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Abstract

Carica pubescens Lenne & K. Koch has benefits as a producer of medicinal compounds. Propagation of C. pubescens is important to be done through
in vitro embryogenic callus culture. This research aimed to determine the effect of 2,4-D growth regulators, 2,4-D and BAP interactions on the
induction of embryogenic callus C. pubescens Lenne & K. Koch. This research is experimental, using a completely randomized design (CRD) with 25
treatments and 5 replications. Embryonic callus was induced by various concentration of 2,4 D (0 mg/L, 2.5 mg/L, 5 mg/L, 7.5 mg/L, and 1 mg/L) in
combination with BAP (0 mg/L, 2.5 mg/L, 5 mg/L, 7.5 mg/L, and 1 mg/L). Data were analyzed using two-way ANOVA, followed by the Duncan
Multiple Range Test (DMRT) (p>0.05). The result showed that the addition of 2,4 D and BAP as a growth regulator gave an effect on embryonic
callus. Concentration of 7.5 mg/L 2,4 D and 0.5 mg/L BAP in callus 19 days after planting showed the most effective interaction of both inductors.
The combination produced callus fresh weight at 1.09 g and 99% in percentage of explant callus area. Morphological and anatomical observations
showed the characteristic of embryogenic callus as indicated by yellowish, textured callus friable, having a large core and containing starch grains

also plastids.
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Introduction

Indonesia is one of the countries which has abundant
natural resources, both animals and plants. In this country,
some plants are used as medicinal plants including Carica
pubescens Lenne and K.Koch. Genus of Carica belongs to
Caricaceae family that consists of approximately 40 spe-
cies, and C.pubescens is one of them (Budiyanti et al.,
2005). It is a plant from South America and has been
widespread to the Andas islands. This plant is often found
not only in Bromo and Cangar East Java but also in Dieng
Plateau Central Java, Indonesia (Minarno, 2015).

Regarding to Distan (2008) C. pubescens has a useful
compound for the body which are carotene, vitamin C,
and flavonoid as anti-cancer substances. The content of
the papain enzyme serves to break down leftover food
fibers and facilitate defecating. C. pubescens fruit is not
delicious to be directly consumed because it has a sour
and bitter taste though it is ripe. Furthermore, the flesh of
the fruit contains a lot of sap that causes itching when it
comes to the lips, mouth, and skin (Ngumriana, 2015).
Therefore, C. pubescens should be processed before eat-
en, and it becomes the iconic food product from Wono-
sobo region (Distan, Wonosobo Regency, 2008). Based

* Corresponding Author:
Shinta
Department of Biology, Faculty of Science and Technology,
Maulana Malik Ibrahim Malang Islamic State University, JI.
Gajayana No. 50, Malang, Indonesia
Phone: +6281249890383
e-mail: shinta.sakura88@gmail.com

on the data from the Wonosobo Regency, Distan (2008)
stated that the total production of C. pubescens was
1342.28 tons whereas the average production capacity of
Carica processed by small industries in Wonosobo ranges
from 1.5 tons to 18 tons per month. Therefore, the pro-
duction capacity cannot meet consumers’ demands. It is
because C. pubescens plant is a seasonal plant, so its oc-
currence is often rare in certain seasons (Dewi, 2009).

Propagation of C. pubescens plants in Indonesia is still
done traditionally or conventionally by using seeds. How-
ever, C. pubescens seed germination is difficult to be ap-
plied conventionally due to the type of seeds, genetic fac-
tors, and environmental factors. Besides, conventional
seed germination requires a relatively long time to sprout
germination, and it causes an extended maturation of seed
dormancy. It is due to the presence of pulp attached to the
seeds of C. pubescens containing abscisic acid, which is
an inhibitor of seed germination and growth. In addition,
seeds propagation produce offspring that have different
characteristic to the parents (Sari & Suwarsi, 2014).

The propagation efforts of C. pubescens plants has not
been investigated yet, so its propagation with embryogen-
ic callus culture should be applied. The embryogenic cal-
lus has the potential to become a plant through organo-
genesis and embryogenesis (Subarnas, 2011). The ad-
vantage of somatic embryogenesis culture can produce
somatic embryos that have bipolar characteristics, and it
has root tips and shoots which are needed in plant growth.
In addition, it can produce embryos in large numbers with
limited space (Zulkarnain, 2009). Somatic embryogenesis
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regeneration has advantages over bud regeneration (or-
ganogenesis). It causes the speed of multiplication of so-
matic embryogenesis higher, and the process of somatic
embryogenesis can last a long time without depending on
the source of the explant (Neliyati, 2013). According to
Rusdianto and Indrianto (2012) stated that embryogenic
callus had the characteristics of a yellowish-white, creamy
or milky white, a crumb texture, and there was a large
nucleus if it was observed microscopically. Whereas Qui-
roz et al. (2002) stated that there was a large cell nucleus,
having a distance between cells, containing starch grains
as well as plastids in the cytoplasm, and having a small
vacuole in the embryogenic callus if it was observed mi-
croscopically.

