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Application of NAA and BA to Calotropis gigantea (L.) W.T. Aiton in vitro
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Crown flower (Calotropis gigantea (L.)) is a weed plant potentially to be used as raw
material for textile fibers yet the utilization is not optimal. Efforts to optimize the
utilization of C. gigantea are needed. This research aimed to determine the
appropriate concentration of plant growth regulators, including NAA (Naphthalene
Acetic Acid) and BA (Benzyl Adenine) to stimulate optimal growth of C. gigantea to
be used as the basis for in vitro propagation of C. gigantea. The research was
arranged in a completely randomized design (CRD). Explants were planted on
Murashige and Skoog (MS) medium with various concentrations of NAA (0; 0.5; 1;
1.5; and 2 ppm) and BA (0; 1; 2; 3; and 4 ppm). Based on the research result, the
addition of 3 ppm BA followed by increasing the concentration of NAA to 1.5 ppm
could increase the number of C. gigantea shoots, and giving 1 ppm BA followed by
adding 1.5 to 2 ppm NAA increased shoot height. The best plantlet response was
found in media with 0 ppm NAA and 4 ppm BA, which could produce an optimal
shoot height of 5.9 cm and a large number of shoots of 5.67 shoots. Increasing NAA
concentration retarded root formation and reduced the root length and number of
leaves, while the medium without NAA gave the earliest root emergence of 11 days
after planting, the number of leaves of 20 strands, and the longest root of 10.9 cm.
Applying a single substance BA did not accelerate all the variables observed.

INTRODUCTION

C. gigantea or crown flower is spread in Yunnan,
China, India, Sri Lanka, Vietnam, Africa, and Indonesia.
It can be utilized as a source of fiber raw materials
in the textile industry (Jiang et al., 2012). Narayanasamy
et al. (2020) state that C. gigantea are harvested to
obtain the fibers from their stems for a wide range
of applications. Also, fibers from C. gigantea are
durable and can be useful for the creation of ropes,
carpets, fishing nets, and sewing thread. Fiber of C.
gigantea can be used as a textile material because
fiber is environmental-friendly. They do not trigger
allergies, are mild, and are hydrophobic so that they

are not easy to get wet. In addition, C. gigantea is
not only used as a textile fiber material but also has
the potential to be developed as a medicinal raw
ingredient. A study indicated that C. gigantea had
activity of anti-inflammatory (Ahmad, 2020).
Additionally, leaves of crown flower have been
employed medicinally to treat injuries, measles,
high body temperature, and respiratory ailments,
such as coughs (Faradilla & Maysarah, 2019). C.
gigantea fibers have cavities that function as media
or trap the air to control heat flow. They can serve
as renewable and eco-friendly materials for natural
heat insulation (Karimah et al., 2021).

The fiber of the crown flower has thin walls and
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large holes, so it is relatively light like cotton wool,
which has a length of 2—4 cm and a diameter of 18—
37 um (Cui et al., 2017). C. gigantea fiber can be
environmentally friendly and become a new natural
plant fiber in the textile industry. The study of Xiao
et al. (2021) reported that C. gigantea fiber (CGF)
derived from renewable plant resources had been
employed to create a biodegradable foam-like oil
sorbent known as PCF. The advantages of crown
flower fiber over cotton fiber are that it is lighter,
and the resulting surface is softer and smoother.
High-quality textile fabrics can be produced with
combination of crown flower fibers with cotton,
rayon, and polyester fibers (Zhao et al., 2019). C.
gigantea can grow wild in tropical and sub-tropical
areas, for example, areas around the coast (Sakya
et al. 2022). However, some people still do not use
crown flower optimally, so an integrated effort is
needed to use crown flowers.

The fulfillment of human needs for textiles and
food must be carried out based on the principle of
sustainable agriculture. This is essential because
sustainable farming can protect the environment
with concrete efforts to reduce erosion and maintain
soil and water quality. Thus, it is necessary to emphasize
that the use of natural resources must prioritize
sustainable agriculture (Dubey et al., 2021). Tissue
culture plays a role in the development of planting
materials that have strong ecological characteristics.
This potential is a solution to the problem of the
seasonal plantation. Tissue culture can build a
sustainable agricultural economy together with pest
control and the addition of fertilization processes.
The use of tissue culture in this research primarily
focused on multiplication. Tissue culture offers several
advantages that make it a valuable tool in pursuing
these goals. It provides a reliable and efficient means
of propagating plants with maintaining their genetic
integrity and enables the propagation of cells or tissues
with identical genetic characteristics.

Tissue culture or plant cultivation in vitro is a
cultivation technique to efficiently produce substantial
quantities of seeds in short time. According to
Shnaishel (2019), in vitro culture is based on the fact
that numerous plant cells possess the capacity to
regenerate and form new plants (totipotent). Plant
cultivation through tissue culture is carried out by
providing nutrients and a sterile cultivation environment
in a laboratory (Younas et al., 2020). Plant growth
regulators are organic substrates naturally produced
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in plant tissue. They play a role to control or affect
the growth or other physiological functions, the
quality of the crops, and as stress protection (Desta
& Amare, 2021). The application of growth regulators
(auxin and cytokinin) can support the supply of
nutrition. Giving of auxin and cytokinin can maintain
and assist plant growth and development. An increase
in cytokinin concentration followed by the addition
of a low auxin can stimulate cell regeneration and
division in tissue culture (Faisal et al., 2018).

