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ABSTRACT

This review aims to provide an in-depth examination of the current state of research on the application
of natural compounds in plant tissue culture, highlighting their potential role as an alternative to
synthetic plant growth regulators (PGRs) in various micropropagation systems. The use of natural
compounds, such as plant extracts, essential oils, and phytohormones, is becoming increasingly popular
in plant tissue culture due to their potential to enhance plant growth and development, improve rooting
and shooting, and increase the efficiency of tissue culture systems. The use of natural compounds has
been explored in various plant species, including medicinal plants, orchids, and crops, with promising
results. These findings have significant implications for the development of sustainable and
environmentally friendly plant tissue culture systems, and highlight the need for further research into
the optimization of natural compound-based protocols for large-scale commercial applications. The
review will also discussed the potential benefits and limitations of using natural compounds in plant
tissue culture, including their cost-effectiveness, environmental impact, and potential for genetic
modification. Furthermore, this review will Provided an overview of the current challenges and future
directions for the use of natural compounds in plant tissue culture, with the aim of promoting their
widespread adoption in the field. By synthesizing the existing knowledge on natural compounds in plant
tissue culture, this review aims to provide a valuable resource for researchers, scientists, and
practitioners in the field of plant tissue culture, as well as for those interested in the development of
sustainable and environmentally friendly plant production systems.

Keywords: plant tissue culture, natural compounds, phenolic acids, flavonoids, alkaloids, plant growth,
biotechnology, sustainability, biodiversity.

1. Introduction
1.1 Historical Background

The use of natural compounds in plant tissue culture dates back to the 1960s, when researchers first
reported the growth-promoting effects of phenolic acids on plant cells in vitro (Espinosa-Leal et al.,
2018). Since then, numerous studies have investigated the effects of natural compounds on plant growth
and development in plant tissue culture. Despite this, the use of natural compounds in plant tissue
culture remains limited, and further research is needed to fully explore their potential (Espinosa-Leal et
al., 2018). To investigate the impact of auxin concentrations and MS media (full and half-strength salts)
on the rooting response of Petunia hybrid ( Kamal et al., 2024), In another study, multiple natural and
chemical compounds were used on pomegranate and gave excellent results (hasan ef al., 2024).

