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Abstract 

Eucalyptus is one of the important plant species for paper pulp, fuel wood, and timber. In this study, a 

hybrid Eucalyptus, U16 line, was investigated for rapid in vitro propagation. The apical and 

adventitious shoots served as initial explants. These were free-disease symptoms that were collected 

for surface sterilization. Different disinfectants including mercuric and Javel solutions at different 

concentrations and treated times were performed. The results showed that explants were cleaned under 

taping water with soap, rinsed in 70oEtOH for 1 minute, and then immersed in 10% Javen solution for 

15 minutes and 0.1% HgCl2 for 10 minutes gave the highest disinfection rate that was 46.5%. The 

modified MS medium included basal MS, 30 g/L sucrose, and 7 g/L agar supplemented with 20 ml/L 

of coconut water (MS medium*) was the most suitable for the rapid multiplication of Eucalyptus lines 

U16, the shoot multiplication coefficient reached 1.56. In vitro multiplication of eucalyptus U16 was 

carried out by culturing disinfected shoot segments on the MS* medium supplemented with BAP 1.5 

mg/L and kinetin 1.0 mg/L which gave the highest shoot multiplication coefficient (3.24 shoot per 

explant). The in vitro rooting medium of the U16 line was basal MS supplemented with 1.0 mg 

NAA/L, the rooting rate was 90.49%, the number of roots was 8.3, and the roots expressed strong 

growth. 
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1. Introduction 
Eucalyptus spp., be long to Myrtaceae are trees variety recognized for its remarkable traits including rapid 

growth and superior wood quality [1]. Them have cultivated spanning over 20 million hectares across more than 

90 nations, with focal points situated predominantly in Brazil (covering 5.7 million hectares), India (spanning 3.9 

million hectares), and China (encompassing 4.5 million hectares) [2]. Its status as one of the most widely 

cultivated hardwood trees globally remains prominent.  

Cultivated eucalyptus provides important raw materials for the production of pulp, paper, chipboard, 

construction timber, furniture, biomaterials and bioenergy [1, 3], while helping to reduce bare land and hills. 
bald, protect the ecological environment [4]. In addition, eucalyptus essential oil is now being produced in large 

quantities and has high biological activity, widely used in the field of medicine and industry [5]. 

In Vietnam, the majority of eucalyptus trees are cultivated in temperate and mountainous regions in 

substantial quantities. However, the propagation methods primarily involve sowing seeds or importing 

germplasm from foreign sources, resulting in high costs and unproven efficiency [6]. Within the scope of our 

nation's afforestation program aiming to establish 5 million hectares of new forests, as many as 3 million 

hectares are designated for productive forests. This allocation encompasses 1 million hectares for long-term 

industrial plants and 2 million hectares for forestry trees, of which up to 70% comprise rapidly growing species, 

including acacia, eucalyptus, and pine [7]. This drives a substantial demand for diverse germplasm, particularly 

those exhibiting high yield and exceptional quality. Every year, localities throughout the country produce about 

650 million afforestation seedlings, of which 77% are nursed plants such as Eucalyptus, Acacia mangium, Pinus 

massoniana, Illicium verum, Chukrasia tabularis, Cinnamon, Maglonia conifera,.. plants propagated from 

cuttings and tissue culture accounted for 23% such as: hybrid acacia, hybrid eucalyptus, uro eucalyptus. 

Recently, a series of investigations have been undertaken concerning the swift propagation of eucalyptus 

through tissue culture techniques [8-11]. In Vietnam, similar endeavors regarding Eucalyptus tissue culture have 

also been conducted [12-15]. With the objective of enhancing seedling quality to align with the high demands of 

forestry production, this study presents the outcomes of Eucalyptus U16 line propagation through the 

employment of tissue culture methodologies.  

2. Materials and methods 

2.1. Materials 

Plant materials: 

 U16 hybrid Eucalyptus urophylla line, was provided by the Research Institute of Paper Plants. The apical 

and lateral shoots of 5-6 months old U16 were free-disease symptoms that were selected and used as in vitro 

initial explants. All experiments were carried out at the Laboratory of Biotechnology of the Institute for 

Scientific Research and Application (Hanoi Pedagogical University 2). 

