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Abstract:

icro propagation is a fast method of plant propagation that has a great potential to

develop high quality as well as disease-free plants. Advancements in this field have led

to the development of several techniques for rapid multiplication and improvement
of a wide range of horticultural crops and their production systems. Micro propagation includes
three types of vegetative propagation, 1) somatic embryogenesis, 2) adventitious shoot production
and 3) axillary shoot production, which provide excellent opportunities for successful vegetable
crops production. In Capsicum genera, annuum-chinense-frutescens complex have been made
with white flowers and small yellow seeds. A number of experiments have also been done to
demonstrate the influence of hypocotyl explant orientation on shoot bud induction in Capsicum
spp. Sweet potato cuttings when grown in vitro with Florialite gives greater percentage of survival.
Similarly, in vitro layering of gourds; a modification in micro propagation methods become more
advantageous as it produces single shoot rather than multiple shoots. Likewise, an immobilized
culture system of obtaining torpedo-stage embryos of carrots of uniform size and higher tuber
yield with rapid multiplication rate for potato were also introduced by micro propagation

techniques.
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Introduction

For the rapid multiplication of plants, micro-
propagation is a refined and well adapted technique.
Due to the fast speed of propagation it has a great profit-
making potential, the high plant quality and the ability
to produce disease-free plants. It is an art and science of
plant propagation under in vitro conditions. The
process of propagating plants includes several steps i.e.
stock plant care, explant section and sterilization, media
manipulation to obtain proliferation, rooting,
acclimatization, and growing plants in field conditions.
As it requires a sterile work-place, therefore micro
propagation is usually done by hand which makes the
process cost-intensive and monotonous for the workers.
Micro propagation was first presented as a concept to
the scientific community in 1960 by Morel for
producing virus-free Cymbidiums. The necessary tools
that made micro propagation a possibility, such as the
development of media and an understanding of growth
regulators, have been accessible only since the late 1950s.
The actual establishment of profitable micro
propagation as an industry became a reality during the
1970s and 1980s. But, in spite of the micro propagation
industry being only 15 to 20 years old, considerable
progress has been made in the culture of plant tissues
and cells in vitro and in the experimental management
of higher plant parts and cells as microorganisms [1].
Micro propagation consists of three types of vegetative
propagation: (1) Somatic embryogenesis, in which
structures are formed containing a shoot and root (2)
Adventitious shoot production, comprising the
meristem formation from callus tissue or directly from
organized tissues i.e. epidermal or sub-epidermal cells,
(3) Axillary shoot production where axillary buds and
meristems give rise to shoots that are used to produce
additional clonal shoots. Several examples of successful
applications have been reported for a) meristem culture,
b) organogenic micro propagation from
undifferentiated tissues, cells or protoplast, c) zygotic
embryo culture, d) somatic embryogenesis and e)
gametic embryogenesis. Hu and Wang had successfully
obtained meristem, shoot tips and bud cultures in some
laboratory experiments [2]. Meristem cultures have
been employed to eradicate virus infections in some
asexually propagated species. Meristem and bud
cultures have been used commercially for multiplication
of some valuable genotypes. Zygotic embryo culture has
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been successfully employed to avoid post-fertilization,
cross incompatibility during inter-specific transfer of
genes among related plant species for many years.

Methods

Search strategy and selection criteria

A systematic scientific and technical literature review
was compiled with the main themes of “Micro
propagation”, “in  vitro vegetables®, “vegetable
production under in vitro conditions”, “applications of
micro propagation in agriculture”, and “micro
propagation for mass production of vegetables”.
Literature found coherent with the review topic was
rigorously screened for the inclusion of a wide range of
reputed research articles published during 1980-2014.
Figures, tabulated data and graphical representations
were also included were applicable to make this review
technically stronger.

