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ABSTRACT 

A procedure has been standardized using a diverse array of plant growth regulators for in vitro regeneration of ‘paradise tree’ (Melia 
azedarach L., Meliaceae) from in vitro nodal explants. The immature seeds were allowed to germinate on filter bridges having 
sterilized distilled water. After 3 weeks, seeds were germinated and the in vitro grown seedlings were then used as source of 
explants. BAP (1.2 mg/l) has been found to be optimum for shoot initiation when in vitro nodal sections were inoculated. For further 
growth and multiplication, they were then transferred to fresh MS medium having optimized BAP (1.2 mg/l) along with IAA (0.1 
mg/l), adenine sulphate (9.0mg/l), ammonium sulphate (200 mg/l) and potassium sulphate (100 mg/l). Repeated and periodic sub 
culturing yielded better growth and multiplication with 90% shoot formation. In vitro rooting was obtained on half strength MS 
medium supplemented with IBA (1.0 mg/l).  Regenerated plants were successfully hardened and acclimatized, 80 % of plantlets 
survived under natural conditions after transplantation.  
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INTRODUCTION 

Ayurveda is one of the Indian medicinal systems being 
practiced for thousands of years. Considerable research 
on pharmacognosy, chemistry, pharmacology and clinical 
therapeutics has been carried out on ayurvedic medicinal 
plants. It is a time-tested science treating diseases with 
natural things like plant, animals and minerals.  

Melia azedarach L. (Meliaceae), also known as Chinaberry 
or Persian lilac, is a deciduous tree. It is native to India 
and has long been recognized for its medicinal and 
insecticidal properties1, 2. It withstands cold climates 
better than its related tree “neem” (Azidarachta indica A. 
Juss) and it is a plant with long lasting wood, used as a 
component of agroforestry systems with inter cropping 
annual species3. Moreover, Chinaberry is resistant to 
locust and ants and its leaves, stems, flowers, seeds and 
fruits extract is a good source of natural compounds with 
potent insecticidal and antimicrobial actions4-7.  

Each and every part of the plant have traditional 
medicinal uses like stem is prescribed internally in 
asthma, bark is used in fever to relieve thirst, nausea, 
vomiting and general debility, loss of appetite and skin 
diseases8,9. Leaves also relieve from headache and cure 
the eruption on the scalp. Leaf juice is anthelmintic, 
diuretic, vermifuge and their decoction is astringent and 
stomachic. Flowers are astringent, refrigerent, anodyne, 
diuretic, resolvent, deobstruent and alexipharmic8,10. 
Fruits are used for the preparation of tonic which is 
purgative, emmolient and anthelmintic11. Seeds are 
bitter, expectorant, anthelmintic and aphrodisiac and are 
useful in helminthiasis, typhoid fever, pain in the pelvic 
region and scrofula12. Roots are bitter, astringent, 
anodyne, depurative, vulnerary, antiseptic, anthelmintic, 

constipating, expectorant, febrifuge, antiperiodic, and 
bitter tonic in low doses13. The tree yields valuable 
timber, is very useful for making furniture, plywood, toys, 
fuel wood and also as insect repellent14. 

Melia is considered as a multipurpose tree because of its 
multi directional and wide spread uses in medicine, 
therapeutics and other economics implications. It is 
conventionally propagated through seeds and has global 
importance. Unfortunately, the tree bears seed only 
during the summer and its natural rate of multiplication is 
dependent on season. Moreover, the population 
obtained often show great undesirable genetic variations 
15. It has also been indiscriminately cut resulting in a 
significant decline in the population. Its propagation is not 
sustaining the fast reproduction in the wild that can keep 
up with its increased demand. The use of modern in vitro 
techniques on woody trees has opened new possibilities 
for rapid mass multiplication of the existing stocks of 
germplasm16-20 as well as for its ex situ conservation21. 
Therefore, this paper reports a protocol for its 
micropropagation from immature seeds on M. azedarach 
through aseptic nodal segments.  

