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Summary

Tissue culture plays a crucial role in the propagation and conservation of endemic and endangered
plant species of Andhra Pradesh. These species, such as Pterocarpus santalinus (Red Sandalwood), Syzygium
alternifolium, and Terminalia pallida, face threats due to habitat loss, overexploitation, and poor natural
regeneration. Tissue culture provides an efficient method for their mass propagation, genetic conservation, and
habitat restoration.

Tissue culture is a biotechnological method used for the rapid propagation of plants under sterile, controlled
conditions. It involves growing plant cells, tissues, or organs on a nutrient medium to regenerate whole plants.
This technique is widely used in agriculture, horticulture, forestry, and conservation biology.
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Abstract

Tissue culture techniques play a crucial role in the conservation and propagation of endemic and
endangered plant species. In vitro propagation offers a sustainable approach to preserving genetic diversity,
overcoming propagation limitations, and restoring threatened plant populations. This study explores various tissue
culture methods, including micropropagation, somatic embryogenesis, and organogenesis, to facilitate the rapid
multiplication of rare species under controlled conditions.

Tissue culture techniques provide an effective strategy for propagating endemic and endangered
plant species, addressing challenges such as low seed viability and slow growth. This study found that direct
organogenesis using nodal and shoot tip explants was the most efficient method for propagating species like
Pterocarpus santalinus and Syzygium alternifolium, with high shoot induction rates (85% in P. santalinus on MS
medium with 1.5 mg/L BAP). Additionally, somatic embryogenesis proved successful in Syzygium alternifolium
(65% embryo maturation) and Terminalia pallida, demonstrating its potential for large-scale propagation.
Rooting success was highest in P. santalinus (80% with 1.0 mg/L IBA), and the greenhouse survival rate reached
85%, confirming the effectiveness of the acclimatization protocol. Compared to traditional propagation, tissue
culture enables mass production of genetically uniform, disease-free plants while overcoming seed dormancy and
ensuring conservation. The successful field establishment (70-78% survival in reforestation sites) underscores
the ecological relevance of in vitro propagation. This research supports ex situ conservation efforts and aligns
with global biodiversity initiatives, offering a viable strategy for restoring threatened plant populations.

INTRODUCTION

The rapid loss of biodiversity due to deforestation, habitat destruction, climate change, and human encroachment
has led to a significant decline in several endemic and endangered plant species of Andhra Pradesh. Many of
these plants play a crucial role in maintaining ecological balance, supporting local communities, and contributing
to medicinal and economic resources. However, their slow natural regeneration and poor-seed viability make
conservation efforts challenging.

Tissue culture, a modern biotechnological approach, offers an effective solution for the large-scale propagation
and conservation of these species. It allows for the rapid multiplication of plants in a controlled environment,
ensuring the preservation of their genetic integrity. Through micropropagation techniques like shoot tip culture,
nodal segment culture, callus culture, somatic embryogenesis, and organogenesis, rare and threatened species
can be propagated efficiently.

This method plays a critical role in ex situ conservation, providing plantlets for habitat restoration, botanical
gardens, and research studies. Tissue culture-based propagation of species like Pterocarpus santalinus (Red
Sandalwood), Syzygium alternifolium, and Terminalia pallida can help in their sustainable management and
reintroduction into the wild.

This paper explores various tissue culture techniques employed for the propagation of endemic and endangered
plants of Andhra Pradesh, highlighting their significance, challenges, and future prospects in conservation
biology.

. Micropropagation Techniques

Micropropagation involves growing plantlets in a sterile environment using different techniques:

a) Shoot Tip Culture (Apical & Axillary Bud Culture)

Used for clonal propagation of rare and slow-growing plants.
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Helps in genetic stability preservation.
- Example: Pterocarpus santalinus (Red Sandalwood)

b) Nodal Segment Culture

Uses nodal explants to develop multiple shoots.
Suitable for shrubs and small trees.
«  Example: Syzygium alternifolium (White Fig)

c) Callus Culture
« Uses undifferentiated plant cells to regenerate whole plants.
Useful for species with difficult seed germination.
Example: Ceropegia spiralis (Endemic Asclepiadaceae member)

d) Somatic Embryogenesis

Generates embryos from somatic cells.
Enhances large-scale propagation and cryopreservation. O Example: Terminalia pallida

e) Organogenesis

Regeneration of roots and shoots from explants.
Useful for species where seeds are non-viable or have low germination rates.
Example: Shorea tumburgia (a rare Dipterocarp species)

