— m BMO®OTOHMKA

DOI:10.22184/1993-7296.FR0s.2020.14.5.442.460

BinsHue MMNyJIbCHOro
ocBeleHus

Ha npopacrtaHue
CeMsH HeKOTOopbIX
OBOLUHbIX, MaC/INYHbIX
M 1IeKapCTBEHHbIX
pacTteHun

B.H.3enenkos" %3, B. B. JlamywkuH3, M. 1. sanosa?,

A.A.Jlanun* B.B.Kapnaues>, A. A. Kocobptoxos®,

I1. A. BepHuk?, C. B.Taspuaoe’

! ®TBHY «Bcepocculickuil Hay4Ho-uccaedosamenbekuil
UHCMUMYM AeKAPCMBEHHbIX L APOMAMUYLCKUX PACMEHUL”,
Mocksa, Poccus

2 Beepoccuiickuil Hay4HO-UccAedo8ameAbCKUl UHCMUMYM
osowesodcmaa - puauas PTEHY «DedepanbHbili HayUHbL
uenmp osouwesodcmaa», 0. Bepes, Pamenckuti patiod, Mock.
06a., Poccus

3 AHO «HHcmumym cmpameeuil pazsumus», Mockea, Poccus

4 ®I'BOY BO «KasaHnckuil 3Hepzemuueckuil yHusepcumem»,
Kaszanb, Poccus

5 ®@TBHY «Bcepoccuiickuli Hay4Ho-uccAedosamenbckuil
uncmumym panca», Jluneuk, Poccus

6 @I'BYH «UHcmumym ¢yHdamenmanbHbix npobaem buoao-
2uu PAH», ITywuro, Mock. 064., Poccus

MpencTaBneHbl pesy/sibTaTbl KOMMIEKCHOrO
nccnenoBaHUS BAUSIHUS UMIY/IbCHOTO
CBeTOBOrro o6/ly4eHUs Ha NpopacTaHue

CeMSsiH, poCT U YPOXXaNHOCTb MUKPO3eIeHU
pacteHun. O6beKTbl UCCNef0BaHNSA —

8 OBOLHbIX, JIEKAPCTBEHHbIX U MAC/IMYHbIX
pacTUTeNbHbIX KYbTYp. BbIABUHYTO
noJsioXeHne o Heo6xoAUMOCTU pa3paboTkn

A depeHLMPOBaHHbIX PEXXUMOB CBETOBOIO
06/1lyueHunsa pacTeHuit (B YacTHOCTH, Nepuoaa
cnepoBaHUA U AJINTE/IbHOCTU UMIYJ/IbCOB).
YCcTaHOBJ/IEHO, YTO BIUSSHWE UMMYJIbCHOO
061y4eHUs B 3HAYNTENIbHOM CTENEHU 3aBUCUT
OT reHeTU4YeCckMUx oco6eHHOCTen 06 beKTOB.
O6HapyxeHbl Hanbonee 6naronpusATHble

M XyAlLuume peXxumbl 06/ly4eHUs Mo CpaBHEHUIO
C TEMHOBbIM NpopalLMBaHUEM AJ1S MOBbILEHUS
YPOXXAMHOCTU pacTeHun. MapameTpbl
dnyopecueHuun xnopoduana pasnnyaroTcs npu
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The results of a comprehensive study of the effect
of pulsed light irradiation on seed germination,
plant growth and green mass yield are presented.
The objects of research included 8 vegetable,
medicinal and oil-bearing plants. A hypothesis
was put forward that it is necessary to develop
differentiated modes of light irradiation of plants
(repetition period and pulse duration). It has been
found that the effect of pulsed irradiation largely
depends on the genetic characteristics of the objects.
The most favorable and worst irradiation regimes
were found in comparison with dark germination
for plant productivity. Chlorophyll fluorescence
parameters differ when exposed to pulsed light in
the second and millisecond ranges. Analysis of the
total antioxidant activity (TAOA) of green mass
(microgreens) also showed significant differences
depending on the genetic nature of the plant.
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06/1y4E€HNN UMNY/ILCHBIM CBETOM B CEKYHAHOM

M MUWIZIMCEKYHOHOM AnanasoHax. AHanus
CYMMapHOW aHTUOKCUAAHTHOM aKTUBHOCTH
(CAOA) 3eneHoi maccbl (MUKpO3eneHun) Takxe
nokasan CylecTBeHHble OT/INYUSA B 3aBUCMMOCTHU
OT reHeTU4eCcKom Npupoabl pacTeHus.

KnioyeBble cnoBa: MMYNbCHLIN CBET, CBETOANOADI,
OUTODOTOHMKA, OBOLLHbIE KYNbTYpPbl, MAaCIUYHbIE
KYNbTypbl, TeKAPCTBEHHbIE paCTEHMS, CEMEHA,
xnopodwunn, dayopecueHLms, pocT U pasBuTue

CTaTbs nonyyeHa: 28.05.2020
MpuHaTa K nybnmkaumm: 10.07.2020

BBEAEHWUE
IIpK HMCKYCCTBEHHOM BBIPAIlMBaHUHK PacTeHHUU B 3aM-
KHYTBIX arpo3KoCHCTeMaX C HCIIO/Ib30BaHHEM CBeTO-
KyJbTypbl PeryJIHpoBaHHe I1apaMeTPOB OCBeIleHHUS
npuobperaer ocobyro 3HauMMOCTh [1-2]. Mmmysbc-
HBIe PEeKMMBI OCBeIlleHH s, [103BOJISIIOINe 3KOHOMHUTD
3/IeKTPOSHEPrui0, yxke NAaBHO IIpPHUBJIeKaIHd BHHMa-
HUe uccienoBarenet [3]. OgHaKO CIOSKHOCTb peaKklini
OTK/IMKA POTOCUHTETHUYECKUX M POCTOBBIX IIPOLIECCOB
pacTeHHUI Ha MMIIYJIbCHOe 0blIydeHHe He I103BOJIKIN
MOJIyYUTh OLHO3HAUHOIO OTBeTa. K TaKOMY BBHIBOAY
MNPUIUIM KaK aBTop GyHAAMeHTaIbHON MOHOIpadpuu
o oTocHHTe3e, U3AAHHOM ellle B 1954 rony [4], Tak
1 aBTOpHI bosee HoBoro o63opa 1980 roga [5]. C momo-
IIPI0 COBPeMEHHBIX METOOUK OBLJIO YCTAaHOBIIEHO,
YTO peaklMOHHBble LIEHTPHI JIMCTbEB PAaCTEeHUH CIIO-
COOHBI ITOITIOMATH M 3aIIacaTh SHEPIHIO OT MUMITYJIbCOB
CBeTa JIMTEJBHOCTBIO Iopsaaka 100 MKC M Kopoue,
a 3aTeM HKCIIO/Ib30BaTh ee MJIsI TPAHCIIOPTA 3/1eKTPO-
HOB B 3/IeKTPOHTpPaHCHOpPTHOH Lenu (3TL]) B Teue-
HHe TeMHOBOH IIay3bl MeXAY HMIIyIbCaMH. BbICKa-
3aHO IIpeAIosIokKeHHe, YTO Iofjavua CBeTa KOPOTKHMHU
HMIIyIbCAaMH BBICOKOM HHTEHCHUBHOCTH B IIepH-
OIbI aKTHBALIUM CBETOIIOIVIOMIAONINX KOMILJIEKCOB
U BBIKJIIOYEHHe CBeTa B IePHUOAbl X MHAKTHUBALIUU
CMOTYT YIOBJIETBOPUTb 3HepreTHdecKkHe IO0TpebHO-
CTH y psifia 3e/IeHHBIX KY/IbTyp IIPH OTHOCHUTEIbHO
HeBBICOKHMX 3HAueHHX ycpenHeHHou IIII®. Beuiu
Io/lydeHbl JaHHbBIE, CBUAETENbCTBYIOMINE O TOM, YTO
CBET, HaIpaB/IsieMbl Ha IIOCeB PacTeHHH B KOPOT-
KUX MHTEHCHUBHBIX HMITyIbCaX, obecreunBan 6osee
BBICOKYIO KBAHTOBYIO 3pGeKTHBHOCTh POTOCUCTEMBI 11
U IIPOAYKTUBHOCTH PAaCTeHUI 110 CPAaBHEHHUIO C Hellpe-
PBIBHBIM CBETOM [6].

OOHAaKO IpaKTH4YecKasi IpoBepKa HMITYIbCHBIX
obnydateneil B PacTeHHEBOACTBe IIOKa3ana, YTO
OHHM MOTYT OKa3blBaThb KaKk CTHMY/IHpYIOIlee, TaK

=

INTRODUCTION

When artificially growing plants in closed agroecosys-
tems using photoculture, the regulation of lighting
parameters becomes especially important [1-2]. Pulsed
lighting modes, which allow saving energy, have long
attracted the attention of researchers [3]. However,
the complexity of the response of the photosynthetic
and growth processes of plants to pulsed irradiation
did not allow obtaining an unambiguous answer.
This conclusion was reached both by the author of a
fundamental monograph on photosynthesis, pub-
lished back in 1954 [4], and by the authors of a newer
review in 1980 [5]. Using modern techniques, it was
found that reaction centers are capable of absorbing
and storing energy from light pulses with a duration
of about 100 ps and shorter, and then use it for the
transport of electrons in the electron transport chain
(ETC) during the dark pause between pulses. It has
been suggested that the supply of light with short
high-intensity pulses during the periods of activa-
tion of light-absorbing complexes and turning off the
light during periods of their inactivation will be able
to satisfy the energy needs of a number of green crops
with relatively low values of the averaged PFD (pho-
ton flux density). Data were obtained indicating that
light directed to plant sowing in short intense pulses
provided a higher quantum efficiency of photosystem
II and plant productivity compared to continuous
light [6].

