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Abstract       The researches performed contribute, with their new and so 
necessary specifications and improvements, to the definition of a more 
efficient micropropagation method for this species, which could support, in the 
near future, the utilization of this in vitro propagation system at commercial 
level. In this viewpoint, on one hand we attempted to determine those factors 
that get involved in the multiplication and maintenance of the regenerative 
processes, and also of the environmental conditions that lead to the retrieval of 
metabolic processes and restart of physiological functions at normal levels. On 
the other hand, we attempted to determine the utilization of an efficient work 
technique that should be applied during the various stages of the 
micropropagation process. In order to complete this paper, we used the 
meristem culture in two varieties: Albizzia lebbeck and Albizzia julibrissin, to 
obtain plants that are identical with the mother plant donators of explants, 
because of the fact that this method scarcely induces genetic variability. We 
used several hormonal balances including auxins and cytotoxins, for culture 
initiation and for cloning as well, on a Murashige-Skoog basal medium. In 
order to identify possible somaclonal variations, we applied the techniques of 
the RAPD markers-based molecular biology.   
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The progress registered in the field of 

molecular and cellular biology has conducted to the 
accumulation of important information related to plant 
development processes, with major implications in the 
advanced biotechnologies. 

The cell and vegetal tissue culture, as 
integrant part of the vegetal biotechnologies, has 
allowed the understanding and modulation of the basic 
mechanisms of in vitro cyto-differentiation and 
morphogenesis, so that this technique may be adapted 
to numerous practices that could open new perspectives 
for plant exploitation.    

And the production of many ornamental 
plants, at commercial level, has remarkably developed 
and it is still increasing all over the world, as a result of 
the application of such new methods.  

As we know, a major role in the production of 
ornamental plants at commercial level is played by the 
quantity and quality of the seeding material. From this 
perspective, the applications and improvement of the 
biotechnological methods for the propagation of these 
species is a must [1; 2; 3]. 

Several deficiencies caused by the classical 
reproduction forms, known especially for their reduced 
multiplication rate, and also the selection of a 
biological material which is not always satisfactory 

from a phyto-sanitary point of view, impose the 
determination of more adequate and efficient 
alternatives [4; 5]. 

For this, the modern multiplication methods of 
Albizzia by „in vitro” cultures prove to be a variant of 
real perspective. 

 
Material and Method 
 
Initiation of in vitro culture and micropropagation  
 

To carry out these researches, the biological 
material is consisted of two species of the Albizzia 
genus, respectively Albizzia julibrissin var. Durazz and 
Albizzia lebbeck [6]. These two Albizzia species were 
selected for the simple reason that they present the 
widest spread in the world, meaning that they can be 
acclimatized in very different climatic conditions [7]. 
To initiate the in vitro culture, the two species were 
submitted to an attentive selection of mother plants, 
regarding their phyto-sanitary status and authenticity. 
 Considering that, according to season, tissue 
physiological functions can change; the biological 
material destined for the in vitro and in vivo cultures 
was sampled during three periods: 
- semirest (November-December); 
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- active shoot growth (April-May); 
- stop of shoot growth (September-October). 

To initiate the in vitro cultures, we sampled 
stem fragments that contained apical and lateral buds.  

During the culture initiation stage, we used 
meristems with 2-3 foliar primordia and dimensions of 
0,1 - 0,3 mm, taken from apical and axillary buds. The 
initiation medium where the explants were inoculated 
was consisted of mineral salts MS and vitamins (MS, 
Jaquoit or LS), with addition of various phyto-

hormonal balances, 40 g/l sucrose and 6,5 g/l agar for 
gelification [8; 9]. Medium’s PH was adjusted to a 
value of 5,7 (Table 1). 

Four weeks after the in vitro initiation, in 
order to proliferate the culture, the explants of apical 
buds were transferred to multiplication media consisted 
of mineral salts MS and vitamins Miller, added with 
various phyto-hormonal balances, 40 g/l sucrose and 
6,5 g/l agar (Table 2), [10; 5; 11]. 

