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Abstract: Native species orchids, as a source of genetic diversity, can be used in 
crossing activities to produce hybrid orchids. Dendrobium is a type of orchid in 
great demand and of high economic value because of its unique flower shape 
and colour. Developing new varieties through interspecific crossings has 
produced a D. stratiotes × D. lineale hybrid that successfully germinated in in 
vitro culture. This experiment was carried out to study the effect of auxin type 
and concentration on D. stratiotes × D. lineale hybrid orchid plantlet 
development in in vitro culture, as well as to determine the best type and 
concentration of auxin to stimulate D. stratiotes × D. lineale hybrid orchid 
plantlet development. The results showed that the number of shoots formed 
and the root length of the D. stratiotes × D. lineale hybrid were controlled by 
the interaction between auxin type and its concentration. Adding 15 µM IBA 
produced the most shoots, 16.33 shoots per explant. In addition, NAA 
application resulted in the longest shoots (1.38 cm shoot per explants) and 
most roots (11 roots per explants) at 8 weeks after planting, which were 
significantly different from those produced by IAA or IBA. 
 
 
1. Introduction 
 
     Orchids are included in the family Orchidaceae, which is widely 
distributed worldwide. Until now, Orchidaceae is estimated to encompass 
700 to 800 genera and approximately 17,000 to 35,000 species worldwide 
(Widiarti et al., 2023). A genus with a broad distribution is Dendrobium, 
which is one of the orchid genera widely cultivated for its high aesthetic 
and economic value and for its contribution to efforts to preserve 
biodiversity. This genus has many variations, including their habitat, 
shape, size, and flower colour (April iyani and Wahidah, 2021). 
Dendrobium is one type of orchid easily adapted to environmental  
stress, such as lack of water, high light intensity, and winter conditions, 
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compared to other orchids (Tikendra et al., 2018). As 
a plant with many species that have not been 
identified in nature, orchids continue to be studied as 
a source of germplasm diversity. 
     Orchids have high aesthetic and economic value 
due to their uniqueness and rarity. The newly 
produced D. stratiotes × D. lineale variety has not yet 
been registered under the Plant Variety Protection 
(PVP) Act. PVP registration, which is «sui generis» of 
patents, protects plant varieties developed by plant 
breeders if they contain new, unique, uniform, and 
stable elements (Diah and Irianti, 2017). Tini et al. 
(2024) state that Dendrobium stratiotes, which 
originates from the Sunda Islands, Sulawesi, and 
Maluku (Halmahera and Morotai), flourishes in 
lowlands as epiphytes with medium­large sizes, 
enjoys warm to hot circumstances, and bunches 
together to form groups. Dendrobium lineale is a 
significant giant orchid species native to Papua that 
flourishes as an epiphyte or lithophyte in warm­to­
hot climates. It is commonly found in riverbeds and 
coastal areas, up to 800 meters above sea level. 
     Growth regulators (PGRs) are among the factors 
that affect in vitro hybrid orchid propagation (Saad 
and Elshahed, 2012). PGRs play a part in controlling 
explant growth during both the plantlet production 
and multiplication stages. Auxin is one of the PGRs 
most commonly used for root induction and 
multiplication. Although auxin promotes cell division, 
expansion, and differentiation, its primary function 
is to induce an explant to form roots (Lavy and 
Estelle, 2016; Leyser, 2018). Auxins such as 
naphthaleneacetic acid (NAA), indole­3­acetic acid 
(IAA), and indole­3­butyric acid (IBA) are frequently 
utilized in root induction (Chandler, 2016; Prasetyo et 
al., 2020; Shawky Soliman, 2020; Tamyiz et al., 2022). 
This study aims to test the impact of auxin type and 
concentration on hybrid orchid progeny (D. stratiotes 
× D. lineale). Acclimatization will be more successful 
in offspring with a more muscular root system. 
 