However, practical testing of pulsed irradiators in
crop production has shown that they can have both
stimulating and depressing effects. Practitioners have
found that changing the constant illumination mode
to a pulsed one (conditions: 2 ps - darkness, 4 ps -
light, spectral ratio red light/blue light - RL/BL 2.3:1)
at low (160 pmol m™s™) the photon flux density does
not cause changes in the rate of photosynthesis and
water-retention capacity of leaves. The pulse mode in
the variant with volumetric illumination through-
out the entire growing season of tomato plants led
to a decrease in the growth and development of
plants, which ultimately does not allow reaching
the levels of productivity obtained with constant illu-
mination. In another study, it was shown that at
400 pmol m™s, pulsed light inhibited plant growth
as compared to continuous radiation, especially when
the pulse repetition period was lengthened above 350
pHs. However, at an average irradiation level of about
500 pmol m2s, the dry weight of the crop was higher
under pulsed illumination. The nature of the effect of
pulsed illumination on plants significantly depended
on the duration of the pulse repetition period. With
pulsed light with a pulse repetition period of more
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U yrHeTamollee AeicTBHe. [IpakTHKaMHU ObIIO ycTa-
HOBJIEHO, YTO CMeHa IIOCTOSHHOIO PeXHMa OCBe-
IeHUs Ha HMMIIYIbCHBIN (YCIOBHUSI: 2 MKC - TeM-
HOTa, 4 MKC - CBeT, CIIeKTPaJIbHOe COOTHOIIeHHe
KpacHBIM cBeT/cuHUM cBeT - KC/CC 2,3:1) mpu HU3-
kot (160 MKMoOIB M2cl) MJIOTHOCTH ITOTOKA (POTO-
HOB He BBI3bIBAeT H3MeHeHHUM CKOPOCTH (QOTOCHH-
Te3a U BOJOYJEepPKUBAIOILIEN CIIOCOOHOCTH JIMCThEB.
MIMITyZIbCHBIM PeXXHUM B BapHaHTe ¢ 06beMHBIM OCBe-
[leHMeM Ha IIPOTSsKeHHH BCero Ileproja BereTaluu
pacTeHHH TOMAaTa IPUBOLMI K CHIDKeHHIO TEeMIIOB
POCTa U PasBUTHS pacTeHHH, YTO B UTOre He I103BO-
7sleT JOCTUTHYTb YPOBHeH IPOAYKTHBHOCTH, IIOJY-
YaeMBbIX IIPH IIOCTOSHHOM OCBeLleHHH. B apyrom
HCC/IeIOBAHHU U TTI0KA3aHO, YTO IpU 400 MKMOJIb M 2C!
VMIMITYJIbCHBIM CBeT MHIHUOUPOBAT POCT PACTeHHUH II0
CPaBHEHHIO C HEIIPepPBIBHBIM H3/IyueHHeM, 0COOeHHO
IIpU YAJIMHEHWH IIephofa Clef0BaHHS HMIIYILCOB
cBblme 350 MKC. OgHAKO IIPU YPOBHe CpefiHer 06y-
YeHHOCTH 0KoJI0 500 MKMoIb M2c! cyxas macca pac-
TeHUN ObUIAa BBIIIE IIPU HMMIIYJIBCHOM OCBeIlleHHH.
XapaKTep BO3[eHCTBUS UMITYJIbCHOIO OCBEIleHHS Ha
pacTeHHs CyIIeCTBeHHO 3aBMCe OT IJIMTeIbHOCTH
[epyoJa Cjaef0BaHUS HMIIYIbCOB. I[IpU HMMIIY/IbC-
HOM CBeTe IIPH JJIMTe/IbHOCTH IIepHofa Clef0BaHUs
HMMIIY/JIbCOB CBbIIIe 450 MKC IIPOAYKTHBHOCTb pacTe-
HUM Oblla BbIIIe, YeM IIPHU MCIIOIb30BAaHHUM HeIlpe-
priBHOro cBera. Ho mpu 3sHadyeHHsX MeHee 400 MKC
HMIIYJIbCHOE OCBellleHHe HeraTUBHO BJIMSJIO Ha POCT
pacTeHHUH.

AHanu3 omy6JIMKOBAaHHBIX MaTepHaloB IIOKa-
337, 4TO HeobXOAMMBl JalbHeMINHe HCCIeJoBaHMS
HMMIIYJIbCHOTO O6IyYeHHMs C LIeJIbI0 JIYYIIero IOHH-
MaHHSI MeXaHH3MOB ero BO3/eHCTBUS Ha pacTeHHS.
B 4acTHOCTH, IpakTHYeCKH He H3ydeHa peaKLHs
pacTeHHUH B TeHeTH4YeCKOM acIlekTe, He OCYILecT-
BJIeH CHCTeMaTH4eCKUI CKPUHUHT 110 PoJaM, BUIaAM
H COpTaM CeJIbCKOXO3SHCTBEHHBIX pacTeHHI. Ode-
BUJHO TaKKe, 4YTO OTBeTHAasd peaKkUHsd PpacTeHHH
MOXXeT OBITh CBSI3aHA C H3MeHEeHHEeM PeXKHMOB
MMIIYJIbCHOTO CBeTa. OOHUM M3 BaKHBIX MOMEHTOB
SIBJISIeTCS TaKKe OlleHKa aHTHUOKCHIAHTHOM aKTHBHO-
CTH KaK BO3MOXKHOT'O MapKepa M3MeHeHHs MeTabou-
YeCKMX IIPOLIeCCOB B paCTeHMAX IIPU CTpecce, B 4acT-
HOCTH INPHU H3MeHeHHH YCJIOBUH cpefbl OOUTaHUS,
B TOM 4YHCJIe peskhMa ocBelneHus [7, 8]. H3BecTHo,
YTO IPU MHHULHMALMMK CTPeCCOPaMH 3aIUTHBIX peak-
LHH [POMUCXOOUT HM3MeHeHHe COCTaBa MU CoJepsKa-
HUSI MeTaboJIHMTOB aHTHUOKCHIAHTHOIO MeTabomoMma.
YCTOMYHUBOCTh PacTeHUM K OMOTHYECKHMM K abuoTH-
YecKMM CTpeccaM MoOyKeT OBbITb CBsI3aHa C HaKoOILIe-
HHeM 6HOI0rMYecKH aKTHBHBIX BEIIECTB C aHTHOKCH-
IAHTHOM aKTUBHOCTHIO [9,10].
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than 450 ps, the inoculation productivity was higher
than with continuous light. However, at values less
than 400 ps, pulsed illumination negatively affected
plant growth.

The analysis showed that further studies of pulsed
irradiation are needed in order to better understand
the mechanisms of its effect on plants. In particular,
the reaction of plants in the genetic aspect has not
been practically studied, systematic screening by
genera, species and varieties of agricultural plants
has not been carried out. It is also obvious that the
plant response can be associated with a change in
pulsed light modes. One of the important points is
also the assessment of antioxidant activity as a pos-
sible marker of changes in metabolic processes in
plants with changes in environmental conditions,
including the lighting regime [7, 8]. It is known that
when stressors initiate defense reactions, the compo-
sition and content of metabolites of the antioxidant
metabolome change. Plant resistance to biotic and
abiotic stresses may be associated with the accumu-
lation of biologically active substances with antioxi-
dant activity [9, 10].

In previous works [11-18], we studied the effect
of pulsed irradiation modes on seed germination of
a number of crops (germination, biometric param-
eters of seedlings and total antioxidant activity).
This work continues this line of research. The aim
of the research was to study the effect of a pulsed
irradiation regime of plants of different species on
the parameters of the photosynthetic apparatus, as
well as growth processes when they are grown under
controlled conditions of the agrobiotechnological
system.

MATERIALS AND METHODS

The experiment was carried out in an ISR1.01 syn-
ergotron designed by the Institute for Development
Strategies (Fig. 1, 2). Seeds were sown in Petri dishes
with a mineral wool substrate, 25-50 pcs. in a dish,
3 times repetition. Temperature 24-25 °C. Sowing
area included 9 cm Petri dishes with an area of 63.6
cm?.

The objects of research are seeds and sprouts of
some vegetable, medicinal and oil-bearing crops:
“Yubileiny” radish, salad mustard “Mei Lin”, ama-
ranth “Lipetskiy”, ramtil “Lipchanin”, calendula, car-
away seeds, fenugreek and Moldavian snakehead.