MATERIALS AND METHODS 

Plant source and seed germination:  

Immature fruits of Melia azedarach L. were collected in 
the month of April-June from the Nursery, University of 
Rajasthan, Jaipur.  Seeds from immature fruits were 
carefully taken out by cracking the tough endocarp from 
presoaked fruits with the help of scalpel. Then, they 
washed under running tap water for about 5 minutes and 
dipped in teepol (1%) (v/v) and Bavisitin (2:1) for 2 
minutes followed by proper rinsing with sterilized double 
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distilled water for 5-6 times, so as to remove all the traces 
of sterillant. They were then aseptically inoculated on 
filter bridges having double distilled water in culture 
tubes. From 3 weeks old seedlings, nodes were separated 
and cultured on various combinations of phytohormones 
in MS medium. 

Culture Media and Conditions: 

Murashige and Skoog medium22 containing 3% sucrose 
and 0.8% agar along with cytokinin such as BAP, Kintein 
(0.0-2.0 mg/l) was prepared for shoot initiation. After that 
they were transferred on fresh MS medium with optimum 
BAP along with IAA (0.05-1.0 mg/l) for further growth and 
multiplication. For better morphogenic responses, AdS (5-
13mg/l) was also added and to stop defoliation and leaf 
curling, 200 mg /l (NH4)2SO4 and 100 mg /l K2SO4 were 
added to the medium as growth additives.  The pH of the 
medium was adjusted to 5.8 ± 0.2 prior to autoclaving at 
121° C for 15 minutes. For each experiment, 8 replicates 
were prepared and each protocol was repeated at least 
thrice. 

After the solidification of media, the sterilized explants 
obtained from in vitro grown seedlings were then 
inoculated on the medium and the cultures were 
incubated at 25±2°C, 16/8 hours photo and dark period, 
respectively.  

Shoot initiation, Multiplication and Elongation: 

For in vitro  shoot induction, in vitro grown seedlings 
were taken out from the culture tubes and nodal  
segments were separated, inoculated on MS medium 
with various concentrations of   cytokinins (BAP and Kn) 
(0.0-2.0 mg/l) alone.  

BAP at a concentration of (1.2 mg/l) initiated shoot buds 
after 1 week of inoculation. The shoots initiated on the 
BAP were sub cultured for further multiplication and 
elongation on MS medium supplemented with optimum 
concentration of BAP (1.2 mg/l) along with IAA (0.05-
1.0mg/l). Moreover, addition of 200 mg/l ammonium 
sulphate, (NH4)2SO4, and 100 mg/l K2SO4, prevent 
defoliation and tip burning without affecting the number 
of shoots. Also, to enhance shoot multiplication, addition 
of AdS (5-13 mg/l) gave maximum morphogenic response.   

Rooting and Hardening: 

The in vitro elongated shoots were then aseptically 
transferred on half strength MS medium supplemented 
with various concentration (1.0-4.0 mg/l) of different 
auxins (IAA, IBA) alone. For in vitro root induction, IBA at 
a concentration of 1.0 mg/l proved to be the best for 
rooting. The plantlets were then gently picked from 
culture vessel without damaging the delicate root system 
and then rinsed with distilled water to remove adhering 
agar. The plantlets were then transferred to polycups 
containing vermicompost and autoclaved soil (1:3). Plants 
were covered with inverted glass beakers to maintain 
high humidity and kept in culture chamber for their 
hardening where all physical condition was provided 

artificially. They were gradually exposed to natural 
conditions for their acclimatization. 

RESULTS AND DISCUSSIONS 

Melia azedarach L. is a multipurpose tree with immense 
medicinal value. Germination of immature seeds in in 
vitro condition was successfully done on filter bridges 
containing double distilled water after three weeks of 
culture (Figure 1). Filter bridge method was found to be 
effective for in vitro seed germination in many other plant 
species viz., Macrotyloma uniflorum (Lam.) verdc.23, 
Psidium guajava L.24. However, different strength of MS 
salts (Full, half and quarter) and B5 medium without 
hormone was proved to be the best for in vitro seed 
germination in various plant species Gossypium hirsutum 
L.25, Hyoscyamus muticus L.26, Hypericum retusum 
Aucher.27. Moreover, gibberellic acid and kinetin reduced 
the effect of juglone stress on seed germination and 
growth of seedlings in many plants 28.  

