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ABSTRACT 
In vitro culture is one of the effective cultivation methods for seedling production 
of orchids that can be used as a powerful tool in the conversation of orchids. The 
aims of the present study were to (i) investigate the effects of the addition of 
banana extract (0 g/l, 100 g/l, and 150 g/l) on media (NP media), in two different 
light regimes (light and dark conditions) on the growth of plantlets of an epiphytic 
orchid Phalaenopsis amabilis in in vitro culture. Methods used included (i) subcultur-
ing orchid seedlings in treatments media, (ii) measuring leaves and roots chloro-
phyll content and growth parameters, (iii) anatomical preparation of leaves and 
roots of the seedlings. The results showed that the best condition for getting great-
er seedlings of P. amabilis plantlets is in media with an addition of 100 g/L banana 
extract in light condition. The highest amount of chlorophyll in the P. amabilis 
leaves was found in medium with the addition of 100 g/L banana extract medium 
in light conditions. The thickness of mesophyll and the largest root diameter of P. 
amabilis seedlings were also found in media with the addition of 100 g/L banana 
extract medium in light condition. In conclusion, the addition of 100gr/L banana 
extract into basic culture medium will be beneficial for seedlings production of P. 
amabilis with great appearance, for ex situ orchid conservation programs.  
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INTRODUCTION 

One of the orchid genera that has high commercial value and is widely traded 

is the Phalaenopsis genus. Phalaenopsis amabilis orchid is a popular plant (Theng 

& Korpenwar 2014) and is also used as a mother plant to generate superior 

hybrids of Phalaenopsis orchids (Semiarti et al. 2007). Overcollection of these 

orchids from their natural habitat in the forest for cultivation at home or 

nurseries and for commercialisation (Setiari et al. 2018) causes the population 

to decrease and even become endangered (Rukmana 2000). Therefore, prop-

agation of orchids to generate many seedlings is required to fulfil marker de-

mand on the Phalaenopsis and to reduce overcollection from their natural hab-

itats. In vitro is one of cultivation methods for facilitating mass propagation of 

orchids to produce numerous seedlings as well as one of the programs of ex-
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situ conservations of orchids (Semiarti et al. 2010).  

The nutrient composition in medium is one of the crucial and essential 

factors in the in vitro growth period of orchid seedlings. Several studies re-

ported that the addition of some organic substances in medium culture, such 

as fruit extract can enhance plantlet growth. The fruit extracts in culture me-

dium contain many nutrients providing hormones and plant growth regulator 

useful to increase plant growth (Souza et al. 2013). The addition of banana 

extract (50 g/L) in culture medium has been shown to promote protocorm-

like bodies (PLBs) viability (Yulianti et al. 2016)  

Musa acuminata x Musa balbisiana is one of the Indonesian banana culti-

vars called “Pisang Raja” that Indonesian people widely consume. Djajanega-

ra (2010) showed that the insertion of 100 g/L banana extract of “Pisang Ra-

ja” into medium culture affects the percentage of shoots number, plantlet 

height, leaves number, and roots number on P. amabilis orchids.  

Other studies also reported that the addition of 100 g/L banana extract 

into medium culture affects the percentage of shoots number, plantlet height, 

leaves number, and roots number on P. amabilis orchids (Djajanegara 2010). 

Furthermore, the addition of 150 g/L banana extract into culture medium 

can increase the number of roots and growth of Dendrobium lasianthera (Utami 

et. al. 2016). Banana is known to contain high nutrients including sugar, 

phosphorus, thiamin which can accelerate cell division in root meristems 

(Pazil 2009; Sallolo et al. 2012; Hapsari & Lestari 2016).  

There are some factors affecting plantlet growth in in vitro culture 

including culture media (Qomariyah & Dewanti 2019) and light conditions. 

Currently, there are no studies of plantlet growth of P. amabilis in relation to 

the addition of banana extract into culture media and light conditions. The 

present study aimed to investigate the effects of (i) the addition of banana 

extracts into culture media (ii) light conditions on the growth of P. amabilis 

plantlets. Furthermore, morphological, physiological, and anatomical 

characteristics of the plantlets were also investigated. This study is a part of 

programs to support ex situ conservation of orchids.  

 

MATERIALS AND METHODS 

Plant Materials, Medium Preparation and Culture Conditions  

Plant materials used in this study were 18 months-old P. amabilis plantlets 

with ≥ 2 leaves without root generated from seed germination in in vitro 

culture. The plantlets were cultivated in basic medium, New Phalaenopsis 

(NP) medium with the addition of banana extracts (0 g/l: 100 g/l and 150 g/

l) (Arditti 2008), under two light regimes (light and dark conditions) at 25° C. 

