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Abstract. In this study, modification of tissue culture sterilization techniques using 

methylisothiazolinone bocide (MB) in liquid and solid medium was used to evaluate the 

acquisition of axenic Casuarina equisetifolia culture in vitro with natureexplant sources. 

One experimental unit had 12treatment combinations with 20replications of explants in 

each treatment. Acquisition of the best axenic culture of C. equisetifolia after 30 days of 

incubation was in a sterilization combination for 3 days shaking out in liquid WPM 

medium with 8 mg/l MBand in solid WPM medium with 6 mg/l MB.C. equisetifoliashowsa 

good growth response in WPM medium without the addition of exogenous growth 

hormone. The first indication of axillary shoot explants were elongation response within 15 

days of culture initiation. Shoot tips changed in color from dark green to a more obvious 

transparent green and the internode sections became swollen and barrel-shaped. Single 

shoot formation from axillary buds at basal nodes and sprouted lateral buds were visible 

within 30 days. The 90%of shoot formation in the axenic culture of Casuarina equisetifolia 

werefrom lateral buds. 

 

 

1. Introduction 

The worldwide consumption of paper and board products has increased from 125 million tons in 

1970 [1]to 402 million tons in 2011, and it is expected to reach 521 million tons per annum by year 

2021[2]. In order to meet future demand and to overcome the wood shortage, studies have been 

conducted worldwide to evaluate the potential of new or alternative resources as raw material 

components for pulp and paper production [3].The use of fast growing species such as Casuarina 

equisetifolia L.Johnson can be a promising alternative of fiber source for paper making. 

The Casuarinaceae family includes four genera, i.e.Allocasuarina L. Johnson with 59 species, 

Casuarina L. Johnson with 17 species, Ceuthostoma L. Johnson with 2 species and Gymnostoma L. 

Johnson with 18 species.C. equisetifolia is native to the tropical and subtropical coastlines of 

Australia, Southeast Asia, Malaysia, Melanesia, and Polynesia and New Caledonia [4].C. equisetifolia 
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is a nitrogen-fixing, evergreen tree 15 to 30 m or more in height and up to 50 cm d.b.h., predominantly 

a coastal species and has arare property of growing upright and symmetrical on windswept coasts. On 

suitable sites, C. equisetifolia is one of the world’s fastest-growing trees [5]. Seedlings may reach 3 m 

tall 1 year after planting and 8 m tall and 7 cm d.b.h. after 4 years. At age 15, plantation trees may be 

17 m tall and 13 cm d.b.h. In these fast-growing plantations, mean annual increments may reach 

average 4.5 m
3
per year.The potential of C. equisetifolia, systematic tree improvement program and 

wood fiber characteristics in selected clones are being undertaken inIndia for over two decades[6].Pulp 

and paper making properties of C. glanea cooked by ASAM process are observed to be superior to 

Casuarina pulp obtained by the kraft process [7].   

Tissue culture techniques, a system of growing explants under aseptic condition, can be 

analternative for the continuous provision of plantlet clone stocks for large scale plantation of pulp and 

paper industry. Although aseptic conditions are usually employed, plant cultures may not stay aseptic 

in vitro. Microbial contamination is a constant problem, which often compromises the development of 

in vitro cultures [8]. Often trees on the forest cannot provide vegetative material (rejuvenation or 

macro cutting) for explants (cells, tissue or organs that have been separated from mother trees). The 

problem of contamination is exacerbated when explants are sourced directly from field grown plants 

[8], even more in tropical forest that have higher diversity of contaminant compare to temperate 

forests. Contamination is not always visible in the early phase of the culture, and sometimes 

contamination can also be caused by contaminants from endogenous plants where it is difficult to do 

the sterilization process. Overexposing tissues to decontaminating chemicals can also kill tissues, so 

there should be a balancing act between sterilizing explants and killing the explants themselves [10]. 

Sterilization of explants is a key step in any plant tissue culture work, as the removal of all 

microorganisms is essential to attain successful initiation, growth and development of the axenic 

cultured tissues in vitro [9]. 

The living materials should not lose their biological activity and only contaminants should be 

removed during sterilization. The success of sterilization methods is dependent upon the concentration 

and duration of anti-microbial agents [11]. MB (hereinafter referred as MB)is a relatively new as anti-

microbial agents, broad-spectrum preservative and biocide for use in plant tissue culture. The active 

ingredients are 5-chloro-2-methyl-3(2H)-isothiazolone and 2-methyl-3(2H)- isothiazolone. MBis 

effective against both bacteria and fungi, is heat stable, and, unlike conventional antibiotics, can be 

autoclaved in the media [12]. Plant tissue culture media which are rich in sucrose and other organic 

nutrients readily support the growth of different microorganisms, including bacteria and fungi, which 

can grow relatively much faster than the cultured tissues on the medium, thereby killing the tissues 

inthe end. These microbes compete adversely with plant tissue cultures for nutrients, and their 

presence often results in increased culture mortality or can also result in variable growth, tissue 

necrosis, reduced shoot proliferation and reduced rooting [13].To reduce the level of microbial 

contamination of the stock plant and hence obtain axenic explants (a culture without foreign or 

undesired life forms but may include the deliberate co-culture with different types of cells, tissues or 

organisms), various strategieshave been and are still being employed in tissue culture laboratories. 

