
SHENGJIAN MA et al: A STUDY ON THE TISSUE CULTURE OF EUCALYPTUS UROPHYLLA x EUCALYTUS … 

DOI 10.5013/IJSSST.a.17.48.27                                     27.1                  ISSN: 1473-804x online, 1473-8031 print 

A Study on the Tissue Culture of Eucalyptus Urophylla x Eucalyptus Grandis 
 

Shengjian Ma, Chaoping Cai, Jinxiang Liu 
 

College of Life Science and Technology, Linnan Normal University, Zhanjiang, Guandong 524048, China 
 
 
Abstract — Eucalyptus Urophylla x Eucalyptus grandis is a hybrid variety with good adaptation to Gangdong provincial area, 
China and elite wood quality and fast growth speed. Callus induction, shoot organogenesis and plantlet regeneration from leaves, 
buds and stem segments explants of Eucalyptus Urophylla x Eucalyptus Grandis’s aseptic seedling were studied and reported in 
this paper. The optimum tissue culture conditions were established by the comparative experiments of different concentration 
combinations of many growth regulators as follows: i) callus induction medium: MS+1~2mg/L2,4-D; ii) shoot proliferation culture 
medium: MS+0.5mg/L6-BA; iii) rooting culture medium: 1/2MS+2.0mg/LNAA. 
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I. INTRODUCTION 
  
Eucalypt is the most widely planted forest species in 

tropical and subtropical regions in the world[1,2], and it is the 
most important forest tree in China, covering more than 
three million hectares of commercial plantations[3], and the 
plantation areas are increasing about 0.1 million hectares 
every year. Eucalyptus urophylla is one of the widely 
cultivated varieties in South China, due to its rapid growth, 
high production and fibre characteristics. Eucalypt 
possesses long life cycle. So tissue culture and plantet 
regeneration is the main way of eucalyptus propagation in 
order to meet the mankind’s requirement of wood. However, 
plant growth regulator such as auxin and cytokinins play 
important role in tissue culture of plant, auxin can promote 
cell growth and formation of callus. Cytokinins play diverse 
roles in plant growth, development and interactions with the 
environment [4]. In this work, we studied the effect of 
different concentration and combination of plant growth 
regulator on tissue culture of eucalypt. The establishment of 
tissue culture and plant regeneration of eucalypt laid firm 
basis on genetic engineering to improve eucalypt wood. 
Genetic improvement through transgenic technology 
enables introduction of specific traits of interest into 
Eucalyptus, such as enhancing wood quantity and quality, 
biotic stress resistance, abiotic stress tolerance, and so on [5]. 

  
 

II. MATERIALS AND METHODS 
 
A. Plant Material 

 
Leaves, buds and stem segments of the axenic 

seedlings of E. urophylla xEucalyptus grandis （Plate I-1）
were used as explants, which were kindly provided by the 
China Eucalyptus Research Center. 

 
B. Callus Induction 

 
Different types of explants were excised from the 

axenic seedlings and inoculated on MS medium 
supplemented with 50 mg·L-1 Vitamin C, 30 g·L-1 sucrose, 
3 g·L-1 Phytagel and different plant growth regulator 
concentration (Table I) for callus induction. MS medium 

was sterilized at 121 ºC for 20 min and the pH was adjusted 
to5.8-6.0. Vitamin C was sterilized by filtration using a 
membrane with 0.22 µm pore diameter before combining 
into the medium. The explants were incubated at 25 ± 2 ºC 
in darkness for a couple of weeks until calli appear. 

 
C. Adventitious Bud Induction 

 
To induce the formation of adventitious buds, calli 

derived from the different explants were cultivated on MS 
medium containing different combinations of 6- BA,ZT and 
TDZ (Table II). The calli were maintained under a 16 h of 
photoperiod with luminous intensity of approximately200 
µmol·m-2·s-1emitted from cool fluorescent tubes (standard 
culture conditions). After 40 d, adventitious bud formation 
was evaluated and reported. 

 
D. Shoot Elongation and Rooting 

 
In order to stimulate shoot elongation and 

proliferation, calli with short adventitious buds were first 
transferred to half-strength MS medium supplemented with 
different plant rooting growth regulator combinations 
(Table III) for 20 d. In addition, the elongated shoots 
(approximately 3cm length) were cultivated in modified 
half-strength MS medium containing different 
concentration of NAA for rooting (Table IV).  