 
Table 1  

Combinations and concentrations of growth regulators present in the culture media used for in vitro culture 
initiation from apical buds inoculated and / or axillary 

Experimenta
l variants  

Basal medium  Growth regulators used and their concentration in 
culture medium (mg/l) 

BAP AIA ANA GA3 Ascorbic 
acid 

V1 Macroelements MS, microelements MS, 
vitamins Jaquoit 

1 0,2 - - - 
V2 0,5 - 1 0,1 5 
V3 Macroelements MS, microelements MS, 

vitamins MS 
1 0,2 - - - 

V4 0,5 - 1 0,1 5 
V5 Macroelements MS, microelements MS, 

vitamins LS 
1 0,2 - - - 

V6 0,5 - 1 0,1 5 
V7 0,7 - 1 0,1 5 

 
Table 2  

Combinations and concentrations of growth regulators present in the culture media used for multiplication of 
shoots regenerated from apical buds 

Codification of 
experimental 

variants  

Basal medium Growth regulators used and their concentration in culture 
medium (mg/l) 

BAP 2IP Thidiazuron 
(TDZ) 

Kinetin  
(KIN) 

V1 Macro. MS, 
 micro. MS, vitamins 

Miller 
NaFeEDTA 
Agar 6,5 g/l 

Sucrose 40g/l 

0,5 - - - 
V2 1 - - - 
V3 - 0,5 - - 
V4 - 1 - - 
V5 - - 0,5 - 
V6 - - 1 - 
V7 - - - 0,5 
V8 - - - 1 

 
Results and Discussions 
 
Comparative analysis of the potential of in vitro 
initiation of different-origin explants  
 To initiate the in vitro culture, the explant 
selection is dictated by the method used for culture 
proliferation and by objective. So, for culture mass 
propagation we firstly carried out researches to select 
the explants with superior morphogenetic capacity, in 
order to use them to obtain a bigger number of shoots. 
The in vitro propagation technique includes, on the 
whole, four distinct steps: culture initiation, 
multiplication, shoot rooting and acclimatization. 
Before the approach of these steps, an important role is 
played by the selection of the explants. 

 The observations were carried out on the 
influence exerted by the hormonal supplement 
administrated in culture substratum on explants’ 
morphogenetic capacity, and also on the influence 
exerted by explant type and genotype in interaction 
with the nutritional medium.  
 The observations carried out five weeks after 
the initiation of the in vitro culture from apical shoots 
revealed that, on the medium variants added with 0,2 
mg/l AIA and 1 mg/l BAP, the explants’ 
morphogenetic potential was influenced by the 
vitamins used. The biggest number of explants that 
started growing was recorded in the presence of LS 
vitamins (V5), followed by MS vitamins (V3) and 
Jacqoit vitamins (V1).  
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 Also, the nutritional media with a content of 
phytohormones 1 mg/l ANA and 0,5 mg/l BAP and 0,1 
mg/l gibberellic acid have determined differences in 
explant growth, according to the vitamins used. The 
smallest values were achieved in the presence of LS 
vitamins (V6). On the same phytohormone level, the 
best results were recorded under the influence exerted 
by Jacquiot vitamins (V2), followed by MS vitamins 
(V4). 
 The increase of BAP concentration from 0,5 
mg/l to 0,7 mg/l (V7) exerted a positive effect on 
explant evolution.   
 The results obtained during the comparative 
analyses on the morphogenetic competence of apical 
shoot explants taken in different growth phases 
(vegetative rest, semirest or active growth) revealed 
that the highest morphogenetic potential was remarked 
in the case of the explants sampled during the 
vegetative rest phase. 

In the case of the utilization of axillary shoots 
as explants, the biggest number of explants that started 
to grow was recorded on the nutritional medium 
supplemented with 0,5 mg/l BAP, 1 mg/l ANA, 0,1 
mg/l GA3, 5 mg/l ascorbic acid and Jacquoit vitamins 
(V2) (fig. 21). The presence in bigger amounts of BAP 
(0,7 mg/l) and of LS vitamins (V7) exerted positive 
effects if we compare it with the variant V6, with 0,5 
mg/ l BAP, 1 mg/l ANA, 0,1 mg/l gibberellic acid and 
5 mg/l ascorbic acid. 
 Similarly with the results achieved for apical 
shoots, the highest regenerative potential was remarked 
in the case of the explants sampled during the 
vegetative rest phase, compared with those from the 
active growth and semirest phases.  
 
