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T TaasHbiii bomanudeckuii cad H. B. Luuuta Poccuiickoil
akademuu Hayk, Mockea, Poccus.

2 AHO HHcmumym cmpamezuu paszgumus, Mocksa, Poccus.

3 Mockosckas ceAbcKoXo3a(icmeeHHAs akademus umeHu
Tumups3sesa Pocculickuii 2ocydapcmeeHHblil a2papHbiii
yHusepcumem, Mocksa, Poccus.

4 Beepoccuiickull Hay4HO-uccAedosameAbcKuUil UHCMUMYm
cenbckoxo3ailcmaenHoll buomexHoaozuu, Mockea, Poccus.

B cTaTbe Ucc/ief0BaHa BO3SMOXHOCTb

perynsuum 6uomacchl U NpoAYKTUBHOCTU
Mentha piperita L. npu BbipalWwMBaHUN B YCJI0BUAX
3aKpbITON cuctembl CUHEeproTpoH. MpuseaeHbl
pesynbTaTbl MOAY/ISALLMU CBETOBbIX MapaMeTpoB
KY/IbTUBMPOBAHMUSA U UCNOJIb30BaHME 06paboToK
HU3KUMMU KOHLLeHTpauusaMu nentuga 3a

cYyeT U3MeHeHUs! UHTEHCUBHOCTU pocTa

1 dopMMpOBaHUS BereTaTUBHOWM Macchl.
YCcTaHOB/IEHO, YTO 3aKpbiTas cUCTemMa nossonser
BbISIB/ISTb TOHKUE ME@XaHMU3Mbl U3MEHEeHUS
pacTeHut u nx mopdonorum n metaboamsma
npuv NpMMeHeHUM BereTaLMoOHHbIX UHA,EKCOB
GLI, EXG, VARI 1 TpaaANLMNOHHBIX KpUTEpUes
NpOAYKTUBHOCTU, OTKPbIBasi HOBble€ BO3MOXHOCTU
B paspaboTke cOBpeMEHHbIX NOAXOA0B

B 6UOTEXHO/I0rMY 3PUPOMAC/TUYHDBIX PACTEHUA.
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The article shows the possibility of regulating
the biomass and productivity of Mentha piperita L.
when grown in a closed Synergotron system.
The results of the influence of modulation

of light cultivation parameters and the use

of treatments with low concentrations of

the peptide due to changes in the intensity

of growth and the formation of vegetative
mass are presented. It has been established
that the closed system makes it possible to
identify subtle mechanisms of changes in
plants and their morphology and metabolism
when using the vegetation indices GLI, EXG,
VARI and traditional criteria for assessing
productivity, opening up new opportunities in
the development of modern approaches in the
biotechnology of essential oil plants.
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BBEOEHWE

