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Effect of explant source and growth regulators on in vitro callus induction
and organogenesis of Melia azedarach L. trees
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Abstract

Melia azedarach L. is one of the important plants because it’s a good source of natural compounds that
have insecticide and antimicrobial effect. The main aim of this research is to investigate the effect of
explants source and plant growth regulators on in vitro callus induction and regeneration of organs from
it. Callus was induced from nodes, internodes from one-year-old seedlings and seeds of Melia plant by
culturing them on MS medium supplemented with e-naphthalene acetic acid (NAA) 0.0, 0.1, 0.2, 0.3, or
0.4 mg/L and 6- benzyl adenine (BA) 0.0, 1.0, 2.0, 3.0, or 4.0 mg/L, then shoot regeneration from callus
was occurred. Results showed that there was a different response from explants towards callus induction
and adventitious shoots formation according to plant growth regulators combination. Seeds gave
superior percentage for callus induction 24.4% compared with node and internode 15.6, 12.8%
respectively. Combination of 0.3 mg/L NAA + 3.0 mg/L BA was the best for callus induction in all
explants 86.6% . Shoot regeneration was achieved in 0.3 mg/L NAA + 4.0 mg/L BA and 0.4 mg/L NAA +
4.0 mg/L BA for callus from seeds and internodes respectively, while the combination 0.3 mg/L NAA +
3.0 mg/L BA or 0.4 mg/L NAA + 3.0 mg/L BA was the best for node callus. The shoots were rooted well
in MS + 0.25 mg/L NAA . Rooted plantlets were acclimatized in small plastic pots filled with peat moss:
river soil (1 :1 v/v), then transferred to the soil.
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Introduction

Melia azedarach, “chinaberry” or “persian lilac” is known in Iraq as ‘Sabahbah tree’,which belongs to the
family Meliaceae. It is an Asiatic multipurpose tree, of worldwide cultivation, mainly for its ornamental beauty
and landscape value. It withstands cooler climates better than its related tree “neem” Azidarachta indica A.
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Juss. and it is a fast-growing species with long lasting wood, used as a component of agro forestry systems
with inter cropping annual species [1]. Moreover, Chinaberry is also important in timber production and a good
source of natural compounds such as azadirachtin - which is found only in seeds- with potent insecticide and
antimicrobial action [2,3 ].
Propagation of Melia azedarach by conventional methods of breeding is time-consuming and often inefficient
owing to low-seed set, poor germination and great variability. The advantage of using tissue culture technique
to propagate this plant can be applied in order to overcome these barriers and may prove to be a short cut in
reducing the normal life cycle which may take several months [4].
In vitro shoot regeneration of Melia azedarach L. has been previously established by[5,6,7,8,9] from an
organogenesis pathway via callus formation. The development of suitable procedures for plant regeneration
through organogenesis is one of the main prerequisites for the potential applications of clonal propagation,
genetic transformation and in vitro preservation of germplasm of woody plants [10].
Callus is defined as tissues constituted by differentiated cells, which develop in response to a chemical or
physical lesion, under determinate hormonal conditions. It can be obtained from a tissue fragment and have the
ability to differentiate into tissues, organs and even embryos,which being able to regenerate whole plants [11].
Several internal and external factors appear to influence callus induction and growth like the exogenous supply
of growth regulators which was frequently necessary in organogenesis [12]. This necessity refers to the type,
concentration, ratio of auxin/cytokinin and the source of explants. According to [13] , the combination of
auxins and cytokinins promote cellular differentiation and also organogenesis. Among the growth regulators
used in callus induction, 2,4-D(2,4-dichlorophenoxyacetic acid), NAA (1-naphthaleneacetic acid), BAP (6-
benzylaminopurine) and TDZ (thidiazuron) are the most important.
Also the knowledge of the effect of explant source on regeneration is very important, not only for Melia but
also for other plants. This study was intended to determine the optimal combinations of plant growth
regulators for callus induction and plant regeneration capacity of Melia azedarach in vitro using different types
of explants.

