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ABSTRACT

A micropropagation protocol for parthenocarpic gynoecious cucumber reduces the burden of
producing the seeds for each generation and their maintenance in-vivo. Thus an experiment was
conducted in order to regenerate the plants in-vitro to check their performance after
micropropagation. The micropropagation resulted in maximum shoot initiation (100%) from seedling
excised cotyledonary explants with half strength MS medium supplemented with 0.5 mg/I IAA and 2
mg/l BAP along with half strength MS medium supplemented with 0.25 mg/l IAA for rooting and
from stem nodal explants with Full MS + 1.5 mg/I IAA + 2 mg/l BAP media whereas half strength
MS media without any hormones resulted in rooting and in both cases there were in-vitro flowers
and change in their sex expression while grown in in-vivo conditions. On an average 61.11 and
48.15 percent survival was recorded from the plants regenerated through cotyledonary explants
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parthenocarpic and gynoecious genotypes.

and stem nodal explants respectively. Out of five survived plants from regenerated parthenocarpic
genotype CS 131 three showed monoecious sex expression and two exhibited gynoecious
(parthenocarpic) sex expression. Mixed response of sex expression was evident in the regenerated

Keywords: Cucumber; parthenocarpy; gynoecy; micropropagation; in-vitro flowering; regeneration.

1. INTRODUCTION

Parthenocarpy along with gynoecious sex
expression is an asset for protected cultivation
of cucumber. Cultivation of parthenocarpic
gynoecious hybrids is gaining attention of the
growers as it is a reliable and profitable venture
in India. But still, the growers are left with the
option of choosing from the private sector hybrids
which costs very high (Rs. 4 to 7 per seed) or
from very limited public sector hybrids which are
yet to be tested at various places. The
development of hybrids exhibiting these traits
along with various useful vyield attributing
characters is a tedious and very risky affair
because if a generation is missed for inducing
male flowers or failed under in-vitro regeneration
for seed production will result in complete loss of
genetic material. Parthenocarpy is influenced by
environmental, physiological, and genetic factors.
Environments with low temperature and short
day length advance parthenocarpy [1]. Similarly,
parthenocarpy is also dependent on certain
hormones as evidenced by Kim et al. [2,3] and
Boonkorkaew et al. [4] that endogenous IAA
concentrations in parthenocarpic ovaries or on
fruits were higher than in pollinated cucumbers.
Other exogenous plant growth-regulating
chemicals such as auxin and auxin transport
inhibitors, gibberellin, cytokinin, and
brassinosteroids also induce parthenocarpy
[5,6,7,8]. Moreover, genetically modifying
cucumber by introducing the DefH9-iaaM auxin-
synthesizing gene can also result in
parthenocarpic plants [9]. Direct organogenesis
has already been reported for many cucurbits
from various explants viz., cotyledons,
hypocotyls, cotyledonary node, leaf explants and
anther culture. Flower formation on in-vitro grown
plants has been reported for many species using
different explant sources to investigate the
influence of medium, plant growth regulators and
photoperiod on flowering [10]. In-vitro flowering in
vegetables is important for selective hybridization
with pollen from rare accessions, enabling
synchronization of flowering, and studying the
physiology of flowering [11,12]. In-vitro flowering
has also been reported for cucumber [13,14]. A
good micropropagation protocol for cucumber
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could be used for reducing the cost (approx.
30%) of hybrid seed production [15] and
moreover, to cope up the risk of maintenance in
parthenocarpic and gynoecious cucumber due to
their innate seedlessness in-vivo. Hence,
keeping all these lines in mind the present study
was undertaken to get in-vitro shooting and
rooting from stem nodal explants and to know the
performance in terms of sex expression of
regenerated plants in polyhouse conditions.

