
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Effect of combination explant difference leaf part
and concentration of active charcoal on callus
initiation mangrove (Rhizophora Apiculata BI) by
in-vitro
To cite this article: D Fitriana et al 2019 J. Phys.: Conf. Ser. 1217 012166

 

View the article online for updates and enhancements.

You may also like
The Effect of Explant Types and Plant
Growth Regulators On Callus Induction of
Geranium (Pelargonium graveolens L’Her)
In Vitro
Moch Faizul Huda, S Indriyani and W
Widoretno

-

Pineapple callus induction from Sipahutar
North Sumatera Indonesia (Ananas
comosus L.) with bud as a source explant
F Harahap, E Djulia, D Purnama et al.

-

Increasing Rhynchostylis retusa’s Callus
Formation by Immersing Explant in
Ascorbic Acid and Planting on Activated
Charcoal Contained Medium
Dwi Kurniasari, Astuti, Evy Yulianti et al.

-

This content was downloaded from IP address 18.224.37.68 on 03/05/2024 at 06:21

https://doi.org/10.1088/1742-6596/1217/1/012166
https://iopscience.iop.org/article/10.1088/1755-1315/391/1/012034
https://iopscience.iop.org/article/10.1088/1755-1315/391/1/012034
https://iopscience.iop.org/article/10.1088/1755-1315/391/1/012034
https://iopscience.iop.org/article/10.1088/1755-1315/391/1/012034
https://iopscience.iop.org/article/10.1088/1755-1315/391/1/012034
https://iopscience.iop.org/article/10.1088/1755-1315/391/1/012034
https://iopscience.iop.org/article/10.1088/1742-6596/1462/1/012008
https://iopscience.iop.org/article/10.1088/1742-6596/1462/1/012008
https://iopscience.iop.org/article/10.1088/1742-6596/1462/1/012008
https://iopscience.iop.org/article/10.1088/1742-6596/1462/1/012008
https://iopscience.iop.org/article/10.1088/1742-6596/1462/1/012008
https://iopscience.iop.org/article/10.1088/1742-6596/1241/1/012060
https://iopscience.iop.org/article/10.1088/1742-6596/1241/1/012060
https://iopscience.iop.org/article/10.1088/1742-6596/1241/1/012060
https://iopscience.iop.org/article/10.1088/1742-6596/1241/1/012060
https://iopscience.iop.org/article/10.1088/1742-6596/1241/1/012060
https://iopscience.iop.org/article/10.1088/1742-6596/1241/1/012060
https://iopscience.iop.org/article/10.1088/1742-6596/1241/1/012060
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuFZIDrs3JXO1a9hgin1YqsiMOHK7dYBHnI75UjFi0Q4VHp1BYMuKmDwAHGjywFA8dx8q8wMD9l3zPiOBmqQLZd3l9_SFAQBk8zciPNPxeFFLs6Dt2lYl9iLbqRSpZKmfJeg_fk7eaPjSVhrbJbacwo0RTbsG8jf4gzLSIBSUQyBTif95C7DQ0L96CqaHlp1OftxurIFkAcYVhJwZ5ccZOVH7JpwsAEFQoUlhPyRTnlIUuAsDkKlO_GW7KAeAl7H0Lvre1k1c1RlKNbrT3ytnjPyYMHHWaBm0gbyFMBYxzIP2MKUfwjwI_70ygALNPxt_etXtVCLcqN5iyhetNQVhcoWdC6Rw&sig=Cg0ArKJSzOsd4ENmLrxt&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ISNPINSA 2018

