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Abstract: Boswellia serrata Roxb. (Burseraceae) is an endangered, dry deciduous, moderate branched tree 

species. It is a native to India and has been naturalized in the tropical parts of Asia, Africa and Middle East 

(Gaofeng et al.  2006).During the past years, protocols for in vitro propagation were established for number 

of tree plants. For woody trees, conventional breeding techniques find quite difficult, slow and time 

consuming. Therefore it is an emerging prerequisite to establish efficient protocols for micropropagation, 

zygotic embryo germination, influence of biotic and abiotic elicitors.  In present article we try to focus on in 

vitro approaches towards improvement of Boswellia serrata Roxb. using most significant and reputed 

research articles which were published in approved journals. 
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INTRODUCTION 

Boswellia serrata Roxb. (Burseraceae) is popularly known as Indian frankincense tree. It is 

geographically distributed in tropical and subtropical region of world as tree and shrubs with 700 species 

from 18 genera of Africa (Sudan, Eritrea, Ethiopia, Somalia, and Kenya), southern Arabia (Oman and 

Yemen), and India (Rajasthan, Andhra Pradesh, Gujarat,Madhya Pradesh, Jharkhand and Chhattisgarh) 

(Siddiqui MZ, 2011). Johann Boswell (1719-80) describes 25 species of Boswellia (some of them appear as 

synonyms of 21 species). Therefore the genus Boswellia named in tribute of Johann Boswell (Watson and 

Dallwitz MJ, 1992, Langenheim JH, 2003 and Anuj S, Bohra NK, 2021). Sharma et al. (2004) reported that 

Boswellia serrata is most valued and ancient plants in Ayurveda. They also reported that elephants like it as 

their diet therefore in Sanskrit it is known as ‘Gajabhakshya’. Boswellia serrata shows poor seed 

germination rate in natural conditions therefore it is considered as endangered species as a result of 

production gum resin is decreased (Sharma 1983, Purohit et al. 1995).  
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Boswellia serrata Roxb. is also known as ‘Salai Guggal’. It is used as fodder for cattles, timber, 

religious, medicinal and cosmetics. This plant also used for oleo-gum-resin which is credited for its 

astringent, stimulant, expectorant, diuretic, antipyretic and antiseptic properties and it is also important to 

cure ulcer, goiterpiles, diarroha etc. By the incision of the bark, we can obtain oleo-gum resin which is 

composed of essential oil (5-9%), mucopolysaccharides (21-22%) and pure resin (65-85%) containing 

tetracyclic and pentacyclic triterpene acids, of which Boswellic acids are most important bioactive 

molecules (Ammon 2011, Abdel-Tawab et al. 2011, Yasiry and Kiczorowska, 2016, Martina Bertocchi et al. 

2018). The formulation of this resin widely used in pharmaceutical formulations for the relieving purposes 

of aches and pains especially related to arthritis (Singh and Atal, 1986, Chikamai 2002).  

In present article we try to focus on in vitro approaches in Bosewellia serrata which were attempted 

by various workers in terms of in micropropagation, influence of biotic and abiotic elicitors on callus 

culture, influence of agar concentration, embryo germination propagationand callus culture. 

MICROPROPAGATION 

When we go through the literature survey of Boswellia serrata, we find the first ever report on in 

vitro propagation of Purohit et al (1995). They developed the procedure for large scale multiplication using 

cotyledonary explants. They obtained average four shoots per node on MS medium containing 0.5 mg BAP 

and 0.05 mg NAA with 22 days of cultures while after 88 days, on subculturing they obtained 90-100 shoots 

per node. They obtained rooting of shoots on MS media fortified with ¼ salts, 1% Saccharose and 

combination of 0.5 mg IBA and 0.25 mg IAA. Within 8 to 10 days, 80% of shoots were showed rooting. 

Before transplantation they transferred the rooted shoots in bottles which containing Soilrite and irrigated 

with ¼ MS salts without sucrose and growth regulators and they achieved the 70% transplantation success. 

For avoiding the problem of browning cultures they used 50 mg polyvinylpyrrolidone (PVP) and 100 mg 

ascorbic acid in multiplication as well as rooting mediums.   

EFFECT OF AGAR CONCENTRATION 

Suthar et al (2011) reported the improved protocol for Boswellia serrata micropropagation by 

manipulating agar concentration in the MS medium and liquid culture system. For their experiment they 

used in vitro shoots. For study the influence of agar on shoot multiplication they used different 

concentrations of agar like 0.2%, 0.4%, 0.6%, 0.8% and 1.0% w/v. This different type of concentration of 

agar used along with standard shoot multiplication MS medium containing 0.5 mg/l BAP and 0.05 mg/l 

NAA. For study the influence of liquid medium,they used borosilicate glass beads ca. 10 mm diameter as 

support matrix.  For assessment and comparison of cultures they used various parameters like rate of shoot 

multiplication, average shoot length, number of leaves per cluster, water content percentage, total fresh and 

dry weight as well as biochemical characterization like chlorophyll a, b and total chlorophyll.   