MsTa mepeuHas (MsSTa aHTJIHMICKas, MSITa XOJIOJ-
Has) (Mentha piperita L.) - MHOTOJIeTHee TPaBSIHHUCTOE
pacTeHHe ceMelCTBa SICHOTKOBBIX (Lamiaceae), 1ieH-
Hoe 3QHPOMACIMYHOe U JIEKAPCTBEHHOEe paCTeHHe.
K3 cBeskecOOpAaHHOIM Ha/A3eMHOM MacChl II0Jy4YaloT
3dupHOe Macio, KOoTopoe objazaeT yCIIOKAHBAIO-
IIMM M CHa3MOTHUTHYECKUM AeHCTBHEeM H HCIIONb3y-
eTCsl KaK OCBeXKalolllee M aHTHCENITHUYecKoe CPefiCTBO.
M3 3dupHOro Macia BBIAENSIOT MeHTON - 06e360-
JUBaMOIlee CPelCcTBO, BXOAsIlee B COCTaB MHOIHX
KOMIIIEKCHBIX IIpeIlapaToB, KCIIONb3yeMBbIX B BHJE
MaC/IsiIHBIX M CIHMPTOBBIX HacToek [1]. Kpome Toro,
JIUCTBSL U COLIBETHUSI MSTHI II€PEYHOM IIHPOKO IIPU-
MEHSIOTCSI B KOHAUTEPCKOM K TUKEPOBOJOYHOU IIPO-
MBIIJIEHHOCTH, a TaKKe B Ky/IMHAPUX MHOIHUX Hapo-
JIOB KaK IPSIHO-apOMAaTH4eCcKoe U IPSIHO-BKYCOBOe
pacTeHHe. Bxopsiuue B ee cOCTaB QHU3HUOIOTHYECKHU
AKTHBHBIE BelllecTBA Y/Ny4IIAalOT BKYCOBble KauecTBa
IIPOAYKTOB M YCH/IMBAIOT HX YCBOSeMOCTb, b6iaro-
MIPUSITHO BIHUSIOT Ha 0OMeH BellecTB, AesTENTbHOCTb
HepBHOH U CepAevYHO-COCy[JHUCTON CHCTeM ueoBeKa
[2]. Haubosnee KPyImHBIMU IIPOU3BOSUTEISIMU MSITBI
[lepeYHON U IIPOAYKTOB ee I1epepaboTKU SIBIISIOTCS
arpapuu MuAuu, Kutad, nouuu, CesepHol KopeH,
CIOA, TlaparBasi, Tamnanpa, TanBaHSI U BreTHaMa.
JIngepom B IIPOM3BOACTBe 3QUPHOr0 Macia SBSEeTCs
Mupusd. IIporHOo3HpyeMBbIH POCT IPOM3BOACTBA Maclia
MSTBl U CBSI3aHHBIX C HHUM IIPOAYKTOB, CIPOC Ha
KOTOPble HeyKJIOHHO pacTeT, OymeT yBeJIHYHBATHCS
B IIpefienax 3-5% B rof [3].

J1st obecriedeHUs KPYIJIOTOAMYIHOIO IIOTPebieHus
CBekKeH 3eJIEHOM MacChl MSITHL B GOJIBIIMHCTBE pam-
oHOB Poccurickorl Pepepaliiy ONTHUMAIBHBIM SIBJISI-
eTCs BblpallliBaHHe PacTeHHH B YCJIOBHSIX 3alllMIeH-
HOTO IpyHTa, 6yaromapsi pa3sBUTHIO COBPeMeHHBIX
arpoTexHOJIOTUN K HCIIONb30BAHHUIO CIIElMaTbHOIO0
060pymoBaHMS C KOHTPOTUPYEMBIM MUKPOKIHMATOM
[0 IIapaMeTpaM OCBeLIeHUS, BALKHOCTH, IOAA4U
[IMTATEeIbHOIO0 PaCcTBOpPa U YIJIEKUC/IOrO rasa, Hajjle-
sKallled aspalivy U T. 4. [4]. IIpyu 3TOM BaskKHEHIINUM
JTUMHUTHUPYOIIUM (GaKTOPOM OCTAeTCs OCBelleHHe,
B/IMSIOLIee KaK Ha IIPOAYKTUBHOCTb, TaK U Ha Kaue-
CTBeHHbIe XapaKTepUCTUKHU. YCTAaHOBJIEH psl GyHa-
MEHTAJIbHBIX IIOJIO’KEHHUI O PONH CIIeKTpa U HHTEH-
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INTRODUCTION

Peppermint (English  mint, cold mint)
(Mentha piperita L.) is a perennial herbaceous plant
of the Lamiaceae family, a valuable essential oil and
medicinal plant. From the freshly collected above-
ground mass, essential oil is obtained, which has
a soothing and antispasmodic effect and is used as
a refreshing and antiseptic. Menthol is extracted
from essential oil, which is an anesthetic and is part
of many complex preparations used in the form of
oil and alcohol tinctures [1]. In addition, the leaves
and inflorescences of peppermint are widely used in
the confectionery and alcoholic beverage industries,
as well as in the cooking of many nations as a spicy-
aromatic and spicy-flavoring plant. The physiologi-
cally active substances included in its composition
improve the taste of products and enhance their
digestibility, have a beneficial effect on metabolism,
the activity of the human nervous and cardiovascular
systems [2]. The largest producers of peppermint and
its processed products are farmers from India, China,
Japan, North Korea, the USA, Paraguay, Thailand,
Taiwan and Vietnam. India is the leader in essential
oil production. The projected growth in the produc-
tion of mint oil and related products, the demand
for which is steadily growing, will be 3-5% per year
(3].