IOP Conf. Series: Journal of Physics: Conf. Series 1217 (2019) 012166

IOP Publishing

doi:10.1088/1742-6596/1217/1/012166

1

Effect of combination explant difference leaf part and 

concentration of active charcoal on callus initiation mangrove 

(Rhizophora Apiculata BI) by in-vitro 

D Fitriana, E Prihastanti, Y Nurchayati, and R B Hastuti 

Department of Biology, Faculty of Science and Mathematics, Diponegoro University 

Jl. Prof. Soedharto, SH, Tembalang, Semarang 50275, Indonesia
 

 E-mail: fittrianadwi@gmail.com 

Abstract. Rhizophora Apiculata BI is one of the mangroves that has many benefits, but to 

cultivate naturally takes a long time. The alternative to such problems is culture cultivation in 

vitro. One stage of in vitro culture is through callus formation. Initiation of callus in mangrove 

plants is inhibited because explant release phenol compound that causes browning. Thus, it 

takes explant and charcoal active in a medium that can support growth explant. The purpose of 

this research is to study the effect of the combination of leaf explant and different activated 

charcoal concentration on callus initiation, to analyze the color and texture of callus produced, 

and to study the effect of the combination of leaf explant and different concentration of 

activated charcoal on the growth of explant. The basal medium used was Murashige and Skoog 

(MS) formula with the addition of NAA 1 mg/L and BAP 0.3 mg/L, and activated charcoal at 

concentration 4, 12, 20 g/L as the medium treatments. A different section of explant between 

base and tip of leaves combined with active charcoal were grown in MS medium.  Each 

treatment was conducted three replications. The results showed that the combination of explant 

section, i.e. base of the leaf as well as activated charcoal with a concentration of 12 g / L could 

induce callus formation. The color and texture of callus were brownish yellow and compact. 

The best growth (0.1685 g) of callus was obtained at the leaf tip section combined with 4 g / L 

activated charcoal.  

 

 

1. Introduction 

Mangrove plant is one of the natural resources that have value and importance both in terms of 

physical, biological and socio-economic. According to Pieter, et al. (2010), mangrove plants 

(Rhizophora apiculata) are able to grow and spread well from the swamp to the sea. The extent of the 
spread of this species indicates that this species has a high tolerance to the environment. However, the 

number of these species decreases as the number of mangrove forest ecosystems diminishes further. 

According to FAO (2007), the amount of mangrove forest in Indonesia in 2005 reached 3,062,300 ha 
or 19% of the world's mangrove forest area. 

Rhizophora Apiculata population return can be done by cultivating mangroves in-vivo. Mangrove 

cultivation technique takes a relatively long time because it grows in extreme environments. In 
addition to cultivation in-vivo, there is also cultivation that uses a short time with a lot of results that is 

using cultivation in-vitro. According to Kumar (2015), the cultivation of plant tissue culture has 

several advantages. Among them is the time required is much shorter because of no need to wait for 
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the whole cycle of seed growth. This cultivation is suitable for species that have long dormancy time, 
low seed production, or seeds that are not easy to germinate. 

One of the factors influencing callus initiation in plant tissue culture is the plant part used. In this 

study, the plant part used is explant the base and explant the tip of the leaf. This is because the base 
and the tip of the leaf have different meristematic properties. The base of the leaf is thought to have a 

more meristematic network because it is close to the SAM (Shoot Apical Meristem), while the tip is 

thought to have more mature cells. Kalve (2014) explains that he divides the leaf into two parts 
separating the two growth processes. These two parts are part of cell division located at the base of the 

leaf and the elongation of cells located in the tip of the leaf area. 

The next factor affecting callus initiation is the type of plant. Mangrove plants are included in 

plants that produce phenolic compounds naturally with high concentrations that can inhibit their 
proliferation. In plant tissue culture, the amount of this phenolic compound will increase if explant is 

injured. The presence of these phenolic compounds can cause browning which can disrupt explant 

growth. According to Admojo (2016), mangrove culture is one culture that is difficult to be 
implemented because of the production of phenol naturally high enough. Phenol production will 

increase if the plants are injured. Phenol compounds are what causes browning so that the growth of 

tissue culture becomes disrupted. If culture growth is disrupted by the presence of browning, the 

growth of callus will be hampered. 
One attempt to reduce the occurrence of browning in plant tissue culture is by giving active 

charcoal to the culture medium. Arumugam (2012) explains that the use of activated charcoal in tissue 

culture media can absorb polyphenols and reduce phenol synthesis to prevent browning on explant. 
Based on these problems, the combination of leaf explants and active charcoal concentration was done 

to initiate callus from the leaf part having different meristematic properties and to reduce phenol 

compounds that could inhibit callus initiation. 
 

