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Addition of abscisic acid (ABA) and/or proline stimulated benzyladenine (BA) -induced multiple shoots direct-
ly from cotyledon explants (2 mm X 2 mm) of Cucumis sativus in MS medium (Murashige and Skoog, 1962) with
39 sucrose. Stimulation of BA-induced multiple shoots by proline was statistically significant within the concen-
tration range of 5 mM-10 mM. Although at high levels of 20 mM and 30 mM, shoots were slightly inhibited.
Stimulation of multiple shoots by ABA was optimum at 50 M with higher concentrations of 200 M and 300 x
M being very inhibitory. Addition of 50 M ABA with 10 mM proline stimulated better quality multiple shoots
and induction was observed in a maximum percentage (90%) of the explants.

Introduction

Cucumber (Cucumis sativus L.) is an economically important vegetable crop in most regions of
the world?. Studies on % vitro regeneration in this species is of considerable interest in order to
improve varieties viz a biotechnological approach. So far many important contributions have been
made in this direction. Plant regeneration has been reported using various explants like leaf callus?,
cotyledons®, cotyledon and embryonic axis®, hypocotyl segments®, petiol®, cell suspension” and
protoplasts®.

In this paper we report on the stimulation of benzyladenine (BA)-induced shoot organogenesis
from cotylédonary explants by the addition of proline and abscisic acid (ABA). This stimulation of
organogensis through enhanced multiple shoot formation resulted in a higher number of in vitro
plants being regenerated on a per seed basis.

Materials and Methods

Mature seeds of cucumber (Cucumis sativus L.) c.v.; shimosirazu (source; Yokohama Nursery,
Yokohama; Japan), following uncoating and sterilization were germinated for 48 hours at 25°C on
MS medium? with 2 mg/! BA and 39% sucrose, pH 5. 8. Sterilization was done by treating seeds for
45 seconds in 70% ethanol, followed by 15 minutes treatment in 19 sodium hypochlorite and rinsed
3 times in distilled water. Following germination and cotyledon expansion for 48 hours, 2 mm X2
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mm cotyledon explants'® were cut from the cotyledon area close to the cotyledonary node. From
each seed four cotyledon explants were obtained (two from each half of the cotyledon). Individual
explants were placed on various shoot organogenesis solid media described below. Every treatment
in this study had 40 explants for each of the individual experiments with 10 explants per petridish
(20 m/ medium).

Standard MS medium with 1 mg// BA [Wako Pure Chemical; Osaka, Japan] and 39 sucrose, pH
5. 8, originally developed for C. melo shoot organogensis'® was intially tested for C. sativus. For C.
sativus increasing BA to 2 mg// was found to be more suitable (data not shown) and therefore this
concentration was used in all experiments reported in this paper. Gelrite (gellan gum; Merk; USA)
at 0.29% was used as the solidifying agent. Various concentrations of proline (Nakarai Tesque,
Kyoto, Japan) and ABA (Wako Pure Chemical, Oosaka, Japan) were added to the above medium
and sterilized under standard autoclaving conditions.

After 25 days of culture on shoot organogenesis medium under light (16 hour cycle at an intensity
of 40 E. m~?sec™!) at 25°C, explants were scored for the abilty to form a single shoot or multiple
shoots. In many cases shoots appeared at more than one point on the explant (such explants were
counted as one). No callus formation occurred on any explants in any treatments. Shoots were
excised individually and transferred to 1/2 strength MS medium in the absence of any growth
regurator. Following root formation the plants were transferred to 1: 1 vermiculite: sand and after
proper conditioning under high relative humidity, plants were transferred to soil under green house
conditions.

Results and Discussion

Organogenic response in Cucumis sativus was tested by using the method developed to induce
shoot organogenesis from cotyledon explants of C. melo'®. Our study showed (data not shown) that
2 mg/l of BA in standared MS meidum with 39 sucrose was optimum to induce shoot organogenesis
in C. sativus. Under these conditions only 5094 of the explants formed a mixture of single and
multiple shoots and in few cases shoots formed at multiple points on the explants (Fig.1-A).
Commonly BA has been used to induce # vitro shoot organogensis in many plants species!®#19,
Based on our initial observation in C. sativus on the effects of BA, we wanted to further test whether
proline’® and ABA'® could stimulate BA-induced shoot organogenesis.

