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Abstract 

An efficient protocol has been established to improve the incidence of bud-break and shoot-growth in single 

node segment cultures of a 35-year-old mature neem tree. Routinely, the cultures were raised in summer 

(March-May) because of the highest aseptic culture establishment and best shoot growth recorded in this 

season. ½ MS (major inorganic salts reduced to half strength) medium supplemented with 1µM 6-

benzylaminopurine (BAP) and 500mgl-1casein hydrolysate (CH) proved to be the best to initiate maximum 

percentage of bud-break in cultures. For further shoot multiplication, full strength MS medium containing 

BAP (1µM) and a low concentration of CH at 250 mgl-1 was found to be the best. Therefore, for recurrent 

shoot multiplication, single node segments from in vitro developed shoots were excised and cultured on MS + 

BAP (1µM) + CH (250mgl-1) medium where a pre-existing axillary bud proliferated into an elongated (9.5cm 

long) healthy, multinodal solitary shoot (with 9 nodes/shoot), after 5 weeks. The shoot was again cut into 

single node segments and planted onto the fresh medium of the same composition for large scale clonal 

propagation. With this method, 9-fold recurrent shoot multiplication was achieved in every 5 weeks. Finally, 

these shoots were rooted with a frequency of 84% on ¼ MS (major inorganic salts reduced to quarter 

strength) medium supplemented with 0.5µM indole-3-butyric acid (IBA). Transplantation survival of 

micropropagated plants was 81.8%.  
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Abbreviations 

BAP - 6-benzylaminopurine; CH - casein hydrolysate; GA3 - gibberellic acid, IBA - indole-3-butyric acid 

1. Introduction 

Azadirachta indica A. Juss. is a majestic, evergreen, tropical forest tree belonging to the family Meliaceae. 

Besides being a popular avenue tree with a large crown, the wood of neem has been used as timber for house 

building, furniture and other domestic and agricultural tools. The timber is reported to work well with hand 

and machine tools36. Its wood resembles teak wood in strength and is more resistant to shock, fungi and 

insect attack; it is immune to termites and durable even outdoors37. Neem tree is known to increase the soil 

fertility and its water holding capacity as the tree has a unique property of calcium mining which changes the 

acidic soil into neutral2. The tree is resistant to high temperatures and drought and has been employed for 

afforestation of dry localities, reforesting bare ravines and checking soil erosion13.  

Besides, various parts of the neem tree, particularly leaves, bark and seeds have been traditionally used in 

India in ayurvedic medicines. The seed oil has been used as antimalarial, antihelminthic, vermifuge, 

antiseptic, antimicrobial and is also known to cure various skin disorders. Neem owe these properties due to 

the presence of several bioactive compounds; the most prominent one being Azadirachtin. To meet the 

economic demand of the neem tree, an efficient propagation technique is required which could result in large 

quantities and good quality of planting materials. Vegetative propagation of an adult neem tree by 

conventional methods is difficult21.  Therefore, it is normally grown from seeds but the seeds are of 

recalcitrant type; they loose viability within 2-3 weeks27. Propagation by seeds is also undesirable because of 

the highly heterozygous nature of the plant owing to cross-pollination and enormous heterozygosity. 

Moreover, the reproductive phase in neem normally begins after 5 years of seed propagation22, 33. So, one has 

to wait for a long time to obtain seeds and fruits.  

In vitro micropropagation method would provide the best means for mass clonal propagation of selected elite 

trees in a short period of time. Plant propagation through axillary-shoot-proliferation is the choicest method 

for true-to-type propagation 28, 15, 16, 5. The major advantage gained by maintaining such highly organized 

cultures is that the clonal fidelity is assured 28, 24. There are a few reports on forced axillary branching and 

complete plantlet development in neem where the seedling material or material of unspecified age was used 
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as the initial explant10, 19, which is of no significance in clonal propagation of elite trees. Two reports are 

available on clonal propagation of adult neem trees (25-30 years old) through axillary-shoot-proliferation, but 

these reports lack crucial information on rate of shoot multiplication in recurrent subcultures18, 32. On the 

contrary, few others found the explants from younger trees (2-8-year-old) are more responsive for clonal 

propagation of neem14, 20, 34. Of the above mentioned reports, though some have been successful in allowing 

rapid clonal propagation of young neem tress, others lack crucial information such as age of explant source 

and/or rate of shoot multiplication which are of immense importance in micropropagation studies. Thus, 

there is an urgent need to develop a protocol for large scale propagation of mature trees to supply sufficient 

clonal planting material. The paucity of reports on large-scale clonal propagation of many woody trees 

through tissue culture lies mainly in the difficulty of initiating axenic cultures and in attaining a high rooting 

percentage. Thus, the present study was undertaken to determine the factors that could contribute to 

successful initiation of cultures, continuous and rapid proliferation of axillary shoots and a high rooting rate, 

compatible for mass propagation of a 35-year-old field grown mature tree of neem.   

