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YCTaHOB/IEHO, YTO NPU NMPOXOXAEHUN

yepes INCTbSA KYKYpy3bl IMHENHO
nosipU30OBaHHOIO J1a3epHOro n3siy4yeHus
KpacHoro (633 HM), 3eneHoro (526 HM)

1 cuHero (405 HM) AMaNa3oHOB MPOUCXOAUT
M3MeHeHUue 3VIMNTUYHOCTU Nnonsipusauum

B 3aBUCUMMOCTM OT yr/jia noBopoTa obpasua
OTHOCUTE/IbHO HA4Ya/IbHOr O MOJIOXKEeHUS.
Haunb6onbline n3ameHeHMUs OTMeYeHbl

ONg CUHero cBeTa, Yei nokasartesb
3nAuNTUYHOCTU k BapbupyeT B Nnpeaenax

oT —-16° a0 16°. [ina KpacHOro u 3efeHoro
cBeTa 3/UIMNTUYHOCTb BAapbUpYeT B npegenax
0T -9° A0 10° 1 0T —9° A0 8° COOTBETCTBEHHO.
BbiaBMHYTa rMNnoTesa, YTO 3TU U3SMEHeHUs
Bbi3BaHbl B3aUMOAeNCcTBUEM CBeTa CO C/I0eM
INuaepmMunca, € yrnopsigovyeHHbIMU KNeTkamum
B ¢opmMe NpSIMOYro/ibHUKOB C BOJIHUCTbIMU
KpasiMu, 4To 06ycnaBamMBaeT aHM3OTPONUIO
nokasaTens npesoMeHus n casur pas mexay
ABYMS OPTOroHa/IbHbIMU KOMMOHEHTaMu
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The paper shows that when linearly polarized
laser radiation of red (633 nm), green (526 nm),
and blue (405 nm) ranges passes through

the leaves of maize plants, the ellipticity of
polarization changes depending on the angle

of rotation of the sample. The largest changes
in ellipticity occur when passing blue light, for
which the ellipticity index k varies from -16° to 16°.
When red and green light passes through the
sample, the ellipticity varies from -9° to 10°

and -9° to 8°, respectively. It is suggested that
these variations are due to the interaction of
light with the epidermis layer. The layer cells
are ordered and have shape of rectangles with
wavy edges, which leads to the refractive index
anisotropy and the phase shift between the two
orthogonal components of the E vector. The
interaction of light with greater ellipticity with
chiral photosensitive structures should occur
more efficiently, thus, allegedly, this is the plants
mechanism to use linearly polarized light.
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HanpsXXeHHOCTU. B3anmogencreme ceeta

c 60blUeN 3NUNTUYHOCTbIO C XMPaJSIbHbIMU
¢$OTOUYBCTBUTENIbHBIMM CTPYKTYPaMU

[O0JKHO npoucxoauTb 6onee 3¢pdpeKTUBHO,
cnepoBaTesibHO, NPeAnoIoXKUTEeNbHO, 3TO OA4UH
M3 MEeXAaHU3MOB UCMOJIb30BAaHUS PAaCTEHUSMU
JINHENHO NONIAPM30BAHHOrO CBeTa.

KntoueBble c/ioBa: nongapusaums,
NoNApU30BaHHOE N3/TyYeHMe, S/UTUNTUYHOCTD
nonspusaLmm, TUCTbs pacTeHUR, KyKypy3a,
O[HOZ0/bHbIE pacTeHMUA

CTaTbs nonyyeHa: 19.07.2024
CTaTbst NnpuHATa: 14.10.2024

BBEAEHUE

Ha cerogHSIIHUMN AeHb BAUSHUE Ha PAaCTeHHUs TaKUX
[IapaMeTpoB CBeTa KaK /JJIMHA BOJHBI, UHTEHCHUB-
HOCTb, (OTOIepHOA LIMPOKO HCCIeJ0BaHO, B TO
BpeMsI KaK H3y4eHHIO AeHCTBHS IIOJSIPHU30BAHHOIO
CBeTa Ha paCTeHHs IOCBSIIEHO HebOJNBIIOe YKCIIO0
paboT, XOTS B MPHUPOJe IONSPHU30BAHHBIN CBeT He
SIBJISIETCS. PeSKOCTBIO M MOSKET HCII0/Ib30BaThCsl PacTe-
HUSIMU, IPeAII0I0KUTEIBHO BBIIIOIHSS CUTHAIBHYIO
dyHKUIMI0O. Kak mpaBuio paboTel, rhae HcCaenyeTcs
OAHHBIM BOIIPOC IIOCBSIIEHBl H3y4YeHUIO BIHSHUSI
Ha pacTeHHUSs CBeTa C KPyroBOM Hojspusanuen [1-3],
uMemomero 6o/nbIIyI0 3/UIMITUYHOCTh, YeM CBeT
C JMHEeNHON Mojspu3aluel. BlHsiHUe JTHHENHO
IIOJISIPU30BAHHOIO CBeTa Ha pa3BUTHe pacTeHUM
XOTSI M MCCTIe/I0BaJIOCh ellle B Hayasle MIPOLIIOTo BeKa
(4], mocie 3TOro HmpaKTH4YeCKH He HM3y4anoch. M3
HelaBHUX paboT MOXHO OTMeTUTb paboty [3], rae
0 eCTBUU JIMHENHO IO/NISPU30BAHHOIO CBeTa Ha
pacTeHMs paIica yIIOMHHAIOCh Ha PSIy C IeHCTBUEM
CBeTa C KPYroBOM IOJsipH3aliveli. KMTorom yroms-
HYTBIX HCCIefOBAaHHUM OBIIM pe3yabTaThl, ITOKA3BbI-
Baoouye 6onee 3¢deKTHUBHOE BIHSHHE H3TyUeHHS
c neBoM K60 IpaBOM KPYroBOM IOJNSpHU3aLKelr Ha
OTZe/IbHBIe IIapaMeTpPbl Pa3BUTHUS PaCTeHUH HIH
>Ke Ha MX POCT B LieloM. IIpu 3TOM Ha pa3Hble Iapa-
MeTpBl IIOJIOXKUTEIBHO MOXET BJIHSTH I10-Pa3HOMY
3aKpyYeHHBIN LIUPKY/ISPHO IOJSPHU30BAHHBIN CBET
[2]. ABTOpBI JaHHBIX PaboT OTTAJIKHUBATKCH OT UIEHU
TOMOXHPATBHOCTH B IIpupofe. Obiagas CBOMCTBOM
KPYroBOrO AHXPOM3Ma JIeBO U IIPaBO 3aKpyueHHBIe
XUpa/lbHble CTPYKTYpPhl QOTOUYBCTBUTE/IbHBIX KIle-
TOK JIMCTbEB JOJIKHBI I10-Pa3HOMY IIOIJIONIATH CBET
C JIeBOM M MPaBOM KPYrOBOM IMOASPH3aLMeH, YTO
TOJKHO OKa3bIBAaTh BIMSHHE Ha Pa3sBUTHe PACTeHHS
B I1eJIOM.