Initiation of in vitro culture and plant regeneration 
 The researches performed to determine the 
adequate explants and the optimal culture medium 

which should allow the achievement of a high 
regenerative potential revealed that the most adequate 
explants for the initiation of an “in vitro” culture is 
represented by the dormant apical shoots, on a basal 
medium MS supplemented with 0,5 mg/l BAP, 0,1 
mg/l GA3, 1 mg/l ANA, 5 mg/l ascorbic acid and 
Jaquoit vitamins. Compared with the axillary shoots, 
the apical shoots presented the highest ability of 
regeneration in both genotypes studied. Consequently, 
in the determination of an in vitro multiplication 
protocol for Albizzia, we used the dormant apical 
shoots as vegetal material for the initiation of cultures. 
 Four weeks after the culture initiation from 
dormant apical shoots used as inoculum source, we 
observed numerous shoots.   

The mini-shoots obtained after the inoculation 
of the dormant apical shoots on the basal medium MS 
supplemented with 0,5 mg/l BAP, 0,1 mg/l GA3, 1 mg/l 
ANA, 5 mg/l ascorbic acid and Jaquoit vitamins were 
transferred to the multiplication media, in order to 
increase the number of shoots per explants. 
 The data recorded during 8 weeks of in vitro 
culture were focused on the regeneration process and 
shoot length, according to genotype and growth 
regulators. 
 We present the major factors that influence the 
process of regeneration, as follows:   
 
Influence of growth regulators’ type and 
concentration on the “in vitro” multiplication rate  

Among the growth regulators studied, we paid 
a special attention to cytokinins. During the 
micromultiplication phase, successive to the analysis of 
cytokinin type and concentration, we could determine 
the clear influence exerted by cytokinin type on the 
regeneration rate (Table 3). 

 
Table 3  

Microshoots number / explant obtained in the eight experimental variants 

Species 
Experimental variants  

V1 V2 V3 V4 V5 V6 V7 V8 
Albizzia julibrissin 7,33 8,76 9,2 10,66 3,9 4,6 2,7 2,9 
Albizzia lebbeck 4,93 6,92 7,8 8,5 2,8 3,5 1,7 1,9 

 
In the case of the species Albizzia julibrissin, 

as regards the cytokinin’s effect depending on its 
concentration, we observed that, in the presence of 
BAP and 2IP, explants express their regenerative 
capacity better at a concentration of 1 mg/l, with 
regeneration rate values of 8,76, respectively 10.66 
microshoots/explant (Fig.1).  
 Regarding the influence exerted by kinetin and 
thidiazuron, we observed inhibiting effects expressed 

by a reduced regeneration rate of only 4,6, respectively 
2,9 microshoots/explant. 

Following the effect of concentration on 
constant cytokinin level, we may observe that an 
increase of this leads to the increase of multiplication 
rate from 7,33 to 8,76 in the case of BAP, from 9,2 to 
10,66 minishoots/explant in the case of 2IP and 
increases from 3,9 to 4,6, respectively from 2,7 to 2,9 
for thidiazuron and kinetin (Fig. 2).  
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Fig. 1. Variation of in vitro multiplication rate in Albizzia julibrissin according  

to cytokinin type  
Values are media ± d.s. based on 3 repetitions; bars indicate standard deviations; lowercase is interpreting the 

significance of differences by Duncan test, p <0.05         
     

 
Fig. 2. Variation of in vitro multiplication rate in Albizzia julibrissin according to cytokinin concentration   

 Values are media ± d.s. based on 3 repetitions; bars indicate standard deviations; lowercase is interpreting the 
significance of differences by Duncan test, p <0.05 

 
On the whole, the type and concentration of 

cytokinin exerted a similar influence on the 
multiplication rate in case of the species Albizzia 
lebbeck; the differences consisted in the lower values 
of the multiplication rate.    
 There is a generally accepted principle in 
micropropagation, according to which different clones 
cultivated in vitro require a different “recipe”. 
Differences in the multiplication capacity of various 
plant species have been reported by several authors, 
like Vieitez A.M. et al. (1983), Coleman G.D., Ernst 
S.G. (1989), Preece J.E. et al. (1991).  