The plantlets were planted in culture bottle with 5 plantlets in each bottle as 

replication. Every treatment has 2 bottle culture with 10 plantlets in total as 

replication. Plantlets were sub-cultured every two weeks. The measurements 

of plantlet growth were carried out by photographing the plantlets using a 

Canon 800D DSLR camera and processed using an Image Raster 3.0. 

The Banana extract was made by weighing the peeled banana fruit us-
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ing a digital scale, 100 g and 150 g, respectively. The bananas were mashed 

using a blender with 100 ml of water for 100 g peeled banana and 150 ml of 

water for 150 g peeled banana. The homogenate obtained was filtered twice, 

then added to the NP basic medium and homogenized. 

 

Measurement of Chlorophyll Content in Leaves and Roots of 

P. amabilis  

The methods used for measuring chlorophyll content are based on Harborne 

(1998) with modification. Leaves sample was weighed at 0.03 g and then put 

into a microtube and crushed with a micro-pestle. The crushed leaves were 

dissolved in 1.5 ml of 80% acetone. After that, the sample was vortexed for a 

few moments for homogenization. The homogeneous sample was centri-

fuged at 8000 rpm for 15 minutes. The supernatant was taken to measure the 

content of chlorophyll a and b and it was performed by determining the ab-

sorbance value using spectrophotometer with wavelength of 646 nm and 663 

nm.   

 

Anatomical Preparation  

The anatomical preparation were prepared by free-hand sectioning method 

based on Berlyn and Miksche (1976). The samples of P. amabilis leaves and 

roots were taken after eight weeks of treatment with banana extract and light 

the samples were sliced transversely as thin as possible using a razor blade. 

The incision of the sample is placed into the water for a while. Subsequently, 

the sample is placed in an object glass and dripped with water and then cov-

ered with cover glass to be observed under a microscope (Nikon, Japan) and 

optilab (Miconos, Indonesia).  

 

Data Analysis  

Quantitative data for plant morphological and physiological analysis were 

carried out by measuring plant height, leaves length and number, root length 

and number; and chlorophyll contents. The quantitative data for anatomy 

were collected by measuring root diameter and mesophyll thickness. The 

quantitative data were analyzed using SPSS (Statistical Package for the Social 

Sciences) v.23 which includes analysis of variance (ANOVA). Significant 

variance between treatments were subsequently tested with Duncan's test or 

Duncan's Multiple Range Test (DMRT). 

 

RESULTS AND DISCUSSION 

The Growth Response of Plantlets  

Results showed that treatments of lighting condition and the addition of ba-

nana extract in basic medium affect the growth of P. amabilis plantlets after 

eight weeks of subculturing. Leaf length, root length and plant height of P. 

amabilis plantlets in the treatment of the addition of 100 g/L banana extract 

in NP medium in the dark showed the highest values compared to other 

treatments (Table 1). Futhermore, leaf number was not significantly different 
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between P. amabilis seedlings in all treatments. This might be influenced by inter-

nal factors such as genotype and plantlet physiological conditions (Haris & 

Mercuriani 2018).  

Leaf length and plant height of P. amabilis plantlet were highest in the 

treatment of the addition of 100 g/l banana extract (Table 1). This might be 

due to the auxins and cytokinin contained in banana extract that commonly 

has effects to promote plant growth, where auxin plays a key role in cell elon-

gation while cytokinin regulates plant cell proliferation and differentiation 

(Armarego-Marriott et al. 2020). Hasanah et al (2014) reported that banana 

extract contains 0.00035% IAA (auxin) and 0.00020% cytokinin. 

Furthermore, the action of auxin and cytokinin was influenced by light, 

where both hormones were degraded when exposed to light (Manzur et al. 

2014). This might explain the higher values of plant height and leaf length in 

medium NP+100 g/l banana extract in the dark than in light conditions.  

Root length of seedlings in medium NP+100 g/l banana extract was 

also higher in the dark than in the light condition (Table 1), as in light 

conditions auxin activity decreased as the auxin is degraded in light 

conditions. However, dark conditions can cause etiolation, and the etiolation 

process causes the plantlets to have pale green colour leaves leading to skoto-

morphogenic phenotype (Armarego-Marriott et al. 2020). 

Apart from auxin and cytokinin, banana extract also contains thiamine 

which can stimulate cell division in root meristem to grow faster which af-

fects the length of the roots (Sallolo et al. 2012). Furthermore, potassium (K) 

plays an important role for root growth by affecting N distribution and con-

trolling the photosynthesis rate by carbohydrate translocation (Xu et al. 