=

INTRODUCTION

At present, the effect of such light parameters as the
wavelength, intensity, and photoperiod on the plants
has been widely studied, while only a small number
of researches have been devoted to the influence of
polarized light on the plants, although the polarized
light is not uncommon in the wild and can be used
by the plants, while presumably performing a signal-
ing function. As a rule, the studies that consider this
issue are devoted to the effect of circularly polarized
light on the plants [1-3] that has a greater ellipticity
than the linearly polarized light. Although the effect of
linearly polarized light on the plant development was
investigated at the beginning of the last century [4], it
has almost not been studied since then. It is possible to
note the paper [3], where the effect of linearly polarized
light on the rapeseed plants was mentioned along with
the effect of circularly polarized light. The results of
the above-mentioned studies demonstrated the greater
influence of radiation with the left or right circular
polarization on the individual parameters of plant
development or on their entire growth process. More-
over, different parameters can be positively affected
by randomly twisted circularly polarized light [2]. The
authors of such papers relied on the homochirality
concept in nature. Having the property of circular
dichroism, the left and right twisted chiral structures
of photosensitive leaf cells should absorb light with the
left and right circular polarization in various ways that
should affect the entire plant development.

In our previous studies of the polarized laser radia-
tion interaction with the plant leaves, we showed that
the ellipticity of polarized He-Ne laser radiation pass-
ing through the onion epidermis is changed depend-
ing on the leaf rotation angle [5]. We have found that
such changes also occur when the light is passed
through the leaves, the epidermal cells of which
(similar to those of onions) have a shape close to the
rectangular one and generate a two-dimensional lat-
tice [6, 7]. Such an arrangement of the epidermal layer
is usually typical for the monocotyledonous plants.

The transformation of linearly polarized light into
the elliptically polarized light can lead to its more
efficient absorption by the plant pigments and pho-
toreceptors that should affect the entire plant growth.
This may be one of the mechanisms by using which
the plants respond to the polarized radiation. In [8],
we demonstrated that the maize plants grown under
the linearly polarized light are developed similarly to
the control group of plants, and in some cases even
surpass them in terms of the growth rates.

In the paper [7] we have already described some
changes in the light ellipticity that occur when the
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IIpy M3y4eHHHM B3aHMMOJEMCTBHS II0SPHU30BaAH-
HOT'O JIa3€PHOT0 M3/Iy4YeHMs C JIUCTbSIMH DacTeHHH
B HallMX IPeJBAYIIHMX paboTax MBI IIOKa3aaH, UYTO
S/UVIMITUYHOCTh  IOJASPH30BAHHOIO  H3JyYeHHS
He-Ne yasepa npu IIPOXOKIEHHUU Yepe3 SIUAePMHC
JIyKa U3MEHSeTCS B 3aBUCHMOCTH OT yIJIa II0OBOPOTA
nucta [5]. Mbl 06HapPY>KU/IH, YTO TaKhe H3MeHeHUs
BCTPEYAIOTCS TakKe IIPHU IPOXOXKIAEHHH CBeTa 4epe3
JIMCTBS, KJIETKU 3MHMAePMHUCA KOTOPBIX, KaK M y JIyKa
uMeloT GopmMy 6MM3KYI0 K IPSIMOYTOIbHOM M obpa-
3yI0T IByMepHYyI0 pelleTky [6, 7]. Takoe yCTpPOKCTBO
CJ1051 3MUEPMHCA KaK IIPABHUIIO XaPaKTePHO JJIsL OfHO-
NOJIBHBIX PACTeHHH.

[Ipeobpa3oBaHue JHHEHHO-IIONSPHU30BAHHOIO
CBeTa B JJIMITHYECKH II0JIAPH30BAHHOE MOXKET
IPUBOAMTE K ero 6omee 3pPpeKTHUBHOMY YCBOEHHUIO
IIMIMeHTaMH K (OTOpelenTopaMU PacTeHHUH, YTO
JO/DKHO BJIMATh HAa POCT pacTeHHUH B LeloM. Bos-
MO>KHO 3TO OJMH H3 MeXaHH3MOB, C IIOMOILLI KOTO-
POro pacTeHHs PearupyroT Ha IO/ pPH30BaHHOE H3I1y-
yeHue. B pabore [8] MBI IOKa3aau, 4YTO pacTeHMS
KyKYyPY3bl, BEIpallliBaeMble IIPH OCBeIIeHU U TMHEHHO
IIO/ISIPU30BAHHBIM CBETOM, PAa3BUBAIOTCS AHAJIOTUYHO
KOHTPOJIbHBIM PacTeHMSIMH, a B HEKOTOPHIX C/Iydasix
HaKe IIPeBOCXOAAT UX 10 TeMIIaM Pa3BUTHS.

B pabore [7] MBI yXe ONMCHIBAIM H3MeHeHHS
S/UIMIITUYHOCTH CBeTA, KOTOphle IIPOMCXOAAT IIPH
IIPOXOKACHHUH JIMHEMHO I10/IIPH30BaHHOI0 KPACHOIO
CBeTa 4epe3 JIMCThsl PACTeHHUM KyKypy3bl. B maHHOM
paboTe MBI HCCIefyeM CPaBHHTebHbIe H3MeHEeHHUS
S/UIMITHYHOCTH JIa3€PHOIO M3Jy4eHHs KPacHOro,
CHHETO U 3€JIeHOI0 CIIeKTPA/IbHEIX JHUAlla30HOB, KOTO-
Ppble IIPOMCXOJMAT IIPU ero MPOXOKAeHUH Yepe3 JTUCThsS
PaCTeHHH KyKypy3bl.

