
Indian Journal of Research in Pharmacy and Biotechnology 

Moitreyee Saikia and Karuna Shrivastava                                                       ISSN: 2321-5674(Print); 2320 – 3471(Online) 

IJRPB 3(2)                         www.ijrpb.com March-April 2015     Page 164 

Direct shoot organogenesis from leaf explants of Aquilaria malaccensis Lam. 
Moitreyee Saikia1* and Karuna Shrivastava2 

1* Postal address: Pink arcade Apartment, K.C. Sen road, Morkhali, Paltanbazar, Guwahati-781008, Assam, India 
2Laboratory of Biotechnology & Plant-Microbe Interaction, Department of Forestry, North Eastern Regional Institute 

of Science & Technology, Nirjuli-791109, Arunachal Pradesh, India 

*Corresponding author: E. Mail: moitreyeesaikia@gmail.com 

ABSTRACT 

The shoot regeneration in Aquilaria malaccensis was mainly been achieved from shoot tips or nodal 

explants. In this paper, the direct shoot organogenesis from leaf explants of agar tree has been presented. The 

juvenile leaf explants of agar tree were inoculated on MS medium supplemented with varying levels of BAP 

(0-2mg/l) + NAA (0.05-0.4 mg/l), many bud like protuberances appeared at the leaf tips. The period required 

for bud induction was 38 days. The highest induction percentage (53.33%) was recorded in the media 

supplemented with 2mg/l BAP+ 0.1mg/l NAA as compared to other treatments. The high cytokinin low auxin 

ratio positively influenced direct organogenesis in leaf explants of this tree species. The root induction 

percentage was recorded highest in half strength MS (½MS) medium supplemented with 1mg/l NAA as 

compared to other concentrations and combinations of hormones. Roots were not formed in hormone free MS 

medium. This is the first report on direct regeneration of the whole plant of A. malaccensis from leaves.   
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INTRODUCTION 

The Agarwood tree is native to north east India 

due to favorable climatic conditions of the region. It 

belongs to the genus Aquilaria of family Thymeleaceae. 

It is a large evergreen tree grows up to 40 meters height 

and 60 cm in diameter. It grows well from sea level up to 

500-m altitudes. Out of fifteen species of genus 

Aquilaria, eight are known to produce agarwood. A. 

malaccensis is known to be one of the most important 

species of commerce and valued for the production of 

impregnated resinous heart wood that gives fragrance 

(Anon, 1948). This natural product is an important raw 

material in the production of incense, perfumes and 

traditional medicines (Heuveling van Beek and Phillips 

1999). The agarwood (black resinous wood) commonly 

known as 'agaru' and agar oil (the essential oil) or agar 

attar are the most exalted perfumery raw materials 

obtained from the infected wood of Aquilaria spp. The 

agar oil is one of the oldest raw materials used in high-

grade perfumery and as a fixative, imparting a long 

lasting odour to the product. Agar tree (Aquilaria 

malaccensis) is naturally distributed in all the 

Northeastern States of India and also widely cultivated 

there. Due to over exploitation for its wood and oil, this 

tree species is now rarely found in wild habitat. 

Consequently, it is included in IUCN red data list of the 

year 2011 as vulnerable and at the verge of extinction 

from the natural forests. In order to preserve and utilize 

this rare and endangered plant species, it is absolutely 

necessary to establish an efficient propagation and plant 

regeneration system in the event of sudden deterioration 

or loss of the natural environment. The propagation of 

agar tree is generally done by seeds. The seeds of the 

tree are recalcitrant in nature due to high sensitivity to 

desiccation. The shelf life of the seeds is very short from 

15 days (Tabin, 2012) to 40 days (Shankar, 2012) at 

room temperature with best seed germination percentage 

immediately after collection or within 4-5 days only. The 

germination rate declines sharply by surpassing every 

day (Tabin, 2012). Therefore it is difficult to raising the 

plant throughout the year. Development of protocol for 

mass proliferation and conservation could be a viable 

alternative. Micropropagation of tree species offers a 

rapid means to produce clonal planting stock for re-

forestation programmes, gardening and the conservation 

of elite and rare germplasm (Fenning and Gershenzon, 

2002). Micropropagation has been successfully carried 

out in a range of woody plants (Bonga and Von Aderkas, 

1992). Regeneration has been accomplished in over 20 

endangered woody plants also (Wu et al., 2006). In-vitro 

regeneration of Aquilaria sp using different growth 

regulators from shoot tips (Qi, 1995; Pimol Tiengtum, 

1995; Meng-ling et al. 2005) and lateral buds (Pimol 

Tiengtum, 1995) has been reported earlier; however, no 

works has been reported so far regarding the direct 

regeneration of A. malaccensis from leaf explant.  