 
E. Acclimatization 
 
Finally, rooted plantlets with 3-5 cm height in the conical 

flasks covered with ventilate pellicle were transferred under 
the natural condition for 6~8d, and uncovered the ventilate 
pellicle for ~2d until the macroscopic lawns appeared on 
the surface of culture medium, and then plantlets were 
transferred to a mixture of soil under the natural condition. 

F. Statistical analysis 
The experimental design was completely randomized 

with 3 replicates of 30 explants. The values used for 
statistical analysis were the average from each treatment. 
The treatment effects were analyzed by ANOVA and means 
were compared by Duncan's multiple range test (α= 0.05). 
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III .RESULTS AND ANALYSIS 
 

A. Callus formation 
 
Different types of the explants were found to be 

important for callus induction. Neither the length nor the 
width of explants could be more than 10 mm. All types of 
explants could induce the calli from the cutting surface in 
5~7d after the incubation in darkness. The newly induced 
calli from the cutting surface were light yellow and 
incompact. With the extend of cultural time, the calli from 
leaves and stem segments with the axillary buds became 
more and more compact, stiff, granule, yellow colored and 
fast growing, however, the calli from buds became 

incompact, soft, transparent and slow growing. 
From the table1, the results showed that 1~2 mg/L 2,4-D 

was the best concentration to induce the calli from above 
mentioned three different explants, when the concentration 
was more than 2 mg/L, the growth of calli became inhibited. 
For the leaves and buds as explants, the induction time of 
calli became longer and the induction rate, number and 
quality of calli became decreased obviously. However, for 
the stem segment as explants with the axillary buds, the 
induction rate of calli all were 100% in whatever 
concentration of 2,4-D（Plate I-2）, but the speed of calli 
growth was  becoming slower with the increase of 2,4-D 
concentration. 

 

TABLE I  EFFECT OF 2,4-D ON CALLUS INDUCTION OF DIFFERENT EXPLANTS 

Explants type 2,4-D mg/L No. the explants Indution rate of calli(%) Time of calli appeared(d) 

Leaves 

1.0 120 100±1 4 
2.0 130 100±1 4 
4.0 111 90±2 6 
6.0 125 70±2 7 

Buds 

1.0 144 100±1 4 
2.0 148 100±1 4 
4.0 148 78±3 6 
6.0 126 35±2 7 

Stem segment with 
auxillary buds 

1.0 153 100±1 4 
2.0 146 100±1 5 
4.0 138 100±1 6 
6.0 136 100±2 7 

 

B. Adventitious Buds Induction 
 
The adventitious buds were observed 40 d after the calli 

were cultivated on MS medium supplemented with different 
concentration of 6-BA,ZT or TDZ (TABLE II). Though the 
percentage of explants regenerating buds and number of 
buds per explants was different on MS medium with 
different concentration of cytokinin, each cytokinin could 
induce adventitious buds from calli explants and the 
optimum concentration of each cytokinin was 0.5 mg/L. All 
in all, the number of regenerated buds was biggest and the 
coefficients of proliferation of buds was high on the MS 
medium supplemented with 6-BA, the buds had rapid 
growth speed and good growth state on the MS medium 
supplemented with ZT, the number of regenerated buds was 

smallest and the buds had the slowest growth speed, even 
the calli was formed subsequently with TDZ(Plate I-3). 

Different concentration of 6-BA had great effects on the 
rate of buds formation and coefficients of proliferation of 
buds, but the low concentration of 6-BA(0.5mg/L) 
contribute to the induction of buds with the highest 
induction rate 97%.With the increase of 6-BA concentration, 
the rate of adventitious buds was becoming lower and lower, 
even the buds become withered when 6-BA concentration 
was >2.0 mg/L. Different concentration of ZT had little 
effect on the rate of buds formation and coefficients of 
proliferation of buds, 0.5 mg/L ZT also could induce the 
buds formed rapidly with the highest rate of induction and 
strong state. So did TDZ. Considering the price of above 
mentioned three kinds of hormones, 6-BA was the cheapest 
and was selected firstly in industrious breeding. 

