
Abstract Excised seedling leaf segments of winged bean
[Psophocarpus tetragonolobus (L.) DC.] underwent direct
somatic embryogenesis under appropriate incubation con-
ditions. Initiation and development of the somatic embryos
occurred using a two-step culture method. The culture 
procedure involved incubation for 28 days on MS basal
medium supplemented with 0.1–0.5 mg/l NAA and
1.0–2.0 mg/l BA (induction medium) before transfer to
MS medium supplemented with 0.1 mg/l IAA and 2.0 mg/l
BA (embryo development medium). The initial exposure
to low levels of NAA coincident with high levels of BA in
the induction medium was essential for embryogenic in-
duction. Maximum embryogenesis (43.3%) was obtained
with 0.2 mg/l NAA and 2.0 mg/l BA, and at least 14 days
on induction medium were required prior to transfer to the
embryo development medium. The conversion frequency
of cotyledonary embryos was 53.3% upon culture on MS
medium containing 0.1 mg/l ABA for 7 days followed by
transfer to MS medium supplemented with 0.1 mg/l IBA
and 0.2 mg/l BA. Following conversion, the regenerated
plantlets were transferred to soil and showed normal mor-
phological characteristics.
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Abbreviations MS Murashige and Skoog (1962) medi-
um · 2,4-D 2,4-dichlorophenoxyacetic acid · NAA 1-naph-
thaleneacetic acid · IAA indole-3-acetic acid · IBA indole-
3-butyric acid · BA 6-benzylaminopurine · ABA abscisic
acid

Introduction

There is an increasing interest in winged bean [Psophocar-
pus tetragonolobus (L.) DC.] tissue culture because of the
potential of this species as a high protein crop for the trop-
ics. Its protein content and oil quality are comparable to
those of soybean (N.A.S. Report 1979). In vitro techniques
can provide the means for obtaining somaclonal and in-
duced variations or for introducing agronomically impor-
tant genes through Agrobacterium-mediated transforma-
tion. However, the successful application of in vitro meth-
ods is largely dependent on a reliable regeneration system.
Considerable progress has been made in plant regeneration
systems for large-seeded legumes (Maheswaran and Wil-
liams 1984; Parrott et al. 1992). Unfortunately, winged bean
is still difficult to manipulate because of its recalcitrance in
culture. Among the modes of plant regeneration, organo-
genesis in winged bean has been achieved from callus cul-
tures derived from epicotyls (Mehta and Mohan Ram 1981;
Tran Thanh Van et al. 1986; Venketeswaran et al. 1992),
leaves (Gregory et al. 1980) and protoplasts (Wilson et al.
1985), while somatic embryos have been induced from hy-
pocotyl and epicotyl cultures (Venketswaren et al. 1992).
However, in none of these investigations were plantlets re-
generated from any of these structures. Recently, we docu-
mented somatic embryogenesis and plant regeneration from
leaf-derived calli of winged bean (Ahmed et al. 1996).

Compared to indirect somatic embryogenesis, direct so-
matic embryogenesis from predetermined tissue appears
to be associated with greater genetic and cytological uni-
formity (Maheswaren and Williams 1984). Direct somatic
embryogenesis in grain legumes has been reported from
zygotic embryos (Hazra et al. 1989; Ozias-Akins 1989;
Sellers et al. 1990) and from embryo-derived leaflets of
peanut (Baker and Wetzstein 1992; Chengalrayan et al.
1994), mature embryo axes (Suhasini et al. 1994) and leaf-
lets of chickpea (Barna and Wakhlu 1995) and intact seed-
lings of Phaseolus sp. (Malik and Saxena 1992).

This paper reports direct somatic embryogenesis and
plantlet regeneration from seedling leaf explants of winged
bean.
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Materials and methods

Plant material

Seeds of winged bean genotype EC-38825-2 were collected from
NBPGR, Akola. The seedlings were raised for explants as described
by Ahmed et al. (1996). Leaves 3- to 5-days old were excised from
the seedlings, cut transversely (perpendicular to the mid-vein) into
1- to 2-mm-long sections and cultured for somatic embryo induc-
tion.