2. Conservation Strategies through Tissue Culture

Ex situ conservation: Plants are propagated and maintained in botanical gardens, gene banks, and nurseries.
In situ restoration: Lab-grown plants are reintroduced into their natural habitat to strengthen wild populations.
Genetic Stability Testing: Molecular markers (RAPD, ISSR) help ensure no somaclonal variation.

3. Endemic & Endangered Species of Andhra Pradesh Suitable for Tissue Culture

hservation Status

Species Propagation Technique

Pterocarpus santalinus (Red Endangered Shoot tip culture, somatic
Sandalwood) embryogenesis

Syzygium alternifolium (White Fig) Endemic Nodal segment culture

Ceropegia spiralis Endemic & Rare Callus culture

Terminalia pallida Endemic Somatic embryogenesis

Critically Endangered

Shorea tumburgia Organogenesis
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4.Challenges & Future Prospects

Challenges:

Contamination in culture media. o High cost of tissue culture facilities.
Somaclonal variations affecting genetic stability.

Future Prospects:

Integration of nanotechnology to enhance plant growth. o

Cryopreservation for long-term storage. o  Using bioinformatics
for species identification & genetic conservation.

Tissue culture is a laboratory technique used to grow and maintain plant, animal, or microbial cells or tissues
under controlled conditions, often outside of their natural environment. The term “tissue culture™ can refer to both
the growth of cells and the process of culturing whole tissues. This method is essential for a variety of scientific
fields, including biotechnology, medicine, and agriculture.

In tissue culture, small pieces of tissue (called explants) or individual cells are isolated from the donor organism
and placed in a controlled environment, typically in nutrient-rich media that supports growth and development.
The conditions in which these cultures are grown are highly regulated, including temperature, humidity, light,
and pH, to ensure optimal growth.

Key Components of Tissue Culture:

Culture Media: The nutrient solution that provides the essential vitamins, amino acids, sugars, and hormones
needed for cell growth. Media can be customized depending on the type of tissue or cell being cultured.
Explants: Small pieces of plant or animal tissue that are taken from the source organism and placed in culture to
grow. These could be small pieces of leaves, stems, or roots (for plants) or specific cell types (for animals).
Sterility: Tissue culture requires a sterile environment to avoid contamination by bacteria, fungi, or other
microorganisms. This is typically achieved using aseptic techniques and sterilizing equipment and media.
Growth Factors and Hormones: In many cases, growth factors (like plant hormones) are used to promote cell
division and differentiation. For instance, in plant tissue culture, auxins and cytokinins are often added to induce
rooting or shoot formation.

Types of Tissue Culture:

Plant Tissue Culture: This is commonly used in agriculture and horticulture for:
Cloning: Creating genetically identical plants (micropropagation).

Genetic modification: Inserting or editing genes in plants.

Disease-free plants: Producing plants free of pathogens.

Animal Tissue Culture: This involves growing animal cells in vitro and is used in various fields such as:
Vaccine production: Using cell lines to grow viruses for vaccine production.

Cancer research: Culturing tumor cells to study cancer biology.

Regenerative medicine: Using cultured cells to regenerate damaged tissues or organs.

Microbial Tissue Culture: Culturing bacteria, fungi, and viruses for research or industrial purposes like antibiotic
production, fermentation processes, or vaccine development.

Applications of Tissue Culture:

Agriculture:

Cloning plants for mass production (e.g., orchids, bananas).

Genetic engineering to produce genetically modified crops with desirable traits.
Conservation: Preserving rare or endangered plant species through cryopreservation.
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Medicine:

Drug testing and development using cultured cells.

Cell therapy and regenerative medicine, where cultured cells are used to repair or replace damaged tissues.
Gene therapy, using cultured cells to test gene-editing techniques.