MATEPWUAJIbl U METO/1 bl

onTuyeckas ycTaHOBKA

JIJIsi KCCllelOBaHUSL AaHU30TPOIIMHK OITHYECKHX CBOM-
CTB JINCTBEB PAaCTeHUH KYKypy3sl ObUIa cobpaHa 3KC-
IlepuMeHTalIbHasl YCTAHOBKA, IIOCTPOEHHAsI COITIACHO
OIITHYeCKOM CxeMe Ha PpHCyHKe 1. H3nydeHmue
nasepa (1) IPOXOAUT Yepe3 BOJHOBYIO INIACTHUHY A/ 4 (2)
U pacmupsieTcst I1MH30H (3) 7o AHMaMeTpa lyda 5 MM.
Jlasee CBETOBOM JIy4 MPOXOLUT UYepe3 aTTeHIoaTop (4),
II03BOJISIIOIIMI PeryJIMpoBaTh CTeIleHb 06/1ydeHHOCTH
obpasua (5). Obpaser; 3aKperieH Ha ITOBOPOTHOM CTO-
JIMKe W CII0cobeH BPALIAThCS B IJIOCKOCTH, IIE€PIEH-
OUKYISPHON PacCIpPOCTPaHEHHIO H31ydeHHs. Ilocie
3TOr0 CBETOBOM ITY4OK CobMpaeTcss Ha IOISIPHMETpe
(PAX5710 Thorlabs, CIIA) (6) mis aHanu3a COCTOSHUS
IIOJISIPU3ALIMK H3IydeHUs. [UIs IIONy4YeHHUS! H3IY-
YeHUs KPACHOTO, CHHEro U 3eJIeHOr0 [HaIla30HOB
HCII0/Ib30BAJINCh COOTBETCTBEHHO TIeIHI-HEOHOBBIN
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linearly polarized red light passes through the maize
leaves. In this paper we consider the comparative
changes in the ellipticity of laser radiation of the red,
blue and green spectral ranges that occur when it
passes through the maize leaves.

MATERIALS AND METHODS

Optical setup

To study anisotropy of the optical properties of maize
leaves, an experimental setup was assembled accord-
ing to the optical circuit given in Figure 1. The laser
radiation (1) passes through a A/4 wave plate (2) and is
expanded by the lens (3) to a beam diameter of 5 mm.
Further, the light beam is passed through an attenu-
ator (4) that allows regulating the sample irradiation
degree (5). The sample is fixed on a turntable and can
rotate in a plane perpendicular to the radiation propa-
gation direction. After that, the light beam is gathered
on a polarimeter (PAX5710 Thorlabs, USA) (6) to analyze
the radiation polarization condition. To obtain radia-
tion in the red, blue, and green ranges, a helium-
neon laser (632.8 nm) and diode-pumped solid-state
lasers with the radiation peaks of 526.5 and 445 nm
were applied, respectively.

The samples studied were the rectangular frag-
ments of maize leaves with the dimensions of
15x15 mm. The size was selected so that the defocused
laser beam would not go beyond the sample boundar-
ies during the sample rotation. The leaf sample was
placed between two glass plates with the thickness of
0.15 mm. For correct calibration and interpretation of
the measurement results, the radiation polarization
condition was assessed with and without the plant
leaf sample between the glass plates. The measure-
ment results of the light transmission through the
glass were taken as the control results. The polariza-

Puc. 1. Onmuyeckas cxema 3KcnepumeHmanpHol ycma-
HosKU: 1-naszep; 2 — naacmuHa A/ 4; 3 - KoAauMUpyoLwas
AUH3a; 4 — ammeHtoamop; 5 — uccredyembili 06paseu, Ha
pomamope; 6 — noaspumemp (PAX5710 Thorlabs, CLLIA)

Fig. 1. Optical circuit of the experimental setup: 1- alaser;
2-aA/4 plate; 3-a collimating lens; 4 — an attenuator; 5 - a test
sample on a rotator; 6 — a polarimeter (PAX5710 Thorlabs, USA)
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nasep (632,8 HM), a TaKKe TBepHOTe/lbHbIE JIa3ephl
C OUOAHOM HaKa4yKoM C NHKaMH H371ydeHHS 526,5
U 445 HMm.

Hccnenyemsle 06pasLibl MpeCTaB/SUIH COOOM IIpsi-
MOYTOJIbHbIe GparMeHThbl JTUCTheB KYKYpy3bl pasmMe-
pom 15x15 MM. Pasmep mombupascs ¢ y4eToM TOro,
4TOOBl pac®OKYyCHPOBAHHBIM IIY4OK Jla3epa IpH Bpa-
ImeHUH obpaslia He BBIXONMJI 3a IIpefenbl obpasma.
Obpaserr nKCTa pacTeHHsS IIOMEINAJICS MeAy IBYMs
CTEeKISIHHBIMU IIACTHHAaMHK TOJIIMHOM 0,15 MM.
[T TpaBUIBPHOM KanHOPOBKM K HHTepIIpeTa-
LUK pe3yJbTaTOB H3MepeHHH, H3MepeHHS COCTO-
SHHUS TMOJSAPU3aLlMK H3JIy4eHHsI I[IPOMU3BOLHIINCH
C HUIMYHWeM H OTCyTCTBHeM ofpasLia JIKCTa pacTe-
HUS MeXAY CTeKISHHBIMHU IIJIaCTHHaMH. Pe3syis-
TaTbl U3MepeHUH IIPOXOKAEHHUS CBeTa depe3 CTeKIO
IIPUHUMAINCh 32 KOHTponb. O6paboTka pesynbra-
TOB IIOJIIPU3aLIMOHHBIX U3MEPEHHH OCYILeCTBIAIACh
C HCIIONB30BAaHUEM IIPOIPAaMMHOI0 obecrieueHUs
TXP Series Instrumentation (Starter, Server Control,
TPX Polarimeter), CIIIA.

OCHOBHBIM ITapaMeTpPOM IIPH aHajJM3e COCTOSTHHUSA
IOISIpH3alMK OBUI IOKa3aTenb S/UIMITHYHOCTH Kk
(TOUHOCTh HM3MepeHHUs IUIHUOTUYHOCTH +0,25°) [9].
Korpa cBeT MosipH30BaH JIMHENHO OH CocTaBiseT 0°,
IIpY IIpaBoOl KPYTOBOM IIONASPHU3ALMU OH paBeH 45°,
a IIpH JIeBOM KPyroBou —45°.

PacTutenbHbi maTepuan

B 3KcmepuMeHTe [ MCCIeNOBAHHUS H3MeHeHHS
COCTOSIHMSL TOJISPU3ALIMK CBeTa IIPH €ro IIPOXOXKie-
HHUHU 4epe3 JIMCTbS PACTeHHUM B KayecTBe PacTHTe/Ib-
HOI0 MaTepHaJia MCII0JIb30BAIUCh PACTeHUS KYKYyPY3bl
(Zea mays L.), copT «KybaHCKHI CaxapHBII».