To ensure year-round consumption of fresh mint
green mass in most regions of the Russian Federa-
tion, growing plants in protected soil conditions is
optimal. The development of modern agricultural
technologies and the use of special equipment makes
it possible to control the microclimate in terms of
lighting, humidity, supply of nutrient solution and
carbon dioxide, proper aeration, etc. [4]. At the same
time, lighting remains the most important limiting
factor, affecting both the productivity and quality
characteristics of cultivated plants. A number of fun-
damental provisions have been established on the
role of the spectrum and intensity of photosyntheti-
cally active radiation in the formation of the most
important components of the production process
[5,6]. The quantity and quality of light irradiation
(especially intensity, spectral composition and pho-
toperiod) affect the manifestation of the properties
of a particular genotype, the expression of its genes,
plant growth and metabolism, and the biosynthesis
of secondary metabolites. And these indicators, in
interaction with other important parameters of the
cultivation environment, determine the physiologi-
cal state and productivity of plants [1,7].

In the controlled conditions of closed phytotron
systems, the imitation of the solar spectrum is car-
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CHBHOCTH QOTOCHHTETUYeCKH aKTUBHOM paJHalluU
B GOpMHUPOBAHUU Haubosee BaKHBIX COCTABIISIO-
KX IPOAYKLHMOHHOTIO IIpoliecca [5, 6]. KonudecTBo
M KadecTBO cBeTa (B 0COOEHHOCTH MHTEHCHBHOCTD,
CIIeKTPAJIbHBIM COCTaB U (OTOIEpHOA) BIUSIIOT Ha
IIPOSIBJIEHHUE CBOKCTB OIlPeJle/IeHHOT0 FeHOTUIIA, 3KC-
IIPeCCUIO0 ero reHOB, POCT U MeTabolu3M pacTeHUH,
6rOCHHTEe3 BTOPUYHBIX METAbOIUTOB M BO B3aKMO-
JeHCTBUH C OPYTMMH BKHBIMH ITapaMeTpbl Cpelbl
KYJIbTHBUPOBAHHUS OIPele/IsoT (U3HOI0rUYecKoe
COCTOSIHHE U IIPOAYKTUBHOCTD pacTeHu (1, 7].