1.2. Plant tissue culture

(PTC) has become a vital technique for plant propagation, breeding, and genetic improvement,
offering a controlled and sterile environment for plant growth and development. The use of natural
compounds in plant tissue culture has gained significant attention in recent years, and their potential to
enhance plant growth and development have been explored in various studies, including those by
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Rongyan et al., (2024), who investigated the effects of plant extracts on the growth and development
of medicinal plants, and Behera et al., (2019), who examined the use of natural compounds to improve
plant regeneration and multiplication in various crops. Several studies have demonstrated the efficacy
of natural compounds, such as plant growth regulators, amino acids and other phytochemicals, in
enhancing plant growth and development in vitro. For instance, a study Khan et al. (2020) found that
the use of certain plant growth regulators increased the growth rate and biomass production of tobacco
plants in vitro. Similarly, to the observations made by Khan ef al. (2020), other researchers Sharma et
al. (2020) and Sharma et al. (2018) have also reported the positive effects of natural compounds on
plant growth and development in vitro. Moreover, the use of natural compounds in plant tissue culture
offers several advantages over traditional methods, including reduced environmental pollution,
improved plant growth rates, and increased crop yields. Furthermore, natural compounds can also be
used to induce stress tolerance in plants, which is essential for plant growth and survival under abiotic
and biotic stress conditions. For example, a study by Gould and Murashige (1985) showed that the
application of natural compounds increased the tolerance of plants to salt stress. This highlights the
potential of natural compounds to improving crop yields and stress tolerance, which is crucial for
ensuring global food security (Wang et al., 2020). Additionally, the use of natural compounds in plant
tissue culture can enhance the overall sustainability of agricultural practices by reducing the reliance on
synthetic chemicals and promoting eco-friendly methods of plant growth and development.
Consequently, the use of natural compounds in plant tissue culture is a promising approach that can
contribute to the development of sustainable agriculture. By exploring the potential of natural
compounds as substitutes for synthetic growth regulators, such as auxins, cytokinins, and gibberellins,
researchers can develop more sustainable and eco-friendly methods of plant tissue culture. This
approach not only reduces the environmental pollution caused by the use of synthetic chemicals but
also promotes the use of natural and biodegradable substances in plant growth and development.
According to a recent study published in the Journal of Plant Physiology, the use of natural compounds
such as plant growth-promoting rhizobacteria can significantly improve plant growth and development
by increasing the production of growth-promoting hormones such as indole acetic acid, gibberellins,
which play a critical role in plant cell division, differentiation, and elongation. For instance, a study by
Mwaniki et al. (2019) demonstrated that the application of plant growth-promoting rhizobacteria
increased the production of indole acetic acid, leading to improved root development and increased
plant biomass. The study's findings suggest that the use of natural compounds such as plant growth-
promoting rhizobacteria can be a viable alternative to synthetic growth regulators in plant tissue culture.
Furthermore, the use of natural compounds can also enhance the genetic stability of plant tissue cultures
by reducing the risk of genetic mutations and epigenetic changes and promoting the expression of
desirable traits (Yang et al., 2024). The genetic stability of plant tissue cultures is a critical factor in
the production of high-quality plant products, and the use of natural compounds can play a significant
role in achieving this goal. For example, a study. Li et al. (2020) found that the use of natural compounds
such as salicylic acid and ascorbic acid can reduce the risk of genetic mutations and epigenetic changes
in plant tissue cultures, leading to the production of high-quality plant products with desirable traits and
characteristics. Additionally, the use of natural compounds in plant tissue culture can also improve the
antioxidant activity of plant cells, leading to the production of high-quality plant products with
enhanced nutritional and medicinal properties. Espinosa et al. (2018). Indeed, studies have shown that
plant cells grown in the presence of natural compounds such as phenolic acids and flavonoids exhibit
higher antioxidant activity compared to those grown in the absence of these compounds (Espinosa et
al., 2018). This is significant because antioxidant activity is an important factor in determining the
nutritional and medicinal value of plant products. The use of natural compounds in plant tissue culture
can also enhance the shelf life and stability of plant products, making them more suitable for
commercialization and wider distribution. The potential of natural compounds in plant tissue culture is
vast, and further research is needed to fully explore their benefits and potential applications in the
production of high-quality plant products. To achieve this goal, it is essential to conduct further research
on the biochemical and molecular mechanisms underlying the effects of natural compounds on plant
tissue cultures.

The use of natural compounds in plant tissue culture also has the potential to reduce the
environmental impact of traditional agricultural practices, thereby promoting sustainable agriculture
and contributing to a more environmentally friendly and responsible food production system. The
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benefits of using natural compounds in plant tissue culture systems are numerous, ranging from
improved crop yields and quality to reduced pesticide and fertilizer usage, and enhanced plant resistance
to diseases and pests, ultimately leading to more sustainable and environmentally friendly agricultural
practices (Espinosa et al., 2018). The most prominent compound in coriander essential oil is linalool,
which is notable for its diverse range of bioactivities. Moreover, the integration of natural compounds
in plant tissue culture can also lead to the discovery of new bioactive compounds with potential
applications in human health and wellness, such as antimicrobial, antiviral and antioxidant activities,
which could be used to develop novel therapeutic agents or functional foods. Furthermore, the use of
natural compounds in plant tissue culture can also facilitate the preservation of endangered plant
species, reduce the risk of genetic erosion, and promote biodiversity conservation (Pathak and Abido,
2014). Additionally, the integration of natural compounds in plant tissue culture systems has the
potential to revolutionize the field of plant biotechnology, enabling the development of novel and more
efficient methods for plant breeding, genetic engineering, and crop improvement, ultimately leading to
increased food security, improved human health and well-being.

