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ABSTRACT: In this article, we study the effect of low-pressure radio frequency (RF) plasma
on seed germination and growth of the ajwain plant. Ajwain seed is a medicinal plant that
possesses antibacterial and antioxidant properties. Results show that RF plasma treatment of
ajwain seed improves seed germination rate by ~11%. The best result was observed at a plas-
ma power of 50 W. Moreover, plasma treatment of ajwain seed leads to a significant change
in seed wettability and plant growth parameters including shoot and root length improvement
after plasma treatment.
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I. INTRODUCTION

From ancient times to the present day, medicinal plants have had an important role in
health promotion and disease control in human societies. Currently, 25% of existing
drugs have herbal origins.® Due to the devastating impacts and side effects of chemical
medicines, public regard of herbal remedies has increased in recent years.? Trachysper-
mum ammi, commonly known as ajwain, is a medicinal plant that grows in some areas
of Egypt, Iran, Pakistan, Afghanistan, and India. It is considered to be a valuable drug
plant due to its various chemical constituents containing phenolic compounds, espe-
cially thymol, which is reported to possess antibacterial and antioxidant activities.
Abig challenge to grow plants, especially medicinal plants, is herbal dormancy. Even
after placement in suitable conditions, many kinds of seeds are not able to germinate and
thus remain in a dormant mode. Some morphological changes must occur to break the
seeds’ dormancy. Two types of seed dormancy are endogenous and exogenous. Exog-
enous dormancy such as physical, mechanical, and chemical dormancy is constrained
by external factors of the embryo. Endogenous dormancy such as morphological, physi-
ological, and double dormancy is constrained by internal factors of the embryo.*
Cold-moist stratification is a common method used to break herbal plant dormancy,
but it is a time-consuming process.® In some cases, hormones such as gibberellin and
chemical components can be used as substitutes for stratification to break dormancy,®
but the relative cost of these chemical methods is a drawback. Moreover, using chemical
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methods for the long term leads to unwanted physiological effects on human health and
causes environmental problems.’

Cold plasma is a recently proposed technology for different applications in agri-
culture and food industry.®° It is suggested to decrease the time of dormancy and in-
crease crop yield. Bormashenko et al. reported that cold RF air plasma treatment may
modify the surface wetting properties of lentils, beans, and wheat seeds.™ Jiayun et al.
showed that cold plasma treatment promotes Andrographis paniculata germination and
improves seed permeability significantly, resulting in accelerated seed germination and
seedling emergence.'? Koga et al. studied the effects of air nonthermal plasma irradia-
tion on Arabidopsis thaliana seeds and reported that plasma irradiation led to a 12%
increase in seed weight and a 39% increase in seed number.® Ling et al. suggested
that cold plasma treatment improves oilseed rape drought tolerance by improving anti-
oxidant enzyme activities, increasing osmotic-adjustment products, and reducing lipid
peroxidation, especially in drought-sensitive cultivars.** Sera et al. applied low-pressure
discharge to stimulate germination of seeds using a microwave power supply.®®

In this article, we describe the effect of cold plasma on germination and growth
parameters of the ajwain medicinal plant. Cold plasma can be generated in atmospheric
or low-pressure conditions. We use low-pressure RF plasma to investigate the plasma
effect on ajwain seeds. Some of the main aims of your research include studying of the
effects of RF plasma power on seed growth and seed surface modifications.

II. MATERIALS AND METHODS

In our experiments, we used RF capacitively coupled plasma at a frequency of 13.56
MHz. The experimental setup was comprised of three main components: RF power sup-
ply, plasma reactor, and vacuum system. The plasma reactor was a chamber comprised
of a Pyrex cylindrical tube with a diameter of 100 mm, thickness of 3 mm, and length of
350 mm. Two metal mesh electrodes were included, which the central flat electrode was
connected to the RF generator, and the other grounded electrode was wrapped around the
chamber. Chamber pressure was kept at 7.5 x 10 Torr using a rotary vacuum pump. Fig-
ure 1 schematically shows the experimental setup used for ajwain seed plasma irradiation.

Germination tests were carried out under laboratory conditions on seeds supplied
by the Medicinal Plants and Drugs Research Institute of Shahid Beheshti University,
Tehran, Iran. Ajwain seeds were exposed to 50 W air RF plasma for 2 min. The total
number of seeds for each control (untreated) and treated sample was 75 seeds, which
were cultivated in three Petri dishes of 9-cm diameter. Each Petri dish was watered with
2 mL of distilled water and closed using parafilm to control evaporation rate. The closed
Petri dishes were then placed in a germinator for 8-16 hours (radiation-darkness) for 12
d at a temperature of 22 + 0.5°C and relative humidity of 75%. Germination began on
the third day and reached a maximum value on the seventh day. Root and shoot length of
the ajwain sprout was measured after 12 d. We repeated the experiment three times. We
counted the germinated seeds daily and the germination percentage (GP) and germina-
tion index (GI) were calculated using following formulas:
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FIG. 1: Schematic diagram of experimental setup for irradiation of ajwain seeds by low pressure
RF plasma

n.
GP; = ﬁ‘ x 100 (1)

and

Gr="Y = (2)
1
L
where n, represents the number of germinated seeds on the ith day, and N represents
the total number of planted seeds.