Polychrome phyto-lamps (produced by ANO “Insti-
tute for Development Strategies”) were used as
LED lighting. The ratio of the spectra in all experi-
ments: red 640 nm - 61.6%, blue 440 nm - 23.8%,
green 520-530 nm - 6%, far red 740 nm - 7.2%, UV
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B mpeabIaymux pa60Tax [11-18] HaMH HCC/IeLO0BaHO
BIIMSIHHE PeKHMMOB HUMITYIbCHOIO 0bJIyueHus Ha IIpo-
pacTaHHe ceMSIH psfa JeKapCTBeHHBIX, OBOILIHBIX
M MaCTHYHBIX Ky/IbTYpP (BCXOXKeCTh, bOMeTpHUYeCcKHe
IIOKa3aTeIu CeAHIIeB U CyMMapHas aHTHOKCUIAHT-
Hasl aKTHUBHOCTH). Hactosmas paboTa mIpomosskaeT
JAaHHOe HallpaB/leHHe KCCIefoBaHUM. llenbio mccie-
NOBaHHUI CTalo H3ydyeHHe [AEeHCTBUS HMIIYIbCHOTO
peskuMa obnydeHMs PacTeHHH pasHBIX BHIOB Ha
rmapameTphl POTOCHHTETHYECKOIO allllaparta, a TakKe
POCTOBBIE IIPOLIECCHL IIPU UX BRIPAIIKMBAHUU B KOHTPO-
JTUPyeMBIX yCJIOBUSIX arpo6HOTeXHOCHCTEMBI.

MATEPUAJIbl N METO/1 bl

DKCIIepUMEHTEI IIPOBeIeHbl B CHHeprorpoxne MCP 1.01
KOHCTPYKUMH AHO «HMHCTUTYT CTpaTeruy pa3BUTHI»
(puc. 1, 2). TloceB ceMsiH IIPOBOAMUIHK B YaIIKU IleTpu
C MOAJIOKKOKM MHHEepaJlbHOM BaThl, Mo 25-50 MIT.
B YalIKy, 3-KpaTHas IIOBTOPHOCTh. TeMIieparypa
24-25 °C. Ilnowmaab rmoceBa — 9-CaHTUMETPOBEIe YaIIKH
IleTpu iomanpio 63,6 cM2.

O6BeKTHI MCCTIeJOBAHUI - CeMeHa U POCTKHU HeKO-
TOPBIX OBOLIHBIX, JIEKAPCTBEHHBIX M MaC/IHYHBIX
Ky/IbTYp: penuca «FOOMIerHbIN», TOPYUIIBI CATaTHOM
«Memn JIuH», amMapaHTa «JIUIeLKUI», Hyra abuccuu-
CKOro «JIMIMYaHUH?, KaJIeHAY/Ibl, TMHHA, IMaKUTHHUKA
Y 3MeeroJIOBHHKA MOJIIABCKOrO.

B KauecTBe CBETOAMOJHOIO OCBEIeHUS HCII0/Ib30-
BaHBbl IIOJIMXPOMHBIe (QUTOCBETHUIBHHUKU (IIPOM3BOL-
cTBo AHO «HIHCTUTYT CTpaTeryil pa3BUTHs»). COOTHO-
IIeHHe CIIeKTPOB BO BCeX 3KCIIePHMeHTaX: KpacHBIH
640 HM - 61,6%, cuHul 440 HM - 23,8%, 3e/IeHBIH
520-530 HM - 6%, JaJIBHHUM KpacHbIM 740 HM —7,2%, YO
380 HM - 1,5%. IIpOTOKOJ CIIeKTPajIbHBIX XapaKTepH-
CTUK CBETH/IBHHUKOB B CcHHeprorpore KMCP 1.01 mpu-
BelleH Ha pucC. 3.

JOIIOTHUTEBHO M3y4Ya/d BapHaHT IIpopallyBa-
HMSI CeMSIH B TeMHOTe ~ 3T0 OCHOBHOM BapHUaHT, IIpef-
nuckiBaeMbIil TpeboBaHusiMu [OCT 12038-84 Ha 11po-
pallyBaHHe CeMSH Ce/bCKOXO3SHCTBeHHBIX KYIBTYP.
VMIHTeHCHUBHOCTb OCBeIlleHHS Ha YpOBHE II0BEpPXHO-
CTU CeMSsIH: NTMKOBasl (B IepHo[ JeHCTBHS HMITYJIbCA)
265 MKMOJb M2C!, ycpemHeHHas I10 BpeMeHH pa3iiu-
YJaeTcsl B PasHBIX KCIIEPUMeHTax (CM. HEKe).

Bcero mpoBemeHO 3 BapHaHTa 3KCIEPHUMEH-
TOB C Pa3’HBIMHU PeKHMMaMH HKMIIYJILCHOIO OCBele-
HHUS U1 8 CeJIbCKOXO3SIMCTBEHHBIX KYJIBTYP OBOIL-
HOT'0, MAaC/IHMYHOIO U JIeKaPCTBEHHOTO HaIlpaBleHUH
KCIIO/Ib30BaHUS:

*  PeXHUMBI UMITyIbCHOTO 061ydenus 1/3 ¢, 1/3 mc-

yCpemHeHHasl 110 BpeMeHH MHTeHCHUBHOCTH 061y~
4yeHUd 66,3 MKMOJIb M2CL;

i g

380 nm - 1.5%. The protocol of the spectral character-
istics of the luminaires in the ISR1.01 synergotron is
shown in Fig. 3.

Moreover, we studied the option of germinating
seeds in the dark, this is the main option prescribed
by the GOST requirements for germinating seeds of
agricultural crops. The intensity of illumination at
the level of the seed surface: peak (during the period
of the pulse) 265 pM/m?s, averaged over time, differs
in different experiments (see below).

In total, 3 variants of experiments with different
modes of pulsed illumination were carried out for 8
agricultural crops of vegetable, oilseed and medicinal
uses:

« modes of pulsed irradiation 1/3 s, 1/3 ms - time-

averaged irradiation intensity of 66.3 pM/m?-s;

« mode 1/2 s - time-averaged irradiation intensity

of 88.3 pM/m?-s;

Puc. 1. CuHepzompoH (Modenb 1.01, npou3eodcmao

AHO «MHcmumym cmpamezuti pazgumus», Mockea)

Fig. 1. Synergotron (model 1.01, by ANO «Institute for Devel-
opment Strategies, Moscow)
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*  PpexxuM 1/2 ¢ - ycpefHeHHas 10 BpeMeHH MHTeH-
CHUBHOCTB 0671y4ueHHs 88,3 MKMOJIb M 2CL;

* pexxuM 1/1 ¢ - ycpefHeHHas 110 BpeMeHU HHTeH-
CHBHOCTB 06/1yueHHUs 132,5 MKMOIb M2C L.

O6osHaueHHe 1/3 C COOTBETCTBYET PEXKUMY:
1 ceryHAa — IJINTEIBHOCTD UCITYCKAHM S CBETA CBETONH-
0JI0M, 3 CeKYH[IBI — JJIUTe/IbHOCTh TEMHOIO IIepHUOAa;
obo3HaueHHe 1/3 MC COOTBETCTBYeT pesKUMY: 1 MUIH-
CeKyHZa - IJIMTEe/IbHOCTh MCIIYCKAaHUS CBETa CBETO-
OUOLOM, 3 MH/IMCEKYHIbl — JJIMTe/IbHOCTH TeMHOIO
mepuona; u T.[. OcBellleHHe B TAKOM PeXHMe 6bLI0
KPYTJIOCYTOYHBIM, T. €. 24 yaca B CyTKH.

DHepruio MpOpacTaHUS K BCXOXKeCThb OIlpelesisiv
cornacHo ['OCT12038-84 ¢ M3MeHEHHUSIMH — BMeCTO
GUIBTPOBANIBHON OyMaru MCIIOIB30BAIM IOAJIOXKKY
M3 MHUHePaJIbHOH BaTbl. CyMMapHYIO aHTHOKCHUAAHT-
HyI0 aKTHUBHOCTb (CAOA) ompele/siiu KyJTOHOMETpPU-
YeCKMM MeTOJIOM C HCIIO/Ib30BAHHEM 3JIeKTporeHepa-
LMY pafukaaoB 6poma. IIpobbl aHAIM3UPOBAIN Ha
KyloHOMeTpe «3Jkcrepr-006» (OO0 «DKOHHUKC-
9Kcmepr», Poccusi) MO CepTUPHULMPOBAHHOK HaMU
MeTofuKe [19]. DnekTporeHepaIuio paguKaaoB 6poma
ocymiecTBasIM u3 0,2 M pacTBopa Kanus 6poMuma
B 0,1 M BOZHOM PacTBOpPe KHC/IOThI CEPHOU IIPH [10CTO-
SIHHOI cule Toka 100,0 MA. B 9/1eKTpPOIUTHYECKYIO
s9erKy BBOAMIM 30 M1 QOHOBOrO pacTBOpa M, IIpHU
JOOCTHKeHUH MHAMKATOPHBIM TOKOM OIIpele/leHHOrO
3HA4YeHHUs, JIMKBOTY BOJHOIO 3KCTpaKTa HcCIenye-
Moro obpasua obvemom 0,200-0,500 cm3. Ompenene-
HHe [IPOBOJU/IM NPHU KOMHATHOU TeMiepatype. CyTb
usMmepeHust CAOA 3aK/II04YaeTcs B TOM, UTO B U3MepH-
TeJIbHOU sS4elKe IIoJ, JeHMCTBHeM 3JIeKTPHUUYeCcKOro
TOKa TeHePUPYIOTCS pajMKalbl, B JaHHOM Clydae
6p01vla: Br', Br;, Br,; akTUBHBIe GOopMEI KHUCI0poza: O;,
HO;, OH', H,0,,'0,; HOBr. I[Ipu BBejleHUU B U3MEPH-
TeJIBHYIO STUelKy 5 CM3 BOZHBIX 3KCTPAKTOB PACTUTE/Ib
HBIX 00pa3LioB OHHU pearyupyioT C paguKkalaMu, a IpH-
6op BBIJaeT KOJAHUYECTBeHHBIe  COJepKaHHS
AHTHOKCH/IAHTOB, KOTOPbIe CTaTUCTUYeCKH 06pabaThl-
BaIOTCS M 3aHOCATCH B IaMATh I1€PCOHAJIBHOIO KOM-
IIbIOTepa B BHUAe TabmUIlbl 3HaueHUH. [Ipubop Kanu-
6poBasu CIHMPTOBBIM PAacTBOPOM POCCHEIICKOIO
cTafpaprtHoro obpasma (PCO) pytuHa [20], mpyuroros-
JIEHHOTO II0 AeHCTByoIel I'ocyaapcTBeHHOM dapma-
Koree XI usmanus [21]. CAOA BbIpa>kaslu B T CTAaHAAPT-
Horo obpasua pyruHa (Ru) Ha 100 r obpasua Ha Cyxomn
(c.0.) unu abconoTHO CyxoH (a.c.o.) obpasew. CTaTu-
cTH4YecKasi 06paboTka I0NyuyeHHBIX Pe3yIbTaTOB IIPO-
BelleHa uepe3 MofJa/lbHOe 3HaueHHe (Momy) u3 10
orpeseneHUI [22], oTHOCUTeNbHAS OMIMOKA OIlpeserne-
Huss CAOA mHccilemgoBaHHBIX o6pa3u013 pacTeHHUH
(E OTH.) Haxo[HWIaCh B IIpenenax 1,34-3,25%.
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Puc. 2.
8-nonoyHas
Kamepa cuHep-
20MpoHa
(modenb 1.0,
npou3eo0cmeo
AHO «/IHcmumym
cmpamezuli
passumus»,
Mockaa)