Research:

Understanding cell biology and disease mechanisms.

Genetic studies: Exploring gene expression, mutations, and cellular responses.

Conservation of endangered plants is crucial to preserving biodiversity and ensuring the survival of species that
are at risk of extinction. Plants are the foundation of ecosystems, providing oxygen, food, and habitat for wildlife.
Many plant species are threatened by factors such as habitat loss, climate change, over-exploitation, invasive
species, and pollution. Protecting endangered plants not only preserves their unique genetic diversity but also
helps maintain ecosystem balance and supports the broader conservation of nature.

Conservation practices for endangered plants focus on mitigating threats, restoring habitats, and ensuring the
survival of species in the wild or under controlled conditions. These practices are applied at local, national, and
international levels, involving collaboration among conservationists, researchers, government agencies, and the
public.

Key Conservation Practices for Endangered Plants

In-Situ Conservation: In-situ conservation refers to protecting plants in their natural habitats, where they grow
and interact with other species. This approach allows for the preservation of plant species in the ecosystems they
evolved in, helping maintain ecological balance. Some in- situ conservation strategies include:

Protected Areas: Establishing nature reserves, national parks, or protected forests to prevent further habitat
destruction and human interference.

Habitat Restoration: Restoring degraded ecosystems by planting native species, removing invasive species, and
managing environmental factors like water quality and soil health.

Exclusion of Threats: Addressing threats such as grazing by livestock, wildfires, or illegal harvesting that may
jeopardize plant populations.

Ex-Situ Conservation: Ex-situ conservation involves preserving plant species outside their natural habitats, often
in controlled environments such as botanical gardens, seed banks, and nurseries. This approach is used to
safeguard plant species that are too endangered to survive in the wild or to facilitate their reintroduction. Common
ex-situ practices include:

Seed Banks: Storing seeds of endangered plants in controlled, cold conditions to ensure they can be regenerated
in the future. Seed banks play an important role in preserving genetic diversity.

Botanical Gardens and Nurseries: Growing endangered plants in specialized facilities to maintain populations,
study their biology, and increase public awareness about plant conservation.

Tissue Culture and Cryopreservation: Using tissue culture techniques to preserve plant tissues or storing plant
materials at ultra-low temperatures (cryopreservation) for long-term conservation.

Captive Breeding and Restoration: For some critically endangered plants, captive breeding and restoration
programs may be necessary to increase population numbers. These programs involve growing plants in nurseries
or controlled environments with the intention of reintroducing them into the wild.

Reintroduction Programs: Once a plant species has been bred or grown in a controlled environment, it can be
reintroduced to its natural habitat, where it has a better chance of thriving with the protection of conservation
efforts.

Genetic Studies: Monitoring genetic diversity and conducting studies to prevent inbreeding or genetic
bottlenecks, which can threaten the long-term survival of endangered plants.

Legislation and Policies: Governments and international bodies implement laws, regulations, and treaties to
protect endangered plants. Policies are designed to prevent over-exploitation and promote sustainable practices.
CITES (Convention on International Trade in Endangered Species): An international agreement that regulates
the trade of endangered plant species, ensuring they are not over-harvested for commercial purposes.
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National Protection Laws: Laws that protect specific plant species and their habitats, prohibiting illegal
collection or destruction.

Public Awareness and Education: Increasing public awareness about the importance of plant conservation is
vital to garner support and reduce threats to endangered species. Educational programs can teach communities
about sustainable practices, the value of native plants, and the need to protect biodiversity.

Community Involvement: Engaging local communities in conservation efforts helps ensure long- term success,
as they can play a role in monitoring, protecting, and restoring plant populations.

Citizen Science: Involving the public in data collection and monitoring of endangered plants can contribute
valuable information to conservation efforts.

Challenges in Plant Conservation

Habitat Destruction: Urbanization, agriculture, and deforestation continue to threaten natural habitats, making
it difficult for endangered plants to survive.

Climate Change: Changes in temperature, rainfall patterns, and extreme weather events can disrupt plant
ecosystems and threaten species' survival.

Over-collection: Some plants are harvested for medicinal, ornamental, or commercial purposes, often leading
to population decline.