NAA is a synthetic auxin known to influence
various plant processes, including cell elongation,
apical dominance, photoperiod responses, and
geotropism (Ozkan et al., 2012). As an auxin, the
treatment of 0.1 UM NAA can positively increase
root length and form root hairs (Martins et al. 2018).
Benzyl Adenin (BA) is one of plant growth regulators
from cytokinin groups that play a role in cell division.
This hormone can inhibit root induction and
decrease apical dominance. However, the growth
of axillary shoots can be promoted by this reduction
in apical dominance (Mangena, 2020). Furthermore,
the research of Taha et al. (2020) found that the
addition of 1 mg/I NAA to the MS medium resulted
in improved development and growth of the mulberry
root system, leading to successful acclimatization.

The objective of the research was to obtain the
appropriate NAA and BA concentrations to stimulate
optimal growth of C. gigantea to be used as the
basis for in vitro propagation of C. gigantea. This
research was carried out due to the scarcity of the
studies on C. gigantea in vitro culture. The types of
growth regulators are diverse so that the effect on
explant growth also varies. The growth regulators
concentration also influences growth and differentiation
of each type of explant. Thus, research related to
growth regulator types and concentrations is necessary
to support the development and supply of crown
flower seeds.

MATERIALS AND METHODS

Plant material

The research was conducted over duration of
four months, from August to December 2021. The
research location was Laboratory of Plant Physiology
and Biotechnology, Faculty of Agriculture, Universitas
Sebelas Maret, Indonesia. The initial stage was
planting C. gigantea seeds in polybags in a greenhouse.
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The seedlings were cultivated for a period of 1.5
months, or until the stems reached the appropriate
stage for utilization. Plant maintenance was done
by watering every day and controlling pests. The
explant used was the second segment of the plant
stem, which was 1.5 months old. Roots and leaves
were cut off, and only stem segments were used as
the explant.

Sterilization of the tools and explant

Sterilization of the tools was started by washing
the tools thoroughly and sterilizing them using an
autoclave. These tools include culture bottles,
petridishes, and dissection tools (large tweezers,
small tweezers, and scalpel knives). Several tools,
such as petridishes and dissection equipment, were
wrapped in opaque paper and sterilized using an
autoclave before use. The pressure used in the
autoclave was 1.5 psi with 30 minutes sterilization
process, then 15 minutes for drying, and 1 hour and
15 minutes to let the pressure drops to 0 psi. This
study used MS media, which was prepared by
combining 50 mL of MS macronutrients, 50 mL of
Fe-EDTA, 50 mL of vitamins, 10 mL of MS micronutrients,
30 grams of sugar, and growth regulators according
to the treatments. After combining the mentioned
ingredients, 1000 mL of distilled water was added
to complete preparation of MS media. The materials
used for making MS media were produced by the
Merck factory. MS media is classified into media that
has high salt content compared to other formulations
(Uche et al., 2016).

The explant preparation was started by taking
the C. gigantea stems to the laboratory and washing
them with sufficient detergent. The explants were
then rinsed using running water and distilled water
thoroughly. After that, the explants were soaked in
a solution of bactericide (1 g) and fungicide (1 g),
then added with distilled water up to 1000 ml for 1
hour and 45 minutes. The explants were rinsed
again using distilled water before being brought to
LAF. The first step during sterilization in LAF was
washing explants in sterile distilled water twice for
1 minute. Next, explants were immersed in chlorin
(100% bayclin) for 1 minute. Then the explants were
immersed in 70% alcohol for 1 minute. Subsequently,
the explants were rinsed twice using sterile distilled
water, each time for a duration of 1 minute (Rahmawati
dan Mila, 2019).
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Explant initiation and maintenance

Sterilized explants were cut along approximately
2 cm. Then, explants were drained on sterile tissue.
The explants were passed before the fire and then
planted in culture bottles vertically. The explants
were planted on MS media containing the combination
of NAA and BA concentration, consisting of NAA (0
ppm (A1); 0.5 ppm (A2); 1 ppm (A3); 1.5 ppm (A4);
2 ppm (A5)) and BA (0 ppm (B1); 1 ppm (B2); 2 ppm
(B3); 3 ppm (B4); 4 ppm (B5)). The culture bottles
were then covered using plastic wrap to keep them
tightly closed and to avoid contamination. They
were stored in relative humidity in the growth room
ranging from 70-75% (Singh, 2018). According to
Mohit and Sirohi (2018), growth room is maintained
in deep controlled environmental conditions
with a temperature of around 22°C. To prevent
contamination in the culture bottles, explant
maintenance was carried out by spraying the bottles
with 70% alcohol every 2 days. Additionally, any
contaminated explants were removed from the
culture to ensure a clean and uncontaminated
environment.