Fig. 2.

8-shelf
chamber of the
synergotron
(model 1.01,
produced by
ANO «Institute
for Development
Strategies»,
Moscow,)

« mode 1/1 s - time-averaged irradiation intensity
0f132.5 uM/m?-s,

The 1/3 s designation corresponds to the mode:
1 second - duration of light emission by the LED, 3 sec-
onds - duration of the dark period; the 1/3 ms designa-
tion corresponds to the mode: 1 millisecond - duration
of light emission by the LED, 3 milliseconds - duration
of the dark period; etc. Lighting in this mode was
around the clock, i.e. 24 hours a day.

Cermination energy and germination were deter-
mined according to GOST 12038-84. The total antioxi-
dant activity (TAOA) was determined by the coulo-
metric method using the electric generation of
bromine radicals. The samples were analyzed on an
Expert-006 coulometer (by Econix-Expert LLC, Russia)
according to our certified method [19]. The electric
generation of bromine radicals was carried out from a
0.2 M solution of potassium bromide in a 0.1 M aque-
ous solution of sulfuric acid at a constant current of
100.0 mA. 30 ml of the background solution was
introduced into the electrolytic cell, and when the
indicator current reached a certain value, an aliquot
of the water extract of the test sample with a volume
of 0.200-0.500 cm?. The determination was carried
out at room temperature. The essence of TAOA mea-
surement is that radicals are generated in the mea-
suring cell under the action of an electric current, in
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dryopeclieHIIMIO XI0podHUIa
B JIMCTBSIX PAacTeHHH IIOC/Ie BO3-
JOeUCTBUS HMMIIYJIBCHOTO OCBe-
IIeHHsl OIpeNe/syii C IIOMOIIBIO
I[TAM-¢nyopumeTpa.

PE3YJIbTATblI U X
OBCYXAEHUE
JKcnepumMeHT 1.

CeKyHAHbIN

n MVIHHVICEK\/HAHbIIZ
Anana3oHbl UMNYJIbCHOIo
ocBeweHus (1/3 ¢, 1/3 mc)
IIpuBegeHHbBIE Ha pHC. 4 [OaH-
Hble II0KAa3bIBAIOT, YTO BIIHSHHE
MIMITyJIbCHOTO OOJIyuyeHHs B 3Ha-
YUTEIBHON CTENEeHU 3aBUCUT OT
reHeTUYeCKUX ocobeHHOCTeN 00b-
exkta. CTUMYJISILUS IIPOPACTaHMUS
CeMSH IIO[ BIAHSHHEM HKMIIYIbC-
Horo obny4ueHHs 1/3 ¢ xapakTepHa
IUIsL TaKHUX KYJIBTYpP, KaK 3Meero-
JOBHUK U KajJeHAyjla, OTpHLa-
TeJIbHOE BJIUSIHHE MMIIYJIbCHOTO
obnydeHUs] - ISl TMHHA U TOp-
gyuusl. [lo pemmcy, MaKUTHUKY,
aMapaHTy M HYIy 3aMeTHBIX pas-

MauinTes

H CIE1837

B Cnexip

o B Caodcrea
JMYMH He Hab/Ioaanoch. e
CpaBHeHue cekyHAHOro (1/3c) u i Lhak
Tirm ( Bm

MuUIHceKyHAHOro (1/3 Mc) mua-
[1a30Ha HMIIYJIbCHOTO 06IydeHus
[I0Ka3a/io, 4YTO B LIEJIOM CEeKYHJ-
HBIM [Halla3oH Jydlle IepeHo-
CUTCSL PaCTeHUSIMH, OCOOEHHO II0
KyJAbTypaM aMapaHT 4 HyT. Ilo
OPYTHM KyJIbTypaM 3Heprusl Ipo-
PacTaHUs IPH Pa3sHbIX peXKHMax
0brydeHHST OTAMYAeTCSL Hecylle-
CTBEHHO, a IIO0 3MeeroJIOBHUKY
oTMe4yeH 39PeKT CTUMYISALHU
II0J, BO37,eKCTBHEM MHMJLIHCEKYH]-
HOTO HKMIIY/IIBCHOTO O061y4eHus

B Visopuayin
Noassaastens: Sinsrgotron

Mogess Fo ; PGI0CH
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Puc. 3. [Tpomokon ucneimarutl cnempa c6emuAbHUKOS CUHEP20MPOHA

(modenb 1.01, npouzsodcmeo AHO «Hcmumym cmpamezull pazsumus», Mockea)
Fig. 3. Test report for the spectrum of synergotron lamps (model 1.01, produced by
ANO «Institute for Development Strategies», Moscow)
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(Ha10,7%).

CTUMynHpyollee BIMUSHUE HMIIYJIbCHOTO 06yye-
HHS B CEKYHIHOM AHarasoHe 1/3 ¢ mIposBUIOCh TOTBKO
AJ1s. KaslleHAy bl (yBellMUeHKe SHePruu IPOpacTaHMs
ceMsiH Ha 8,9%) u Hyry (yBelM4YeHHe SHEPTUH IIPO-
pacTaHusd ceMsiH Ha 4,2%). Ilo APYrMM Ky/JabTypaM
oTMedeH 3PeKT CHMKeHHS BCXOXecTH (Haubosee
CHJIBHO II0 KY/JIBTYypPaM TMHKH, 3MEETro/JIOBHHK, ama-
PaHT). MHIIMCeKYHAHBIN [IHala30H HMIIYJIbCHOTO
obnydeHus 1/3 Mc okasajcs Heb6TarompUSTHBIM /IS
aMapaHTa M Hyra, II0 APYrUM KyJIbTypaM Ppe3KHX

this case bromine: Br, Br;, Br,; reactive oxygen spe-
cies: O;, HO;, OH', H,0,,'0,; HOBr. When 5 cm? of
aqueous extracts of plant samples are introduced into
the measuring cell, they react with radicals, and the
device gives out quantitative contents of antioxi-
dants, which are statistically processed and entered
into the memory of a personal computer in the form
of a table of values. The device was calibrated with an
alcohol solution of the Russian standard sample (RSS)
of rutin [20] prepared according to the current State
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OT/IMYUI I10 CPAaBHEHHUIO C 1/3 ¢ He yCTaHOB/IEHO KaK
I10 SHEPrHUU MPOpacTaHus (pUC. 4), TaK U 10 BCXOXKe-
CTH CeMSIH MCC/IeJOBAHHBIX KYIBTYp (pHUC. 5).

IIpy TeMHOBOM IpOpPallMBaHUU (OPMHUPYIOTCS
3TUOJMPOBAaHHBIe, BBITSHYBIIMeCS pacTeHUs, PoTO-
CHUHTe3a He IPOUCXOOUT. IIpKM HMIIyJIbCHOM OCBe-
meHUH 1/3 ¢ GOpMHUPYIOTCS IPOINOPLHUOHAIBHO
pas3BHTEIe pacTeHHUs. B sKcIepHMeHTe IO OONBIIMH-
CTBY Ky/IbTYp IIPOSIBUJIOCH 3aMeTHOe OTCTaBaHHe II0
BBICOTE PaCTeHUH, BbIPAIleHHBIX B MU/UIMCEKYHTHOM
nuarasoHe 1/3 mc mo cpaBHeHHIO ¢ 1/3 ¢ (puc. 6).
YCTOMYMBOCTh K Heb6IaronpHUsSTHOMY BO3/eHCTBUIO
HMITYJIBCHOTO H3/1y4eHHs B MHJUIMCeKYHIHOM [Ha-
[la30He IIPOSIBUIM TOJNBKO PpeIuC MU IaKUTHHUK,
B MeHbIlIeH CTelleHH TOPYHIla, y KOTOPBIX BBICOTA
POCTKOB ITPH Pa3HBIX Pe’KMMax OCBellleHHs 0Ka3alach
COITOCTAaBHMOM.

