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Aromatic plants and laser beam wavelength in the red range of visible spectra (623.8 nm),
most commonly used for treating plant species, were selected. As there is not much informa-
tion in the references, it is necessary to set a scale with qualitative and partially quantitative
evaluations of the results. Specimens of thyme seed (Thymus vulgaris) were selected as aro-
matic plants for studying the effect of low-power lasers on plant development, and continu-
ous He-Ne laser, with irradiation times in the range of minutes.

Key words: laser, biomaterial, interaction

INTRODUCTION

The impact of laser on aromatic plants can be an-
alyzed from multiple perspectives. Changing morpho-
logical characteristics raises many questions where
multidisciplinary work with pharmacy and biology is
required, but the first approach requires a precise
metrological approach since the definition of dose of
real beam intensities, exposure geometry, and photo-
metric/radiometric conditions with bio-systems re-
quire precise parameters and approaches. For both rare
plant species and widespread species, these studies
can have significant economic consequences.

The change of properties of organic and inorganic
materials, including biosystems, can be caused using
elion techniques. The theoretical base for the change of
various properties of a material is according to selected
beam tied to certain scientific disciplines. Since a devel-
oped classic theory explaining interaction have existed,
some beam techniques connected to nuclear technique,
electronic optics, bioacoustics, and the interaction of
electromagnetic radiation with material, belong to
problems that have had their decades-long tradition

* Corresponding authors, e-mail: sanja.jevtic@vzs.edu.rs
esreckov@etf.bg.ac.rs

[1-3]. The use of lasers for parameter modification is
modeled differently according to the type of material
(organic, inorganic, and biosystem), and given that it is
afield of research that has spanned more than halfa cen-
tury, it has brought many unsolved tasks [4, 5]. For liv-
ing systems, this is the terminology of biomodulation,
biostimulation at the tissue or single-cell level. A range
of possible results of certain exposure to laser beams in
different modes of operation focused/unfocused for
specific conditions: quantum generator and system —
the material exposed to the laser beam, is very
wide-ranging from destruction to the desired change in
material properties or processes occurring at living or-
ganisms [6-12]. Modern research is looking for quanti-
fication as close as possible to real conditions so that
more and more requirements are set for the metrological
approach to the operating parameters that determine the
desired/undesired results. A note should be made that
from a basic point of view, the material needs to be seen
through changes in electrical, magnetic, and dielectric
properties, and that a defined impedance definition is
required —i. e., with response functions, where specific
electrical conductivity o, magnetic permeability 1, and
dielectric permittivity €. The definition and determina-
tion of impedance is a complex issue not only for
biosystems but also for complex semiconductors,
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multilayer films, efc. and the question arises of how to
approach the modeling of a particular solid-state form
with complex composition.

The question of thresholds separating certain
ranges of possible events/processes is one of the most
important question that follow the issue of contact,
coating to the threshold for an associated electric field
that will lead to positive or negative results of expo-
sure to a focused/unfocused coherent radiation/oper-
ating beam. Enrichment of experimental work always
provides reliable conclusions, however, when evaluat-
ing results, one should always take into account the
position of the treated systems on the globe and the
time when irradiation takes place, even in well-con-
trolled laboratory conditions. In addition, many of the
references dealing with irradiation of major plant fam-
ilies: wheat, corn, beans, spinach, nettle, alfa-alfa, ezc.
need to be enriched with new plant families. The de-
velopment of new quantum generators is also seeking
information about dose responses up to the limit of
damage to entities. Another major reason is to improve
the efficiency of growing plant species of which aro-
matic plants are of particular interest [§8, 13-15].

This paper deals with one type of aromatic plant
Thymus vulgaris (thyme) and quantification of expo-
sure to gaseous lasers in the selected mode of opera-
tion. Spectroscopic and morphological analyzes were
chosen as quantitative indicators of changes in the
sample properties and experiments with selected
He-Ne laser types and CO,, Ar':ion, since analysis of
results, based on quantitative data acquired by spec-
troscopy and observation of morphological parame-
ters is a good starting point.

The experiments performed were analyzed by sev-
eral diagnostic methods. The paper provides guidelines
for the selection of other methods that would complete a
set of traits of interest for monitoring and suggest further
design and conduct of more complex experiments.

MATERIAL AND METHODS

Thyme (Thymus vulgaris) is an aromatic peren-
nial herb (half bush). Thyme is sown in early spring,
with a sowing depth of 0.5 cm. The plant does not tol-
erate transplanting. It is harvested after flowering.
Crop life is 3-5 years. The crops tolerate drought and
frost. The plant is particularly sensitive in the initial
stages of growth. Thyme tea is considered medicinal
and helps with digestion and rheumatism. Only flow-
ers and leaves are used.

Irradiation of thyme samples was performed using
a He-Ne Felas medical LASER HN 12 laser, 12 mW,
continuous-wave (CW). The beam was expanded by a
collimator. Mirrors are avoided during irradiation, so as
not to cause a change in the polarization of the incident
beam, fig. 1 [4]. Most commercial laser beams have a
Gaussian intensity profile, and the application of the
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Figure 1. System geometry for irradiation of thyme grain
samples

collimator has partially balanced the central and periph-
eral sections of the beam. This allows the power density
transmitted to the sample to be more uniform in all parts
of the vessel, holding the grain samples. During the ex-
periment, care was taken to minimize the effects of para-
site absorption and reflection.

In this paper were presented only samples
grouped into four sets with chosen parameters of irra-
diation and laser type. The first set is a set of control
grains, which were not exposed to the laser beam. The
second, third, and fourth sets were irradiated with ex-
posure times of 1, 3, and 5 minutes.

