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ABSTRACT 
 

The goal of this study was to establish an in vitro propagation method of Paulownia tomentosa Steud. trees. 
Shoot proliferation was induced from shoot apices and lateral bud explants of Paulownia tomentosa cultured on 
MS (Murashige and Skoog 1962) medium containing different concentrations of BAP, NAA and Kinetin either 
alone or in various combinations. Results showed that 2.5 mg/L BAP + 0.5 mg/L NAA showed highest 84% 
shoot induction with multiple shoots of 7.4 shoots per explants and 5.6 cm longest shoot, while 3.0 mg/L KIN + 
0.5 mg/L NAA showed (76%) shoot induction with 6.5 shoots per explants and 5.02 cm longest shoot. In vitro – 
grown shoots were cultured to root on half strength MS medium containing either of 3 Auxins, namely, IAA, 
IBA or NAA at concentrations of 1.5, 1.0 or 0.5 mg/L. Regarding rooting development, addition of 0.5 mg/L 
IBA to half strength MS medium gave 98% rooting percentage. Successful transplanting was obtained when 
rooted plantlets were transferred to a mixture of soil, sand and compost (1:1:1). Plantlets were transferred to a 
tray containing soil, sand and compost and covered by polythene sheets. After two weeks they were transplanted 
individually in the small poly bags and kept in open place with indirect sunlight, where 75% of the plants 
survived.  
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Introduction 
 

Paulownia is a genus of between 6-17 species of plants in the family Paulowniaceae (Scrophulariaceae). 
They are native to much of China and have been naturalized in other parts of the world such as Europe and 
USA. They are fast growing deciduous trees, with large leaves arranged in opposite pairs on the stem. The trees 
are used for re-forestation, roadside planting and as ornamental trees. It grows well in a wide variety of soil 
types, notably poor ones, and yields a multiple-purpose wood, has potential medicinal uses, and because of its 
wide-spreading root system may be used for phytoremediation of contaminated soils (Zhu et al., 1988). 

The genus is receiving increasing attention as an extremely fast growing, short-rotation woody crop plant 
(Bergmann,1997; Ipekci and Gozukismici, 2003). However, the potential invasive character of the species 
growing out of its natural range has recently been pointed out (Ding et al., 2006; Essl, 2007). 

The Paulownia tree adapts easily to a wide range of climatic conditions. It grows well in tropical climates 
with abundant sunshine and rainfall. It can also be grown in regions as far north as 40 degrees latitude in the 
northern hemisphere with as little rainfall as 20 inches per year. In general, Paulownia tree grows well on sandy 
and clay soils. But because it adapts so easily, it can grow just as quickly on a wide variety of soils. Paulownia 
tree can also adapt to a wide range of temperatures. (www.worldpaulownia.com/html/remediation.html, 
accessed July 20, 2013). In Japan, Paulownia is commonly found in regions where the maximum temperature is 
38-40 °C with a minimum temperature of -10 to -5 °C, with a mean temperature of 15-20 °C during the year so 
it would be a good plant to introduce in Bangladesh for timber production and re-forestation.   
 
Paulownia wood, leaves and flowers: 

 
Paulownia wood is used in house construction, for paper pulp, furniture making, farm implements and 

musical instruments (Ayan et al., 2003). The Paulownia tree grows 5-6 m tall during the first growing season 
and adds 3 to 4 cm in diameter annually if optimal growing conditions are present (El-Showk and El-Showk, 
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2003). However, other reports have suggested that Paulownia grew 4.9 m after 4.5 months growth in Maryland 
(Preston, 1983). Under certain conditions Paulownia trees can grow up to 55 cm (1.8 feet) diameter and to a 
height of up to 15 - 20 meters (40-50 feet) in 3 to 5 years.   

Lyons (1993) reported that it is usual to see a diameter of 40-50 cm in 10 years, with production rates of 12 
m3/ha/year. These authors stated that the wood is about 40% lighter than ordinary wood and is very promising 
for pulp and paper production. Lyons (1993) reported that Paulownia timber air dries readily and has excellent 
thermal and electrical insulation characteristics. Japanese researchers described some of the properties of 
particle board made from low quality P. tomentosa and concluded that low quality Paulownia trees offer 
potential as a raw material for particle board manufacture (Kalaycioglu et al., 2005). Olson et al. (1989) 
reported a drying time of 39 days for Paulownia timber (from green) to reach 20% moisture content, i.e. 3.5% 
moisture content loss per day in late May. 