The interaction between planting media and appropri-
ate growth regulator will affect callus growth, increase
cell division activity in the process of morphogenesis and
organogenesis (Fithrotin, 2017; Lestari, 2011). Growth
regulator 2,4-Dichlorophenoxy acetic acid is a type of
auxin which has more stable properties than other syn-
thetic auxin types. It can stimulate the formation of so-
matic embryos directly through the surface point of
growth of zygotic embryos (Indria, 2017). Damayanti et
al., (2007) research results showed that 2 MS media +
2,4-D 10 mg/L could produce the highest Carica papaya
embryogenic callus that is 80%. One of the cytokinin
groups that is often used in in vitro culture is BAP (6-
Benzylaminopurin). It is because the nature of BAP is
stable, easily obtained and more active. Whereas Mondal
et al., (1994) research result showed that the treatment of
0.5 mg/L BAP and MS media could induce Carica papa-
ya (Var. Honey Dew) callus with a fresh weight of callus
3.5 g. The use of auxiliary and cytokinin ZPT had also
been carried out in several embryogenic callus cultures.
Further, Haensch's research (2007) research result ex-
plained that the embryogenic callus culture Pelargonium x
domesticum on MS media with a concentration of 4 mg/L
2,4-D + 0.5 mg/L BAP could induce callus with a wet
callus weight of 9.4 mg. A sufficient and balanced com-
parison of 2,4-D and BAP concentrations determined the
callus shape and structure. In callus culture, giving ZPT
both 2,4-D and BAP is highly expected to induce and
increase callus growth so that it can obtain large biomass.

The purpose of this research is to determine the effect
of 2,4-Dichlorophenoxy Acetic Acid (2,4-D) and BAP (6-
Benzylaminopurin) interaction in inducing embryogenic
callus of Carica pubescens Lenne & K. Koch in accord-
ance with In Vitro.

Methods

This research was conducted at the Tissue Culture La-
boratory, Department of Biology, Faculty of Science and
Technology, Maulana Malik lbrahim State Islamic Uni-
versity of Malang. The explants used were young Carica
pubescens Lenne & K. Koch. Whereas the media used
were ¥2 MS, sugar, agar, 2,4-D interactions (concentration
0 mg/L, 2.5 mg/L, 5 mg/L, 7.5 mg/L, and 10 mg/L) and
BAP (concentration 0 mg/L, 0.25 mg/L, 0.5 mg/L, 0.75
mg/L and 1 mg/L).

Explant Sterilization

The young seed of C. pubescens was cleaned by using
a tissue to remove the sticky mucus, then washed with
running water for 30 min. Whereas explant was washed
with detergent for 15 min and rinsed with running water.
After that, the explant was soaked with a bactericidal so-
lution for 5 min and rinsed with running water. Then it
was immersed in a fungicide solution (benlate 0.5 mg/L),
shaken for an hour, and rinsed with running water. Fur-
ther, it was sterilized using a 30% Clorox solution for 15
min in laminar airflow. Then it was rinsed by using
aquades sterile three times for 5 min.

Explant Initiation

The sterile young seed of C. pubescens was taken out
from the embryo, then planted on 2,4-D interaction media
(concentration 0 mg/L, 2.5 mg/L, 5 mg/L, 7.5 mg/L, and
10 mg/L) and BAP (concentration 0 mg/L, 2.5 mg/L, 5
mg/L, 7.5 mg/L, and 10 mg/L). Each bottle contained two
explants with five times of repetition. The culture bottles
that had been planted with explant was incubated in the
culture storage room at a temperature of 23-25°C and in-
cubated for 45 days. The parameter observed was the day
of callus formed, percentage of callus area in explants,
callus fresh weight, callus color, callus texture and callus
anatomy.

