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Abstract

Hartati, S., R. B. Arniputri, L.  A. Soliah and O. Cahyono, 2017. Effects of organic additives and naphthalene acetid 
acid (NAA) application on the in vitro growth of Black orchid hybrid (Coelogyne pandurata Lindley). Bulg. J. 
Agric. Sci., 23 (6): 951–957

Black orchid (Coelogyne pandurata), Bornean native beautiful orchid, which is currently threatened with extinction, was 
successfully crossed with Coelogyne rumphii. The hybrids will be multiplicated using in vitro propagation technique. To pro-
duce plants with good results both quantitatively and qualitatively it is necessary to add the growth regulator substances and 
organic additive compound into the culture medium.

This study aim to get the best medium composition that is able to optimize the growth protocol for the hybrids of Coelogyne 
pandurata and Coelogyne rumphii. The experiment was arranged in a factorial design based on completely randomized design 
with two factors and fi ve replications. The fi rst factor was the concentration of Naphthalene Acetic Acid /NAA (0, 1, 3 and 5 
ppm). The second factor  was the organic additivess (without any organic additives, coconut water was 250 ml L-1, banana 150 
g L-1, potato 200 g L-1 and sweet potato 150 g L-1). 

The results showed that the addition of 3 ppm NAA capable of accelerating time root emergence. The organic materials 
affect all of parameter signifi cantly. The combination of 3 ppm NAA with organic coconut water can accelerate the emergence 
of shoots of 9.8 days after planting (DAP), combination of 1 ppm NAA with coconut water can stimulate the multiplication of 
shoots as many as 6.29 shoots and combination of 3 ppm NAA with sweet potatoes can increase the number of roots as many 
as 23.5 roots
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Introduction

Orchidaceae has the most plentiful members, 30 000 – 
35 000 orchid species, compared to other fl owering plants 
(Singh et al., 2007). Among the genus of Orchidaceae fam-
ily, Coelogyne Lindl has region of spread mostly in Asian 
region such as India, China, Indonesia (Kalimantan and Su-
matra) and Himalaya (Devi et al., 2012).  There is a rare and 

very exciting species of Coelogyne Lindl protected by the 
government of Indonesia is named black orchid (Coelogyne 
pandurata Lindley.). 

Martin et al. (2005) succeeded in establishing a large-
scale in vitro propagation protocol for Dendrobium hybrids, 
two valuable commercial cultivars of cut fl ower through 
shoot multiplication using fl ower stalk node explants and 
protocorm-like-bodies formation (PLBs).
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Attempts to reproduce orchids result from crosses which 
have the same characters as its parent in bulk can be done by 
tissue culture system. Tissue culture is a series of procedures 
to maintain and grow a plant cell. The advantages of orchid 
tissue culture are capable of producing seeds of orchids from 
crosses in large quantities and in a short time. Seeds of orchid 
hybrid from tissue culture are of good quality with a uniform 
color of the fl owers when handled using proper cultivation 
technology. Tissue culture can be used for conservation of 
orchids that is almost extinct in the wild. 

The existence of Coelogyne pandurata Lindley and 
Coelogyne rumphii in the wild are facing a serious threat of 
extinction due to excessive exploitation without being offset 
by adequate conservation efforts (Pant, 2013). 

In addition, tissue culture method was also benefi cial for 
growing plants that are diffi cult to propagate using seeds, 
including orchid. The percentage of germination of orchid 
seeds in vivo is low because it contains very little of food 
reserves even nothing. Orchid seed germination and devel-
opment is highly dependent on the symbiosis with fungi.  