One of the main problems with micro propagated 

species is the low survival rate when they are transferred 

to ex-vitro conditions (Xiao et al., 2011). Arbuscular 

mycorrhhizal fungi (AMF) can contribute to plant 

growth and survival by reducing stresses associated with 

nutrition, water/aeration, soil structure, pH, salt, toxic 

metals, and pathogens (Sylvia and Williams, 1992). 

Mycorrhizal inoculation of in-vitro propagated 
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transplants has proven to be effective in respect to 

tolerance to transplant stress and improvement of growth 

and mineral nutrient status (Gianinazzi et al., 1989). 

Therefore, mycorrhizal technology was applied for better 

growth and establishment of in-vitro raised Aquilaria 

malaccensis plantlets. This paper proposes plant 

regeneration system via direct shoot organogenesis from 

leaf explants. 

MATERIALS AND METHODS 

Leaves from 6 month old in-vitro grown plantlets 

of A. malaccensis Lam. were used as explants for direct 

regeneration of plantlets. Explants were inoculated in 

MS (Murashige and Skoog, 1962) medium 

supplemented with different concentrations of growth 

hormones in 3% of sugar (w/v).  The pH of the medium 

was adjusted to 5.7 to 5.8 with 1N NaOH or 1N HCl 

prior to adding 0.8% bacto agar and autoclaved at 121ºC 

for 20 mins. MS Medium supplemented with 0-2mg/l 6-

benzyladenine purine (BAP), with 0.05-0.4 mg/l α-

naphthalene acetic acid (NAA) was used for shoot 

induction. For root initiation, MS medium supplemented 

with NAA (0.5-2 mg/l) alone or with different 

combination of Indole 3-acetic acid (IAA) (0.5-2 mg/l) 

were used. All the cultures were inoculated in wide 

mouth conical flasks under warm white florescent light 

intensity of 30µE /m2 /S1 with 16-h photoperiod at 25± 

2ºC. The medium which gave maximum number of 

multiple shoots was used for the further multiplication 

and maintenance. At an interval of 15 days, regenerated 

shoots were separated and sub-cultured using a fresh 

media with same hormonal combination. 6 replicates 

were used for each treatment and each replication 

contained 20 explants. Clumps of adventitious shoots 

were sub cultured in the same medium at an interval of 

15 days. The numbers of adventitious shoots per 

explants were recorded after 2 month of culture. Single 

shoots were isolated from clusters of multiple shoots and 

transferred to rooting medium containing with or without 

activated carbon + NAA or in combination with IBA for 

root formation. For root formation, light intensity of 

50µE /m2 /S1 with 16-h photoperiod at 25± 2ºC was 

maintained. The data on percent root formation, root 

length and number of leaves before and after root 

formation were recorded after 1 month. The in-vitro 

raised plantlets with about 5-8 cm in height with 5-10 

leaves and 2-3 roots were transferred to potting mixture 

with three different Arbuscular Mychorrizal Fungi 

(AMF) alone or in combinations inside the green house 

for its better establishment. AMF used were, Gigaspora 

margarita, Glomus fasciculatum and G. flavisporum. 

The potting mixture without any AMF was treated as 

control. After 3 months, all survived AM inoculated 

plantlets of Aquilaria malaccensis were transferred to the 

field. The care of seedlings was regularly taken by 

weeding and watering at proper intervals. Survival rate 

of plantlets in field conditions were recorded after 1 

year. All data were subjected to one way ANOVA. 

Differences between means were tested using Duncan’s 

multiple range test at p<0.05 level. 

RESULTS 

Bud induction and multiple shoot formation: Leaf 

explants of A. malaccensis were cultured on MS medium 

supplemented with varying levels of BAP + NAA. Many 

bud like protuberances were developed at the leaf tips 

after 38 days with maximum induction (53.33%) in SIL3 

(2mg/l BAP+ 0.1mg/l NAA) followed by SIL2 (2mg/l 

BAP+ 0.05mg/l NAA), SIL4 (2mg/l BAP+ 0.2mg/l 

NAA), SIL5 (2mg/l BAP+ 0.3mg/l NAA) and SIL6 

(2mg/l BAP+ 0.4mg/l NAA) which showed poor 

response (<50%) (Table 1, Plate 1A). The maximum 

average multiple shoots/explant (6.6) was recorded in 

treatment number SIL3 (Plate 1 B & C). With the 

increase of incubation period, more and more 

adventitious shoot buds were formed and developed in to 

multiple shoots; however, not a single explant could 

respond to bud induction in hormone free MS medium 

(SIL1) i.e. control. The maximum average shoot length 

(5.3cm) and average leaf numbers (7.3) were recorded in 

treatment SIL3 followed by SIL2 and SIL4 respectively. 