Somatic embryo induction and development

Leaf segments were placed abaxially in contact with the induction
medium. The induction medium was a MS-based medium supple-
mented with either 2,4-D or NAA at various concentrations (0.1, 0.2,
0.5, 1.0, 2.0 and 4.0 mg/l) in combination with BA (0.0, 0.5, 1.0 and
2.0 mg/l) and 3% (W/V) sucrose. All media were solidified with 0.8%
agar (Hi-media, Bombay), and the pH of the medium was adjusted
to 5.8 before autoclaving at 121 °C (106 kPa) for 15 min. Fifty ex-
plants were cultured for each treatment; these were incubated at
25° ± 1 °C under a 16-h photoperiod regime of cool white fluorescent
light set at an intensity of 15 µmol m–2 s–1. After an incubation pe-
riod of 28 days, the explants were transferred to embryo develop-
ment medium, which was MS medium supplemented with 0.1 mg/l
IAA, 2.0 mg/l BA and 3% sucrose. This combination was found to
be optimal for inducing embryo development in callus-mediated so-
matic embryogenesis of winged bean (Ahmed et al. 1996). To deter-
mine the effect of incubation duration on embryo induction we cul-
tured leaf explants for 7, 14, 21 and 28 days on an induction medi-
um consisting of MS with 0.2 mg/l NAA, 2.0 mg/l BA and 3% su-
crose before transfer to the embryo development medium. Embryo
development treatments consisted of 15 replications (culture tubes,
25 mm ×100 mm) of 2 explants in each treatment. Cultures were in-
cubated for 3 weeks under the conditions mentioned above. Data
were collected on percentage of explants exhibiting somatic embryo-
genesis and number of somatic embryos per responding explant af-
ter 3 weeks of culture on the embryo development medium since no
somatic embryos could be detected on the induction medium. Data
on percentage embryogenesis were subjected to arcsin transforma-
tion before analysis and were converted back to percentages for pres-
entation. Means were separated using Duncan’s multiple range test.

Plantlet development

Cotyledonary-stage somatic embryos (hereafter referred to as coty-
ledonary embryos) were isolated from the explants and cultured in-
dividually on MS medium supplemented with 0.1 mg/l IBA and
0.2 mg/l BA, (conversion medium) in test tubes (25 mm ×100 mm).
In earlier studies, optimum conversion was obtained with this com-
bination (Ahmed et al. 1996). In the second set, cotyledonary em-
bryos were incubated on MS medium containing 0.1 mg/l abscisic
acid (maturation medium) for 7 days and then transferred to conver-
sion medium. A total of 60 cotyledonary embryos were tested in each
set with three repeats. Cultures were incubated at 25 ° ± 1 °C under a
light intensity of 50 µmol m–2 s–1 and a 16-h photoperiod regime. So-
matic embryo conversion was evaluated after 3 weeks of culture. Re-
generated plantlets were successfully transferred to glasshouse con-
ditions as previously described (Ahmed et al. 1996).

Results and discussion

Somatic embryogenesis

Swelling of the leaf explants was apparent within 7 days
of incubation on embryo induction medium. Upon trans-

