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Somatic embryogenesis was initiated from immature, anther-derived callus of Hevea. Embryo- 
genic callus with prominent proembryos were obtained using modified MS medium along with 
BAP (1 m g/L), NAA and 2,4-D (1 m g/L) each. Somatic embryos were obtained from these calli 
when cultured on media containing kinetin (1 m g/L) and lAA (0.1 m g/L). Histological studies 
of embryogenic callis revealed that the meristematic cells at the periphery of the calli produce 
somatic embryos. Clonal variation was also observed in callus induction and somatic embryo­
genesis.
Key words: Anther, Clonal variation. Multiple shoots. Phytohormones, Somatic embryogenesis.
K. Das (for correspondence), G. Das and S.K. Dey, Rubber Research Institute of India, Regional 
Research Station, Agartala -  799 006, Tripura, India.

Agartala in Tripura. The optimisation of 
media components was taken up as this is 
the most important pre-requisite for success­
ful somatic embryogenesis.

M ATERIALS AND M ETH O D S
Young flow er buds of RRII 105 and 

SCATC 93/114 were collected. Their devel­
opmental stages were examined imder a mi- 
cro sco p e u sin g  a ce to -ca rm in e  sq u ash  
method and flower buds of optimum size 
studied . A fter thorough w ashing w ith  
Teepol, the buds were surface sterilized with 
0.02 per cent mercuric chloride and placed 
in few drops of Tween 20 for 5 to 7 min, fol­
lowed by thorough washing with sterilized 
distilled water. Anthers were dissected out 
aseptically and cultured on induction m e­
dium (20 ml/tube). Half strength of the MS 
(Murashige and Skoog, 1962) inorganic salts 
was added to the medium with the normal 
quantum of organic nutrients. Casein hy­
drolysate (CH, 100 mg/L), ad en in ^ u lfa te  
(AdS, 2 mg/L) and 10 per cent coconut wa­
ter (CW) were added as organic supplements 
along with sucrose (3%) and phytagel (2%) 
for inducing callus proliferation. The pH of 
the medium was adjusted to 5.8 prior to au- 
toclaving at 121 °C for 15 min. For callus in-

IN TRO D U CTIO N
Tripura is the smallest state of North- 

East India and the second largest State in area 
imder rubber {Hevea brasUiensis) cultivation 
in the country. The climate of Tripura a non- 
traditional rubber growing region, is widely 
different from that prevailirig in the tradi­
tional region, in terms of low winter tempera­
ture, which falls below 10°C (Jacob et a l ,  
1999) with partial soil moisture deficiency 
(Saseendran et al., 1993) and high summer 
temperature. In the non-traditional areas of 
India rubber trees flower during late Febru­
ary to A p ril (M een atto o r et a l., 1989; 
Sudhasowmyalatha et a l ,  1997) while in the 
traditional belt, flowering starts in January. 
Microsp orogenesis and anther formation are 
likely to be affected by variations in climatic 
pattern. Plant regeneration through somatic 
em bryogenesis and developm ent of syn­
thetic seeds may become advantageous in 
overcoming such problems in propagation. 
This method will also facilitate shortening 
the breeding cycle. Genetic transformation 
duriiig somatic embryogenesis can also be 
attem pted. Hence induction of haploids 
from immature anthers of H. brasUiensis was 
attempted at the Regional Research Station 
of Rubber Research Institute of India at
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duction, different auxins like indole-acetic- 
acid (lAA), indole-buteric-acid (IBA), naph­
th a le n e -a ce tic -a c id  (N A A ) and 2, 4- 
dichlorophenoxy-acetic-acid (2, 4 -0 )  were 
used at different concentrations (0.05 -  5 mg/L) 
in combination with kinetin (Kn) or benzyl- 
amino-purine (BAP). Cultures were incu­
bated in the dark for six weeks at 25°±1°C. 
After callus induction and proliferation, the 
calli were subcultured on media contairiing 
BAP and a combination of 2,4-D and NAA 
for induction of proembryos. Different lev­
els of auxins and cytokinins were tested in 
all possible combinations in the media con­
taining 5 per cent sucrose and devoid of CH 
and CW.