Data analysis

The experiment was arranged in a completely
randomized design (CRD). The variables measured
in this study were root emergence time, root length,
number of shoots, shoot height, and number of
leaves. The root emergence time was monitored
every day after initiation. Root length, number of
shoots, shoot height, and number of leaves were
observed at the age of 10 weeks after planting. The
data obtained were subjected to analysis of variance
(ANOVA) at a 5% significance level test. If a significant
difference was observed, the analysis was continued
with the Duncan Multiple Range Test (DMRT) at a
5% significance level.

RESULTS AND DISCUSSION

Root emergence time

Root emergence time is one of the crucial stages in
plantlet formation. The development of a large-scale
production system is supported by the optimization
of in vitro adventitious root formations (Tamyiz et al.,
2022). The root growth in tissue culture is depending
on growth regulators concentration (Agustina et al.,
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2020). The data analysis revealed that the application
of NAA had a significant impact on the root emergence
time (Table 1). Factors that can affect the root and
shoot formation process include light intensity,
growth regulators, and the concentration of nutrients
in the culture media (Faisal et al., 2018).

The administration of 0 ppm NAA was not significantly
different from that of 0.5, 1, and 1.5 ppm NAA but
significantly different from 2 ppm NAA. The increasing
NAA concentration can retard root emergence time
of crown flower. The root emergence time was 11-21
days after planting (DAP). The longest time taken to
form roots was found in the 2 ppm NAA treatment,
which was 21.13 DAP. This result is contradictive to
auxin function in inducing roots. Sharma et al.
(2021) stated that low concentration of auxin
stimulated primary root growth in Arabidopsis and
maize, while at elevated concentration, root growth
was found to be inhibited. High concentrations of
NAA can disrupt the delicate balance of hormonal
signaling involved in root formation, leading to a
delay or inhibition of root emergence in crown
flower. This follows the opinion of Sessou et al.
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(2020), stating that increasing the concentration of
NAA can inhibit root formation. In addition, according
to Adugna et al. (2020), different genotypes of each
explant also influence the root formation process.
Treatment without NAA can accelerate root appearance,
presumably because endogenous auxin present in
explants has been able to stimulate root formation.
The lower concentration of growth regulator in the
form of auxin is suggested to induce rooting
(Sugiyono et al., 2021).

Number of shoots

The data analysis indicated that NAA and BA
interaction had a significant impact on the number
of shoots formed in the C. gigantea (Table 2). The
application of high and low concentrations of BA
with an increase in NAA concentration could reduce
the number of shoots. In contrast, the application
of low concentrations of NAA (0 and 0.5 ppm)
followed by raising the concentration of BA
resulted in an increase in the number of shoots
formed. Recommendations that can be taken for
the propagation of C. gigantea seeds are 0 ppm NAA

Table 1. Effects of NAA on root emergence time (DAP) in C. gigantea explants

NAA treatment (ppm)

Root emergence time (DAP)

0
0.5
1
15
2

11.13 a
18.80 ab
14.47 ab
16.13 ab
2113 c

Remarks: Means sharing the same letters within the same column exhibit no significant

difference at a 5% level of DMRT.

Table 2. Interaction effects of NAA and BA on the number of shoots in C. gigantea explants aged 10 WAP

BA NAA (ppm) NAA
(ppm) 0 0.5 1 15 2 Average
0 2.00 ad 2.67 af 1.33 ab 1.67 ac 0.67 a 1.68
1 3.00 af 4.67 cf 0.33 a 4.00 bf 1.00 ab 2.60
2 2.33 ae 5.00 df 0.67 a 0.67 a 1.00 ab 1.93
3 3.33 af 0.67 a 2.00 ad 3.33 af 1.33 ab 2.13
4 5.67 f 5.33 ef 1.00 ab 0.33 a 1.33 ab 2.73
BA average 3.26 3.67 1.06 2.00 1.06 +

Remarks: Means sharing the same letters within the same column exhibit no significant difference at a 5% level of DMRT;

(+): present an interaction.
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Number of shoots
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Figure 1. Effects of giving NAA and BA on the number of shoots in C. gigantea

Remarks: Y (BA O ppm) =-0.1186x2 + 0.3454x + 1.936

Y (BA 1 ppm) = -0.467x + 4.001
Y (BA 2 ppm) = -0.699x + 4.031

Y (BA 3 ppm) = 0.0943x2 — 0.6997x + 3.194
Y (BA 4 ppm) = 0.4529x2 — 4.0851x + 10.006

and 4 ppm BA.

Treatments of 0 ppm NAA and 4 ppm BA are
recommended because the results revealed that this
concentration was able to produce a large number
of shoots and optimal shoot height, and it could not
produce callus on crown flower explants. This result
proved the experiment of Karimpour et al. (2020),
reporting that the giving of BA affected the number
of regenerated shoots. Furthermore, Pramita et al.
(2018) stated that shoot multiplication rate was
higher in medium with addition of growth regulators
compared to the medium without growth regulators.
This proves that growth regulators can produce
higher shoot multiplication. The addition of BA
concentration led to an increase in the number of
regenerated shoots. The value of R? (Figure 1) shows
how much NAA and BA affects the number of C.
gigantea shoots. The R? value of 0.8265 or 82.65%
indicates that NAA and BA affect the number of
shoots by 82.65%.