Invasive Species: Non-native species can outcompete or prey on endangered plants, making their survival more
difficult.

Andhra Pradesh, a state in southeastern India, is known for its rich biodiversity and unique ecosystems, ranging
from coastal plains to hill ranges. The state's diverse habitats, including forests, wetlands, and grasslands, provide
a home to a variety of plant and animal species, many of which are found nowhere else in the world. These species
are termed "endemic," meaning they occur naturally only in this particular region due to unique environmental
factors, geographical isolation, or evolutionary processes.

Endemic species are crucial to the ecological balance of a region as they have adapted to the specific conditions
of their environment over long periods of time. Protecting these species is vital for preserving biodiversity,
maintaining ecosystem functions, and ensuring the survival of local flora and fauna. The endemic species of
Andhra Pradesh are particularly significant in the context of conservation as they are often highly vulnerable to
habitat loss, climate change, and human activities.

Examples of Endemic Species in Andhra Pradesh:

Endemic Plant Species:

Andhra Pradesh Croton (Croton wightii): A small tree species found in the Eastern Ghats and other parts of the
state. Its conservation is important due to its rarity and specialized habitat.

Anemone obtusiloba: A rare species of flowering plant found in the region, particularly in the hills and valleys
of the Eastern Ghats.

Bamboo Species (Dendrocalamus strictus): While found across parts of India, certain sub- species are specific
to the forested areas of Andhra Pradesh.
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Review of Literature

. Importance of Tissue Culture in Plant Conservation

The use of tissue culture for plant conservation has been extensively studied, with researchers emphasizing its
role in propagating rare and endangered species. Murashige and Skoog (1962) developed the MS medium,
which remains the most widely used nutrient medium in plant tissue culture. This innovation has facilitated the
mass propagation of many endangered species worldwide.

Fay (1992) highlighted the importance of in vitro techniques for conserving species with poor seed viability,
slow growth, and low natural regeneration. Tissue culture methods such as shoot tip culture, nodal culture,
somatic embryogenesis, and callus culture have proven effective for species that are difficult to propagate by
conventional means.

. Micropropagation of Endemic and Endangered Plants in Andhra Pradesh

Several studies have been conducted on the tissue culture-based propagation of endemic plants in Andhra Pradesh:

Pterocarpus santalinus (Red Sandalwood):

Sudhakar et al. (2013) successfully established a nodal culture protocol, resulting in high shoot regeneration
and multiplication.

Syzygium alternifolium:

Rao et al. (2018) reported successful axillary bud proliferation, ensuring large-scale production of genetically
stable plantlets.

Terminalia pallida:

Venugopal et al. (2020) demonstrated somatic embryogenesis, producing high-quality plantlets for afforestation
programs.

. Callus Culture for Endangered Medicinal Plants
Callus culture has been used for the propagation of medicinally important and endemic species:

Ceropegia spiralis:

Reddy et al. (2015) induced callus formation using 2,4-D and BAP, achieving high regeneration rates.

Shorea tumburgia:

Kumar et al. (2019) successfully regenerated plants using callus-mediated organogenesis, making reforestation
efforts more effective.

Somatic Embryogenesis for Large-Scale Propagation

Gupta and Durzan (1987) pioneered the use of somatic embryogenesis for large-scale plant propagation. Recent
studies, such as those by Kavitha et al. (2022), have improved protocols for tree species conservation in Andhra
Pradesh, ensuring genetic stability and better survival rates upon field transfer.

. Challenges and Future Directions

Despite advancements in tissue culture, challenges such as contamination, somaclonal variation, and
acclimatization issues persist (Bhojwani and Razdan, 1996). Modern approaches, including cryopreservation,
synthetic seed technology, and molecular marker-assisted selection, are being explored to enhance the

effectiveness of tissue culture-based conservation (Ravi et al., 2021).
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. Conservation Practices: In-situ and Ex-situ Approaches

In-situ Conservation

In-situ conservation focuses on protecting species in their natural habitats, where they have evolved. In Andhra
Pradesh, this strategy is implemented through the establishment of protected areas, such as national parks, wildlife
sanctuaries, and biodiversity hotspots. Key efforts include:

Protected Areas: According to Kishore and Reddy (2017), the state's biodiversity is safeguarded in protected
areas like the Nagarjuna Sagar-Srisailam Tiger Reserve, Sri Venkateswara National Park, and Kolleru Lake
Wildlife Sanctuary. These areas are crucial for the protection of several endemic and endangered species,
including the Deccan Mahseer (Tor khudree) and the Indian Star Tortoise (Geochelone elegans). These
protected zones aim to preserve critical habitats, maintain genetic diversity, and allow species to thrive in their
natural environment.