Amongst various concentrations of BAP and Kn tried, BAP 
(1.2 mg/l) was proved to be optimum for axillary bud 
breaking and shoot initiation (Table 1, Figure 2). The 
research findings carried out by other scientists also 
favoured the present results e.g. Murrya Koengii L. 29, 
Phyllanthus amarus Schum. and Thonn. 30 Vitex negundo 
L31. But in case of  Leucaena leucocephala, TDZ was 
proved to be best for in vitro shoot initiation 32. 

Auxin (IAA) was also added to nutrient medium along 
with optimized BAP (1.2 mg/l) for further multiplication 
and elongation of shoots. 10.47 ± 0.21 shoots /explants 
were obtained at IAA (0.1 mg/l), when previously initiated 
shoots on BAP (1.2 mg/l) were sub cultured (Table 2, 
Figure 3, 4). The combination of auxin and cytokinin for 
shoot multiplication and elongation was previously 
reported in many other plant species viz., Polianthes 
tuberosa L.33,  Ruta graveolens L. 34. In contrast to the 
present results,35 were successful for development of 
multiple shoots in  Hypercium mysorense  without auxin. 
However, the shoots regenerated singly on cytokinin 
showed premature leaf abscission, curling of leaves and 
burning of shoot tips. To check defoliation, the medium 
was added with growth additives viz. 200 mg/l (NH4)2SO4 

and 100 mg/l K2SO4. Their addition to the medium 
improved the vigor of shoots and falling of the leaves 
without affecting the number of shoots. 36 also reported 
that the addition of additives ((NH4)2SO4) help to prevent 
defoliation of leaf in Pterocarpus marsupium Roxb. 
Moreover, gultamine was also found to be effective in 
controlling the necrosis of shoot tips in Jatropha curcus L 

37. 

The addition of adenine sulphate to MS medium with BAP 
(1.2 mg/l) and IAA (0.1 mg/l) significantly amended the 
regeneration response and multiple shoot formation. Out 
of all concentrations tried, 9.0 mg/l AdS significantly gave 
the maximum morphogenic response (90%), where the 
average number of nodes/shoot increased to 3.92 ± 0.02 
with highest shoot length of 5.40 ± 0.20 cm. It is apparent 
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from the results that AdS reinforced the effect of other 
PGRs and also exhibited synergistic effect with other 
cytokinin and auxins. The strategy for using AdS as an 
adjuvant has also been adopted effectively for many 

other plant species such as Thevetia peruviana (Pers.) 
Schum.38 Curcuma angustifolia Roxb.39 and in Holarrhena 
antidysenterica Wall. 40 

 

 
            Figure 1:  In vitro seed germination on Filter Paper Bridge after 3 weeks. 
            Figure 2:  Initiation of from in vitro nodal segments on MS + BAP (1.2 mg/l). 

Figure 3-4: Multiplication and elongation of shoots on MS + BAP (1.2 mg/l)+ IAA(0.1 mg/l)+ AdS (9.0 
mg/l)+Ammonium Sulphate (200 mg/l)+Potassium Sulphate (100 mg/l). 

            Figure 5: Rooting of in vitro developed shoots on 1.2 MS + IBA (1.0 mg/l). 
            Figure 6: Hardening of in vitro raised plantlets in earthen pots. 
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Table 1: Effect of cytokinins (BA and KN) on shoot initiation from nodal stem segments of M. azedarach on MS medium 
after 1 weeks of culture.  

Growth 
regulators 

(mg/l) 

% response 
of shoot 

formation 

Mean number of  shoots 
produced/explants 
(*Mean ± t 0.05S.E.) 

No. of node / shoots 
(*Mean ± t 0.05S.E.) 

Av. Length of shoots (cm.) 
(*Mean ± t 0.05S.E.) 