2. Material and Methods  

2.1. Provision of explant materials 

Leaves were picked from Rhizophora Apiculata BI trees grown in the mangrove forest of Mangkang, 
Semarang. Leaves were selected from mangrove that is about seven years old and taken on the first 

branch of the 1st strand of the apical bud.  

2.2. Media preparation 
500 ml distilled water, then MS 4.43 g / L added and homogenized. Furthermore, 0.1 g / L myoinositol 

was incorporated into a common solution and then added sucrose 30 g / L and stirred until 

homogeneous. Then added NAA 1 ppm and BAP 0.3 ppm. Furthermore, I was added to the volume of 
1000 ml. Then the medium was given active charcoal treatment with concentrations of 4, 12, and 20 g 

/ L. pH is measured to achieve acidity of 5.6 to 5.8; the aqueous solution was then added to 8 g / L, 

stirred until suspended and homogeneous, medium heated to boiling. The complete medium was 

poured into a bottle, and the media was sterilized in the autoclave for 15-20 minutes at 121 ° C.  
2.3. Induction of callus 

Sterilization of explants from the field as using detergent and bayclin subsequently sterilized of 

explant in laminar water flow immersed in an antibiotic solution, a fungicidal solution, a bayclin 
solution, an alcohol solution. Leaf explant cut between the base and the tip of the leaf. The base part 

was the portion close to the stalk while the tip portion was the part located below the base. Then the 

parts were cut into explant with size 1 cm
2
; cutting was done in ascorbic acid solution 10 mg / 100 ml 

and planted in a medium according to the amount of treatment. The culture was placed in the 
incubation room for 30 days.  

 

3. Result and Discussion  
3.1. Callus Initiation Time 

The result of observation of callus initiation time on the treatment of combination of leaf explant 

difference and active charcoal concentration on mangrove callus initiation (Rhizophora Apiculata BI) 
in-vitro determined by observing explant since planting until the first callus expressed in DAP (Day 

After Planting ). The fastest initiation time of callus was shown in the explant treatment of the base 
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with the active charcoal concentration of 4 g / L of 8 HST while the longest callus initiation time was 
the tip explant treatment with active charcoal concentration 4 g / L that is 17,5 HST. 

 

 
 
 

 

 

 
 

Base part explant treatment with activated charcoal 4 g / L having the fastest initiation time, despite 

having the smallest growing frequency. Contrary, base explant with active charcoal 12 g / L took 13.3 
DAP initiation but had the highest growing frequency of 3 replications. This was caused by the base 

explant of the leaf that had more meristematic cells contacted with a medium that could absorb phenol 

compounds thus increasing callus growth frequency. 
 

 
 
 

 

 
 

 

 Leaf base explant tends to be better than the leaf 

tip explant because the location of the section adjacent to the point of growing the leaves can cause the 
base has a speed of splitting faster than the tip. According to Kalve (2014), the process of leaf 

development path in the leaf comes from SAM (Shoot Apical Meristem) which is adjacent to the base 

of the leaf. After that, the cells will migrate to the lateral region and conduct further growth processes. 
The location of the SAM adjacent to the base area causes the area to be an active area of cleavage 

for leaf formation as well as to repair damaged cells. This is as described by Kalve (2014) through the 

illustration of the leaf growth area that the leaf growth area is divided into two. The two parts are the 

cell division area located at the base of the leaf and the elongation area of the cell located at the tip of 
the leaf while the meristem function is explained by Ayulina (2004), that in meristem tissue, every 

Figure 2. The frequency of callus growth 
from Rhizophora Apiculata BI leaf treated 

with a combination of different leaf part 

explant and active charcoal concentration.  