The researches on cytokinin’s effect according 
to its concentration reveal that the best results on the 

multiplication rate (6,92 minishoots/explant, 
respectively 8,5 minishoots/explant) were recorded in 
the variants that contain a bigger BAP amount (1 mg/l 
– V2), respectively 2IP (1 mg/l – V.4). In the medium 
variants V1 and V2, where BAP and 2IP 
concentrations were smaller (0,5 mg/l), the number of 
shoots/explant recorded reduced values compared to 
the variants mentioned above (4,93 minishoots/explant, 
respectively 7,8 minishoots/explant). In the case of the 
variants added with thidiazuron (V5 and V6), we 
recorded 2,8, respectively 3,5 microshoots/explants. 
For kinetin (V7 and V8), the regeneration rate was 1,7, 
respectively 1,9 microshoots/explant (fig. 3). 
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Fig. 3. Variation of in vitro multiplication rate in Albizzia lebbeck according to cytokinin type 

Values are media ± d.s. based on 3 repetitions; bars indicate standard deviations; lowercase is interpreting the 
significance of differences by Duncan test, p <0.05 

 
Following the effect of concentration on 

constant cytokinin level, we may observe that a 
concentration increase may lead to an increase of the 
multiplication rate from 4,93 to 6,92 in the case of 
BAP and from 7,8 to 8,5 minishoots/explant in the case 

of 2IP. By using the two concentrations of thidiazuron 
and kinetin (0,5 and 1 mg/l), we obtained 2,8, 
respectively 1,7 for 0,5 mg/l and 3,5, respectively 1,9 
for 1 mg/l (fig. 4). 

 

 
Fig. 4. Variation of in vitro multiplication rate in Albizzia lebbeck according to cytokinin concentration  

Values are media ± d.s. based on 3 repetitions; bars indicate standard deviations; lowercase is interpreting the 
significance of differences by Duncan test, p <0.05 

 
The analysis of the previous data clearly 

reveals that the variety and the culture medium have 
strongly influenced the number of shoots obtained by 
micropropagation, by using the multiple axillary 
shooting in Albizzia genus. 

According to all these data, we may conclude 
that the species with the highest capacity of reaction to 
in vitro multiplication capacity from apical buds is 
Albizzia julibrissin, and the most adequate cytokinin 
for this is 2IP. In this situation, the number of shoots 

per explant recorded superior values compared to the 
variants in which we used the other cytokinin types.  

 
Influence of the type and concentration of growth 
regulators on Albizzia microshoots elongation  
 Microshoots elongation, a dimension the 
possibility of microshoot individualization depends on, 
in order to transfer them on the rooting media, was 
influenced by the two variable factors, and by the type 
and concentration of the cytokins used (Table 4). 
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Table 4 
The average length of Albizzia microshoots in the eight variants 

Species 
Experimental variants  

V1 V2 V3 V4 V5 V6 V7 V8 
Albizzia julibrissin 4,1 3,7 6,8 5,9 2,9 2,7 2,1 1,7 
Albizzia lebbeck 3,5 2,8 6,1 5,5 2,9 2,7 1,9 1,3 

 
In the case of the species Albizzia julibrissin, 

the action of the two concentrations for each cytokinin 
reveals that, in the case of 2IP, the concentration of 0,5 
mg/l stimulates microshoot elongation, leading to 
dimensions of 6,8 cm, compared to the concentration 

of 1 mg/l, which determines microshoots of 5,9 cm. 
The smallest microshoot dimensions were recorded in 
the case of utilization of the two concentrations in the 
nutritional media added with KIN (2,1 cm for 0,5 mg/l 
and 1,7 for 1 mg/l) (fig. 5). 