Materials and Methods
This research was carried out at the Plant Tissue Culture Laboratory, Department of Plant Production
Techniques, AL-Musaib Technical College to initiate callus and induce shoots and roots in Persian lilac (Melia
azedarach L.). The experimental evaluation were conducted on three different explants with performed
different concentration of growth regulators.

Preparation of plant materials
Various parts such as seeds, nodes and internodes were used as explants for callus induction and shoot
regeneration. Mature fruits of chinaberry Melia azedarach were collected from 15 years old trees with
desirable forestry characteristics (fast growing, straight stem, healthy), growing in the garden of AL-Musaib
Technical College. The hard coat and endocarp of the chinaberry fruit were removed in a mechanical way by
broking them handily using a hard tool and the seeds were washed under running tap water and they were used
as a source of explants. Seeds were surface-sterilized according to [14] in 70% (v/v) ethanol for 3 minutes,
then 2% (v/v) Clorox 6% NaOCI solution for 30 minutes, and finally, they were rinsed three times in sterile
distilled water under aseptic conditions to remove the traces of sterilant.

Nodes and internodes were taken from a one-year-old seedling of Melia and Sterilized with 0.1% (w/v) sterile
solution of mercuric chloride for 5 minutes, followed by washing three times with sterile distilled water [15].
Callus induction
For callus induction from seeds, nodes and internodes, they were cultured on MS medium [16] containing 3%
(w/v) sucrose, 0.7% (w/v) agar supplemented with naphthalene acetic acid (NAA) at concentrations 0.0, 0.1,
0.2, 0.3 or 0.4 mg/L in combination with benzyl adenine (BA) at concentrations 0.0, 1, 2, 3 or 4 mg /L. The
pH of the medium was adjusted to 5.7 before autoclaving. Jars and tubes containing the medium was then
autoclaved at 121 Ce and 1.04 kg/cm? pressure for 20 minutes. All the cultures were incubated under a 16 hrs
photoperiod (1000 Lux provided by cool-white and day light fluorescent lamps) in growth room at 27 Ce for 4
weeks. After 4 weeks of incubation callus induction frequency was calculated using the following formula:
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Number of explants induced callus
Frequency of callus induction (%) = x 100
Total number of explants
Also, degree of callusing (the amount of callus obtained from different explants) was estimated by scoring

system and fresh weight parameter.

Regeneration

After callus induction from the explants, The shoot regeneration was attempted by transferring 4-weeks-old
callus into a fresh MS medium supplemented with the same plant growth regulators concentrations for testing
callus shoot regeneration potential. Data were scored in terms of shoot regeneration percentage and number of
shoots. The percentages of shoot regeneration calculated using following formula:

Number of culture induced shoot
Percentage of callus producing shoot = x 100
Total number of explants inoculated

Root formation and acclimatization

The developed shoots were then rooted on MS medium containing 0.25 mg/L NAA only according to[4] .
Rooted shoots were taken out from culture vessels, and the roots were gently washed with sterile distilled
water to remove the adhering agar. The regenerated plantlets were transferred to pots containing a mixture of
soil and peat moss (1:1).To harden plantlets, initially high humidity was maintained by covering the pots with
inverted plastic beakers to prevent the loss of water for one week, then the beakers were pored for gas
exchange . After two weeks, beakers were removed and the plantlets were exposed gradually to light for
acclimatization. The hardened plantlets 30 days were then transferred to small plastic pots filled with garden
soil+ Peat moss ( 1:1 v/v) and shifted to the glasshouse.

Experimental design and data analysis

A completely randomized design with 10 replicates was used for the experiment. The experiments were
repeated two times and the data for each parameter were subjected to analysis of variance (ANOVA).
Significant differences were assessed using L.S.D.test (P < 0.05) [17].

Results and Discussion

Results in (Table 1 and 2 ) shows the effects of BA and NAA concentrations and explant types, on callus
induction (%), shoot regeneration percentage(%) and shoot number/ explant.