Lyons (1993) reported that the branches of the tree can be used for household energy and a 10 year old tree 
has been reported to produce 350-400 kg branches for fuel (Zhaohua, 1987). Paulownia is said to require 
minimal management and little investment (El-Showk and El-Showk, 2003) and has been receiving greater 
attention as a short-rotation woody crop in recent years (Bergmann et al., 1997).  

A 7-year-old tree could yield up to 1.5 cubic meters (53 CFT) of timber or more. Paulownia tree is less than 
2/3 the weight of common commercial wood in the U.S. A cubic foot weight about 14-18 pounds v 25-30 
pounds for Fir. Although its strength is far superior, the timber is fire resistant, extremely light in both color and 
weight yet very strong, dries easily without a kiln, has a beautiful grain, and stains well, does not warp, split or 
crack, or deform or rot easily.  

The wood is easy to work with, and suitable for carving and has excellent insulation properties and stains to 
almost any color. (http://prestigeplantations.com/timber.html, accessed July 15, 2013). It provides beautiful 
wood for the manufacture of fine furniture (including kimono drawers), plywood, laminated beams, musical 
instruments (i.e. harps) and is ideal for boats. Its growth traits make it an ideal candidate for land reclamation 
and reforestation projects throughout the world. The charcoal made from this wood is used in high class fire 
work and in the preparation of gun powder (Anonymous, 1988).  

Paulownia Tree wood, even the youngest and the greenest harvested at 2 years, will not split or crack when 
dried rapidly - another valuable feature, and one unique to "Paulownia tree". The timber is ideal for Veneer, and 
the young tree can be used for pulp and paper. Board made from Paulownia tree has an attractive grain pattern 
and has a high sheen when polished. These characteristics are highly prized in furniture and other fine wood 
applications in many parts of Asia, particularly in Japan.  

Paulownia also has a range of medicinal properties which have been comprehensively described by Ayan et 
al. (2003), and the leaves and flowers of the Paulownia are rich in nitrogen and therefore serve as good fertilizer 
and fodder. The flowers are colorful and beautiful in spring and the trees are green and shady in summer. The 
Paulownia Tree is therefore very suitable for beautifying and enriching the environment and for forestation 
purposes. The Paulownia Tree can also be used for reclamation of mined areas. 

In China, after one year’s growth, when Paulownia was cut down, the leaves were offered to pigs and sheep 
(Zhaohua, 1987). Paulownia leaves are reported to have a similar feeding value to lucerne and are suitable for 
combining with wheat straw or hay for feeding to cattle, sheep or goats (World Paulownia Europe, 
http://www.worldpaulownia-eu.com/usesforpaulownia.html, accessed July 15, 2013). When the leaves fall, they 
can be a valuable source of organic matter and nutrients for the soil (Wang and Shogren, 1992), and can also be 
used for compost (Lyons, 1993). 

The Paulownia tree produces a superior timber, which is a perfect replacement for Rainforest timbers, 
which are being logged from our Rainforests through the world at an alarming rate. The Paulownia tree can 
totally replace the demand for this and most other sacred timbers (http://prestigeplantations.com/timber.html, 
accessed July 15, 2013). 

 
Technical specifications of Paulownia wood 
 
Density            (at 10% moisture content)   17.91 
Specific gravity       0.265 
Shrinkage coefficient  Specific gravity    0.21-0.27 
(green to oven dry)   Radial     1.1-2.0 
Tangential        2.1-3.5 
Binding properties   Modulus of rupture  5740 
(at 12% moisture)   Modulus of elasticity (x10)  0.838 
Chemical composition   Cellulose (%)   46-49 
Hemicellulose Pentozan (%)      22-25 
Lignin (%)        21-23 
Source: (El-Showk and El-Showk, 2003) 
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Inter cropping: 
 
Deciduous trees and semi-deciduous trees, in contrast to evergreen species, are less competitive 

commercially than crops like wheat and maize (Muthuri et al., 2005). Paulownia spp can be planted with wheat 
and maize as well as some winter vegetables in Bangladesh. Paulownia trees have a period of rest (in winter in 
Bangladesh), meaning that there is no major competition for water and other nutrients at the period of rest 
(Wang and Shogren, 1992). Paulownia intercropping with tea has also been studied by Chinese researchers.  