 

Figure 1.  Rhizophora Apiculata BI leaf 
explant initiation after different leaf parts 

explant and activated charcoal 

concentrations.   
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time the division, one of the sapling cells will remain meristem, while the other tiller cells will be 
modified. 

Activated charcoal also has a role in initiating callus. Activated charcoal treatment with a 

concentration of 12 g / L is thought to be the optimal concentration for the growth of callus. This is 
because the active charcoal can absorb the phenol produced by explant. Here is an explanation of the 

adsorption process according to Adli (2012), which begins with an active group located on the surface 

of activated charcoal interacting with adsorbat in the form of chemical compounds. The influence of 
Van Der Waals forces between the surface of the activated charcoal and the adsorbate causes the 

adsorbat to be adsorbed into active charcoal pores. 

In addition, the accumulation of phenol compounds lies at the tip, so that the growth frequency of 

callus at the base of the leaf treatment is greater. This is reinforced by the opinion of Chauser (2012) 
that the higher the phenol leads to an unpleasant taste when eaten by herbivores. Therefore, phenols 

are collected in areas easily accessible by herbivores. The area is located on the tip of the leaf, both on 

young leaves and old leaves. Moreover, based on observations under UV light, the more bundles, the 
more phenols will accumulate. The carrier file is present on the leaf bone. So at the edge of the leaf or 

the tip of the leaf has a more phenol because in that part the bone leaves empty. 

 

3.2. Color and texture Callus 
Observation of color and texture of Rhizophora Apiculata leaf explant done visually. The observation 

of color and texture of Rhizophora Apiculata leaf explant is brownish yellow and compact. Callus is 

brownish yellow due to the content of phenol compounds that exist in explant. As described by 
Hutami (2008) that the brownish color of the callus is a result of the excess metabolism of phenol 

compounds, which are often aroused by the explant sterilization process. From these statements can be 

concluded that the use of leaf explant can affect the color of callus to brownish yellow because of 
phenol produced by explant. While the provision of activated charcoal does not affect the color of 

callus. 

  Table1. The color and texture of callus from Rhizophora Apiculata BI leaves treated 

with a combination of explant of different leaf part and active charcoal concentration. 

Treatment Callus Color 

Callus 

Texture 

BA1 Brownish yellow Compact 

BA2 Brownish yellow Compact 
BA3 Brownish yellow Compact 

TA1 Brownish yellow Compact  

TA2 Brownish yellow Compact 
TA3 Brownish yellow Compact 

 

The callus produced in the present study included a compact callus. Callus texture produced by 

explant is influenced by the type of explant used. This is consistent with Yelnititis (2012) statement 
that callus texture is one of the markers used to assess the quality of a callus. The compact callus 

texture is good because it accumulates more secondary metabolites. Secondary metabolites are only 

produced by certain plants, so the texture of this callus is influenced by the type of explant used. 
 

3.3. Weight Difference Beginning and End of Explant 

The result of observation of initial and final weight difference was measured by weighing the explants 
at the beginning of planting (0 days) and end of observation (day 30). The final weight difference and 

the highest initial weight were shown in the leaf tip explant treatment and activated charcoal 4 g / L 

with 0.1685 while the final weight difference and the smallest initial weight were shown in the explant 

treatment of the leaf base and the activated charcoal 4 g / L with 0.0058. 
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Figure 3. The initial weight difference 

and final weight of the Rhizophora 

Apiculata BI leaves were treated with a 
combination of explant differences in the 

leaf portion and the concentration of 

activated charcoal. 