Callus induction

There were considerable differences between explant types and between BA and NAA treatments in the
formation of callus Table (1) . Callus which was obtained from all types of explants was depending on plant
growth regulators in MS medium but variations were existed between different types of explants in their ability
to form callus. Among the tested combinations of NAA and BA for callus induction of different explants(seed,
node and internode), data showed that 0.3 and 0.4 mg/L from NAA were the best for callus induction(37.32
and 33.30% respectively , whereas 4.0 mg/L BA gave a significant difference 36.62% than other combinations.
Data also showed that 0.3 mg/L NAA + 4.0 mg/L BA gave rapid and maximum in vitro response 86.6 %. As
results, significant difference was found in callus induction among the three explants of Melia in which the
frequency 24.4 % of callus induction Table (1) was observed maximum in seed than node and internode 15.6
and 12.8 % respectively.The kind and concentration of growth regulators and kind of explants are the most
important factors in production of callus [12].

Seed explants produced considerably more callus than node and internode explants Figure (1), indicating that
the source of explant is an important factor in determining the rate of success in such tissue culture
experiments. This may also suggest that levels of endogenous hormones or their sensitivity might vary between
organs. Many other authors reported that callus induction were dependent on the explant source in Melia
azedarach [4,14 ] and in neem tree Azaderachta indica [18,19].
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The interaction between type of explant and plant growth combination was shown in Table (1). This interaction
showed a significant effect on callus induction percentage (p<0.05) .Seeds cultured in MS + ( 0.3 mg/L NAA +
4.0 mg/L BA) gave maximum in vitro response 100 % followed by the combination 0.4 mg/L NAA + 3.0
mg/L BA which gave 90% as compared with other combinations, whereas all explants that cultured in MS
medium without any addition of growth regulators did not respond to form callus.

Table (1): Effects of different combination of NAA and BA in MS medium on Frequency of callus induction (%)
from different plant parts of Melia azedarach.

Growthregulators Explant type Mean of Mean Mean of
mg/L NAAxBA of NAA BA
NAA BA  Seed Node  Internode
0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0 10.0
0.0 2.0 0.0 0.0 0.0 0.0 0.0 15.32
3.0 0.0 0.0 0.0 0.0 25.98
4.0 0.0 0.0 0.0 0.0 36.62
0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0
2.0 0.0 0.0 0.0 0.0
0.1 30 300 100 0.0 133 5.98
4.0 0.0 0.0 50.0 16.6
0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0
0.2 2.0 0.0 0.0 0.0 0.0 11.32
3.0 60.0 40.0 0.0 333
4.0 0.0 70.0 0.0 234
0.0 0.0 0.0 0.0 0.0
1.0 40.0 50.0 0.0 30.0
0.3 2.0 60.0 0.0 0.0 20.0 37.32
3.0 80.0 70.0 0.0 50.0
40 100.0 80.0 80.0 86.6
0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 60.0 20.0
0.4 2.0 70.0 60.0 40.0 56.6 333
3.0 90.0 10.0 0.0 333
4.0 80.0 0.0 90.0 56.6
Mean of Explant 24.4 15.6 12.8
L.S.D Explants=7.40, NAA=10.19, BA=10.19,
0.05 NAAxBA=19.11 Explant x NAA x BA =42.22

Fig(1):Callus induction from seed (A), node (B) internode (C) cultured in MS supplemented with
0.3 mg/L NAA + 4 mg/L BA.