The addition of cytokinin increased the number
if shoots and leaves. BA with higher concentration
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R?=0.6907
R?=0.1545
R?=0.3586
R?=0.0536
R?=0.8265

(b)
Figure 2. Number of shoots as affected by the addition of (a)
0 ppm NAA + 4 ppm BA, (b) 2 ppm NAA + 1 ppm BA

combined with NAA could produce more shoots.
Talitha et al. (2022) recommended the higher
concentration of cytokinin because it produced a
large number of shoots. However, if the concentration
is too high, it can inhibit the induction of shoots and
leaves. According to Torres-Silva et al. (2018), the
use of growth regulators from auxin and cytokinin
groups can increase the number of shoots. The
number of shoots can also have some variation
because it is influenced by the type of explant and
genotype. The number of shoots produced by an
explant can be an indicator of competition for the
formation of seeds in a short period and large
quantities.

Based on Figure 2, the number of shoots produced
in the treatments of NAA O ppm and BA 4 ppm wa
higher than that in NAA 2 ppm and BA 1 ppm.
According to Pramita et al. (2018), media added
with growth regulators can produce higher shoot
multiplication than media without growth regulators.
Cytokinin is also known to induce shoot formation
in vitro culture.



Ilmu Pertanian (Agricultural Science)

Shoot height

The application of a single treatment of NAA and
a single treatment of BA did not demonstrate a
significant impact on shoot height. Still, interaction
between the two growth regulators significantly
affected shoot height (Table 3). The analysis results
indicated that NAA and BA interaction had a notable
impact on shoot height in crown flower. According
to Naaz et al. (2019), a critical balance between
auxins and cytokinin can affect the meristematic
activity of axillary buds. Based on the test results
of several auxins with BA, NAA showed a better effect
on shoot morphogenesis. Application of BA with
concentrations of 1 and 4 ppm followed by an
increase in NAA concentration increased shoot
height. Application of NAA with a concentration
of 0 and 2 ppm followed by an increase in BA
concentration also increased shoot height (Table 3).

Vol. 8 No. 2, August 2023

Recommendations that can be taken for the
propagation of C. gigantea seeds are 0 ppm NAA
and 4 ppm BA. This concentrations are recommended
because the results demonstrated that the specific
concentration used was capable of generating a
large number of shoots and optimal shoot height.
According to Mangena (2020), benzyladenine is a
widely recognized cytokinin that functions as a plant
hormone, either naturally occurring or synthetic,
which stimulates cell division and frequently promotes
the formation of adventitious shoot buds. BA is
commonly used in tissue culture to stimulate shoot
elongation and overall growth. This result is in line
with Grossman et al. (2012), stating that BA seems
to encourage plant shoot growth. The value of R2
(Figure 3) shows how much NAA and BA affects the
shoot height of C. gigantea. The R? value of 0.8552
or 85.52% indicates that NAA and BA affect shoot
height by 85.52%.

Table 3. NAA and BA interaction effects on the shoot height (cm) in C. gigantea explants

BA NAA (ppm) NAA
(ppm) 0 0.5 15 2 Average
0 3.33 ad 6.10 cd 4.20 ad 3.50 ad 1.00 ab 3.63
1 5.26 ad 4.83 ad 0.33 a 4.16 ad 6.67 d 4.25
2 4.00 ad 7.06 d 2.16 ad 2.10 ad 2.00 ad 3.46
3 5.36 ad 2.06 ad 5.23 ad 6.67 d 1.50 ac 4.16
4 5.90 bd 3.56 ad 3.00 ad 0.53 a 3.23 ad 3.24
BA average 4.77 4.72 2.98 3.39 2.88 +

Remarks: Means sharing the same letters within the same column exhibit no significant difference at a 5% level of DMRT;

(+): present an interaction.

4 BAOppm
= BA1lppm
BA 2 ppm
BA 3 ppm
#  BA 4 ppm
Poly. (BA O ppm)

Poly. (BA 1 ppm)
Linear {BA 2 ppm)

Shoot height
o B N W R U N

|
0 0.5 1 1.5
Concentration of NAA (ppm)

Poly. (BA 3 ppm)

Poly. (BA 4 ppm)

Figure 3. Effects of giving NAA and BA on C. gigantea shoots height

Remarks: Y (BA 0 ppm) =-0.6671x2 + 3.2769x + 1.134
Y (BA 1 ppm) =1.015x2 —5.875x + 10.71

Y (BA 2 ppm) = -0.896x + 6.152

Y (BA 3 ppm) =-0.3907x2 + 2.0333x + 2.362
Y (BA 4 ppm) = 0.5836x2 —4.3384x + 9.84

