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Ar o matic plants and la ser beam wave length in the red range of vis i ble spec tra (623.8 nm),
most com monly used for treat ing plant spe cies, were se lected. As there is not much in for ma -
tion in the ref er ences, it is nec es sary to set a scale with qual i ta tive and par tially quan ti ta tive
eval u a tions of the re sults. Spec i mens of thyme seed (Thy mus vulgaris) were se lected as ar o -
matic plants for study ing the ef fect of low-power la sers on plant de vel op ment, and con tin u -
ous He-Ne la ser, with ir ra di a tion times in the range of min utes.
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IN TRO DUC TION 

The im pact of la ser on ar o matic plants can be an -
a lyzed from mul ti ple per spec tives. Chang ing mor pho -
log i cal char ac ter is tics raises many ques tions where
multidisciplinary work with phar macy and bi ol ogy is
re quired, but the first ap proach re quires a pre cise
metrological ap proach since the def i ni tion of dose of
real beam in ten si ties, ex po sure ge om e try, and pho to -
met ric/ra dio met ric con di tions with bio-sys tems re -
quire pre cise pa ram e ters and ap proaches. For both rare 
plant spe cies and wide spread spe cies, these stud ies
can have sig nif i cant eco nomic con se quences.

The change of prop er ties of or ganic and in or ganic 
ma te ri als, in clud ing biosystems, can be caused us ing
elion tech niques. The the o ret i cal base for the change of
various prop er ties of a ma te rial is ac cord ing to se lected
beam tied to cer tain sci en tific dis ci plines. Since a de vel -
oped clas sic the ory ex plain ing in ter ac tion have ex isted,
some beam tech niques con nected to nu clear tech nique,
elec tronic op tics, bioacoustics, and the in ter ac tion of
elec tro mag netic ra di a tion with ma te rial, be long to
prob lems that have had their de cades-long tra di tion 

[1-3]. The use of la sers for pa ram e ter mod i fi ca tion is
mod eled dif fer ently ac cord ing to the type of ma te rial
(or ganic, in or ganic, and biosystem), and given that it is
a field of re search that has spanned more than half a cen -
tury, it has brought many un solved tasks  [4, 5]. For liv -
ing sys tems, this is the ter mi nol ogy of biomodulation,
biostimulation at the tis sue or sin gle-cell level. A range
of pos si ble re sults of cer tain ex po sure to la ser beams in
dif fer ent modes of op er a tion fo cused/unfocused for
spe cific con di tions: quan tum gen er a tor and sys tem –
the ma te rial ex posed to the la ser beam, is very
wide-rang ing from de struc tion to the de sired change in
ma te rial prop er ties or pro cesses oc cur ring at liv ing or -
gan isms  [6-12]. Mod ern re search is look ing for quan ti -
fi ca tion as close as pos si ble to real con di tions so that
more and more re quire ments are set for the metrological 
ap proach to the op er at ing pa ram e ters that de ter mine the
de sired/un de sired re sults. A note should be made that
from a ba sic point of view, the ma te rial needs to be seen
through changes in elec tri cal, mag netic, and di elec tric
prop er ties, and that a de fined im ped ance def i ni tion is
re quired – i. e., with re sponse func tions, where spe cific
elec tri cal con duc tiv ity s, mag netic per me abil ity m, and
di elec tric permittivity e. The def i ni tion and de ter mi na -
tion of im ped ance is a com plex is sue not only for
biosystems but also for com plex semi con duc tors,
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multilayer films, etc. and the ques tion arises of how to
ap proach the mod el ing of a par tic u lar solid-state form
with com plex com po si tion.

The ques tion of thresh olds sep a rat ing cer tain
ranges of pos si ble events/pro cesses is one of the most
im por tant ques tion that fol low the is sue of con tact,
coat ing to the thresh old for an as so ci ated elec tric field
that will lead to pos i tive or neg a tive re sults of ex po -
sure to a fo cused/unfocused co her ent ra di a tion/op er -
at ing beam. En rich ment of ex per i men tal work al ways
pro vides re li able con clu sions, how ever, when eval u at -
ing re sults, one should al ways take into ac count the
po si tion of the treated sys tems on the globe and the
time when ir ra di a tion takes place, even in well-con -
trolled lab o ra tory con di tions. In ad di tion, many of the
ref er ences deal ing with ir ra di a tion of ma jor plant fam -
i lies: wheat, corn, beans, spin ach, net tle, alfa-alfa, etc.
need to be en riched with new plant fam i lies. The de -
vel op ment of new quan tum gen er a tors is also seek ing
in for ma tion about dose re sponses up to the limit of
dam age to en ti ties. An other ma jor rea son is to im prove 
the ef fi ciency of grow ing plant spe cies of which ar o -
matic plants are of par tic u lar in ter est [8, 13-15].