For histological studies, embryogenic 
tissues containing embryos were fixed in 
form aldehyde/glacial acetic acid/ethanol 
(FAA, 5:5:90 v/v/v) for 24 h  at 10°C, dehy­
drated through a graded ethanol series and 
embedded in saturated paraffin wax. Em­
bedded materials were sectioned at 5 mm 
thickness on a rotary microtome. Paraffin 
wax was removed with xylene prior to rehy­
dration of tissues through a graded ethanol 
series. Staining was done with 1 per cent 
(w/v) safranin.

Percentage response for callus induc­
tion was estimated after six weeks of culture. 
Somatic embryo formation and number of 
embryos per explant were recorded after 18 
to 20 weeks of culture in the regeneration 
medium. Experiments each consisting of 35 
cultures were repeated three times.

RESULTS AND DISCUSSION
Though it has been reported that MS- 

S-4 medium could induce callus from anthers 
of rubber clone PB 5/51 (Das et ah, 1994), the 
experimental materials used in the present 
investigation (R R II105 and SCATC 93/114) 
did not respond well in this medium. The 
concentration of inorganic salts played a criti­
cal role in induction of callus from the an­
thers (Table 1). Half concentration of inor­
ganic salts in the M S m edium  induced 
callogenesis. After the second subculture, no 
further growth was observed. Addition of 
100 mg/L of CH and 2 mg/L AdS increased 
the proliferation of callus. The concentra­
tions as well as combinations of different 
phytohormones were also seen to be very 
critical. Of all the combinations of auxins 
and cytokinins, 1.5 mg/L of 2,4-D along with 
1 mg/L of BAP was found to be optimum 
for proliferation of friable callus from the an­
thers. Friability or compactness of callus was 
seen to be induced by higher concentrations 
of 2,4-D and BAP respectively. Similar ob­
servations were also recorded using anthers 
of Hevea. Induction of embryogenic callus i.e., 
the callus containing greenish white, minute, 
shiny, proembryos, as obtained using MS me­
dium with necessary modifications of phy­
tohormones viz., BAP (1 mg/L) and a com­
bination of NAA and 2,4-D (1 mg/L each). 
It was observed that these proembryos did 
not grow further to develop into mature so­
matic embryos even after culturing them two 
to three times on the same medium. Several

Table 1. Effect of different doses of MS inorganic constituents on callus induction from immature anthers of
H evea hrasiliensis

Strength of constituents Clones
in MS medium RRII 105 SCATC 93/114

Major full + minor full 
Major half + minor full 
Major full + minor half 
Major half + minor half

++
++

+++
++++

SW 
CD, Blw, C 
CD, W, C 
CD, Yw, F

++ s v f
++ SW 
++ CD, W, C 

+++ CD, Yw, F

MS : Murashige and Skoog medium; SW : Swelling only; CD : Callus development; Blw : Blackish white callus;
Yw : Yellowish white callus; C : Compact callus; F : Friable callus; W : White callus
Response rating: + less than 25%, ++ less than 50%, +++ more than 50%, ++++ more than 70%.
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manipulations were made in the regenera­
tion medium by addition and deletion of 
growth regulators and other organic compo­
nents. The concentration of sucrose was en­
hanced to 5 per cent and CW and AdS were 
omitted. It was found that a combination of 
Kn rangiiig from 0.1 to 5 mg/Land lAA rang­
ing from 0.05 to 2.5 mg/L was best for in­
duction of healthy somatic embryos. Out of 
the 63 different combinations of ̂  and lAA 
tried, only five combinations responded by 
generating somatic embryos. Combinations 
and coiicentrations of the media in which 
there was response were (A) Kn 0.5 mg/L + 
lAA 0.05 mg/L; (B) Kn 1.0 mg/L + lAA 0.5 
mg/L; (C) Kn 1.0 mg/L -h lAA 0.25 mg/L; 
(D) Kn 1.0 mg/L -h lAA 0.1 mg/L and (E) Kn 
0.5 mg/L + lAA 0.1 mg/L.