Under the influence of proline, a significant percentage of the shoots induced were multiple in
nature (Fig.1-B). This also resulted in higher numbers (6. 8-8. 5) of plants being regenerated on a
per seed basis (Table 1). Statistically there was a significant difference between the control and any
of the proline treatments. But there was no significant difference in the number of plants regenerat-
ed among various proline treatments. At higher concentrations of proline (20 mM and 30 mM),
shoots were slightly inhibited. The increase in the extent of BA-induced multipleshoot formation
following the addition of proline (5 mM-30 mM) is interesting. Previously it was reported that
proline increased embryogenesis in some plant species'*#!® and recently in our laboratory proline
stimulated BA-induced shoot organogenesis in Lagenaria siceravia and C. melo (unpublished
results). The mechanism of these proline-stimulated plant regeneration must be investigated in
detail.

ABA concentration of 50 M and 100 xM not only stimulated BA-induced multiple shoot forma-
tion in 909 of the explants (Fig. 1-C; Table 2), but also very few single shoots were formed. In
many explants, shoots were formed at multiple points on the explants. The efficiency of stimulation
of shoot formation decreased at 200 M and 300 M ABA levels and explants showed severe signs
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Fig. 1 Shoot formation from cotyledonary explants of Cucumis sativus L. A) on standard MS medium
supplemented with 2 mg/! benzyladenine and 3% sucrose and stimulated multiple shoot formation
by B) 10 mM proline, C) 50 uM abscisic acid and D) 10 mM proline and 50 zM absicsic acid.
Arrowheads indicate shoot apex.

Table 1. Effect of proline on benzyladenine-induced shoot
formation* of Cucumis sativus L.

Frequency of  Frequency of = Average number of

P I'((I)Il]ll{l/[e)** single shoot multiple shoot  regenerated plants
formation (%) formation (%) per seed
0 22.5 17.5 3. 0a***
5 15.0 30.0 8.3b
10 5.0 35.0 8.5b
20 7.5 22.5 7.0b
30 5.0 20.0 6. 6b

* The results are an average of two independent experiments.

** The basal medium was standard MS medium supplemented with
2 mg/l benzyladenine and 3% sucrose. There were 40 explants
per treatment which corresponds to 10 seeds.

*** In this column numbers followed by same letter are not signifi-
cantly different from each other at 5% level of confidence using
Duncans multiple range test.

of inhibition (data not shown). As many as 24 and 19 plants were regenerated on a per seed basis at
50 M and 100 M ABA levels respectively (Table 2). Addition of ABA at concentrations of 50 ;M
and 100 oM with 10 mM proline enhanced the quality of multiple shoots (Fig. 1-D). The shoots
were green and also the treatment resulted in higher number of plants being regenerated on a per
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Table 2. Effect of proline (10 mM) and varying levels of abscisic acid
on benzyladenine-induced shoot formation* of Cucumis sativus

L.
ABA (pM**) Frequency of  Frequencey of
levels with single shoot multiple shoot évegﬁ%ﬁalztelglblerntzf
and without formation formation g " dp a
10 mM proline (%) (%) per see
None 22.5 22.5 3. la***
Proline 12.5 30.0 8. 8b
ABA 50 5.0 85. 0 24.2b
ABA 50+ Proline 5.0 90.0 30. 8e
ABA 100 2.5 70.0 18. 8¢
ABA 100+ Proline 2.5 87.5 24. 0d
ABA 200 2.5 47.5 12.1b
ABA 200+ Proline 0.0 70.0 14.4b, ¢
ABA 300 0.0 15.0 4. 2a
ABA 300+ Proline 0.0 30.0 5.4a

* The results are an average of two independent experiments.

** The basal medium was standard MS medium supplemented with
2 mg// benzyladenine and 3% sucrose. There were 40 explants per
treatment which corresponds to 10 seeds.

*** In this column, numbers followed by same letter are not significantly
different at 5% level of confidence using Duncan’s multiple range test.

seed basis. Concentrations of 50 uM and 100 4M
ABA with 10 mM proline resulted on an average of
31 and 24 plants being regenerated per seed, respec-
tively (Table 2).In all the cases the shoots were
excised individually and rooted on 1/2 strength hor-
mone free MS medium, before being conditioned to
adult plants (Fig. 2). The mechanism through
which ABA brings about stimulation of BA-induced
shoot organogenesis is not known. This fundamen-
tal questions will be very interesting to probe in
detail.

On the applied side, proline and ABA stimulation
of BA-induced shoot organogenesis through enhan-
cement of multiple shoot formation provides;a)
Enhanced efficiency of in vitro plant regeneration
in cucumber using cotyledon explants. b) Cotyledon
explants could be treated with mutagens and poten-
tially various stress and pathogen tolerent plants

could be selected. c) Cotyledon explants could be "
used to transfer useful genes via Agrobacterium or Fig. 2 Fertile adult cucumber plant obtained
particle gun bombardment and transgenic plants from in vitro procedure.
can be regenerated via shoot organogenesis.
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