 

 
Fig. 5. Variation of microshoot elongation in Albizzia julibrissin according to cytokinin concentration  

 Values are mean ± d.s. based on 3 repetitions; bars indicate standard deviations; lowercase is interpreting the 
significance of differences by Duncan test, p <0.05 

 
If we maintain a constant concentration of 0,5 

mg/l, the average values of microshoot elongation are: 
4,1 cm for BAP, 6,8 cm for 2iP, 2,9 cm for TDZ and 
2,1 cm for KIN. At a constant concentration of 1 mg/l, 
the biggest values of microshoot elongation were 
achieved under the influence of 2iP, and the smallest 
values were determined by KIN. The type and 
concentration of cytokinins exerted a similar influence 
on microshoot elongation in the case of the species 

Albizzia lebbeck, the difference consisting in smaller 
values of these.  
 The action of the two concentrations for each 
cytokinin reveals that, in the case of 2iP, the 
concentration of 0,5 mg/l determines microshoot 
dimensions of 6,1 cm, compared to the concentration 
of 1 mg/l, which determines microshoots of 5,5 cm. 
 
 
 

 
Fig. 6. Microshoot elongation in Albizzia julibrissin according to cytokinin type   

Values are mean ± d.s. based on 3 repetitions; bars indicate standard deviations; lowercase is interpreting the 
significance of differences by Duncan test, p <0.05 
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Fig. 7. Variation of microshoot elongation in Albizzia lebbeck according to cytokinin concentration   

Values are mean ± d.s. based on 3 repetitions; bars indicate standard deviations; lowercase is interpreting the 
significance of differences by Duncan test, p <0.05 

 
At a constant concentration of 0,5 mg/l, the 

average values of microshoot length are comprised 
between 6,1 cm under the influence of 2iP and 1,9 cm, 
as a result of kinetin administration. On the medium 

variant supplemented with TDZ, the microshoots had 
an average length of 2,9 cm. Under the influence of 
BAP, microshoot length became 3,5 cm (Fig. 7). 

 

 
Fig. 8. Microshoot elongation in Albizzia lebbeck according to cytokinin type   

Values are mean ± d.s. based on 3 repetitions; bars indicate standard deviations; lowercase is interpreting the 
significance of differences by Duncan test, p <0.05 

 
At a concentration of 0,5 mg/l, the biggest 

values of microshoot elongation (5,5 cm) were 
achieved under the influence of 2iP, and the smallest 
values were determined by kinetin (1,3 cm). With 
intermediary values (2,8 cm and 2,7 cm), we may 
notice the microshoots obtained on the nutritional 
media with BAP and TDZ (fig. 8). 
 The results achieved during these experiments 
revealed that, in the case of both species studied, the 
type and concentration of cytokine exerted a clear 
influence on shoot length. Of the cytokins studied, 
shoot length had big values in the case of the utilization 
of 2iP, in a concentration of 0,5 mg/l (V.3). 

Conclusions 
 

The researches performed on in vitro 
multiplication of the species Albizzia julibrissin and 
Albizzia lebbeck revealed the complexity of this 
process and the influence of some biotic (genotype, 
physiological status of donor plants, explants type) and 
abiotic factors (nutritional substratum, participation of 
some hormones) on the different phases of initiation, 
regeneration and multiplication. 

The comparative analysis of the genotypes 
studied regarding their morphogenetic response in 
interaction with the culture medium showed that the 
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best results of initiation and multiplication rate were 
recorded in the species Albizzia julibrissin, followed by 
Albizzia lebbeck. 

The researches on culture initiation revealed 
that explants’ morphogenic reactivity was strongly 
influenced by genotype, explants sampling period and 
nutritional medium contents. Between the two species, 
we observed differences in the percentage of explants 
started in growth. Albizzia julibrissin presented a 
higher reactivity than Albizzia lebbeck, indifferently of 
the content of the nutritional substratum used.  

The content of the nutritional medium has 
differently influenced the induction of morphogenesis. 
The most efficient one was the MS basal medium 
supplemented with 0,5 mg/l BAP, 1 mg/l ANA, 0,1 
mg/l GA3, 5 m and 5 mg/l ascorbic acid.  

