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Abstract 

Paulownia tomentosa Steud is a fast growing multipurpose tree. In vitro propagation using nodal explants of P. tomentosa was performed by 

manipulating amount of cytokinin and auxin in culture media. Shoot bud proliferation from explants were assessed in Murashige and Skoog 

(MS) medium supplemented with various amounts of hormones such as a) 0.5-2.5 mg/l benzylaminopurine (BAP) and 0.1 mg/l naphthalene 

acetic acid (NAA), b) 0.5-2.5 mg/l BAP and 0.5-2.5 mg/l kinetin (KN) and c) 0.5- 2.5 mg/l BAP and 0.1 mg/l indole-3-acetic acid (IAA). In 

the present study, we found that hormone combination of BAP and NAA gave optimum growth results. MS medium enriched with 2.0 mg/l 

BAP and 0.1 mg/l IAA resulted a similar outcome but took 3-4 weeks with respect to the same medium enriched with 1.0 mg/ml BAP and 0.1 

mg/ml NAA, which showed response within 2-3 weeks. Shoot length of 2.5-3.5 cm with 3-4 nodes and 8-12 leaves were obtained on MS 

medium supplemented with 1.0 mg/l BAP and 0.1 mg/l NAA. The acclimatization of explants was done in a polyhouse at 20±5oC for 2-6 

weeks. Rooting was induced in sterile sand. Rooted plants were transferred to plastic bags containing mixture of soil, sand and compost in the 

ratio of 1:1:1. 

Besides aforementioned issues, there are several other challenges associated with in vitro propagation of P. tomentosa. Tissue culturing of the 

plant was established (90%) on MS medium enriched with BAP and NAA and adapted ex vitro with surviving up to 80%. People received an 

opportunity with this plant because it grows fast and can generate income in 10 years in comparison with others, but at the same time people 

also have been facing the challenges for plantation of P. tomentosa as government of Nepal does not formulate necessary national policies, 

legislations and regulatory frameworks in its favor. Thus, system should be developed to set royalty rate of P. tomentosa recognizing its lifetime 

value.  
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Introduction 

P. tomentosa (Empress tree) is a perennial, fast growing 

deciduous tree belonging to family Scrophulariaceae (Rout 

et al., 2001). Other species of Genus Paulownia includes P. 

fortunei, P. australis, P. elongata, P. tomentosa, P. 

kawakami, P. fargesi and P. albiphloea, P. catalpifolia and 

P. taiwaniana (Barton et al., 2007). It is native to China but 

has been commercially cultivated in Taiwan, Vietnam, 

Cambodia, Laos, Korea, Japan and North America (Burger 

et al., 1985). 

P. tomentosa has multitude of economic benefits such as its 

timber is light but also strong, has high strength-to-weight 

ratio; a low shrinkage coefficient hence does not easily warp 

or crack, better insulation properties etc. (Chunchukov and 

Yancheva, 2015). Its charcoal is also used in high class 

fireworks and also in preparation of gun powder (Rout et 

al., 2001). Apart from that, they are valuable sources of 

secondary metabolites including flavonoids with high 

antioxidant activities and other pharmacological activities 

(Bahri and Bettaieb, 2013). Its bark is used in Chinese 

herbal medicine as remedies of infectious diseases such as 

gonorrhea, erysipelas, bronchitis, dysentery, acute enteritis, 

parotitis and, acute conjunctivitis (Bahri and Bettaieb, 

2013). Therefore, mass propagation of Paulownia is 

considered essential (Akyildiz and Kol, 2010). 

Micropropagation of tree species has many advantages to 

offer as it can be used to produce clonal plantlets for 

afforestation, woody biomass production resulting in 

genetic gain (Rout et al., 2001). This technique has been 

used in different tree species (Bonga and Aderkas, 1992). 

Paulownia is propagated using either seeds or root cuttings 

traditionally. Propagation through seeds is considered 

unreliable due to impending disease and pest problem as 

well as poor germination and slow growth compared to root 
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cuttings. Therefore, in vitro technique can be a potential 

alternative to mass production of shoot allows in a short 

period of time (Venkateswarlu et al., 2001). But there are 

also some inherent problems of in vitro culture such as: a) 

excessive callus growth at the base of explants and 

weakened axillary shoot proliferation; b) development of 

adventitious shoots on callus at the explant base; c) explant 

pushed out of the medium by emerging leaves; and d) 

difficulty in observation of cultures due to large sized leaves 

(Bochnia and Litwińczuk, 2012). Mass multiplication 

through nodal culture has been used previously (Ipekci et 

al., 2001). 

Problems associated with in vitro culture can be relieved 

with different strategies. Different concentrations of sucrose 

and saccharides can modify development and quality of in 

vitro cultures of many species (George et al., 2008) but the 

concentrations of growth regulators required for maximal 

shoot production can differ among clones. 

A high demand for planting material in domestic and 

international markets for afforestation and bioenergy 

production has necessitated the development of efficient 

micropropagation protocols for rapid and mass propagation 

of Paulownia (San Jose et al., 2014). With that question in 

mind, the current research was undertaken to determine the 

optimum concentration of both auxin and cytokinin, which 

would allow direct adventitious shoot proliferation of 

Paulownia explants for commercial production in Nepal. 