R?=0.8552
R?=0.6590
R?=0.4243
R?=0.1524
R?=0.8075
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Root length

The data analysis revealed that applying NAA
on MS media had a notable impact on root length.
Treatment of 0 ppm NAA exhibited a significant
difference from the treatments of 0.5; 1; 1.5; and 2
ppm NAA, but the 0.5 ppm NAA treatment did not
show a significant difference from 1; 1.5; and 2 ppm
NAA. MS medium with 0 ppm NAA resulted in the
longest roots, which was 10.93 cm long (Table 4).
NAA 0.5; 1; 1.5; and 2 ppm treatments resulted in
shorter roots ranging from 1-3 cm. This described
that increasing NAA concentration decreased root
length in crown flower explants. This is following
the research of Adugna et al. (2020), reporting that
increasing NAA concentration from 1.0 to 2.0 mg/L
can reduce the average number of roots per shoot
and the average root length from 1.63 + 1.03 to 0.27
+0.45and 0. 84 +0.54t0 0.14 + 0.24 cm.

Treatment of 0 ppm NAA can produce the longest
roots because the explants can develop using their
endogenous hormones so that they can still form

roots even though the media is not added with
NAA. According to Gallei et al. (2020), the addition
of auxin inhibited root elongation and growth. Several
hormone signals, including auxins, were proved to
operate downstream of ethylene, playing a role in
inhibiting root elongation. The response of plantlets
depends on the current auxin concentration in the
cell. A combination of NAA and BA, according to
Kaviani et al. (2019), was found to be effective in
inducing root length in Aglaonema thistles. NAA is
plant growth regulator supporting the initiation
process of roots and stems at specific concentrations.

Number of roots

The number of roots formed on explants has an
essential role in supporting nutrients absorption
process for plant growth. According to Latifah et al.
(2017), an increasing number of roots can help
expand the range roots in the absorption of nutrients
so that it becomes more optimal. Juras et al. (2019)
stated that the combination of different treatments
from BA and NAA gave different effects on root

Table 4. Effects of NAA on the number of roots and root length in C. gigantea explants aged 10 WAP

NAA treatment(ppm) Number of roots (strands) Root length (cm)
0 0.0 a 1093 b
0.5 3.0 a 3.07 a
1 6.3 a 248 a
1.5 2.0 a 1.59 a
2 89 a 2.32 a
Remarks: Means sharing the same letters within the same column exhibit no significant difference at a 5% level
of DMRT.
16.0 -
14.0
" 12.0 4
g 10.0 al7
s 2-2 e 71'0 6/3 63
e AN alo a3 4040T‘40 310
5 40 3.0 2703B 33 23
Zz 2{0 T 2[0 2/0 2|0
2.0 Y90 0.0
00 1 -+ -
- R R R R
202 2222 II I IIIIInyReY

Treatments

Figure 4. Effects of addition of NAA and BA on the number of roots in C. gigantea at 10 WAP

Remarks: A1 = NAA O ppm; A2 =NAA 0,5 ppm; A3

=NAA 1 ppm; A4 =NAA 1,5 ppm; A5 = NAA 2 ppm;

B1=BA 0 ppm; B2=BA1ppm; B3 =BA 2 ppm; B4 =BA 3 ppm; B5 = BA 4 ppm; I=error bar.
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Table 5. Effects of NAA on the number of leaves in C. gigantea explants aged 10 WAP

NAA treatment (ppm)

Number of Leaves (strands)

0
0.5
1
1.5
2

20.13 b
17.27 b
6.67 a
9.60 a
893 a

Remarks: Means sharing the same letters within the same column exhibit no significant difference

at a 5% level of DMRT.

development in cattleya orchids (Cattleya Xanthina).
However, some treatments did not produce root.

The analysis result showed that NAA and BA
application had no significant effect on the number
of roots in crown flower (Figure 4). The treatment
of NAA did not significantly affect the number of
roots (Table 4). The number of roots in C. gigantea
roots in various treatments ranged from 0-8.7
roots. The average number of roots in all treatments
was 3.8 roots. Most of the roots are produced on
NAA 1.5 ppm + BA 3 ppm as 8.7 roots. According to
Sri Lestari and Suwardi (2020), explants that sprout
will form roots. However, based on Figure 4, several
treatments did not produce roots, which were
NAA O ppm + BA O ppm and NAA 0.5 ppm + BA 1 ppm,
although both treatments increased the number of
shoots. According to Akbar et al. (2017), several
explants did not form roots probably because
of the lack of concentration of NAA given and the
formation of ethylene due to auxin hormone in plant
cells that inhibits root formation. According to
Chen et al. (2019), in general, the number of roots
increases as the NAA concentration is increased.