Discussion

APPLICATIONS OF BIOTECHNOLOGY IN
VEGETABLE PRODUCTION

Capsicum peppers are most diverse vegetables grown all
over the world. Capsicum annuum, is the most popular,
genetically diverse, and economically important species.
Capsicum chinense Jacq. (Habanero or Scotch Bonnet
types) and Capsicum frutescens (Tabasco type) are
important in Asia and are genetically in close
resemblance with Capsicum annuum. Thus, the three
species can be intercrossed to make up the annuum-
chinense-frutescens complex (or annuum complex),
having white flowers and small yellow seeds [3].
Finally, Capsicum pubescens R & P (purple flowers and
black rough seeds) which represent separate taxons,
and Capsicum baccatum var. pendulum (white flowers
in yellow/green spots) have been grown abundantly
and utilized for millennia [4]. Identification of
numerous traits of interest among the Capsicum
species has been enabled due to such diversity (e.g.
resistance against pests and diseases). However, the
uses of interspecific crosses for transferring these
traits between Capsicum species is usually hampered
by the incompatibility problems such as embryo
abortion. Long breeding cycle is another challenge for
Capsicum breeders (i.e. from sowing seeds to
harvesting ripened fruits containing the seeds for
the next generation), which are considerably longer
than other fruit vegetables (e.g. tomato, eggplant,
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Figure 1: Upper (left to right): Example of in situ
development of Capsicum embryos (Capsicum annuum
cv. California Wonder 14-6). Only the four first stages
(from globular to early cotyledonary) were utilized in
the present experiment. Lower (left to right): example
of in vitro germination and subsequent development
(DAP: days after pollination) of acotyledonary embryo
(Capsicum annuum cv. California Wonder 14-6).
Source: Manzur [10]

melon). Thus, isolation and in vitro culture of zygotic
embryos is incredibly helpful in both situations. This
technique was first reported in two Cruciferae
vegetables i.e. Cochleiraand Raphanus and since then
it has been very useful not only for shortening the
breeding cycles or enabling interspecific and
intergeneric hybridizations, but also for overcoming
the seed dormancy and sterility, thus obtaining
valuable haploid materials for micro propagation [5-
7]. As a whole, the knowledge of the responses of
Capsicum zygotic embryos to in vitro culture is still
relatively scarce. Therefore, to overcome the post-
fertilization genetic barriers, it has been applied in
a few unique

Capsicum annuum x  Capsicum

frutescens and Capsicum annuum x Capsicum
baccatum crosses [8,9]. Despite the interest of all
these studies, the use of a higher genotypic diversity
is still missing and, only embryos beyond torpedo
stage were reported to provide satisfactory results as
it is extremely difficult to produce plantlets from
heart or globular embryos [8].

All  these confirmed that the

developmental stage of embryos is another key factor

findings have

for their responses to in vitro culture, besides the
genotypes [11]. So, the stages at which embryo abortion
in Capsicum species may occur in interspecific
hybridizations is very much dependent on the
genotypes that are involved in the crossing which
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showed contrast to the results from Yoon et al. [8].
Several examples are there in which embryos had to
be rescued at the very early stages [7,12]. Therefore,
further studies regarding globular and heart embryos
are required to improve the responses to in vitro
cultures. Moreover, it is commonly accepted that
composition of the media used to grow plants in vitro
also has a significant effect on the regeneration of
Capsicum plant tissues [13]. Providing immature
embryos to promote growth is considered an additional
key factor with the appropriate level of carbohydrates,
mainly sucrose, and minerals, mainly MS mineral
solution [14,15]. By contrast, exogenously supplied
hormones may possibly modify the ontogenic pattern
of embryos or, even, provoke callus formation, while,
in some conditions, low concentrations of supplied
hormones had facilitated embryo cultures [16,17]. In
addition,

recalcitrant for in vitro cultures [17] and therefore,

Capsicum peppers are considered very

two media were reported from the experiments of Yoon
etal, [8] and Hossain et al, [9]. Beside this information
there is a lack of detailed studies about the response of
immature Capsicum embryos to different media and
their interactions with the different genotypes and
developmental stages is not reported yet.