The studies of micro propagation on orchid under dif-
ferent treatments on the culture media have been reported 
by several previous researchers: media treatment on seed of 
Coelogyne (Sungkumlong et al., 2008) on leaf of Paphio-
pedilum (Chen et al., 2004) , micropropagation  transparent 
L (Sunitibala et al., 2009), Dendrobium temperature treat-
ments on PLBs of Teixeira Cymbidium (Jaime et al., 2014), 
Large-scale in vitro propagation protocol for Dendrobium 
(Martin et al., 2005), root induction Dendrobium (Rafi que 
et al., 2012), in vitro regeneration Coelogyne nervosa (Shibu 
et al., 2014), Dendrobium micropropagation (Jaime et al., 
2015)

The content of tissue culture medium has signifi cant ef-
fect on the growth and development of seeds and explants of 
orchids. Tuhuteru et al. (2012) stated that addition of coconut 
water could infl uence the growth of Dendrobium anosmum 
shoots. 

Knudson C medium is a commonly used medium for tis-
sue culture of orchids. The medium was fi rst formulated by 
Lewis Knudson in 1949. Attempts to optimize the growth of 
orchids and enhance the qualitative and quantitative product 
can be done by modifying Knudson C medium through the 
addition of nutrition (organic additives) and a growth regula-
tor. 

This study aimed to assess the effect of  the addition of 
plant growth regulators (Naphthalene Acetic Acid) and or-
ganic additives (coconut water, ‘pisang ambon’ bannana, 
potatoes and sweet potatoes) into Knudson C medium for 
increasing the growth of hybrids of  Coelogyne pandurata 
and Coelogyne rumphii.

Material and Methods 

The materials used in this study, were: the plantlet orchid 
hybrids of Coelogyne pandurata x Coelogyne rumphii, me-
dium Knudson C, organic additives (coconut water, banana, 
potatoes and sweet potato), Naphthalene Acetic Acid. 

The experiment was arranged in a factorial design based 
on completely randomized design with two factors and fi ve 
replications. The fi rst factor was the concentration of Naph-
thalene Acetic Acid (0, 1, 3 and 5 ppm). The second factor  
was the organic additivess (without any organic additives, 
coconut water was 250 ml L-1, banana 150 g L-1, potato 200 
g L-1 and sweet potato 150 g L-1). The data obtained were 
analyzed using ANOVA, if there was a signifi cant difference 
continued with Duncan Multiple Range Test level of 5% and 
regression test.

Results and Discussion

Plant tissue culture is a plant propagation technique per-
formed on sterile conditions or in a controlled environment, to 
produce clones of plants. In this process, tissues or cells, either 
as suspensions or solids are maintained at conditions condu-
cive to their growth and multiplication. Plant tissue culture is 
developed based on the fact that many plant cells have the 
ability to regenerate whole plants (Idowu et al., 2009).

This technique is suitable to reproduce orchids from 
crosses that are diffi cult to do through generative way. To 
optimize growth and increase the production of crossbred 
orchids C. pandurata Lindley and C. rumphii qualitatively 
and quantitatively can be done by modifying the Knudson C 
medium through the addition of plant growth regulator and 
organic compounds. The addition of growth regulator and 
organic compounds can stimulate the growth and develop-
ment of cross-orchid.

The effect of NAA and organic additives on the time of 
shoot emergence

The emergence of shoots is marked with a mass of white-
greenish ± 1–2 mm on the top surface of the plantlets. In 
this study we found that the addition of NAA and organic 
additives affects the rate at which shoot appear. The data in 
Figure 1 shows that the treatment combination of NAA 3 
ppm and coconut water of 250 ml l-1 resulted in the fastest 
shoot-out time of 9.8 days. However increasing concentra-
tions of NAA up to 5 ppm tends to inhibit the emergence of 
shoots. Therefore the time of shoot emergence becomes 15.2 
days. This is indicated by the quadratic regression model is 
y = 1.607x2 – 9.068x + 20.85 with a coeffi cient of determina-
tion R² = 0.881.
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Addition of 3 ppm NAA and coconut water is found to be 
a combination of auxin and organic material that is benefi cial 
to the growth of shoots.  NAA has a signifi cant effect speed-
ing the shoot emergence due to insuffi cient endogenous auxin 
in the shoot regeneration process so that requires additional 
exogenous auxin. Pant and Thapa (2012) found in their study 
that the concentrations and types of auxin affect the effi cacy of 
shoot emergence of Dendrobium  primulinum Lindl.  