 
2. Materials and Methods 
 
Plant materials 
     The plant materials utilized were microshoots of 
D. stratiotes × D. lineale, previously cultured on 
Murashige­Skoog (MS) medium (Phytotech M519) 
augmented with 10 µM BAP (Sigma­Aldrich B3408) 
and 30 g.L­1 sucrose, solidified with 8% agar (SNP 
plant). 

Root induction and plantlet formation 
     Plantlet development of D. stratiotes × D. lineale 
was performed on MS medium enriched with 30 g L­1 
sucrose and solidified with 8 g L­1 agar. The effects of 
IAA (Sigma­Aldrich I2886), IBA (Sigma­Aldrich I5386), 
and NAA (Sigma­Aldrich N0640) at different 
concentrations were examined. The research was 
executed experimentally, employing a split­plot 
design with three replications. The primary plots 
represented auxin types, specifically IAA, IBA, and 
NAA, while the secondary plots indicated auxin 
concentrations of 0 µM, 5 µM, 10 µM, and 15 µM. 
The medium was calibrated to pH 5.8. The 
microshoots were cultivated in a single explant per 
bottle and incubated at 24°C under continuous 
illumination for 8 weeks. The observed variable was 
the production of D. stratiotes × D. lineale plantlets, 
with the measured parameters being the number of 
shoots, leaves, roots, and plant length. 
 
Data analysis 
     The data were analyzed using analysis of variance 
(ANOVA) followed by Duncan’s multiple range test 
(DMRT) at a 95% confidence level using DSAASTAT 
VER 1.514 software. 
 
 
3. Results 
 
     According to the observation results, the hybrid 
orchid explants D. stratiotes × D. lineale showed 
significant development, as evidenced by increased 
shoot number, leaf number, shoot length, root 
number, and root length in each treatment. The 
summary of the analysis of variance (ANOVA) 
presented in Table 1 shows that the types of auxins 
significantly affect the shoot length and the number 
of leaves. Auxin concentration significantly affects the 
number of shoots but does not significantly affect the 
number of leaves, shoot length, roots, or root length. 
Furthermore, the interaction between auxin type and 
concentration substantially affects the number of 
shoots and roots. However, it does not significantly 
affect leaf number, shoot length, or root number. 
     One of the critical parameters in the formation of 
D. stratiotes × D. lineale plantlets is the growth of 
axillary shoots. The analysis of variance (ANOVA) 
(Table 1) shows that the number of shoots formed is 
influenced by the concentration of auxin and the 
interaction between the type and concentration of 
auxin. The DMRT results (Fig. 1 and 2) show that the 
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induce the most Dendrobium sp. shoots, with an 
average of 1.44 shoots per explant. 
     The DMRT test results on the effect of the 
interaction between auxin types and concentrations 
on D. stratiotes × D. lineale plantlet formation (Fig. 3) 
showed that the 15 µM IBA treatment produced the 
highest number of shoots, i.e., 16.33 shoots per 
explant. However, it was not significantly different 
from those produced by 15 µM IAA and 10 µM NAA, 
with average shoot counts of 13.67 and 11.33 per 
explants, respectively. According to Sauer et al. 
(2013), high auxin concentrations can synergize with 
endogenous cytokinins to increase the number of 
shoots in culture. Furthermore, Prasetyo et al. (2020) 
state that using the appropriate concentration can 
accelerate the cell cycle, thereby speeding cell 
division and differentiation. Barua et al. (2022) stated 
that using 1.5 mg L­1 IBA (8.055 µM) supplemented 
with 0.2% banana extract induced the number of 

average number of shoots is highest at a 
concentration of 15 µM, with 12 shoots per explant. 
This result is significantly different from all the tested 
auxin concentrations. The data in figure 1 shows that 
an increase in auxin concentration led to an increase 
in the number of shoots formed. The lowest average 
number of shoots was observed at a concentration of 
5 µM, with 4.22 shoots per explant. 
     Interestingly, the control treatment (0 µM) has a 
higher average number of shoots per explant (5.11) 
than the 5 µM treatment. The increase in the 
number of shoots in media without PGR indicates a 
high cytokinin content in the explants, which can be 
caused by using BAP during the multiplication stages. 
BAP is a cytokinin that can bind to sugar and form a 
BAP­sugar bond that can be stored longer in plants. 
The results of this study differ from those of Tikendra 
et al. (2018), who reported that a 10 µM auxin 
concentration induced the best shoot and root 
formation in D. thyrsiflorum Rchb.f cultures, with an 

