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Embryogenic cultures (88.6%) were raised from secondary needles of 5-6-week-old glasshouse-raised seedlings of Pinus kesiya on
MS medium supplemented with 2% sucrose, 3.0 mg I"* each of 2,4-dichlorophenoxyacetic acid and c-naphthaleneacetic acid and
1.0 mg I"' benzyl adenine in the dark for three weeks. The embryogenic cultures proliferated well on initiation medium for three
passages at two-weck intervals. Proembryos and globular embryos developed on basal medium containing 1/10th level of growth
regulators and subsequently on growth regulator-free medium. Cotyledonary somatic embryos were obtained on MS medium
enriched with higher sucrose (4%) concentration in combination with abscisic acid (4 mg I'"). The cotyledonary embryos elongated
in four week upon maintaining on basal medium containing 0.4% activated charcoal under 12 h photoperiod. Somatic embryos
germinated on MS medium containing 3% sucrose. About 40% conservation frequency into somatic seedlings was achieved.
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The commercial importance of conifers has drawn
considerable attention of plant biotechnologists to
evolve means for rapid clonal propagation of se-
lected genotypes. In contrast to angiosperms, conifers
have received lesser attention as far as the in vitro
propagation is concerned. Since 1985 (Chalupa, 1985;
Hakman et al., 1985; Nagmani and Bonga, 1985) con-
siderable efforts have been made to propagate conifers
through somatic embryogenesis (Bonga et al., 1995;
Gupta and Grob, 1995; Gupta et al., 1995; Guevin and
Kirby, 1997; Norgaard, 1997; Tandon and Deb, 1998;
Kim et al., 1999; Arya et al., 2000).

A key factor to establish successful cultures with
conifer has been the choice of explants. Mature and
immature zygotic embryos or intact megagameto-
phytes have been used extensively to initiate
embryogenic cultures in conifers. There are few
reports of induction of embryos from cotyledons of
germinated seedlings and secondary needles
(Bourgkard and Favre, 1988; Attree er al., 1990;
Lelu and Borman, 1990; Ruaud et al., 1992; West-
cott, 1992). In this paper we describe induction of
somatic embryogenesis in the cultures of secondary
needles of khasi pine, Pinus kesiya.
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Seeds of P. kesiya were germinated in a glasshouse '
under normal daylight conditions. About 20 seeds

were placed equidistant in 90 mm petri dish lined

with moist cotton pad. The needles were harvested

from 5 to 6-week-old seedlings (after appearance of
the first batch of secondary needles) and placed in

water containing 100 mg I”' PVP. The healthy nee-

dles were surface cleansed with ‘Labklin’ (a labora-

tory detergent) (1:100, v/v) for 5 min, followed by

surface sterilized with mercuric chloride (0.25%

w/v) for 3—-5 min and washed 4-5 times with steril-

ized distilled water.

MS (Murashige and Skoog, 1962), half strength MS
salts with reduced ammonium nitrate (550 mg 1%y
and increased potassium nitrate (4460 mg 1™ [(mMS]
and DCR (Gupta and Durzan, 1985) were used for
the experiments. All the media (MS, mMS and DCR)
with full or half-strength salts were supplemented
with 1000 mg I”' casein-hydrolysate (CH), 500 mg I
L-glutamine, 1000 mg 1™ myo-inositol, 0-3% su-
crose and 200 mg I”' PVP (as anti-oxidant). In addi-
tion, the media were supplemented with 0-5 mg 1™
2,4-D and NAA (singly or in combination) along
with 1.0 mg I"" BA. The media were gelled with
0.7% agar and the pH adjusted to 5.75 with 0.5 N
NaOH. The media were autoclaved at 1.06 kg cm™
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pressure for 15 min. L-glutamine, myo-inositol and
abscisic acid were filter sterilized and added to the
autoclaved media. About 20 ml of the autoclaved
medium was poured in each petri dish (90 mm).

Five needles were cultured per petri dish and were
sealed with parafilm. Fifty needles were cultured per
treatment for each medium and experiments were
repeated thrice. Cultures were maintained at
25 +£2°C in the dark unless mentioned otherwise.
After three weeks, the embryogenic cultures were
transferred thrice at two-week intervals on fresh me-
dium. Thereafter embryogenic cultures were main-
tained on optimum basal medium containing reduced
growth regulators (1/10th level of initiation medium)
for 2-3 passages. Subsequently the cultures were
transferred to medium devoid of growth regulators
and subcultured for two passages. The resulting pro-
embryos were cultured on medium containing vary-
ing concentrations of sucrose (0-5%) and ABA
(0-8 mg I""), singly or in combination for 2-3 pas-
sages for the formation of cotyledonary embryos.
The cotyledonary embryos were elongated on
medium free of growth regulators, CH and L-
glutamine but containing 0.4% activated charcoal
(AC), 100 mg it myo-inositol and 2% sucrose under
a photoflux of 60 pmol m™s™" at 12 h photoperiod.
The somatic embryos were transferred to medium
containing 3% sucrose and maintained at 12 h pho-
toperiod for two passages for germination.

Among the six media used for initiation of culture,
MS medium was found to be most suitable followed
by mMS and DCR media. In all the half strength
media initiation frequency was comparatively poor.
The highest callus initiation frequency of 88.6% (af-
ter three week culture) occurred on MS medium con-
taining 2% sucrose and 2,4-D and NAA (each at
3 mgl™) (Tables 1 and 2) followed by on mMS medium
with 2% sucrose (76.4%). Embryogenic cultures were
white, soft and translucent (Figure 1A) while, non-
embryogenic cultures were hard and greenish.