To study the effect of plasma power on ajwain seed germination, some experiments
were performed at plasma powers of 50, 80, and 100 W. Optimum treatment time was
adjusted to 2 min, as in previous experiments. Besides studying seed germination pa-
rameters, seed surface wettability and plasma characteristics were also used to explain
results. Plasma emission spectra at different conditions were registered with the use of a
spectrometer (Ocean Optics HR2000 + ES) to determine plasma reactive species concen-
tration. The spectrometer was able to measure the wavelength interval of 200 to 1100 nm.

[1l. RESULTS AND DISCUSSION

Figure 2 provides a visual comparison of the treated (right) and control (left) samples
of the ajwain seed germination after 7 d. The figure clearly shows that both the number
and size of sprouts in the treated sample were greater than those of the control. Figure
3 displays the seed GP for different RF plasma powers of 50, 80, and 100 W at a treat-
ment time of 2 min. It can be seen that increasing the plasma power does not always
lead to improvement in seed germination. According to Fig. 3, GP is best at an RF
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FIG. 2: Ajwain sprouts after 7 d. (Left) control sample; (right) treated sample

plasma power of 50 W. An increment of ~11.1% in GP, compared to the control, was
obtained after applying RF plasma on ajwain seeds. Although applying an RF plasma
power of 80 W increases GP compared to that of untreated seeds, observations indicate
that increased plasma power may lead to damaging effects to the seeds. Figure 3 shows
that the seed GP decreases after increasing RF plasma power beyond 50 W, and the
seed germination rate is even lower than that of the control sample when plasma power
increases to 100 W.
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FIG. 3: Ajwain seeds germination at different RF plasma powers
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Table 1 shows GP and GI at different conditions based on the definitions presented
in in Egs. (1) and (2). According to the table, GP and Gl for ajwain seeds treated at the
plasma power of 50 W increase by ~11.1% and 1.22, respectively. However, they show
some decrease when seeds are treated at the plasma power of 100 W. Figure 4 presents
shoot and root length of ajwain plants 12 d after seed planting. It can be seen in this
figure that sprout length differs with various plasma powers. Samples treated with 50
W RF plasma power have the tallest root, and the best germination rate occurred at this
plasma power as well. The root length of the ajwain sprout increased by ~34% at RF
plasma power of 50 W, relative to control samples. However, root length increments
are not considerable for RF plasma powers of 80 and 100 W (~2% and 10% for plasma
powers 80 and 100 W, respectively). According to Fig. 4, the maximum increment in
shoot length takes place when ajwain seeds are treated at RF plasma power of 100 W

TABLE 1: Germination rate and germination index of ajwain seeds in treated
seeds and control seeds

Plasma power (W) GP Gl

Control 62/77 8/41
50 73/88 9/63
80 66/11 8/80
100 62/22 8/33

Gl, Germination index; GP, germination percentage.
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FIG. 4: Root and shoot length of ajwain sprouts at different RF plasma powers
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(10% compared to the control). No considerable growth in the shoot length of sprouts is
observed at a plasma power of 50 W.

Figure 5 displays the contact angle of water droplets on the untreated and treated
ajwain seeds. The treated seeds were exposed for 2 min to an RF plasma power of 50 W.
The contact angle test was performed by dropping 1.5 uL of deionized water onto the
seed surface. As is apparent from Fig. 5, seed surface wettability significantly changed
under the influence of RF plasma treatment. Reduction in the water contact angle from
122° to ~10° under the effect of RF plasma treatment suggests a strong change in seed

FIG. 5: The contact angle of water droplet on the ajwain seed, left; untreated, and right; treated
samples

surface characteristics and wettability. The obvious increment in seed surface wettabil-
ity is one of the most important reasons for increasing the seed germination rate.
Figure 6, which displays the RF plasma spectra at different plasma powers, im-
plicitly identifies the involved chemical species and the main cause of the seed—plasma
effect. It is apparent that plasma emission is intensified with increasing plasma power.
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FIG. 6: Optical spectra emitted from RF air plasma for powers of 50, 80, and 100 W
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Main peaks were monitored in the spectra in the range of 450-650 nm, which originate
from CO and hydrogen species. CO emission lines at 451.0, 483.5, 519.5, 561.0, and
607.9 nm and an H emission line at 656.3 nm may represent products of the seed sur-
face etching process. Several peaks belonging to OH and nitrogen species can also be
observed in the spectral range of 250-400 nm. Spectral emissions at 283.4, 309.0, and
312.7 nm indicate the presence of OH species in the RF plasma. The peak of 357.0 nm
also corresponds to the second-order emission of molecular nitrogen.

Clearly, plasma interaction with material surfaces leads to chemical changes on the
surface, resulting in modification of surface properties. The obvious conclusion is that
increasing seed surface hydrophilicity under the influence of plasma can affect seed
germination and growth.

V. CONCLUSIONS

In this article, we investigated the effect of low-pressure RF cold plasma on germina-
tion and growth of ajwain. Improvement in germination and growth of ajwain seeds is
important because of the resulting benefits for medicinal applications. Results show
that plasma can promote ajwain seed germination and growth, and best results were ob-
served at a plasma power of 50 W. Primary findings show that seed surface is modified
under the influence of plasma species, although more research is required to understand
the main mechanisms of seed germination under the influence of RF plasma. Chemical
species, charged particles, ions, and UV light generated by nonthermal plasma can have
important roles in cellular processes because these species interact with many biomol-
ecules as activators or inhibitors.
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