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Study of spectral and luminescent characteristics
of wheat seeds after laser radiation

The spectral and luminescent properties of wheat seeds were studied after laser radiation. The radiation of
wheat seeds by monochromatic radiation was performed using a continuous semiconductor laser within the
generation wavelength of Agen = 650 nm. The radiation power density in working area is 2.3 mW. The exci-
tation and luminescence spectra of wheat seeds were measured. It was shown that after the radiation of wheat
seeds by monochromatic radiation the luminescence intensity was increased to critical value. It has been es-
tablished that radiation intensity of wheat seeds depends on the laser radiation time duration. The dependenc-
es of germination and sprout energy of wheat seeds from laser radiation time duration were studied. The de-
pendences of luminescent intensity of wheat seeds correlate with germination and sprout energy data. The ob-
tained results can be used for laser processing of wheat seeds of agricultural crops.

Keywords: coherent radiation, luminescence, excitation spectra, irradiation, wheat seed, germination, sprout
energy.

1 Introduction

Nowadays, interest is rapidly growing up to the action of coherent radiation on plant organisms. The
main issue in this problem is a need to clarify the fundamental aspects of coherent laser radiation interac-
tion with biosystem, and applied tasks [1, 2]. Thus, the interaction of coherent laser radiation with biologi-
cal objects leads to certain photobiological reactions. Herewith the physiological status of plant organisms
largely depends on the light intensity, its spectral composition, and radiation dose and irradiation frequen-
cy [3,4].

A relevant issue in this paper becomes the study of plant organism’s luminescence characteristics. Lu-
minescence spectra often provide detailed information about fluorescent molecules, their conformations,
binding sites and interactions with cells and tissues [5, 6]. The luminescent characteristics of plant organisms
are sensitive to various factors as well. Therefore, we studied the luminescence of wheat seeds in different
humidity [7]. The results showed that the wheat seeds luminescence depended on the structure and time of
soaking. Thus, the study of the biological effects of coherent laser radiation on plant organisms may attract
not only identifying the optimal conditions for use in practical purposes, but the fundamental laws of lights
action on plant organisms. The luminescence level can be considered as indicators of the cellular metabo-
lisms intensity.

The most important of them are methods of spectral analysis, which allow studying the physico-
chemical processes that directly take place in the living cell and its organoids. The possibilities of spec-
tral analysis are primarily associated with the circumstance that many molecules perform as a part of the
functional mechanisms of cells that possess very characteristic absorption spectra and luminescence. In
some cases, these spectral characteristics exposed significant changes, reflecting those changes in the
structure of given molecules and its environment, which serve the physicochemical basis of biological
function. Thus, the study of luminescent characteristics of plant organisms is particularly relevant due to
the fact, that luminescent characteristics of wheat seeds can provide information about their physiologi-
cal states and properties.

This paper presents the results of study of the influence of laser radiation on wheat seeds spectral-
luminescent properties and photo-induced reactions.

2 Experimental

The selection form of wheat seeds were irradiated in an air-dry state. Irradiation of wheat seeds with
monochromatic radiation was carried out using a continuous semiconductor laser with a generation wave-
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length Ay, = 650 nm. The density of radiation power in working area is 2.3 mW. The radiation power density
was recorded using a measuring instrument IKT-1N laser radiation meter. The irradiation exposure times of
wheat seeds were 10 to 900 seconds.

Registration of excitation and fluorescence spectra of the samples were performed by spectrometer
SM2203 (Solar). The excitation and fluorescence spectra of wheat seeds were measured in holders for solid
samples. The relative error of spectral measurements on spectrophotometer CM2203 does not exceed 2 %.
Measurement accuracy of absorption spectra is = 2 nm, and measurement accuracy of fluorescence spectra
is £+ 1 nm.

The luminescence decay kinetics of wheat seeds were measured on a pulsed spectrofluorometric with
picoseconds resolution and recording in the time-correlated photon-counting mode. Fluorescence of the
samples were excited using a pulsed semiconductor laser with generation wavelength A, = 488 nm with
pulse duration at half-height t = 40 ps.

For evaluation of the germination of seeds, they were germinated in 50 pieces in triplicate on moistened
2-ply filter paper in Petri dishes at room temperature in the climate chamber. Wheat seeds were considered
germinated, if it had a sprout and root, more than 1 cm and there were no signs of infection. Control and ir-
radiated seeds were kept at the same constant temperature and humidity. The study of germination and seed
sprout energy was carried out according to the methodological instructions of M.S. Zorina and
S.P. Kabanov [8].