Shoot regeneration

The frequency of adventitious shoot regeneration was depending on the type of explants and concentration of
growth regulators added to the regeneration medium Table (2). In assessing the shoot-forming abilities of three
different types of explants, the results clearly indicated that the shoot production percentage on different
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explant types was variable. Among the 3 explant type evaluated for shooting response, the maximum
percentage 10.4% was observed on callus derived from node, whereas it was minimum 5.2% for callus derived
from internodes. Plant regeneration in Melia was reported from callus derived from internode, leaf and axillary
bud [4], leaf [8] and nodular stem sections [20].
The node, internodes and seed explants were prepared and inoculated on Ms medium supplemented with
various plant growth regulator combinations as described earlier in materials and methods. Within 45 days of
culture, the highest frequency of shoot regeneration 33.3 % was observed in MS medium containing NAA
(0.3 mg/L) + BA (4.0 mg/L ) or NAA( 0.4 mg/L ) + BA (4.0 mg/L ) (Table 2). Callus derived from seed and
internode cultured on MS + NAA( 0.3 mg/L ) + BA (4.0 mg/L ) and MS + NAA( 0.4 mg/L ) + BA (4.0 mg/L )
gave the highest shoot formation percentage 100 % , While Callus derived from node gave maximum 60%
when cultured on MS + NAA( 0.3 mg/L ) + BA (3.0 mg/L ) or MS + NAA( 0.4 mg/L ) + BA (3.0 mg/L).
Table (2): Effects of different combination of NAA and BA in MS medium on shoot regeneration percentage from
different plant parts of Melia azedarach.

Growth Explant type Mean of  Mean Mean
regulators (mg/L) NAAxBA ofNAA of BA
NAA BA Seed Node Internode
00 00 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0 2.67
0.0 20 00 0.0 0.0 0.0 0.0 6.0
30 00 0.0 0.0 0.0 15.32
40 0.0 0.0 0.0 0.0 15.32
00 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0
20 00 0.0 0.0 0.0
0.1 3.0 400 20.0 0.0 20.0 4.0
40 00 0.0 0.0 0.0
00 00 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0
0.2 20 00 0.0 0.0 0.0 5.32
30 00 50.0 0.0 16.6
40 00 30.0 0.0 10.0
00 00 0.0 0.0 0.0
1.0 0.0 10.0 0.0 3.33
0.3 20 00 0.0 0.0 0.0 11.33
30 00 60.0 0.0 20.0
40 100.0 0.0 0.0 333
0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 30.0 10.0
0.4 20 60.0 30.0 0.0 30.0 18.66
30 00 60.0 0.0 20.0
40 00 0.0 100.0 333
Mean of Explant 8.0 104 5.2
L.S.D Explants=3.16, NAA=6.24, BA=6.24,
(0.05) NAAxBA=11.03 Explant x NAA x BA =38.70

The results showed that there was a great deal of variation among explants in shoot number/ callus Table (3).
The maximum number of shoots 0.84, 0.80 was observed on callus derived from seed and node respectively,
whereas it was minimum 0.72 on callus derived from internode. Also, the number of shoot per callus varied
with the combination of plant growth regulators used in the medium. It was observed that MS + ( 0.3 mg/L )
NAA + (4.0 mg/L ) BAor MS + (0.4 mg/L ) NAA + (4.0 mg/L ) BA or MS+ (0.4 mg/L ) NAA + (2.0 mg/L)
BA gave the maximum (3.33 shoots), whereas it was minimum at other hormonal combinations.

In seed explants the maximum average number of shoots was 10 on medium containing ( 0.3 mg/L ) NAA + (
4.0mg/L ) BA (Fig. 2) followed 6 shoots on medium containing (4 mg/L) NAA + ( 2.0 mg/L ) BA, while in
case of node explant maximum average number of shoots (6) was obtained on medium containing (0.3 mg/L )
NAA + (3.0 mg/L ) BA followed by MS medium containing ( 0.2 mg/L ) NAA + (3.0 mg/L ) BA (5 shoots).
In case of internode explant significant differences were recorded for shoot regeneration in all NAA and BA
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treatments in which the highest number of shoots per explant regenerated 10 shoots in MS medium
supplemented with ( 0.4 mg/L ) NAA + ( 4.0 mg/L ) BA. In general, maximum number of shoots 10 shoots
were obtained using callus from seed explants cultured on MS supplemented with ( 0.3 mg/L ) NAA + (4.0
mg/L ) BA and callus from internode explants cultured on MS supplemented with ( 0.4 mg/L ) NAA +
(4.0mg/L) BA comparing with the other interaction between callus source and growth regulators combinations.
Cytokinins and auxins are usually known to promote the formation of callus and shoots in many excited and in
vitro cultured explants. Proper type and concentrations of these hormones are different for each explants, NAA
did not stimulate shoot formation in high concentrations[21].