 
Paulownia for remediation: 

 
Research to examine the ability of Paulownia to take up nitrates, heavy metals and land contaminants has 

been conducted over the past two decades (www.worldpaulownia.com/html/remediation.html, accessed July 15, 
2013). Such trials included animal waste run off, human waste and organic waste from landfills. Recent work by 
Zhang et al. (2007) in China, where land near a Pb/Zn smelter, that was contaminated with heavy metals and re-
vegetated with Paulownin fortunei demonstrated that the use of Paulownia. fortunei for re-vegetation greatly 
improved structural and functional characteristics of the soil microorganisms. 

 
Environmental impact: 

 
The technology in the development of the Paulownia tree represents an environmentally effective direction 

for the survival of world timber supplies and the reclamation of defoliated and degraded land areas. Young 
Paulownia trees have large deciduous leaves, which provide ground cover and form mulch, which improves, 
rather than depletes the soil nutrients; thus removing or reducing the need for chemical fertilizers. The root 
system is deep and non-invasive, thereby lowering the water table and reducing the danger of soil salinity.  
 
Ecological impact: 

 
The many components of Paulownia tree play an important role in the ecological cycle. For example, the 

leaves and flowers of Paulownia tree are high in nitrogen and therefore serve as good fertilizer for plants and 
fodder for farm animals. The flowers are a good source of pollen and nectar, thus suitable for apiaries and honey 
production. The leaves of the tree are green and large, providing good shade in the summer, and the flowers are 
colorful, making the commercial planting of Paulownia tree not only useful as a source of timber but also 
suitable for beautifying and enriching the environment and for forestation purposes. They are also equally 
suitable for landscaping of urban and industrial areas. Paulownia tree can also be used for reclamation of mined 
areas.  
 
Commercial forest: 

 
Every day, tens of thousands of acres of tropical forests are decimated, either burned for open areas for 

domestic farming or clear-cut for commercial timber. This depletion of the tropical forest has a dramatic effect 
on the oxygen-carbon dioxide balance in the atmosphere and on the preservation of animals, insects, and plant 
species, which depend on the forest to survive.  

Substantial efforts have been initiated to slow the decimation of these forests by improving the management 
of natural forests and by increasing the yield of commercial forests. There are problems associated with most of 
the commercial forests in that the trees have long growth cycles and low timber volume. These two drawbacks 
of current commercial forests make Paulownia tree a very attractive alternative for commercial plantations.  
 
Forest conditions within Bangladesh: 

 
The area covered by government and village forests is about 16% of the total land area in Bangladesh; 

however only 0.93 million ha (6.5%) is under tree cover, which is about 40% of the forests controlled by the 
government. The remaining 60% includes denuded lands (grassland, scrubland and encroached areas). About 
24,000 ha of forest are lost annually as a result of homestead development, urbanization and deforestation 
(Anon, 1992). 
 
Timber supply & demand in Bangladesh: 

The contribution of forestry to the National Gross Domestic Product (GDP) at current prices has been 
estimated to be 1.80% (BBS & FAO, 2011). The supply of various forest products such as timber, poles, fuel 
wood, bamboo, etc. cannot meet the present demand. Village forest areas, being one-tenth of the national forest 
area, supply 70% of saw logs, 90% of fuel wood and 90% of bamboo consumption of the country (Douglas, 
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1982). The annual per capita consumption of timber and fuel wood was estimated to be 0.01 m3 and 0.08 m3, 
respectively, based on a population of 90 million as at 1980 (Byron, 1984). The figure would be less if the 
present forest production and population were considered. The estimated forest land will stand at 1.60 million ha 
in 2030. The estimated shortage of wood comes at 23.88 million m3 in 2030. (BBS, 2010).The gap between 
demand and supply has been increasing with the increase in population. This gap may be narrowed through the 
establishment of plantations of fast growing trees like Paulownia in the denuded forest areas, wastelands as well 
as homestead areas. 