IN VITRO ZYGOTIC EMBRYO GERMINATION AND PROPAGATION 

Organogenesis in woody species is of long duration, cost intensive with high mortality of plantlets 

on hardening and field transfer. Though Ghorpade et al (2010) developed an efficient protocol for mass 

plantation of seedlings of Boswellia serrata.  
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They excised green zygotic embryos from mature seeds and cultured on Gamborg (B5) medium, 

McCown and Loyd (WPM) and Schenk and Hildebrandt (SH) media containing different concentrations of 

sucrose and MS medium  fortified with 3% sucrose, 0 to 300 mg/l PVP, GA3, IAA, NAA, IBA, 2,4 D, BA 

or  Kin individually. All these media (MS, SH, WPM and B5) did not shows any significant results in terms 

of germination of embryos but on MS medium (3% Sucrose + 200 mg/l PVP), they achieved highest 

frequency of embryo germination and conversion into seedlings (96%) while on other hand other media 

were inferior or brought abnormalities in seedlings with callus formation from the zygotic embryos. They 

obtained 94% survival of fully developed seedlings on hardening in the soil.They correlate their results with 

earlier reports in other tree plants like in Apricot (Yildirim et al. 2007) and Givotia rottleriformis (Rambhau 

et al. 2006)  that effects of sucrose on in vitro cultured embryos and germination.  

They reported that mature dry seeds did not show any sign of germination on any media and 

concentrations of different plant hormoneswhich used in their experiments. But they achieved results in case 

of mature green seeds in terms of germination and propagation.  

INFLUENCE OF BIOTIC AND ABIOTIC ELICITORS 

As we know that Boswellia serrata is an endangered plant and has great medicinal properties. It is 

urgent need that enhances the accumulation of boswellic acid by using promising approach like tissue 

culture techniques. Ghorpade et al. (2011) succeeds for first time report onin vitro production of boswellic 

acid from callus cultures.They studied the effect of biotic and abiotic elicitors on production of four major 

components of of boswellic acid (11-keto-β-boswellic acid (KBBA), acetyl-11-keto-β-boswellic acid 

(AKBBA), β-boswellic acid (BBA) and acetyl-β-boswellic acid (ABBA)) on callus of Boswellia serrata. 

For this study, they used biotic elicitors like Fusarium oxysporum, Penicillin notatum, Mucor sp. and yeast 

extract while abiotic elicitors like sodium chloride (NaCl), sodium sulphate (Na2SO4), ultraviolet light (UV-

C) exposure and light intensity. Among the different biotic elicitors, yeast extract (500 mg/l) shows better 

results for better accumulation of  11-keto-β-boswellic acid (27 fold), acetyl-11-keto-β-boswellic acid (23 

fold) and β-boswellic acid (42 fold). In case of abiotic elicitors, acetyl-11-keto-β-boswellic acid (10 fold) 

was found on application of 10 mg/l of sodium sulphate (Na2SO4) and 5 min exposure of UV-C shows better 

accumulation acetyl-11-keto-β-boswellic acid (10 fold) and β-boswellic acid (7 fold).   

Ghorpade et al. (2011) succeedsin encounter the problem of low content in callus cultures by using 

biotic and abiotic elicitors.As a result, they achieved significant improvement in four derivatives of 

boswellic acids. They successfully developed the new methodologies for mass production of four isomers of 

boswellic acid. There investigation provides an alternative for improvement in conservation status of 

Boswellia serrata and reduction will be seen in destruction of plants from natural resources.  

CALLUS CULTURE  

 Many ayurvedic and pharmaceutical companies reliable on field grown plants for gum-resin 

exudates which occur only in dry season. Due to overexploitation of natural gum resin and difficulty in seed 

germination it is an urgent need to develop an invitro propagation method and callus culture protocol for 

Boswelliaserrta. To contour this problem, Nikam et al. (2013) developed an efficient protocol for 
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micropropagation and callus culture. There results shows the callus derived from stem explants accumulate 

considerable level of boswellic acid. 

 Nikam et al. (2013) used axenic seedlings explants like root, stem, cotyledon and leaf which cultured 

on MS medium fortified with cytokinin like BA, Kin and auxins like TDZ and IAA, NAA and 2,4-D (0 to 

20 μM ) alone and in combination. The cultures show variation in responses with age, type and orientation 

of explants on regeneration medium. For overcome the problem of browning of callus, they use PVP (200 

mg/l). On MS medium fortifie with 2.5 μM to 10.0 μM IAA and 2.5 to 5.0 μM NAA, root, stem, cotyledon 

and leaf explants produced roots with little or without callus formation. Shoot regeneration observed on MS 

medium containing 0.5 to 10.0 μM BA, Kin and TDZ while only induction of callus occurs on MS medium 

which containing  2.5 to 10.0 μM 2,4-D either alone or in combination. Maximum callus formation 

observed at higher concentration of BA. They correlate their results with Putohit et al. (1995) in terms of 

shoot formation from cotyledonary nodes on MS medium which containing 0.5 mg/l BA and 0.05 mg/l 

NAA.  Nikam et al. (2013)  reported their significant observation that the age and position of explants 

influences its performance in the culture.  

 Nikam et. al (2013) observed callus formation on MS medium containing 10 to 15 μM BA, Kin, 

IAA, NAA, and 2.5 to 5.0 μM 2,4-D when used alone. Within 2 to 3 weeks of cultures, explants shows 

callus formation at cut ends. They reported that the type and concentration of auxins and cytokinins affects 

the callus growth. They observed extensive callus formation on15 μM BA or IAA, followed by Kin,NAA 

and 2,4-D. There results clearly indicate that induction of callus observed in seedling explants when auxins 

and cytokinins used individually. They also enhances the callus formation by adding  of 2.5 to 5.0 μM BA 

or Kin along with 10.0 to 15.0 μM IAA, NAA or 2.5 to5.0 μM 2,4-D. There results show that cytokinins 

enhance the effect of auxins in callus induction. They obtained friable and faint green colour callus 

formation take place on media containing auxin and cytokinin (without 2,4-D)while whitish or yellowish 

callus obtained on 2,4-D containing medium.  
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