2020). The combination between auxin, thiamine, and potassium contained 

in banana extract that have promoting effects can lead to the increase of 

plant growth, especially in the dark. In the present study, leaves length, plant 

height and roots length were the highest in medium NP+100 g/L banana 

extract in dark conditions. Results of the present study were similar to the 

results of study by Djajanegara (2010). 

The present study also showed that the best medium for root growth is 

NP 0 basic medium (without the addition of banana extract) (Table 1). The 

largest number of roots on medium without the addition of banana extract 

Table 1. The growth of P. amabilis plantlets under treatment of medium and light conditions for 8 weeks culture. 

 

Treatments 
                      Parameters 

Average of 
Leaves 

Number 

Length of 
Leaves (μm) 

Average of 
Roots Number 

Length of 
Roots (μm) 

Plant Height 
(μm) 

Light 
Treatments 
(1224 lux) 

NP 0 3.9±1.101a 6.46±1.821b 1.2±0.422a 3.24±1.321a 16.02±5.096bc 
NP 100 3.5±0.849a 6.74±1.296b 1.3±0.483a 2.93±1.165a 16.49±2.963bc 
NP 150 3.3±0.823a 4.08±0.618a 1.3±0.483a 2.87±0.769a 10.93±1.498ab 

Dark 
Treatments (3 

lux) 

NP 0 
NP100 
NP150 

3.5±0.971a 
3.5±0.849a 
3.6±0.966a 

6.73±1.484b 
8.53±2.955c 
4.46±1.007a 

2.1±1.449b 
1.2±0.422a 
1.0±0.000a 

6.55±3.892b 
6.64±1.830b 
3.87±1.948a 

16.97±2.691c 
18.45±4.456c 
13.43±4.153ab 

Note: Data in the same column followed by the same letters are not significantly different by Duncan’s test at p≤ 0.05. 

Details: NP 0: control medium; NP 100: NP+100 g/l banana extract; NP 150: NP+150 g/l banana extract 
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indicates that the amount of endogenous auxin that is essential  for the for-

mation adventitious roots and elongation of root cells of the seedlings, is 

sufficient. Therefore, the addition of some growth regulator such as auxin 

contained in banana extract did not have significant effects (Arimarsetiowati 

& Ardiyani 2012). This is also relevant with the theory stated by Moore 

(1989) that the use of plant hormones generally must be in accordance with 

their needs. Adding exogenous hormones that exceed the critical level will 

interfere with plant metabolism or have no significant effect (Moore 1989). 

The present study also showed that the addition of 150 g/l banana 

extract into medium culture did not significantly affect the growth of P. 

amabilis plantlets, both in dark or light conditions. This might be due to the 

PGR contained in 150 g/l banana extract exceeded the optimal levels for 

plantlets growth of P. amabilis. In contrast, Utami et al. (2016) reported the 

addition 0f 150 g/L banana extract of same cultivars improve the number of 

roots in other orchid species, Dendrobium lasianthera. This indicates that the 

concentration of banana extract gives a different response on different 

species of orchids that might be related to the amount of endogenous auxin 

of each species. Each plant requires different levels of PGR and gives a 

different effect related to the amount of endogenous auxin of each species 

(Moore 1989).  

Although, the growth of the plantlets showed the highest value in the 

dark conditions, as seen in Figure 1, this condition was not recommended for 

continuous treatment. The dark condition caused plantlets to have pale green 

leaves compared to the light treatment, as seen in Figure 1. It proves that the 

leaves contain lack of chlorophyll and are in line with Figure 2A. Dark condi-

tions are usually applied to stimulate plantlet’s root growth (Monteuuis & 

Bon 2000). When the root starts to appear, culture is placed in normal condi-

tion (Monteuuis & Bon 2000) with sufficient light intensity for multiplication 

phase of in vitro culture around 1000-10.000 lux (Yuniardi 2019).  

 

Chlorophyll Content in Leaves and Roots of P. amabilis  

Results of the present study demonstrated that the highest leaf chlorophyll 

content was found on light treatment in NP+100 g/L banana extract medi-

um (Figure 2A). This might be related to the essential compounds contained 

in banana including vitamins, iron, and magnesium which is important for 

the formation of chlorophyll and avoid chlorosis (McCauley et al. 2009). In 

addition, potassium (K) levels which are found in banana extract at appropri-

ate concentration can increase leaf chlorophyll levels and facilitate the integri-

ty of the chloroplast ultrastructure (Tränkner et al. 2018). Perceiving light 

signal in plant affects the uptake and utilize multiple nutrients including mac-

ronutrients and micronutrients. Availability of light also activates some cryp-

tochrome that regulates plant development and also influences chlorophyll 

content in plant. Light also triggers expression of gene that controlling nutri-

ent utilization and plant hormone (Xu et al. 2021).  
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Figure 1. Growth comparison of Phalaenopsis amabilis plantlets on NP medium and 

dark-light treatment after 8 weeks of culture. Details: NP0: control medium; NP 

100: NP+100 g/L banana extract; NP 150: NP+150 g/L banana extract. Bars: 0.5 

cm 

 

Furthermore, the highest chlorophyll content in the P. amabilis roots 

was found in NP0 basic medium under light treatment (Figure 2B). The nu-

trients contained in the NP0 medium might be sufficient for the synthesis of 

chlorophyll in P. amabilis roots.   