Data Analysis

The data were observed both of qualitatively and
quantitatively. Qualitative data was obtained based on
visual observation on callus morphology including color,
texture and callus anatomy. Those data were analysed
descriptively. Whereas, the data such as the days of callus
formed, fresh weight, and percentage of callus explants
were quantified and analyzed by two ways ANOVA. Post
hoc test of Duncan Multiple Range Test (DMRT) was
performed when there is significant difference in ANO-
VA test. Significant value was indicated by p>0.05.

Results

The Day of Callus Formed

Giving an auxin for callus culture is effective in in-
ducing callus formation, but the role of cytokinin is need-
ed for callus proliferation so that the combination of auxin
and cytokinin is very good for stimulating the callus
growth (Abidin, 1983). Therefore, it is expected that the
combination of 2,4-D and BAP can influence the induc-
tion of C. pubescens embryogenic callus.

Based on the observations of the day when the callus
formed, and the 5% DMRT test results showed that the
effect of 2,4-D and BAP interactions on an explant had a
significant effect compared to the control. The combina-
tion concentration of 2,4-D 7.5 mg/L and BAP 0.5 mg/L
is the most effective concentration to induce rapid callus,
with an average day of callus formed in 19 days after
planting. Whereas the longest day for the callus formation
is as displayed in Figure 1.
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Figure 1. Effect of 2,4-D (ppm) and BAP (ppm) Interactions on the Day of Callus formed. Numbers followed by the same letters indicate no signifi-

cant difference based on the 5% DMRT test.

Fresh Weight of Callus

The result of observation and DMRT 5% test showed
that giving 2,4-D and BAP hormones significantly affect-
ed the growth of callus fresh weight. The interaction con-
centration of 2,4-D 7.5 mg/L and BAP 0.5 mg/L is the
most effective concentration for the growth of callus fresh
weight, with an average callus fresh weight of 1.09 g (Fig.
2).

Percentage of Callus Area on Explant

The optimal cell division may cause optimal callus
growth and increase callus fresh weight. It will also affect
the percent of callus area in explant because the higher the
fresh weight of callus is, the higher of the callus area in
explant will be. Observation and DMRT 5% test showed
that giving 2,4-D and BAP hormones significantly affect-
ed the percentage of callus area. The interaction concen-
tration of 2,4-D 7.5 mg/L and BAP 0.5 mg/L is the most
effective concentration for callus percent, with an average
callus area percentage of 99% (Fig. 3).

120

Morphology and Anatomy of Embryogenic Callus
Carica pubescens Lenne & K. Koch

The result of the research showed that at the beginning
of the callus growth, all treatments showed a white callus,
but it experienced a change in color after observing on the
day of 45", Based on morphological and microscopic
(anatomic) observations, it showed different color, texture
and anatomical variables for each treatment. The callus
colors produced are brownish yellow, yellowish, brown-
ish-white, yellowish-white, while the result of callus tex-
tures is crust, intermediate and compact (Tab. 1). An ef-
fective treatment in inducing embryogenic callus at a con-
centration of 7.5 mg/L 2,4-D + 0.5 mg/L BAP produced a
yellowish callus color with crumb callus texture this is
evidenced by microscopic observation with a very clear
and large cell nucleus that has a round cell shape, and
there are starch and plastid grains (Tab. 1 and Fig. 4).
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Figure 2. Effect of 2,4-D (ppm) and BAP (ppm) Interactions on Callus Fresh Weight. Numbers followed by the same letters indicate no significant

difference based on the 5% DMRT test.
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Figure 3. Effect of 2,4-D (ppm) and BAP (ppm) Interactions on the Percentage of Callus Extents on Explants. Numbers followed by the same letters
indicate no significant difference based on the 5% DMRT test.

Figure 4. Morphology and Anatomy of Embryogenic Callus C. pubescens 400X, a and d) Crumbs, b and e) Intermediates, ¢ and f) Com-
pact, Red Arrows = Cell nucleus, while Yellow arrows = Plastids.

Table 1. Effect of 2,4-D and BAP Interactions on the Color and Texture of Embryogenic Callus C. pubescens Lenne & K. Koch.