OpHUM K3 Haubosee BaKHBIX KPUTEpPHEB OLIEHKH
BO3/IeFICTBUSI KMITY/IbCHOTO 06/1ydeHHs sIB/IsieTCst 61o-
Macca pacTeHHH. HecMOTps Ha 3HaYUTeIbHOE IIpeBbI-
IIeHHe 10 BBICOTe PACTeHUH B TeMHOBOM BapHaHTe,
rx 6Momacca He yBeJIMYMBa/lIach MPOIOPIHOHAIBHO
pocty. ITo 6OTBIIMHCTBY KY/IBTYP MaKCHMaIbHasI 610-
Macca Habmromanace IMPU HMIIYJIBCHOM OCBEIleHHH
B pexxuMe 1/3 c (puc. 7). OLHaAKO PasIHUUUs MeXIy
BapHaHTaMH UMIIYJIbCHOI'O OCBellleHHs He BhIPasKeHbl
TaK pe3Ko, KaK pas3/H4HUs 10 BBICOTe pacTeHHM. Bepo-
ATHO, IIPH OCBelleHHH 1/3 MC GOPMHUPYIOTCA pacTe-
HHS C MHOH MOP)OIOrHYecKoM CTPYKTYPOHM — MeHb-
IIKe [0 BBICOTe, HO He CH/IBHO OTIHYAlOIIHecs II0
6romacce IO CpaBHEHMIO C PACTEeHUSMH, BbIpalleH-
HBIMU IIpU 1/3 c.

KoHeuHBIH XO3SMCTBEeHHO LIeHHBINM II0Ka3aTeslb
350$eKTUBHOCTH BHIPALIMBAaHHUS PAacCTeHHUH - yPpo-
>KaMHOCTb. 110 JTaHHOMY IIOKa3aTe/ll0 TaKKe IIPOSIBH-
JIUCh 3HAUHTelbHble IeHeTHUYeCKHe OTIHYHUs. IIpu
BBIPAIIMBAHUM B pesKHMe HMITYJIbCHOrO 061ydeHUs
B CeKyHIHOM JuamasoHe 1/3 ¢ yposkallHOCTb 3ejle-
HOM Macchl (MHKPO3€e/IeHH) KaJIeHAy/Ibl K MasKUTHUKA
IIOBBICK/IACh B [IBA Pa3a U Oosee 110 CpaBHEHHUIO C TeM-
HOBBIM IIpOpallMBaHHeM, TMHHA, 3MeerojoBHHKa,
penmca u Hyra - 6onsme Ha 10-28% (puc. 8). B To ke
BpeMsl YPOSKaMHOCTb MHKpO3e/leHH TOPYHLIBl CHU3U-
J1ach Ha 16%, aMapaHTa - Ha 26%.

Y BCex MCCIelOBAaHHBIX B 3KCIIePHMEHTe JeKap-
CTBEHHBIX M 3HPOMACTHUYHBIX PACTEHHUI YPOSKaM-
HOCTb OKa3a/ach BbIIe IIPH BhIPAIIMBAaHUK B MHII-
JTHCEeKYHIHOM PpeXHMe HMIIYIbCHOIO OCBeIleHHSs
1/3 Mc 10 CpaBHEHMIO C CeKyHAHBIM 1/3 c. B To e
BpeMs 10 OBOIHBIM U MaC/IMYHBIM KyJIbTypaM Xapak-
TepHa Jpyrasi 3aKOHOMEPHOCTb ~ YPOSKaHHOCTb pefirica
1 aMapaHTa II0YTH B [iBa pa3a bosnblie pu 1/3 ¢, yem
1/3 Mc. YpOsKaMHOCTh MHUKPO3€/IeHH HyTa U TOPYUIIbI
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Pharmacopoeia, XI edition [21]. The TAOA was
expressed in g of a standard sample of rutin (Ru) per
100 g of a sample per dry (d.s.) or completely dry
(c.d.s.)sample. Statistical processing of the obtained
results was carried out through the modal value
(mode) of 10 determinations [22], the relative error in
determining the TAOA of the investigated water sam-
ples (E rel.) according to Table 1. was in the range of
1.34-3.25%.

Chlorophyll fluorescence in plant leaves after expo-
sure to pulsed illumination was determined using a
PAM fluorometer.

RESULTS AND DISCUSSION

Experiment 1.

Second and millisecond ranges

of pulsed illumination (1/3s,1/3 ms)

The data given in Fig. 4 show that the effect of pulsed
irradiation is highly dependent on the genetic char-
acteristics of the object. Stimulation of seed ger-
mination under the influence of pulsed irradiation
of 1/3 s is typical for crops such as snakehead and
calendula, the negative effect of pulsed irradiation is
for caraway and mustard. No significant differences
were observed for radish, fenugreek, amaranth and
ramtil.

Comparison of the second (1/3 s) and millisecond
(1/3 ms) ranges of pulsed irradiation showed that,
in general, the second range is better tolerated by
plants, especially in amaranth and ramtil crops. For
other crops, the germination energy under differ-
ent irradiation regimes does not differ significantly,
and for the snakehead, the effect of stimulation
under the influence of millisecond pulsed irradiation
(by 10.7%) was noted.

The stimulating effect of pulsed irradiation in the
second range of 1/3 s was manifested only in calen-
dula (an increase in seed germination energy by 8.9%)
and ramtil (an increase in seed germination energy
by 4.2%). For other crops, the effect of decreasing ger-
mination was noted (the most pronounced for crops
was caraway, snakehead, amaranth). The millisec-
ond range of pulsed irradiation of 1/3 ms turned out
to be unfavorable for amaranth and ramtil; for other
crops, sharp differences in comparison with 1/3 s
were not established both in the germination energy
(Fig. 4) and in the seed germination of the studied
crops (Fig. 5).

With dark germination, etiolated, elongated
plants are formed, photosynthesis does not occur.
Under pulse illumination of 1/3 s, proportionally
developed plants are formed. In the experiment for
most of the crops, there was a noticeable lag in
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TaKKe BBIIIE IIPK UMIIYJIBCHOM O0O/y4eHHUU B CEKYHI-
HOM JHxarna3oHe. TakuM o6pa3oM, XxapaKTep OTBETHOL
peaklMK pacTeHHUH Ha HMITYJIbCHOe 0bydeHle B pas-
HBIX PeKHMax 3aBHUCUT IIpeX[e BCEro OT IeHeTHYe-
CKOF IIPUPOAIBI UCCTIeyeMOoro obbeKTa.

AHaJIM3 CyMMapHOH aHTHOKCHAAHTHOM aKTHBHO-
ctu (CAOA) 3enmeHOM MaccChl (MHUKpO3e/leHH) TakKe
[I0Ka3aJl CyIeCTBeHHbIe OTJIMYMS B 3aBUCHMOCTH OT
reHeTHYeCcKOM NPUPOALl PacTeHHs. MUIIIHCEKYH-
HBIM [HAIla30H HMIIYJIbCHOTO OCBelleHHsl 1/3 Mc
BBI3BIBAI POoCcT CAOA MHKpO3eIeHH TOpPYMIIBI, aMa-
paHTa, 3MeerosoBHUKa (puc. 9). CAOA MUKpO3e/leHU
HyTa M NaKUTHHUKA IIPAKTHYeCKH He MeHS/Iach IIpU
Pa3HBIX pe>KMMaxX UMIIYJILCHOIO OCBelLlleHHs. Y pacTe-
HHUU TMHHa, pefHca W KajJeHAy/Ibl CyMMapHas aHTH-
OKCHIAHTHAasg aKTHUBHOCTb B pexkuMe 1/3 Mc, Haobo-
POT, yMEHBIIA/IACh.

Y 6onBIIMHCTBA H3yueHHBIX Kyl1bTyp CAOA Haf-
3eMHOM YacTH IIPH IPOPAIIMBAHUN B TeMHOTe OKa3a-
71I0Cb MEHBIIMM, YeM IIPU MMIIYJI5CHOM OCBeIleHHH.
TonbKo y Hyra B TeMHOBOM BapHaHTe Habmromancs
He3Ha4dHTe/bHBIM IIPHPOCT IoKa3saTens CAOA.

B skcriepuMeHTe ¢ mmoMoiubio ITAM-dnyopumerpa
[IPOBeLIeHO oIlpefeeHHe (GIyopecleHIUH XJI0-
poduna pacTeHHH peluca U Hyra. Y IIPOPOCTKOB
penuca mpu obnydyeHHH B MHJUIMCEKYHIHOM AMara-
30He 1/3 MC 110 CpaBHEHHMIO C CeKyHAHBIM 1/3 ¢ IIOBHI-
IIaeTCsl MaKCHMa/IbHBIF KBAaHTOBBIM BBIXOZ,, TOTAA KaK
10 OCTa/IbHBIM ITapaMeTpaM yopecleHIHH Habro-
naetcs cHIDKeHUe (puc. 10). Y pacTeHHUM HyTa Bo3pac-
TaeT MaKCHMa/IbHBIK KBAHTOBBIM BBIXOJ, U HEPOTOXH-
MHUecKoe TyIIeHHe, a PeaJbHbIF KBAaHTOBBIK BBIXO],
U CKOPOCTb 3/IeKTPOHHOI0 TPAHCIIOPTA CHHUIKAIOTCA.