 

TABLE II  EFFECTS OF DIFFENT CYTOKININ ON BUDS INDUCTION 

Hormone type Concentration mg/L No. the explants Induction rate of buds(%) 

6-BA 

0.5 121 97±1 
1.0 120 86±2 
2.0 125 77±1 
3.0 114 63±1 
4.0 113 23±2 

ZT 
0.2 117 88±1 
0.5 117 93±2 
1.0 114 79±1 

TDZ 0.5 124 81±2 
 1.0 125 70±1 
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C. Shoot elongation and rooting  
 
Adventitious buds cultivated on half-strength MS 

medium supplemented with the combinations of NAA with 
IAA or 6-BA (TABLE III). 30 d after the transfer, the state 
of adventitious buds showing shoot induction was 
significant differences in all the six different plant growth 
regulator combinations tested, and the length of buds 
ranged from 0.7 to 3 cm. Among the combinations of plant 

growth regulators tested, the independent 0.5mg/L NAA 
had the best results for rooting with rapid growth speed and 
good state and high percentage of rooting rate（Plate I-4）. 
The length of root was less than 1cm on the 1/2MS 
supplemented with only IAA, and the base of shoot had 
formed little calli. IAA could induce calli formation from 
the base of plantlet, thus it is difficult to transport water and 
nutrients from root to shoot, finally, the plantlet couldn’t 
survive after they were moved out the flask. 

 

TABLE III  EFFECTS OF HORMONE COMBINATION ON ROOTING  

Combination of hormone (mg/L) The status of rooting 

NAA 0.5 Rapid growth of rooting , little calli from cutting surface good state of rooting 

IAA 0.5 Little rooting, calli formation from cutting surface, slow growth 

6-BA 0.5 No rooting, no inflated cutting surface, little regeneration of adventitious buds 

NAA 0.5+ 6-BA 1.0 No rooting, no inflated cutting surface, 90% single bud regenerated 2-3 little buds  

NAA 0.5+ IAA 0.2 Little rooting, calli formation from cutting surface, withered shooting 

NAA 0.2+ IAA 1.0+ 6-BA 0.5 No rooting, inflated cutting surface, large regeneration of adventitious buds 

 

From the above results, we concluded that NAA is very 
important for rooting of eucalyptus. So we researched the 

difference of rooting in the half-strength MS medium with 
different concentration of NAA. The results are in Table IV. 

 

TABLE IV  EFFECTS OF NAA ON ROOTING 

Con. mg/L No. plantlets No. rooting Rate of rooting(%) The state of rooting 

0.2 17 5 30±2 Little rooting, no calli formation from cutting surface. 

0.5 15 5 34±1 Little rooting, little calli formation from cutting surface. 

1.5 15 10 68±2 Some rooting, no calli formation from cutting surface. 

2.0 14 11 80±2 Large robust rooting, little calli formation from cutting surface. 

2.5 15 8 52±3 Little rooting, little calli formation from cutting surface. 

 

From table IV we can see that 2.0 mg/L NAA was the 
optimum concentration for root inducing with 80% 
inducing rate, when the concentration of NAA was below or 
above 2.0 mg/L, it isn’t beneficial to induce rooting from 
the base of shoot, it could benefit the formation of calli and 
senescence of shoots. After20 d, under standard culture 
conditions, 5-10 adventitious roots were visible at the 
bottom of the shoots. Another 10 d later, the length of roots 
was 3-4 cm. 

 
D. Acclimatization 

 
After 30d transferring on rooting culture medium, the 

plantlet was growing up with green and large leaves and 
long roots, then exposed in the atmosphere after removing 
the lid of cultural tube(Plate I-5). When the plantlet was 
acclimatized in natural circumstance for 5~7d, we pulled it 
out and cleaned it, and then plantlets were transferred to a 
mixture of soil under the natural condition, at the same time, 
the plantlets were kept in plastic bags to prevent the water 
flowing out(90% humidity) for 10~15d. After 30d,most 
plantlets grew up freely with 90% survival rate(Plate I-6). 

 
 

IV. DISCUSSION 
 
All different types of explants from different organ 

could induce calli with high frequency of induction, and it 

indicated universality of induction of calli in the eucalypt. 
The stem segments with the axillary buds was the optimum 
kind of explants for calli induction with the highest 
induction frequency and best state. The optimum 
concentration of 2,4-D was 1~2 mg/L for all the types of 
explants for inducing calli, more than 4 mg/L of 2,4-D 
could inhibited the formation of calli, the results was 
consistent with that of Wang,et al[6]. 

