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ABSTRACT

Forestry, Agriculture, horticulture and plant breeding have all made extensive use of plant tissue
culture. It's a kind of applied biotechnology that's utilized for things like plant mass propagation,
viral eradication, secondary metabolite synthesis, and in-vitro cloning. Plant tissue culture has
recently been utilized for short and medium term conservation, also known as slow growth, and
cryopreservation, also known as long term conservation, of endangered plant species. These
techniques had been effectively employed to preserve plant species with refractory seeds or
dormant seeds, and they outperformed traditional conservation approaches. Plant tissue cultures
are a useful tool for studying cell wall production in live cells. Tissue cultures also offer cells
and culture media, which may be readily separated to isolate enzymes and cell wall polymers for
future research. Tissue cultures with treachery element differentiation or extracellular lignin
production have yielded valuable data on a variety of xylem and lignin-related topics. This paper
also discusses several aspects of Plant Tissue Culture.
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1. INTRODUCTION

Natural resource conservation refers to humanity's judicious use of the planet's resources.
Conservation is defined as the preservation of genetic, biological, and ecological variety in their
natural abundance. Conservation is the exchange of current gratification for later gratification.
As the world's human population reaches eight billion, concerns concerning the pace of
extinction of other species on our planet are increasing. Humans are the direct or indirect cause
of the majority of contemporary extinctions, according to compelling evidence. Residential and
commercial development, overexploitation through fishing, hunting, or gathering, disruption by
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people during work and leisure activities, pollution, and the introduction of alien species are the
main threats to these species[1].

Ex-situ and in-situ conservation are the two primary strategies for preserving biodiversity. Ex-
situ conservation is the process of protecting or preserving an endangered plant or animal outside
of its natural habitat, either by removing the entire population or a portion of it from the
threatened habitat and relocating it to a new environment, which could be a wild area or a
human-controlled environment. Biological Gardens, Seed banks, Gene banks, Germplasm banks,
and In-vitro storage are examples of ex-situ conservation methods. In-situ conservation, on the
other hand, is concerned with the protection and preservation of species in their native
environment, in areas where they normally exist. The whole ecosystem is preserved and
maintained using this approach, ensuring the conservation of all known and undiscovered
component species. Strict nature reserve (SNR), Games Reserve, and National Park are the most
common in-situ conservation techniques. Large wild regions have vanished as a consequence of
natural catastrophes, pests, diseases, and threats from shifting government policies and urban
expansion, making in-situ conservation almost difficult. Ex-situ conservation is extremely
difficult to carry out due to the following issues: an adequate sample must be taken for the
conservation of genetic diversity, land space is extremely important, particularly in the case of
very large forest trees, whereas land availability is drastically reduced, labor costs and trained
personnel are extremely difficult to come by[2].

1.1 Plant tissue culture:

Plant tissue culture is a cutting-edge technique for propagating and conserving plant species.
Plant tissue culture methods have recently gained industrial significance in the areas of plant
propagation, disease eradication, plant enhancement, and secondary metabolite synthesis, in
addition to its use as a research tool. Explants are little bits of tissue that may be used to grow
hundreds of thousands of plants in a continuous process. Under regulated circumstances, a single
explant may be reproduced into thousands of plants in a very short time and space, regardless of
the season or weather, on a year-round basis[3].

Plant tissue culture is the in vitro aseptic cultivation of cells, tissues, organs, or entire plants
under regulated nutritional and environmental conditions to generate plant clones. The clones
that arise are true to type for the genotype that was chosen. The regulated circumstances offer a
favorable environment for the culture's development and multiplication. These conditions
include sufficient food supply, a pH medium, an appropriate temperature, and a suitable gaseous
and liquid environment. For large-scale plant multiplication, plant tissue culture technique is
extensively utilized. Plant tissue culture methods have been more important in the fields of plant
propagation, disease eradication, plant improvement, and secondary metabolite synthesis in
recent years, in addition to its usage as a research tool[4].