 
Improvement of Paulownia: 

 
Paulownia is propagated through seed or by cuttings. Conventional methods of propagation through seed 

are unreliable because of disease and pest problem, poor germination and also slow growth than cuttings 
(Bergmann and Moon, 1997). Therefore, in vitro technique was investigated in order to provide mass production 
of shootlets in a short period of time and all over the year to cover the demand of the new settlements. 

Micropropagation from mature (15-year-old) trees of P. tomentosa has been reported via axillary shoot 
development (Burger, 1985; Song et al., 1989), whereas adventitious bud regeneration has scarcely been 
investigated in this species, and limited to those reporting bud formation from hypocotyl (Marcotrigiano and 
Stimart, 1983) and leaf explants (Rao et al., 1996) from seedlings. Protocols for adventitious shoot regeneration 
in other different Paulownia species and hybrids have been defined (Rao et al., 1996; Yang et al., 1996; 
Bergmann and Moon, 1997), although the adventitious buds were also initiated from explants taken from 
juvenile material of unproven value, specifically from in vitro-grown seedlings. As mentioned in the review by 
(Yang et al., 1996), adventitious shoot induction from mature material has only been reported in P. catalpifolia 
leaf explants isolated from in vitro shoot cultures, although the age of the parent tree was not given. 

In vitro propagation of Paulownia tomentosa was achieved through shoot bud regeneration directly from 
leaf explants or via the callus phase (Marcotrigiano and Stimart, 1983; Rao et al., 1996). Mass multiplication of 
Paulownia elongata through nodal culture has also been reported (Ipekci et al., 2001). The success procedures 
of consecutive micropropagation of many woody plants could be influenced by various factors from which plant 
growth regulators, physical conditions and growing media are the most important ones. The effect of 
benzyladenine (BA) at different concentrations on shoot multiplication rate was recorded on Eucalyputs 
tereticornis (Rao, 1988; Das and Mitra, 1990); on Quercus lobata (Johnson and Walker, 1990); on Stlingia 
latifolia (Bunn and Dixon, 1992); on Ruscus hypoglossum (Abou Dahab et al., 2005); and on Deutzia scabra 
(Sayed and Gabr , 2007).  

The influence of different types and concentrations of plant growth regulators on rhizogensis behaviour of 
shootlets in vitro was studied by Romano et al. (1992) on Quercus ruber. They indicated that rooting was 
achieved on in vitro regenerated shoots in an IBA concentrated solution compared with other auxins-treated 
(IAA or NAA). Ibrahim et al. (1992), on Ficus bengamina, observed that rooting of shoots was obtained in MS 
medium without the addition of growth regulators. Ostrolucka and Bezo (1994) cultured the explant of Quercus 
species (Q. ruber, Q. cerris and Q. rubra) on woody plant medium with IBA or NAA at various concentrations. 
They noticed that the highest rhizogensis rates were obtained in case of using low concentration of IBA or 
NAA.  

Regarding growing media, Nower (1998) in a study on Syngonium podophylum mentioned that using a soil 
mixture of peat moss and sand at ratio 3:1 resulted in best growing after 1, 2 and 3 months of planting compared 
to soil mixtures of peat moss and sand at 2:1 and 1:1, or peat moss only. Venkateswarlu et al. (2001) showed 
that in vitro grown shoots of Paulownia fortuneii could be successfully ex vitro in a vermiculite + cocopeat 
mixture at less than 95% humidity, followed by gradual reduction of humidity. Abou Dahab et al. (2005) with 
Ruscus hypoglossum, and Sayed and Gabr (2007) with Deutzia scabra pointed out that transfer of rooted 
shootlet to different kind of media substrate to greenhouse showed different effects on the survival of plants.  

In view of the above studies, the climate and forest conditions of Bangladesh, the lack of timber for fuel and 
furniture, as well as the need for re-forestation, and the need for fast-growing trees, the objective of the present 
study was to generate an improved in vitro micropropagation technique for Paulownia tomentosa. 