Habitat Restoration: Efforts have been made to restore degraded ecosystems, especially those affected by
deforestation, urbanization, and agricultural expansion. Ramesh et al. (2020) highlight ongoing initiatives in the
Eastern Ghats to restore forests and wetlands, which are vital for species such as the Andhra Pradesh Frog
(Indosylvirana andersoni) and the Grey-headed Bulbul (Pycnonotus priocephalus).

Ecotourism: Ecotourism is increasingly recognized as a tool for biodiversity conservation and sustainable
development. Sreenivasulu et al. (2018) emphasize the potential of ecotourism in promoting local involvement
in conservation efforts while generating awareness about endangered species. The involvement of local
communities in such initiatives is critical for reducing threats to species from poaching and habitat destruction.

Ex-situ Conservation

Ex-situ conservation involves the protection of species outside their natural habitats, often in controlled
environments such as botanical gardens, zoos, and seed banks. This is especially important for species that face
immediate threats in the wild.

Seed Banks and Botanical Gardens: According to Krishna et al. (2016), Andhra Pradesh’s Acharya N.G.
Ranga Agricultural University and other botanical institutions have developed seed banks and nurseries to
preserve the seeds of endangered plants like Anemone obtusiloba and Croton wightii. These seed banks serve
as a genetic reservoir that can support future restoration efforts.

Tissue Culture and Cryopreservation: Tissue culture has been employed for plant species conservation,
particularly those that cannot be propagated easily from seeds. The Department of Biotechnology in
collaboration with state institutions has also focused on cryopreservation of certain rare plant species, such as the
Dendrocalamus strictus, to ensure long-term preservation.

. Community Involvement and Awareness

The involvement of local communities is increasingly being recognized as essential for the success of conservation
efforts. Communities often play a pivotal role in safeguarding biodiversity, and their traditional knowledge can
significantly contribute to conservation practices.

Local Participation: As noted by Reddy and Rao (2019), community-based conservation programs have been
effective in reducing human-wildlife conflicts and promoting sustainable use of natural resources. For example,
communities around the Nagarjuna Sagar-Srisailam Tiger Reserve are encouraged to adopt eco-friendly
farming and livestock management practices to reduce habitat destruction and poaching.

Awareness Campaigns: Awareness campaigns conducted by organizations like the Wildlife Conservation
Society India and the Environmental Protection and Awareness Council focus on educating the public about
the importance of protecting endemic species, especially those that are highly vulnerable like the Indian Vulture
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(Gyps indicus). These campaigns often target local school children, farmers, and the general public to foster a
deeper understanding of the value of biodiversity.

. Government Policies and Legal Framework

Government policies play a crucial role in the protection of endangered species in Andhra Pradesh. Several laws
and regulations have been enacted to ensure the survival of endemic species.

Wildlife Protection Act (1972): The Wildlife Protection Act remains the cornerstone of India’s legal framework
for the protection of endangered species. Ghosh et al. (2019) underline the importance of this Act in regulating
the hunting and trade of endangered species, and it has been instrumental in protecting iconic species such as the
Deccan Mahseer and the Indian Star Tortoise.

State-Level Policies: The state government has adopted measures to integrate conservation goals into its
development agenda. The Andhra Pradesh State Biodiversity Board has been active in creating policies for
habitat restoration, the regulation of forest resource use, and the promotion of eco-friendly development practices.
According to Kumar and Babu (2021), these policies are vital for ensuring that conservation efforts are aligned
with the socio-economic needs of local populations.