Treatment Callus Color Callus Texture
0 mg/L 2,4-D + 0 mg/L BAP Brownish yellow Intermediate
0 mg/L 2,4-D + 0,25 mg/L BAP Yellowish white Intermediate
0 mg/L 2,4-D + 0,5 mg/L BAP Brownish yellow Crumb

0 mg/L 2,4-D + 0,75 mg/L BAP Brownish white Intermediate
0 mg/L 2,4-D + 1 mg/L BAP Brownish yellow Compact
2.5mg/L 2,4-D + 0 mg/L BAP Brownish yellow Compact
2.5mg/L 2,4-D + 0,25 mg/L BAP Brownish white Compact
2.5 mg/L 2,4-D + 0,5 mg/L BAP Brownish white Crumb
2.5mg/L 2,4-D + 0,75 mg/L BAP Brownish yellow Crumb
2.5mg/L 2,4-D + 1 mg/L BAP Brownish white Crumb

5 mg/L 2,4-D + 0 mg/L BAP Brownish yellow Crumb

5 mg/L 2,4-D + 0,25 mg/L BAP Yellowish white Crumb

5 mg/L 2,4-D + 0,5 mg/L BAP Yellowish white Crumb

5 mg/L 2,4-D + 0,75 mg/L BAP Yellowish white Crumb
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5mg/L 2,4-D + 1 mg/L BAP Yellowish white Crumb
7.5 mg/L 2,4-D + 0 mg/L BAP Yellowish white Crumb
7.5 mg/L 2,4-D + 0,25 mg/L BAP Yellowish white Crumb
7.5 mg/L 2,4-D+ 0,5 mg/L BAP Yellowish Crumb
7.5 mg/L 2,4-D + 0,75 mg/L BAP Yellowish white Crumb
7.5 mg/L 2,4-D + 1 mg/L BAP Brownish white Crumb
10 mg/L 2,4-D + 0 mg/L BAP Brownish white Compact
10 mg/L 2,4-D + 0,25 mg/L BAP Brownish white Crumb
10 mg/L 2,4-D + 0,5 mg/L BAP Yellowish white Compact
10 mg/L 2,4-D + 0,75 mg/L BAP Brownish yellow Compact

10 mg/L 2,4-D + 1 mg/L BAP98

Brownish white

Intermediate

Discussion

A callus is a collection of cells that are not orga-
nized, and it occurs due to a very active division.
Stimulation of endogenous hormone and growth regu-
lators that are added (exogenous) causes the activation
of cell metabolism. In such circumstances, the tissue
undergoes differentiation. This situation will continue
during callus proliferation (Rivai et al., 2014). The
results showed that without the administration of ex-
ogenous auxin (2,4-D), the young explant C. pu-
bescens could induce their callus due to the presence
of endogenous hormones auxin and cytokines found
in C. pubescens explant so that it could induce callus
without the addition of growth regulators. In addition,
the explant used was still young and easy to divide.
Planting media that contains nutrients, vitamins and
amino acids that are suitable to support the callus
growth process. Pratiwi and Rahayu (2013) explained
that young explant had meristematic cells that actively
divide.

The Day when the Callus Formed

The results of the research showed that the effect
of 2,4-D and BAP interactions on the day of callus
formed in explant had a significant effect compared to
the control. The concentration combination of 2,4-D
7.5 mg/L and BAP 0.5 mg/L is the most effective
concentration to induce callus. The callus formation in
explant of embryos C. pubescens is indicated by
swelling of explant which is injured in young embryos
by removing the seed coat. According to Sitorus et al.,
(2012), callus formation occurred because of the inju-
ry that occurs in the explant, so the cells which are in
the explant will repair the damaged cells. George and
Sherrington (1984) suggested that endogenous and
exogenous hormones contained in explants supported
the occurrence of tissue responses to form a callus. In
addition, the callus formation was influenced by the
action of auxins and cytokines. The provision of auxin
and cytokines that are balanced will have an impact
on the callus formation. Therefore, the long callus
formation is because the interaction of growth regula-
tors given to the explant is not appropriate to induce
callus, so it inhabited callus growth in explant
(Zulkarnain, 2009). According to Khaniyah and
Habibah (2012), the concentrations of growth regula-
tor, which is too low resulting in the inability to in-

duce callus, but it will be toxic to explant if the con-
centration given is not balanced. Therefore, the com-
bination of the two growth regulators is not suitable to
stimulate callus formation.