Plant tissue culture media includes all of the nutrients necessary for normal plant growth and
development. In the case of solid medium, it is mostly comprised of macronutrients,
micronutrients, vitamins, other organic components, plant growth regulators, carbon source, and
certain gelling agents. Murashige and Skoog media (MS medium) is the most widely used
medium for in vitro vegetative growth of numerous plant species. The pH of the medium is also
significant, since it influences both plant development and the action of plant growth regulators.
It's been tweaked to a range of 5.4 to 5.8. Culturing may be done in both solid and liquid media.
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The composition of the medium, especially the plant hormones and nitrogen supply, has a
significant impact on the first explant's reaction. Plant growth regulators (PGRs) are crucial in
regulating how plant cells and tissues develop in culture media. Plant growth regulators such as
auxins, cytokinins, and gibberellins are the most frequently utilized. The hormones employed, as
well as their kind and dosage, are largely determined by the plant species, the tissue or organ
cultivated, and the experiment's goal. In plant tissue culture, auxins and cytokinins are the most
often utilized plant growth regulators, and the quantity of each determines the kind of culture that
is created or regenerated. A high concentration of auxins encourages the development of roots,
while a high concentration of cytokininsfavors the regeneration of shoots[5].

1.2 Somatic embryogenesis:

Somatic embryogenesis is an in vitro plant regeneration technique that is extensively utilized as a
biotechnological tool for long-term clonal replication. It is the transformation of somatic cells or
tissues into differentiated embryos. Somatic embryos may grow into full plants without going
through the sexual fertilization process that zygotic embryos go through. Somatic embryogenesis
may begin directly from explants or indirectly via the formation of a mass of disorganized cells
known as a callus. Plant regeneration through somatic embryogenesis is accomplished by
inducing embryogenic cultures from zygotic seeds, leaves, or stem segments, and multiplying the
embryos. After that, mature embryos are cultivated for germination and plantlet development
before being transplanted to soil[6].

Many plants, including trees and ornamental plants from many families, have been shown to
have somatic embryogenesis. Some cactus species have been reported to exhibit this behavior.
The generation and development of somatic embryos in cultured cells is influenced by a number
of variables. When the tissues were grown in liquid medium, a very effective procedure for
somatic embryogenesis on grapevine was discovered, which resulted in greater plant
regeneration. In the regeneration and proliferation of somatic embryos, plant growth regulators
play a critical role. Culturing nodal stem segments of rose hybrids on medium enriched with
different PGRs alone or in combination resulted in the highest efficiency of embryonic callus.
When cultured on abscisic acid (ABA) alone, this embryonic callus exhibited a high germination
rate of somatic embryos. Somatic embryogenesis is considered as a useful tool for genetic
modification as well as a method for regenerating plants for mass multiplication. The method
may also be used to create plants that are resistant to a variety of stressors and to introduce genes
through genetic transformation. A successful procedure for the regeneration of cotton cultivars
resistant to Fusarium and Verticillium wilts has been established[7].

1.3 Organogenesis:

Organogenesis is the process of producing plant organs such as roots, shoots, and leaves, which
may come directly from the meristem or indirectly from undifferentiated cell masses (callus).
Plant regeneration through organogenesis includes changing the concentration of plant growth
hormones in the nutritional medium to induce callus formation and organ differentiation of
adventitious meristems. Skoog and Muller (Skoog and Miller, 1957) were the first to show that a
high cytokinin to auxin ratio promoted shoot development in tobacco callus, whereas a high
auxin to cytokinin ratio caused root regeneration[8].
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1.4 Slow growth of cultured plants:

Slow growth is typically accomplished by lowering the culture temperature, adding osmotic
agents and growth inhibitors to the culture medium, or eliminating growth promoters to decrease
the material's cellular metabolism, with the goal of extending the time between subcultures.
Osmotic regulators, such as sucrose and mannitol, serve as growth inhibitors by putting the
material under conservation under osmotic stress. When these carbohydrates are introduced to
the culture medium, they lower the hydric potential and limit the amount of water available to
the explants. Growth regulators, in addition to temperature and osmotic regulators, are often
employed for in vitro germplasm conservation, with abscisic acid (ABA) being one of the most
commonly used[9].

1.5 Cryopreservation of cultured plants:

Cryopreservation is a technique of storing plant genetic resources at very low temperatures, such
as liquid nitrogen (LN; -196 °C). It's a technique of preserving plant genetic resources that's both
safe and cost-effective. It is critical to prevent intracellular freezing and promote the vitrification
state of plant cells during chilling in LN for effective cryopreservation. Furthermore, the
cryopreservation technique should be a straightforward protocol that anybody can follow.
Cryopreservation methods have been studied utilizing various plant organs, tissues, and cells
since the 1970s. As a consequence, several cryopreservation techniques have been developed
(for example, slow-prefreezing method, vitrification method, dehydration method.