O6pasupl pacTeHUH I HUCCIeNOBAHUU IIOL-
TOTaBAUBAIUCh CleAylomKuM obpasom. CemeHa
mmocae 3aMa4yMBaHUSL B [AUCTH/JIMPOBAHHOL Bofe
(72 4aca) BBICA)KUBAIHCh B IUIACTHKOBBIE TOPIIKHU
(mxB, cMm: 9x10, OO0 Cagsl IIpuMoOpBsI, YCCYPHHICK,
Poccurickass Qefepaliysi) 3alolHeHHble YyHUBep-
CaJbHOM IIOYBOM /sl CafoBbIX KyapTyp (N1:P1:Kl1,
Mr/im: 160-240:145-215:180-290, opraHu4ecKoe Belle-
cTBO, Mr/in: 35, pH 5,5-7, OOO Teppa Macrep, Hoso-
cubupck, Poccurickas ®emepanms). PacTeHHs BbIpa-
IIUBa/IMCh B TedeHHe 21 OHA B UTOOOKCe C OenbiM
CBeTOAUOAHBIM  H3JIydeHHeM HHTeHCHUBHOCTLIO
200 MKMoinb/c-M? (TeMIepaTypa - 22+2°, BIaSKHOCTb
70 £5%). IlolMB OCYIIeCTB/ISUICS OOWH Pa3 3a TpHU
[HS.

PE3YJIbTATbl U OBCYXXAEHUE
3aBHCHMOCTH 3/UIMIITUYHOCTH CBeTa OT yIJIa II0BO-
poTa obpasia B IJIOCKOCTH, IEPIIeHIUKYISPHOHN pac-

=

tion measurement results were processed using the
TXP Series Instrumentation software (Starter, Server
Control, TPX Polarimeter), USA.

The main parameter during the polarization state
analysis was the ellipticity index k (the ellipticity
measurement accuracy was +0.25°) [9]. When the
light is polarized linearly, it is equal to 0°; in the case
of right circular polarization, it is equal to 45°, and in
the case of left circular polarization - 45°.

Plant material

In the experiment to study the changes in the light
polarization state as it passes through the plant leaves,
the maize (Zea mays L.), variety “Kuban sweet corn”,
was used as the plant material.

The plant samples for research were prepared as fol-
lows. The seeds were soaked in the distilled water (for
72 hours) and planted into the plastic pots (WxH, cm:
9x10, Sady Primoriya LLC, Ussuriysk, Russian Fed-
eration) filled with the multipurpose soil for horticul-
tural crops (N1: P1: K1, mg/1: 160-240 : 145-215:180-290,
organic matter, mg/l: 35, pH 5.5-7, Terra Master LLC,
Novosibirsk, Russian Federation). The plants were
grown for 21 days in a phytobox under the white LED
radiation with the intensity of 200 pmol/s m? (tem-
perature: 22+2°, humidity: 70+5%). Watering was
performed once every three days.

RESULTS AND DISCUSSION

The dependences of the light ellipticity on the sample
rotation angle in the plane perpendicular to the radia-
tion propagation direction during the passage of light
with three wavelength ranges (blue (405 nm), green
(524 nm) and red (633 nm)) are shown in Fig. 2. The
negative values of ellipticity k correspond to the light
with left elliptical polarization, in the case of which
the intensity vector E is rotated counterclockwise.
When the index k is positive, the light has right
elliptical polarization and the intensity vector of the
electric component of the light wave field E is rotated
clockwise.

It is evident on the basis of the graphs that the pas-
sage of linearly polarized laser radiation through the
maize leaves results in a change in the polarization
ellipticity. In this case, the light ellipticity is changed
harmonically depending on the sample rotation angle
relative to the predominant oscillation direction of the
incident light intensity vector that has been already
noted in the papers [6, 7] when studying the laser radi-
ation passage within the red range (633 nm) through
the phalaris and maize leaves. In this case, when the
red light passes, any change in the ellipticity occurs
within almost the same limits as when the green
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IIPOCTPAaHEHUIO H3JIyueHUs IpPHU

IIPOXOKAEHHUU CBeTa Tpex [Jua- 20
[I1a30HOB [UIMH BOJIH: cuHero (405
HM), 3eneHoro (524 HM) M Kpac-
Horo (633 HM) IIpUBeleHHl Ha
puc. 2. OTpuLaATe/IbHbIE 3HAUYEHUS
SJUTMIITUYHOCTH Kk COOTBETCTBYIOT
CBETy C JIeBOM 3J/UIMIITHYECKOH
Hoysipu3alyer, IpU KOTOPOH BeK-
TOp HaIPSDKeHHOCTU E BpalaeTcst
IIPOTHB YaCcOBOM CTpeNKH. Ilpu
[IOJIOKUTEIBHOM K CBeT HMeer
[IPaByl0 3IJIMOTHYECKYlo IO/~
PpH3alLlMI0 U BpallleHHe BeKTopa

HaIPSDKeHHOCTH 371eKTPHUYecKom 0 45
KOMIIOHEHTBl IO/ CBETOBOM
BOJIHBI E IIPOMCXOAUT 110 4aCOBOK
CTpeJiKe.

U3 rpaduKoB BUAHO, UTO IpHU
IIPOXOXKIEHUU JIMHEHHO IOJISIpH-
30BaHHOIO JIa3€PHOI0 H3Iy4YeHHUs
yepes JIUCTbS PAaCTEHUH KyKYpPy3bl
IIPOUCXOOUT H3MeHeHHe 3JIIUII-
TUYHOCTH Noasipusauuu. Ilpu

Puc. 2. SaaunmuyHocmb noAsipu3ayuL U3Ay4eHus 8 3a8UCUMOCMU Om y2Ad N08o-
poma 0bpasua 8 nnockocmu, nepneHAUKyASIpHOU pacnpocmpaHeHUto Uy4eHus npu
npoxoxxdeHuu caema (\; =633 HM; \,=526,5 HM; ;=445 Hm) 4epe3 Aucm KyKypy3b
Fig. 2. Radiation polarization ellipticity depending on the sample rotation angle
in the plane perpendicular to the radiation propagation direction when the light
passes (\;=633 nm; \,=526.5 nm; A\;=445 nm) through the maize leaf