The Fresh weight and Percentage of Callus Area
on Explant

The fresh weight of the callus indicates a large cell
division at concentration. The concentration combina-
tion of 2,4-D 7.5 mg/L and BAP 0.5 mg/L are the
most effective concentration to induce fresh weight
and percentage of callus area in the explant. High ac-
tivity of 2,4 D is able to trigger the stressed of the
network and cause cell division continuously affecting
the callus size (Dewita, 2015). That happens through
increasing osmotic pressure, cell permeability to wa-
ter, plasticity, protein synthesis, cell wall develop-
ment, and reduction of cell wall pressure (Robles et
al., 2016). The growth regulator, 2,4-D enters to plant
explant cells through diffusion at wounds at the ends
of the explants. 2,4 D stimulates cell wall softening by
activating proton pumps (H+ ions) on the plasma
membrane and causing lower acidity in the cell wall.
The pH is close to the pH on the plasma membrane
(about pH 4.5). The active proton pump can break the
hydrogen bonds between the microfibrils of embryon-
ic cellulose wall C. pubescens. The breakdown of
hydrogen bonds causes the hypocotyl cell wall of C.
pubescens to stretch easily, so the cell walls pressure
decrease and result in the flexing of C. pubescens
cells. Low acidity can also activate certain enzymes in
cell walls that can degrade various proteins or poly-
saccharides that spread on soft and flexible cell walls,
so enlargement of embryonic cells can occur (Hayati
etal., 2010).

According to Rahayu et al. (2003), the large fresh
weight of callus was caused by the high water content.
Besides, the fresh weight of the callus produced also
depends on the callus morphology, the speed of the
cells dividing, and the enlargement of the callus. An
essential property of cytokinins is their stimulation
against cell division. Optimal cell division will cause
optimal callus growth and will increase callus fresh
weight. It will also affect the percentage of callus area
in explant because the higher the fresh weight of cal-
lus is, the higher of the callus area in explant will be.
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The hormone worked optimally at certain concentra-
tions, and the cell generally contains enough or almost
enough hormone to be maintained (Sitorus et al.,
2012). Santoso and Nursandi (2004) stated that the
addition of cytokines in the form of BAP gave the
response to explant embryos of young C. pubescens.
The cytokines play a significant role in stimulating
cell division and callus proliferation. The addition of
BAP to culture media may increase the rate of protein
synthesis, so it encouraged the cell enlargement and
division by increasing the transition from G2 to mito-
sis.

Morphology and Anatomy of the Embryogenic
Callus Carica pubescens

The embryogenic callus has yellowish, yellowish-
white, brownish-white characteristics, a crumb tex-
ture, and having a large nucleus when it is observed
microscopically. It can be seen from the morphology
and anatomy of callus formed in the explant. The re-
sults of callus color and texture observations are pre-
sented in Table 1.

The color of the callus is a visual indicator used to
determine callus growth and determine the callus
whether or not it is included in embryogenic callus
characteristics. It is likely because the callus is experi-
encing a good growth period, so the color result is
different. Related to the embryogenic callus for-
mation, Peterson and Smith (1991) explained that a
yellowish and shiny white callus characterizes embry-
ogenic callus. Meanwhile, Al-Gendy (2013) stated
that embryogenic callus is brownish yellow. The
white callus is caused by the callus tissue, which does
not contain chloroplasts. It is in line with the opinion
of Tsuro et al. (1999) who stated that the white callus
is an embryogenic tissue that does not yet contain
chloroplasts but high starch granules. The color
changes that occur are due to the degradation of color
pigmentation.

Embryogenic callus indications are presented in
the texture of the resulting callus. The embryonic cal-
lus is characterized by crumb callus texture and the
callus that has crumb texture and easily separates into
single cells. The characteristics of crumb callus tex-
ture are having a lot of water content, and easily sepa-
rated then growing apart into small parts (Sitorus et
al., 2012). The formation of crust callus can be influ-
enced by the type of explant and hormone used. Cal-
lus with crumb texture is triggered by the presence of
endogenous auxin hormone, which is produced inter-
nally by explant that has grown to form the callus.
According to Zulkarnain and Lizawati (2011), the
crumb callus texture indicated embryogenic properties
which will develop into somatic embryos. Cell divi-
sion in the texture of the callus crumbs (friable) is
faster than the compact callus texture because the tex-
ture of the compact callus undergoes lignification
formation (Mahadi et al., 2016).

According to Sitinjak et al. (2006) embryogenic
callus induction required a combination of optimum

concentrations of 2,4-D and BAP that can increase
cell sensitivity from explant tissue to reactivate the
cell cycle. It initiates embryo formation or a combina-
tion of hormone concentrations which can activate
specific genes for callus induction embryogenic. The
7.5 mg/L 2,4D and 0.5 mg/L BAP treatment showed
embryonic callus with crumb texture. It was charac-
terized by a large core containing starch and plastid
grains. It is in line with the opinion of Kasi and
Sumaryono (2008) who stated that embryogenic cal-
lus had dense and meristematic cells with marked
dense cell space, clear cell nucleus, dense cytoplasm
and high cell division activity.
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