3 Results and discussion

Figure 1 demonstrates the excitation and luminescence spectra. It can be seen from the figure that the
excitation spectrum intensity has a maximum at a wavelength of A = 436 nm. The photo-excitation of wheat
seeds luminescence was carried out at a wavelength A equal to 440 nm. The wheat seeds luminescence spec-
trum has a intensity maximum at a wavelength Amax= 505 nm, and half width of spectrum A il 72 nm.
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Figure 1. Wheat seeds excitation and luminescence spectra

Figure 2 demonstrates the dependence of wheat seeds emission intensity from various duration expo-
sures by laser radiation. It can be seen from the figure that the emission intensity increased when photo exci-
tation of the wheat seeds was observed. The intensity of wheat seeds luminescence increases to some critical
value (t =240 s), and a further increase seeds exposures radiation time leads to a decrease luminescence in-
tensity by 1.5 times. In this case, the maximum position of luminescence bands and its half width does not
change (Table). According to the reason of the increase of plant biosystem luminescence intensity is an in-
crease enzymatic reaction rate [9]. However, on prolonged laser radiations exposure, it leads to the decrease
of wheat seeds luminescence intensity, which is probably associated with oppressive action of laser radia-
tion.
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Figure 2. Dependence of wheat seeds emission intensity
from laser (Agen = 650 nm) radiation exposure time

Table

Influence of coherent radiation on wheat seeds luminescence characteristic

Radiations exposure 1" o.e. Al am N“ll?n’ nm
duration time, s max max 4

0 0,212 505 72

30 0,225 505 72
120 0,245 505 72
240 0,251 505 72
300 0,238 505 72
400 0,215 505 72
600 0,182 505 72
900 0,158 505 72

Measurements of luminescence kinetic characteristics by the time-correlated photon counting method

when samples were excited by a diode laser (Agen = 488 nm, T = 40 p.sec.) showed that the logarithmic de-
cay curves of unirradiated wheat seeds have a non-linear relationship over the entire time range of the
measurements. In this case, in kinetics one can distinguish two linear regions with different luminescence
lifetime (Fig. 3). The lifetimes of the excited states, obtained by approximating the decay curves by an expo-
nential function, were t1 = 0.55 ns and 12 = 1.65 ns, respectively. After laser radiations exposure on wheat
seeds, the luminescence lifetime does not change.
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Figure 3. Wheat seeds luminescence kinetics decay
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The dependence of wheat seeds germination and sprout energy from laser radiations exposure time du-
ration as illustrated in Figure 4. As it demonstrates that the wheat seeds germination and growth energy from
radiation exposure time duration had some extremums. The wheat seeds germination increases with
the radiation exposure duration. This mark varies considerably, starting with radiations exposure duration of
30 seconds. The wheat seeds germination and sprout energies maximum value reaches at radiations exposure
times of 30, 160, 240 s. In this case, seed germination compared with the control (88.0 %) increased
by 12.0 % and amounted to 100.0 % (Fig. 4a). The results showed the similar dependence of germination
energy from duration time of irradiation (Fig. 4b). For all curves, the maximum inflection is observed at al-
most the same radiation exposure time duration. The relative increase in germination energy values also re-
mains, approximately the same.
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Picture 4. Dependence of wheat seeds germination and sprout energy from laser radiations exposure time duration

Non-linear responsiveness of wheat seeds from action of coherent red radiation associated
with radiations exposure time duration and did not obey dose law of Bunsen-Roscoe. The responsiveness of
plant organism violates the law of Bunsen-Roscoe as describes in studies [10, 11]. The following increase of
the laser radiations exposure duration times that leads to the decrease in wheat seeds germination and sprout
energy. When laser radiations exposure time duration achieved limit value, it decreased the stimulation effect
which was associated with saturation and oppressive action to cells metabolism [12, 13].

4 Conclusion

From research results, when wheat seeds irradiated by laser radiation, the luminescence intensity in-
creased. The wheat seeds luminescence intensities maximum was observed in radiations exposure time dura-
tion up to 240s. The following increase radiation exposure time duration leads to the decrease of the emis-
sions intensity. In this case, the band limits the position, whereas its half width did not change. The excited
states lifetimes were t1 = 0.55 ns and 12 = 1.65 ns, respectively. When wheat seeds are irradiated, the excited
states lifetime does not change. The dependence of biological effect from laser radiation exposure time dura-
tions had multimodal form with alternative maximum and minimum of stimulation effect. Wheat seeds were
studied at laser radiation exposure times duration up to 240s. In this case, seeds germination compared with
the control samples increased by 12.0 %. From experiment results, the analogical dependence of seeds ger-
mination energy from laser radiation exposure time duration was observed.