Further, we surveyed the regions where Paulownia 

tomentosa is planted and who have problems associated 

with their community. 

Material and Methods 

Plant material collection and surface sterilization 

Actively growing juvenile shoots from axillary branches of 

two years old P. tomentosa were collected locally during the 

month of April. The mother plant was selected from 

plantation site of farmer’s field in Bhaktapur district, Nepal. 

Shoot tips with two to three nodes were taken as a source of 

explants. The plant materials were collected in a sterile glass 

container containing sterile distilled water and were 

transferred to laboratory. For the surface sterilization, the 

shoots were kept in running tap water for about 30 min with 

few drops of liquid detergent Tween 20. After washing with 

detergent the explants were thoroughly rinsed with distilled 

water for 4-5 times to remove any traces of detergent 

remaining in explants. After these treatments, explants were 

taken inside the laminar air flow for further sterilization. 

Explants were surface sterilized with freshly prepared 0.1% 

w/v aqueous solution of mercuric chloride for 5 min. Then, 

they were thoroughly rinsed for 3-4 times with sterilized 

distilled water to remove any traces of mercuric chloride 

(Rajbahak et al., 2014). 

Culture medium 

Single or double nodal explants were inoculated onto MS 

basal medium (Murashige and Skoog, 1962). Different 

concentrations of plant growth regulators were tested for 

shoot induction. MS medium was supplemented with 0.5 

mg/l, 1.0 mg/l, 2.0 mg/l, 2.5 mg/l and 5.0 mg/l BAP and 0.1 

mg/l IAA, KN and NAA. 3% sucrose was used as carbon 

source and pH was adjusted to 5.8 before autoclave. The 

media was solidified using 0.8% agar and autoclaved at 

121°C for 15 min (Rajbahak et al., 2014). 

Culture condition and in vitro shoots proliferation 

Before inoculation, explants were transferred to sterile Petri 

plates with the help of sterile forceps under strict aseptic 

conditions. The leaves were removed and single node 0.5 to 

1.0 cm long was transferred to culture bottles containing MS 

medium with varying concentrations of growth hormones 

as described above. The cultures were incubated at 16 h 

photoperiod with light intensity of 3000 lux using florescent 

tube lights and temperature of 25± 2°C for 4 weeks. After 

successful initiation of the shoot, newly formed shoots were 

excised and again leaf were trimmed and single nodes were 

sub-cultured on the medium with the same concentration of 

BAP and NAA. Sub-culture process was performed 4-5 

times (Rajbahak et al., 2014).  

Sand rooting 

After 4-5 successive in vitro proliferation of explants, they 

were moved to polyhouse for acclimatization for a week. 

Plantlets were removed from bottles with the help of sterile 

forceps and washed with distilled water to remove media. 

Then, the plantlets were inserted into sand trays. The 

temperature and humidity of the polyhouse was maintained 

at 20±5oC and 80% humidity, respectively. Plants were 

assessed for rooting at 2-6 weeks. After six weeks plants 

were transferred into soil bags. 

Results 

The surface sterilization procedure is an important aspect of 

in vitro culture because contamination during tissue culture 

is a common problem. In this study, it was found that 

surface sterilization using tween 20 and 0.2% mercuric 

chloride yielded 90% aseptic cultures. Hence, the procedure 

was adapted as optimized procedure for sterilization of 

Paulownia explants. 

 

Fig. 1: Establishment of P. tomentosa explants in MS 

medium 
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Shoot proliferation 

The effect of different concentration of BAP and NAA is 

shown in Table 1. The efficacy of combination of growth 

hormones was assessed based on number of shoots induced 

after incubation. The number of shoots observed was found 

to be best in concentration of 1.0 mg/l BAP and 0.1 mg/l 

NAA in short period of time (highlighted as bold letters in 

Table 1 and Fig. 2). The response was observed within 2-3 

weeks. In comparison, MS medium supplemented with 

other hormones gave lesser number of shoots (Table 2 and 

3). 

 

 

Fig. 2: Shoot proliferation of P. tomentosa explants in MS medium 

Table 1: Effect of growth hormones (BAP+NAA) on shoot induction 

Plant growth 

regulators 

No of 

culture 

bottles 

No of days for shoot 

initiation 
No of node No of leaves 

Height of 

shoot(cm) 

BAP+NAA (mg/l)      

0.5+0.1 5 21-28 2-3 6-7 2.2-2.3 

1.0+0.1 5 15-21 3-4 8-12 2.5-3.5 

1.5+0.1 5 21-28 2-3 5-6 1.8-1.9 

2.0+0.1 5 21-28 2-3 5-6 1.8-1.9 

2.5+0.1 5 21-28 2-3 8-9 2-3 

 

Table 2: Effect of growth hormones (BAP+KN) on shoot induction 

Plant growth 

regulators 

No of culture 

bottles 

No of days for shoot 

initiation 
No of node No of leaves 

Height of 

shoot(cm) 