This pa per deals with one type of ar o matic plant
Thy mus vulgaris (thyme) and quan ti fi ca tion of ex po -
sure to gas eous la sers in the se lected mode of op er a -
tion. Spec tro scopic and mor pho log i cal an a lyzes were
cho sen as quan ti ta tive in di ca tors of changes in the
sam ple prop er ties and ex per i ments with se lected
He-Ne la ser types and CO2, Ar+:ion, since anal y sis of
re sults, based on quan ti ta tive data ac quired by spec -
tros copy and ob ser va tion of mor pho log i cal pa ram e -
ters is a good start ing point.

The ex per i ments per formed were an a lyzed by sev -
eral di ag nos tic meth ods. The pa per pro vides guide lines
for the se lec tion of other meth ods that would com plete a
set of traits of in ter est for mon i tor ing and sug gest fur ther
de sign and con duct of more com plex ex per i ments.

MA TE RIAL AND METH ODS

Thyme (Thy mus vulgaris) is an ar o matic pe ren -
nial herb (half bush). Thyme is sown in early spring,
with a sow ing depth of 0.5 cm. The plant does not tol -
er ate trans plant ing. It is har vested af ter flow er ing.
Crop life is 3-5 years. The crops tol er ate drought and
frost. The plant is par tic u larly sen si tive in the ini tial
stages of growth. Thyme tea is con sid ered me dic i nal
and helps with di ges tion and rheu ma tism. Only flow -
ers and leaves are used. 

Ir ra di a tion of thyme sam ples was per formed us ing
a He-Ne Felas med i cal LA SER HN 12 la ser, 12 mW,
con tin u ous-wave (CW). The beam was ex panded by a
collimator. Mir rors are avoided dur ing ir ra di a tion, so as
not to cause a change in the po lar iza tion of the in ci dent
beam, fig. 1 [4]. Most com mer cial la ser beams have a
Gaussi an in ten sity pro file, and the ap pli ca tion of the

collimator has par tially bal anced the cen tral and pe riph -
eral sec tions of the beam. This al lows the power den sity
trans mit ted to the sam ple to be more uni form in all parts
of the ves sel, hold ing the grain sam ples. Dur ing the ex -
per i ment, care was taken to min i mize the ef fects of par a -
site ab sorp tion and re flec tion.

In this pa per were pre sented only sam ples
grouped into four sets with cho sen pa ram e ters of ir ra -
di a tion and la ser type. The first set is a set of con trol
grains, which were not ex posed to the la ser beam. The
sec ond, third, and fourth sets were ir ra di ated with ex -
po sure times of 1, 3, and 5 min utes.

RE SULTS AND DIS CUS SION

Due to the size of the ir ra di a tion ves sel (grain
holder), the num ber of grains in the ir ra di ated grain groups 
is much smaller than the num ber of seeds in the con trol
groups. The seeds were planted in pots of the same size
with the same vol ume of soil and the same type of soil. Ev -
ery two days, wa ter ing was done with 40 ml of wa ter each. 
From day 16 of plant ing, 40 ml of wa ter was used each day 
for wa ter ing. The av er age room tem per a ture was kept at
20-25 °C. Plants were ex posed to day light dur ing the day
and ar ti fi cial light ing dur ing the night. For ease of la bel ing
and ref er enc ing, groups will be re ferred to fur ther in the
pa per as e. g. thyme 3 min utes (MD 3 min ute), de not ing
the plants sprouted from thyme seeds, which were ir ra di -
ated with a He-Ne la ser for 3 min utes be fore plant ing. The
grains were planted in the soil at a depth of 5 mm.

The seeds ger mi nated af ter 3 days. The first
height mea sure ment starts from day 7. Plant growth
data whose seeds were ir ra di ated with a He-Ne la ser is
pre sented in tab. 1. On the 19th day of plant ing, the ap -
pear ance of a sec ond pair of leaves was ob served in
sam ples, namely:
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Fig ure 1. Sys tem ge om e try for ir ra di a tion of thyme grain 
sam ples



– MD con trol – no leaves, 
– MD 1 minute – leaves (just in the budding), 
– MD 3 min ute – leaves (vis i ble, clearly ex pressed) and
– MD 5 minute – leaves (vis i ble, clearly ex pressed).

With the vi sual (sub jec tive) ob ser va tion of the
MD sam ples, it is noted that the leaves of all plants
look the same.

Dur ing the ex per i ment, key phe nom ena in plant
growth and de vel op ment were mon i tored: sprout ing,
grow ing (height), and form ing a sec ond pair of leaves,
fig. 2.

Fig ure 3. shows the com par a tive growth of all
groups of plants.

The in di vid ual growth of plants by groups was
fit ted by one of the Boltzmann-type mod i fied curves
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-

+
+
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where a, b, c, d, and e were pa ram e ters ob tained
through  the pro cess  of  fit ting, and shown in figs. 4-6
(e not be ing an ex po nent).