1.6 In-situ conservation:

On-site conservation or conservation of genetic resources in natural populations of plant or
animal species, such as forest genetic resources in natural populations of tree species, is known
as in-situ conservation. In-situ conservation, according to Wikipedia, following technique are
included:

1.6.1 Biosphere reserves:

Reserves of the biosphere Biosphere reserves cover vast swaths of land, often exceeding 5000
km2. For a long time, they have been used to protect species.

1.6.2 National parks:

A national park is a protected area dedicated to the preservation of wildlife and the environment.
It is usually a small reserve with a surface area of 100 to 500 square kilometers. One or more
national parks may exist within biosphere reserves.

1.6.3 Wildlife sanctuaries:
A wildlife sanctuary is a protected area dedicated solely to animal conservation.
1.6.4 Biodiversity hotspots:

A region must meet two strict criteria, according to Conservation International, to qualify as a
hopspot:

* It must have at least 1,500 endemic vascular plant species (or 0.5 percent of the world's total).
* It must have lost at least 70% of its original habitat.
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1.7 Gene sanctuary:
Plants are preserved in a gene sanctuary. Biosphere reserves and national parks are also included.
1.8 Community reserves:

Community reserves are a kind of protected area established by the Wildlife Protection
Amendment Act of 2002 to give legal backing to community or privately held reserves that are
not classified as national parks or wildlife refuges.

1.9 Sacred groves:

Sacred groves are areas of woodland that have been set aside for the veneration and preservation
of all the trees and animals that live there.

1.10 Ex situ conservation:

Ex situ conservation means "off-site conservation™ . It refers to the process of preserving an
endangered plant or animal species, variation, or breed outside of its native environment. For Ex
situ conservation, the following technique is used:

1.10.1 Field gene banks:

It is a grouping of several plant species and their genetic diversity in a certain region. The plant
components are kept safe and may be used for breeding, reintroduction, research, and other
reasons. Long-lived perennials, trees, and shrubs may benefit from this approach. Field gene
banks are often found in botanical gardens. Some endangered flora may be found in these
gardens as well.

1.10.2 Seed banks:

For sexually reproducing seeds in long-term storage, seed banks are the most efficient and
successful technique of ex situ conservation. It is a useful and compact storage technique, but it
is reliant on a reliable power source, careful monitoring and testing of seed viability, and
regeneration in instances when viability falls below a specific threshold. There are several seed
banks throughout the globe that specialize in the nature of their collections, geographical region,
taxonomic groupings, wild plants, forestry trees, and other topics.

1.11 In vitro storage:

In vitro storage refers to the preservation of germplasm in test tubes using meristem tissues.
These techniques are well adapted to the long-term preservation of propagules of species that
would otherwise be impossible to keep in seed banks.

1.12 Uses and values of Plants biodiversity:

Plants produce a wide range of goods, including food, medicines, and raw materials. Plant
extracts are used in the production of glue, soaps, cosmetics, dyes, lubricants, and polishes,
among other things. The plants are also a valuable source of renewable energy. Plant species are
used for the following purposes:
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1.12.1 Food plants:

Providing food for humans, domesticated and wild animals, and other creatures is one of the
most basic benefits of plant biodiversity. Only approximately 3000 of the estimated 250,000
species of flowering plants on the planet are considered food sources, and only 200 of them have
been domesticated. Newly domesticated plant kinds and primitive cultivars evolved from their
wild parents in traditional agro-ecosystems. Occasional crossings between the crops and their
wild cousins continued to occur, increasing genetic variety for future selection and development.
Without the exchange of genes between wild relatives and cultivated crops, many cultivated
species may not have survived domestication.

1.12.2 Crop genetic resources:

Characters of crops and wild relatives that are genetically transmitted, such as fast growth and
large yields, food quality, and stress (biotic and abiotic) tolerance in relation to environmental
adaptations, have potential value for hybridization and breeding a desired kind of plant. In our
crop development programmes, the differences exhibited by ancient land races are very
important. Genetic erosion, or the loss of genetic variety, is a significant problem in terms of
ensuring long-term global food security.

1.12.3 Medicinal plants:

Man has depended on medicinal plants for health and nutritional requirements since the
beginning of time. Traditional applications of medicinal plants for treating and preventing
diseases, as well as promoting physical and spiritual well-being in humans, have become more
important. Herbal medicines are used all around the globe. Because of their gentle characteristics
and minimal side effects, medicinal herbs are increasingly being used to alleviate and cure a
variety of human illnesses throughout the globe. According to a World Health Organization
study, approximately 70-80 percent of the world's population uses non-conventional medicine,
mostly herbal sources, for basic health care. This study discovered that medicinal plants and
trace elements have a significant role in illness therapy.