 
Material and Methods 

 
Initiation of aseptic culture: 

Explants were collected from tissues of mature Paulownia tomentosa Steud. plants. The shoot tips and 
nodal segments were cut and collected in a beaker containing water to avoid desiccation and then brought to the 
laboratory.  
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Surface sterilization: 
 

For surface sterilization the shoots were defoliated and apices of two to three nodes were taken. They were 
then washed thoroughly under running tap water for 30-40 minutes, washed with liquid detergent for another 
15-20 minutes, and then with a solution of 5% W/V Aseptic Savlon for 10 minutes. After repeated washing with 
distilled water, the explants were finally treated with 0.2% HgCl2 for 10 minutes in the laminar air flow cabinet 
and washed for three times with autoclaved double-distilled water.                
 
Culture method: 
 

After surface sterilization, shoot apices were excised at the base and divided into pieces of the explants of 
size 25-30 mm with at least one node in each explant. The basal medium used for all the experiment was 
Murashige and Skoog (1962) mineral formulation containing standard salts and vitamins, 3% sucrose and 0.7% 
Agar (w/v). The media were supplemented with benzyl aminopurine (BAP) and kinetin (KIN) either 
individually or in combination with Auxins (naphthalene acetic acid, NAA). The pH of the medium was 
adjusted to 5.8 before adding agar and the media were then autoclaved (1.1 kg/cm2 for 20 minutes at 120 0oC). 
 
Incubation: 
 

The culture vessels were incubated to 16 hours of light and 8 hours duration of dark at 25±1°C, and the 
light intensity of the growth chamber was 2000 Lux. The cultures were regularly sub-cultured at four-week 
intervals. Observation was recorded over 7 days of inoculation and subculture. All experiments were repeated 
three times with at least ten cultures per treatment.  
 
Multiplication of shoots: 
 

The primary shoots regenerated from explants were cultured in MS basal medium supplemented with BAP 
and KIN either alone or in combination with NAA. Best cultures were isolated and sub-cultured on same media 
for four weeks.  
 
Rooting: 
 

For rooting, 25-30 mm long shoots were excised from multiplication cultures and implanted to rooting 
medium consisting of half strength of MS macro and micro nutrients in the glass tubes. The media were 
supplemented with IAA and IBA (0.5 - 1.5 mg/L). 
 
Transplantation: 
 

Rooted shoots of three-weeks-old cultures were transferred to pots after in vitro hardening. For in vitro 
hardening, the culture tubes were kept in a room of normal temperature (30±2oC) and normal day light for 7 
days. Plants were then taken out from the culture tubes, the agar was washed out from the root and plants 
transplanted to small trays (each tray contained ten plantlets) filled with compost, soil and sand (1:1:1 ratio). 
The trays were kept in shady place, covered with transparent polythene sheet and were watered daily. After 10-
12 days when the plants were fully acclimatized to the outdoor conditions, they were again transplanted 
individually in clay pots containing compost and soil (1:1 ratio) and watered on alternate days. 
 
Statistical analysis: 
 

The data obtained in the present study were analyzed statistically by One-way analysis of variance 
(ANOVA) to determine the variation between the treatments. Between any of the two means at p = 0.05 (the 
level of probability chosen for the F value), Dunkan’s Multiple Range test (DMRT) was determined. All 
experiments were repeated three times with at least ten cultures per treatment. 
 
Results and Discussion  

 
Initiation & multiplication of shoot culture: 

 
The surface sterilization procedure described in material and methods yielded 90% aseptic cultures.  
The effect of different concentrations of BAP (0.0, 1.0, 2.0, 2.5 and 3.0 mg/L) on the in vitro shootlets 

formation of Paulownia tomentosa is shown in Table 1. Data indicated that supplementation of the culture 
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medium by 2.5 mg/L of BAP with 0.5 mg/L NAA favored shootlets initiation compared with control. It can be 
mentioned that the concentration of BAP at 2.5 mg/L with 0.5 mg/L NAA gave the best results of shoot 
induction (84%) in 18-20 days, shootlets number per explant (7.40), length of shootlets (5.60 cm). These results 
are in agreement with those obtained by Takayama et al., (1991). They noticed that BAP was more effective for 
Lilium bulblets development. These results could be explained by that cytokinins have important physiological 
effects, as they have been shown to stimulate cell division as well as cell elongation, to activate RNA synthesis 
and to stimulate protein synthesis and enzyme activity, as has been reviewed by Kulaeva (1980). Taha et al., 
(2008) found almost the same result using BAP in MS medium. Kinetin either alone or in combination with 
NAA was less effective than BAP and NAA. Data indicated that, supplementation of the culture medium by 3.0 
mg/L of KIN with 0.5 mg/L NAA showed shoot induction (76%) in 20-22 days, shoot number per explants 
(6.5), length of shoot (5.02 cm).  