Coconut water has better effect than other organic addi-
tives treatments. This is presumably because coconut water 
contains plant growth regulators. This fi nding corresponds 
to the study of Prades et al. (2011). They stated that coco-
nut water could function as plant growth regulators because 
it contain cytokinins and other phytohormones which have 
different function in plants including cell division, seed ger-
mination, tissue differentiation and so for stimulating the 
growth of shoots. It also contain not only macro elements 
(P, K, Ca, Mg, and S) but also contain some trace element 
such as Na, Cl, Mn, Al, Zn, Fe, and Cu which stimulates the 
growth of shoots.

The effect of NAA and organic additives on the number 
of shoots

The number of shoots may be indicated as a success in 
multiplication. The more shoots that are formed the easier 

the cell multiplication. This study showed that the addition 
of NAA and organic additives into Kudson C medium af-
fected the number of shoots formed. The data in Figure 2, 
regression analysis, showed that the combination of NAA 
addition treatment of 1 ppm concentration and coconut water 
addition treatment resulted in the highest number of shoots 
that are formed, which are 6.29 shoots. The regression analy-
sis also indicated that adding more NAA would decrease the 
number of shoots. This is indicated by the quadratic regres-
sion model is y= -0.409x2+2.579x +2.645, the coeffi cient of 
determination R² = 0.688.

Naphthalene Acetic Acid compounds can be given in me-
dium culture at lower concentrations. The addition of NAA 
in the low concentration of 1 ppm into the culture medium 
is optimum for growth of shoots of the orchid of C. rumphii 
x C. pandurata. The study by Agarwal (2015) showed that 
callus induction required a high concentration of auxin in 
plants, but for regeneration of shoots required a low con-
centration of auxin. Moreover Tuhuteru et al. (2012) stated 
that the higher concentration of cytokinins in coconut water 
than that of auxin in the explant, affects the nucleic acids and 
also infl uences the protein synthesis and regulator of enzyme 
activity. Therefore the process of cell division tends to lead 
to the shoot formation.  

Fig. 1. Regression analysis the time of shoot emergence 
of C. pandurata x C. rumphii on the NAA concentration 

and organic additives treatments

y(media without organic additives) = 1.721x2 – 8.976x + 33.04;   
R² = 0.419

y(coconut water) = 1.607x2 – 9.068x + 20.85; R² = 0.881
y(banana) = 5.213x2 – 31.72x + 52.38; R² = 0.740

y(potatoes) = –2,038x2 + 12,01x + 20,74; R² = 0,307
y(sweet potatoes) = 0.904x2 – 7.204x + 27.33; R² = 0.998

Fig. 2.  Regression analysis the average of shoot number 
of C. pandurata x C. rumphii on the NAA concentration 

and organic additives treatments

y(media without organic additives) = 0.000x2 + 0.016x + 1.532;  
R² = 0.318

y(coconut water) = –0.409x2 + 2.579x + 2.645; R² = 0.688
y(banana) = –0.073x2 + 0.357x + 1.603; R² = 0.925
y(potatoes) = 0.281x2 – 1.466x + 4.050; R² = 0.718

y(sweet potatoes) = –0.408x2 + 2.404x + 1.790;    R² = 0.851
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The effect of NAA and organic additives on the time of 
root emergence

The time of root emergence is an important factor in the 
growth of the plant because the plant will more easily ab-
sorb the nutrients that are contained in the culture medium. 
The formation of the roots is characterized by their greenish-
white mass (± 2 mm) on the surface of bottom plantlets (base 
of the stem). From regression analysis showed that the addi-
tion of NAA up to 3 ppm was able to speed up the emergence 
of the roots (Figure 3). This concentration is the best for the 
root emergence time which for only 42.24 days. However 
increasing the concentration of NAA up to 5 ppm tends to 
slow down the time of root emergence. This is indicated by 
the quadratic regression model is y= 0.695x2-4.468x+48.92, 
with a coeffi cient of determination R² = 0.969.