Almost all the light treatment conditions have higher chlorophyll con-

tent than the dark treatments. This condition showed that the formation of 

chlorophyll is strongly influenced by light. Light plays an important role in 

converting proplastids into normally functioning chloroplasts, while dark 

conditions cause proplastids to develop into etioplast (Cortleven & Schu-

mulling 2015). 

Figure 2. Chlorophyll content in leaves and roots of Phalaenopsis amabilis. (A) leaves, (B) roots with various medium 

treatment and dark-light conditions. Details: D: dark 3 lux; L:light 1224 lux; NP0: control medium; NP 100: NP+100 g/L 

banana extract; NP 150: NP+150 g/L banana extract. 

 



J. Tropical Biodiversity Biotechnology, vol. 07 (2022), jtbb70868 

-7- 

Anatomical Features of Leaves and Roots of P. amabilis  

The present study also showed anatomical features of P. amabilis leaves and 

roots. Anatomical features of P. amabilis leaves consisted of upper and lower 

epidermis, stomata, mesophyll, and vascular bundle (xylem and phloem) 

(Figure 3).  

The outermost layer of the leaf is the epidermis which acts as a protec-

tive tissue, prevents water loss and gas exchange through epidermis deriva-

tives. The tissue under the epidermis is the mesophyll which is homogeneous 

with parenchyma cells that are polygonal in shape and contain chloroplasts, 

in which photosynthesis occurs (Bercu et al. 2011). P. amabilis leaves have 

closed collateral type of vascular bundle, where the xylem located opposite to 

phloem and fascicular cambium is not present between phloem and xylem 

(Rindyastuti et al. 2018; Pradhan & Bajracharya 2020). In the P. amabilis 

leaves, the stomata are found on abaxial and adaxial epidermis surface with 

parallel position (Bercu et al. 2011). 

Table 2 shows that the thickest of the mesophyll in P. amabilis was 

found in light treatment (1224 lux) on NP+100 g/L banana extract medium. 

The type of nutrient availability influenced the quantitative variation and dif-

ferentiation of leaf tissue in orchid (Silva Junior et al. 2013). Thus, nutrient 

contained in NP+100 g/L banana extract, especially macronutrients such as 

N, P, and K helps differentiation of leaf tissue and affect the photosynthesis 

process. This is also in accordance with previous study by Silva Junior et al. 

(2013) where nitrogen application to Laelia purpurata orchid in appropriate 

levels will affect significantly on leaf mesophyll thickness. However, higher 

concentration of N application can cause toxicity, resulting in a reduction in 

thickness of mesophyll (Silva Junior et al. 2013). 

Figure 3. Cross section of leaves of Phalaenopsis amabilis orchids. (A) NP0; (B) NP100; (C) NP150; (D) NP0; (E) NP100; 

(F) NP150. Details: M: Mesophyll; LE: Lower Epidermis; Ph: Phloem; UE: Upper Epidermis; VB: Vascular Bundles; X: 

Xylem. Bars: 100μm 
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Table 2. Comparison of roots diameter and mesophyll thickness in P. amabilis under 

different medium and lighting condition. 

Note: Data in the same column followed by the same letters are not significantly 

different by Duncan’s test at p≤ 0.05. Details: NP 0: control medium; NP 100: 

NP+100 g/L banana extract; NP 150: NP+150 g/L banana extract. 

 

Moreover, light changes the anatomical structure of leaves by affecting 

the differentiation of parenchymal cell arrangement of mesophyll layer 

(Zheng & Van Labeke 2017). Leaves with thick mesophyll can effectively 

reduce transpiration that is beneficial for the growth of in vitro culture plant-

lets after acclimatization (Zheng & Van Labeke 2017). Plants that get suffi-

cient light tend to have a thicker mesophyll layer indicating the high effec-

tiveness of photosynthesis, while plants that get low intensity have a thinner 

mesophyll layer due to barriers to the differentiation process of mesophyll 

cells (Paiva et al. 2003).  

