Abstract

This study investigates the infuence of growth regulators on enhancing embryogenesis in plug oak (Quercus
spp.). Plug oak, a valuable tree species for reforestation and conservation eforts, often faces challenges in efcient
propagation through embryogenesis. In this research, we examined the efects of various growth regulators on the
induction and development of embryos in plug oak tissue cultures. Through a series of experiments, we evaluated
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Introduction

Plug oak (Quercus spp.) holds signi cant ecological and economic
importance as a keystone species in forest ecosystems [1]. However,
its propagation through traditional means, such as seeds or cuttings,
0 en presents challenges, particularly in achieving uniformity and
scalability. Tissue culture techniques o er a promising alternative for
mass propagation, but e cient embryogenesis remains a bottleneck in
the production of high-quality planting material for reforestation and
conservation e orts. Embryogenesis, the process of embryo formation
from somatic cells, plays a pivotal role in tissue culture-based
propagation of woody plants like plug oak. It involves the induction
and development of embryogenic callus from explant tissues [2],
followed by the regeneration of viable embryos capable of germination
and plantlet formation. e success of embryogenesis largely depends
on the precise manipulation of growth regulators, which regulate
cell division, di erentiation, and morphogenesis in plant tissue
cultures. Auxins and cytokinins are among the key growth regulators
commonly employed to induce and regulate embryogenesis in tissue
culture systems. Auxins promote the formation of embryogenic callus
from explant tissues, while cytokinins stimulate embryo development
and maturation [3]. However, the optimal concentrations and
combinations of these growth regulators vary among plant species and
even genotypes, necessitating empirical optimization for each target
species.

In this study, we investigate the in uence of growth regulators on
enhancing embryogenesis in plug oak tissue cultures. By systematically
varying the concentrations and combinations of auxins and cytokinins,
we aim to identify the most e ective treatments for inducing
embryogenic callus formation and promoting the development of
viable embryos. Understanding the physiological responses of plug
oak explants to di erent growth regulator regimes will facilitate the
development of e cient propagation protocols for this valuable tree
species [4]. e successful enhancement of embryogenesis in plug
oak tissue cultures holds immense potential for accelerating the
production of uniform, disease-free planting material for reforestation,
a orestation, and restoration projects. By overcoming the limitations
of traditional propagation methods, tissue culture-based techniques
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Data obtained from experimental observations were subjected to
appropriate statistical analyses, such as analysis of variance (ANOVA)
and Tukey's post-hoc test, to determine signi cant di erences among
treatments [8]. Results were interpreted to identify the most e ective
growth regulator treatments for enhancing embryogenesis in plug oak
tissue cultures. e physiological responses of explants to di erent
treatments were discussed in the context of embryogenic callus
induction, embryo development, and regeneration potential. Based
on the experimental ndings, optimized tissue culture protocols were
developed to maximize embryogenesis e ciency in plugoak. e most
promising growth regulator treatments were incorporated into these
protocols for future propagation e orts. e quality of regenerated
plantlets derived from embryogenic cultures was assessed based
on morphological, physiological, and genetic criteria to ensure the
production of healthy and vigorous planting material for reforestation
and conservation purposes.

Results and Discussion

E ect of growth regulator treatments on embryogenesis various
concentrations and combinations of auxins and cytokinins signi cantly
in uenced embryogenesis in plug oak tissue cultures. Treatment with
speci ¢ auxin-cytokinin combinations led to enhanced induction
of embryogenic callus, with distinct morphological characteristics
observed under di erent treatment regimes. e frequency and
e ciency of embryo formation varied among growth regulator
treatments, with certain combinations promoting higher rates of
embryo development and maturation. Optimal growth regulator
regimes for embryogenesis among the tested treatments, combinations
containing moderate concentrations of both auxins and cytokinins
consistently resulted in the highest rates of embryogenesis in plug oak
tissue cultures [9]. Auxin-dominated treatments tended to promote
the proliferation of embryogenic callus, while cytokinin-dominated
treatments facilitated the development and maturation of viable
embryos.

Synergistic e ects between auxins and cytokinins were observed,
highlighting the importance of balanced growth regulator regimes
for e cient embryogenesis. Morphological and physiological
characteristics of embryogenic cultures embryogenic callus exhibited
distinct morphological features, including friable texture, compactness,
and embryogenic structures such as proembryogenic masses.
Developed embryos displayed diverse morphotypes, ranging from
globular to cotyledonary stages, indicative of progressive developmental
stages within embryogenic cultures. Histological analyses revealed the
presence of embryogenic cells and embryogenic structures within the
callus, con rming the embryogenic potential of cultured tissues.

e observed responses of plug oak explants to di erent growth
regulator treatments can be attributed to the modulation of cellular
processes involved in cell division, di erentiation, and organogenesis.
Auxins play a crucial role in initiating embryogenesis by promoting
cell dedi erentiation and the formation of embryogenic callus, while
cytokinins stimulate embryo development and morphogenesis. Optimal
balance between auxin and cytokinin concentrations is essential for
maintaining the delicate equilibrium between cell proliferation and
di erentiation, facilitating the transition from embryogenic callus to
mature embryos.

e identi cation of optimal growth regulator regimes for
enhancing embryogenesis in plug oak tissue cultures o ers practical
applications for mass propagation and conservation e orts. Developed
tissue culture protocols incorporating the identi ed growth regulator
treatments can be utilized for large-scale production of high-quality
plug oak planting material [10]. Tissue culture-based propagation
provides a sustainable and scalable approach to meet the demand for
plug oak seedlings and saplings, supporting reforestation, a orestation,
and ecological restoration initiatives. Further research is warranted
to elucidate the molecular mechanisms underlying the observed
responses of plug oak explantsto di erent growth regulator treatments.
Optimization of tissue culture protocols and exploration of alternative
growth regulator combinations may lead to further improvements in
embryogenesis e ciency and plantlet quality. Field trials and on-site
evaluations are needed to validate the performance of tissue culture-
derived plug oak plantlets under natural conditions, ensuring their
suitability for reforestation and ecological restoration projects.

Conclusion

In conclusion, this study demonstrates the signi cant in uence of
growth regulators on enhancing embryogenesis in plug oak (Quercus
spp.) tissue cultures. rough systematic experimentation with
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