2. Materials and methods 

2.1. Culture establishment and induction of axillary-bud-proliferation  

Single nodal segments (2.0 cm) were excised from lateral branches of the main trunk of a 35-year-old elite 

neem tree during three seasons, summer (March- May), rain (June-September) and winter (October-

February), over three consecutive years to initiate cultures. After removing the leaves, the cuttings were 

thoroughly washed with 1% Savlon solution for 20 minutes and rinsed with sterile distilled water. All 

subsequent operations were done inside the laminar-air-flow cabinet (Saveer Biotech, India). The cuttings 

were given a quick rinse in 70% ethanol for 30 seconds, followed by two washings in sterile distilled water. 

They were then surface sterilized with 0.15% (m/v) mercuric chloride solution for 13 minutes and rinsed 

thrice with sterile distilled water. The cuttings were slightly trimmed at the cut ends to expose the fresh tissue 

before being cultured on Murashige & Skoog29 (MS) basal medium containing 3% sucrose and gelled with 

0.8% agar (HiMedia Laboratories Pvt. Ltd., India). After adjusting the pH to 5.8, 20 ml of the medium was 

dispensed into each 150 x 25 mm Borosil rimless glass tube. The culture tubes were plugged with 

nonabsorbent cotton wrapped in cheesecloth and autoclaved at 1.06 Kg cm-2 and 121°C for 15 minutes. All 
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the cultures were maintained in diffuse light (1000-2000 lux) and 16 hr photoperiod at 25±2°C and 50-60% 

relative humidity. 

The sterilized explants were initiated on either full-strength MS or half-strength MS (½ MS, major inorganic 

salts reduced to half-strength) basal medium. Subsequently, the cultures were tested with the medium 

containing 1µM 6-benzylaminopurine (BAP) alone or in combination with 500mgl-1 casein hydrolysate (CH; 

RM 013, HiMedia laboratories Pvt. Ltd., Mumbai, India; contains vitamin B12, Pepsin, Trypsin, Papain) for 

axillary-bud-proliferation. The axillary bud-break started from second week onwards and the shoots for in 

vitro multiplication became available only after the fifth week. 

2.  2. Multiplication of shoots 

For multiplication, single node segments from shoots induced on ½ MS + BAP (1µM) + CH (500mgl-1) were 

excised carefully from 5-week-old cultures and transferred to full-strength MS medium supplemented with 

BAP (1µM) and CH in the range of 250-2000 mgl-1. At the end of the passage, each axillary shoot, which had 

grown fairly long, was cut into single node segments of about 1 cm length and transferred to fresh medium of 

same composition for further multiplication. The number of propagules obtained at the end of a multiplication 

cycle was regarded as the rate of shoot multiplication. 

2.3. Rooting of shoots 

For rooting, terminal 3 cm long portions of elongated shoots with 3-4 nodes were excised, given an oblique 

cut at the base to increase the surface area of absorption for the nutrients from the medium and cultured on 

MS, ½ MS (major inorganic salts reduced to ½ strength) or ¼ MS (major inorganic salts reduced to ¼ 

strength) medium supplemented with 0.5 and 1.0 µM indole-3-butyric acid (IBA).  

2.4. Data collection and statistical analysis 

At least 24-cultures were raised for each treatment and all the experiments were repeated at least three times. 

Observations on the number of cultures showing contamination, bud-break, shoot elongation and rooting 

were made at weekly intervals. Standard error of the mean was calculated and is indicated by ± sign. 

Shoot proliferation rate was evaluated by counting the number of nodes on the shoots produced, considering 

that every node could be used as new explant for further subcultures, and it is presented on 5 weeks base. 
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Rooting experiments lasted for 4 weeks and at the end of each experiment, the number of rooted shoots, 

number of roots per shoot, length of the longest root and number of laterals were evaluated and rooting 

capacity expressed as percentage. 

The number of successfully acclimatized plants was recorded 3 months after transplantation and expressed as 

survival percentage. 