SWEET POTATO CUTTINGS GROWN IN VITRO
ON FLORIALITE

The growth and quality of plantlets in vitro are
considerably influenced by nature of supporting
material for rooting. Poor root development ultimately
affects the shoot development as root and shoot
development are inter-dependent. Agar which is a
conventional gelling agent, has a lots of drawbacks such
as lowering oxygen diffusion coefficient, negatively
affecting the differentiation and development of tissues
grown on cultures has limited adaptability to
automation, inability to circulate the nutrient medium
in the culture vessel, hard to clean the roots and the
vessel before transplanting and significant differences in
the sensitivity of the plant species to different agar
brands. Use of various fibrous materials such as
cellulose, rock wool and artificial soil such as vermiculite
has been reported in enhancing the growth of plants in
vitro. The supporting material, Florialite, is a mixture of
paper pulp and vermiculite, has the ability to absorb up
to 71% nutrient solution of its own volume [1]. The
growth of the plantlets obtained from Florialite was
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greater than that of the vermiculite which indicates that
the addition of paper pulp with vermiculite is the major
reason for this greater growth. Moreover, the Florialite
solid cubes makes it possible to automate the micro
of material

propagation more

conveniently and precisely compared with that of agar

and handling

or vermiculite granules.

Therefore, sweet potato

photoautotrophically in vitro in supporting material of

cuttings were grown
either 100% vermiculite or vermiculite mixed with
different concentrations of paper pulp. The use of
vermiculite with 30% paper pulp was found to stimulate
growth of leaves, stems and roots significantly, and any
deviation from this proportion of paper pulp brought
about a regular reduction in the root and shoot growth
(Table 1). The difference is clear between the mixture of
vermiculite and paper pulp treatments and the control
in the development of the root system. The main
adventitious roots gave rise to fine lateral roots for those
plantlets that are grown in the mixture of vermiculite
and paper pulp.

MICRO PROPAGATION IN GOURDS
(TRICHOSANTHES DIOICA ROXB.) THROUGH
CUTTINGS

Pointed gourds (Trichosanthes dioica Roxb.) from
family =~ Cucurbitaceae are dioecious perennial
herbaceous vegetables. Fruits are the edible portion and
are a good source of vitamin C and minerals [18]. This
crop is propagated conventionally by shoot cuttings
using 60-90 cm long segments from basal portion of the
vines. Seed propagation in gourds is not desirable due to
its cross pollinated nature, poor germination, slow
seedlings growth and segregation of male and female
plants [19]. As it is perennial crop, this characteristics of
the crop provides an opportunity for cost effective micro
propagation of superior and desirable clones. Only few
cultivars of Trichosanthes dioica breed crop are
reported. Two such highly productive female types
‘Swarna Alaukik' and ‘Swarna Rekha' that are released
from the Central Horticultural Experiment Station
(CHES), Ranchi (North India) and are in high demand
and no adequate supply of the planting material is
available. Media treatments that involve cytokinins and
indole-3-acetic acid (IAA) with a view to induce
multiple shoots gave poor responses together with
callusing and differentiation. Different combinations of
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GA3 and BA resulted in multiple shoots along with poor
elongation and high vitrification. Thus, in vitro layering
was more advantageous than the multiple shoot
production pathway, in which the micro cuttings
produce a single shoot often coupled with rooting
[20,21]. The significant feature is that a single medium
formulation facilitated culture initiation, multiplication
and rooting in all the genotypes. Further, the rooted
stumps that are left after the sub-culturing of nodes
could be used effectively for ex vitro establishment of
plantlets.