BAP 

0.0 0  - - - 

1.0 70  1.55± 0.01 1.38 ± 0.08  3. 24 ± 0.17  

1.2 90  3.04 ± 0.15 2.95 ± 0.37  4.29 ± 0.08  

1.4 62  5.27 ± 0.25 2.47 ± 0.18  3.90 ± 0.04  

1.6 60  4.51 ± 0.30 2.85 ± 0.10  2.97 ± 0.13  

1.8 60 2.36 ± 0.02 2.37 ± 0.21  2.70 ± 0.12  

2.0 58  1.78 ± 0.01 1.28 ± 0.05  2.32 ± 0.21  

Kn 

0.0 0  - - -  

1.0 47  1.57 ± 0.13 1.10 ± 0.35  3.26 ± 0.25  

1.2 55  1.30 ± 0.05 1.80 ± 0.42  2.60 ± 0.35  

1.4 60  2.00 ± 0.46  2.12 ± 0.16  3.23 ± 0.24  

1.6 54  3.15 ± 0.11 1.58 ± 0.13  3.50 ± 0.12  

1.8 48  2.27 ± 0.10 1.05 ± 0.31  2.10 ± 0.42  

2.0 30 1.21± 0.02 1.01 ± 0.04  2.03±0.40 
*Values are 95% confidence limits for Mean and mean values within the column followed by the same letter are not 
significantly different by the Tukey’s test at 0.05% probability level 

 

Table 2: Effect of IAA and AdS with optimal concentration of cytokinin (BA) and additives [200 mg/l (NH4)2SO4; 100 mg/l 
K2SO4] on multiple shoot induction by regular subculturing  from shoot initiation medium of M. azedarach on MS medium 
after 4 weeks of culture. 

Plant growth hormone % response of shoot 
Formation 

(*Mean ± t 0.05S.E.) 

Mean number of 
shoots produced/ 

explants 
(*Mean ± t 0.05S.E.) 

No. of node per 
shoots 

(*Mean ± t 0.05S.E.) 

Av. Length of 
shoots (cm.) 

(*Mean ± t 0.05S.E.) 
BAP 

(mg/l) 
IAA 

(mg/l) 
Ads 

(mg/l) 

1.2 0.05 5 60 1.55± 0.21 1.61±0.04 0.40±0.12 

1.2 0.05 9 72 2.4 ± 0.13 2.51±0.0 1.40±0.01 

1.2 0.05 13 60 3.28 ± 0.05 1.56±0.02 2.42±0.19 

1.2 0.1 5 75 5.30 ± 0.37 2.09±0.02 4.48±0.40 

1.2 0.1 9 90 10.47 ± 0.21 3.92±0.02 5.40±0.20 

1.2 0.1 13 80 6.85 ± 0.10 2.17±0.01 2.96±0.04 

1.2 0.5 5 72 4.47 ± 0.18 2.14±0.01 1.80±0.11 

1.2 0.5 9 70 3.38 ± 0.08 1.30±0.02 1.76±0.97 

1.2 0.5 13 64 3.00 ± 0.42 1.21±0.07 1.70±0.08 

1.2 1.0 5 64 2.12 ± 0.16 1.15±0.09 1.20±0.13 

1.2 1.0 9 60 1.25 ± 0.13 1.12±0.07 0.80±0.05 

1.2 1.0 13 59 1.22± 0.15 0.97±0.09 0.76±0.97 
*Values are 95% confidence limits for Mean and mean values within the column followed by the same letter are not 
significantly different by the Tukey’s test at 0.05% probability level 
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Figure 7: Effect of growth regulators on in vitro rooting 

 
 

In vitro root induction was obtained when the elongated 
shoots were transferred on half strength of MS medium 
fortified with IBA (1.0 mg/l) after 3 weeks of transfer 
(Figure 5-7). IBA is more important plant growth hormone 
for the root induction in tissue culture of Chickpea 41 
which is in consonance to the present research work. In 
contrast to this, 42 reported that NAA in combination with 
activated charcoal enhanced root proliferation in Tigridia 
pavonia (L. f.) DC. 

In vitro raised plantlets were taken out from the culture 
vials and hardening and acclimatization (Figure 6) was 
done by the method described in “Materials and 
Methods”.  

The success of this protocol offers a highly efficient 
method for mass clonal propagation of Melia azedarach 
L., which would be beneficial for the plant tissue culturist, 
pharmaceutical industries and the nurseries where 
regular supply of the plants are more important. 
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