Srilestari and Suwardi (2020) stated that the
formation of roots was closely associated to
endogenous auxins and cytokinin levels in plant
tissues through cell elongation and enlargement. In
addition to endogenous auxins and cytokinin effects,
root formation process is also affected by the intensity
of light in the culture room. According to Hlophe et
al. (2020), root formation process in explants is
influenced by content of endogenous and exogenous
auxin in plants, and the application of BA at low
concentrations is known to have a low inhibitory
effect on root formation.
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Number of leaves

Analysis of data revealed that NAA application
had a notable impact on crown flower leaves number
(Table 5). Treatment of 0 ppm NAA did not show
a significant difference from 0.5 ppm NAA but
substantially different from the treatments of 1; 1.5;
and 2 ppm NAA. More leaves were produced on MS
medium with 0 ppm NAA (20.13) and on MS medium
with 0.5 ppm NAA (17.27 leaves). Meanwhile, the
treatments of 1; 1.5; and 2 ppm NAA produced
between 6-9 leaves. This indicated that increasing
the concentration of NAA decreased the number
of leaves formed on C. gigantea explants. This result
follows the results of Kalve et al. 2020) research,
reporting that low concentrations of auxin, particularly
NAA, resulted in an increase in leaf blade size of
up to 37%, while the higher concentration inhibited
leaf growth. In addition, the addition of NAA
concentrations of 1; 1.5; and 2 ppm inhibited leaf
formation or resulted in a lower number of leaves
(Table 5).

Jing and Strader (2019) state that in formation
of lateral roots, there are some roles of plant
hormones that have been revealed by physiological
and genetic studies. Lateral root initiation and
development are affected by the strong roles of
auxin and cytokinin. The formation of shoots and
leaves in plants generally requires cytokinin, while
auxin can be inhibitor if the concentration is too
high. Haida et al. (2020) stated that auxin and
cytokinin combination could have an impact on
both the number and weight of fresh leaves formed
in explants. Based on research conducted by
Monfort et al. (2018), plantlets cultured in vitro and
supplemented with growth regulators produced
leaves in nearly every treatments.
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CONCLUSIONS

Based on research result, the best response was
found in media with 0 ppm NAA and 4 ppm BA
combination, which produced a large number of
shoots of 5.67 and an optimal shoot height of 5.9
cm. Increasing NAA concentration decreased root
formation and reduced root length and the number
of leaves, while the medium without NAA resulted
in the earliest root emergence of 11 DAP, the
number of leaves of 20 strands, and the longest root
of 10.9 cm. Applying a single substance BA did not
stimulate all the variables observed.

ACKNOWLEDGMENTS

The authors are grateful to Universitas Sebelas
Maret, which has funded this research through the
scheme of Penelitian Unggulan Terapan (PUT) of
Non-APBN UNS for the 2021 budget year.

REFERENCES

Adugna, A. Y., Feyissa, T., and Tasew, F. S. (2020).
Optimization of growth regulators on in vitro
propagation of Moringa stenopetala from
shoot explants. BMC Biotechnology, 20(1),
pp. 1-10.

Ahmad, W. (2020). Preliminary phytochemical,
antimicrobial and photochemical study of
Calotropis gigantea leaf extract. Current
Chemistry Letters, 9(3), pp. 105-112.

Agustina, M., Maisura, M., and Handayani, R. S.
(2020). The Effect of Different Seed Cutting
Treatments and Concentrations of BAP for the
Successful In Vitro Micrografting of Mangosteen
(Garcinia mangostana L.). Journal of Tropical
Horticulture, 3(1), pp. 1-5.

Akbar, A., Eny, F., Sapto, I., Toni, H. (2017). Induksi
tunas, multiplikasi dan perakaran Gyrinops
versteegii (gilg.) Domke secara in vitro. J
Pemuliaan Tanaman Hutan, 11(1), pp. 1-13.

Cui, Y., Cheng, L., Shan, X., Fan, W., and Gigantea, C.
(2017). Correlation between Pod Shape Traits
and Its Fiber Quality of Wild Calotropis Gigantea
Correlation between Pod Shape Traits and Its
Fiber Quality of Wild. Journal of Natural Fibers,
14(1), pp. 1-9.

Desta, B. and Amare, G. (2021). Paclobutrazol as a
plant growth regulator. Chemical and Biological
Technologies in Agriculture, 8(1), pp. 1-15.

77

Dubey, S. M., Serre, N. B. C., Oulehlov3, D., Vittal,
P., and Fendrych, M. (2021). No time for
transcription—rapid Auxin responses in plants.
Cold Spring Harbor Perspectives in Medicine,
11(7).

Faisal, M., Ahmad, N., Anis, M., Alatar, A. A., and
Qahtan, A. A. (2018). Auxin-cytokinin synergism
in vitro for producing genetically stable plants
of Ruta graveolens using shoot tip meristems.
Saudi Journal of Biological Sciences, 25(2), pp.
273-277.

Faradilla, M., and Maysarah, H. (2019). Potensi Biduri
(Calotropis gigantea (L.) W.T. Aiton) sebagai
Tanaman Obat. IImu Kefarmasian Indonesia,
17(2), pp. 246-250.

Gallei, M., Luschnig, C., and Friml, J. (2020). Auxin
signalling in growth: Schrédinger’s cat out of
the bag. Current Opinion in Plant Biology, 53,
pp. 43-49.