BAP+KN (mg/l)      

0.5+0.5 5 21-28 3-4 8-10 2-3 

1.0+1.0 5 21-28 2-3 6-8 1.6-1.9 

1.5+1.5 5 21-28 3-5 7-8 1.5-1.8 

2.0+2.0 5 21-28 3-4 8-10 1.5-3.0 

2.5+2.5 5 21-28 2-4 6-8 1.4-2.0 
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Table 3: Effect of growth hormones (BAP+IAA) on shoot induction 

Plant growth 

regulators 

No of culture 

bottles 

No of days for shoot 

initiation 
No of node No of leaves 

Height of 

shoot(cm) 

BAP+IAA 

(mg/l) 
     

0.5+0.1 5 21-28 2-3 8-10 2-2.5 

1.0+0.1 5 21-28 3-4 8-11 2-3 

1.5+0.1 5 21-28 2-3 8-10 1.5-2.5 

2.0+0.1 5 21-28 3-4 8-12 2.5-3.5 

2.5+0.1 5 21-28 3-4 8-10 2.5-3.5 

Sand rooting 

The plantlets showed rooting after two weeks at 20±5oC 

polyhouse temperature and 80% humidity. Only 80% of the 

plants successfully developed roots. After six weeks, the 

plantlets were transferred to soil bag containing soil, sand 

and compost in the ratio of 1:1:1. (Fig. 3) 

 

Fig. 3: P. tomentosa Steud (6 weeks old) 

Discussion 

In vitro approach to growing Paulownia has caught 

sufficient attention of many scientists in the past. Attempts 

have been made to culture Paulownia through in vitro seed 

culture (Shtereva et al., 2014). Similarly, tissue culture 

approach using Paulownia explants has also been 

performed (Bahri and Bettaieb, 2013; Rajbahak et al., 

2014). In the present study, hormone combination of BAP 

and NAA gave optimum results. It was also found that the 

combination of hormone BAP and IAA at the concentration 

of 2.0 and 0.1 mg/l gave the similar result but on an average 

it took 3-4 weeks to obtain similar results compared to 1.0 

mg/l BAP and 0.1 mg/l NAA.  

One of the major factors that affect in vitro multiplication is 

attributed to somaclonal variations. Hence, the fidelity of 

clonal cultures needs to be assessed regularly. In the present 

study, it was observed visually by comparing the number of 

shoots and nodes developed during subsequent cultures. 

While not many changes were observed morphologically, 

molecular assessments can also be done using various 

markers. Studies by Rout et al. (2001) have used RAPD 

markers to assess genetic fidelity during subcultures to 

identify any genetic changes that have taken place. Presence 

of monomorphic bands in each subculture verified genetic 

fidelity. 

Using the hormonal concentration as depicted in this study, 

mass propagation of Paulownia can be done in any tissue 

culture lab. Paulownia can be planted on barren lands or at 

places with higher deforestation rate. It can even be planted 

on community forests. Recently, its status as an invasive 

species has surfaced. It’s mainly attributed to easy 

distribution of seeds to over long distances. Hence, use of 

sterile species that cannot produce viable seeds and fruits is 

proposed (Chunchukov and Yancheva, 2015). 

Micropropagation technique as applied to agro-forestry is 

considered beneficial because genetically uniform clonal 

stock of high quality can be produced (Jagannathan, 1986). 

Therefore, an efficient vegetative propagation of Paulownia 

is essential and has many advantages over seedling 

production. Creation of hybrid and/or application of genetic 

engineering can be applied to shoot production for better 

variety (Ipekci and Gozukirmizi, 2003; Chunchukov and 

Yancheva, 2015). Furthermore, large leaves bearing trees 

like Paulownia can be effective means of carbon 
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sequestration in community forests with potential economic 

returns. 

Community forest in Nepal has been a successful program 

in terms of rehabilitating forest condition (Pokharel et al., 

2009) since it was launched formally in 1978 (CFD, 2002). 

Rural Nepalese people are deprived of governmental 

facilities and majority of them depend fully on forest 

resources for their livelihood. Community forests have 

provided a platform to the people of community to enhance 

their livelihood by providing employments, safety nets and 

developing infrastructures (Chapagain et. al., 2009). Thus, 

the community based forest management approach has 

emerged as a successful program to improve the forest 

condition and livelihoods of people (Koirala et al., 2008). 

Our field visit to various districts showed that the 

community people are benefited by their community forest. 

However, there are some challenges often faced by the 

community people which includes cumbersome legal 

procedure, additional tax burden, high transaction cost for 

harvesting and trade, limited availability of quality planting 

material and uncertainty of timber supply (Subedi et al., 

2014). Contribution of community forest and limited 

supply/availability of plantlets products to local 

communities are not recognized adequately by the national 

policies, legislations and regulatory frameworks 

(Chapagain and Banjade, 2009). Thus, system should be 

developed to set royalty rates of forest products for new tree 

species such as P. tomentosa recognizing its lifetime value.  
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