90 135 180 225 270 315 360

VYToJI I0BOPOTa, °

3TOM B 3aBUCHMOCTH OT yTIJjia [10BO-
poTra obpasmia OTHOCHTENIBHO IIpe-
HMMYIIEeCTBEHHOT0 HaIlpaBlIeHHs KojlebaHUM BeKTOpa
HaIPsDKeHHOCTH Iafalollero CBeTa 3JUIMIITUYHOCTD
CBeTa TapMOHHYECKH HM3MEHSETCS, YTO YK€ OoTMeda-
nock B pabotax [6, 7] mIpU HCCIeZOBAHUU IIPOXOKIE-
HMSI depe3 JIMCTbSl PacTeHUM Qanspuca U KyKypy3bl
JIa3epHOTO H3/IyUYeHHS KPACHOIO AHalla30Ha (633 HM).
[Ipy1 3TOM IpHU IIPOXOKOEHHUH KPaCHOIO CBeTa H3Me-
HeHHe 3JUIMITHYHOCTH IIPOMCXOOUT IIOUTH B TaKHX
Ke IIpefesiax, Kak M IIPU IIPOXOKAEHHH 3e/I€HOr0
CBeTa W BapPbHPYETCS IJIsL KPacHOro ot -9° o 10°, a fajis
3€JIHOr0 OT —9° 10 8°. DJIMIITUYHOCTD II0SpU3aLuHU
CHHEero CBeTa U3MEHSIeTCS CUJIbHEee B IMala3oHe oT —-16°
o 15°. M3MeHeHHSs 3/IMIOTHYHOCTH CBeTa IIPU IIPO-
XOKIOEeHUHU H3TyYeHHUs Yepe3 CTeKI0 IPU OTCYTCTBUU
obpasua Ha rpapurKax He OTPaskeHbl, ITOCKOJIBKY MaJlbl
U cocTasigooT 0,3-0,5°. Mbl ojaraeMm, 4to Habiro-
JaroIyecs IpU B3aUMOJEHCTBUU J1a3epPHOr0 U3/yde-
HUS C JIUCTOM KYKYpYy3bl H3MeHeHHS 3JIIMIITHYHO-
CTU W3/Ty4eHHsl 00yC/IOBIEeHBI ero B3aMMOJEeHCTBUEM
C 3AIKEPMaJIbHBIM CJIO@M JIUCThEB.,

®0TO KJIETOK CJI0S1 SIIHJAEePMHKCA U3Y4YaeMOoro JIMCTa
KYKYypy3bl IIpe[CTaBjieHa Ha pHC. 3. BUAHO, KIETKHU
B CJloe 3IHAEPMHCA PaACIIOIOKEHBl YIIOPSAA0YEHHO
M HUMeloT GopMy MPSIMOYTOIBPHHUKOB C BOMHOOOpas-
HBIMH CTeHKaMH. Kaxk 6bL10 [T0Ka3aHo B [5] mipu Ipo-
XOXKIEeHUH JHHEeHNHO IONSPU30BAHHOIO JIa3epHOTO
M3JIyUYeHHS 4Yepe3 SIUAEePMHUC JIYKa CBET CTAHOBHUTCSH
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light passes. It varies for the red light from -9° to 10°,
and for the green light - from -9° to 8°. The blue light
polarization ellipticity is changed more significant
within the range from -16° to 15°. The changes in the
light ellipticity when radiation passes through the

Puc. 3. Knemku snudepmuca Aucma kyKypy3bl

(AmScope T120 Series, kamepa AmScope MU1000-HS)

Fig. 3. Epidermal cells of a maize leaf (AmScope T120 Series,
AmScope MUT000-HS camera)
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3J/IMITUYeCKH II0JISIPU30BAHHBIM, K €ro 3JUIHII-
THUYHOCTb M3MEHSEeTCSd B 3aBUCHMMOCTH OT IIOBOPOTA
obpasia B IJIOCKOCTH, IepIeHAUKYISPHOH PacIIpo-
CTPaHEHHIO H3/IyYeHHs TaKKe, KaK K B IIPeJCTaB/IeH-
HOM HaMHU pabore, YTO OOBSICHSETCS aHU30TPOIIHEH
[IOKa3aTessl IpelOMJIeHHS, KOTOPBIM pas3H4eH /4
LIUTO30JIS U KJIeTOYHOM MeMOpPaHBI.

AHanu3 pesynbTaToOB IOKasaa (pHUC. 2), UTO Hau-
OonplnKe U3MeHeHHUs IIUNTUYHOCTH HabmogaoTcs,
KOIJa Yrojll MeXAy BeKTOPOM HaIlpS>KeHHOCTH I1aja-
IOIlero CBeTa M HallpaB/leHHeM QJIMHHOM OCH Kile-
TOK SMIHAepMHCa cocTaBiasger 45°. IIpu Takom yrie
AHMU30TPOIIMS II0Ka3aTess IIPe/IOM/IEHUS SIBJISETCS
MaKCHMaJIbHOH. JTO IPHUBOAUT K 3HAUHUTEIbHOMY
COBUTY $a3 MeXKOy OBYyMs OPTOrOHA/IBHBIMH COCTaB-
JIAIOIKMY BeKTOPA HAIIPSIKeHHOCTH CBeTa. B pesyiib-
TaTe BO3HUKAIOUIETO CABUTA pa3 MagaroI Ui TUHEHHO
IIOJISIPU30BAHHBIN CBET ITpeobpasyeTcsi B /UIHIITHYe-
CKU IIOJISIPHU30BAaHHBIM. B TakoM Cilydae CJIOM 3MHJEP-
MHca BefleT cebs Kak dasoBasi IUIACTHHKA, KOTopast
COIJIACHO JAHHBIM PUC. 2, CHJIbHee BCero H3MeHseT
COCTOSIHME IO/NSpU3alliy CHHero csera. IIpH 3ToM
TOJILIMHEI /IO U aHU30TPOIIMM [10Ka3aTesIsl IPeIoM-
JIeHUs. B JaHHOM CJIoOe HeIOCTaTOYHBI JIsi IIpeob-
Pa3oBaHHS CBeTa B LIMPKY/ISIPHO IIOJMISIPH30BAHHBIN.
TeM He MeHee, KaK [1I0Ka3bIBAIOT 3KCIIepUMeHTaJIbHbIe
pesyabTaThl, 3JIMOTHYHOCTE MOXKET JOCTHIaTh 16°.
9TO MOXKeT CKa3bplBaThCsS Ha IIOIVIOIEHHH CBeTa
XHPaJbHBIMH MOJIEKYJIAMH JIUCTEB KYKYPY3hl.

CTOUT Takke OTMETHTb, YTO 3HAUYMTe/IbHAas 4YacTh
[IaJAMOIIero M3Jy4eHHsd IPU IPOXOKOEeHHUH CKBO3b
JIACT PacCerBaeTcs, YTO IIPUBOIUT K €ro JeIlONSIpH-
3aUMK. [ OLleHKHM CTelleHM IIO/NSpH3alidu CBeTa
ucrions3yercst mapametp Degree of Polarization (DOP).
IIpuHATO, YTO OH paBeH 100% [1s IIOTHOCTBIO IIOJIS-
PHU30BaHHOIO CBeTa U 0% [/ HemoaspH30BAHHOIO
cBeTa. IlapaMeTp pacCYMUTHIBAeTCd IO C/lefylolleH
dopmyite:

DOP= % ,
pol ™ tunp
rae I, - MHTEHCHBHOCTH IIOJIIPU30BAaHHOIO CBeTa,
a Iypp -~ MHTEHCHBHOCTD HEIO/ISIPH30BaHHOTO CBeTa.