Fig. 1 ­ The results of DMRT on the average number of shoots of 
D. stratiotes × D. lineale hybrid as a response to auxin 
concentration at 8 weeks after planting. Means marked 
with different letters are statistically different at DMRT 
95%.

Fig. 2 ­ The appearance of D. stratiotes × D. lineale plantlets on 
media with different types and concentrations of auxin 
at 8 weeks after planting.

Table 1 ­    Summary of the analysis of variance (ANOVA) results on the effect of auxin types and concentrations on the parameters of D. 
stratiotes × D. lineale hybrid orchid plantlet formation

Source of variance p value of

No. of shoots No. of leaves Shoot height No. of Root Root length

Auxin type (A) 0.951 0.840 0.040 0.011 0.607
Auxin concentration (K) 0.015 0.291 0.098 0.670 0.050
Interaction A x K 0.046 0.198 0.112 0.332 0.013

average of 3.04 shoots per explant and 6.52 roots per 
explant. Furthermore, Suryani and Ratnawati (2024) 
found that the use of auxin (NAA) at a low 
concentration (0.2 ppm = 1.07 µM) was able to 

p­value <0,01 shows a very significant difference at a 1 % error rate of F­test; p­value < 0,05 shows a very significant difference at 5% 
error rate of F­test.
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shoots of Dendrobium lituiflorum Lindl. with an 
average of 14.5 shoots per explant. 
     Figure 3 shows that the lowest average number of 
shoots was produced by 0 µM NAA (without 
PGR/control) and five µM IBA (2.33 shoots per 
explant). The results of this observation indicate that 
the addition of auxin to the media can increase the 
induction of lateral shoots in the hybrid orchid D. 
stratiotes × D. lineale. Based on Dobrev et al. (2017), 
auxin can synergize with cytokinin in the formation of 
axillary shoots by accelerating mitosis. 
     According to Poothong et al. (2018), optimizing 
nutrient levels in culture media can lead to 
substantial changes in shoot morphology, including 
increased shoot length and a greater number of 
larger, healthier leaves. Putri et al. (2024) stated that 
MS media contains elevated levels of mineral salts 
and is suitable for most plants, hence optimizing 
explant growth. According to Müller and Leyser 
(2011), a high concentration of auxin in the explant 
caused by exogenous auxin application stimulates 
ethylene synthesis, thereby inhibiting cell elongation. 
However, if exogenous auxin is insufficient, growth is 
suboptimal. 
     The DMRT result on the effect of auxin types on 
average shoot length (Fig. 4) showed that NAA yielded 
the highest average shoot length (1.38 cm). The 
results obtained differ significantly from those of 
every other auxin type examined. The media 
supplemented with IBA showed the shortest shoot 
length (1.01 cm), followed by the media 
supplemented with IAA (1.04 cm). All three auxin 
types tested increased plant length, indicating auxin’s 
role in controlling elongation in explants. Kumar et al. 
(2019) and Saini et al. (2013) state that auxin is crucial 

for cell elongation and enlargement, cell 
differentiation, and root induction. NAA is a kind of 
auxin that effectively stimulates root development 
within a limited concentration range. Tolera (2016) 
found that NAA and IBA are auxins commonly utilized 
in the vegetative propagation of sugarcane due to 
their significant rhizogenic capacity and stability in 
plant tissue. Furthermore, Kazan (2013) and Pandey et 
al. (2019) state that the auxin hormone signaling 
stretches cell walls, thereby promoting cell elongation. 