Chemicals and media: 

The commercial plant growth regulators (PGRs) 6-Benzylaminopurine (BAP), Kinetin, and α-naphtalene 

acetic acid (NAA) were provided by Dulchefa, Netherlands. The macronutrients, trace minerals and vitamins 

used in tissue culture were provided by Xilong (China). Sucrose and agar were supplied by I Sugar Company 

(Vietnam) and Hai Long Co., Ltd., (Vietnam). MS added 30 g/L sucrose and 7 g/L agar, (pH 5,8) as the basal 

medium for all experiments [9, 16], for each in vitro propagation stage, components of the basal or concentration 

and/or type of PGRs were adjusted.   

2.2. Methods 

2.2.1. In vitro explants sterilization 

The initial explants were the apical and lateral shoots of the U16 eucalyptus line, which were cut into 

segments with a length of 3-4cm, bearing from 2, 3 leaf axils. Explants were treated by cleaning with taping 

water with soap, rinsing in 70o ethanol solution (EtOH) for 1 minute, then surface double sterilizing by 0.1% 
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HgCl2 disinfectants and Javen solution (NaClO 5.3%) at different concentrations and different processing times 

(Table 1). The starting explants were cultured on the MS medium. The percentage of survival and non-infected 

explants (%) after 30 days were recorded. 

Table 1: Surface sterilization formulas for apical and axillary shoots of eucalypts for tissue culture 

Treatments ConC. of disinfectants Disinfection time 

(minute) 

CT1 Javel 10% 15 

HgCl2 0.1% 5 

CT2 Javel 20% 15 

HgCl2 0.1% 10 

CT3 Javel 10% 15 

HgCl2 0.1% 10 

CT4 Javel 20% 15 

HgCl2 0.1% 5 

2.2.2. Rapid in vitro multiplication of Eucalyptus U16 line 

- Culture medium: 

The shoots were separated from the in vitro sample when the shoots reached a height of 3 - 4 cm, had 2, 3 

leaves, and then were inoculated on 03 media namely MS, ½ MS, MS* (MS* is MS + 20 ml medium) coconut 

water/L). The experiment was arranged in a completely randomized design, with three replications, with n≥ 30 

samples. Shoot multiplication coefficient after 30 days of culture was collected. 

- Plant growth regulators: 

In this experiment, the BAP and Kinetin were used to investigate the effect PGRs on in vitro shoot 

regeneration. Firstly, BAP was individually added at concentrations (0; 0.5; 1.0; 1.5; 2 mg/L) to determine 

suitable concentrations for multiplication. Secondly, BAP (at 1.5 mg/L) was combined with kinetin at various 

concentrations (0; 0.5; 1.0; 1.5; 2 mg/L) to promote shoot growth in the in vitro culture. Shoot multiplication 

coefficient and morphological characteristics of shoots after 30 days of culture were obtained.  

2.2.3. In vitro rooting of Eucalyptus U16 line shoots 

The shoots reaching a height of 4-5 cm, with 3 or more leaves, were cultured on MS medium supplemented 

with NAA (0; 0.5; 1.0; 1. ,5; 2 mg/L) to find the favourable rooting medium. Rooting shoot rate (%), number of 

roots/buds, root length, and root growth were collected. 

2.2.4. Experimental construction and statistical analysis 

All experiments were constructed by completely randomized design (CRD) with 3 repetitions. Data were 

statistically analyzed using SPSS software (v. 11.09). The data shown in the table are average values. Test the 

difference between the mean values using Fisher's Least Significant Difference (LSD0.05).  

3. Results and discussion 

3.1. Surface sterilization of Eucalyptus U16 line for in vitro culture 

In this experiment, apical and lateral shoots were used as explants which were disinfected by the following 

procedure: cleaning under tap water with soapy, rinsing in 70o ethanol (EtOH) for 1 min, then immersing in javel 

solution and 0.1% HgCl2 at various concentrations for various interval times. The obtained results are shown in 

Table 2. 
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Table 2: Effect of javel solution and 0.1% HgCl2 for in vitro sterilization on the Eucalyptus U16 line 

Treatments 
Conc. (%) of 

disinfectants 
Treated time (min) 

Rate of disinfected and 

survival explants (%) 

CT1 
Javel 10% 15 

26.9d ± 1.08 
HgCl20.1% 5 

CT2 
Javel 20% 15 

35.3b ± 1.00 
HgCl2 0.1% 10 

CT3 
Javel 10% 15 

46.5a ± 0.88 
HgCl2 0.1% 10 

CT4 
Javel 20% 15 

29.5c ± 0.73 
HgCl2 0.1% 5 

CV%  2.70 

LSD0.05  1.75 

In the column, the different letters such as a, b, c... were expressed significantly difference at the α = 0.05 

level. 