SOMATIC EMBRYOGENESIS IN CARROTS
(DAUCUS CAROTA SUBSP. SATIVUS)

Somatic embryogenesis is potentially one of the most
efficient methods for plant micro propagation and in
case of dicotyledonous culture, embryos at various
developmental stages i.e. globular-, heart-, torpedo-, and
cotyledonary-stage are frequently mixed in the
suspension [22,23]. Additionally, the rate of formation
of embryos in each developmental stage alters
correspondingly during the culture period in carrots.
Somatic embryos harvested at the torpedo-stage, have
better performance of plant conversions. Therefore,
several attempts have been made to develop certain
methods that results in obtaining a large number of
torpedo-stage embryos of carrots with satisfactory
degree of homogeneity.

250003 ———
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Number of Somatic Embryos
(Embryos/Flask)
B g
-

5000

o

20%Cr, 69%0, DyDO

= Torpedo-stage embryos.
1 Total somatic embryos

Figure 2: The number of harvested somatic embryos.
Vertical bars represent standard errors of the means (n=4).
20% 02 = 20% oxygen aeration; 6% 0> = 6% oxygen
aeration; DyDO, dynamic DO control.

Source: Shimazu and Kenji [28]

Two approaches are classified in this respect. First is to
select torpedo-stage embryos from a heterogeneous
embryo population of carrots. A few groups have been
reported on automated selection systems of torpedo-
stage embryos that are combined with image analysis
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systems (Fig. 1, 4, 5). Molle et al. [24] have developed an
automated selection system based on filtration through
a mesh that mechanically sieves torpedo-stage embryos.
The second approach is to enhance synchronous
development of embryos into torpedo-stage during the
culture that aims at improving the culture method.
Nadel et al. [25] showed that synchronization by
addition of abscisic acid to the regeneration medium
of somatic embryogenesis was promoted and Osuga et
al. [26] proposed a method of improving synchronizing
development into torpedo stage embryos by using
inhibitory effect of high population density on embryos’
development. An immobilized culture system of
obtaining torpedo-stage embryos of uniform size
released from gel beads was developed [27].

These methods not only require high labor, but also
involve a high risk of contamination during of embryo
transfer into culture vessels. Jay et al. [29] reported that
low medium pH 4.3 did not allow the development
into torpedo- and plantlet-stage, thus suggesting that
control of medium pH might be wuseful for
synchronizing development into globular- and heart-
stage embryos. Conversely, his report did not assess
the development from heart-stage into plantlet-stage.
Shimazu and Kurata [28] showed that low dissolved
oxygen (DO) level (2.4 mg F’) in the culture media
inhibited development of embryos into cotyledonary-
stage, and thus increased the formation rate of
torpedo-stage embryos within the cultures. DO levels
can be controlled easily by changing the oxygen
concentrations of the aeration. Therefore, synchronous
cultures of somatic embryos were expected to be
applicable to efficient production of torpedo-stage
embryos by controlling DO level [30]. However, the
development of embryos from torpedo-stage into
cotyledonary-stage was halted so the development of
globular and heart-stage embryos to later stages was also
delayed by the low DO levels [31]. Resultantly, a
remarkable number of globular and heart-stage embryos
remained in the suspension when embryo were
harvested at torpedo-stage. These results suggested that
if there were a way to promote the development of
globular and heart-stage embryos into the later stages,
while simultaneously repressing torpedo-stage embryo
development into cotyledonary-stage the formation
rate of torpedo-stage embryos to total embryos of all
developmental stages (FT) could be enhanced. It
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seems from the data on the embryo development that
this could only be achieved by controlling DO in the
suspension dynamically. The scientists proposed a
dynamic DO control algorithm that enhances FT by
promoting the development of early stage embryos into
torpedo-stage embryos and repressing development of
torpedo-stage embryos into late stages simultaneously
[32]. This algorithm was based on information on the
composition of embryo population (formation rate of
embryos at each developmental stage to total embryos
of all developmental stages) in the suspension that is
assessed by monitoring all cultures. Since destructive
risk of
contaminating healthy cultures and is labor intensive,

sampling of somatic embryos has a
there is a need of a noninvasive monitoring method.
Noninvasive monitoring by the image acquisition and
analysis has been applied to automatically selecting
normal somatic embryos from the suspension.