The lowest average shoot length (2.2cm) and minimum 

average number of leaves (3.7) were recorded in SIL6.  

The effect of different concentrations of phyto-hormones 

on shoot multiplication and growth of A. malaccensis in 

MS medium have been analyzed through ANOVA and 

found significant at 5% level. 

Root formation of multiple shoots: The success of 

tissue culture methods in plant propagation depends not 

only on the number of plantlets produced but also on 

their ability for adaptation and survival rate upon transfer 

to nursery and field conditions. Several factors such as 

concentration of rooting media, concentration and type 

of auxin(s) affects in-vitro rooting stage (Ameena et al., 

2009). In the present research, it was observed that age 

of in-vitro raised shoots has direct effects on root 

formation. Shoots with at least minimum 5 leaves 

formed roots. Multiple shoots developed roots when 

supplemented with rooting media (Table 2). After root 

formation, there was significant increase in shoot growth 

rate with the increase in leaf multiplication. The 

maximum roots formation (86.66%) was observed after 

average 13 days of culture in ½ MS rooting medium 

treated with 1mg/l NAA (RMS3). The minimum root 

formation (40%) was recorded in ½ MS medium 
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supplemented with 0.5mg/l NAA + 2mg/l IAA (RMS6) 

after an average of 46 days (Table 2; Plate 1 D). The 

maximum average root length (9.5cm) was measured in 

RMS5 and the minimum average root length (2.6cm) 

was recorded in RMS6 (Table 2). After 2 months, rooted 

plantlets were then immersed in sterile water for 15 days 

(Plate 1G) and then transferred to plastic pots containing 

sterilized nursery soil with three different types of AM 

inoculums in green house for their better establishment 

(Plate1 H). About 90% plantlets were survived after 3 

months. After 3 months, plantlets were transferred to 

field condition and 100% of them were survived.  The 

AM fungi Glomus fasciculatum alone or in combinations 

showed higher effects on growth and survival rate of A. 

malaccensis plantlets. 

DISCUSSION  

Direct organogenesis is regarded as the most 

reliable method for clonal propagation because it 

upholds genetic uniformity among the progenies. As in 

the present studies, direct shoot formation on leaf 

explants without an intermediate stage has been reported 

in MS medium supplemented with 2mg/l BAP and 

0.1mg/l NAA in the Agar plant. This is the first report of 

direct organogenesis from leaf explants in critically 

endangered A. malaccensis species hence have 

importance for conservation purpose. Different species, 

genotypes or explants may need different culture media 

or conditions to induce somatic embryogenesis or shoot 

organogenesis (Gregory, 2004). In Chirita medica, 

adventitious buds were induced from leaf explants on 

MS basal medium with 0.1mg/l NAA and 0.1mg/l BAP 

(Li et al., 2009).  Indirect organogenesis from leaf 

explants of Sinningia speciosa was reported by culturing 

leaves on MS medium containing 2mg/l BAP and 

0.2mg/l NAA, producing small green calli, after which 

adventitious buds formed (Xu et al., 2009). In Brunfelsia 

calycina, shoot formation from young leaf explants in 

MS medium supplemented with BAP and IAA was 

achieved after 6 weeks of culture (Liberman et al., 

2010). High activity of cytokinins (TDZ i.e. Thidiazuron 

or BAP) combined with low activity of auxins (NAA, 

IAA or IBA) could induce shoot organogenesis from 

leaves of Metabriggsia ovalifolia after 4 weeks of 

incubation of leaf explants (Ma et al., 2011). Somatic 

embryogenesis was induced in African violet 

(Saintpaulia ionantha) when supplemented with a high 

concentration of TDZ (5–10 µM), while a low 

concentration (2.5 µM) induced shoot organogenesis 

(Mithila et al., 2003; Taha et al., 2009). Direct 

organogenesis from leaf explants of the medicinal plants, 

Ophiorrhiza prostrata (Shahanaz Beegum et al., 2007) 

and Garcinia indica (Chauhan et al., 2012) has also been 

reported on MS medium supplemented with different 

concentrations of BAP only; however, in Drosera 

binata (Kawiak et al., 2003) organogenesis of shoots 

from leaf explants was recorded in combination of BAP 

and IBA or NAA. In our studies, shoot organogenesis 

was recorded from leaf explants after 38 days of 

incubation in combination of 2mg/l BAP+ 0.1mg/l 

NAA.The high cytokinin: auxin ratio positively 

influenced direct organogenesis in leaf explants of this 

tree species.  