DKCNepUMeHT 2.

MMnynbcHoe ocBeweHns B pexume 1/2 ¢

M3 H3y4YeHHBIX KYIbBTYpP CTUMYJIALKUSA SHEPIUU IIPO-
pacTaHUs CeMSH IOA BO3JeHCTBUEM MMIIYJIbCHOIO
obnydeHus: B pexkuMe 1/2 ¢ Habniomanack TONBKO
B C/Iydae 3MeerojoBHHKA - Ha 14,7% (puc. 11). Cuib-
HBIF UHTHUOUPYIOMUHN 3)deKT (CHUKeHHe >Hepruu
IpopacTaHus Ha 36,6%) IIPOsIBUIICS [J1s1 CeMeH TMUHA,
CHIKeHHe Ha YpoBHe 5,55% - mis Hyra, 4,5% - mjd
pemuca, u 3,3% - Ojad ropuuubl. [lo cpaBHeHHIO
¢ peskuMoM 1/3 ¢ (puc. 4) oTcyTcTBOBal 3QPeKT CTUMY-
TSALUHN y KaJIeHIyIbl U YMEHBIIH/ICSI OTPHULATelbHBIH
3¢ HEeKT y TOPUMILIBL.

OTmeueHHBIN paHee 3QdeKT CTUMYJISILIMH SHEPruu
[IpOpacTaHus 10 CeMeHaM 3MeeroJIOBHUKA IIPU Oajlb-
HelIleM MPOPAaCcTaHUM CeMsIH MeHsUI IToKa3aTeny Ha
HHIUOUpYyolee BO3IEHCTBHE ~ BCXOXKEeCTh CeMSIH IIPH
HMITYJIbCHOM 0O/y4eHHUH CHIDKaIach Ha 20% I1o cpas-
HeHUIO C TEMHOBBIM IIpopalnuBaHueM (puc. 12). Cuip-

=

height of plants grown in the millisecond range of
1/3 ms compared to 1/3 s (Fig. 6). Only radishes and
fenugreek, and to a lesser extent mustard, in which
the sprout height was comparable under different
illumination conditions, showed resistance to the
adverse effects of pulsed radiation in the millisecond
range.

One of the most important criteria for assessing
the impact of pulsed irradiation is plant biomass.
Despite a significant excess in height of plants in
the dark variant, their biomass did not increase
in proportion to the growth. For most crops, the
maximum biomass was observed under pulsed illu-
mination in the 1/3 s mode (Fig. 7). However, the
differences between the variants of pulsed illumi-
nation are not as pronounced as the differences in
plant height. Probably, under illumination of 1/3 ms,
plants with a different morphological structure are
formed - smaller in height, but not very different in
biomass compared to plants grown at1/3s.

The final economically valuable indicator of the
efficiency of plant growing is yield. This indicator
also showed significant genetic differences. When
grown in the mode of pulsed irradiation in a second
range of 1/3 s, the yield of green mass (microgreens)
of calendula and fenugreek increased twice or more
compared to dark germination, caraway, snakehead,
radish and ramtil - more by 10-28% (Fig. 8). At
the same time, the yield of mustard microgreens
decreased by 16%, amaranth - by 26%.

In all the medicinal and essential oil plants stud-
ied in the experiment, the yield turned out to be
higher when grown in a millisecond mode of pulsed
illumination of 1/3 ms compared to1/3 s. At the same
time, for vegetable and oilseeds, a different pattern
is characteristic - the yield of radish and amaranth
is almost twice as much at 1/3 s, than 1/3 ms. The
yield of microgreens of ramtil and mustard is also
higher with pulsed irradiation in the second range.
Thus, the nature of the response of plants to pulsed
irradiation in different modes depends primarily on
the genetic nature of the object under study.

Analysis of the total antioxidant activity (TAOA)
of green mass (microgreens) also showed significant
differences depending on the genetic nature of the
plant. The millisecond range of pulsed illumina-
tion of 1/3 ms caused an increase in the TAOA of the
microgreens of mustard, amaranth, and snakehead
(Fig. 9). The TAOA of ramtil and fenugreek micro-
greens practically did not change under different
modes of pulsed illumination. In caraway, radish
and calendula plants, the total antioxidant activity
in the 1/3 ms mode, on the contrary, decreased.
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HBIF MHTHO6UPYIOMUI 3ddeKT UMIIYIbCHOTO OCBelle-
HHSI Ha BCXOXKECTb 0CODEHHO XapaKTepeH [JIsl CeMsH
TMHHaA (61,3%), a Takke Hyra (36,5%). BcxoskecThb
CeMSIH OCTaJIbHBIX KYJIBTYp TaKoKe CHHKaJlach IIOCTIe
HMITYJIBCHOTO OCBeIlleHHsI, HO B MeHbIIel CTelleHH.
ITo cpaBHeHHIO ¢ BapruaHToM 1/3 ¢ (puc. 5) oTCyTCTBO-
B/l 3GdeKT CTUMY/ISLIUU BCXOKECTH CeMSH Y KaJleH-
IyJbl M HyTIa.

AHaJIOTUYHO 3KCIIEPUMEHTY 1 B 3KCIIepUMeHTe 2
IIpY TeMHOBOM IIpOpalllMBaHUM Habromanachk 3TH-
ONSLIMSl U BHITSATHBAaHHe POCTKOB pacTeHUH. I[Ipu
HMIIyJIbCHOM OCBellleHUH QOPMUPOBAIUCh HOP-
MaJIBHO Pa3BUTble PACTEeHUs MeHbIIeH BBICOTHI
(puc. 13).

HecMoTpss Ha 3HauYMTe/lbHOe IIpeBbIIIEHHE II0
BBICOTE PacTeHHIH B TEMHOBOM BapHaHTe, 6momacca
He IIOBBIIIAjJIACh IIPOIOPLHMOHAIBHO POCTY. IddexT
HMIIYJIbCHOTO OCBellleHHsI Ha Macce Haf3eMHOM
YaCTU pacTeHHUM II0 CPAaBHEHHIO C TeMHOBBIM IIPO-
palrBaHHeM Hauboslee 3HAUKTENIbHO IIPOSIBUJICS IIO
penucy, KaJleHAy/e U MaKUTHUKY (puc. 14).

Y HeKOTOPBIX Ky/IbTyp (pefuc, KaJeHAy/la U MaskKUT-
HMK) BO3pacTaja YpO>KaMHOCTb HaJ[3eMHOM MacChl —
MUKpO3e/IeHH, TOrJa KaK Y APYTHX KyJAbTYp Jydllast
YPOSKaMHOCTb Habiiomanack B BapHaHTe TeMHOBOIO
npopamuBanus (puc. 15)

Y 60onBHIMHCTBA H3Yy4YeHHBIX KYJIbTYp (FOPUHIIA,
aMapaHT, HYT) CyMMapHasi aHTHOKCUAAHTHAsI aKTHB-
HocTh (CAOA) HazA3eMHOM 4YaCTH IPHU IIpOpalliu-
BaHHHM B TeMHOTe OKa3ajach MeHbIIeH, 4YeM IPU
HMIIY/IbCHOM OcCBellleHUU (pHc. 16). TonpKo y penrica
B TEMHOBOM BapHaHTe Hab/0/1a/Icss HeKOTOPBIK POCT
CAOA.

JKCcnepuMeHT 3.

UMnynbcHoe ocBeweHue B pexume 1/1 ¢
AHAJIOTUYHO 3KCIIEPUMEHTy 2 B 3KCIIepHMeHTe 3
C HCIIONB30BAaHHMEM HMIIYABCHOTO O0OIydeHHUs
1/1 ¢ >ddexT cTUMYIALUU Habnonancsa TOJIBKO
y ceMsiH 3MeeroyioBHUKa (puc. 17). Ilo BceM ocTasb-
HBIM KYJIBTYPaM, 0COOEHHO 10 TMHHY, SHepPIus IIpo-
pacTaHUs B TEMHOBOM BapHaHTe Oblia BHILIE,

[To moKa3aTensM BCXOXKeCTH CeMSIH pe3yilb-
TaThl TakKe CXOXH C JAAaHHBIMH 3KCIIEpHUMeEHTa 2.
[Tocsie mpopacTaHUs CeMSIH IIPH MMITyJIbCHOM OCBe-
meHUU 1/1 ¢ HabmomaeTcsi CHUKEHHe BCXOXKeCTH
ceMSIH TMHHA, 3MEeroJl0BHHKA, Hyra, KaJleHIyJIbl
Y, B MeHbIIe! CTelleHU, NaKUTHUKA, Pefrca U rop-
quusl (puc. 18).

AHaJIOTUYHO 3KCIIepUMeHTaM 1 U 2 B 3KCIepH-
MeHTe 3 IIPM TeMHOBOM IIPOpAIlMBaHUM Habmiomga-
71ach STHONALMS U BBITATHBAHUE pacTeHHUH. IIpu
HMIIYJIbCHOM OCBellleHHUH GOPMHUPOBAIUCh HOP-
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In the majority of the studied cultures, the TAOA
of the aerial part during germination in the dark
turned out to be lower than under pulsed illumina-
tion. Only ramtil in the dark variant showed a slight
increase in the TAOA index.