B KOHTpPO/IHMPYEeMBIX YCIOBHAX 3aKPBLITBIX CHCTEM
GUTOTPOHOB MMHTALMIO COJTHEYHOIO CIIeKTpPa OCy-
IIEeCTB/ASIIOT 3a CYEeT MCIIONb30BaHUS CIleIMalbHBIX
doTonamIl, CIeKTpPaJdbHBIM COCTAaB KOTOPHIX obia-
JTaeT MaKCHUMaJIbHBIM (POTOCHHTETHYECKUM BO3JIEH-
CTBHEM Ha PacTeHHs M CIIOCOOCTBYeT aKTHBALIUU
aJaNTallMOHHOIO IMOTeHLHa/la PacTeHHH, perymnd-
LUH MeTabonr3ma, 4TO B KOHEYHOM HTOre IIPHBO-
OUT K ONITHMH3aILIMU IPOSYKIIMOHHOTO ITpoliecca [8].
Taxke cnenyeT OTMETHTb, UYTO CBETOBOE MOAYJIH-
poBaHHe MOKeT IIOBBICHTH bHMoMaccy KU YIy4IIHUTb
IUIIEeBYI0 LIeHHOCTh IIOTpPebisieMON UelOBEeKOM
npoAyKIuH [9]. MUHHMaNIBHBIM TpeboBaHUEM IS
BBIPAlIMBAHUA 3€/IeHHBIX KYJIbTYp CUUTALTCS CMeCh
cuHero (B) u kpacHoro (R) cBeTa c JAMHAMU BOJIH
660 u 450 HM [10]. OgHaKO AJHUTEIbLHOE OCBellleHHe
HMCK/IIOYUTEIbHO KPACHBIM CBETOM MOXKET IIPUBeCTH
K “«CHHIPOMY KPacHOTO CBeTa», KOTOPBIH XapaKTepH-
3yeTcsl IOHM>KeHHeM POTOCMHTeTHYeCKON aKTHUBHO-
CTHU, HU3KUM MAKCUMA/JIbHBIM KBAHTOBBIM BBIXOA0M
dnyopecueHnuu xiaopodunna (F,/F,) u Hapyle-
HHUeM HaKOIUIeHHUS COHep>KaHUS YI/eBOLOB, IIPH-
BOOSIIIMM K CHHXeHHUI0O pocTta [11]. [dobaBineHue
CHHEero CHeKTpa MoxKeT 3PpPeKTHUBHO IIpefoTBpa-
IIATh TakKe HapyleHus [12]. Takum obpa3oM, Kpac-
HBIM U CHHHUH CIeKTPbl B3aKMOJOIOJIHSIOT APYT
opyra, crocobcTBysi GOPpMHUPOBAHHIO BBICOKOIIPO-
OYKTHBHBIX pacTeHUH. KpacHBIM cBeT OlarompusT-
CTByeT BereTaTHBHBIM IIpOLleccaM, TOTAa KaK CHHUH
yCHUJIMBAaeT CHHTEe3 Pa3JIMYHBIX PUTOXMMHUYECKHX
BEIIeCTB, TaKHX KaK ITOIH(PEHOJbI, aHTOIL[MAHBI,
BuTaMUH C U pyrre MeTabonutsl [13]. B HacTosmee
BpeMs B IIPOMBILIJIEHHBIX CBETOLUOAHBIX (PUTOC-
BeTHJIPHMKAX B KayeCTBe OCHOBHBIX MCIIOJIb3YIOTCS
CBETOAMUOABl CHHEr0 M KPAaCHOIO CBETAa, YTO CUMUTA-
eTCs SKOHOMHUYECKH Hanbosee BHIFOAHBIM [14]. Tem
He MeHee MHEeHUe CIellMaIuCTOB 0 TOM, KaKkue Tex-
HOJIOTUH OCBellleHHWs W JJIMHBI BOJIH CBeTa JIydllle
BCEro IOAXOMST [JIsl BRIPAllMBAaHUS PacTeHUH II0Ka
He OKOH4YaTe/IbHO CHOPMHUPOBAHO. BeposiTHO, 3TO
BBI3BAHO TeM, YTO MCC/IefoBaHHSA (POTOOHOIOTHH,
HM3y4alllue BIHsSHHE PAa3IMYHBIX JJIUH BOJIH CBeTa
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ried out through the use of special phytolamps, the
spectral composition of which has a maximum pho-
tosynthetic effect on plants and promotes the activa-
tion of the adaptive potential of plants, regulation of
metabolism, which ultimately leads to optimization
of the production process. [8]. It should also be noted
that light modulation can increase biomass yield and
improve the nutritional value of human consump-
tion [9]. The minimum requirement for growing
green crops is a mixture of blue (B) and red (R) light
with wavelengths of 660 and 450 nm [10]. However,
long-term illumination with exclusively red light can
lead to “red light syndrome,” which is characterized
by decreased photosynthetic activity, low maximum
chlorophyll fluorescence quantum yield (Fv/Fm),
and impaired carbohydrate accumulation leading to
reduced growth [11]. The addition of blue spectrum
can effectively prevent such disorders [12]. Thus, the
red and blue spectra complement each other, contrib-
uting to the formation of highly productive plants.
Red light favors vegetative processes, while blue
light enhances the synthesis of various phytochemi-
cals such as polyphenols, anthocyanins, vitamin C
and other metabolites [13]. Currently, industrial LED
phytolamps use blue and red LEDs as the main ones,
which are considered the most economically advanta-
geous [14]. However, the opinion of experts on which
lighting technologies and light wavelengths are best
suited for growing plants has not yet been fully
formed. This is likely because photobiology studies
examining the effects of different wavelengths of
light on plant productivity have produced conflicting
results for several decades [15].