2.5. Acclimatization of regenerated plants 

The rooted plants were washed to remove the agar, transferred to soilrite (Chowgule Industries, India; 

contains peatmoss with vermiculite) in hycotrays (Sigma, St. Louis, MO) and placed in a glasshouse. The 

glasshouse is furnished with facilities to maintain a gradient of humidity by the microprocessor controlled 

overhead fogging system, with temperature of 25±2°C and a photoperiod of 1600 lux. The relative humidity 

(RH) of the glasshouse is almost 70%. Initially, the plants were covered with cling film to maintain humidity. 

After 10 days, the cling film was removed and after another 3 weeks, the plants were transferred to soil in 

polythene bags and sprayed with the mixture (1:1) of 0.1% Urea (BASS, India) and Bavistin (BASS, India; 

an antifungal consisting of carbendazim, sodium salt of phenol, sulphonic acid condensation product, sodium 

salt of alkyl naphthalene and china clay). After another 4 weeks the plants were transferred to pots and 

shifted to a polyhouse (at 25±2°C). After 3 months of transplantation, the plants were shifted to shaded area 

under natural conditions. 

3. Results and discussion 

3.1. Culture establishment  

Aseptic culture establishment and bud-break depends upon amount of contaminations and physiological 

status of the collected explants during various seasons of the year31. The explants, in the present study, were 

mainly contaminated by fungus and rarely by bacteria. The rate of contamination and bud-break frequency 

varies with the season during which material was collected. Summer (March-May) had significantly highest 

aseptic culture establishment (79%) and less contamination (21%). The rain (June-September) and winter 

seasons (October-February) recorded significantly lower aseptic culture establishment (22% and 38% 

respectively). Whereas, summer begins with the resumption of active vegetative growth of neem during 

normal flowering in India that competes with pathogens resulting in excellent culture establishment and bud-
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break, by winter the shoots become old and it was difficult to break down the mature dormant state of the 

buds. 

Therefore, routinely, the cultures were raised in summer (March-May) because of the highest aseptic culture 

establishment and best shoot growth recorded in this season. Similar, seasonal effect on culture establishment 

has been reported for papaya23, apple17, guava1, mulberry7 and bamboo8, 25. Sudershan and Hussain35 

attributed this difference in response to the endogenous level of growth regulators and their activity, whereas 

Amin and Jaiswal1 suggested that the degree of phenolic exudation, resulting in the necrosis and death of the 

tissues, might be the reason for differential growth responses in vitro. The intensity of phenolic exudation is 

more in the explants collected from the older shoots than those from the younger ones30. 

3.2. Induction of axillary shoot proliferation 

Several tree species have been reported to prefer low salt concentration for their survival and multiplication 

in cultures where the level of salts in the MS medium is either toxic or unnecessarily high4. In the present 

study also, the rate of bud-break was significantly affected by the strength of the major inorganic salts in the 

MS medium. On MS basal medium (with full strength of the major inorganic salts), 60% of the nodal 

segments showed bud-break but the internodes of the axillary shoots were highly condensed, and the number 

of nodes could not be counted. Reducing the major inorganic salt concentration to half (½ MS), promoted 

higher bud-break (82%) than the full-strength MS medium but the axillary shoot remained highly condensed. 

Addition of BAP (1µM) overcame this deficiency by considerably promoting the frequency of bud-break and 

the shoot elongation. On an average 70% of the cultures showed bud-break after two weeks on MS (with full 

strength of the major inorganic salts) + BAP (1µM) and shoots attained a length of 5.3 cm, with an average 

of 2.1 nodes/shoot, after 5 weeks (Fig. 1). However, on this combination shoots were not very healthy; and 

almost half of the cultures showed yellowing and abscission of leaves after 4 weeks. Interestingly, ½ MS 

(major inorganic salts reduced to half strength) + BAP (1µM) supported a fairly good percentage of bud-

break and healthy shoot proliferation, where 82% cultures responded with a solitary shoot development 

measuring 2 cm in length, with an average of 2 nodes/shoot, after 5 weeks. Irrespective of the treatments, all 

the explants showed single shoot development (Fig.1). Incorporation of CH (500mgl-1) to ½ MS + BAP 

(1µM) has further improved the incidence of bud-break and shoot-growth. ½ MS + BAP (1µM) + CH 
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(500mgl-1) medium induced bud-break within 2 weeks and an average of 4 cm long solitary shoot, with 5 

nodes/shoot, developed in 100% cultures after 5 weeks (Fig. 2).  Thus, 5-fold multiplication was achieved in 

every 5 weeks in the initial cultures. Here, the shoot proliferation was associated with the proliferation of 

callus at the base of explant only (Fig. 5a). 