2. MATERIALS AND METHODS

The present
Biotechnology

study was conducted at
laboratory, and polyhouse of
Department of  Olericulture, College of
Horticulture, Kerala Agricultural  University,
Vellanikkara, Thrissur. For conducting the study
three sex forms/types of cucumber viz,
gynoecious, parthenocarpic and monoecious
genotypes respectively were taken. Details of
which are given in Table 1. In-vitro seed
germination, in-vitro regeneration (shooting,
rooting and callusing) using cotyledonary leaf
explants was already observed in the previous
study [16]. In-vitro regeneration through field
nodal explants and sex expression of
regenerants in the polyhouse condition were
studied. The stem nodal explants were taken for
in-vitro culture of four cucumber genotypes. The
plants of all the four genotypes of cucumber were
sprayed with Bavistin @ 1 g/l twice at 24 and 6
hrs before taking the tender stem nodal cuttings.
Then these cuttings were wiped with 70 per cent
alcohol cotton swabs. These stems were cut 2-3
cm below the node and 1-2 cm above the node.
The side leaves were removed and the bottom
portion of the nodes was given a slant cut with
the help of sterile blade. After that these nodal
cuttings were washed for three minutes in double
distilled water. The cuttings were then soaked in
mild detergent and 0.1 g Bavistin in 100 ml
double distilled water for 10 minutes and were
again rinsed with double distilled water for five
times. These were then sterilized in 50 per cent
ethyl alcohol for five minutes and repeatedly
washed again in double distilled water for 3-4
times. The nodal cuttings were then surface
sterilized with 0.05 per cent Mercuric chloride
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(HgCly) for five minutes and rinsed five times in
sterile distilled water. The nodal explants were
then placed on two different media compositions
in the test tubes containing three per cent w/v
sucrose. The pH of the media was adjusted to
5.8 + 0.1 with 1IN HCL or 1N NaOH and then
solidified with agar and autoclaved at 121°C at
15 psi for 15-20 minutes. Single nodal explants
were inoculated in each culture tube and
incubated at 25 + 2°C under white fluorescent
light for 16 hrs light/8 hrs dark period. The
sterilized nodal cuttings were then placed on two
media compositions (Table 2) namely, first- half
strength MS basal medium [17]; second- full
strength MS basal medium supplemented with 2
mg/l BAP and 1.5 mg/l I1AA; one nodal cutting
was cultured per tube containing 15 ml of
medium. The data for 15 samples per treatment
were recorded for shoot, root and callus initiation
along with response (%) for consecutive three
weeks and was subjected to calculation of
standard error. The regenerated plants were then
placed in coco-peat mixture cups in shade for
hardening for two to three days having
temperature of 26-28°C in high humidity (>90%)
conditions and then were transplanted in
polyhouse  (modified  naturally  ventilated
polyhouse with the dimensions of 24m length
and 16 m width) protected with 60 mesh insect
proof net for observing their sex expression.
These plants were transplanted in the month of
June, 2017 which is the monsoon season in
Kerala and have outside average temperature 28
* 2°C and relative humidity more than 80%. The
data on survival percentage and sex expression
was recorded for the live plants available from
the initial sample size of 15.

Table 1. Details of genotypes used for tissue

culture
Sex form/type Variety
Gynoecious cucumber  EC 709119 (Gy-14)
Parthenocarpic CS 130
cucumber
Parthenocarpic CS 131
cucumber
Monoecious cucumber  L-04
hybrid

Table 2. Details of media composition for
stem nodal explants

Media Composition
A, Half MS (Basal Media)
A, Full MS + 1.5 mg/l IAA + 2 mg/l BAP
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3. RESULTS AND DISCUSSION

