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protein percentage, amino acid ratios, mineral salts, and calcium. The use of new scientific
methods and modified traditional methods such as plasma water have helped a lot to achieve
of improved plant growth. This study was conducted to investigate the effect of plasma-
activated water on growth and anatomical features of Vicia faba.

Method: After preparation , seeds were first soaked for 24 hours with water that had been
activated with plasma for 5 minutes and 20 minutes, and with control water without plasma
application. After planting, the pots were watered twice a week for 40 to 50 days. After this
period, the anatomical features were examined.

Results: The results showed that in plants treated with vascular bundle dispersion, the
growth and development of xylem vessels and the growth of the vegetative apical meristem
were greater than in the control And the treated plants entered the reproductive phase faster.
Conclusions: : plasma-activated water can increase the growth of faba bean plants by

causing changes in anatomical and developmental characteristics.
According to the article results, use of plasma water is recommended to improve the
performance of this plant.
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Introduction

Cold atmosphere is a necessity of human life today. The use of cold plasma in agricultural
systems is better known for controlling the growth of microorganisms, or for safe packaging of
food, to determine the reduction of pesticides in fruits and vegetables for sanitary
decontamination or drought stress.

Broad bean (Vicia faba) is one of the oldest domesticated legumes in the world, and its
cultivation in Iran is high. With about 18 to 36 percent protein, this crop plays an important role
in providing the protein needed by humans. With nitrogen-fixing bacteria in its roots, it
increases soil fertility and is one of the most important plants that stabilize atmospheric nitrogen
in the soil.

Cold atmosphere or low pressure plasma is a modern-day technique that may reduce the risks
associated with agriculture and food processing systems. It is an environmentally friendly
method that positively impacts crop production in adverse conditions because it requires little
energy, is waste-free, and has no negative impact on the environment.

Plasma activated water technology can play an important role in the development and
physiological activity of plants by cleaning the seed surface from pathogens and improving the
permeability of seeds to water, resulting in increased seed vigor and better germination.

Since the effect of plasma-activated water on the anatomical characteristics of faba bean plants
has not been studied so far, this study aimed to investigate the effect of plasma water on the
anatomical, developmental, and growth characteristics of faba bean plants.

Method
o In this study, Shahi fava beans were obtained from the Ahvaz Agricultural Jihad Research

Center. The seeds were divided into three groups for soaking. Group 1: Soaked in water
that had been exposed to plasma for 5 minutes. Group 2: Soaked in water that had been
exposed to plasma for 20 minutes. And group 3: Control, which had been soaked in distilled
water.Sampling was performed after approximately 30 to 50 days to evaluate anatomical features.

o Preparation of plasma-activated water: Each time, a small amount of distilled water was
placed in a sterile beaker with a magnet on the stirrer. A high-voltage electrode was
connected to the stirrer plate to create a plasma arc. The high-voltage generator was turned
on and the stirrer magnet was set to 60 revolutions per minute (rpm). Finally, after briefly
reducing the heat of the plasma-activated water, the pots were watered.

o Preparation of manual and microtomy sections:After preparing manual and microtome
sections, staining was performed with specific dyes, and then the obtained sections were carefully
examined with a Nikon-ECLIPDE-E200 light microscope and photographs were taken to examine
the changes.
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Results
Considering the differences in the performance of different vegetative organs of the plant, the
effect of treatment on the yield of each was investigated:

Examination of the anatomical structure of the root:
The effect of the treatment on the structures was clearly evident in both transverse and
longitudinal sections.

Comparison of longitudinal sections of control and treated samples showed that in treated
plants, the rate of vascular cylinder and ground meristem formation was higher and an increase
in longitudinal growth was observed.
Comparison of cross-sections of control and treatment samples showed that in plants irrigated
with plasma water, the growth rate of xylem vessels increased compared to the control sample,
and early and late wood structures developed more rapidly. Of course, this was also true for
phloem vessels to some extent, but the superficial parts of the epidermis and tensile fibers
maintained their proper condition.