Growth regulators (example auxins, cytokinins and gib-
berellins plant hormones) play important roles in the growth 
and differentiation of cultured cells and tissues. NAA have 
been reported to encourage plant rooting in vitro (Hussein, 
2012). 

The addition of organic additives (coconut water, banan-
as, potatoes and sweet potatoes) shows the same effect on the 
time of emergence of roots (Figure 4). These four types of 
organic additives are capable of generating root emergence 
faster than the media without any organic additives addition. 
This indicates that when the organic additives is added into 
the culture medium containing auxin, it is capable of stimu-
lating the emergence of roots. Naturally some explants pro-
duce auxin in suffi cient quantities, but to support the growth 
they need additional auxin from outside, namely from the 
addition of plant growth regulator and organic compounds.

The effect of NAA and organic additives on the roots 
number 

The number of roots that are formed during culture me-
dium phase is very important for the life of orchid explan, 
because this will cause the absorption of nutrients from the 
culutre medium to be more optimal. The more number of 
roots formed the more optimal the nutrient absorption. 

The recent study showed that the addition of 3 ppm NAA 
and sweet potato additives can produce the largest number of 
roots, as many as 23.5 (Figure 5). The quadratic regression 

Fig. 3. Effect of NAA concentration on the time of root 
emergence of C. pandurata x C. rumphii

Fig. 4. Effect of organic additives on the time of root 
emergence (DAP) of C. pandurata  x C. rumphii

Media 
without 

OM 

Coconut 
Water   

Banana     Potatoes      Sweet 
Potatoes

Fig. 5 Regression analysis the average of roots number 
of C. pandurata and x C. rumphii on the concentration 

NAA and organic additives
y(media without organic matter) = 0.19x2 – 0.019x + 3.538; 

R² = 0.687
y(coconut water) = -0.918x2 + 5.434x + 5.751; R² = 0.988

y(banana) = 0.800x2 – 3.830x + 13.02; R² = 0.694
y(potatoes) = –0.511x2 + 2.923x + 8.215; R² = 0.614

y(sweet potatoes) = –2.266x2 + 12.42x + 4.151; R² = 0.863 

Concentration on NAA (ppm) 

Concentration on NAA (ppm) 

Th
e 

Ti
m

e 
of

 R
oo

t E
m

er
ge

nc
e 

(D
A

P)

Th
e 

Ti
m

e 
of

 R
oo

t E
m

er
ge

nc
e 

(D
A

P)
Th

e 
N

um
be

r o
f R

oo
ts



955Effects of Organic Additives and Naphthalene Acetid Acid (NAA) Application on the in vitro Growth...

model, y = –2.266x2 + 12.42x + 4.151, the coeffi cient of de-
termination R² = 0.863, indicates that increasing the level of 
NAA from 3 ppm to 5 ppm will not followed by an increase 
in the number of root, even would reduce the root number.  
This result confi rmed that NAA in certain level of application 
will stimulate root enlargement and differentation as report-
ed by previous studies (Bhowjwani and Radzan, 1983; Pant 
and Thapa, 2012; Baker et al., 2014).  In addition to hormone 
auxin, root growth is also supported by the supply of elements 
needed to promote the number of root explants from organic 
additives.  Our study showed that addition of sweet potato as 
organic additive is better to pormote roots. Similar result also 
reported by Untari and Puspitaningtyas (2006). 

The effect of NAA and organic additives on the root 
length

Different from other parametres, the addition of NAA 
into the culture medium did not affect signifi cantly the root 
length. However the root length was infl uenced by addition 
of organic additives. In this study we found that the addition 
of sweet potato has the best effect to the root length, fol-
lowed by treatment of coconut water. While the treatments 
of banana and potato did not have signifi cant effect (Figure 
6). The addition of coconut water and sweet potatoes are ca-
pable of lengthening root better than other organic additivess 
indicates that the sweet potato and coconut water supplied 
nutrients and vitamins which are suitable for root growth. 
Molnár et al., (2011) stated that the coconut water is the 
colorless liquid endosperm that contains a number of amino 
acids, organic acids, nucleic acids, several vitamins, sugars 
and sugars alcohols, plant hormones (auxins, cytokinins), 
minerals, and other unidentifi ed substances that can function 
as growth promoting qualities. Moreover the coconut wa-

ter contains auxin and thiamine are capable of accelerating 
cell division in the meristem of the root (Wetter and Consta-
bel,1991). Untari and Puspitaningtyas (2006) also reported 
that sweet potato additive was also capable of lenghtening 
root of Coelogyne pandurata under in vitro culture.