References

1  Kones C.B. ®orobuomnorus / C.B. Kones, U.J1. Bonorosckuii. — Munck: U3a-so BI'Y, 1979. — 384 c.

2 Bacunenko B.®. dotoperynsaropHoe neiicTBre MHOPAKPACHOTO M3My4deHUs] Ha (HOoTOMOpPGOreHe3 U IbIXaHHE HMPOPOCTKOB
niuenunst / B.®. Bacunenko // Joxnansl Akagemuu Hayk. — 1996. — T. 347. — Ne 33. — C. 411-413.

3 Bynarosckuii A.B. O criocoGHOCTH KIIETOK pa3iIHdaTh KOT€PEeHTHOCTh onTHdeckoro m3nydenns / A.B. bynarosckuii / KBan-
ToBas anekTponuka. — 2005. — T. 35. — C. 369-374.

4 Hernandez A.C. Laser in agriculture / A.C. Hernandez, P.A. Dominguez, O.A. Cruz, R. Ivanov, C.A. Carballo, B.R. Zepeda
// International Agrophysics. — 2010. — Ne 24. — P. 407-422.

Cepusa «dusmka». Ne 1(93)/2019 29



A.K. Zeinidenov, A.K. Aimukhanov et al.

5 Zhang X. Ultraweak bioluminescence / X. Zhang, H. Yang // Journal of Shandong Agricultural University. — 2003. —
34(4). — P. 605-608.

6 Ramamoorthy V. Induction of systemic resistance by plant growth promoting rhizobacteria in crop plants against pests and
disease / V. Ramamoorthy, R. Viswanathan, T. Raguchander // Crop Protection. — 2001. — 20(2). — P. 1-11.

7 Tryka S. Eeffect of moisture treatment on the ultraweak luminescence from imbibing wheat grain / S. Tryka, W. Wozniak //
International Agrophysics.— 1998. — 12(3). —P. 127-132.

8 3Bopuna M.C. Ompezenenne ceMEHHON MPOIYKTHBHOCTH U KadecTBa ceMssH uHTpoayuentoB / M.C. 3opuna, C.I1. Kabanos
// MeToauKy UHTPOAYKIIMOHHEIX nccienoBanuii B Kasaxcrane: ¢6. Hayd. Tp. — Anma-Ara: Hayka, 1986. — C. 75-85.

9 3Baryckun C.JI. Jlazepnas m Ouoynpasmsiemas kBantoBas tepanus / C.JI. 3aryckun, C.C. 3aryckuna. — M.: Accouuanms
«KBaHToBas MmeaumuHay, 2005.

10 Opuna H.II. Caeromnayuupyembie crpeccoBble Oenku riactun  ¢otorpodos / H.IIL FOpuna, I.B. Moxkeposa,
M.C. Onunuosa // ®uzunonorost pacrenuit. — 2013. — T. 60, Ne 5. — C. 611-624.

11 bynaroBckuii A.B. Peakius pacTUTENbHBIX OPraHU3MOB Ha BO3ICHCTBHE KBA3MMOHOXPOMATHYECKOT'O CBETa C Pa3lINYHBIMU
JUTUTENIbHOCTBIO, HHTCHCHUBHOCTBIO U JutnHOM BoiHbl / A.B. Bynarosckuii, H.B. Conosbix, O.H. Bynarosckas, 1.A. Bynarosckuii
// KBanToBas snekrponuka. — 2015. T. — 45. — Ne 4. — C. 345-350.

12 Budagovsky A.V. Principles of action of coherent electromagnetic fields upon living organisms / A.V. Budagovsky
// Biophotonics. — 1995. — P. 233-256.

13 Tudnosa O.A. bakrepuanbHas MOJCIb IS HCCICIOBAHUM BIMSHUS JTa3¢PHOTO M3JIYYCHHS HA HHTCHCHBHOCTH KJIETOYHOTO
nenenns / O.A. Tudnosa // Pagnobuosnorus. — 1993. — T. 33 (3). — C. 323-328.