In the experiment, the fluorescence of chlorophyll
in radish and ramtil plants was determined using
a PAM fluorimeter. In radish seedlings irradiated
in the millisecond range of 1/3 ms, the maximum
quantum yield increases as compared to 1/3 s, while
a decrease is observed in the rest of the fluorescence
parameters (Fig. 10). In ramtil plants, the maximum
quantum yield and non-photochemical quenching
increase, while the actual quantum yield and elec-
tron transport rate decrease.

Experiment 2.

Pulsed illumination in 1/2 s mode

Among the studied cultures, stimulation of seed
germination energy under the influence of pulsed
irradiation in 1/2 s mode was observed only in the
snakehead - by 14.7% (Fig. 11). A strong inhibitory
effect (a decrease in germination energy by 36.6%)
was manifested in caraway seeds, a decrease at the
level of 5.55% - ramtil, 4.5% - radish, 3.3% - mustard.
Compared with the 1/3 s regimen (Fig. 4), there was
no stimulation effect in calendula and a decrease in
the negative effect in mustard.

The previously noted effect of stimulating the
germination energy by the seeds of the snakehead
was lost with further germination of the seeds -
the germination of seeds under pulsed irradiation
decreased by 20% compared with dark germina-
tion (Fig. 12). The strong inhibitory effect of pulsed
illumination on germination is especially charac-
teristic of caraway seeds (61.3%) and ramtil (36.5%).
Seed germination of other crops also decreased after
pulsed illumination, but to a lesser extent. Com-
pared with the 1/3 s option (Fig. 5), there was no
effect of stimulating seed germination in calendula
and ramtil.

Similarly to experiment 1, in experiment 2, dur-
ing dark germination, etiolation and stretching of
plants were observed. Under pulsed illumination,
normally developed plants of lower height were
formed (Fig. 13).

Despite a significant excess in height of plants
in the dark variant, the biomass did not increase
in proportion to the growth. The effect of pulsed
illumination on the mass of the aboveground part of
plants, in comparison with dark germination, was
most significantly manifested for radishes, calen-
dula, and fenugreek (Fig. 14).
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MaJbHO Pa3BUTBle PACTeHHUs MeHbIIeH BBICOTHI
(puc. 19).

CTUMYNIUPYOIUN 3bdeKT HUMITYJIbCHOIO OCBelle-
HHUS 1/1 ¢ IO CpaBHEHHIO C TeMHOBBIM IIPOpaAIIKBa-
HHeM IIPOSIBHUJICS TOJIBKO II0 KaJIeHAy/lIe M IIasKUT-
HUKY (puc. 20). He oTMe4YeHO CTHMY/IHPYIOIIEro
BO3EMCTBHS KMMIIYJIbCHOTO OCBellleHHsI 1/1 ¢ Ha
penrc, KaKk B 3KCIIEpUMeHTe N 2,

Y Tex ke KyAbTyp (MOKUTHUK U KaJIeHy/la) II0C/Ie
IIPOPACTaHUS B YCIOBHSIX HMITYJIBCHOTO 0bIydeHUs
B pexkuMe 1/1 ¢ yposKaHHOCTb HaA3eMHOM MacCCHI
(MHKpo3eneHH) Bo3pacTana (puc. 21). Ilo apyrum

Ky/lIbTypaM Habalomanoch CHHXXeHHe YPpOsKam-
HOCTHM MUKpO3eJIeHU II0 CPaBHEHHIO C TeMHOBBIM
IIpopaliBaHHUEM.

Kak u B 3KCIIepUMeHTe 2, Y 60JIbIIMHCTBA U3y4eH-
HBIX Ky/IbTyp (rOpuHIlia, aMapaHT, HYI) CyMMapHas
AHTHUOKCUOAHTHAS aKTUBHOCTH (CAOA) Haa3eMHOM
YaCTH HpU MpOpaliMBaHMMU B TEeMHOTE OKas3ajaach
MeHbllIeHt, 4eM IIPU MMIIYJIBCHOM OCBeIlleHHH HJIH
He M3MeHs1ach (puc. 22). ToIbKO y peKca B TeMHO-
BOM BapHaHTe Hab/I0an0ch He3HaYHTe/IbHOe YBeIH-
yeHue rioxasatens CAOA.

3AKJ/TIOYEHUE

B sKcleprMeHTax € 8-10 OBOIIHBIMHK, MacCIHYHBIMHU
Y JIeKapCTBeHHBIMHU KyJIbTypaMH YCTaHOBJIEHO, UTO
BIMSHHE HMIIYJIbCHOTO OONydeHHs Ha POCT pacTe-
HUH B 3HAQ4YMUTE/IbHOM CTeINeHH 3aBHCHUT OT IeHe-
TUYecKUX ocobeHHOCTeN o06beKTa. CTHUMYISLUS
[IPOPAacTaHUsSl CeMSH I10[ BJIMSHHEM HKMIIYIbCHOTO
obnydeHust 1/3 ¢ xapakTepHa A TaKUX KyJBTYP,
KaK 3MeerojoBHUK M KajleHAy1a, a OTpUIlaTe/bHOe
BIMSIHUE YCTAaHOBJAEHO [/ TMHHa M ropuuubl. Ilo
penucy, HaKUTHHUKY, aMapaHTy M HYTy 3aMeTHBIX
Pa3IHUYUI He HaOMIOMANIOCh. YPOKAMHOCTD 3€/1eHOM
Macchl (MUKpO3e/leHH) B BapyaHTe 1/3 ¢ MOBBICHIACh
y KaJeHAylbl U MaXKUTHHUKA B [iBa pasa U Oonee Io
CPaBHEHHIO C TEMHOBBIM IpOpalllMBaHHEeM, TMHHA,
3MeeroJIioBHMKA, peuca U Hyra - 6osnbIne Ha 10-28%,
OJHAaKO CHM3HJIACh Ha 16% y ropuyuiel U Ha 26%
y aMapaHTa. [Ipyrue U3ydeHHbIe PeKHUMbI UMITY/IbC-
Horo obnydeHus 1/2 c u 1/1 ¢ B LlesioM MeHee 671aro-
NIPUATHBI A1 pacTeHUH, yem 1/3 c.

CpaBHeHHe ceKyHAHOro (1/3 ¢) U MMIIHCEKYH]-
Horo (1/3 McC) Aguama3’oHa HMMIYJbCHOro obiyde-
HMS IIOKas3alo, YTO B LeJIOM CEeKyHIHBIM AHaIla3oH
Bornee 6rarompHsaTeH OIS POCTA PAacTeHUI. Y OBOLI-
HBIX M MAaCIHYHBIX KYJIBTYpP CHMXKAJIACh YPOXKAM-
HOCTb (I10 PeAUCy U aMapaHTy [IOYTH BABoe). OIHaKO
y JleKapCTBeHHBIX pacCTeHHUH YPOXKAaHMHOCTb 3ejle-
HOM Macchl (POCTKOB), HaoDOpOT, OKas3ajach BBIIIE
IpU BBIPAIIMBAHUU B MHJUIMCEKYHIHOM peXuMe

=

In some crops (radish, calendula and fenugreek),
the yield of the aboveground mass - microgreens
increased, while in other crops the best yield was
observed in the dark germination option (Fig. 15)

In most of the studied crops (mustard, amaranth,
ramtil), the total antioxidant activity (TAOA) of the
aerial part during germination in the dark turned out
to be lower than under pulsed illumination (Fig. 16).
Only in the dark version of radish, there was a slight
increase in TAOA.

Experiment 3.

Pulsed illumination in 1/1 s mode

Similarly to experiment 2, in experiment 3 using
pulsed irradiation of 1/1 s, the stimulation effect
was observed only in the seeds of the snakehead (Fig.
17). For all other crops, especially for caraway seeds,
the germination energy in the dark variant was
higher.

In terms of seed germination, the results are also
similar to those of experiment 2. After seed germina-
tion under pulse illumination for 1/1 s, a decrease
in seed germination of caraway, snakehead, ramtil,
calendula and, to a lesser extent, fenugreek, radish
and mustard is observed (Fig. 18).

Similar to experiments 1 and 2, in experiment 3
during dark germination, etiolation and stretching
of plants were observed. Under pulsed illumina-
tion, normally developed plants of lower height were
formed (Fig. 19).

The stimulating effect of pulsed illumination of 1/1
s in comparison with dark germination was mani-
fested only in calendula and fenugreek (Fig. 20). No
stimulating effect of 1/1 s pulse illumination on rad-
ishes was noted, as in experiment No. 2.

In the same crops (fenugreek and calendula), after
germination under pulsed irradiation in the 1/1 s
mode, the yield of the aboveground mass (micro-
greens) increased (Fig. 21). For other crops, a decrease
in microgreen yield was observed compared to dark
germination.

As in experiment 2, in most of the studied crops
(mustard, amaranth, ramtil), the total antioxidant
activity (TAOA) of the aerial part during germination
in the dark turned out to be less than under pulsed
illumination or did not change (Fig. 22). Only radish
in the dark variant showed a slight increase in the
TAOA index.