In the process of the adventitious buds induction of 
eucalyptus, the number of regenerated buds was biggest and 
the coefficients of proliferation of buds was high on the MS 
medium supplemented with 6-BA, the buds had rapid 
growth speed and good growth state on the MS medium 
supplemented with ZT, the number of regenerated buds was 
smallest and the buds had the slowest growth speed, even 
the calli was formed subsequently with TDZ, there are the 
similar results to the previously reported in other accession 
of Eucalyptus[7]. That is to say, 6-BA could induce the 
regeneration of adventitious buds, and ZT could promote 
the prolong of shoots (Plate I-3), and TDZ could induce the 
formation of calli[8].higher concentration of 6-BA is not 
beneficial to induce adventitious buds, and the buds was 
easy to die，the results was consistent with that of Xu 
Qiangxin[9]. In the meanwhile, there were abnormal 
phenomenon in the culture process such as leaves disc 
shrinking and granular calli forming from the surface of 
leave circumference, and there were similar report in other 
accession of eucalypt reported previously such as 
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Eucalyptus grandis in Shi,et al [10]. 
In 1957, Skoog & Miller proposed that the 

differentiation of plant organ depended on the interaction of  
two kinds of plant hormones(auxin and cytokinin), when 
the ratio of cytokinin to auxin was high, the regeneration of 
shoots is easy to be induced, in contrast, the regeneration of 
roots is easy to be induced[11]. Li[11]proposed that the 
requirement of exterior hormone of plant was decided by 
the level of inherent hormone of plant regulated by the 
phase of growth and what tissues of plant. In any condition, 
single cytokinin or auxin could cause the differentiation of 
organ. The combination of 6-BA and NAA/IAA couldn’t 
induce rooting with good adventitious buds regeneration, 
therefore, 6-BA could restrain rooting and induce buds 
regeneration[12].In this study, we obtained that the optimum 
medium of buds regeneration for eucalypt was MS+0.5 
mg/L6-BA, and the optimum medium of rooting was 
1/2MS+2.0 mg/LNAA with 80% rooting rate after 30d 
transferring on rooting medium .  

Among the cytokinin of plant growth regulators tested, 
the 0.5 mg/L 6-BA yielded the best results, with 97% of 
adventitious bud formation. These results differed from 
those described by Ho et al[13]and Diallo [14], both of whom 
got bud regeneration on cotyledonary leaf explants cultured 
in the presence of 16.2 µM NAA and 4.44 µM BA or 5.4 
µM NAA and 2.22 µM BA. These authors used auxin at a 
concentration higher than the concentration of BA. In the 
present study, however, the best results were obtained when 
the concentration of 6-BA was 0.5 mg/L without NAA. The 
present results and reported in other studies together 
indicated that the efficiency of Eucalyptus  micro- 
propagation was highly dependent on the adventitious bud 
induction. The percentage of adventitious bud formation 
was 97%, which was higher than that reported in other 
studies [15]. 

Finally, this work marked an important step in further 
improving the genetic transformation. 

 
 

V. CONCLUSIONS 
 
From the above-mentioned content, we concluded that 

the optimum culture conditions of Eucalyptus urophylla x 
Eucalyptus grandiswere as follows: (1) callusinduction 
medium: MS+1~2mg/L2,4-D; (2)shoot proliferation culture 
medium: MS+0.5mg/L6-BA; (3)rooting culture medium: 
1/2MS+2.0mg/LNAA. 
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Plate I Tissue Culture and Plantlet Regeneration of Eucalyptus Urophylla x Eucalyptus Grandis. 

 
1. The axenic seedlings of E. urophylla x Eucalyptus grandise on the medium with free plant hormone. 
2. Yellowish granular callus induced from the explant of sprout after 20 days of dark culture on the medium 

containing 2,4-D. 
3. Multiple-shoots re-differentiated from the explant of sprout  
4. after 6 to 8 days dark culture and 13 days natural light culture on the medium containing 0.5 mg/L6-BA. 
5. Roots induced from the explant of young sprout after 20 days natural light culture on the medium containing 

NAA. 
6. The plantlet was growing up with green and large leaves and long roots, then exposed in the atmosphere after 

removing the lid of cultural tube. 
 