A K. 3eitnnnenos, A K. Aiimyxanos, T.M. Myxamerkanu,
M.IO. Numypatosa, C.Y. TneykenoBa

Jlazep cayJieciMeH coyJiesieHaAipiiireH Ouaam JoHiHIH
CNIEKTPJIIK-TIOMHUHECHEHTTIK KACHETTEPIH 3epTTey

Brpait noHIH KOTepeHTTI JKapbIKIEH COyleleHIIpydeH KeHiHrl CHeKTpPIiK-JIIOMUHECHEHTTIK KacHeTi
3eprTeni. bunail IoHIH MOHOXPOMATTHI COYNENCHIIPYre, TOJKBIH Y3bIHABIK T€HEPALHSCH A, = 650 HM,
y3imicci3 coyiae IUbIFapaThIH  KapThUIAMOTKI3rilITI Jlazep makganaHbuiAbl. JKYMBIC — ayMarbIHIAFbI
COyJIENICHAIPY KyaThIHbIH ThIFbI3IbIFbI 2,3 MBT. bunaii noHiHIH KO3IBIPY KOHE JIOMMHECLCHIMS CIEKTpIepi
enmeHal. bunait oHI JIIOMHHECHEHUIMACHIHBIH KAPKBIHIBUIBIFBL, KOTEPEHTTI COyJENeHAIpyJeH KeHiH
KPUTHKAJIBIK MOHI apTKaHbl Oaiikayibl. bunail IoHIHIH jkapblK LIbIFAapy KapKbIHBI JIA3epPMEH COYJIEICHIIpY
Y3aKTHIFBIHA TOYENIAl eKeHAIrl aHBIKTAIAbl. bunmail moHiHIH OypIIiK jKapybl MEH ©CYy SHEPTHsCHI JIa3epllik
COyJIETICHAIPY Y3aKTHIFBIHA TOYyeNAl eKeHi 3epTTenai. bupmail IoHIHIH JIOMHHECHEHIUS KapKbIHIBUIBIFBI
OYPpILIiK >kapy KOHE ©CY SHEPTHUSACH IepEKTepiHe OANITaHBICTHI.

Kinm ce30ep: XKOrepeHTTi cayie HIbIFapy, JIOMUHECIEHINS, KO3IbIPY CIEKTpi, coyleleHnipy, ounai moHi,
OypILiK 5xapy, 6Cy SHEPTHUSICHI.

A.K. 3eitnunenos, A.K. Aitmyxanos, T.M. MyxameTrkanu,
M.IO. Ummyparosa, C.Y. TneykeHnoBa

HccaenoBanue CIIEKTPAJBHO-JTIOMUHECCIHCHTHDBIX XapaKTePUCTUK
CEMSAH NIICHUIBI MTOCJIE oﬁnyqemm JIA3€PHbIM H3JTYYCHHEM

CHeKTpaIbHO-TIOMHHECIICHTHBIE CBOHCTBA CEMSH IIICHUIB! OBLIM HCCIEIOBAaHBI MOCIC OOIydeHHs Ja3ep-
HBIM m3nydeHreM. OOydeHne ceMsH MIISHHIBI MOHOXPOMAaTHYECKUM H3JIy4eHHEM IIPOBOIMIOCH C TIOMO-
III0 HEMPEPBIBHOTO MOYHNPOBOJHUKOBOTO JIa3epa ¢ JAIMHOM BOJHBI T€HEpaHu A,., = 650 uM. [InotHOCTH
MOIITHOCTH 00JIydeHnst B paboueli 30He cocraBisuia 2,3 MBT. M3MepeHs! crieKTphl BO30YK/CHUS M JTIOMHHEC-
LEeHLIUH ceMsH niueHuisl. [lokazano, 4yto nocne o0myyeHHs: CeMsH MIISHUIBI MOHOXPOMAaTHYECKUM H3JTyde-
HHEM MHTEHCHUBHOCTb JIIOMHUHECLICHIINH YBEIMYUBACTCS 10 KPUTUYECKOrO 3HAYCHHUS. Y CTAaHOBJIEHO, YTO MH-
TEHCHBHOCTb M3JIy4CHHS CEMsSH IIICHUIBl HMEET 3aBHCUMOCTb OT JIUTENBHOCTH JIa3€pHOI0 OOIyuYeHHS.
Taxoke ObUTH U3y4EHBI 3aBUCHMOCTH BCXOXKECTH M SHEPTHHU MIPOPACTAHHUS CEMSH MIICHUIBI OT JJTUTEIbHOCTH
JIa3epHOTO OONTydYeHHs. 3aBHCHMOCTH MHTCHCHBHOCTH JIIOMUHECIEHIMH CEMSH MIICHUIBI KOPPEIUPYIOT C
JTAHHBIMU T10 BCXOXKECTH M YHEPTHU IpopacTanus. [1oirydeHHbIe pe3yIbTaThl MOTYT OBITH HMCHOJIB30BAHbI IIPU
Ja3epHoi 00paboTKe MPEANOCEBHBIX CEMSH CEJIbCKOXO3SIHCTBEHHBIX KYIBTYP.