The monitoring in prescribed review study was also
based on the noninvasive image acquisition of the
embryo population during cultures. The pH of medium
is one of the environmental factors that can be measured
on-line very easily. It was also reported that changes in
the pH of medium during somatic embryo culture
showed characteristic variations, and these variations
seemed to reflect the developmental phase and
physiological state of the somatic embryos. Thus,
measurement of medium pH could be a satisfactory way
of monitoring carrot embryo development.

IN VITRO TUBER YIELDS AND
MULTIPLICATION RATES OF POTATO

Potatoes are traditionally multiplied by tubers, with a
multiplication rate of 6 to 10-fold annually. A major
impediment to the introduction of new cultivars and
to the production of high-quality tubers is the low
production rate for tuber planting. Micro propagation
can be a successful tool for enhancement of
multiplication rates considerably. Under aseptic and
the rate of
multiplication goes from 10 to 25-folds per 8 weeks, 8
to 84-fold per 40 days [33], and 4 to 7-fold per 3-5
weeks [34-36] have been reported by researchers. The

controlled ie. laboratory conditions,

desired quantity of plantlets can be produced in very
short time by using this technique.

However, temperature controlled chambers, well-
equipped laboratories, mist equipment or greenhouse
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Treatment Leaf Stem Root
Number Area (cm?)  Fresh mass Dry mass Fresh mass  Dry mass Fresh mass  Dry mass
(mg) (mg) (mg) (mg) (mg) (mg)

Agar 45407 2094264 523 +18° 40 £2.3¢ 80 +7.24 6.8+1.0° 27241999 184419
V:P/100:0 43+0.7 28.6+3.7° 761 + 56¢ 61 +6.8° 113 +19¢ 8.06+08¢ 387+ 12.7¢ 31 +49°
V:P/90:10 48405 326463 983 + 87 834+ 5.8% 126 4 24P 9.9+2.6¢ 6734820 61 +17*
V:P/83:17 4.5+0.7 40 + 9abe 1225 +£ 178 96 4 15 173 + 46°° 124+ 1.4% 730 + 78 68 + 14*
V:P/70:30 48408 4L.7+11%  1433+274* 111 +17* 214 + 49* 17.34+2.6° 7324820 70 + 8.9°
V:P/50:50 48405 36.1 455 1127 +147% 91 + 13 174 4 453 134+2.1° 681 4929 61 +9.1*
V:P/30:70 54405 38+ 6.6° 1168 £104> 101 £ 8 172 4 473® 126 +£1.3% 700 + 36* 62 +5.5°
V:P/10:90 44+05 37+ 7.0% 1130 + 155 90+ 13° 167 +154% 12,1424 561 +93° 45+ 6.2°

* Means within a column followed by different letters are significantly different at P <0.05 by Duncan’s Multiple Range Test.
¥ All parameters except leaf number were significant at P<0.01 (ANOVA). Each value represents mean + SE of 10 plantlets.

Table 1: Effects of different proportions of vermiculite and paper pulp on growth of 21 days old in vitro-grown sweet

potato plantlets
Cultivar or Plot size Plants m—2 Tuber vield m—?2 Tuber wield/plant
clone {m?=) at harvest
No.+ SE Weight (g) = SE No Weight (g

‘Aracy’ 24.0 7.5 57+ 2 1931+ 198 7.6 257
‘Baronesa” 40.3 5.9 61+ 7 1837+ 90 5.8 266
‘Superior’ 25.4 7.6 50+ 6 1844 + 177 6.6 279
DTO-28 15.8 7.5 48+ 15 2371 6877 6.4 316
DTO-33 11.5 7.9 109+ 2 3231 =581 13.8 409

LT-2 23.5 6.0 123+ 6 4118+ 161 20.5 686

L.'T-4 s 7.8 a5+ 11 3111+ 21 12.2 399

LT-7 30.7 6.6 50+ 7 2611 + 499 7.6 396

Table 2: Tuber yields and multiplication rates (tubers/plant) of Solanum tuberosum cultivars and clones. Transplants
produced of cuttings (1-2 nodes) of in vitro plantlets were planted in the field and grown for 78 days.