CONCLUSION

In experiments with 8 vegetable, oil and medicinal
crops, it was found that the effect of pulsed irradia-
tion on plant growth largely depends on the genetic
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Fig. 4. Energy of seed germination in the dark and under pulsed illumination of 1/3 sand1/3 ms

100
o
2 80
]
(]
x
5 60
:
s) 40
a
&
=] 20
BN
0
TMHUH 3MeeronoBHUK KanmeHzayna  ITa>KMTHHK Pepuc Topuuia AMapaHT Hyr
B TemuoTa 81,3 80,0 84,4 100,0 95,6 93,3 64,7 67,5
HMic/3c 64,0 70,7 93,3 98,7 93,3 90,7 57,3 71,7
M i1mc/3Mc 68,0 73,3 95,6 97,3 93,3 91,3 26,7 61,3

Puc. 5. Bcxoxcecms cemsiH 8 meMHome U npu umnyAbCHOM oceeweHuu 1/3 cu1/3 mc
Fig. 5. Seed germination in the dark and under pulse illumination1/3 s and 1/3 ms
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Fig. 6. Average height of sprouts when germinating in the dark and pulse illumination1/3 s and1/3 ms
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Fig. 8. Productivity of green mass (microgreens) when grown in the dark and pulse illumination1/3 sand1/3 ms
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Fig. 10. Parameters of chlorophyll fluorescence at different modes of pulsed irradiation of 1/3 s and1/3 ms
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Fig. 1. Energy of seed germination in the dark and under pulsed illumination1/2 s
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Fig. 12. Seed germination in the dark and under pulsed illumination1/2 s
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Fig. 13. Average height of sprouts when germinating in the dark and pulse illumination1/2 s
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Puc. 15. YposxatiHocmb 3eneHol Maccel (MUKpO3eAeHU) npuU 8bipaliusaHuL 8 meMHome U UMNYAbCHOM oc8eleHul 1/2 ¢
Fig. 15. Productivity of green mass (microgreens) when grown in the dark and pulse illumination1/2 s
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Fig. 16. Total antioxidant activity of green mass (microgreens) when grown in the dark and pulse illumination1/2 s

100
& 80
=
]
o
% 60
=
g
2 40
o
5)
s 20
0
TMHUH 3MeeroioBHUK KaneHayna TTa>KUTHUK Pemuc Topumniia AMapaHT
B TemuoTa 51,30 41,30 84,40 100,00 95,60 92,00 51,30 61,55
Mic/1c 1,30 50,70 75,60 97,30 91,10 88,70 44,00 47,30
Puc. 17. DHepzus npopacmanus cemsiH 8 memHome U Npu umMnyAbCHOM oceeleHuu 1/1c¢
Fig. 17. Energy of seed germination in the dark and under pulsed illumination1/1s
100
g 80
=
]
o
% 60
=
=
& 40
o
o
£)
s 20
0
TMHUH 3MeerosoBHUK KaneHayna TTaKUTHHUK Pepmuc Topumiia AMapaHT Hyr
B Temuora 81,30 80,00 84,40 100,00 95,60 93,30 64,70 67,50
Mic/1c 18,70 60,00 75,60 97,30 91,10 92,70 59,30 33,65

Puc. 18 Bcxoxkecmb cemsiH 8 meMHome U Npu umnyabcHom oceeweHuu 1/1¢
Fig. 18 Seed germination in the dark and under pulsed illumination1/1s
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Puc. 19. CpedHsist icoma pocmKos npu npopausuéaHuu 8 memMHome U umnyaAbCHOM oceeweHuu 1/1c¢
Fig. 19. Average height of sprouts when germinating in the dark and pulse illumination1/1s
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Puc. 20. buomacca 100 pocmKoe npu 8bipaliusaHuu 6 memHome U UMnyAbCHOM oceeteHuu 1/1c¢
Fig. 20. Biomass of 100 shoots when grown in the dark and pulsed illumination1/1s
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Puc. 21. YpoxaliHocmb 3eAeHoli macchl (MUKpo3eAeHU) npu 8blipdluusaruu 8 memHome U UMNYAbCHOM oceeueHuu 1/1¢
Fig. 21. Productivity of green mass (microgreens) when grown in the dark and pulse illumination1/1s
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Puc. 22. CymmapHas aHmuokcudaHmHas akmueHoCmb 3eAeHoll maccul (MUKpo3eAeHU) Npu 8blpaliueaHul 8 memHome
U umnyAbcHoMm oceelleHuu 1/1c¢
Fig. 22. Total antioxidant activity of green mass (microgreens) when grown in the dark and pulse illumination1/1s

MMIIYJbCHOTO OCBeIleHHs 1/3 MC IO CpaBHEHHIO
C CeKyHOHBIM 1/3 c. BcxXoXkecTh CeMSH aMapaHTa
M HyTa CHIDKAeTCS NpHU 06l1y4eHHUU B MHJUIMCEKYH[-
HOM [HaIla3oHe, y IOPYTHX KYJIbTYp pasihdaeTcs
He3HauyMuTe/lbHO. IlapaMeTpsl GyopecLeHLIIMH XJI0-
podusIa pa3nHUYAOTCS IPH O6JyYeHHH HMIIYIbC-
HBIM CBETOM B CeKYHZHOM H MMIIMCEKYHAHOM
AMaria3’oHax.

AHaIXU3 CYMMapHOU aHTHOKCHIAHTHOM aKTHBHO-
ctu (CAOA) 3enmeHOM MaccChl (MHUKpO3e/leHH) TakKe
[I0Ka3aJl CyLleCTBeHHble OTIHYHSA B 3aBHCUMOCTH
OT TeHeTHYeCKOH IMPHUPOABl pacTeHHUs. ObnydeHHe
B MH/UIMCeKYHIHOM [Halia3oHe 1/3 MC IIPHUBOIUIIO
K pocty CAOA MHKpO3e/JleHH TOPYMIBI, aMapaHTa,
3MeeroJIOBHHKA. Y paCTeHUH TMHUHA, PefHca U KaJIeH-
Oy/nbl CyMMapHas aHTHOKCHAAHTHAas aKTHBHOCTD
B pexkuMe 1/3 mc, Haobopor, ymeHbianack. CAOA
MHUKpO3e/leHH Hyra W IIa>KMTHHKA IIPaKTHYeCcKd He
MeHsIach IIPH PasHBIX PeKMMaX MMITYJIECHOIO OCBe-
meHus. Y 60IBIIMHCTBA M3yYeHHBIX KyJIbTyp (KpoMe
Hyra) CAOA Ha/3eMHOK 4YacTH IIPU NpOpalluBaHUU
B TeMHOTe OKa3aJ0Ch MEHBIIMM, YeM IIPH HUMIIY/IbC-
HOM OCBeIlleHHH BO BCeX U3Y4YeHHBIX PeSKUMaX.

TakuM 06pa3oM, B CBS3H CO 3HAUMTEIBbHOI 3aBH-
CHMOCTBIO PeaKLIMH PA3JIMYHBIX PACTeHHH IIPH IIPO-
pallMBaHHUHM CeMSIH M IIepBHYHOIO POCTa MMKPO-
3e/leHM Ha HMIIyJAbCHOe obnydeHHe, Heobxoguma
paspaborka nrdpdepeHIIPOBAHHBIX PEKHMOB CBe-
TOJHOJHOIO OCBelleHHsl (IlepHofa Clef0BaHHUS
Y JJIMTeJIbHOCTH MMIIYJIbCOB B 33JaHHOM JHalla30He
MHTEHCHUBHOCTH IOJIMXPOMHOIO CBeTa) C yueTOM MX
reHeTHYeCKUX 0COOeHHOCTEeMH.
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characteristics of the object. Stimulation of seed ger-
mination under the influence of pulsed irradiation of
1/3 s is typical for crops such as snakehead and calen-
dula, and a negative effect was found for caraway and
mustard. No significant differences were observed
for radish, fenugreek, amaranth and ramtil. The
yield of green mass (microgreens) in the 1/3 s variant
increased twice or more in calendula and fenugreek
compared to dark germination, caraway, snakehead,
radish and ramtil - more by 10-28%, but decreased by
16% in mustard and by 26% for amaranth Other stud-
ied modes of pulsed irradiation of 1/2 s and 1/1 s are
generally less favorable for plants than 1/3s.

Comparison of the second (1/3 s) and millisecond
(1/3 ms) ranges of pulsed irradiation showed that, in
general, the second range is more favorable for plant
growth. However, in medicinal plants, the yield of
green mass (sprouts), on the contrary, turned out
to be higher when grown in a millisecond mode of
pulsed illumination of 1/3 ms compared to 1/3 s. The
germination capacity of amaranth and ramtil seeds
decreases with irradiation in the millisecond range;
it differs slightly in other crops. Chlorophyll fluores-
cence parameters differ when exposed to pulsed light
in the second and millisecond ranges.

Analysis of the total antioxidant activity (TAOA)
of green mass (microgreens) also showed signifi-
cant differences depending on the genetic nature
of the plant. Irradiation in the millisecond range of
1/3 ms led to an increase in the TAOA of the micro-
greens of mustard, amaranth, and snakehead. In
caraway, radish and calendula plants, the total anti-
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oxidant activity in the 1/3 ms mode, on the contrary,
decreased. The TAOA of ramtil and fenugreek micro-
greens practically did not change under different
modes of pulsed illumination. In most of the studied
crops (except for ramtil), the TAOA of the aboveg-
round part during germination in the dark turned
out to be lower than under pulsed illumination in all
studied modes.

Thus, due to the significant dependence of plant

responses to pulsed irradiation on genetic character-
istics, it is necessary to develop differentiated modes
of irradiation with light radiation (repetition period
and pulse duration).
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