The present study also demonstrated anatomical features of orchid 

roots which consisted of epidermis, velamen, exodermis, cortex, endodermis, 

and vascular bundle. Epidermis as the outermost layer of root anatomy or-

chids forms a derivative layered, known as velamen which is composed of 

cellulose with suberin and lignified cells in assorted size (Nurfadilah et al. 

2016). Velamen has essential functions in defence, assimilation of water and 

nutrients, and defence against water loss caused by evaporation (Simpsons 

2019). The thickness of the velamen layer depends on light intensity and hu-

midity fluctuations (Moreira et al. 2013).   

The outer layer of cortex is exodermis which functions as a control of 

water and nutrients pathway to the roots, protection against water evapora-

tion, and controlling the entry of mycorrhizae (Beck 2010; Nurfadilah et al. 

2016). The cortex is composed by parenchyma cells which have thin wall in 

various proportions and includes the chloroplast inside (Nurfadilah et al. 

2016). The cortex serves as a pathway for water and nutrients entry from ex-

ternal environment to inside cell of the stele and as food reserve (Metusala et 

al. 2017). The innermost layer of the cortex is the endodermis which is ar-

ranged by one layer of cells and the cell wall can be thickened by lignin and 

suberin substance to prevent backflow in the cortex and prevent water loss 

(Muthukumar & Shenbagam 2018). Root anatomy of P. amabilis has radial 

vascular bundle type where xylem located alternate with phloem position and 

forming circular radii or arch (Beck 2010).  

Treatments 
                     

Roots Diameter 
(mm) 

Mesophyll Leaves 
Thickness (μm) 

Parameters 

Light 
(1224 
lux) 

NP 0 1.64±0.031101bc 471. 25±66.420c 

NP 100 1.795±0.079c 550.65±1.486d 

NP 150 1.65±0.004bc 412.09±24.637bc 

Dark 
(3 lux) 

NP 0 1.54±0.019bc 377.45±9.963b 

NP 100 1.37±0.021ab 350. 33±12.684ab 

NP 150 1.19±0.006a 286.97±27.381a 
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Figure 4. Cross section of roots Phalaenopsis amabilis orchids. (A) NP0; (B) NP100; 

(C) NP150; (D) NP0; (E) NP100; (F) NP150. Details: Abs: Absorbing hair; Ep: Epi-

dermis; V: Velamen; Ex: Exodermis; Co: Cortex; VB: Vascular bundles; Ed: Endo-

dermis; P: Pith; X: Xylem; Ph: Phloem. Bars: 100μm 

 

The present study also showed that the largest root diameter in P. ama-

bilis was found in NP+100 g/L banana extract medium in light conditions 

(Table 2 and Figure 4). It can be concluded that medium type NP+100 g/L 

banana extract and in light conditions produced better root anatomical char-

acteristics compared to other treatments. Nutrients obtained in 100 g/L ba-

nana extract are at sufficient levels and the presence of light is needed for the 

development of root cells of P. amabilis. Light signaling interacts with the 

root environment, including nutrient acquisition (Joca et al. 2017). Root of 

dark-grown still develop but have a far thinner diameter than the ones of 

light-grown seedlings (van Gelderen et al. 2018). That previous research was 

consistent with the results, where plantlets roots diameter grown in dark 

conditions had thinner diameter than the light ones.  

The largest diameter of roots in  NP+100 g/L banana extract might be 

related to the phosphorous (P) content that has essential functions to 

support greater root growth (Heydari et al. 2018). According to Heydari et al. 

(2018) the root diameter decreases significantly under the lack of P. Besides 

P,  potassium (K) also affect root diameter (Filho et al. 2017). The roots 

diameter increases linearly with the increase of K rate (Filho et al. 2017).  

Data of morphological, physiological, and anatomical features showed 

that P. amabilis plantlets grow better in NP+100 g/L of banana extract. 

Therefore, medium NP+100 g/L banana extract can be recommended for 

seedling production of P. amabilis to produce many seedlings with great 

performance to fulfill market demand. This work could contribute to reduce 

exploitation of P. amabilis in natural habitats.  

 

CONCLUSION 

It can be concluded that NP+100 g/L of banana extract is the best culture 
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medium for P. amabilis plantlets as providing seedlings with high quality. 

Light treatment at 1224 lux becomes the best condition for P. amabilis plant-

lets growth. The combination of light treatment at 1224 lux and medium 

NP+100 g/L banana extract is suitable for increasing seedling production of 

P. amabilis by affecting morphology growth, chlorophyll content and anatomy 

structure. This work  could contribute to provide a mean to produce many 

seedlings for ex situ orchid conservation and reduce exploitation of P. amabilis 

in natural habitats.  

