RESEARCH COMMUNICATIONS

to polarization fluctuations connected with the ferroelec-
tric phase transition at 100°C on heating. The dielectric
resonance shows pronounced dispersion, likely due to a
distribution of relaxation times.

1. Wang, T. T., Herbert, J. M. and Glass, A. M. (eds), Applications
of Ferroelectric Polymers, Champman and Hall, New York,
1988.

2. Palto, S. et al., Ferro. Lett., 1995, 19, 65.

3. Bune, A. V. et al., Nature, 1998, 391, 874.

4. Blinov, L. M., Fridkin, V. M., Palto, S. P., Bune, A. V., Dowben,
P. A. and Ducharme, S., Phys. Uspekhi, 2000, 43, 243.

5. Ducharme, S., Palto, S. P., Blinov, L. M. and Fridkin, V. M., in
Proceedings of the Fundamental Physics of Ferroelectrics (ed.
Cohen, R. E.), American Institute of Physics, Aspen, CO, vol.
535, p. 354.

6. Naguyen, V. Q., Sanghera, J. S., Lioyd, I. K., Aggarwal, I. D. and
Gershon, D., J. Non-Cryst. Solids, 2000, 276, 151-158.

7. Michael, C. P., Langmuir — Blodgett Films: An Introduction,
Cambridge University Press, 1996.

8. Ducharme, S., Palto, S. P., Blinov, L. M. and Fridkin, V. M., in
Fundamental Physics of Ferroelectrics (ed. Cohen, R. E.), AIP
Conference Proceedings, AIP Press, Network, 2000, vol. 535, pp.
363.

9. Gregori, R., Jr. and Ueno, E. M., J. Mater. Sci., 1999, 34, 4489—
4500.

10. Johari, G. P. and Goldstein, M., J. Chem. Phys., 1970, 53, 2372—
2388.

11. Yano, S.J., Polym. Sci., 1970, A2, 1057.

12. Nakagawa, K. and Ishida, Y., J. Polym. Sci., Polym. Phys. Ed.,
1973, 11, 1503.

13. Furukawa, T., Ohuchi, M., Chiba, A. and Date, M., Macro-
mocules, 1984, 17, 1394.

14. Hahn, B., Wendorff, J. and Yoon, D. Y., ibid, 1985, 18, 718.

15. Ando, Y., Hanada, T. and Saitoh, K., J. Polym. Sci. B: Polym.
Phys., 1994, 32, 179.

16. Choi, J. et al., Phys. Rev., 2000, B61, 5760.

17. Cole, K. S. and Cole, R. H., J. Chem. Phys., 1941, 9, 341.

18. Vogel, H., Phys. Z., 1921, 22, 645-646; Fulcher, G. S., J. Am. Ce-
ram. Soc., 1925, 8, 339; Tamman, G. and Hesse, W., Z. Anorg.
Allg. Chem., 1926, 156, 245-257.

ACKNOWLEDGEMENTS. M.S.J. thanks the American Physical
Society, Kilambi Ramavataram Committee and Fulbright Foreign
Scholarship Board for fellowship to work in USA. He also thanks Dr
Roger, Kirby and Dr Sitaram Jaswal University of Nebraska, Lincoln,
USA for encouragement and Dr Meera Chandrasekhar, University of
Missouri, Columbia for help while preparing the manuscript. Work at
the University of Nebraska was supported by the Nebraska Research
Initiative and the National Science Foundation.

Received 3 April 2002; accepted 13 June 2002

476

Study of organogenesis in vitro from
callus tissue of Flacourtia jangomas
(Lour.) Raeusch through scanning
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In vitro regeneration of shoot bud was obtained from
nodal segment-derived callus tissue of Flacourtia jan-
gomas (Lour.) Raeusch, a woody medicinal plant of
dioecious habit. Induction of callus was obtained in
MS basal medium supplemented with 2.0 mg/l 2,4-D
and 0.5mg/l BAP. Highest number of shoot bud
(7.4 £ 0.20) was noted in 2.0 mg/l BAP. Rhizogenesis
was achieved in 1.0 mg/l NAA from both internode
and leaf explant. Shoot bud organogenesis was obs-
erved through histological and SEM study. Under
SEM, several clusters of shoot primordia together
with trichomes of characteristic morphology as well as
their structural details were noted.

FLACOURTI4A jangomas (Lour.) Raeusch (family Fla-
courtiaceae) is a woody, dioecious plant. It is found fre-
quently in semi-wild conditions in the Brahmaputra
valley and adjoining areas in the northeastern parts of
India, and had probably migrated from Bangladesh and
upper Myanmar. The plant is maintained in forests or
orchards elsewhere. This plant has some medicinal as
well as economic values. It is mainly cultivated for its
edible fruit and hard wood. The fruits are either eaten
raw or used for making jams and preservesl’z. Different
plant parts are also pharmaceutically used for the treat-
ment of asthma, pre- and post-natal blood puriﬁcation3,
etc. The fruits are used in bilious conditions and in diar-
rhoea®. The plant contains tannin and a fixed oil’. Two
limnoids, i.e. limolin and jangomolide have been obtai-
ned from its stem and bark®. However, no report is avail-
able on its in vitro organogenesis from callus tissue and
its micromorphogenetic responses. Attempts have been
made in this paper to investigate the organogenesis from
callus tissue and the micromorphogenetic details of the
differentiating structures through histological and scan-
ning electron microscope (SEM) studies.