     Auxin promotes elongation by activating a proton 
pump at the plasma membrane, secreting H+ ions 
into the cell wall, thereby lowering pH and facilitating 
the loosening of cellulose fibers by disrupting their 
interconnections. Moreover, auxin enhances the 
expression of expansins, thereby increasing the 
elasticity of the cell wall. As the cell wall becomes 
more pliable, an input of water (to be sequestered in 
the vacuole) results in cellular enlargement 
(Blakeslee et al., 2005; Zhao, 2014; Leyser, 2018). 
     One of the important parameters in the formation 
of D. stratiotes × D. lineale plantlets is the growth of 
roots. Table 1 shows that the type of auxin treatment 
influences root formation. The DMRT result on the 
effect of auxin types on the average number of roots 
(Fig. 5) showed that NAA yielded the highest number 
of roots (11.00 roots per explant). However, this 
result was similar to the IBA treatment, which had an 
average of 8.33 roots per explant. In contrast, the 
lowest average number of roots was observed in the 
IAA­supplemented media, namely 4.33 roots per 
explant. According to Arli and Noli (2023), NAA 1.5 
mg L­1 is the best concentration for root formation in 
Dendrobium lasianthera orchids. Furthermore, 
Lamboro et al. (2022) found that 4 mg L ­1 NAA 

Fig. 3 ­ The results of DMRT on the average number of shoots of 
D. stratiotes × D. lineale hybrid as a response to the 
interaction between auxin types and concentrations at 8 
weeks after planting. Means marked with different let­
ters are statistically different at DMRT 95%.

Fig. 4 ­ The results of DMRT on the average shoot length of D. 
stratiotes × D. lineale hybrid as a response to auxin types 
at 8 weeks after planting. Means marked with different 
letters are statistically different at DMRT 95%.
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induced the greatest rooting in Arachis hypogaea cv. 
Chinese peanut cultivar N3 and Yu­Hua­14 cultures, 
with an average of 10 roots per explant. 
     Based on the results of DMRT, the effect of 
interaction between the type and concentration of 
auxin on the root length of D. stratiotes × D. lineale 
at the age of 8 WAP (Fig. 6) showed that the media 
supplemented with 10 µM NAA can induce the 
longest root length with an average of 1.93 cm. The 
10 µM NAA treatment showed the best results 
compared to the media supplemented with IAA and 
IBA at the same concentration. These results differ 
from those of Prasetyo et al. (2020), who reported 
that using NAA in sugarcane culture was ineffective 
at inducing root length; the short root length 
supports this finding. NAA is included in synthetic 
auxins used to initiate root formation in plants 
(Nugroho, 2023). The results of this study differ from 
those of Bhowmik and Rahman (2020), who stated 
that Dendrobium palpebrae Lindl. cultured in auxin­
free media induced the longest roots, averaging 4.82 
cm per explant. 
     Furthermore, Mallik et al. (2015) cultured hybrid 
Dendrobium orchids on media supplemented with 1 
mg L­1 IAA and 1 mg L­1 IBA, which induced a root 
length of 2.29 cm. The data obtained showed that 
the shortest average root length was observed in 
media supplemented with 5 μM IAA. Based on the 
average root length data obtained, it is assumed that 
using the right concentration can induce good 
growth in the formation of hybrid orchid expanses of 
D. stratiotes × D. lineale hybrid. 
     The treatment of auxin types and concentrations 
on D. stratiotes × D. lineale hybrid showed that the 
number of shoots formed and the root length were 

controlled by the interaction between auxin type and 
its concentration. The addition of 15 µM IBA 
produced the most shoots, 16.33 shoots per explant. 
In addition, NAA application resulted in the longest 
shoots (1.38 cm shoot per explant) and most roots 
(11 roots per explant) at 8 weeks after planting, 
which were significantly different from those 
produced by IAA or IBA. 
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