Researchers found that the addition of BA in suitable concentrations could be stimulate shoot formation from
callus in ornamental plants[22].

Table (3): Effects of different combination of NAA with BA in MS medium on shoot per callus derived from

different plant parts of Melia azedarach.

Growth Explant type Mean of Mean of Mean of
regulators NAAxXBA NAA BA
(mg/L)
NAA BA  Seed Node Internode

0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0

0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.53
3.0 0.0 0.0 0.0 0.0 1.40
4.0 0.0 0.0 0.0 0.0 1.40
0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0
2.0 0.0 0.0 0.0 0.0

0.1 3.0 5.0 1.0 0.0 2.0 0.4
4.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 0.0 0.0

0.2 2.0 0.0 0.0 0.0 0.0 0.39
3.0 0.0 5.0 0.0 1.66
4.0 0.0 1.0 0.0 0.33
0.0 0.0 0.0 0.0 0.0
1.0 0.0 1.0 0.0 0.33

0.3 2.0 0.0 0.0 0.0 0.0 1.13
3.0 0.0 6.0 0.0 2.0
4.0 10.0 0.0 0.0 3.33
0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.0 3.0 1.0

0.4 2.0 6.0 2.0 0.0 2.66 1.66
3.0 0.0 4.0 0.0 1.33
4.0 0.0 0.0 10.0 3.33

Mean of 0.84 0.80 0.72
Explant

L.S.D (0.05) Explants=0.03, NAA=0.47, BA=0.47,
NAAxBA=0.66 Explant x NAA x BA
=151
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Fig(2): Steps of shoot regeneration from seed callus cultured in MS supplemented with
0.3 mg/L NAA + 4.0 mg/L BA.

Rooting

For rooting, the fully regenerated shoots were excised and placed on MS medium supplemented with 0.25 mg
/L NAA according to[4] for roots development which was noted 3 weeks later. The plantlets with fully
developed roots were transferred to pots and grown in a growth chamber for hardening. Plantlets were finally
transferred to the field successfully.

Conclusion

This study showed that explant types and plant growth regulators combinations are a key factors regulating
callus induction and shoot formation. Seeds and node of Melia azedarach were found more responsive for
regeneration via callus as compared to internode.

References

. Saymaiya, R.K. and Shukla, K.C. (1998). Biodiversity conservation through agro forestry system. Advances in
Plant Sciences. 11( 2) : 111-115.

. Schmidt, G., Rembol, H., Ahmed, A. and Breuer, M. (1998). Effect of Melia azedarach fruit extract on juvenile
hormone titer and protein content in the hemolynph of two species of noctuidlepidopteran larvae.
Phytoparasitica. 26( 4) : 283-291.

Zhou, H., Hamazaki, A., Fontana, J.D., Takahashi, H., Esumi, T., Wandscheer, C.B., Tsujimoto, H. and
Fukuyama, Y. (2004). New ring C-seco limonoids from Brazilian Melia azedarach and their cytotoxic activity.
Journal of Natural Products. 67:1544-1547.

Chaicharoen, S., Jansaesgsri, S., Umprai, T. and Kruatrachue, M. (1996 ). Utilization of tissue culture
technique for propagation of Melia azedarach. Journal of the Science Society of Thailand. 22: 217-226.

. Ahmad, Z., Zaidi, N. and Shah, F. H. (1990). Micropropagation of Melia azedarach from

mature tissue. Pak. J. Bot. 22(2): 172-178.

. Thakur, R., Rao, P. and Bapat, V. (1998). In vitro plant regeneration in Melia azedarach L. Plant Cell Reports.
18: 127-131.

. Sharry, S. and Abedini, W. (2001). Seleccién de callos organogénicos tolerantes a baja temperatura y
regeneracion de plantas de Melia azedarach L. Revista Fitotecnia Mexicana. 24: 95.

. Vila, S., Gonzales, A., Hebe, R. and Mroginski, L. (2004). In vitro plant regeneration of Melia azedarach L.:
Shoot organogenesis from leaf explant. Biologia Plantarum. 47, 13-19.