B Tabnuile mpuBefeHBl 3HaUeHHS CTeleHM IIONIS-
pusanuy DOP u3TydeHHUs IIPOIIe/IIero CKBo3b obpa-
3ell, KOIZd 3/UIMIOTHYHOCTh k MakcumanbHa (k...)
u paBHa Hymo (k)). M3HavanbHO majamomiee Ha JTHUCT
H3ydeHHe UMeeT 3HaueHHe DOP 6onee 99%.

M3 Tabnuubl BUAHO, YTO JHHEHHO IOJSPHU30BaH-
HBIM CBeT KPaCHOIO U 3eJIeHOI0 A1alla3oHa Jelolspu-
3yeTcs B OJMHAKOBOM CTelleHH M 3HadeHHe DOP mpu
3JUIMIITUYHOCTH PAaBHOM K, ISt HUX cocTaBisieT 50%,
YTO TOBOPUT O TOM, YTO CBET OCTAETCS YaCTUUHO I10/15-

i g

Tabnuua. CteneHb nonspmsauymm DOP cBeTa B pesy/ibTate
NPOXOXAEHMS Yepe3 INCT KYKypy3bl NPU MaKCUMabHON

K nax Y HYIEBOW 3nMNTUYHOCTY K,y (k=0)

Table. Degree of polarization DOP of the light as a result
of passing through the maize leaf at maximum ellipticity

k... @and zero ellipticity k, (k=0)

max

DOPnpuky, % | DOPnMpuky ... %

DOPatk,,,,. %

DOPatky, %

KpacHobin | 10 50,1 42,7
Red

3eneHbin | 9 51,3 40,8
Green

CUHUN 16 374 26,3
Blue

glass in the absence of the sample are not indicated on
the graphs, since they are small and equal to 0.3-0.5°.
We believe that the changes in the radiation ellipticity
observed during the laser radiation interaction with
the maize leaf are due to its interaction with the epi-
dermal layer of the leaves.

The photo of the epidermis layer cells of the maize
leaf under study is shown in Fig. 3. It can be seen
that the cells in the epidermis layer are arranged in
an orderly manner and have the shape of rectangles
with the wavy walls. As it was shown in [5], when
the linearly polarized laser radiation passes through
the onion epidermis, the light becomes elliptically
polarized, and its ellipticity is changed depending
on the sample rotation in a plane perpendicular to
the radiation propagation direction, as in the paper
provided, that is explained by the anisotropy of the
refractive index being different for the cytosol and the
cell membrane.

Analysis of the results has showed (Fig. 2) that the
greatest changes in ellipticity are observed when the
angle between the incident light intensity vector and
the major axis direction of the epidermal cells is 45°.
At this angle, the refractive index anisotropy is maxi-
mum. This leads to a significant phase shift between
two orthogonal components of the light intensity
vector. As a result of the obtained phase shift, the
incident linearly polarized light is converted into the
elliptically polarized light. In this case, the epidermal
layer behaves as a retardation plate that, according to
the data in Fig. 2, changes the polarization state of
blue light most strongly. Moreover, the layer thick-
ness and the refractive index anisotropy in this layer
are insufficient to convert this light into the circularly
polarized light. However, according to the experi-

PHoTONICs vOL. 18 No.7 2024 575



BUOD®OTOHUKA

=

PH30BaHHBIM Ja’Ke IIOCIe B3aHMMOMAEMHCTBUSL C BHY-
TPeHHHMHU TKaHSIMH JIMCTa. CUHUH JIMHEHHO II0/ISIpH-
30BaHHBIH CBET eI PU3yeTcs CHIbHee, a IapaMeTp
DOP umMmeeT 3HaUeHHe 37%, YTO II0-BUAUMOMY CBSI3aHO
c 6omee HM3KOM AJHMHOM BOJHBI M3/1yuyeHHUS U OITH-
YeCKMMHM CBOMCTBAMH cCpefpl. IIpu yrie IoBopoTa
obpasia JucTa, KOI/Ad SUTUITUYHOCTh MaKCHMalbHa
Knax CTETIEHD JIMHEMHOM IIOJISIPHU3ALIMH AJIS1 KPACHOTO
Y 3€JIeHOr0 CBeTa CHIMKAETCH ITpPaKTH4YecKu mo 40%,
a st CUHero 1o 26%. IIpyu NpoOXOKOeHUM IIOJSpU-
30BaHHOIO CBeTa 4epe3 CJIOM 3MUJEPMHCA JIyKa CTe-
[Ie€Hb ero Mo/JSpU3aLMH IPAKTHYEeCKH He U3MeHs/Iach
u cocTaBisia 98-99%. Takum obpa3oMm, B pesy/ibTaTe
IIPOXOKAEHHUS CBeTa 4Yepe3 SMHAEPMUC JIMCTa KYKY-
PY3BI IMHEHHO II0/IPU30BaHHBIH CBET ITpeobpasyeTcst
B JUIMITHYECKHM H OCTAeTCS CHJIBHO ITOISPU30BaH-
HBIM, IIOC/Ie 4Yero OH B3aMMOJEMHCTBYeT C BHYTpPeH-
HHUMH KJIeTKaMHM JIMCTa U YaCTHYHO JeIo/IsIpHU3yeTcs,
0cobeHHO B CHHEM CIIeKTPaJIbHOM JHalla30He.

Y pacTeHHH 3a MOIVIOIIeHMe CBeTa OTBEYAIOT TaKHe
GOTOUYBCTBUTE/IPHBIE CTPYKTYPhl KaK ITUTMEHTHI,
HCIIO/IB3YIOIIHEe CBETOBYIO 3HEPTUIO B IIpoLiecce $oTo-
CUHTe3a, a Takke QOTOPeLeNTOPH, C IIOMOLILIO KOTO-
PBIX KOHTPOJIUPYETCS Pa3sBUTHE PACTEHUS U IIPOHCXO-
outT poToMopdoreHes [10, 11]. OCHOBHBIMU TPyIIIaMH
IIMTMEHTOB JIMCTheB SIBJISIOTCS XJIOPOGUILIBI, KapOTH-
HOM/BI, GJIABOHOMALI, B LIJIOM II03BOJIAIOINME pacTe-
HUSM MCII0b30BaTh CBET BCEr0 BUAMMOIO AHala3oHa
Y IIPeMMYyIIeCTBeHHO CBeT KPAacHOM M CHHeH obia-
CTen crekTpa. PoTopeLlenTOPbl TaKKe HCIIONB3YIOT
CBeT IMIMPOKOM 4YacTH BHAMMOIO JHamasoHa. $oro-
peuleniTopaMy KpPacHOTO CBeTa SIB/ISIOTCS GQUTOXPOMBEI,
CHHEro - KPUIITOXPOMBI M QOTOTPOIIMHBI, a H3/Iyye-
HHe yIbTpadroieTa B TUCThS IIOIVIOMAKOT C IIOMOIIBIO
6enxa UVRS.