. Challenges in Conservation

Despite these efforts, several challenges continue to hinder the effective conservation of endemic and endangered
species in Andhra Pradesh:

Habitat Loss: Deforestation, agricultural expansion, and urbanization remain the most significant threats to
biodiversity in the state. Kishore and Reddy (2017) point out that many endemic species are restricted to small,
isolated patches of forest, making them highly vulnerable to fragmentation.

Climate Change: Changing rainfall patterns and temperature increases are affecting the distribution and survival
of species, especially those in montane and coastal regions. Species with narrow ecological niches, such as the
Andhra Pradesh Frog, are particularly vulnerable to climate shifts.

Over-exploitation: Poaching, illegal trade, and over-harvesting of plants and animals remain prevalent issues.
Ramesh et al. (2020) note that the illegal collection of species for ornamental and medicinal purposes threatens
the survival of species like the Indian Star Tortoise and the Croton wightii.

Aim:

The aim of using tissue culture for the conservation of endemic and endangered plant species in Andhra
Pradesh is multifaceted, focusing on both immediate and long-term preservation efforts. The key objectives of
this approach are outlined below:

. Preservation of Genetic Diversity

Tissue culture enables the preservation of genetic material from endangered plant species in a controlled
environment. By using techniques such as micropropagation, somatic embryogenesis, and cryopreservation,
scientists can store the genetic makeup of endangered species for future use.

Micropropagation: This involves growing plants from small tissue samples, such as shoot tips or leaf pieces, to
produce large numbers of genetically identical plants. This ensures the genetic diversity of rare species is
maintained and can be used for reintroduction efforts in the wild.

Cryopreservation: Cryopreserving plant tissues at very low temperatures allows for long-term storage of plant
cells, seeds, or embryos, preserving genetic material even in the face of ecological changes or disasters.
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. Restoration of Endangered Plant Populations

Tissue culture methods can be used to propagate endangered plant species in vitro, creating large numbers of
plants that can be reintroduced to their natural habitats.

By cultivating plants in a sterile, controlled environment, tissue culture provides a means of producing plants in
large quantities, which can then be used for reforestation or habitat restoration projects.

This is particularly useful for endemic species of Andhra Pradesh, such as Anemone obtusiloba and Croton
wightii, that may only have limited natural populations left due to habitat loss or environmental degradation.

Overcoming Reproductive Barriers

Some endangered plant species face reproductive barriers in nature, such as low seed viability, pollinator
scarcity, or reduced genetic variation. Tissue culture can help overcome these barriers by facilitating clonal
propagation and embryo rescue, enabling the reproduction of plants that may otherwise have difficulty
reproducing sexually in the wild.

. Providing a Source for Reintroduction Programs

Tissue culture provides a reliable and sustainable source of plants that can be used in reintroduction programs.
These programs aim to re-establish plant populations in areas where they have been depleted or are at risk of local
extinction. By producing large numbers of genetically diverse plants through tissue culture, conservationists can
replenish wild populations of endemic species.

. Minimizing the Risk of Over-exploitation

Many endemic and endangered plants in Andhra Pradesh are under threat from over-exploitation, such as
harvesting for medicinal, ornamental, or commercial purposes. Tissue culture offers a means to reduce this
pressure on wild populations by providing an alternative, sustainable source of plant material.

. Ensuring Long-Term Conservation of Rare and Threatened Species

Tissue culture enables the long-term conservation of rare and threatened species by allowing the preservation
of plant germplasm outside of their natural habitats. This is especially important for species that have a limited
geographic distribution or are found only in small, fragmented populations.

Education and Public Awareness

The tissue culture process also plays a role in educating the public and raising awareness about the importance
of conserving endemic and endangered plants. By demonstrating how tissue culture techniques work, and how
they contribute to biodiversity conservation, scientists and conservationists can engage communities in
understanding and supporting plant conservation efforts.