According to research conducted by [14]using seedlings nodal segments of C. bransiliensefrom 

greenhouse, it was showed that use of MBwas highly effective in combating bacteria, with the 

concentration of 0.4% eliminated them after 30 days of culture.MBwas evaluated as an alternative to 

the use of conventional antibiotics and fungicides with leaf explants of chrysanthemum 

(Dendranthema×grandiflora Kitam), European birch (Betula pendula Roth), and rhododendron 

(Rhododendron catawbiense Michx.). MBhad little effect on the percentage of explants forming 

shoots and the number of shoots formed per explant in birch and rhododendron, but dramatically 

reduced both responses in chrysanthemum. Therefore, the effects of MBmust be evaluated for each 

species of interest prior to use [12]. 

This study aims to develop a protocol for sterilization techniques with MBcompound in tissue 

culture propagation of Casuarina inophyllum, using stem cutting of nodal segments obtainedfrom field 

grown plants. 
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2. Experimental  methods 

2.1 Location 

The study was located at the tissue culture laboratory and nursery in Centre for Forest Biotechnology 

and Tree Improvement, Yogyakarta, Indonesia. 

 
2.2 Plant Material and Culture Establishment 

The sources for stemcutting of nodal segmentswere taken from naturalized mature male trees of C. 

equisetifoliathat were estimated to be more than 20 years of age located in Goa Cemara beach, Bantul, 

Yogyakarta (latitude 07° 44′ 04″ – 08° 00′ 27″ and longitude. 110° 12′ 34″ – 110° 31′ 08″). The stem 

cuttings preparations for explant source were done in nursery.Stem cuttingsof C. equisetifoliawere 

planted in soil and compost medium with 1:2 compositions. Two axillary buds per explant were 

excised from apical nodal segments.  

 
2.3 Sterilization of explants  
The explants without leaves were washed in soapy water for 5 min,  rinsed in distilled water and 

gentlyshake with propamocarb hydrochloride 722g/l for 10 min, and then rinsed in distilled water 

again.All subsequent operations were carried out in a lamina air flow chamber and sterilized in 70% 

ethanol for 1 min, followed by sodium hypochlorite (NaOCl) 5% (v/v) plus 0.01% Tween-20for 10 

min under constant agitation. The explants were rinsed three times in autoclaved distilled water. We 

observed the explants sterilization effects of MBin liquid and solid medium in WPM basal medium 

[15]without hormone added. In liquid medium, explants were shaken with 8mg/l MB for 1 day, 2 days 

and 3 days shaking time. After being sterilized in liquid media, the explants were placed individually 

in a vertical position in flasks (10 cm high × 5 cm diameter), containing 10 ml of solid media 

supplemented with 0mg/l, 2mg/l, 4mg/l and 6 mg/l of MB, 30g/l sucrose and solidified with 8g/l 

agar.The pH of the media was adjusted to 5.8 prior to autoclaving at 121°C for 20 min.Explant 

contamination, microbial contaminant, mortality of explant and contaminant abundancewere evaluated 

every day for30 days in each treatment. 

 

2.4Regenerating shoots  

In regenerating axenic culture,shoots were sub-cultured in the same basal medium without MB for 3 

months (1 month per sub-cultured). At all in vitro stages, the explants were kept in a growth room at 

20 ± 2°C by day under a 16h-photoperiod and a white fluorescent light.The percentages of swelling 

internode and sprouted axillary bud in axenic culture for each treatment were observed.  

 

2.5 Statistical analysis 

The experimental design for axenic culture in sterilization techniquewas completely randomized  

design(CRD) with 20 replications of each in 12 combination treatments (3 days shake × 4 MB 

concentrations), totalizing 240 explants per treatment. The data were statistically analyzed by using 

Microsoft Excel (Office 2007, Data Analysis – Descriptive statistics).  

 
3. Results and discussion 

3.1 Sterilization of explants 

Sterilization was carried out since the preparation of C. equisetifolia stump cutting in nursery by 

spraying fungicides and bactericides. This is a zero stage, before explants processed from ex vitro 

were freed from microbial contamination and transferred to an in vitro environment in the first stage of 

plant tissue culture [16]. Young and soft nodal segments from axillary shoots (Fig. 1a) are part of 

plants with high cell division activity and have not been contaminated yet by many microbes. It will 

increase the explant regeneration and reduce sterilization efforts. To date there is no report on 

successfulin vitro propagationof C. equisetifoliashoot tip cuttings from mature male trees (Fig. 