DOTOTPOIMHEBL B PaCTEHHUAX PerylupyrT $OTOTpO-
[IM3M, [OBMXKEHHE XJIOPOIUIACTOB, OTKPBITHE YCTBHI]
1 paclIMpeHHe JHCTbeB y pacTeHUH [12]. KpumTox-
POMBI BIHSIOT Ha GOTONepHOAMYECKUH KOHTPOJIb
3apOKIEHHUs I[BeTKa, HWHTUOMpPOBaHHe yIJIMHEHHUS
TUIIOKOTHJISL CHHUM CBETOM, a TAKKe TaKHe CBeTOBbIe
PeakUMHU KaK LHPKaJHble PUTMBI, Pa3sBUTHe KOPHEI,
OTKPBITHE YCThUL KU Ap. (13, 14]. duUTOXpOMBI OTBe-
YaloT 3a Takve QYHKIMH KaK IIpopacTaHHe CeMsH,
nsberaHue TeHHU, IiBeTeHHe, (OTONepHOLUYECKOe
BOCIIpHATHE U ITpodee [14-16].

B [13-15] 6pUIO mOKAa3aHO, YTO B GOTOTPOIIMHAX
B OCHOBHOM COCTOSSHMM MOHOHYK/IEOTHJ, ¢aBHHA
noMeHa LOV2 moKkasbiBaeT OTpHIIaTe/lbHBIN KPyTOBOX
OUXPOM3M B CHHeN O0O/JacTH CIIeKTpa IIOIVIOIIeHHS.
IIpu sToM LOV2 urpaeT BakKHYIO PO/ib B pery/sliuu
$U3MOOrMYeCKUX peakUuh. XpoMopop KPHUIITOXPO-
MOB ~ IMHYK/I€OTH] aleHHHA Qp/IaBUHA B OKKC/IEHHOM
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mental results, the ellipticity can reach 16°. This may
affect the light absorption by the chiral molecules in
maize leaves.

It is also worth noting that a significant portion
of the incident radiation is scattered when passing
through the leaf that leads to its depolarization. The
Degree of Polarization (DOP) parameter is used to
assess the light polarization degree. It is assumed that
it is equal to 100% for the completely polarized light
and 0% for unpolarized light. The parameter is calcu-
lated using the following formula:

pol ™ tunp
where [, is the intensity of polarized light, and I,,,, is
the intensity of unpolarized light.

The table shows the values of the degree of polar-
ization (DOP) of the radiation transmitted through
the sample, when the ellipticity index k is maximum
(knay) and equal to zero (k,). The radiation initially inci-
dent on the leaf has a DOP value of more than 99%.

It is evident according to the table that the linearly
polarized light of the red and green ranges is depo-
larized to the same extent and the DOP value for the
ellipticity equal to k, is 50%, while indicating that the
light remains partially polarized even after interac-
tion with the internal leaf tissues. The blue linearly
polarized light is depolarized more significantly, and
the DOP parameter has a value of 37% that is appar-
ently due to the lower radiation wavelength and opti-
cal properties of the medium. At the rotation angle
of the leaf sample, when the ellipticity is maximum
(kpay), the linear polarization degree for the red and
green light is decreased to almost 40%, and for the
blue light - to 26%. When the polarized light passes
through the onion epidermis layer, the degree of its
polarization remains almost unchanged and is equal
to 98-99%. Thus, as a result of light transmission
through the maize leaf epidermis, the linearly polar-
ized light is transformed into the elliptical light and
remains strongly polarized, after which it interacts
with the internal leaf cells and is partially depolarized,
especially within the blue spectral range.

In the case of plants, the photosensitive structures
such as pigments that use the light energy during
the photosynthesis process, and photoreceptors that
control the plant development and photomorphogen-
esis, are responsible for light absorption [10, 11]. The
main groups of leaf pigments include the chlorophylls,
carotenoids, and flavonoids that generally allow the
plants to use light of the entire visible range and
mainly light of the red and blue spectral bands. More-
over, the photoreceptors use the light of a wide part
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COCTOSIHUM Takke o6JaflaeT OTPHULIATENIBHBIM KpPYIro-
BBIM JHXPOH3MOM B CHHEH YacTH CIIeKTpa, KaK U Xpo-
Modop gomeHa LOV2 [15, 16]. Hamndre oTpULIaTe/Nb-
HOTO KPYIOBOIO JHUXPOH3Ma XpoModopa duTOXpoma
phyB ormeuasnocs B pabote [2].

doTOUyBCTBUTE/IbHBIE XHPAJIbHBIE CTPYKTYPBI
boTOpeLIeITOPOB pacTeHU, IlepeuHCIeHHble BBIIIE,
HAIIPSIMYIO BIUSIOT Ha PaboTy 3TUX GpOTOPeLIeNITOpPOB,
KOTOpEle B CBOIO O4Yepefb KOHTPOIHPYIOT KIIOYeBble
IIpollecchl B Pa3BUTHM pacTeHHUM. Kak ObUIO IOKa-
3aHO, JIMHENHO IIO/ISIPU30BAaHHBIN CBET IIPH IIPOXOXK-
OeHUH 4Yepe3 JIUCT KYKypy3bl CTAaHOBUTCS 3JUIMIITH-
YecKd IIOJSPH30BaHHBIM. TaKoe H3/IydeHHe AOJIKHO
6ornee 3dHEKTUBHO IOITIOMATECS XHUPAIBHBIMHU GOTO-
4YyBCTBHUTE/IBHBIMU CTPYKTYPaMH KJIEeTOK JIHCTbeB
M B MTOre IIPUBOAMTH K Oojee BBHICOKMM IIOKa3aTe-
M pocTa. IIpH 3TOM CHHHM CBeT, MMEKIIHKM Hau-
OOJIBIIYI0 S/UTMIITUYHOCTD B Pe3y/IbTaTe ITPOXOSKAEHHS
uepes C/I0H 3IHJEPMHCA, B MOMEHT B3aUMO/IEHCTBHS
C peLleliTopaMH JO/KeH 6onee 3pdeKTHBHO yCBaM-
BaThbCs, YeM KPacHBIH U 3eJIeHBbIH CBeT.