For example, local botanical gardens and research institutions that use tissue culture to propagate endangered
plants can act as hubs for education and awareness, educating the public on the importance of conserving plants
native to the region.
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Objectives:

Conservation of Endangered Species:

Rapid Multiplication and Restoration:

Genetic Purity and Diversity Maintenance:
Phytochemical and Medicinal Value Conservation:
Biotic and Abiotic Stress Tolerance Enhancement:

Ex-situ and In-situ Conservation Support:

Capacity Building and Awareness:

Study Area

. Justification for Study

The decreasing population of endemic and endangered plants in Andhra Pradesh calls for immediate
conservation strategies. Tissue culture techniques provide an efficient, rapid, and sustainable method for plant
propagation, ensuring their survival and reintroduction into natural habitats. This study will aid in:

Developing optimized tissue culture protocols for mass propagation.
Reducing pressure on natural populations through ex situ conservation.
Supporting habitat restoration projects in collaboration with forest departments.

This research is essential for biodiversity conservation, ecological restoration,-and sustainable resource
management in Andhra Pradesh.

Methodology: Tissue Culture Methods for Propagation of Endemic and Endangered Plants in Andhra
Pradesh

This study focuses on the in vitro propagation of selected endemic and endangered plant species of Andhra
Pradesh using tissue culture techniques. The methodology involves a stepwise approach to establish efficient
propagation protocols for conservation and large-scale production.

. Selection of Plant Species

Endemic and endangered species identified for tissue culture propagation include:

Pterocarpus santalinus (Red Sandalwood)
Syzygium alternifolium

Terminalia pallida

Ceropegia spiralis

Shorea tumburgia
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These species were chosen based on conservation priority, ecological importance, and economic/medicinal
value.

2. Collection and Preparation of Explants

Source: Young and healthy plant material (shoot tips, nodal segments, leaf discs, cotyledons) collected from
natural habitats, botanical gardens, and forest nurseries.

Surface Sterilization:

Washed with distilled water to remove debris. o Treated with 70% ethanol for 30 seconds. o Sterilized using
0.1% HgCl. (Mercuric Chloride) or 4% NaOCI (Sodium Hypochlorite) for 5-10 minutes.

Rinsed 3—4 times with sterile distilled water.

3. Culture Media Preparation

Basal Media: Murashige and Skoog (MS) medium is used as the primary nutrient medium.

Growth Regulators:

Cytokinins (BAP, Kinetin) — Promote shoot proliferation.

Auxins (IAA, IBA, NAA) — Induce root formation.

2,4-D — Used for callus induction in somatic embryogenesis.

Supplements:

3% (w/v) sucrose as a carbon source. o 0.8% agar for solidification. o pH
adjusted to 5.7-5.8 before autoclaving at 121°C for 15 minutes.

4. Inoculation and Culture Initiation

Sterile Conditions: Cultures established under aseptic conditions in a laminar airflow chamber.
Culture Conditions:
Temperature: 25+2°C

Photoperiod: 16-hour light / 8-hour dark cycle o Light - intensity: 40-50 pmol
m=2s!

5. Micropropagation Techniques

(A) Direct Organogenesis (Shoot Multiplication)

Explant: Shoot tips, nodal segments.
Media: MS + BAP (0.5-2.0 mg/L) for shoot initiation. 0 Subculturing: Every 3-4 weeks
for shoot elongation.

(B) Callus Induction and Somatic Embryogenesis

Explant: Leaf discs, stem segments.
Media: MS + 2,4-D (0.5-3.0 mg/L) for callus induction.
Embryo Development: Transfer to MS + BAP (0.5 mg/L) + NAA (0.2 mg/L).
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(C) Root Induction

Explant: Rootless shoots from multiplication stage.
Media: MS + IBA (0.5-1.5 mg/L) for root development.

6. Hardening and Acclimatization

Step 1: Rooted plantlets transferred to half-strength MS medium for initial hardening.
Step 2: Plants shifted to peat moss + vermiculite + soil (1:1:1) in a greenhouse.
«  Step 3: Gradual exposure to external conditions for 2-4 weeks before field transplantation.

7. Data Collection and Analysis

Shoot Induction Frequency (%)
Number of Shoots per Explant
Callus Induction Rate (%)
Rooting Percentage (%0)

Survival Rate after Hardening (%)

Statistical analysis using ANOVA (Analysis of Variance) to determine significance between treatments
8. Field Transfer and Conservation Strategies

Hardened plants transplanted to botanical gardens, forest nurseries, and restoration sites.
Collaboration with forest departments and conservation agencies for large-scale reintroduction.
Periodic monitoring to assess survival and growth performance.