The difference in the number of shoots formed 

from leaf and inter nodal explants may be a result of 

differences in the regeneration potential of different 

explants, which is attributed by the physiological state, 

age and cellular differentiation among the constituent 

cells (Murashige, 1974). Somatic embryogenesis in 5.0 

µM TDZ and shoot organogenesis was observed in 5.0 

µM BAP from leaf explants of Primulina tabacum (Ma 

et al., 2010; Xingyu et al., 2012). Enhancement in the 

induction of shoots by the synergy of BAP and auxins 

observed in the present study has also been documented 

in Aloe vera (Liao et al., 2004), Murraya koeningii 

(Rout, 2005) and Euphorbia nivulia(Martin et al., 2005). 

Shoot regeneration potential of leaf tip explants as 

recorded in the present study has also been emphasized 

in Beta vulgaris (Zhang et al., 2001) and Euphorbia 

nivulia(Martin et al., 2005) earlier. According to 

Welander (1988), leaves reach maturity first at distal 

(tip) and subsequently in a basipetal progression. High 

frequency shoot induction at the proximal region of leaf 

explant in Ophiorrhiza prostrata (Shahanaz Beegum et 

al., 2007) may be due to the higher level of IAA and 

abscisic acid as studied by Rajasekharan et al. (1987). 

This is in contrary to our findings. In the present studies, 

maximum shoots were formed distantly at the leaf tips 

instead of proximal region. This may be due to activation 

and stimulation of leaf buds present at the leaf tips. More 

research on direct shoot organogenesis from leaf 

explants are needed for mass propagation in case of A. 

malaccensis species. 

Difficulty in rooting has long remained a major 

challenge in the micropropagation of woody species in-

vitro (Harada and Murai, 1996). Fotopolous and 

Sotiropoulos (2005) mentioned that the mineral 

concentration of the medium affects rooting 

characteristics and had proposed its reduction to half 

normal strength for rooting improvement. Half strength 

MS (½MS) medium was found suitable for rooting 

purpose of A. malaccensis shoots. Root initiation and 

induction of Ficus anastasia was found to be best in half 

strength MS medium supplemented with 0.1mg/l IBA or 

NAA with 3 mg/l activated charcoal and 3 % sucrose 
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(Ameena et al., 2009). In Ulmus species (elms) NAA 

also showed highest root formation (Durkovic and 

Misalova, 2008). Increase in concentration of auxins 

showed positive effects on root numbers but negative 

effects on root length (Table 2). The root induction 

percentage was recorded highest in half strength MS 

(½MS) medium supplemented with 1mg/l NAA 

compared to other concentration and combinations of 

hormones. ½ MS medium supplemented with NAA or 

explant treated with NAA first and then placed in ½ MS 

medium forms normal and long roots (Plate 1D). 

Multiple shoots formed dumpy and short roots and callus 

at base with maximum number of roots/plant in ½ MS 

medium supplemented with (0.5mg/l) NAA+ (≥1mg/l) 

IAA (Plate 1E & F). It may be due to treatment of higher 

concentration of auxins. Auxins play an important role in 

root formation (Swamy et al., 2002). Use of activated 

charcoal suppresses callus formation in shoots (Ameena 

et al., 2009). The media supplemented with activated 

charcoal callus was not found (Plate 5.1H); however, ½ 

MS medium supplemented with NAA (1mg/l) with or 

without activated charcoal gave roots with less number 

without callus formation at the base of the shoots. 

Earlier, root induction in A. malaccensis shoots derived 

from shoot tips was reported on ½ strength MS medium 

after treating with 5µM NAA for 48 hours (Meng-ling et 

al., 2005). About 2-4 roots formed per micro cutting 

grew 3-3.5 cm long within 1 month at 1mg/l NAA in MS 

medium. Lower concentrations of NAA, IAA or the 

control set failed to induce roots. Higher auxin 

concentration reduced rooting percentage as well as root 

length. 

Beneficial Influences of AM fungi on the micro 

propagation of woody and fruit trees was studied by 

Taylor and Harrier (2003) and observed that AM fungal 

inoculation may help to overcome problems associated 

with micro propagation of these plants. Effect of 

arbuscular mycorrhizal fungi on acclimatization of micro 

propagated plantlets of melon, oregano, artichoke and 

Spanish broom was studied earlier (Ruta et al., 2009). 