Table 2 shows that treatment 4 (2.5 mg/L BAP + 0.5 mg/L NAA) was statistically significant for percent of 
shoot regenerated and number of shoot per explants as analyzed by DMRT at 5% confidence level. However, 
for length of longest shoot, no significant difference was found between treatment 3 (3.0 mg/L KIN + 0.5 mg/L 
NAA) and 4 (2.5 mg/L BAP + 0.5 mg/L NAA).  

 
Rooting Potentiality: 
 

Shoots derived from multiplication stage were separated and transferred to a rooting medium having half-
strength basal MS medium supplemented with various concentrations (0.5, 1.0 and 1.5 mg/L) of IAA (indole 
acetic acid), IBA (indole butyric acid) or NAA either alone or in combinations. 

The percentages of rooting as well as the number of roots per shoot were recorded after 2 weeks of culture. 
The results presented in Table 3 show that the addition of IBA (0.5 mg/L) led to the highest percentage of 
rooting (98%) compared with culture medium without growth regulators and that contained IBA+NAA and 
IAA+NAA (1.5+1.0 mg/L), which gave the lowest percentage of rooting (10%). Some investigators came to the 
same results with other plants as Zaghloul et al. (1992) observed with Eucalyptus citriodora. However, the 
highest number of roots formed per shoot (5.2) was observed with culture media containing (0.5 mg/L) IBA. It 
can be noticed from data in Table 3 that culture medium using IBA+NAA and IAA+NAA (1.5+1.0 mg/L) 
produced the lowest number of roots (1.5 and 1.2, respectively). Culture medium without growth regulators did 
not lead to any root formation at all (Table 3). These results agree with that obtained by Chua et al. (1981). 
Dragan (1989) found that in vitro rooting of Dracaena was stimulated by addition of IBA or NAA.  

 
Table 1: Effect of growth regulators in MS medium on shoot induction, number of shoots per explants and length of longest shoot of  
             Paulownia tomentosa. 

Plant growth 
regulators 

Days to Shoot 
initiation 

% of shoot proliferation No of shoot per 
culture 

Length of longest shoot (cm) 

Without growth regulators 
0.0 - 05 0.4 (.11) 0.05 (.09) 
BAP (mg/L)  
0.5 30-35 57 2.0 (.50) 3.04 (.12) 
1.0 30-32 59 2.2 (.24) 3.08 (.12) 
2.0 26-28 62 3.4 (.37) 3.20 (.13) 
2.5 20-22 75 4.8 (.50) 3.84 (.14) 
3.0 25-28 65 3.8 (.41) 3.40 (.11) 
KIN ( mg/L)  
0.5 32-36 66 1.8 (.37) 3.16 (.13) 
1.0 32-34 68 2.0 (.31) 4.02 (.13) 
2.0 28-30 58 2.6 (.31) 3.44 (.09) 
2.5 25-28 45 3.8 (.37) 3.50 (.14) 
3.0 22-24 68 4.5 (.24) 3.60 (.14) 
BAP + NAA ( mg/L)  
1.0+0.1 30-35 20 2.4 (.24) 3.02 (.12) 
2.0+0.1 30-32 50 3.2 (.37) 3.40 (.15) 
2.5+0.1 26-28 65 5.8 (.37) 3.10 (.14) 
3.0+0.1 30-32 55 4.6 (.40) 3.90 (.11) 
1.0+0.5 30-32 40 3.0 (.31) 4.00 (.11) 
2.0+0.5 20-22 65 2.8 (.21) 4.24 (.12) 
2.5+0.5 18-20 84 7.4 (.31) 5.60 (.10) 
3.0+0.5 26-28 70 3.0 (.31) 4.32 (.12) 
2.0+1.0 30-32 60 2.8 (.21) 3.40 (.15) 
2.5+1.0 25-28 55 3.4 (.31) 4.10 (.14) 
3.0+1.0 30-35 25 2.0 (.21) 3.90 (.11) 
KIN+NAA (mg/L) 
1.0+0.1 30-35 20 2.0 (.20) 2.42 (.12) 
2.0+0.1 30-32 40 3.0 (.31) 2.80 (.15) 
2.5+0.1 26-28 55 5.2 (.37) 3.10 (.12) 
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3.0+0.1 30-32 45 4.0 (.40) 3.90 (.11) 
1.0+0.5 30-32 35 2.6 (.21) 4.20 (.11) 
2.0+0.5 30-32 55 3.0 (.21) 4.24 (.12) 
2.5+0.5 28-30 64 4.6 (.31) 4.40 (.11) 
3.0+0.5 22-24 76 6.5 (.40) 5.02 (.12) 
2.0+1.0 30-32 60 2.2(.21) 3.40 (.12) 
2.5+1.0 32-34 55 2.0 (.31) 3.10 (.14) 
3.0+1.0 25-28 25 4.0 (.37) 4.50 (.12) 
Standard error is shown in parenthesis. 