Knrouegvie cnosa: KOIr€pEeHTHOC H3JIYYCHUE, JIIOMUHECUCHIMA, CIEKTD BO36y)KZ[eHI/I$[, 06Hy‘{eHHe, CCMCHa
MIICHMUIIBI, BCXOXKECTh, SDHEPIUsA IPOpACTaHUA.

30 BecTHuk KaparaHguHckoro yHuBepcuteTa



Study of spectral and luminescent characteristics...

References

1 Konev, S.V., & Voltovskii, I.D. (1979). Photobiolohia [Photobiology]. Minsk [in Russian].

2 Vasilenko, V.F. (1996). Fotorehuliatornoe deistvie infrakrasnoho izlucheniia na fotomorfohenez i dykhanie prorostkov
pshenitsy [Photoregulatory effect of infrared radiation on photomorphogenesis and respiration of wheat seedlings]. Doklady
Akademii nauk — Proceedings of the USSR Academy of Sciences, 3, 411-413 [in Russian].

3 Budagovski, A.V. (2005). O sposobnosti kletok razlichat koherentnost opticheskoho izlucheniia [On the ability of cells to
distinguish the coherence of optical radiation]. Kvantovaia elektronika — Quantum electronics, 35, 369—374 [in Russian].

4 Hernandez, A.C., Dominguez, P.A., Cruz, O.A., Ivanov, R., Carballo, C.A., & Zepeda, B.R. (2010). Laser in agriculture. In-
ternational Agrophysics, 24, 407-422.

5 Zhang, X., & Yang, H. (2003). Ultraweak bioluminescence. Journal of Shandong Agricultural University, 34(4), 605-608.

6 Ramamoorthy, V., Viswanathan, R., & Raguchander, T. (2001). Induction of systemic resistance by plant growth promoting
rhizobacteria in crop plants against pests and disease. Crop protection, 20(2), 1-11.

7 Tryka, S., & Wozniak, W. (1998). Eeffect of moisture treatment on the ultraweak luminescence from imbibing wheat grain.
International Agrophysics, 12(3), 127—-132.

8 Zorina, M.S., & Kabanov, S.P. (1986). Opredelenie semennoi produktivnosti i kachestva semian introdutsentov [Determina-
tion of seed productivity and quality of introduced seeds]. Metodiki introduktsionnykh issledovanii v Kazakhstane — Methods of in-
troduction studies in Kazakhstan. Alma-Ata: Nauka, 75-85 [in Russian].

9 Zaguskin, S.L., & Zaguskina, S.S. (2005). Lazernaia i bioupravliaemaia kvantovaia terapiia [Laser and biocontrol quantum
therapy]. Moscow: Assotsiatsia «Kvantovaia meditsina» [in Russian].

10 Yurina, N.P., Mokerova, D.V., & Odintsova, M.S. (2013). Svetoindutsiruemye stressovye belki plastid fototrofov [Light-
induced stress proteins of phototrophic plastids]. Fiziolohiia rastenii — Physiological of plants, 60, 5, 611—-624 [in Russian].

11 Budagovsky, A.V., Solovykh, N.V., Budahovskaya, O.N., & Budagovski, I.A. (2015). Reaktsia rastitelnykh orhanismov na
vozdeistvie kvazimonokhromaticheskoho sveta s razlichnymi dlitelnostiu, intensivnosiu i dlinoi volny [Reaction of plant organisms
from influence of quasi-monochromatic light with various of irradiation time, intensity and wavelength]. Kvantovaia elektronika —
Quantum electronics, 45, 345-350 [in Russian].

12 Budagovsky, A.V. (1995). Principles of action of coherent electromagnetic fields upon living organisms. Biophotonics, 233—
256.

13 Tiflova, O.A. (1993). Bakterialnaia model dlia issledovanii vliianiia lazernoho izlucheniia na intensivnost kletochnoho

deleniia [Bacterial model for studying the effect of laser radiation on the intensity of cell division]. Radiobiolohia — Radiobiology, 33
(3), 323-328 [in Russian].

Cepusi «dunsuka». Ne 1(93)/2019 31