. Vila, S., Hebe, R. and Mroginski, L. (2005). Plant regeneration, origin, and development of shoot buds from
root segments of Melia azedarach L. (meliaceae) seedlings. In vitro Cell Development Biology — Plant.
41:746-751.

10. Minocha, R. and Jain, S. M. (2000). Tissue culture of woody plants and its relevance to molecular biology. In:

Jain, S. M.; Minocha, S. C.(Eds). Molecular biology of woody plants. Dordrecht: Kluwer Academic
Publishers. Pp. 315-339.

11. Trigiano, R.N. and Gray, D.J. (1996). Plant Tissue Culture :Concepts and Laboratory Exercises. CRC. Press.
12. George, E. F. ; Hall, M. A. and De Klerk, G.-J.(2008). Plant Propagation by Tissue Culture. Volume 1. The
Background, 3rd Edition, Published by Springer, Dordrecht, The Netherlands.

13. George, E. F. and Sherrington, P. D. (1984). Plant propagations by tissue culture: handbook and directory of
commercial laboratories. Grande-Bretane: Exegeties, 709 p.

26


http://www.google.iq/url?sa=t&rct=j&q=J.Sci.Soc.Thailand%2C&source=web&cd=8&cad=rja&ved=0CDoQFjAH&url=http%3A%2F%2Fjournalseek.net%2Fcgi-bin%2Fjournalseek%2Fjournalsearch.cgi%3Ffield%3Dissn%26query%3D0303-8122&ei=QlqNUNeyPOb74QS4-IDQAQ&usg=AFQjCNEmNzmsFy8qbEYNmp4I_67AnPw9qA

Journal of Biotechnology Research Center Vol.8 No.3 | 501 4

14. Sharry, S. E. and Teixeira da Silva, J. A. (2006). Effective organogenesis, somatic embryogenesis and salt
tolerance induction in Vitro in the persian lilac tree (Melia azedarach L.). Floriculture, Ornamental and Plant
Biotechnology.Volume I, chapter 43, pp. 317-324, Global Science Books.

15. Babu, V. S., Narasimhan, S. and Nair, G. M. (2006). Bioproduction of azadirachtin-A, nimbin and salannin in
callus and cell suspension cultures of neem (Azadirachta indica A. Juss.). Current Science. 91(1) 22-24.

16. Murashige, T. and Skoog, F. (1962). A revised medium for rapid growth and bioassays with tobacco tissue
cultures. Physiologia Plantarum. 15:473-497.

17. SAS. (2001). SAS guide for personal computers. Release 6.12.SAS institute inc., Cary , NC. USA.

18. Sanyal, M., Das, A., Danerjee, M. and Datta, P.C. (1981). In vitro hormone induced chemical and histological
differentiation in stem callus of neem(Azedarachta indica ). Indian Journal of Experimental Botany. 19 :
1067-1068.

19. Zypman, S., Applebaum, S. W and Ziv, M. (2001). Production of desert locust feeding deterrents from in vitro
cultured Neem (Azadirachta indica). Phytoparasitica. 29(4):284-291.

20. Memon, W. A., Choudhary, M. R. and Dahot, M. U. (2009). In vitro callus proliferation in Melia azedarach
L. and comparative antimicrobial potential of callus, leaf, bark and fruit extracts of bakain (Melia azedarach
L.) and neem (Azadirachta indica A. Juss). 10th Iranian Congress of Biochemistry & 3rd International
Congress of Biochemistry and Molecular Biology. 16-19 November 2009, Tehran, Iran p.S231.

21. Jain, S.M. and Ochatt, S.J. (2010). Protocols for in vitro propagation of ornamental plants. Springer

Protocols.Humana Press.

22. Kaviani , B., Hesar, A.A,, Tarang, A., Zanjani, S.B., Hashemabadi, D. and Rezaei, M.A. (2011). Callus
induction and root formation on the leaf micro-cuttings of Matthiola incana Using Kn and NAA. American-
Eurasian J. Agric. Environ. Sci. 11(3):456-461.

27