Seed germination of two parthenocarpic (CS 130
and CS 131), one gynoecious (EC 709119) and
one monoecious (L-04) genotype was observed
in-vitro with half strength MS [17] basal medium
and 100 percent germination was achieved [16].
In-vitro germination of cucumber cultivars was
also observed by Margaret et al. [18] and Alam et
al. [15]. Maximum shoot initiation (100%) from
seedling excised cotyledonary explants was
obtained with the media composition of half
strength MS medium supplemented with 0.5 mg/I
IAA and 2 mg/l BAP. The half strength MS
medium supplemented with 0.25 mg/l 1AA
followed by half MS + 0.5 mg/l IAA were found
best for rooting and the half MS media
accompanying 0.25 mg/l IAA and 2 mg/l BAP for
callusing in all the genotypes [16]. Similar type of
varied shoot initiation response for different
genotypes were also reported by Wehener and
Locy [19], Rhonde and William [20], Hooymons
et al. [21], Mohiuddin et al. [22] and Ugandhar et
al. [23]. In-vitro rooting resorting to various auxin
and cytokinin concentrations was also achieved
by Handley and Chambliss [24], Cade et al. [25],
Misra and Bhatnagar [26], Chovelon et al. [27]
and Ugandhar et al. [23].

Micro-propagation from stem nodal cuttings is
always preferable over cotyledonary explants.
Shoot initiation from stem nodal explants was
achieved in A, (Full MS + 1.5 mg/l IAA + 2 mgl/l
BAP) media whereas half strength MS media
without any hormones resulted in rooting of
various  parthenocarpic, gynoecious and
monoecious cucumber genotypes in the
present study (Fig. 1). Monoecious (L-04) and
parthenocarpic genotype (CS 130) showed 100
percent response for shoot initiation with A,
media (Table 3). Monoecious genotype (L-04)
took minimum days (7.00£0.58) for shoot
initiation followed by parthenocarpic genotype
CS 130 (11.00+0.58). On an average 83.34
percent shoot initiation response was achieved
and it took 13.00+2.52 days for shoot initiation
irrespective of genotypes. Gynoecious (EC
709119) and parthenocarpic genotype (CS 130)
showed 100 percent response for root initiation
(Table 3). Minimum days (6.50+0.41) for rooting
were taken by parthenocarpic genotype (CS 131)
followed by monoecious genotype, L-04
(8.00+£1.63). Gynoecious genotype was late for
showing root initiation response in A; media. On
an average 83.34 percent root initiation response
was achieved and it took 7.86+0.46 days for root
initiation irrespective of genotypes. The shoot
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and root regeneration from nodal explants were
also observed by Custers and Verstappen [28]
Sarowar et al. [29] Vasudevan et al. [30],
Margaret et al. [18] and Alam et al. [15].

3.1 In-vitro Flowering

In-vitro male flowers were obtained in all the
media compositions used in the previous study
[16]. Male flowers were obtained in gynoecious
genotype (EC 709119), parthenocarpic genotype
(CS 131) and monoecious genotype (L-04),
which is kind of a first report in gynoecious and
parthenocarpic genotypes. The in-vitro female
flower from stem nodal explants was obtained in
gynoecious genotype when cultured in A; media
composition (Fig. 2). The male flowers were
extracted from the tubes and pollen fertility test
was done with one per cent acetocarmine
solution. It was found that the male flowers

obtained from gynoecious and parthenocarpic
genotypes were partially fertle and from
monoecious genotypes were fully fertile (Fig. 2).
This might have happened due to high
concentration of cytokinin hormone used in the
media. It had been earlier reported that flowering
of cucumber in tissue culture depends on the
type of explant, media composition, type of plant
growth regulators and their concentration [31].
Production of the single parthenocarpic
cucumber fruits by use of an automated culture
system administering compressed air earlier has
also been reported Tisserat and Galletta [32].
The air circulation for decreasing the ethylene
effects might be one of the reason for sex
modification.  In-vifro male flowering in
monoecious cucumber was also reported by
various researchers namely Rajasekaran et al.
[13], Msikita et al. [14] and Kielkowska and
Havey [31].