 
Table 2: Statistical analysis of different treatments on various parameters. 

Treatment Percent of shoot 
regenerated per explants: 

No of shoot regenerated 
per explants: 

Length of longest shoot 
(cm): 

1 3.0 mg/L KIN 68.0 a 4.5 a 3.60 a 
2 2.5 mg/L BAP 75.0 ab 4.8 a 3.84 a 
3 3.0 mg/L KIN + 0.5 mg/L NAA 76.0 ab 6.5 b 5.02 b 
4 2.5 mg/L BAP + 0.5 mg/L NAA 84.0 b 7.4 c 5.80 b 

Values within the same column with same letters are not significantly different at 5% level of significance by DMRT. Data Analysis was 
done by SPSS 15.0 Computer Software. 
 
Table 3: Effect of growth regulators in ½ strength MS medium on root induction, number of roots per shoot and days to root initiation from  
              shoots of Paulownia tomentosa. 

Plant growth regulators Days to root initiation % of root proliferation Number of roots formed per shoot 
Without growth regulators 
0.0 - No root No root 
IBA (mg/L)  
0.5 12-15 98 5.2 (.11) 
1.0 20-24 80 4.5 (.12) 
1.5 35-40 52 3.0 (.09) 
IAA ( mg/L)  
0.5 22-26 86 4.2 (.21) 
1.0 30-32 48 3.5 (.23) 
1.5 48-50 28 2.8 (.11) 
IBA + NAA ( mg/L)  
0.5+0.5 30-35 60 3.0 (.19) 
1.0+0.5 30-32 40 2.6 (.11) 
1.5+0.5 26-28 35 2.4 (.14) 
0.5+1.0 30-32 25 2.3 (.37) 
1.0+1.0 34-36 30 2.5 (.09) 
1.5+1.0 40-42 10 1.5 (.11) 
IAA+NAA (mg/L) 
0.5+0.5 32-34 50 2.8 (.21) 
1.0+0.5 30-32 30 2.4 (.11) 
1.5+0.5 36-38 35 2.2 (.17) 
0.5+1.0 32-34 25 2.0 (.19) 
1.0+1.0 30-32 15 2.1(.11) 
1.5+1.0 45-48 10 1.2 (.12) 
Standard error is shown in parenthesis. 

 
Transplantation: 
 

Rooted shoots of three-weeks-old cultures were transferred to pots after in vitro hardening. For in vitro 
hardening, the culture tubes were kept in a room of normal temperature (30±2oC) and normal day light for 7 
days. Plants were then taken out from the culture tubes, the agar was washed out from the root and transplanted 
to small trays (each tray contained ten plantlets) filled with compost, soil and sand (1:1:1). The trays were kept 
in a shady place, covered with transparent polythene sheet and were watered daily. After 10-12 days, when the 
plants were fully acclimatized to the outdoor conditions, they were again transplanted individually in clay pots 
containing compost and soil (1:1) and watered on alternate days. About 75% plants survived in the soil.  

The various stages of Paulownia tomentosa culture and growth are shown in Figure 1. It is expected that the 
techniques developed for micropropagation and transplantation of plantlets can lead to successful commercial 
cultivation of Paulownia tomentosa in Bangladesh.  
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Fig. 1: Various stages of micropropagation and establishment of Pauwolnia tomentosa. 
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