Number of shoot buds

Cultivar Explant Number of roots formed
orientation on BI medium® on the hypocotyls
Arka Lohit WVertical 1.0 6+03
Horizontal 2+ 083" 4+0627
Inverted 24 +2.65 38 477
Arka Abhir WVertical 1.0 T+1.2
Horizontal 2+011°° 6+ 15"
Inverted 19 &+ 3.82° 47 £4.0°

* BI-MS salts + vitamins + MES (1.95 g/1) + BA (26.63 pM) + [IAA (2.28 pM) + AgNO; (10 pM).
“"p < 0.01; “p < 0.05 compared to vertical oriented explants.

b

Table 3: In Capsicum annuum the influence of hypocotyl explant orientation on shoot bud induction.

Source: Kumar [44]

space [37] are required for rooting and hardening
procedures as these are laborious and very time
consuming. When large number of plantlets has to be
produced then these factors might become limiting. In a
study conducted by Levy [34], the remarkable capability
of these plantlets to produce 16-25 tubers per plant was
observed and the possibility of planting in vitro
plantlets in the field was also shown. The study
conducted by Wattimena et al. [37] and Wiersema et al.
[38] showed the capability of in vitro plants to produce
more but small sized tubers than plants grown from
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in vitro tubers. Moreover, transplantation of various
plant species is a common procedure that is carried out
by hand labor and also by various types of machines.

MORPHOGENESIS IN CAPSICUM ANNUUM
Capsicum regeneration includes formation of profuse
leafy structures instead of shoot bud, or shoot bud that
do not elongates or induction of somatic embryos that
fail to develop into a shoot [39,40]. Because of the
difficulties in plant regeneration, applications of cell and
molecular biology techniques for genetic improvement

53



of Capsicum have been limited [41]. Although various
reports on embryogenesis and organogenesis are
available [13], none of them provide promising response
in Capsicum annuum var. Arka Abhir (AA) and Arka
Lohit (AL), which are two commercially important
varieties of this species. This can be attributed to intra
varietal differences in regenerations from different
explants [42] and difficulties in elongation of shoot bud
and somatic embryos reported in Capsicum annuum
[10,40,43].

The effort reported here primarily addresses the role of
polarity of explant, that are exogenously administered
auxin transport inhibitor tri-iodo benzoic acid (TIBA),
phloroglucinol (PG) along with benzyl adenine (BA)
and TAA on direct adventitious shoot formation in
genotypes of Capsicum annuum cv. Arka Abhir and
Arka Lohit that are recalcitrant. Moreover, various
studies were also carried out on the role of light in
presence of exogenously fed GAsand AgNO; in
elongation of shoot buds.

AN INNOVATIVE IN VITRO REGENERATION
PROTOCOL IN TOMATO

Tomato is among the most important vegetables and
widely used as raw or cooked. Beside a source of
antioxidants, minerals, fibers and vitamins it is also an
excellent sculpt system for genetic studies, fruit
development and ripening process. Insects, pests and
different pathogens can reduce tomato yield in the field.
Microbial pathogens include lepidopteron, Helicoverpa
armigera and common fruit borers which largely attack
on fruit while Spodoptera litura  destroy
leaves. Incorporation of Bt genes in tomato has showed
considerable resistance against lepidoterons. Tomato
has served as an excellent model for plump fruit
development and ripening. Well characterized ripening
mutants, high density genetic maps, small genome size,
short life cycle, efficient and stable transformation made
tomato an excellent sculpt for studying viruses,
development and fruit ripening process through genetic
modification. Cold, heat and soil salinity are the main
environmental factors that significantly affect the
productivity and quality of tomato and other crops.
Chilling, drought and salinity stress have been found
interconnected in effecting water relations at cellular,
tissue, organ and whole plant level leading to
biochemical  and

physiological, = morphological
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molecular changes. Numerous genetic modifications in
tomato have been done [44-46].