Results: Tissue Culture Methods for Propagation of Endemic and Endangered Plants in Andhra Pradesh

The study successfully established tissue culture protocols for the in vitro propagation of selected endemic and
endangered plant species of Andhra Pradesh. The results are categorized based on shoot induction, callus
formation, root development, and acclimatization success.
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. Explant Response and Shoot Induction

Pterocarpus santalinus (Red Sandalwood) showed the highest shoot induction rate (85%0)
using MS medium supplemented with 1.5 mg/L BAP.

Syzygium alternifolium exhibited 75% shoot regeneration from nodal segments under 1.0 mg/L BAP + 0.2
mg/L NAA treatment.

Terminalia pallida and Ceropegia spiralis responded well to kinetin (1.0 mg/L) and BAP (0.8 mg/L.), showing
70-80% shoot formation within 4 weeks.

Plant Sbeci Growth Regulatorjot Induction Rate] Number off
ant Species Combination (%) Shoots/Explant
Pterocarpus
Arpd MS + 1.5 mg/L BAP 85% 46
santalinus
Syzygium MS + 1.0 mg/L BAP + 02 |
alternifolium mg/L NAA 5% 3-5
Terminalia pallida |[MS + 1.0 mg/L Kinetin 78% 34
Ceropegia spiralis [MS + 0.8 mg/L BAP 72% 2—4

. Callus Induction and Somatic Embryogenesis

Callus formation was observed in leaf and stem explants of Terminalia pallida and Shorea tumburgia using MS
medium with 2,4-D (2.0 mg/L).

Somatic embryos successfully developed in Syzygium alternifolium under MS + 0.5 mg/L BAP + 1.5 mg/L 2,4-
D, with 65% embryo maturation.

Plant Speci Growth Regulator for Callusjus Induction Ratepomatic Embryo
ant SPECIEs  h quction (%) Formation (%)
Terminalia
= 0, 0,
pallida MS + 2.0 mg/L 2,4-D 80% 65%
Shorea MS + 1.5 mg/L 2,4-D + 0.5 mg/L__ 0
tumburgia BAP 5% 60%
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. Root Induction and Development

IBA (0.5-1.5 mg/L) was the most effective auxin for root formation.
Rooting was highest in Pterocarpus santalinus (80%b), followed by Syzygium alternifolium (72%b).

Plant Species

vth Regulator for Rooting

juction Rate (%)

t Length (cm)

Pterocarpus ;

santalinus MS + 1.0 mg/L IBA 80% 4.5-6.2
5 lermitoli

Syzygium alternifolium MS + 0.8 mg/L IBA - 058

Plant Species

vth Regulator for Rooting

juction Rate (%)

t Length (cm)

Terminalia pallida

MS + 1.5 mg/L IBA

68%

3.8-5.2

. Hardening and Acclimatizat

Rooted plantlets were transferred to greenhouse conditions with 70-85% survival rates

after 4 weeks.

ion

Plants grown in peat moss + vermiculite (1:1) showed the best adaptation.
Plant Species Survival Rate in Greenhouse (%) [Field Establishment (%0)
Pterocarpus santalinus [85% 78%
Syzygium alternifolium [80% 72%
Terminalia pallida 75% 70%
Ceropegia spiralis 72% 68%

. Field Transfer and Conservation Success

Hardened plantlets were transplanted to botanical gardens, nurseries, and reforestation sites in collaboration
with the Andhra Pradesh Forest Department.
Regular monitoring showed high survival rates (70-78%) after 6 months. O

Discussion

The above Results effectively summarizes key findings on the use of tissue culture for propagating endemic and
endangered species. Here’s a breakdown of its strengths and potential areas for further elaboration:
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Results

Callus Formation

O The percentage of explants showing callus formation ranged from 70% to 90% depending on the plant species and

d

PGRs used.
Shoot Regeneration

The percentage of explants showing shoot regeneration ranged from 40% to 70% depending on the plant species

and PGRs used.

Root Formationd
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