The anther culture of R R II105 showed 
highest percentage of somatic embryogen- 
esis in medium D, followed by medium A 
(Fig. 1). In medium D, 15 to 22 somatic em­
bryos were observed from each explant. 
Embryos were well formed and were loosely 
arranged on the peripheral tissues of the cal­
lus mass. In medium A, although a good 
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number of somatic embryos were formed, 
they were small and compactly associated 
with the surrounding tissues. In a similar 
study with SCATC 93/114 under the same 
combinations of media, a similar trend of 
regeneration in somatic embryos was ob­
served. However, the percent regeneration 
was much less compared to RRII 105. Thus 
medium D was most suitable for somatic 
embryo induction from anther derived calli 
of Hevea. The somatic embryos obtained 
showed a range of diversity in their morphol­
ogy i.e., from globular, torpedo to cotyledon 
shaped (Fig. 2-4). The better response of RRII 
105 to induction of embryogenesis from an­
ther derived callus compared to that of the 
SCATC 93/114 also suggests that the em- 
bryogenic potential of Hevea is genotype- 
dependent. Such an observation was also 
made by El Hadrami et al. (1991) while work­
ing on Hevea callus culture derived from in­
ternal integuments of immature seeds and 
by Jayasree et al. (1999) with immature an­
ther.

Addition of excess phytohormones or 
growth regulators in the initial culture me-
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t-ig. 1. Effect of different phytohormones on induction of somatic embryos from anther-derived callus of 
H. bmsilicnsis: A: Kn 0.5 mg/L + lAA 0.05 mg/L; B: Kn 1.0 mg/L + lAA 0.5 mg/L; C: Kn 1.0 mg/L + lAA 
0.25 mg/L; D: Kn 1.0 mg/L + lAA 0.1 mg/L and E: Kn 0.5 mg/L + lAA 0.1 mg/L.
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Figs. 2 and 3. Formation of globular or torpedo shaped somatic embryos from the anther derived callus of Hevea 
brasiliensis.

dium has negative effect on embryogenic po­
tential in rubber. Hiis may be due to arrested 
meristem atic activity (Michaux -  Ferriere 
and Carron, 1989). Thus, emphasis was al­
ways given to the use of optimum dosage of 
external growth regulators. Other investi­
gators have recorded similar observation 
while working with rubber (El Hadrami et 
al., 1991) and M edicago sativa (Meijer and 
Brow'n, 1987). On the contrary, in crops like 
Vida niirboremis (Pickardt ct a l , 1989) and alfa 
alfa (Stuart et a l ,  1985) the excess concentra­
tion of phytohormones like 2,4-D induced 
greater number of somatic embryos.

The histological study showed actively

dividing meristematic cells at the periphery 
of the callus that gradually formed compact 
masses consisting of parenchymatous cells 
(Fig. 5). These developing peripheral layers 
burst and cut off after intense metabolic and 
mitotic activity and evolved the embryonic 
units (Fig. 6). These units were identified as 
the globular proembryos. A similar obser­
v ation  w as also  record ed  in H evea  by

if'**

Fig. 4. Single cotyledon shaped somatic embryo from 
the anther derived callus of Hevea brasiliensis.

Fig. 5. Logitudinal section through embryogenic an­
ther callus of Hevea brasiliensis showing somatic 
embryos. Arrow represents the formation of 
compact globular masses from the peripheral 
layer of the callus.

Michaux-Ferriere ef fl/. (1992). Longitudinal 
sections through torpedo or coty led on  
shaped embryos suggested the presence of 
an apical tip with a bilateral symmetry and 
cotyledon formation (Fig. 7). A posterior end
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Fig. 6. Longitudinal section through an individual 
embryonic unit.

was also observed indicating the initiation 
of root. Similar development has been re­
ported for Hardivickia binata (Chand and 
Singh, 2001). The formation of an individual 
epiderm al layer aromid the embryo unit 
separated it from the surrounding callus 
mass.

The data on callus regeneration from 
anther derived calli through somatic em- 
bryogenesis and the supportive histological 
evidence showed that R R II105, grown in the

REFERENCES

Chand, S. and Singh, A.K. (2001). Direct somatic em- 
bryogenesis from zygotic embryos of a timber 
yielding leguminous tree, Hardwickia binata Roxb. 
'current Sckncc, 80(7) : 882-887.

Das, K., Sinha, R.R., Potty, S.N. and Sethuraj, M.R. 
(1994). Embryogenesis from anther derived cal­
lus of Hcvca brnsiliensis Muell. Arg. Indian Jour­
nal o f Hill Farnung, 7(1) : 90-95.