It is believed that the most favorable results can
be achieved by correcting or expanding the spectral
range, using white light and a combination of R
(red), B (blue), G (green) and FR (far red) [16]. Thus,
the addition of 730 nm FR radiation before harvest-
ing increases the growth rate and content of antioxi-
dants, and the synthesis of other biologically active
compounds [17]. Broad spectrum irradiation extend-
ing on the green (G) wavelength range is made possi-
ble by the use of white LEDs to increase the efficiency
of photosynthesis, while UV-A radiation stimulates
the production of bioactive molecules and reduces
nitrates [18]. White light with complementary red
light is a promising light spectrum for enhancing
the photosynthetic efficiency of crops, given the key
role of red light in plant growth and signaling func-
tions. Thus, growing cabbage plants using white
LEDs is more efficient than using standard blue-red
LEDs [19]. A study on green onions showed that add-
ing 3:1 blue light to white light was more effective
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Ha NPOAYKTUBHOCTb PACTeHHU, B TeUeHHe HeCKOJIb-
KHUX [eCATHIeTHH JaBall IPOTHBOPEYHBEIe Pe3ysib-
TaThl [15].

CumTaercsi, 4To Haubosee 61aronpUsITHEIE Pe3yIib-
TaThI MOT'YT OBITh JOCTUTHYTBI 32 CYeT KOPPEKLIUH HIIH
paclIMpeHUs] CIIeKTPaJbHOIO OHAIla30Ha, MCIIOJIb30-
BaHHUA besioro ceera U codyetaHus R, B, G u FR [16].
Tak, mobamineHme FR-m3nydeHus 730 HM Iepen cbo-
pOM yposkas yBeJIHMUYHBaeT CKOPOCTb POCTa M COHep-
’KaHHe AHTHOKCHUIAHTOB, CHUHTe3 APYIHX OHOJIOrH-
YecKH aKTUBHBIX coeflMHeHUM [17]. IIIMPOKUIL CIIeKTP
obydeHMs, PacIpoCTpaHSIOmMUcsS Ha 3eneHbd (C)
JMala3oH BOJH, CTAHOBHUTCSI BO3MOXKeH B CBS3H
C HCIIOb30BaHHEM 6e/lbIX CBETOAMOIOB [/ISI IIOBBI-
meHus 5pPeRTUBHOCTH GOTOCHHTe3a, a YP-A usnyye-
HHe CTUMY/IHPYeT BBIPaboTKy 6HOaKTHBHBIX MOJIEKYI
U CHIKKaeT CoflepskaHue HUTpaToB [18]. Benblil cBeT
C [IOIIOJIHUTE/IbHBIM KPACHBIM CBETOM SIBJISIETCA Iep-
CIIeKTUBHBIM CBeTOBBIM CIIeKTPOM J[JISl IIOBBIIIeHHS
3¢ eKTUBHOCTH (GOTOCHHTe3a CelIbCKOXO3SHCTBEH-
HBIX KyJIBTYp, YYHUTBIBas KIIOYEBYI POJib KPAcHOIO
cBeTa B 0obeclleYeHUH POCTa U CUTHATBHBIX QYHKITHUM
pacTeHuu. Ilo AaHHBIM [19] BeIpalIMBaHHe pacTe-
HHH KaIlyCTHI C HCII0/Ib30BaHKEeM be/lbIX CBETOLHO/0B
bonee 3pdeKTUBHO, UeM CO CTAHAAPTHBIMHU CHHe-
KpPacHBIMHU cBeTomuomaMu. HccrnemoBaHus [20] 1o
BBIPAIMBAHUIO 3€JIEHOT0 JIyKa IT0Ka3alH, 4To J06aB-
NeHHe K 6e/I0My CBeTYy CHEro B IIPOIIOpLIMH 3 : 1 6ostee
3$PeKTUBHO, YeM OCBellleHKe TOJIbKO OelbIM CBETOM,
TOr/la KaK MOHOXPOMAaTH4YeCKUH CHHHUH 3HAaYHTe/IbHO
CHH3MJI CKOPOCTb POTOCHHTe3a U GpeHeCTpHPOBaHHBIN
C/7I0l1 TKaHHU. B L1e710M BoIIpoc 06 OITHMa/IbHOM CIIeK-
TPaJIbBHOM COCTaBe KM BHJAX ocBellleHHUs (besblil CBeT,
IIOTHOCIIEKTPaIbHOE OCBellleHHe, KOMOMHAIMs pas-
HBIX BHJIOB MOHOXPOMAaTHYEeCKOTO HU3/Iy4eHHsI) C yue-
TOM HHIUBHAYAJIBHBIX 0CODEHHOCTEM Pa3HBIX KYJIb-
TYP U COPTOB BCe ellle OCTAeTCsI OTKPHITHIM U TpebyeT
I71yOOKOTr0 U3y4eHu .

