superior in the in vitro culture 
system for R. imschootiana. In the future, 
this may be an interesting method to use in 
propagation in orchids. 

 
Table 5. Effect of AgNPs on root regeneration of shoots in vitro 

AgNPs (ppm) No. of roots/shoot Root length (cm) Rooting percentage (%) 

0 5.33
c 

2.07
e* 

99.00 

2.0 6.67
b 

2.53
d 

98.67 

4.0 7.33
b 

3.17
c 

99.00 

6.0 8.33
a 

4.00
a 

100.00 

8.0 7.00
b 

3.85
b 

96.67 

Note: *: In each column, the mean values with a different letter (a, b, c,…) indicated significant 

difference between treatments with p < 0.05 by Duncan’s test. 
 

CONCLUSION 

In vitro micropropagation of  
R. imschootiana Rolfe, the most suitable 
medium for regenerating shoots from 
Protocorm-like body was MS medium 
supplemented with 100 g ripe banana/liter 
medium and 100 g potato/liter medium. For 
subculture, suitable growth of shoots was 
obtained on MS medium supplemented with 
2.0 mg/L BA, 0.3 mg/L NAA and 4.0 ppm 
AgNPs. The medium used for root formation 
was 1/2 MS supplemented with 2.0 mg/L 
humic acid and 6.0 ppm AgNPs. 
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