1.12.4 Environmental value:

Biological resources contribute to society's welfare and stability in an indirect way.
Environmental functions assist economic activity by recycling essential components such as
carbon, oxygen, and nitrogen, as well as serving as a buffer against extreme changes in weather,
climate, and other natural phenomena beyond human control. The biological processes slow
down as natural habitat diminishes. The abundance of biodiversity aids in the long-term
viability/stability of life, as well as risk avoidance. As a result, ecologists and nature
conservationists are acutely aware of the need of total biodiversity protection for long-term
viability. Rangeland biodiversity variations under different types of use, from hay harvest
protection to in situ grazing, offer clues to reversing the degradation process and bringing in the
rehabilitation and stability of rangelands productive systems.

2. LITERATURE REVIEW

Oseni O et al. discussed Plant Tissue Culture in which they explained how Agriculture,
horticulture, forestry, and plant breeding have all benefited from plant tissue culture. It's a kind
of applied biotechnology that's utilised for things like bulk propagation, viral eradication,
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secondary metabolite synthesis, and plant in-vitro cloning. Plant tissue culture has recently been
utilised for short and medium term conservation, also known as slow growth, and
cryopreservation, also known as long term conservation, of endangered plant species. These
techniques had been effectively employed to preserve plant species with refractory seeds or
dormant seeds, and they outperformed traditional conservation approaches[10].

Sharma Get al. discussedGeneral Techniques of Plant Tissue Culturein which they explained
howPlant tissue culture is an important part of the plant biotechnology process. It also allows for
the widespread multiplication of elites as well as the reproduction and regeneration of new plants
from genetically modified cells. The promising plant that results from this process may be easily
replicated in aseptic cultures[3].

Singh CdiscussedProblems and it’s Remedy in Plant Tissue Culture in which he explained how
Plant tissue culture is the most effective way to reproduce rare, endangered, and essential plant
species on a wide scale while also protecting them. Focusing on the protection of rare,
endangered medicinal and economically significant plant species is critical. However, the
success rate of propagation using this technique is low, especially for a few therapeutic plants.
Researchers are also having difficulty propagating plant tissues and acclimating in vitro grown
plants to their natural environment. There are many causes for these issues. This review
addressed all of the challenges, from laboratory setup to field adaption of tissue grown plants, as
well as solutions to all of the problems encountered in this method[2].

3. DISCUSSION

Many kinds of academic research, as well as many practical areas of plant science, require the
use of plant tissue culture methods. Academic studies of totipotency and the functions of
hormones in cytodifferentiation and organogenesis have hitherto relied on plant tissue culture
methods. Currently, genetically modified tissue-cultured plants offer knowledge into plant
molecular biology and gene control. Plant tissue culture methods are also important in cutting-
edge fields of applied plant science, such as agriculture and plant biotechnology. Select plants,
for example, may be cloned and grown as suspended cells, from which plant components can be
extracted. Tissue culture techniques are also needed in the creation of somatic haploid embryos
from which homozygous plants may be produced, as well as the management of genetically
modified cells to make transgenic entire plants. Tissue culture methods have therefore been and
continue to be popular in both academic and practical plant research. This paper also discusses
several aspects of Plant Tissue Culture.

4. CONCLUSION

Plant tissue culture refers to the aseptic and regulated growth and multiplication of plant cells,
tissues, and organs on specified solid or liquid medium. Micro propagation, in which fast
proliferation is accomplished from in system cuts, axillary buds, and to a lesser degree from
somatic embryos, cell clumps in suspension cultures, and bioreactors, is the most common
commercial technique. The use of plant tissue in the protection of vulnerable and rare plant
species aided in natural resource conservation and protection against natural catastrophes that
may result in the extinction of the species, reducing biodiversity and harming the ecosystem.
Tissue culturing is a critical component of applied biotechnology. The world's population will
continue to grow in the next decades, requiring additional housing space and agricultural areas.
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Global climate change is also a factor to consider. Keeping this in mind, we must guarantee a
peaceful, healthy, and hunger-free future for our children and grandchildren. There is no
alternative to plant tissue culture for this.
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