fer to the embryo development medium somatic embryos
developed directly from the edge of the cut ends. Sequen-
tial development of somatic embryos from the globular
stage (Fig. 1a) to the heart-shaped stage (Fig. 1b) and fi-
nally to the cotyledonary stage (Fig. 1c) were observed on
embryo development medium. No somatic embryo was de-
tected on embryo induction medium. This concurs with the
report in peanut (Baker and Wetzstein 1992). Percentage
somatic embryogenesis and the number of somatic em-
bryos per responding explant were determined 21 days af-
ter transfer to the embryo development medium. The ratio
of NAA and BA in the induction medium clearly affected
the frequency of somatic embryogenesis. Only relatively
narrow range of NAA and BA concentrations, from 0.1 to
0.5 mg/l NAA in combination with 1.0–2.0 mg/l BA, was
capable of inducing the formation of somatic embryos (Ta-
ble 1). The best response was obtained with 0.2 mg/l NAA
and 2.0 mg/l BA. Leaf explants precultured under this re-
gime showed embryogenesis in 43.3% of the explants, with
an average of 5.6 embryos per responding explant. Per-
centage somatic embryogenesis was significantly and neg-
atively affected by increasing the level of NAA from 0.2
to 0.5 mg/l. Significant variation was also noted with
changes in BA concentration, particularly in combination
with higher levels of NAA. However, no clear trend could
be observed with respect to mean number of somatic em-
bryos per responding explant for different induction me-
dia. The substitution of NAA and BA with 2,4-D alone or
in combination with BA in the induction medium failed to
elicit embryogenesis. Similarly, neither NAA nor BA alone
induced embryogenesis. High concentrations of NAA (1–4
mg/l) with low concentrations of BA (0.1–0.5 mg/l)
yielded roots with little callus formation (data not shown).

The result demonstrates that the initiation and develop-
ment of somatic embryos occurs in two steps, one involv-
ing embryo induction in the presence of low levels of NAA
along with high levels of BA and the second consisting of
embryo development in the presence of IAA and BA. Such
a two-step process of direct somatic embryogenesis has
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Table 1 Effect of NAA and BA combinations in induction medium
on percentage embryogenesis and mean number of somatic embryos
from leaves of winged bean. Leaves were cultured on induction me-
dium for 28 days. The percentage embryogenesis and mean number
of somatic embryos were recorded 21 days after transfer to embryo
development medium

Growth regulator % Embryo- Total number Mean no. of
(mg/l) genesisa of somatic somatic embryos

embryos per responding
NAA BA explant (±SDa)

0.1 1.0 30b 40 4.4 ± 1.3b

0.1 2.0 33.3b 46 4.6 ± 1.1b

0.2 1.0 30b 37 4.1 ± 1.4bc

0.2 2.0 43.3a 74 5.6 ± 1.3a

0.5 1.0 13.3d 15 3.7 ± 1.2c

0.5 2.0 20.0c 30 4.5 ± 1.4b

a Means within columns followed by the same letter are not signifi-
cantly different at P = 0.05 according to the Duncan Multiple Range
test



also been observed in peanut (Baker and Wetzstein 1992,
1994; Chengalrayan et al. 1994) and chickpea (Suhasini
et al. 1994; Barna and Wakhlu 1995). However, in our stud-
ies simultaneous exposure to low levels of NAA and high
levels of BA was essential for the induction of embryogen-
esis. This observation is very striking since in most of the
reported examples of direct somatic embryogenesis in
grain legumes, high auxin favoured embryo induction and
the gradual omission of auxin resulted in embryo develop-
ment, although, there are divergent results on the effect of
the type and concentration of auxin used for the induction
of somatic embryos (McKently 1991; Hazra et al. 1989;
Baker and Wetzstein 1994). Cytokinin-stimulated direct
somatic embryogenesis has also been reported in Phaseo-
lus (Malik and Saxena 1992). Thus, it is difficult to formu-
late a generalized protocol for somatic embryogenesis in
grain legumes as the growth regulator requirements appear
to be very species and tissue specific.