Role of arbuscular mycorrhizal fungi in micro 

propagated blackberry (Rubus fruticosus var. brazos) 

plants helps in the increase of phosphorus absorption 

ability (Carreon, et al., 2007). AMF has been reported to 

improve rooting and survival and overall growth (Wang 

et al., 1993), reduced transplant mortality (Biermann and 

Linderman, 1983) and improved water relations 

(Gianinazzi et al., 1990) of micro propagated plants.  

Table.1.Effect of various concentrations of BAP and NAA in MS medium on bud induction and multiple shoots formation 

from leaf explants of A. malaccensis 

Hormonal 

concentrations 

Media 

code 

% induction 

in leaf 

explants 

Number of  

multiple 

shoots/explant 

Length of 

shoots 

(cm) 

Leaf 

number 

BAP conc. NAA conc. 

0 0 SIL1 0f 0±0.00e 0e 0d 

2 0.05 SIL2 40b 4.8±0.13b 4.7b 6.2a 

2 0.1 SIL3 53.33a 6.6±0.17a 5.3a 7.3a 

2 0.2 SIL4 26.66c 3.4±0.16c 3.8c 4.3b 

2 0.3 SIL5 20d 3.6±0.19c 3.6c 4.2b 

2 0.4 SIL6 13.33e 1.4±0.15d 2.2d 3.7b 

  SE(d)± 0.70 0.30 0.49 0.70 

  CD (5%) 1.44 0.62 1.02 1.45 

SIL= Shoot initiation from leaf explants 

Means of the column followed by the same letters are not significantly different according to Duncan’s multiple range test 

(p<0.05). Values with the means ± SEM derived from 6 replicates/ treatment. 

Table.2.Effect of different concentration of NAA and IAA in MS medium on rooting of in-vitro regenerated 

shoots of A. malaccensis 
Medium 

 
NAA 

mg/L 

 

IAA 

mg/L 

 

Media 

code 

Minimum 

days for root 

initiation 

No. of roots/ 

explant  

No. of leaves 

at the time of 

inoculation 

No. of leaves 

after 1month 

% Root 

formation 

Root 

length(cm) 

MS 0 0 RMS1 0d 0±0.00d 5.4±0.50b 6±0.54d 0d 0±0.00e 

½MS 0 0 RMS2 0d 0±0.00d 6±0.83b 6.4±0.67d 0d 0±0.00e 

½ MS 1 0 RMS3 13c 3.2±0.37b 7.4±0.60a 10.8±0.80a 86.66a 9.5±0.20a 

½ MS 2 0 RMS4 23b 2±0.31c 6.6±0.50b 9.4±0.50b 53.33b 6.6±0.17b 

½ MS 0.5 1 RMS5 43b 5.8±0.48a 5.2±0.86b 8±0.1c 60b 4.3±0.29c 

½ MS 0.5 2 RMS6 46b 3.4±0.24b 6±0.70b 9.2±0.80b 40c 2.6±0.30d         

Means in each column followed by the same letters are not significantly different according to Duncan’s multiple range test 

(p<0.05). Values with the means ± SEM derived from 6 replicates/ treatment 
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Plate 1: Direct organogenesis from leaf explants of A. malaccensis; A. direct organogenesis from tips of the leaves cultured 

on shoot regeneration medium; B & C. Formation of shoots from leaf explant; D. Rooting of in-vitro produced shoots on 

MS medium supplemented with 1mg/l NAA; E & F. Rooting on MS medium supplemented with 0.5mg/l NAA+ 1mg/l IAA; 

G. Plantlets in sterile water before transfer to potting mixture; H. Tissue culture raised plants 

 

CONCLUSION 

From the above investigations, it may be 

concluded that hormonal concentrations and 

combinations have varied effects on root formation and 

growth of in-vitro raised multiple shoots. Half strength 

MS medium supplemented with 1mg/l NAA was found 

to be the best treatment for root formation in Aquilaria 

malaccensis. The higher concentration of auxin induced 

root proliferation; whereas, it’s lower concentration has 

supported root elongation. Application of selected AM 

fungi in nursery soil has positive effects on growth and 

survival rate of tissue culture raised plantlets as 

compared to un-inoculated plantlets of A. malaccensis. 

This is the first report of studies on effects of AMF in in-

vitro derived plantlets of A. malaccensis. 
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