1b).Shen et al. (2010) have established micro propagation of C. cunninghamiana using epicotyl 
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explants excised from seeds germinated in vitro, however the protocol had high contamination rates 

[17].   
Liquid MB sterilization effects in three incubation times(Fig.1c and Fig 1d)weredetermined 

empirically for each type of C. equisetifoliaexplants.Abalance between concentration of disinfectant 

and time of treatment must be determined empirically for each type of explant because of phytotoxic 

effect [18]. Erwin & Wetzel (2002) had also noticed that high concentration of sterilization causing 

plant tissue death. Sterilization should not kill or break off the biological activity of explants, but the 

contaminants. Explants must be surface sterilized only by treatment with disinfectant solution at 

suitable concentrations for a specified period [9].  

 

 
 

 

 

Figure 1.  C. equisetifoliaaxillary shoot (arrow) from stem cutting as explant source(a), outside LAF 

sterilization of shoot tip cuttings taken from mature male treeswith propamocarb 

hydrochloride (b), inside LAF sterilization of explants with ethanol followed by sodium 

hypochlorite (c) and shaking MB liquid sterilization before transfer to solid media with MB 

added (d).  

a b 

c d 
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Effects of different MB concentrationsin WPM culture medium and different shaking times on explant 

contamination, microbial contaminant and contaminant abundance after 30 days of culture are shown 

in Table 1 

 

 

  

Table 1.Effect ofMBin liquid and solid WPM medium on C. equisetifoliaexplant contamination, 

microbial, mortality of explant and contaminant abundance after 30 days of culture (N = 20).  

 

Time 

(day) in 

liquid 

medium 

MBconcentra

tion (mg/l) in 

solid medium 

Treatment Explant 

Contami-

nation (%) 

Microbial Mortality 

of Explant 

(%) 

Contami-

nant 

abundance 

1 0 P1 100 ± 0.1
a 

Fungi and Bacteria 100 ± 0.1
a
 ++++ 

2 0 P2 100 ± 0.1
a
 Fungi and Bacteria 100 ± 0.1

a
 ++++ 

3 0 P3 100 ± 0.1
a
 Fungi and Bacteria 100 ± 0.1

a
 ++++ 

1 2 P4   74 ± 1.8
b
 Fungi and Bacteria 28 ± 0.1

b
 +++ 

2 2 P5   70± 1.9
b
 Fungi and Bacteria 24 ± 0.1

b  
 +++ 

3 2 P6   69 ± 1.2
b
 Fungi and Bacteria 20 ± 0.1

b 
 +++ 

1 4 P7  58 ± 1.1
c
 Fungi 20 ± 0.1

b
 ++ 

2 4 P8  45 ± 1.0
d
 Fungi 20 ± 0.1

b
 ++ 

3 4 P9  31 ± 1.1
e
 Fungi  20 ± 0.1

b
 ++ 

1 6 P10       27 ± 1.4
f
 Fungi 21 ± 0.1

b
 ++ 

2 6 P11       20 ± 1.0
g
 Fungi 22 ± 0.1

b
 ++ 

3 6 P12       15 ± 1.5
h
 Fungi 22 ± 0.1

b
 + 

Means followed by different letters are significantly different by Tukey’s test at p<0.05;++++ very 

high, +++ high,++ low and+ very low; MB:methylisothiazolinone biocide 

 
 

Fungi and bacteriacontaminated the explants in first dayobservation on medium without MB added 

at all shaking time treatments, while the contaminant began to appear after 5 days culture with 2 mg/l 

MB in all shaking time treatments, and only fungi contaminated for all higher concentration in all 

shaking times after 7 days culture. According to the Tukey’s test,  2 mg/l of MBresulted in no 

significant difference between the means. When considering the shaking time of exposure to theMB, 

the differences between the results of explants contamination were not significant between 

allshakingtimein 2mg/l of MB. After 30 days of culture, concentration was highly effective in 

combating bacteria, where the concentrations of 4 mg/l and 6 mg/l could eliminated them. The highest 

concentration(6 mg/l)  tested in longest shaking time (3 days) was more effective in reducing 

microbial contamination (P12), very low fungi contaminant.Another interesting result in this 

experiment was that all of MB concentrations and all shaking time treatmentsgave low percentage of 

explant mortality (below 30 %). It is possiblycaused by different things due to the effective 

combination of MBin WPM.Thus it is still possible to increase the concentration of MB and the 

shaking time treatment to eliminate contamination and mortality of C. equisetifolia explant. 