The major problem in in vitro propagation of mature woody trees lies in their recalcitrance, contamination 

and establishment in field. Joarder et al.18 cultured nodal segments from a 30-year-old tree of neem and 

observed maximum shoot proliferation on MS + BAP (6.6µM), where 60% of the single node cuttings 

exhibited bud-break and 2 shoots developed from each node. They also found that pre-culture of nodal 

segments on MS basal medium for 2 weeks followed by four weeks on shoot proliferation medium was 

essential/ beneficial for bud-break to occur. Although the details on the rate of shoot multiplication in 

subsequent subcultures is lacking, initially 2 shoots developed per node and the number of shoots increased 

with the increasing number of subcultures and then declined after 5-6 subcultures. Roy et al.32 utilized nodal 

segments from 25-year-old tree and found MS + BAP (4.4 µM) + NAA (0.54 µM) to be the best medium for 

shoot proliferation (86% cultures with 6 shoots per explant) in the initial cultures but the report lacks details 

on rate of propagation in subsequent subcultures. Joshi and Thengane20 cultured nodal segments from 2-5-

year-old juvenile trees as those from 15-20-year-old adult trees showed negligible bud-break. Similarly, 

Sharma et al.34, cultured nodal segments from 3, 7- and 40-year-old trees and found that the explants from the 

younger trees to be more responsive. Even after rigorous surface sterilization procedure, involving nine steps, 

only 20% aseptic cultures were obtained by them.  

In the present study, higher incidence of bud-break and shoot-growth has been successfully established 

through single node segment cultures by altering the major inorganic salt concentration in the MS medium 

and with the application of BAP and casein hydrolysate. BAP is known to release the axillary buds from 

apical dominance5 and the efficiency of casein hydrolysate observed in the in vitro growth of several plant 

cell cultures is in fact linked to its concentration of glutamine whose action would be to compensate the 

phosphorous deficiency of the culture medium6. The importance of glutamine would be greater since the MS 

medium is rich in nitrogen but deficient in phosphorous. Phosphorous is vital for cell division as well as for 

storage and transfer of energy in plants5.  
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3.3. Multiplication of shoots 

Although ½ MS + BAP (1µM) + CH (500mgl-1) proved very good for healthy shoot proliferation, shoot 

elongation was not very satisfactory, maximum length being 4 cm with 5 nodes per shoot. To facilitate 

further shoot multiplication, single node segments were excised from shoots developed on ½ MS + BAP 

(1µM) + CH (500mgl-1) and transferred to full-strength MS medium supplemented with BAP (1µM) and CH 

in the range of 250-2000 mgl-1 (Fig. 3). Regardless of the CH concentration, only single shoot developed in 

all the media. However, maximum shoot elongation was observed in 250 mgl-1 CH. In this case, 98% of the 

cultures developed a shoot that attained an average length of 9.5 cm, with 9 nodes/shoot after 5 weeks (Fig. 

5b). At the end of the passage, each axillary shoot was cut into single node segments and planted on fresh 

MS + BAP (1µM) + CH (250mgl-1). Each node again produced an elongated, healthy, multinodal, solitary 

shoot, which provided 9 cuttings after 5 weeks for further shoot multiplication. Thus, 9-fold recurrent shoot 

multiplication could be achieved in every 5-weeks on MS + BAP (1µM) + CH (250mgl-1) by cutting the 

solitary shoot into single node segments and culturing them onto the fresh medium. This rate of shoot 

multiplication was maintained for almost 3 years. Since every time, the explants were taken from freshly 

formed in vitro shoots, therefore, any significant difference (variation) in the results were not observed. 

Again the effect of CH is reflected in the results where when ½ MS was used, higher concentration of CH 

compensates nitrogen and phosphorus deficiency while with full strength MS even the low concentration of 

CH is sufficient to promote axillary bud break and development of long multinodal shoot. The higher 

concentrations of CH proved inhibitory.  In some plants such as leguminous tree species9, Feijoa3, Japanese 

persimmon12 and potato26, it may not be possible to break apical dominance by manipulating the hormonal 

composition of the medium, and the bud present at priori on the initial explant grows into an unbranched 

shoot. The rate of shoot multiplication in such cases would depend on the number of nodal cuttings that can 

be   excised from the shoot at the end of each passage5.  