We also investigated the effect of incubation duration
on somatic embryogenesis. Maximum embryogenesis
(43.3%) was observed following a 28-day exposure to the
embryo induction medium (Table 2). There were no sig-
nificant differences between 21 and 28 days on induction
medium either with respect to percentage embryogenesis
or number of somatic embryos per responding explant.
However, a low percentage of explants (6.6%) with so-
matic embryos was also recorded when culture in the in-
duction medium was for only 14 days. The results indicate
that maximum embryogenic induction is attained during a
culture period of 14–21 days in the presence of NAA and
BA and that the duration of primary culture has a decisive

influence on embryogenic response. In contrast, no clear
trend for the effect of incubation time on the induction me-
dium was seen with peanut leaflets for percent embryogen-
esis or mean number of somatic embryos (Baker and Wetz-
stein 1992). However, the effect of incubation duration 
on embryogenesis has been well-documented in alfalfa
(Finstad et al. 1993) and chickpea (Barna and Wakhlu
1995). The embryogenic response is comprises three dis-
tinct stages: competence, induction and differentiation
(Christianson and Warnick 1985). The present data are in-
adequate to characterize the competence phase and distin-
guish it from the induction phase in terms of time require-
ments.
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Fig. 1a–e Stages of somatic
embryogenesis from leaf ex-
plants of winged bean. a Glob-
ular embryos induced directly
from leaves of winged bean, 
b a heart-shaped embryo aris-
ing from the leaf surface, 
c cotyledonary-stage somatic
embryo, d germination of so-
matic embryo with defined 
cotyledon and root, e plantlet
with well-established shoot and
root system developed from 
somatic embryo

Table 2 Effect of length of exposure to induction medium on direct
somatic embryogenesis. Induction medium included 0.2 mg/l NAA
and 2.0 mg/l BA. Percentage embryogenesis and mean number of
somatic embryos were recorded 21 days after transfer to embryo de-
velopment medium

Days on induction % Embryo- Mean no. of
medium genesis somatic embryos

per responding
explant (±SDa)

7 0 0
14 6.6 2.55 ± 0.7a

21 40 5.16 ± 1.26b

28 43.3 5.6 ± 1.3b

a Means within columns followed by the same letters are not signif-
icantly different at P = 0.05 according to the Duncan Multiple Range
test



Plantlet development

Germination (Fig. 1d) and conversion of cotyledonary em-
bryos into plantlets (Fig. 1e) occurred within 3 weeks of
culture on MS medium supplemented with 0.1 mg/l IBA
and 0.2 mg/l BA. The conversion percentage was approx-
imately 42% and comparable to that reported by Wetzstein
and Baker (1993) in peanut. In another report, Wetzstein
and Baker (1992) recorded only 2% conversion. A com-
parable poor response was also noted in chickpea (Suha-
sini et al. 1994; Barna and Wakhlu 1995) and could be due
to the high proportion of abnormal somatic embryos
formed and their use in conversion studies. It has been as-
serted that the morphology of the somatic embryo affects
the conversion rate (Buchheim et al. 1989; Lazzeri et al.
1987; Wetzstein and Baker 1993). Interestingly, in our
findings cotyledonary embryos appeared to be normal and
were similar to class-2 embryos described in peanut by
Wetzstein and Baker (1993). Presumably, the normal ap-
pearance of cotyledonary embryos and their selective use
in germination/conversion studies may account for the
higher conversion rate over the lower rates noticed in pea-
nut and chickpea. However, the conversion rate could be
enhanced from 41.6% to 53.3% by preculturing the coty-
ledonary embryos for 7 days on maturation medium. A sim-
ilar promotive effect of ABA on embryo maturation has
been well-documented (Barna and Wakhlu 1993; Suhasini
et al. 1994). The regenerated plantlets grew into well-
developed single-stemed plants with normal leaf growth
under greenhouse conditions, similar to our earlier find-
ings (Ahmed et al. 1996).

In conclusion, we achieved the successful development
of a somatic embryogenesis system and plantlet regenera-
tion from seedling leaf explants of winged bean. The use
of seedling tissues excludes the need to maintain plants
under greenhouse conditions or to obtain plant material
throughout the year at specific developmental stages. Fur-
ther improvement in the efficiency of somatic embryogen-
esis and conversion may make the system suitable for re-
search efforts toward gene transfer and somatic hybridiza-
tion.
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