The best axenic culture of C. equisetifolia shoot tip cuttings after 3 days shaking sterilization in 

liquid WPM with 8 mg/l MB and being transferred to solid WPM with 6 mg/l MBare shownin Fig.2a. 

This modified techniqueshowed the lowest contamination and mortality of explants. Microbial 

identification was not the focus of this research, general morphology of bacteria and fungi were 

observed for non-microscopic observation.Sterilization of explants is a key step in any plant tissue 

culture work, as the removal of all microorganisms,including bacteria and fungi. Itis essential to attain 

successful initiation, growth and development of the cultured tissues in vitro, which otherwise would 
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be overwhelmed by the contaminants. The use of stem cuttings from field grown trees as a direct 

source of explants for the establishment of aseptic in vitro cultures is generally considered a major 

setback, especially with leaf canopy close to the ground [8]. The higher percentage of contamination 

in C. equisetifolia shoot tip cultures was due to nearer position of the branch as stem cutting material 

to the ground as source of contamination. In this study, contamination was successfully reduced in 

shoot tip explants using the modified sterilization protocol. However, easily necrotic and longtime 

regeneration of C. equisetifolia in vitrohas caused a high contamination in each subculture of explant. 

It appears therefore for further research related to the problem.  
 

 

Figure 2. Axenic cultureof C. equisetifoliashoot tip cuttings sterilization in liquid WPM with 8 mg/l 

MB and after 14 transferred to solid WPM with 6 mg/l MB(a); axenic shoot proliferation 

after 30 days incubation on WPM (b): swelling internodes (1), single shoot formation from 

axillary buds at basal nodes (2) and sprouted lateral buds (3). 

 
The explants should not lose their biological activity and only contaminants should be removed 

during sterilization. In the establishment of axenic cultures, primary consideration isgiven to the 

selection of suitable sterilizing agents and determination of the appropriate duration of explant 

exposure to the chemicals. As a result, the selected chemicals should be of a type that could easily be 

removed from the explant surface through repeated rinsing[20], while the duration of exposure is 

sufficient enough to ensure higher rates of explant survival after treatment. However, the uses of some 

antimicrobial chemicals (such as antibiotics, and/or some carcinogenic chemicals like mercuric 

chloride) could possibly harm the users, on top of causing phytotoxicity, retarded explants growth, as 

well as encouraging resistance buildup for the chemicals.It is essential to take the outmost care while 

selecting the chemical for use.  

In our study, C. equisetifoliashowsa good response in WPM medium without the addition of 

exogenous growth hormone. It showed that C. equisetifolia has high content of endogenous hormone 

(Fig. 2). The first indication of shoot tip explant response generally occurred within 15 days of culture 

initiation. Shoot tips changed from dark green color to a more obvious transparent green and the 

internode sections became swollen and barrel-shaped (Fig. 2b-1). Single shoot formation from axillary 

buds at basal nodes and sprouted lateral buds were visible within 30 days (Fig. 2b-2). Lateral bud of 

the more basal nodes was the firstsprout in most cultures (Fig. 2b3). Nonresponsive explants turned 

into  dark brown color and eventually died (shoot tip necrosis).Pahnwar (2005) reported that 6-benzyl 

a b 

1 2 

3 
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amino (BA) from 0 to 11.11 mM induced 38.5% to 73.86% of axillary bud sprouting from mature tree 

shoot tip explants of C. equisetifolia. However, BA at concentrations ranging from 0 to 16 mM failed 

to result in any shoot production from C. cunninghamiana[17].The endogenous hormone levels have 

been regardedas critical for bud formation and even for plant regeneration in in vitro culture for many 

plant species [22]. There has been no report on endogenous hormones of axillary shoot explant from 

stem cutting during in vitro culture in C. equisetifolia. A better understanding of the relationship 

between endogenous hormone concentrations in the calluses and the bud formation competence will 

be helpful for in vitro propagation of C. equisetifolia. This study measured and analyzed the 

correlation between the endogenous hormone status of stem calluses and their ability to form buds. 
 

4. Conclusions 

The results obtained in the present study provided a promising of MBfor tissue culture sterilization of 

Casuarina equisetifolia. The best axenic culture of C. equisetifolia shoot tip cuttings was after 3 days 

shaking sterilization in liquid WPM added with 8 mg/l MB, and transferred to solid WPM with 6 mg/l 

MB. The modified techniquefor tissue culture sterilization of C. equisetifolia has lowest contamination 

and lowest mortality of explants.C. equisetifolia has a good response in WPM medium without the 

addition of exogenous growth hormone. It indicated  thatC. equisetifolia has high content of the 

endogenous hormone. 
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