This curve cor re sponds well to the dy nam ics of
plant growth. The fit ting graphs of the Boltzmann
curve are shown with some fit ting pa ram e ters in figs.
4-6. Control group of the thyme seed, group treated for 
3 min utes and group treated for 5 min utes. The con trol
group and group treated for 1 min ute did not cor re -
spond ide ally to the se lected func tion due to the dry ing
of part of the plants (al ready shown as re duc tion of
group height), fig. 3.

In our pre vi ous work pulse la sers were also used
as well as la sers in cw work ing re gime. Gen er ally, if the
aim is to cause mod u la tion pro cesses CW la ser (atomic
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Ta ble 1. Growth of plants whose seeds are ir ra di ated
with a He-Ne la ser

Thyme
Thy mus vulgaris

Con trol group 1 minute 3 minute 5 minute

h
[mm]

7th day 33 28 25 25

11th day 45 35 32 32

19th day 38* 45 42 44

37th day 28 31** 55 51

*  On the 16th day-most of the con trol stem plants have dried
....(from this day, the plants are wa tered daily with 40 ml per pot).
**On the 30th day-most thyme plants 1 minute dried.

                           Fig ure 2. The lay out of plants on day 21st from plant ing sprouted from the thyme;
                           (a) con trol group seed, (b) group of seed treated for 1 min ute,
                           (c) group of seed treated for 3 min utes, and (d) group of seed treated for 5 min utes



and mo lec u lar) and semi con duc tor la ser were used in
mW power range. Namely the range is 1-15 mW (ap -
prox i mately) and re lated to the size of the sam ple, the
beam was ex panded from la ser spot size to needed area
(10-20 cm2). Pulse la sers were used to dam age the
biosamples (ruby la ser – leaves). These types of la ser
would cer tainly dam age the grain se lected in this pa per.

CON CLU SIONS

For thyme seeds ir ra di ated with the He-Ne la ser,
plant growth was mon i tored and mor pho log i cal pa -
ram e ters were mea sured. Growth curves were
grouped by char ac ter is tic pa ram e ters. In thyme plants, 
emerged from con trol and He-Ne la ser treated seed for
1 min ute, dry ing of the groups of the in di vid ual plant
was ob served. This for mally led to a de crease in
height. The growth of plants sprouted from the con trol
seed   was  the   fast est  in  the  be gin ning,  fol lowed  by
1 minute treated seed. Growth of the seed treated for 3
min utes and 5 min utes, was the same, in the be gin ning. 
The sig nif i cant dif fer ence be tween the groups was ob -
served in plants sprouted from the seed of thyme
treated with He-Ne. More de tailed: plants that
emerged from the con trol seed were the group with the
high est height in the be gin ning (day 10), sec ond was
the plant group treated for 1 min ute, third the plant
group marked as 3 min utes, and fi nally 5 min utes.
Note that the FTIR spec tra of these sam ples of thyme
(for all four sub groups – con trol, 1 min ute, 3 min utes,
and 5 min utes) have shown that max ima ap peared in
groups with small wave num ber shifts.

De spite the large num ber of the o ret i cal and ex -
per i men tal ap proaches and data ob tained, a large num -
ber of spe cific sce nario mea sure ments and stud ies are
still re quired. Par al lel tech niques are ex pected to con -
firm the re sults or to point out the di ver sity of mea sure -
ment meth ods of the same val ues across dis ci plines.

S. D. Jevti}, et al., In flu ence of Gas eous La ser in Con tin u ous-Wave and Pulse ...
62 Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2023, Vol. 38, No. 1, pp. 59-63

Fig ure 3. Plant height of thyme groups per day

Fig ure 4. The growth curve of plants sprouted from the
con trol thyme seed

Fig ure 6. The growth curve of plants sprouted from
thyme seeds ir ra di ated for 5 min utes with a He-Ne la ser

Fig ure 5. The growth curve of plants sprouted from
thyme grains ir ra di ated for 3 min utes with a He-Ne la ser



This only high lights the com plex ity of the ory, cal cu -
lus, mea sure ment, and soft ware pack ages (dif fer ent
soft ware) that ac com pany this prob lem.
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UTICAJ  GASNIH  LASERA  U  KONTINUALNOM  I  IMPULSNOM
RE@IMU  NA  KARAKTERISTIKE  BIOMATERIJALA

U ovom radu su izabrane aromati~ne biqke i snopovi lasera talasnih du`ina (623.8 nm),
kojima su naj~e{}e tretirane biqne vrste. Po{to ne postoji mnogo podataka u referencama,
potrebno je da se rezultati postave u skalu sa kvalitativnim i delimi~no kvantitativnim
evaluacijama rezultata. Kao aromati~ne biqke i prou~avawe uticaja lasera niske snage na wihov
razvoj, izabrani su uzorci semena maj~ine du{ice (Thy mus vulgaris) i  kontinualni He-Ne la ser, sa
vremenima ozra~avawa reda minuta. 

Kqu~ne re~i: la ser, biomaterijal, interakcija