adventitious bud formed on the cut surface of a hypocotyl,
growing adventitious bud, elongation of shoot from an
adventitious bud; B:

differentiating cells
organogenesis process; C: differentiating cells during
organogenesis process (bar 100pum); D: acclimatised whole

during

plant; E: chromosomes from a regenerated plant (2n=24)

The application of plant tissue culture pre supposes the
establishment of proficient culture system, which
consists of a competent genotype and explant source as
well as optimal culture conditions. Most techniques for
genetic regeneration depend on the use of plant growth
regulators in complex and nearly empirical
combinations modified to each particular situation.
Progress of protocols independent of exogenous plant
growth regulators could help standardize techniques for
diverse species and cultivars, thereby, reducing
problems of regeneration efficiency and elongation of

regenerated and abnormal shoots.

Several protocols have been published for in vitro plant
regeneration of tomato species. Methods formerly
reported are tedious and time consuming, with variable
efficiencies and high production costs. In all cases,
regeneration systems implicated media containing
growth regulators. A protocol for an efficient, rapid and
high frequency plant regeneration method of normal
tomato plants has been established which works
independent of exogenous growth regulators in culture
medium. It also reports the absence of morphological
and chromosomal variations among regenerated plants.

@ Advancements in Life Sciences | www.als-journal.com | February 2015 | Volume 2 | Issue 2 54



(2015). Adv. Life Sci. 2(2). pp: 48-57.

IN VITRO DEVELOPMENT OF CAULIFLOWER
SYNTHETIC SEEDS

The production of quality seeds is one of the main
problems in cauliflower cultivation. Cauliflower, an
open pollinated plant faces technical challenges to make
in-bred lines with reliable self-incompatibility. Cabbage
and cauliflower are two of numerous vegetables in the
species Brassica oleracea of family Brassicaceae. These
are grown, in Pakistan, for their edible value and are
main cash crops of Pakistan. These are typically grown
as a winter crop and sometimes also as summer
vegetables. Vegetable production carries a valuable
position in edible crops of Pakistan. Although the
cabbage and cauliflower are among minor crops and are
mostly grown in small farms even then Cauliflower is
one of the most cultivated vegetable in the Punjab
Province. Generally landless and poor farmers prefer to
grow vegetables on small farms because vegetable
production gives higher returns than cereals and other
crops. As landless labor class spread through the rural
areas therefore these crops can be profitably grown in
such areas [47].

Figure 3: Cauliflower synthetic seeds from mature somatic
embryos encapsulate with sodium alginate

An improved seed biotechnology resulting in efficient
and stable regeneration methodology is a heavy
demand. Therefore an effective protocol for the
production of cauliflower propagules was designed from
fractionated and graded curd then these propagules
were encapsulated in sodium alginate. The major
objective was to form cauliflower synthetic seeds from
an efficient callus induction protocol from hypocotyls

for cell suspension.

The traditional breeding method for the genetic
improvement of cultivar has some limitations as it
requires years to complete a selection cycle. As an
alternative, genetic transformations can be employed for
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development of required traits and resistance against
biotic and abiotic stresses.

This cauliflower synthetic seed production from
hypocotyl, its successful germination viability and
regeneration into a complete plantlet is the first
successful study. This study has the main objective of
optimizing a simple, inexpensive and sophisticated
method for cauliflower synthetic seeds production that
would be viable as vegetative propagules that can be
stored for longer period of time and consequently able
to germinate to produce complete healthy and viable
plants. Production of synthetic seeds seems to be a
promising method in plant tissue culture industry of
cauliflower.

Conclusion

It is concluded that the micro-propagation technique
has a great profit-making potential, the high plant
quality and the ability to produce disease-free plants. It
should be used on large scale to develop new vegetable
varieties and to increase the production of vegetables to
full fill the requirement of growing world population.
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