The use of natural compounds in plant tissue culture has been extensively studied in recent years,
and numerous research papers have been published on this topic, highlighting the vast potential of
natural compounds in revolutionizing the field of plant biotechnology (Dias ef al., 2016). According to
areview by Malarz et al. (2022), natural compounds have been used in plant tissue culture to stimulate
cell growth, promote root formation, and enhance shoot development. Citing Malarz ef al. (2022) as a
notable example, numerous studies have since built upon this foundation, exploring the applications of
various natural compounds in plant tissue culture, including phenolic acids, flavonoids, and alkaloids,
which have shown promise in promoting cell division, differentiation, and overall plant growth. For
instance, a study Li et al. (2020) demonstrated the use of salicylic acid, a phenolic compound, to
enhance the growth and development of tobacco plantlets in vitro, highlighting the importance of
optimizing culture conditions and compound concentrations to achieve optimal results. In another study,
utilized a combination of natural compounds, including gibberellins and cytokinins, to promote root
growth and shoot development in sweet potato explants, demonstrating the potential of natural
compounds to improve plant regeneration and propagation efficiency. These studies, among many
others, demonstrate the vast potential of natural compounds in plant tissue culture and highlight the
need for further research into the mechanisms underlying their actions and the optimization of their use
in various plant species.

Numerous other studies have explored the use of natural compounds in plant tissue culture,
including the work (Li ez al., 2019), That investigated the effects of phenolic compounds on the growth
and development of Arabidopsis thaliana seedlings, and that of Zhang et al. (2018), who demonstrated
the potential of flavonoids to enhance the growth and yield of hairy root cultures of Scutellaria
baicalensis. As we move forward in this review, we will further examine the current state of knowledge
on the use of natural compounds in plant tissue culture, highlighting the key findings, benefits, and
challenges associated with this technology. We will also discuss the potential applications of natural
compounds in plant biotechnology and the future directions of this research.

Natural compounds, such as phenolic acids, flavonoids, and alkaloids, have been shown to promote
cell division, differentiation, and overall plant growth in plant tissue culture. Research has demonstrated
the potential of these compounds to improve plant growth and development in vitro, and their
applications in plant biotechnology (Vakili et al. 2020; Herbert 1992; Resmisari 2022 and Ciocan et
al., 2023).

1.3. Effects of Natural Compounds on Plant Growth and Development
1.3.1. Phenolic Acids

Phenolic acids (Fig. 1), such as salicylic acid and cinnamic acid, have been shown to promote plant
growth and development in vitro by stimulating cell division and elongation (Singh et al., 2020 and
Marchiosi et al., 2020). These compounds have also been reported to have antioxidant and antimicrobial
properties, which can help to protect plant cells from oxidative stress and pathogens (Khan et al., 2020).
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Fig. 1: Phenolic acids
1.3.2. Flavonoids

Flavonoids, such as kaempferol and quercetin, have been shown to promote plant growth and
development in vitro by regulating cell division and differentiation (Patel er al, 2019). These
compounds have also been reported to have antioxidant and anti-inflammatory properties, which can
help to protect plant cells from oxidative stresses.

1.3.3. Terpenoids

Terpenoids, such as menthol and camphor, have been shown to promote plant growth and
development in vitro by regulating cell division and differentiation (Verdeguer ef al., 2020, Halder and
Jha, 2021). These compounds have also been reported to have antioxidant and anti-inflammatory
properties, which can help to protect plant cells from oxidative stress (Kumar ef al., 2019).

1.3.4. Alkaloids

Alkaloids in Fig. 2 are a class of natural compounds with a wide range of biological activities,
including anti-microbial, anti-inflammatory, and antioxidant effects. These compounds have been
shown to promote plant growth and development in vitro, and have potential applications in plant
biotechnology. For example, the alkaloid berberine has been shown to stimulate cell division and
differentiation in plant tissue culture, while also exhibiting antimicrobial activity against certain plant
pathogens (Gould and Murashige, 1985). Other alkaloids, such as caffeine and nicotine, have also been
shown to have plant growth-promoting effects in vitro (Li et al., 2019).