After 2-3 passages on initiation medium the cultures
ceased proliferation and turned brown. The cultures
were transferred and maintained on MS medium
containing 1/10th growth regulators of initiation
medium and subsequently on growth regulators-free
medium where proembryos converted into globular
embryos (Figure 1B).

Table 1. Effect of media composition and sucrose concentra-
tion on initiation of embryogenic cultures from secondary
needles of Pinus kesiyva.

Media* Sucrose conc. (%) %o respdnsc + 8B
Half-strength MS Q 0+0
1.0 42.1 + 2.85
2.0 59,3+ 2.54
3.0 55.5 £ 2.67
MS 0 0t0
1.0 73.6 £ 2.36
2.0 88.6+2.82
3.0 80.0 + 2.88
Half-strength mMS 0 0+0
1.0 42.1 £ 1.84
2.0 43.6 + 2.60
3.0 41.4+2.10
mMS 0 00
1.0 55.0 £ 2.67
2.0 76.4 £1.79
3.0 67.8 + 2.64
Half-strength DCR 0 00
1.0 343 +2.54
2.0 37.8 £ 2.40
3.0 32.1 £ 2.64
DCR 0 010
1.0 44.3 +2.02
2.0 50.7 £ 2.64
3.0 50.6 £ 2.02

*Additional  adjuvants: CH (1000 mg1™"), myo-inositol
(1000 mg I'"), L-glutamine (500 mg1™'), PVP (200 mg1"') and
plant growth regulators: 2,4-D and NAA (3.0 mg I"' cach) + BA
(Lomg ™",

Immature embryos were converted into cotyledonary
embryos (Figure 1B) on MS medium containing
ABA (4 mg I'") and sucrose (4%) in combination.
The cotyledonary somatic embryos elongated within
two passages on MS medium free of any gmwlh‘
regulators but containing 100 mg ™' myu—inositol,|
2% sucrose and 0.4% AC. ‘
The somatic embryos germinated and formed shoots |
(Figure 1C) on MS medium containing only 3% su- |
crose in about 40% cultures. ‘

In the present study somatic embryos were induced |
in secondary needles from 5 to 6-week-old giass~‘
house-grown seedlings of Pinus kesiya. In Picea
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Figure 1. A, Embryogenic culture raised from cultured needle (3-weck-old culture); B, globular
and cotyledonary stage somatic embryos developed all over the needle: C, somatic embryos ger
minated into somatic seedlings,
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Table 2. Effect of 2,4-D, NAA on initiation* of embryogenic
cultures from secondary needles of P. kesiya.

BAP (mgl") 24-D(mgl™")

NAA (mg 1) % response + SE

=]

0 0

0 26.7+ 2,20
0 30.7 £ 1.63
0 30.7 + 2.66
1.0 37.0 + 2.66
1.0 60.0 £ 2.10
1.0 08.0 + 2.49
1.0 46.7+2.10
3.0 61.3+1.33
3.0 65.3 +2.49
3.0 88.6 + 1.82
3.0 7331211
5.0 28.0+2.48
5.0 60.0+2.10
5.0 64.0 + 1.63
5.0 44,0 £ 1.64

*MS medium with 2% sucrose.

abies embryogenic culture was established from ex-
plants excised from 7-day-old seedlings (Krogstrup,
1986; Lelu et al., 1987). Embryogenic cultures were
also initiated from secondary needles of P. glauca
and Picea mariana (Attree et al., 1990), Picea abies
(Ruaud et al., 1992) and P. abies (Westcott, 1992),

Among the different media tried, MS medium with
2% sucrose was found suitable for initiation of
embryogenic cultures. Like other conifers (Becwar et
al., 1988; Nagmani er al., 1993; Bonga et al., 1995;
Li et al., 1998) in Pinus kesiya also lower concentra-
tion of organic carbon source was more effective.

The embryogenic cultures from secondary needles of
P. kesiya formed proembryos on medium containing
reduced levels of growth regulators. Nagmani et al.
(1993) reduced the 2,4-D to 0.5 mg 1™ gradually for
maintenance of long leaf pine cultures. Gupta er al.
(1995) reported that it was necessary to reduce the
growth regulator level in the maintenance medium
compared to initiation medium in P. abies.

Many workers (Tremblay and Tremblay, 1995; Car-
rier et al., 1997) studied the role of exogenous
sucrose on somatic embryo development and matura-
tion. ABA has been used for cotyledonary embryo
development in many plant species (Skriver and
Mundy, 1990) including conifers (Webster et al.,

1990; Vagner et al., 1998). In case of P. kesiya bet-
ter cotyledonary embryo formation was observed on
medium containing both sucrose (4%) and ABA
(4 mg I") in combination. Neither sucrose nor ABA
alone could promote cotyledonary stage embryo
formation. The resulted cotyledonary embryos elon-
gated on growth regulators free medium containing
AC. It is believed that AC absorbed all the endoge-
nous growth regulators and growth inhibitors. This
observation is in agreement with that of other work-
ers (Pullman and Gupta, 1991; Gupta er al., 1993,
1995).

The findings described here will provide help in
efforts on large-scale production of somatic
embryos-derived plants in confiers.
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