Young internodes (1.0 cm long; 0.1-0.15cm in diame-
ter; between 3rd and 4th node), nodal segments (0.5 cm
long; 0.2cm in diameter; 4th-5th node) and leaf seg-
ments  (0.5-0.7 cm®; 3rd—4th young unfolded leaves)
were taken as explants for callus induction. All these
explants were collected from actively growing branches
of 10-15-year-old F. jangomas trees in Ramana Forest,
Golapbag, Burdwan. They were surface sterilized with
HgCl, (0.1% w/v aqueous) for 5-10min and washed
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thoroughly with sterilized distilled water. Then they were
excised and transferred into callus induction medium. The
basal medium was Murashige and Skoog’s7 (MS) supple-
mented with 3% sucrose and 0.8% agar. The different
plant growth regulators (PGRs) used were 2,4-dichlo-
rophenoxyacetic acid (2,4-D; 0.5-5.0mg/l), naphtha-
leneacetic acid (NAA; 0.5-5.0mg/l), benzylaminopurine
(BAP; 0.5-2.0mg/l) and 6-furfurylaminopurine (kinetin;
0.5-2.0 mg/1). The cultures were incubated at a tempera-
ture of 25+ 2°C and relative humidity of 70 £ 10% under
a 16 h photoperiod of about 40 UE m S

The calluses were subcultured into regeneration me-
dium. NAA (0.1-5.0 mg/1), either singly or in combination
with kinetin/BAP (0.2-5.0 mg/l), was used for caulogene-
sis. For rhizogenesis, different concentrations of NAA
(0.1-3.0 mg/1) were used.

For SEM study, callus pieces with differentiated shoot
buds and roots were collected at various developmental
stages and first rinsed in 0.25 M phosphate buffer (pH
7.2), and fixed in 2% glutaraldehyde in the same buffer
for 2h at 4°C. After dehydration in a graded series of
ethanol and finally with amyl acetate, ‘critical point dry-
ing” was done and the callus pieces were coated with
gold sputtering (in IB, ion-sputter-coated chamber) and
observed under SEM (Hitachi, S-530).

For histological analysis, callus pieces with regener-
ated shoot buds were fixed in FAA solution (forma-
lin: glacialacetic acid:70% alcohol in the ratio of
5:5:90). Standard methods of paraffin embedding and
staining were followed for histological studies®. Sections
(10 um) were cut by a rotary microtome and were obs-
erved under both bright-field and fluorescence micro-
scope by using conventional fast Green technique and
coriphosphine O respectively.

Callus induction was optimum in MS medium with
20mg/ll 2,4-D and 0.5mg/l BAP. Leaf segment showed
the best response for callus induction. Callus induction
was obtained from all of the explants used, but cau-
logenesis was achieved only from nodal segment-derived
calluses; whereas rhizogenesis was found only from
internode and leaf-derived calluses.

Highest number of shoot buds was developed (Figure
la) in 2.0mg/l BAP; it was 7.4x020 (Table 1). For
rhizogenesis (Figure 15), 1.0 mg/l NAA was found to be
effective (Table 2), although regeneration was achieved
up to a concentration of 2.0 mg/1.

Under SEM, several groups of structures representing
clusters of potential shoot primordia growing over the
callus surface were observed. Each of these shoot pri-
mordia have a compact epidermal covering composed of
a layer of more or less equal-sized cells. These shoot
buds appear as finger-like protuberances (Figure 2a).
Although the general callus appeared to have developed a
cuticle layer over its surface, the shoot primordia app-
eared uncovered at this stage of their growth (after about
four weeks of culturing).

CURRENT SCIENCE, VOL. 83, NO. 4, 25 AUGUST 2002

Samples collected after about seven weeks of growth
in the regeneration medium showed few of the shoot pri-
mordia developing into shoot buds with leaf primordia.
Such buds, when observed under the SEM, revealed that

Figure 1.
callus tissue of F. jangamas in MS basal medium with different PGRs.
a, Regeneration of shoot buds with one of them growing into a shootlet
as seen after 28 days of subcultured callus tissue in MS medium with
2.0 mg/l BAP (x2); b, Regeneration of roots from explant-derived
callus after 28 days of subculture on MS medium containing 1.0 mg/l
NAA (x 4.5).