1.4. Limited Availability and High Cost

One of the primary concerns regarding the use of natural compounds in plant tissue culture is the
limited availability and high cost of these compounds. For example, flavonoids and terpenoids are often
extracted from plant materials, which can be time-consuming and expensive (Wawrosch and Zotchev,
2021). Furthermore, the cost of these compounds can be prohibitively expensive for large-scale
commercial application.

1.4.1. Variability in Chemical Composition

Another concern is the variability in the chemical of natural compounds, which can affect their
efficacy and consistency in plant tissue culture. For example, the chemical composition of flavonoids
can vary depending on the plant species, growth conditions, and extraction methods (Smith, 2013) [32].
This variability can make it difficult to standardize the use of natural compounds in plant tissue culture.
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1.4.2. Potential Toxicity and Interactions

Natural compounds in Fig. 3 can also be toxic to plant cells or interact with other compounds in the
culture medium, which can have unintended consequences. For instance, high concentrations of
phenolic acids can be toxic to plant cells, leading to reduced growth and viability (Kyselova, 2011).
Additionally, natural compounds can interact with other compounds in the culture medium, such as agar
or sugars, which can affect their bioavailability and efficacy (Barba-Ostria, ef al., 2022).
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Fig. 3: Natural compounds in plant tissue culture

1.4.3. Potential for Contamination

Another concern is the potential for contamination of natural compounds with other substances,
such as heavy metals or pesticides, which can have negative effects on plant growth and development
(Alengebawy et al., 2021). This highlights the need for rigorous quality control measures to ensure the
purity and safety of natural compounds used in plant tissue culture.
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1.4.4. Limited Understanding of Mechanisms of Action

Despite the growing body of research on the use of natural compounds in plant tissue culture, there
is still a limited understanding of their mechanisms of action. For example, the exact mechanisms by
which flavonoids and terpenoids promote plant growth and development are not fully understood
(Smith, 2013). Further research is needed to elucidate the mechanisms of action of natural compounds
in plant tissue culture (Fig. 4).

—

Fig. 4: Review focus- application of natural compounds
2. Conclusions

In conclusion, natural compounds, such as phenolic acids, flavonoids, alkaloids, and terpenoids,
have been shown to have potential applications in plant tissue culture as alternatives to synthetic growth
regulators. These compounds have been found to promote plant growth and development in vitro, and
have antioxidant, antimicrobial, and anti-inflammatory properties. Further research is needed to fully
explore the potential of natural compounds in plant tissue culture and to elucidate their mechanisms of
action.

Natural compounds, including phenolic acids, flavonoids, and alkaloids, have shown great promise
in promoting plant growth and development in plant tissue culture. These compounds have potential
applications in plant biotechnology, including the production of high-quality plantlets for agriculture,
medicine, and industry. Further research is needed to fully explore the properties and applications of
these compounds, and to unlock their potential for sustainable and environmentally friendly plant
production.

3. Recommendations

Based on the current state of knowledge, we recommend the use of natural compounds in plant
tissue culture for the production of high-quality plantlets for agriculture, medicine, and industry. We
also recommend further research on the potential applications of natural compounds in plant
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biotechnology, including the development of new and efficient methods for the extraction and
purification of these compounds from plant sources.

4. Future Directions

In conclusion, while natural compounds have potential applications in plant tissue culture, there are
also potential drawbacks that must be considered. To fully realize the potential of natural compounds
in plant tissue culture, further research is needed to address the issues of potential toxicity and
interactions, contamination, and limited understanding of mechanisms of action. This research should
focus on understanding the molecular mechanisms underlying the effects of natural compounds on plant
cells, as well as developing more effective and targeted applications of natural compounds in plant
tissue culture. This could involve the use of advanced technologies such as genomics, proteomics and
metabolomics to understand the complex interactions between plant cells and natural compounds.
Additionally, the development of new methods for the large-scale production and standardization of
natural compounds, as well as the creation of publicly available databases and repositories for natural
compounds used in plant.
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