JpyruM CrocoboM TIIOBBIIIEHHS YPOXKaMHOCTH
SIB/ISIeTCSI IPUMeHeHHe 6MOCTUMYNATOpoB. Ilomu-y-
rayraMuHoBasg kucnora (y-PGA) m poly-y-glutamic
acid super absorbent polymer (y-PGA SAP) mpen-
CTaBJISIIOT COOOM IIOJMIUIIENTH, IIONyYeHHBIH IIyTeM
MHKPOOHON pepMeHTalMHU. [IpenbIayILe HCCIel0Ba-
HHUSI COOOIIMIIM O IOJIOKUTETbHOM BIMSIHHUHU HCIIONb-
30BaHusA Y-PGA u y-PGA SAP Ha pacTeHUs IMIIeHHUIIEL,
KYKYpY3bl, IIIIMHATA. MX HCIIONIb30BaHUE yBeIUYUIIO
YPO’KaKHOCTb KYJIBTyp M IIOBBICH/IO BBIKHBA€MOCTb
PacTeHUH B yCJIOBUSIX abHMOTHYeCKOro crpecca [21-23].
OnpHako npuMeHeHHe Y-PCA SAP Ipu BhIpalllMBaHUU
3QUPOMACIMYHBIX KYJIBTYP OCTAeTCs OTPaHHUYeHHBIM,
a nHPopManus 06 UX OTHOCHUTENBHON 3PHEeKTHBHO-
CTH OTCYTCTBYeT.
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than white light alone, while monochromatic blue
significantly reduced photosynthetic rate and fenes-
trated tissue layer [20]. In general, the issue of the
optimal spectral composition and types of lighting
(white light, full-spectrum lighting, a combination
of different types of monochromatic radiation), tak-
ing into account the individual characteristics of
different crops and varieties, still remains open and
requires in-depth study.

Another way to increase productivity is the use
of biostimulants. Poly-y-glutamic acid (y-PGA) and
poly-y-glutamic acid super absorbent polymer (y-PCA
SAP) are polypeptides produced by microbial fermen-
tation. Previous studies have reported the positive
effects of using y-PCA and y-PCA SAP on wheat, corn,
and spinach plants. Their use increased crop yields
and increased plant survival under conditions of abi-
otic stress [21-23]. However, the use of y-PCA SAP in
essential oil crops remains limited and information
on their relative effectiveness is lacking.

The aim of this study was to evaluate the effect of
lighting in combination with the additional use of
a biostimulant on the pigment composition of mint
leaves, productivity and, as a consequence, the yield
of essential oil of peppermint plants of the Aromat-
noe Naslazhdenie cultivar.

MATERIALS AND METHODS

Plants of Mentha piperita L. cultivar Aromatnoe Naslazh-
denie were grown in containers under two types of
lighting: white light (W I and W II, respectively, with
and without treatment with the y-PGA SAP peptide)
and narrow-band spectral light simulating natural
light (FI and F II - with and without treatment with
y-PCA SAP peptide) with daylight hours of 16/8 and
temperature conditions of 26/22 °C using the Syner-
gotron ISR11.02.140 module (ISR, Moscow) (fig. 1, 2).

To obtain a graph of the spectral component of
the lighting used, the Spectral PAR Meter PG100N
was used - A portable meter that measures the range
of light sources in several modes, you can create
a detailed spectrum test report that will help opti-
mize the plant growth environment through effective
lighting control. With its help, the PFD, PFD and IRR
indices were obtained.

During the tests of the lamp, we identified the
main characteristics of the consecration affecting
photosynthesis.