 

AUTHORS CONTRIBUTION 

DAPA carried out the analysis of growth plantlets, anatomical studies, and 

chlorophyll content in P. amabilis, also drafted the manuscript. ES was re-

sponsible for coordinating the implementation of the research and discussion 

of the research results. All authors read and approved this final manuscript.  

 

ACKNOWLEDGMENTS 

The authors would like to thank Universitas Gadjah Mada for funding this 

research with scheme The Final Assignment Recognition (RTA) Program 

2021. The letter of assignment No.3190/UN1/DITLIT/DIT-LIT/PT/2021 

given to E.S. as PI dated May 10, 2021.  

 

CONFLICT OF INTEREST 

The authors declare there is no competing interest. 

 

REFERENCES 

 

Arditti, J., 2008. Micropopagation of Orchid Second Edition, Oxford: Blackwell 

Publishing. 

Arimarsetiowati, R., & Ardiyani, F., 2012. The effects of shooting and root-

ing of arabica coffee propagation through Embryogenesis Somatic aux-

in uses). Pelita Perkebunan (a Coffee and Cocoa Research Journal), 28(2), 

pp.82-90. 

Armarego-Marriott, T., Sandoval-Ibañez, O. & Kowalewska, Ł., 2020. Be-

yond the darkness: recent lessons from etiolation and de-etiolation 

studies. Journal of experimental botany, 71(4), pp.1215-1225. doi: 10.1093/

jxb/erz496 

Beck, C.B., 2010. An Introduction to Plant Structure and Development. New 

York: Cambridge University Press 

Bercu, R., Bavaru, A. & Broască, L., 2011. Anatomical Aspects of P. amabilis 

(L.) Blume, Annals of RSCB, pp. 103-109. 

Berlyn, G.P. & Miksche, J.P., 1976. Botanical microtechnique and cytochemistry, 

Ames: Lowa State University Press. 

Cortleven, A. & Schmülling, T., 2015. Regulation of chloroplast development 

and function by cytokinin. Journal of experimental botany, 66(16), pp.4999-

5013. doi: 10.1093/jxb/erv132 

https://doi.org/10.1093/jxb/erz496


J. Tropical Biodiversity Biotechnology, vol. 07 (2022), jtbb70868 

-11- 

Djajanegara, I., 2010. Pemanfaatan limbah buah pisang dan air kelapa sebagai 

bahan media kultur jaringan anggrek bulan (Phalaenopsis amabilis) tipe 

229. Jurnal Teknologi Lingkungan, 11(3), pp.373-380. doi: 10.29122/

jtl.v11i3.1182 

Filho, A.C.A.C. et al., 2017. Influence of Potassium Levels on Root Growth 

and Nutrient Uptake of Upland Rice Cultivars. Revista Caatinga, 30, 

pp.32-44. doi: 10.1590/1983-21252017v30n104rc   

Hapsari, L. & Lestari, D. A., 2016. Fruit characteristic and nutrient values of 

four Indonesian banana cultivars (Musa spp.) at different genomic 

groups. AGRIVITA: Journal of Agricultural Science, 38(3), pp.303-311. 

doi: 10.17503/agrivita.v38i3.696 

Harborne, J.B., 1998. Phytochemical Methods, a Guide to Modern Techniques of Plant 

Analysis. London: Chapman and Hall. 

Haris, A. & Mercuriani, I.S., 2018. Pertumbuhan Anggrek Rhynchostylis retusa 

pada Medium Kultur In Vitro dengan Penambahan Jus Buah Pi-

sang. Biologi-S1, 7(6), pp.367-381. 

Hasanah, U. & Suwarsi, E., 2014. Pemanfaatan Pupuk Daun, Air Kelapa dan 

Bubur Pisang sebagai Komponen Medium Pertumbuhan Plantlet Ang-

grek Dendrobium Kelemense. Biosaintifika: Journal of Biology & Biology 

Education, 6(2), pp.137-144. doi: 10.15294/biosaintifika.v6i2.3784 

Heydari, M.M., Brook, R.M. & Jones, D. L., 2019. The role of phosphorus 

sources on root diameter, root length and root dry matter of barley 

(Hordeum vulgare L.). Journal of plant nutrition, 42(1), pp.1-15. doi: 

10.1080/01904167.2018.1509996 

Joca, T.A.C. et al., 2017. The velamen of epiphytic orchids: variation in struc-

ture and correlations with nutrient absorption. Flora, 230, pp.66-74. 

doi: 10.1016/j.flora.2017.03.009. 

Manzur, J.P., Calvache-Asensio, M.D.L.N. & Rodriguez-Burruezo, A., 2014. 