Organogenesis of nodal segment and leaf explant-derived

Table 1. Shoot bud organogenesis in nodal segment-derived callus

tissues of F. jangomas

Concentration of PGRs in MS medium (mg/1) No. of shoot buds

regenerated

BAP Kinetin NAA (mean * SE)
0.1 - - -

0.5 - - 3.41+0.22
1.0 - - 4.2 1+0.18
2.0 - - 7.4+0.02
5.0 — - 4.6 £0.18
_ 0.1 _ _

- 0.5 - 1.3+£0.08
- 1.0 - 1.5+0.09
- 2.0 - 1.9+£0.15
- 5.0 - 2.1+0.13
0.2 - 0.1 -

0.5 - 0.1 231+0.14
1.0 - 0.1 3.5+0.22
2.0 - 0.1 2.71+0.20
- 02 0.1 -

- 0.5 0.1 1.8 £0.13
- 1.0 0.1 3.1+0.17
- 2.0 0.1 2210.16

Values are mean number of shoot buds after four weeks of culture involv-
ing altogether 30 samples in three experiments each having ten replicates.
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Figure 2. Scanning electron micrographs of regenerating shoot buds,
their detailed structure and roots from F. jangomas callus tissue. a, A
bunch of regenerating shoot buds from callus showing distinct epider-
mal layer; b, Emergence of apparently unicellular trichomes with char-
acteristic elongated lenticular structures dotted on their surface as well
as fully developed stomata on epidermal wall of shoot bud obtained
after 60 days indicating further development of shoot; ¢, Two young
roots regenerated from callus tissue.

the epidermal layer has cuticularized and distinct stomata
had developed on it (Figure 25). A number of unicellular
trichomes with characteristic appearance of numerous,
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Table 2. Rhizogenesis in callus tissue derived from internode and

leaf segment explants of F. jangomas

No. of roots regenerated

Concentration of PGR in MS (mean * SE)
medium (mg/1)

NAA Internode Leaf
0.1 - —

0.5 1.9£0.13 2.2+0.16
1.0 4.9+£0.28 5.5+0.22
2.0 2.31+0.16 2.8+£0.20

Values are mean number of roots after four weeks of culture involving
altogether 30 samples in three experiments each having ten replicates.

Figure 3. Histological section of a shoot bud regenerating from cal-
lus tissue showing distinct shoot apex with two leaf primordia, one
folded and the other straight, while observed under the fluorescence
microscope after staining with coriphosphine O in M/15 Sérensen’s
phosphate buffer at pH 6.0 (x 80).

regularly-spaced, eye-shaped markings on the surface
(Figure 2b) were noticed. The regenerated roots (Figure
2¢) that were observed under the SEM were sturdier,
sparse and devoid of any root hair.

Histological section of differentiated shoot from callus
tissue showed a shoot apex partially covered with two
leaf primordia. A compact zone of meristematic tissue
was observed near the apex (Figure 3).
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In the present study, it was observed that all explants
do not have the equal potential to regenerate shoot buds.
Similarly, differential impacts of different explant types
have also been reported earlier”'?. Rhizogenesis was obt-
ained from internodes and leaf segment-derived callus,
but these two explants could not initiate shoot develop-
ment. Only nodal segment-derived callus showed the
potentiality of caulogenesis.

For triggering shoot bud regeneration in F. jangomas,
BAP (2.0 mg/l) is an essential hormonal constituent of
the medium. BAP without any auxin supplementation
induces shoot bud regeneration in Aegle marmelos'' and
Houttunia cordata®. In Citrus aurantifoliam, cytokinin
alone was found to be effective for maximum shoot mul-
tiplication. It was previously noticed that in blueberry*
and garlic15 BAP gave the best response for multiplica-
tion of shoot buds, than other cytokinins.

The SEM study of shoot bud differentiation from cal-
lus showed that cells were aggregated into groups; these
cells were also morphologically distinguished from other
cells by having a cuticle-like covering. The trichomes
were not associated with the shoot primordia at the initial
stage, but they appear at a later stage. The presence of
trichomes associated with shoot buds was reported earlier
in several speciesw*lg, but the characteristic eye-shaped
marking was not found in those cases. Cuticularized epi-
dermis was reported earlier in regenerated shoot buds of
Rosmarinus oﬁ”lcinalisw.

The presence of stomata on the epidermal layer is a
striking feature which may indicate further development
of shoot primordia into shoot buds with leaf primordia.
Histological section of callus tissue with differentiated
shoot bud also revealed that there was only shoot apex
with two leaf primordia instead of any bipolar structure.

From these investigations, it has been observed that
both caulogenesis as well as rhizogenesis from callus
tissue are possible in F. jangomas, and BAP is effective
to induce shoot bud organogenesis without any auxin
supplementation. However, differential impacts of differ-

ent explant types in regeneration have been noticed here.
In the course of regeneration, it has been observed from
histological and SEM study that only caulogenesis has
taken place instead of somatic embryogenesis.
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