3.4. Rooting of shoots  

For rooting, terminal 3 cm long portions of shoots, from 5-week-old cultures, developed on MS + BAP (1µM) 

+ CH (250mgl-1) were used. The remaining portions of shoots were cut into single node segments and utilized 

for further shoot multiplication. MS basal medium was tested at full (MS), half (½ MS) and quarter (¼ MS) 
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strengths of the major inorganic salts. All the media were supplemented with IBA at 0.5 or 1.0µM 

concentration. ¼ MS was distinctly better than either ½ MS or full MS basal medium, in terms of frequency of 

rooting (21%) directly at the base of the shoots. MS or ½ MS basal media did not support rooting. Addition of 

IBA (0.5µM) to ¼ MS basal medium, drastically improved the frequency of rooting directly at the base of the 

shoot. Although frequency of the rooted shoots was higher with IBA (1.0µM), other parameters like number of 

roots per shoot, length of the longest root and number of laterals were higher with IBA (0.5µM) (Fig. 4). 

Moreover, IBA (0.5 µM) induced rooting directly at the base of the shoot whereas with IBA (1.0 µM) it was 

preceded by callusing. ¼ MS + IBA (0.5µM) proved to be the best rooting medium, where 84% shoots formed 

an average of 8.5 roots directly from the basal cut end of the shoot (Fig. 5c). On this medium roots appeared 

after 3 weeks and maximum response was observed after 4 weeks.  

The optimum conditions described for rooting of in vitro regenerated shoots vary considerably. Whereas Joshi 

and Thengane20 and Venkateswarlu et al.38 found IAA (11-17 µM) to be the best auxin for rooting of neem 

shoots, Joarder et al.18 found IBA (2.46 µM) to be most effective. Gill et al.14 and Roy et al.32 reported rooting 

in the combined presence of IBA and IAA.   

3.5. Hardening and Transplantation 

Following the protocol described in materials and methods, 22 plants from ¼ MS + IBA (0.5µM) medium 

were transferred out of the cultures. Of these 18 plants survived. Thus, transplantation survival of 

micropropagated plants was 81.8% (Fig. 5d). 

Conclusions 

The present study, thus, demonstrated the possibility of mass clonal propagation of a 35-year-old neem tree 

by forced axillary branching. Single node segment cultures could be raised during active vegetative growth 

season (March-May) on ½ MS + BAP (1µM) + CH (500mgl-1) for high frequency bud-break. Recurrent 

shoot mutiplication was achieved on full strength MS medium supplemented with BAP (1µM) and CH 

(250mgl-1), at a rate of 9-fold every 5 weeks. The shoots could be readily rooted on ¼ MS + IBA (0.5µM) 

with a frequency of 84%. Transplantation survival of these plants was more than 81.8%. With this effective 

method it is estimated that 1011 plants can be produced in one year, starting from a single nodal explant. Such 

a rate of multiplication could not be achieved by any traditional method of vegetative propagation.  
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FIGURE LEGENDS 

(Line Figures) 

Fig.1.   Effect of basal media (full MS and ½ MS) and BAP (1�M) on bud-break and shoot growth in the 

cultures of single node segments of Neem. Growth Period: 5 Weeks. 

Fig.2.    Improvement in bud-break frequency and shoot growth upon addition of 500mgl-1 casein hydrolysate 

to ½ MS + BAP (1�M) in single node segment cultures of neem. Growth Period: 5 Weeks. 

Fig.3.  Comparative effect of casein hydrolysate concentrations on multiplication and shoot growth of 

Neem. Control: MS + BAP (1�M); Growth Period: 5 Weeks. 

Fig.4.     Rooting response of shoots on ¼ MS media supplemented with IBA.   Growth Period: 4 Weeks. 

Fig. 5. Clonal propagation of an adult plant (Photographs) 

a. 5-week-old single node segment culture on ½ MS + BAP (1µM) + CH (500mgl-1), showing 

development of a healthy, solitary axillary shoot and basal callusing. Shoot growth was not very 

satisfactory (x 1.9).  

b. Single node segment excised from A, 5 weeks after transfer to MS + BAP (1µM) + CH (250mgl-1). 

The axillary bud has developed into a long, unbranched, multinodal shoot. At the end of the passage 

shoot was further cut into single node segments and planted on fresh medium of the same 

composition for recurrent shoot multiplication (x 1.5).  

c. 4-week-old culture on ¼ MS + IBA (0.5µM). The shoot has developed healthy roots directly from 

the cut, basal end (x 1.6).  

d. Hardened micropropagated plants, 11 months after transfer to soil (x 0.1). 
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