Growth regulators and darkness increase efficiency in in vitro culture 

of immature embryos from peppers. Scientia Agricola, 71, pp.488-493. 

doi: 10.1590/0103-9016-2013-0230  

McCauley, A., Jones, C. & Jacobsen, J., 2009. Plant Nutrition Function and Defi-

ciency and toxicity Symptoms. Bozeman: Montana State University 

Metusala, D. et al., 2017. Comparative leaf and root anatomy of two Dendrobi-

um species (Orchidaceae) from different habitat in relation to their po-

tential adaptation to drought. AIP Conference Proceedings, 1862. doi: 

10.1063/1.4991222 

Monteuuis, O. & Bon, M. C., 2000. Influence of auxins and darkness on in 

vitro rooting of micropropagated shoots from mature and juvenile Aca-

cia mangium. Plant cell, tissue and organ culture, 63(3), pp.173-177. doi: 

10.1023/A:1010611126950 

Moore, T.C., 1989. Biochemistry and Physiology of Plant Hormone Ed-2. New York:  

Springer-Verhag. 

https://doi.org/10.29122/jtl.v11i3.1182
https://doi.org/10.1590/1983-21252017v30n104rc
http://dx.doi.org/10.17503/agrivita.v38i3.696
https://doi.org/10.15294/biosaintifika.v6i2.3784
https://doi.org/10.1080/01904167.2018.1509996
https://doi.org/10.1016/j.flora.2017.03.009
https://doi.org/10.1590/0103-9016-2013-0230
https://doi.org/10.1063/1.4991222
https://doi.org/10.1063/1.4991222
https://doi.org/10.1023/A:1010611126950


J. Tropical Biodiversity Biotechnology, vol. 07 (2022), jtbb70868 

-12- 

Moreira, F.P.A.S. et al., 2013. Structural adaptations of two sympatric epi-

phytic orchids (Orchidaceae) to a cloudy forest environment in rocky 

outcrops of Southeast Brazil. Revista de Biología Tropical, 61(3), pp. 1053-

1065. 

Muthukumar, T., & Shenbagam, M., 2018. Vegetative anatomy of the orchid 

Bulbophyllum sterile (Orchidaceae: Epidendroideae). Lankesteriana, 18(1), 

pp.13-22. doi: 10.15517/lank.v18i1.32701 

Nurfadilah, S., Yulia, N.D., & Ariyanti, E.E., 2016. Morphology, anatomy, 

and mycorrhizal fungi colonization in roots of epiphytic orchids of 

Sempu Island, East Java, Indonesia. Biodiversitas Journal of Biological Diver-

sity, 17(2). doi: 10.13057/biodiv/d170229 

Paiva, É.A.S., et al. 2003. The influence of light intensity on anatomical struc-

ture and pigment contents of Tradescantia pallida (Rose) Hunt. cv. pur-

purea Boom (Commelinaceae) leaves. Brazilian Archives of Biology and 

Technology, 46, pp.617-624. doi:10.1590/S1516-89132003000400017   

Pazil, S.N., 2009. Perbandingan Aktivitas Antioksidan Ekstrak Daging Pisang 

Raja (Musa AAB ‘Pisang Raja’) Dengan Vitamin A, Vitamin C, dan 

Katekin Melalui Penghitungan Bilangan Peroksida, Srkipsi, Fakultas 

Kedokteran, Universitas Indonesia 

Pradhan, B.M. & Bajracharya, D.M., 2020. Anatomical Study of Dendrobium 

(Orchidaceae) of Nepal. Annals of Plant Sciences, 9(7), pp.3916-3948. 

doi:10.21746/aps.2020.9.7.1 

Qomariyah, F.L., & Dewanti, P., 2019. Pertumbuhan Planlet Anggrek Den-

drobium sp. pada Media Tahap III secara In-Vitro. Jurnal Ilmiah Inovasi, 19

(1), pp.13-16. doi: 10.25047/jii.v19i1.853 

Rindyastuti, R. et al., 2018. Leaf anatomical characters of four epiphytic or-

chids of Sempu Island, East Java, Indonesia: The importance in identi-

fication and ecological adaptation. Biodiversitas Journal of Biological Diversi-

ty, 19(5), pp.1906-1918. doi: 10.13057/biodiv/d190543 

Rukmana, R., 2000.  Anggrek Bulan, Yogyakarta: Penerbit Kanisius.  

Sallolo, S.T., Sadimantara, I.G.R. & Wijayanto, T., 2012. Pertumbuhan ang-

grek Dendrobium Candy Stripe Lasianthera pada media sapih Vacin dan 

Went secara in vitro dengan penambahan ekstrak pisang raja dan fish 

emulsion. J. Penelitian Agronomi, 1(1), pp.57-62.  