The effect of NAA and organic additives on the increase 
of plantlet height 

The increase in plantlet height is caused by two pro-
cesses: cell division and elongation that occur in the mer-
istem network, at the growing point of the stem. These 
processes need suppy of carbohydrates and other elements 
for energy. This study showed that the addition of organ-
ic additives, that are coconut water, potatoes and sweet 
potatoes, affected signifi cantly on plantlet height incre-
ment, while banana additive did not affect signifi cantly. 
The highest plantlet was found at the treatment of coconut 
water which was 1.83 cm followed by sweet potato and 
potato which were 1.8 cm and 1.54 cm respectively (Fig-
ure 7).

This demonstrates that the three types of organic addi-
tives added into the culture medium containing a carbohy-
drate that have positive effect on the growth of crossbred 
plantlet. Gauchan (2012) states that the concentration and 
type of exogenous carbon  source added to the medium af-
fected the growth and multiplication of plantlet in vitro. 
Gnasekaran et al. (2010) found that organic extract additives 
contain carbohydrates, protein, fat, vitamins, phenols, amino 
acids, fi ber, hormones, sterols and organic acids at various 
levels. Thus, an extract being stimulatory or inhibitory to-
wards the PLB proliferation is dependent upon the composi-
tion and its level in the extract.

Fig. 6. The effect of organic additives 
on the root length of C. pandurata x C. rumphii

Media 
without 

OM 

Coconut 
Water   

Banana     Potatoes      Sweet 
Potatoes

Fig. 7. Effect of organic additives on the increase 
of plantlet height of C. pandurata x C. rumphii
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The effect of NAA and organic additives on the number 
of leaves

Leaves are plant organs to perform photosynthesis. The 
more the number of leaves the more photosynthate produced 
so that the growth of the plant will be better. The formation 
of leaves is infl uenced by many factors such as the availabil-
ity of nutrients in the media. 

This study found that the addition of NAA into the culture 
medium did not affect signifi cantly the number of leaves. 
However the leave number was infl uenced by addition of 
organic additives. We found in this study that the addition 
of coconut water has the best effect to the leave number, 
9.92 leaves. This is followed by treatment of sweet potato, 
6.45 leaves and potato, 6.1 leaves (Figure 8). The addition 
of coconut water performed the best result in increasing the 
number of leaves may be caused by its element contents. 
The coconut water is the liquid endosperm containing amino 
acids, organic acids, nucleic acids, vitamins, carbohydrates, 
growth hormone (auxin and cytokinins), minerals and other 
substances that can improve the quality of growth plantlets 
(Molnár et al., 2011). The concentration of plant growth 
hormones (auxin, cytokinin, gibberelins) present in coconut 
water affected the leaf number and fresh weight of the plant-
lets (Muhammad et al., 2015). Zeatin compound belonging 
to the class of cytokinins are able to stimulate the occurrence 
of organogenesis that can accelerate the growth of leaves 
Salisbury and Ross (1993) these elements play a role in the 
formation of root hairs and lengthening roots.

Conclusion
The study concluded that the addition of 3 ppm NAA ca-

pable of accelerating time root emergence. The organic ma-
terials affect all of parameter signifi cantly. The combination 
of 3 ppm NAA with organic coconut water can accelerate 
the emergence of shoots of 9.8 days after planting (DAP), 

combination of 1 ppm NAA with coconut water can stimu-
late the multiplication of shoots as many as 6.29 shoots and 
combination of 3 ppm NAA with sweet potatoes can increase 
the number of roots as many as 23.5 roots
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