 

The results showed that, in CT1 treated with 10% Javen solution for 15 minutes and 0.1% HgCl2 for 5 

minutes, the survival rate of explants was 26.9 (%). When the concentration of Javen increased to 20% and the 

sterilization time of 0.1% HgCl2 to 10 minutes, the rate of survival-uninfected explants reached 35.3%. In CT3, 

using 10% Javen solution for 15 minutes and 0.1% HgCl2 for 10 minutes, the survival rate of explants was 

46.5% (Fig. 1a). When continuously increasing the concentration of Javen solution up to 20%, sterilization time 

for 15 minutes, and sterilization with 0.1% HgCl2 solution for 5 minutes, the percentage of uninfected explants 

decreased, to 29.5% (Table 2). 

Figure 1: Some stages of in vitro propagation of Eucalyptus U16 line 

(a) In vitro explants of U16 Eucalyptus treated at CT3 (10% Javen solution for 15 minutes and 0.1% HgCl2 

for 10 minutes); (b) Shoot clusters of U16 cultured on the MS* medium supplement with BAP 1.5 mg/l and 

kinetin 1.0 mg/l; (c) Root formation of in vitro Eucalyptus U16 

Thus, the concentration of Javel and HgCl2 at CT3 was suitable for removing surface microorganisms, and 

the percentage of survival and free- infections explants reached 46.5%. 
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3.2. Rapid multiplication of U16 Eucalyptus line 

3.2.1. Multiplication media 

The shoot propagation medium plays important for the survival and growth of shoots during multiplication. 

There are many types of basic media used in tissue culture but based on laboratory conditions, 03 different 

media: MS, ½ MS, MS* (in which MS* was standard MS the medium supplemented with 20 ml of coconut 

water/1 liter of culture medium). The obtained results are presented in Table 3. 

Table 3: Effect of medium on the microshoots regeneration of Eucalyptus U16 line 

Shoot multiplication medium Shoot multiplication 
The quality of in vitro regeneration 

shoots 

½ MS 1.32c ± 0.03 ++ 

MS 1.47b ± 0.05 ++ 

MS* 1.56a ± 0.06 +++ 

CV% 3.17  

LSD0.05 0.09  

In the column, the different letters such as a, b, c... were expressed significantly difference at the α = 0.05 

level. Notes: Symbol (+) showed the quality of shoots, +: low; ++: average; +++: good  

The results showed that the shoot multiplication coefficient after 30 days of the ½ MS medium reached 

1.32. In MS medium, the shoot multiplication reached 1.47, and in MS* medium, the highest shoot 

multiplication coefficient was 1.56. MS and MS* medium had different shoot multiplication coefficients because 

the MS* medium was supplemented with coconut water which was a good natural source of cytokinin for the 

formation of new shoots in plants in general and Eucalyptus lines when cultured in in vitro propagation (Table 

3). 

3.2.2. Plant growth regulators 

BAP and Kinetin were two plant growth regulators belonging to the cytokinin group that has the effect of 

increasing the shoot multiplication factor in tissue culture plants. The effects of these substances on the shoot 

multiplication ability of the eucalyptus U16 line on MS* medium were investigated. The results are shown in 

Table 4. 

Table 4: Effect of BAP on the newly micro shoots formation of the Eucalyptus U16 line 

BAP concentration (mg/l) Shoot multiplication coefficient Characteristics of shoots growth 

0.0 1.74d ± 0.02 Average 

0.5 1.89c
 ± 0.08 Average 

1.0 1.99b ± 0.03 Healthy 

1.5 2.21a ± 0.01 Healthy  

2.0 1.76d ± 0.05 Weak 

CV% 2.0  

LSD0.05 0.07  

The results in Table 4 show that the shoot multiplication coefficient reached 1.74 on the MS* medium 

without the BAP supplement. When the BAP concentration was increased to 0.5 mg/l, the shoot multiple 

coefficient increased to 1.89. The shoot multiplication coefficient was 1.99 on MS* medium supplemented with 

1 mg/l BAP. The shoot multiplication coefficient reached the highest at 2.21 in the medium supplemented with 
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1.5 mg/l BAP with the characteristics of healthy shoots. When the BAP concentration increased to 2 mg/l, the 

shoot multiplication factor was only 1.76, and the shoot growth was weak. The MS* medium supplemented with 

BAP with 1.5 mg BAP/l gave the highest shoot multiplication coefficient (2.21 shoots) and healthy shoots. We 

used this medium supplemented with different concentrations of kinetin to find the best combinatorial 

formulation. The obtained results are shown in Table 5. 