V3BeCTHO, 4YTO eCTeCTBEHHBIHM COJTHEYHBIM CBeT,
[IOTIaJAIOII I Ha 3eMJIIO, He [TOJIIPU30BaH, OMHAKO OH
criocobeH IONSIPU30BAThCS TP PACCesTHUH B HAIIPaB-
JeHUU IepHeHAUKY/ISPHOM JydaM CONHIA. TaKUM
obpasoM B yTpeHHHe KU BeUepHHe Yachl U3 3eHHUT-
HOHM TOUKH Heba I1afaeT IOISPHU30BAHHBIM CBeT [17].
VMcmomne3yss Bbllle ONMCAHHBIM MeXaHH3M pacTe-
HUSI, MOIJIM OBl ITOTy4aTh MHPOpPMAIIHIO 06 HM3MeHe-
HUSIX BHELIHUX CBETOBBIX YCJIOBUI U B COOTBETCTBHUU
C HUMHU Pery/JIHpoBaTh IIPOLIECCHl PAa3BUTHUS.

[IoHUMaHHe TOTO0 KaK pacTeHUs HCIOIb3yIOoT
HHOPOPMALIMIO O IOJSPH3aLUK CBeTa MOKeT II0MOYb
B IIOMCKe HedJIbHBIX [ PacTeHHH IapaMeTpoB
CBeTa, 4TO ITOCIOCOOCTBYeT Pa3sBUTHIO TeXHOIOTHH
BBIPAIIMBAHHUS PACTEHUH B yCJIOBUSIX HCKYCCTBEHHOTO
OCBellleHUSs.

3AK/TIOYEHUE

BBI10 ITIOKA3aHO, YTO IIPH IIPOXOKAEHUHU Yepe3 JIUCThS
pPacTeHHUI KyKypy3bl JHHEMHO IIOJISIPU30BAaHHOIO
MOHOXPOMAaTHYeCKOr0 M3/y4eHHUs C JJIMHAMH BOJIH
633, 526 1 405 HM ITPOUCXOOUT M3MeHeHHUe SIITUIITHY-
HOCTU MO/SPU3ALMK CBeTa, KOTOpOe MOXKHO 06bsic-
HUTb B3aUMO/JIeICTBHEM CBeTa CO CJI0eM 3IIHIEePMHMCa,
KJIETKH KOTOPOTO Y JIMCTAa KYKYPY3bl YIIOPSZOYEHBI
1 uMeloT opMy, 6H3KYyIO K IPSIMOYTOIbHOM. B 3aBU-
CUMOCTH OT yIJIa II0BOpoTa obpaslia B IIOCKOCTH,
[epIIeHIUKY/ISIPHOLK PacIpOCTPAaHEHUIO HU3/Iy4YeHM,
3JIMITUYHOCTh TAPMOHHMYECKH MEHSEeTCS B Ipene-
Jax oT -9° mo 10° mpu KpacHOM CBeTe, 0T —9° [0 8° rpu
3eJIEHOM CBeTe U OT —-16° 10 16° IIpu CMHEeM, BBIIIOIHSAS
TaKKUM 06pa3oM porb Ga30BO IIACTUHKH.

=

of the visible range. The red light photoreceptors are
phytochromes, the blue light ones - cryptochromes
and phototropins, and the leaves absorb ultraviolet
radiation using the UVR 8 protein.

The phototropins in the plants regulate phototro-
pism, chloroplast movement, stomatal opening, and
leaf expansion [12]. The cryptochromes affect photo-
periodic control of flower formation, inhibition of
hypocotyl elongation by the blue light, as well as the
light reactions, such as the circadian rhythms, root
development, stomatal opening, etc. (13, 14]. The phy-
tochromes are responsible for the functions such as
seed germination, shade avoidance, flowering, photo-
periodic perception, etc. [14-16].

In [13-15] it has been shown that in the case of
ground state of phototropins, the mononucleotide of
the LOV2 domain flavin demonstrates negative circu-
lar dichroism within the blue region of the absorp-
tion spectrum. In this case, LOV2 plays an important
role in the regulation of physiological reactions. The
chromophore of cryptochromes is an adenine flavin
dinucleotide. In the oxidized state it also has nega-
tive circular dichroism within the blue spectral range,
similar to the LOV2 domain chromophore [15, 16].
The availability of negative circular dichroism of the
phytochrome chromophore phyB was noted in the
paper [2].

The above-mentioned photosensitive chiral struc-
tures of plant photoreceptors directly influence the
operation of these photoreceptors that in turn control
the key processes in plant development. As it has
been shown, the linearly polarized light becomes the
elliptically polarized one when passing through the
maize leaf. Such radiation should be more efficiently
absorbed by the chiral photosensitive structures of
leaf cells and ultimately lead to the higher growth
rates. Moreover, the blue light that has the greatest
ellipticity as a result of transmission through the
epidermis layer, should be more effectively absorbed
than the red and green light when interacting with
the receptors.

It is known that the natural sunlight reaching the
Earth is not polarized, but it can become polarized
when scattered in a direction perpendicular to the sun-
beams. Thus, the polarized light falls from the zenith
point of the sky in the morning and evening [17].
While using the mechanism described above, the
plants could receive information about any changes in
the external light conditions and regulate the develop-
ment processes in accordance with them.

Understanding of the mechanisms used by the plants
to obtain the light polarization information can help in
determining the ideal light parameters for plants that
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duHaHCHpOBaHMe. PaboTa BBIIIOIHEeHA IPU QUHAHCO-
BOM Iopafepskke MuHob6pHayku Poccuu (CornameHue
Ne 075-15-2022-1143 ot 07 urons 2022 roga).
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will contribute to the development of plant growing
technologies in the conditions of artificial lighting.

CONCLUSION

It has been shown that when the linearly polarized
monochromatic radiation with the wavelengths of
633, 526 and 405 nm passes through the maize leaves,
the light polarization ellipticity is changed that can
be explained by the light interaction with the epi-
dermis layer, the cells of which in the maize leaf are
well-ordered and have a shape close to rectangular.
Depending on the sample rotation angle in the plane
perpendicular to the radiation propagation direction,
the ellipticity varies harmonically within the range
from -9° to 10° for the red light, from -9° to 8° for the
green light, and from -16° to 16° for the blue light,
thus acting as a retardation plate.
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