Fig. 1. Stages of in vitro plant regeneration; a: Multiple shoot regenerating;
b: Root initiation; c: Regenerated plant; d: Hardened plant
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Table 3. Effect of different media for shoot and root initiation from nodal explants for different genotypes

© EC 709119 CS 130 CS 131 L-04 Average of all genotypes

s Days taken Shoot Days taken Shoot Days taken Shoot Days taken Shoot Days taken Shoot initiation

§ for shoot initiation for shoot initiation for shoot initiation for shoot initiation for shoot response (%)
initiation*  response (%) initiation* response (%) initiation*  response (%) initiation* response (%) initiation*

A, 18.50+2.04 66.67 11.00+£0.58 100 15.50+0.41 66.67 7.00+£0.58 100.00 13.00+2.52 83.34
Days taken Root initiation Days taken Root initiation Days taken Root Days taken Root initiation Days taken Root initiation
for root response (%) for root response (%) for root initiation for root response (%) for root response (%)
initiation* initiation* initiation*  response (%) initiation* initiation*

A, 8.33x1.20 100.00 8.50+0.41 100 6.50+0.41 66.67 8.00+1.63 66.67 7.83+0.46  83.34

*” Data are Mean + Standard error, n=15; NR-No response

Table 4. Survival percentage and number of plants showing gynoecious and monoecious sex expression among the plants regenerated from
cotyledonary and nodal explants in polyhouse

Variety No. of surviving plants Survival percentage No. of surviving Survival percentage No. of plants No. of plants having
from cotyledonary from cotyledonary plants from nodal from nodal explants having monoecious gynoecious sex
explants explants (%) explants (%) sex expression expression

EC 709119 6 (10) 60.00 3(7) 42.86 7 2

CS 130 4(9) 44.44 3(6) 50.00 7 0

CS 131 5(9) 55.56 0 (6) 0.00 3 2

L-04 7(8) 87.50 7 (8) 87.50 14 0

Total 22 (36) 61.11 13 (27) 48.15 31 4

Value in parenthesis represents the total plants tried for polyhouse cultivation
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Fig. 2. In vitro flowering; a: Female flowers; b: Male flowers; C: Pollen extraction;
D: Pollen viability

3.2 Evaluation of Regenerated Plants in
the Polyhouse

On an average 61.11 and 48.15 percent survival
was recorded from the plants regenerated
through cotyledonary explants and stem nodal
explants respectively (Table 4). Maximum
survival percentage (87.50 %) was achieved in
monoecious genotype (L-04) and minimum
survival percentage of 44.44 percent was
observed in parthenocarpic gynoecious genotype
(CS 130) regenerated through cotyledonary
explants. The maximum survival of 87.50 percent
was recorded in monoecious genotype (L-04)
regenerated though stem nodal explants.
Parthenocarpic genotype (CS 131) failed to
survive in the field condition. Out of all survived
plants of gynoecious genotype (EC 709119),
seven plants showed monoecious sex
expression and two plants exhibited gynoecious
sex expression (Table 4). In the parthenocarpic
genotype (CS 130) all the survived (seven)
plants showed monoecious sex expression. The
five survived plants from parthenocarpic
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genotype CS 131 have shown monoecious sex
expression for three plants and gynoecious
(parthenocarpic) sex expression for two plants.
All the survived plants of the monoecious
genotype (L-04) were monoecious in sex
expression. On an average out of 35 plants, 31
plants showed monoecious sex expression
irrespective of genotypes. Only four plants (two
from gynoecious and two from parthenocarpic
genotype) showed gynoecious sex expression in
the field condition. Variation in survival
percentage was also recorded by Vasudevan et
al. [30] and Ugandhar et al. [23].

4. CONCLUSION

Mixed response of sex expression in the
regenerated parthenocarpic and gynoecious
cucumber  genotypes  (regenerants) was
evidenced from the current study which attributes
to various growth factors involved in changing
the sex expression of the plants. Most probable
reason might be the higher concentration of
growth hormone wused. Hence it can be
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concluded that this study unwraps a novel issue
which require further scientific insights.
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