Table 5: Effect of BAP 1.5 mg/l and kinetin on shoot multiplication of Eucalyptus U16 line 

Kinetin concentration (mg/l) Shoot multiplication coefficient Characteristics of shoots growth 

0.0 2.18b
 ± 0.07 Healthy 

0.5 2.07c
 ± 0.09 Healthy 

1.0 3.24a
  ± 0.05 Healthy 

1.5 2.21b ± 0.05 Average 

2.0 2.09c ± 0.03 Average 

CV% 1.77  

LSD0.05 0.07  

The suitable medium for shoot multiplication was the MS medium supplemented with a combination of 

BAP 1.5 mg/l and kinetin 1 mg/l, the shoot multiplication coefficient reached 3.24 (Fig. 1b). When increasing 

the kinetin concentration to 1.5 g/l or 2 mg/l, the shoot multiplication coefficient reached 2.21 and 2.09, 
respectively. The shoot multiplication coefficient in this experiment was higher than that of some published 

studies [12-15].  

A combination of the results from Tables 4 and 5, showed that rapid in vitro multiplication of the 

Eucalyptus U16 line was the best on MS* medium supplemented with BAP 1.5 mg/l and kinetin 1.0 mg/l, which 

expressed via shoot multiplication coefficient achieved the highest (3.24 buds). 

3.3. Rooting of in vitro Eucalyptus U16 line 

NAA is one of the PGRs belonging to the Auxin group that has stimulating rooting of in vitro shoots. We 

used different concentrations of NAA added to MS medium to evaluate the rooting ability of the eucalyptus U16 

line. The obtained results are shown in Table 6. 

Table 6:  Effect of NAA on rooting of Eucalyptus U16 line 

Conc. of NAA 

(mg/L) 
Rooting rate  (%) No roots/shoot 

The length of roots 

(mm) 

Root growth 

ability 

0.0 (Control) 31.69e ± 1,53 6.2b ±0,5 15.5b
 ±1,4 Weak  

0.5 66.00c ± 1.50 6.5b ±0.5 16.8b
 ±1.0 Average  

1.0 90.49a ± 3.33 8.3a ±0.7 19.6a
 ±1.2 Healthy  

1.5 72.87b ± 2.54 9.2a ±0.5 20.6a ±1.0 Healthy  

2.0 51.04d ± 2.42 8.9a ±0.6 21.2a ±1.2 Average  

CV% 3.79 7.5 6.4 
 

LSD0.05 4.30 1.06 2.2 

In the MS medium without NAA added, Eucalyptus still took root with the rate of 31.69%. When using 

medium supplemented with 0.5 mg/l NAA, the rooting rate reached 66.0%. In the MS medium supplemented 

with 1 mg/l NAA, the rooting rate was 90.49%, the average number of roots/buds was 8.3 roots, the length was 
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19.6 mm (Fig. 1c). 

When increasing the concentration of NAA to 1.5 and 2 mg/l, the rooting rate reached 72.9% and 51.0%, 

respectively; Root length ranges from 20.6 - 21.2 mm. In CT4 and CT5 due to the high concentration of NAA, it 

will inhibit the rooting process in plants in general and eucalyptus in particular. The results of the above 

experiment are higher than those of previous study, when eucalyptus H7 cultured on MS medium supplemented 

with 1.5 mg/l IBA and 0.1 mg/l ABT, the rooting rate was approximately 82.2% [12]. In our opinion, the results 

are different due to 2 factors: variety and rooting culture medium of the two studies using different. 

4. Conclusions 

- The sterilization process reveals that a combination of 10% Javen solution treatment for 15 minutes, 

followed by 0.1% HgCl2 treatment for 10 minutes, leads to the most effective sterilization. The rate of non-

infection explants was 46.5%. 

- The modified MS medium (MS* medium) was basal MS supplemented with 20 ml/L coconut water was 

the most suitable for the rapid multiplication of Eucalyptus U16 line, the shoot multiplication coefficient reached 

1.56. In vitro multiplication of the Eucalyptus U16 on the modified MS medium added BAP 1.5 mg/L and 

kinetin 1.0 mg/L had the highest shoot multiplication coefficient of 3.24 shoots. 

- In vitro rooting medium for the Eucalyptus U16 line was basal MS supplemented with 1.0 mg NAA/L, the 

rooting rate reached 90.49%, the number of roots/shoots was 8.3 roots, in vitro plants showed strong growth. 
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