El Hadrami, 1., Carron, M.R and Auzac, J.D. (1991). In­
fluence of exogenous hormones on somatic em- 
bryogenesis in Hevea brnsiliensis. Amials o f Botany, 
6 5 : 511-515.

Jacob, ]., Annamalainathan, K., Alam, B., Sathik, M.B.A., 
Thapliyal, A.R and Devakumar, A.S. (1999). 
Physiological constraints for cultivation oiHevea

Fig. 7. Longitudinal section of cotyledon shaped 
somatic embryo. Arrows show the formation 
of bilateral symmetry (ant : anterior end, 
p s t : posterior end).

non-traditional belt like Tripura, is a better 
explant source than the C hinese clone 
SCATC 93/114. It may be concluded that 
somatic embryogenesis can be induced from 
the anther derived callus of clones RRII 105 
and SCATC 93/114 in Hevea brnsiliensis us- 
iiig modified MS medium contairiing half the 
concentration of inorganic components and 
5 per cent sucrose in combination with Kn 
(1.0 mg/L) and lAA (0.1 mg/L).

brasiliensis in certain unfavourable agroclimatic 
regions of India. Indian journal o f Natural Rubber 
Research, 12(1 &2) : 1-6.

Jayasree, P.K., Asokan, M.R, Sobha, S., Sankariammal, 
A., Rekha, K., Kala, R.G., Jayasree, R. and 
Thulaseedharan,A. (1999). Somatic embryogen­
esis and plant regeneration from immature an­
thers of H eim  brasiliensis (Muell) Arg. Current 
Science, 76(9) : 1242-1245.

Meenattoor, M.J., Krishnakumar, A.K., Sinha, R.R. and 
Potty, S.N. (1989). Flowering pattern of Hevea 
clones in Tripura. Indian Journal o f Natural Rub­
ber Research, 2(2) : 139-142.

Meijer, E.G.M. and Brown, D.C.W. (1987). Role of ex­
ogenous reduced nitrogen and sucrose in rapid



OPTIMISATION OF MEDIA COMPONENTS FOR SOMATIC EMBRYOGENESIS 65

high frequency of somatic embryogenesis in 
Medicago satiim. Plant Cell, Tissue and Organ Cul­
ture, 10 : 11-19.

Michnux-Ferriere, N. and Carron, M.P. (1989). Histol­
ogy of early somatic embryogenesis of Hevea 
brnsiliensis: The importance of timing of subcul­
ture. Plant Cell, Tissue and Organ Culture, 19 : 
242-256.

M ichaux-Ferriere, N., Grout, H. and Carron, M.P.
(1992). Origin and ontogenesis of somatic em­
bryos in Hevea hrasiliensis (Euphorbiaceae). 
American Journal o f Botany, 79(2) : 17-180.

.Murashige, T. and Skoog, F. (1962). A revised medium 
for rapid growth and bioassays with tobacco tis­
sue cultures. Pln/siologia Plantarum, 15 : 473-497.

Pickardt, T , Perales, E.H. and Scheider, O. (1989). Plant 
regeneration z’ia. somatic embryogenesis in Vicia

narbonensis. Protoplasnm, 149 : 5-10.
Stuart, D.A., Nilson, Strickland, S.K. and Nichol, J.W. 

(1985). Factors affecting developmental process 
in alfalfa cell cultures. In: Tissue Culture in fo r ­
estry and Agriculture (Eds. R.R. Henke, K.W. 
Hughas, M.P. Constantin and A. Hollaender), 
Plenum, New York, pp. 59-73.

Saseendran, S.A., Krishnakumar, A.K., Vijayakumar, 
K.R., Potty, S.N. and Sethuraj, M.R. (1993). 
Drought in rubber (Hevea hrasiliensis) plantation 
in Tripura. Plant Physiology and Biochemistry, 20(1) 
: 41-44.

Sudhasowmyalatha, M.K., Priyadarshan, P.M., Dey, 
S.K. and Varghese, Y.A. (1997). Low fruit set in 
Hevea hrasiliensis in Triprua: Implications of flo­
ral attributes. Indian Journal o f Natural Rubber 
Research, 10(1&2) : 15-26.