Examination of the anatomical structure of the stem:

The effect of the treatment on these structures was more clearly evident in both transverse and
longitudinal sections than the stem.

In longitudinal sections of treated samples, a change in the shape of the shoot apical meristem
is seen, such that the meristem moves from a dome-like shape to a flattened shape and the
formation of a reproductive meristem.

During the examination of cross-sections of the treated plants, the width of the wings decreased,
but the width of the stem increased, and the vascular bundles in these areas were more dense,
and the openings of the xylem vessels were also wider. Also, in these plants, the density of
vascular bundles in the vascular cylinder was higher.

Conclusions

Nowadays, due to the shortage of water and suitable food, it is always desirable to use
advanced techniques and modified methods to prepare suitable food for the people. One of these
methods is the use of plasma water, the effect of which on the fava bean plant has been
investigated in the present study.
Author According to previous research, the effect of increasing the growth of vascular bundles
under treatment can be attributed to the effective auxin synthesis on the differentiation process
of xylem vascular bundles.
In a study, other researchers showed that the effect of plasma on pepper plants causes changes
in the tissue of xylem and phloem vessels. They suggested that free radicals present in plasma
cause the development and differentiation of vascular bundles. In the present study, a greater
distribution of vascular bundles was observed in plants treated with plasma water. These
molecules facilitate plant responses to biotic and abiotic stresses. In addition, ROS interactions
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have numerous effects in regulating a wide range of physiological responses to the environment,
such as germination, root development, and leaf stomatal closure. Longitudinal growth of
treated roots. The accumulation of active nitrogen species in response to plasma treatment has
been shown in plants, which are responsible for inducing growth in plants as nitrogen fertilizers.
It can also interfere with other metabolic reactions, phytohormones, and growth and
development signaling cascades that change the plant at various physiological, biochemical,
and molecular levels. On the other hand, in treated plants, the vegetative apical meristem
differentiated faster. In fact, oxygen free radicals in the plant stem can affect the differentiation
and division of stem apical meristem cells by affecting the function of the WUS transcription
factor, and thus play an important role in the cell cycle and cytokinesis by affecting the
reduction reactions and causing further plant growth and development.

Final conclusion:

To improve agricultural conditions and the quality of plants, especially high-consumption
varieties, it has always been desirable to use advanced techniques and modified methods to
prepare suitable food for people, and fortunately, these methods are being considered by
researchers in our country. One of these methods is the use of plasma water, the effect of which
on the fava bean plant has been investigated in the present study.

So far, the positive effects of plasma water on the fava bean plant have not been carried out,
and it seems that the present study is the first research report, but in the case of other plants,
previous studies have been conducted in line with the research. In fact, the growth and
development conditions, especially the development of woody clusters, have increased in plants
treated with plasma.

Acknowledgements: The authors of the article would like to express their gratitude to the
Physics Laboratory of Ahvaz University, which provided the opportunity to prepare plasma
water for this research, and to all those who helped in conducting this research.
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Figure 1.The images of longitudinal section of the root of control plants (A), treatment 1(B) , treatment 2(C).
Scale X 10. ( Am: Active meristem; Ca:Calyptrogen; Gm:Ground meristem; Qc:Quicent meristem; Rc:Root cap;
Rh:Rhizoderm; Vc: Vascular cylinder)
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Figure2. The images of transverse section of the root of plants of control(A), treatment 1(B) , treatment 2(C).
Scale X 10. (c:cortex; ep:epiderm; en:endoderm; mxy:metaxylem; ph:phloem; pr:pricycle; pxy:protoxylem;
xy:xylem).
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Figure3. The images of longitudinal section of the stem(shoot apical meristem) of plants of control(A),
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Figure4. The images of transverse section of the stem of plants of control(A), treatment 1(B) , treatment 2(C).
Scale X10. (cpa:cotex parenchym; col:collanchym; cu:cuticole; ep:epiderm; p:pith; ph:phloem; vb:vascular
bundles; w:wing; xy:xylem)
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