Semiarti, E. et al., 2007. Agrobacterium-mediated transformation of the wild 

orchid species Phalaenopsis amabilis. Plant Biotechnology, 24(3), pp.265-272. 

doi: 10.5511/plantbiotechnology.24.265 

Semiarti, E. et al., 2010.  High-frequency genetic transformation of Phalaenop-

sis amabilis orchid using tomato extract-enriched medium for the pre-

culture of protocorms. The Journal of Horticultural Science and Biotechnology, 

85(30), pp.205-210. doi: 10.1080/14620316.2010.11512655 

Setiari, N. et al., 2018. Micropropagation of Dendrobium phalaenopsis orchid 

through overexpression of embryo gene AtRKD4. AGRIVITA, Journal 

of Agricultural Science, 40(2), pp.284-294. doi: 10.17503/

agrivita.v40i2.1690 

https://doi.org/10.13057/biodiv/d170229
https://doi.org/10.1590/S1516-89132003000400017
https://doi.org/10.25047/jii.v19i1.853
https://doi.org/10.13057/biodiv/d190543
https://doi.org/10.5511/plantbiotechnology.24.265
http://doi.org/10.17503/agrivita.v40i2.1690


J. Tropical Biodiversity Biotechnology, vol. 07 (2022), jtbb70868 

-13- 

Silva Júnior, J.M.D. et al., 2013. Changes in anatomy and chlorophyll synthe-

sis in orchids propagated in vitro in the presence of urea. Acta Scien-

tiarum: Agronomy, 35(1), pp.65-72. doi:10.4025/actasciagron.v35i1.15356 

Simpsons, M.G., 2019. Plant Anatomy and Physiology. In: M.G. Simpson, (eds) 

Plant Systematic Third Edition. New York : Academic Press. 

Souza, G.R.B. et al., 2013. Pulp fruit added to culture medium for in vitro 

orchid development. Semina: Ciências Agrárias, 34(3), pp.1141-1146. 

Theng, P.A. & Korpenwar, A.N., 2014. Phytochemical, Phermacognostic and 

Physiocochemical evaluation of endangered terrestrial orchid Geodorum 

densiflorum (Lam.) Schltr. IJSR, 3(9), pp.1250-1253.  

Tränkner, M., Tavakol, E. & Jákli, B., 2018. Functioning of potassium and 

magnesium in photosynthesis, photosynthate translocation and photo-

protection. Physiologia plantarum, 163(3), pp. 414-431. doi: 10.1111/

ppl.12747  

Utami, E.S.W., Harianto, S. & Manuhara, Y.S.W., 2016. Pengaruh Pemberian 

Ekstrak Pisang pada Media VW terhadap Induksi Akar dan Pertum-

buhan Tunas Dendrobium lasianthera JJ Sm. Jurnal Agrotop, 6(1), 35-42. 

van Gelderen, K., Kang, C. & Pierik, R., 2018. Light signaling, root develop-

ment, and plasticity. Plant physiology, 176(2), pp. 1049-1060. doi: 

10.1104/pp.17.01079 

Xu, X. et al., 2020. Effects of potassium levels on plant growth, accumula-

tion and distribution of carbon, and nitrate metabolism in apple dwarf 

rootstock seedlings. Frontiers in Plant Science, 11, pp. 904. doi: 10.3389/

fpls.2020.00904 

Xu, J. et al., 2021. Light regulation of horticultural crop nutrient and utiliza-

tion. Horticultural Plant Journal, 7(5), pp.367-379. doi: 10.1016/

j.hpj.2021.01.005 

Yulianti, Y., Aisyah, S. I. & Sukma, D., 2016. Pengaruh Bahan Organik Nab-

ati dan Hewani terhadap pertumbuhan protocorm like bodies 

Phalaenopsis amabilis (L.) blume. Jurnal Hortikultura Indonesia, 7(3), pp. 176

-186. doi: 10.29244/jhi.7.3.176-186 

Yuniardi, F., 2019. Aplikasi Dimmer Switch pada Rak Kultur Sebagai Penga-

tur Kebutuhan Intesitas Cahaya Optimum Bagi Tanaman In 

Vitro. Indonesian Journal of Laboratory, 1(4), pp. 8-13. 

Zheng, L. & Van Labeke, M. C., 2017. Long-term effects of red-and blue-

light emitting diodes on leaf anatomy and photosynthetic efficiency of 

three ornamental pot plants. Frontiers in plant science, 8, pp. 917. doi: 

10.3389/fpls.2017.00917  

    