Grossman, M., Freeborn, J., Scoggins, H., and Latimer,
J.(2012). Benzyladenine increases branching but
reduces root growth of herbaceous perennial
liners. HortScience, 47(8), pp. 1085—1090.

Haida, Z., Nakasha, J. J., and Hakiman, M. (2020). In
vitro responses of plant growth factors on
growth, yield, phenolics content and antioxidant
activities of Clinacanthus nutans (Sabah snake
grass). Plants, 9(8), pp. 1-17.

Jiang, X., Cheng, L., Yu, J., Wang, Q., Stojanovska, E.,
and Xu, S. (2012). Relationship between akund
fibers’ carding and sliver quality. Advanced
Materials Research, 478, pp. 2014—2019.

Jing, H., and Strader, L. C. (2019). Interplay of auxin
and cytokinin in lateral root development.
International Journal of Molecular Sciences,
20(3), 486.

Juras, M.C.R., Jackeline, J., Rosete, P, et al. (2019). In
vitro culture and acclimatization of Cattleya
xanthina (Orchidaceae), an endangered orchid
of the brazilian atlantic rainforest abstract.
Rodriguesia, 70, pp. 1-11.

Kalve, S., Sizani, B. L., Markakis, M. N., Helsmoortel,
C., Vandeweyer, G., Laukens, K., Sommen, M.,
Naulaerts, S., Vissenberg, K., Prinsen, E., and
Beemster, G. T. S. (2020). Osmotic stress
inhibits leaf growth of Arabidopsis thaliana
by enhancing ARF-mediated auxin responses.
New Phytologist, 226(6), 1766—1780.

Karimah, A., Ridho, M. R., Munawar, S. S., Adi, D. S.,
Ismadi, Damayanti, R., Subiyanto, B., Fatriasari,
W., and Fudholi, A. (2021). A review on natural
fibers for development of eco-friendly
bio-composite: characteristics, and utilizations.



llmu Pertanian (Agricultural Science)

Journal of Materials Research and Technology,
13, pp. 2442-2458.

Karimpour, S., Davarynejad, G., ZakiAGhl, M., and
Safarnejad, M. (2020). Optimization of plant
growth regulators for in vitro shoot proliferation
of apple cv. ‘Abbasi’ using response surface
method.pdf. Journal of Plant Physiology and
Breeding, 10(1), pp. 111-125.

Kaviani, B., Sedaghathoor, S., Motlagh, M. R. S., and
Rouhi, S. (2019). Influence of plant growth
regulators (BA, TDZ, 2-iP and NAA) on micro-
propagation of Aglaonema widuri. Iranian
Journal of Plant Physiology, 9(2), pp. 2709—
2718.

Latifah R, Titien S, Netty E. (2017). Optimasi
pertumbuhan plantlet Cattleya melalui
kombinasi kekuatan media murashige-skoog
dan bahan organik. Agriprima : J of Applied
Agricultural Sciences, 1(1), pp. 59—62.

Lestari, N.K.D, Deswiniyanti, N.W., Astarini, l.A., and
Arpiwi, N.L.M. (2019). Callus and shoot induction
of leaf culture Lilium longiflorum with NAA and
BAP. Nusantara Bioscience, 11(2), pp. 162—165.

Mangena, P. (2020). Benzyl adenine in plant tissue
culture- succinct analysis of the overall influence
in soybean [Glycine max (L.) Merrill.] seed and
shoot culture establishment. Journal of Biotech
Research, 11, pp. 23-34.

Martins, J. P. R., Rodrigues, L. C. A., Santos, E. R.,
Batista, B. G., Gontijo, A. B. P. L., and Falqueto, A.
R. (2018). Anatomy and photosystem Il activity
of in vitro grown Aechmea blanchetiana as
affected by 1-naphthaleneacetic acid. Biologia
Plantarum, 62(2), pp. 211-221.

Mohit, and Sirohi, S. P.S. (2018). Plant Tissue Culture
Techniques in Crop Improvement. International
Journal of Current Research, 10(10), pp.
74067-74070.

Monfort, L. E. F., Bertolucci, S. K. V., Lima, A. F.,, de
Carvalho, A. A., Mohammed, A., Blank, A. F.,
and Pinto, J. E. B. P. (2018). Effects of plant
growth regulators, different culture media and
strength MS on production of volatile fraction
composition in shoot cultures of Ocimum
basilicum. Industrial Crops and Products, 116,
pp. 231-239.

Naaz, A., Hussain, S. A., Anis, M., and Alatar, A. A. (2019).
Meta-topolin improved micropropagation in
Syzygium cumini and acclimatization to ex vitro
conditions. Biologia Plantarum, 63, pp. 174—
182.

Narayanasamy, P., Balasundar, P., Senthil, S., Sanjay,
M. R., Siengchin, S., Khan, A., and Asiri, A. M.

78

Vol. 8 No. 2, August 2023

(2020). Characterization of a novel natural
cellulosic fiber from Calotropis gigantea fruit
bunch for ecofriendly polymer composites.
International Journal of Biological Macromol-
ecules, 150, pp. 793-801.

