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The cultivation of medicinal plants has faced significant challenges including seed
dormancy, low germination rates, and the need for pre-treatments. Cold plasma technology
has emerged as a promising solution to these issues in recent years. It has been successfully
used for seed priming of various medicinal plants, and its effects on the morpho-
physiological, metabolic, and molecular mechanisms of resulting seedlings have been
extensively explored. In this review, we will discuss the use of plasma in seed priming and
the consequent metabolic and molecular changes in different medicinal plants. Meanwhile,
a growing collection of articles argues that seed priming with plasma is always of interest to
researchers and the effect of different types of plasma on various and different seeds is being
studied and researched. Although researchers have conducted extensive research in this
field, the analysis shows that this field still needs more research. The purpose of this study
is to investigate scientific information related to the use of plasma in seed priming and
provide a comprehensive understanding of valuable insights with statistical evaluation and
data analysis using VOSviewer and R-Studio software to find and reveal the structure and
research process in this field for Interested researchers. By addressing this issue, it is hoped
to gain a better understanding of the potential benefits and applications of cold plasma in the
cultivation of medicinal plants and to identify and use future research directions in this field.
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EXTENDED ABSTRACT

Introduction

Medicinal plants have been used for centuries as the
primary source of healthcare in developing countries, with
an estimated 70-95% of the population relying on them for
their medicinal needs. Even in developed countries, the use
of complementary and alternative medicines, many of
which are derived from herbal sources, is widespread, with
areported 70% of the population using them. However, the
cultivation of these valuable plants faces challenges,
particularly in the form of factors that inhibit seed
germination, known as "seed dormancy". This poses a
major roadblock in the production and availability of
medicinal plants. In response to this challenge, different
methods have been developed to overcome seed
dormancy, with one of the most promising being "seed
priming", where the seeds are prepared in specific ways to
promote germination. One such method gaining attention
is the use of "cold plasma technology", which offers an
environmentally friendly and cost-effective approach to
breaking seed dormancy in various agricultural and
medicinal plants. This emerging technology holds great
potential in increasing the availability and production of
medicinal plants, paving the way for a healthier population
with access to effective natural remedies. In this review
article, an attempt has been made to discuss some of the
results related to the use of cold plasma technology in
improving the germination of medicinal plant seeds. The
recent trends of this technology in seed priming of
different plant species were also analyzed using different
softwares.

Materials and Methods

To achieve the goals of this review article, firstly, the
process of seed germination in plants, the factors
involved in it, and the types of seed dormancy are
discussed. In the following, different seed priming
methods and especially cold plasma technology are
described. Also, the types of plasma suitable for seed
priming are introduced and finally the uses of plasma
(directly and indirectly) in improving the traits related to
the germination of plant seeds and the growth and
development of the resulting seedlings are mentioned.
Meanwhile, to provide a comprehensive understanding
of this subject, extensive scientific information and data
analysis were conducted using VOSviewer and R-Studio
software. Utilizing the Scopus database, which houses a
vast array of scientific articles, a thorough search was
conducted using relevant keywords and parameters. The
publication period was determined to be between 2000 to
2023, and search terms such as "cold plasma" and "seed"
and "germination" were employed, with exceptions made
for the term "plasma membrane".

Results and Discussion

The results of this research serve to highlight the positive
evaluation of the role of cold plasma in seed priming,
positioning it as a promising new method in the field. The
use of robust statistical evaluations and advanced software,
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such as VOSviewer and R-Studio, further demonstrate the
growth and development of seed priming with plasma over
the years. The research indicates a steady annual growth
rate of 15.41% from 2000 to 2023, resulting in a total of
501 scientific research articles and the contributions of
2,033 researchers. Of particular note is the low number of
single-author studies, comprising only 0.6% of all studies,
which is indicative of the interdisciplinary nature of seed
priming with plasma and its reliance on collaborative
efforts. This suggests that seed priming with plasma is a
dynamic and constantly evolving field, drawing on the
expertise and collaboration of various researchers from
diverse disciplines. The results of the study revealed a
significant increase in the production of scientific articles
related to plasma seed priming research between the years
2000 and 2023. This period can be divided into three
distinct phases, each showcasing a different level of
growth and interest in the topic. The first phase, spanning
from 2000 to 2011, showed a limited number of
publications, with some years even lacking any
publications at all. Only 5.2% of all articles were published
during this time. The second phase, from 2012 to 2020,
exhibited a more moderate but steady increase in the
number of articles published, accounting for 43.9% of all
articles in the field. On average, 4.88% of the total volume
of articles on plasma seed priming research were published
annually during this period, indicating a growing interest
in the subject. The final phase, between 2021 and 2023,
recorded a remarkable spike in scientific article
production, with 50.9% of all articles being published in
this three-year period alone. This marked a growth of more
than 3.5 times compared to the previous period, with an
average annual production increase of 16.97%. This
upward trend reflects the increasing importance and
research interest in the field of plasma seed priming.
Furthermore, a separate analysis on active and leading
countries in this field revealed China as the top country in
terms of research publications. Among these countries,
Iran also made significant contributions, placing 11th with
more than 3.6% of the total volume of studies published on
this topic. These findings highlight the global relevance
and advancing state of plasma seed priming research.

Conclusion

In conclusion, upon comparison of the distance and
volume of published studies in Iran to those of other
leading and active countries, it is evident that the field of
seed priming with plasma in Iran offers a diverse range
of areas to explore. However, there is a crucial need for
further development and research, particularly in the
domain of medicinal plant seeds. Thus, the present study
aims to present a comprehensive statistical analysis of
relevant insights and trends in seed priming with plasma
research, providing interested researchers with a valuable
resource to identify future research directions and
implementation strategies. By doing so, this study
contributes to the advancement of this field in Iran and
beyond, ultimately leading to more effective and efficient
use of plasma-based seed priming methods.
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Jiang et al. (2014) reported The combined effect of zinc
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Figure 1- Timeline of some important milestones of cold plasma technology in seed treatment to
improve seed quality and crop productivity in agriculture (Shelar et al., 2022).
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Figure 2- Overview of the wide application of cold plasma technology in agriculture,
food industry and medicine (Zhou et al., 2020).
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Figure 3- The regulatory role of reactive nitrogen species (RNS) and reactive oxygen species (ROS)
from cold plasma in plasma-treated seeds (Shelar et al., 2022).
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Figure 4- Two examples of dielectric barrier discharge (DBD) cold plasma generators made by the authors
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