RESULTS AND DISCUSSION

Due to the size of the irradiation vessel (grain
holder), the number of grains in the irradiated grain groups
is much smaller than the number of seeds in the control
groups. The seeds were planted in pots of the same size
with the same volume of soil and the same type of soil. Ev-
ery two days, watering was done with 40 ml of water each.
Fromday 16 of planting, 40 ml of water was used each day
for watering. The average room temperature was kept at
20-25 °C. Plants were exposed to daylight during the day
and artificial lighting during the night. For ease of labeling
and referencing, groups will be referred to further in the
paper as e. g. thyme 3 minutes (MD 3 minute), denoting
the plants sprouted from thyme seeds, which were irradi-
ated with a He-Ne laser for 3 minutes before planting. The
grains were planted in the soil at a depth of 5 mm.

The seeds germinated after 3 days. The first
height measurement starts from day 7. Plant growth
data whose seeds were irradiated with a He-Ne laser is
presented in tab. 1. On the 19" day of planting, the ap-
pearance of a second pair of leaves was observed in
samples, namely:
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Table 1. Growth of plants whose seeds are irradiated
with a He-Ne laser

Thymus vulgaris
Thyme - - -
Control group | I minute |3 minute|5 minute
7™ day 33 28 25 25
no | 11" day 45 35 32 32
[mm]| 19" day 38% 45 42 44
37" day 28 31 55 51

* On the 16™ day-most of the control stem plants have dried
(from this day, the plants are watered daily with 40 ml per pot).
*#*On the 30™ day-most thyme plants 1 minute dried.

—  MD control — no leaves,

— MD 1 minute — leaves (just in the budding),

—  MD 3 minute—leaves (visible, clearly expressed) and
— MD 5 minute—leaves (visible, clearly expressed).

With the visual (subjective) observation of the
MD samples, it is noted that the leaves of all plants
look the same.

During the experiment, key phenomena in plant
growth and development were monitored: sprouting,
growing (height), and forming a second pair of leaves,
fig. 2.

Figure 3. shows the comparative growth of all
groups of plants.
The individual growth of plants by groups was
fitted by one of the Boltzmann-type modified curves
a->b

y:1+exp(xfc)/d e )

where a, b, ¢, d, and e were parameters obtained
through the process of fitting, and shown in figs. 4-6
(e not being an exponent).

This curve corresponds well to the dynamics of
plant growth. The fitting graphs of the Boltzmann
curve are shown with some fitting parameters in figs.
4-6. Control group of the thyme seed, group treated for
3 minutes and group treated for 5 minutes. The control
group and group treated for 1 minute did not corre-
spond ideally to the selected function due to the drying
of part of the plants (already shown as reduction of
group height), fig. 3.

In our previous work pulse lasers were also used
as well as lasers in cw working regime. Generally, if the
aim is to cause modulation processes CW laser (atomic

(d)

Figure 2. The layout of plants on day 21* from planting sprouted from the thyme;
(a) control group seed, (b) group of seed treated for 1 minute,
(c) group of seed treated for 3 minutes, and (d) group of seed treated for 5 minutes
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Figure 5. The growth curve of plants sprouted from
thyme grains irradiated for 3 minutes with a He-Ne laser

biosamples (ruby laser — leaves). These types of laser
would certainly damage the grain selected in this paper.

CONCLUSIONS

For thyme seeds irradiated with the He-Ne laser,
plant growth was monitored and morphological pa-
rameters were measured. Growth curves were
grouped by characteristic parameters. In thyme plants,
emerged from control and He-Ne laser treated seed for
1 minute, drying of the groups of the individual plant
was observed. This formally led to a decrease in
height. The growth of plants sprouted from the control
seed was the fastest in the beginning, followed by
1 minute treated seed. Growth of the seed treated for 3
minutes and 5 minutes, was the same, in the beginning.
The significant difference between the groups was ob-
served in plants sprouted from the seed of thyme
treated with He-Ne. More detailed: plants that
emerged from the control seed were the group with the
highest height in the beginning (day 10), second was
the plant group treated for 1 minute, third the plant
group marked as 3 minutes, and finally 5 minutes.
Note that the FTIR spectra of these samples of thyme
(for all four subgroups — control, 1 minute, 3 minutes,
and 5 minutes) have shown that maxima appeared in
groups with small wave number shifts.

Despite the large number of theoretical and ex-
perimental approaches and data obtained, a large num-
ber of specific scenario measurements and studies are
still required. Parallel techniques are expected to con-
firm the results or to point out the diversity of measure-
ment methods of the same values across disciplines.
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This only highlights the complexity of theory, calcu-
lus, measurement, and software packages (different
software) that accompany this problem.
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YTUIAJ TACHUX JACEPA Y KOHTUHYAJIHOM U UMITYJICHOM
PEXKUMY HA KAPAKTEPUCTUKE BUOMATEPUJAJIA

Y oBoM pajy cy n3aGpane apoMaTH4He OMIbKE M CHOIIOBM Jlacepa TaJlacHUX Ay>KuHa (623.8 nm),
KojuMa cy Hajuelthe TpeTupaHe OmibHe BpcTe. ITomTO He MOCTOjM MHOTO HojaTaka y pedepeHunama,
NOTPeOHO je Aa ce pe3ylTaTH IIOCTaBE y CKally ca KBAaJUTAaTUBHUM U JEIMMUYHO KBAHTUTATHUBHUM
eBallyanjama pesyarara. Kao apomaTiuune GUIbKe M IPOyYaBame YTUIIAjA Tacepa HIUCKE CHAre Ha BUXOB
pa3Boj, n3abpanu cy y3opim ceMeHa Majunte aymmne (Thymus vulgaris) n konTunyanan He-Ne nacep, ca

BpPEMEHUMA 03padaBama pefja MUHYTA.

Kmwyune peuu: aacep, buomaitiepujan, unitiepakuyuja