Ozkan, Y., Altuntas, E., Ozturk, B., Yildiz, K., and Saracoglu,
0. (2012). The effect of NAA (1-naphthalene
acetic acid) and avg (aminoethoxyvinylglycine)
on physical, chemical, colour and mechanical
properties of braeburn apple. International
Journal of Food Engineering, 8(3), pp. 1-18.

Pramita, A. D., Kristanti, A. N., Sugiharto, Utami, E. S. W.,,
and Manuhara, Y. S. W. (2018). Production of
biomass and flavonoid of Gynura procumbens
(Lour.) Merr shoots culture in temporary
immersion system. Journal of Genetic Engineering
and Biotechnology, 16(2), pp. 639-643.

Sakya, A. T. and Samanhudi, M. M. P. (2022). Vegetative
growth of Biduri (Calotropis Gigantea) on
mycorrhiza and azolla application. IOP Conference
Series: Earth and Environmental Science, pp.
1-6.

Sessou, A. F,, Kahia, J. W., Houngue, J. A., Ateka, E. M.,
Dadjo, C., and Ahanhanzo, C. (2020). In vitro
propagation of three mosaic disease resistant
cassava cultivars. BMC Biotechnology, 20(1),
pp. 1-13.

Sharma, M., Singh, D., Saksena, H. B., Sharma, M., Tiwari,
A., Awasthi, P, Botta, H. K., Shukla, B. N., and
Laxmi, A. (2021). Understanding the intricate
web of phytohormone signalling in modulating
root system architecture. International Journal
of Molecular Sciences, 22(11), 5508.

Shnaishel, S. J. (2019). International Journal of
Agriculture and Environmental Research PLANT
TISSUE. International Journal of Agriculture and
Environmental Research, 7(3), pp. 375—-385.

Singh, C. R. (2018). Review on Problems and its
Remedy in Plant Tissue Culture. Asian Journal
of Biological Sciences, 11(4), pp. 165-172.

Srilestari, R. (2020). Induction Of Banana Roots In
Various Media And In Vitro Growth Regulators.
Proceeding on Engineering and Science Series
(ESS), 1(1), pp. 295-300.

Sugiyono, S., Dewi, P.S., and Prasetyo, R. (2021). Banana
Cultivars Microshoot Induction and Plantlet
Formation Using Cytokinin and Auxin. Caraka
Tani: Journal of Sustainable Agriculture, 36(2),
249-258.

Taha, H., Ghazy, U. M., Gabr, A. M. M., EL-Kazzaz, A.
A. A., Ahmed, E. A. M. M., and Haggag, K. M.
(2020). Optimization of in vitro culture conditions
affecting propagation of mulberry plant. Bulletin



Rahayu et al.: Application of NAA and BA to Calotropis gigantea (L.) W.T. Aiton in vitro culture

of the National Research Centre, 44(1).

Talitha, O., Samanhudi, S., Setyawati, A., Rahayu, M.,
and Sakya, A. T. (2022). The Effect of Growth
Concentration on In Vitro Shoot Multiplication
of Crown Flower (Calotropis gigantea). Plant
Breeding and Biotechnology, 10(4), pp. 244-256.

Tamyiz, M., Prayoga, L., Prasetyo, R., Murchie, E. H.,
and Sugiyono. (2022). Improving Agarwood
(Aquilaria malaccensis Lamk.) Plantlet Formation
Using Various Types and Concentrations of
Auxins. Caraka Tani: Journal of Sustainable
Agriculture, 37(1), pp. 142-151.

Torres-Silva, G., Resende, S. V., Lima-Brito, A., Bezerra, H.
B., de Santana, J. R. F.,, and Schnadelbach, A. S.
(2018). In vitro shoot production, morphological
alterations and genetic instability of Melocactus
glaucescens (Cactaceae), an endangered species
endemic to eastern Brazil. South African Jour-
nal of Botany, 115, pp. 100-107.

79

Uche, O. C,, Ejiofor, A. P, and Eziuche, O. C. (2016).
Comparative Growth Rates of Treculia africana
Decne: Embryo in Varied Strengths of Murashige
and Skoog Basal Medium. International Journal
of Agricultural and Biosystems Engineering,
10(9), pp. 564-567.

Xiao, W., Niu, B., Yu, M., Sun, C., Wang, L., Zhou, L.,
and Zheng, Y. (2021). Fabrication of foam-like
oil sorbent from polylactic acid and Calotropis
gigantea fiber for effective oil absorption.
Journal of Cleaner Production, 278, 123507.

Younas, A., Yousaf, Z., Rashid, M., and Riaz, N. (2020).
Nanoagronomy. In Nanoagronomy (Issue May).

Zhao, Z., Zheng, Z., Chen, P, Zhang, H., Yang, C., Wang,
X.,and Li, G. (2019). Pre-treatment of Calotropis
gigantea fibers with functional plasticizing and
toughening auxiliary agents. Textile Research
Journal, 89(19-20), pp. 3997-4006.