The value of the in vitro multiplication rate for 
the two albizzia species was influenced by genotype; 
the species Albizzia julibrissin presented the best 
behavior from this point of view. 

For the micromultiplication phase of Albizzia, 
the best results were recorded successive to the 
utilization of BAP and K as cytokinin source, in 
concentration of 0,5 mg/l. 
 
References 
 
[1] Bellamine J, Penel C, Greppin H, Gasper T, (1998). 

Confirmation of the role of auxin and calcium in 
the late phases of adventitious root formation. 
Plant Growth Regul 26: 191-194. 

[2] Biondi S. and Thorpe T.A. (1981). Clonal 
propagation of tree species. In Rao A.N. (Ed) 
Proceedings of the intrenational symposium on 
tissue culture of economicallyimportant plants. 
COSTED (The committee on Science and 
Technology in Developing Countries) and ANBS 
(Asian Network for Biological Sciences) 
Singapore pp. 197-204. 

[3] Varshney A, Anis M, (2012). Improvement of shoot 
morphogenesis in vitro and assessment of changes 
of the activity of antioxidant enzymes during 
acclimation of micropropagated plants of Desert 
Teak. Acta Physiol Plant 34: 859-867. 

[4] Danci M., (2016). Micropropagarea speciilor 
horticole și forestiere, Ed. Waldpress, Timisoara. 

[5] Hossain A. (1997). Production and use of Albizia 
odoratissima. Forest Farm and Community 
Research Reports (Special issue), Winrock 

International Institute for Agricultural 
Development, 38, Winrock Drive, Morilton AR, 
72110, 125-127. 

[6] Vardja R., Vardja T., (2001). The effect of 
cytokinin type and concentration and the number 
of subcultures on the multiplication rate of some 
decorative plants. Proc. Estonian Acad. Sci. Biol. 
Ecol., vol.50, no.1, p.22–32. 

[7] Perveen S, Varshney A, Anis M, (2011). Influence 
of cytokinins, basal media and pH on adventitious 
shoot regeneration from excised root cultures of 
Albizia lebbeck L. J For Res 22: 47-52. 

[8] Linsmayer E.M., Skoog F., (1965). Organic growth 
factor requirements of tobacco tissue cultures. 
Physiologia Plantarum 18: 100–127. (LS 
medium). 

[9] Murashige T., Skoog F., (1962). A revised medium 
for rapid growth and bioassay with tobacco tissue 
cultures. Physiol. Plant. 15: 473 – 497. 

[10] Dominique D.P. (1997). Potential of Albizia 
odoratissima as a premium hardwood for 
plantation programs in Sri Lanka. Forest Farm 
and Community Research Reports (Special issue), 
Winrock International Institute for Agricultural 
Development, 38, Winrock Drive, Morilton AR, 
72110, 119-124. 

[11] Ludwig-Muller J, (2000). Indole-3-butyric acid in 
plant growth and development. Plant Growth 
Regul 32: 219-230. 

[12] Borthakur A, Das SC, Kalita MC, Sen P, (2011). 
A protocol for in vitro shoot regeneration from 
apical buds of Albizzia lebbeck (L.) Benth. Ann 
Biol Res 2: 275-282. 

[13] Libby W.J. (1974). The use of vegetative 
propagules in forest genetics and tree 
improvement. N.Z.J. For. Sci. 18, 100-127. 

[14] Paramjit K. Gharyal and S.C. Maheshvari (1982).  
In vitro differentiation of plantlets from tissue 
cultures of Albizzia lebbeck L. Department of 
Botany, University of Delhi, Delhi-110007, India. 

[15] Perveen S, Anis M, Arif IM, (2012). In vitro 
morphogenic response and metal accumulation in 
Albizia lebbeck (L.) cultures grown under metal 
stress. Eur J Forest Res 131: 669-681. 

[16] Polisetty R, Paul V, Deveshwar JJ, Khetarpal S, 
Suresh K, Chandra R, (1997). Multiple shoot 
induction by benzyladenine and complete plant 
regeneration from seed explants of chick pea 
(Cicer arietinum L.). Plant Cell Rep 16: 565-571. 

 