 

Figure 4. The number of calluses from 

the combination treatment of explant of 

different leaf part and the concentration 
of activated charcoal. (a) leaf base 

explant and active charcoal 4 g / L (b) 

leaf tip explant and active charcoal 4 g / 

L (c) Explant leaf base and active 
charcoal 12 g / L (d) Explant leaf tip and 

active charcoal 12 g / L (e) Explant leaf 

base and activated charcoal 20 g / L (f) 
Explant leaf tip and activated charcoal 20 

g / L. 

 

b. a. 

d. 

f. 

c. 

e. 
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Exudate 

Callus 

 
 

 

The increase of explant weight from the first time of planting until day 30, is caused by the explant 
of mangrove leaves grow callus and exudate exit. Exudate out of sliced mangrove leaves because on 

Rhizophoraceae family leaves there is water storage (Lechtaler, 2016). According to Widyati (2013), 

exudates include compounds with low molecular weight, such as sugars, amino acids, and aromatics. 
Exudates do not exert a lethal effect on culture growth (Sito, 2014). 

 

 
 

 
 

 

 
The treatment of leaf tip and activated charcoal 4 g / L explant had higher wet weight because the 

cells contained at the base were the cells that tasked for elongation so that the cells absorbed more 

nutrients and produced more wet weight also. In addition, the concentration of the charcoal provided 
could also reduce the phenol compounds produced by explants.  

According to Kalve (2014) through the illustration drawing of the leaf area division explains that 

there is a dashed line which is the boundary separating the two growth processes. The two parts are the 

cell division area located at the base of the leaf and the elongation area of the cell located at the end of 
the leaf. Displaying the cells that occur at the tip resulted in the absorption of nutrients and water 

increases with increased wet weight as well. According to Wijayati (2005), cell lengthening will be 

followed by cell enlargement and increased wet weight. The increase in wet weight is mainly due to 
increased water retrieval by the cell 

In addition, when in the mother tree, the tip of the leaf is used as a stockpile of nutrients. According 

to Prado (2013) in the illustration of water transport mechanism from root to leaf it is explained that 
nutrients are brought to all leaf lamina through leaf bone. This stream starts from the mother of the 

leaf bone that is in the stalk and ends at the tip of the leaf. After the mother leaves the bone, nutrients 

flow in the branch bone and the leaf veins which is the last branch on the leaves. Based on the 

explanation, it shows that the flow of nutrients ends at the tip of the leaf so that the nutrients that are 
carried accumulate in the area. Thus, when the leaves are cut, the leaves still contain nutrients such as 

when in the mother tree. 

Besides as nutrient storage, the tip of the leaf is also a place of phenol accumulation. However, on 
the treatment of leaf tips, active charcoal is needed in small concentrations because if the 

concentration of activated charcoal is added, then the nutrients in the media will be absorbed. This is 

consistent with that described by Widiastoety (2004) that all types of activated charcoal absorb not 

only toxic compounds but also absorb other organic materials such as auxin and cytokines. Lack of 
nutrients can disrupt cell metabolic processes because the resulting energy is very low then the 

hormonal biosynthesis that regulates cell division and development work is not optimal. As a result 

growth and development of plants become obstructed. Therefore, the active charcoal treatment of 4 g / 
L is presumed to be the optimal treatment to produce high wet weight because if the concentration of 

activated charcoal is added, the nutrient needed explant will be absorbed by the active charcoal. 

 

4. Conclusion  

c. 
e. 

Figure 5. Explant Rhizophora Apiculata BI 

that grown callus and secreted exudate. 

 

c. 
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1. Treatment of leaf base and active charcoal 12 g / L combination was the optimal treatment to 
initiate callus in mangrove (Rhizophora apiculata) plant tissue culture.  

2. Callus color resulting from plant tissue culture mangrove (Rhizophora apiculata) was brownish 

yellow. Callus texture produced from mangrove plant tissue culture (Rhizophora apiculata) was 
compact. 

3. The combination treatment which produces the highest growth was the treatment of leaf tip and 

activated charcoal 4 g / L with 0.1685 g. 
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