PPFD (Photosynthetic Photon Flux Density) mea-
sures the number of photons per second incident per
square meter of surface area. It is crucial to determine
the intensity of light available for photosynthesis. It is
expressed in pmol/m?s.
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YTo6bl pemuTb 3Ty HpobremMy, B AaHHOM HCCIeNo- « PFD (Photosynthetic Flux Density) -measure-

BaHHMM IIOCTAaBJIeHA 3aJava OLIEHUTh BIHSIHHE
IEHCTBHUSI OCBEIleHHS B COYeTAHHHU C [IOIIOJHHU-
TeJIbHBIM IIPHMeHeHHeM OHOCTHMY/ISTOpa Ha IIHI-
MEHTHBI COCTaB JIMCTbeB MSTBI, YPO’KAHMHOCTb
U KaK CJIeICTBHE BbIXOAA 3QHUPHOro Macia pacTeHHUU
MSTBHL IIepeYyHOHM copTa ApoMaTHOe HaclIaXIeHMUe.

MATEPWUAJIbl N METO/l bl

PacreHust Mentha piperita L. copTa ApoMaTHOe HaC/lIaK-
JeHHe BBIPAllMBAa/IM B KOHTeHHepaxXx IPH [IBYyX
TUIax ocsemedus (bensir ceetr (W I u W II, cooTBet-
CTBeHHO ¢ obpaborkom mentupom y-PGA SAP u 6e3
06paboTKHM) M Y3KOIIOTOCHBIM CIIEKTPaJbHBIN CBET
(puc. 1, 2), MMUTHPYIOIIKUH eCTeCTBeHHOe OCBellleHHe
(FIu FII - c obpaborkort nmentupom y-PCA SAP u 6e3
06paboTku) Co CBeTOBBIM JAHeM 16/8 u TemIepartyp-

ments of the spectrum that covers PPFD and
other wavelengths of light. This is important for
assessing the overall illumination affecting plant
growth. It is expressed in pmol/m?s.

+ IRR (Infrared radiation of wavelengths from 760
nm to 1 mm) refers to that part of the electro-
magnetic spectrum that plants do not use for
photosynthesis, but which can indirectly affect
plant health and growth, for example, by influ-
encing temperature regulation. High ambient
temperature, humidity and low air circulation
levels can, in combination with radiant heat,
cause thermal stress, potentially leading to ther-
mal damage.

 The PFD irradiation intensity for all spectral lines
in the experiment and control was 955.1 in the
control, and 905.5 pmol/m?’s in the experiment
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Fig. 1. Spectral characteristics of LED irradiators when growing plants in synergotron chambers (full spectrum)
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HBIMHU YCIOBUSIMH 26/22 °C B mopyne CHHeproTpoH
HCP11.02.140 (MCP, MocKBa).

HHTeHCHBHOCTH 06;1y4eHus PFD 110 BCeM CIIeKTpasib-
HBIM JIMHUSAM B OIIBITE M KOHTPOJIE COCTaBJIsIa B KOH-
Tpone 955,1, B ombiTe 905,5 MKMonb/M?/c (Tabn. 1).
doTocMHTeTHYeCKasd 4acThb crekrpa PPED cocraBuia
COOTBETCTBEHHO 765,3 1 824,5 MKMOJb/M?%/c. UHTeH-
CUBHOCTb IIO OTHE/NBHBIM CIIeKTpPaM IIpelcTaB/eHa
B TabI. 1.

B xome mpoBeleHHUS HCIBITAHHUM CBETHJIBHHKA
HaMU ObUIM BBIZE/IEHB OCHOBHBIE XapPaKTEPHUCTHUKU
OCBSIILIEHHS BIUSIONNX HA POTOCUHTE3.

e PPFD (IIJ1I0THOCTH ITOTOKA POTOCUHTETH-
YeCKUX POTOHOB) U3MepsieT KOJIHUIeCTBO
$OTOHOB B CeKyHAY, MMaJaloIIUX Ha KBagpaT-
HBIM MeTp IJIOMAM IIOBEPXHOCTH. MMeeT
pelIaroliee 3HaYeHMe AJI5 Ollpele/leHUs
MHTEHCUBHOCTHU CBeTa, JOCTYIIHOIO [JIs

BIOPHOTONICS m
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(Table 1). The photosynthetic part of the PPFD
spectrum was 765.3 and 824.5 pmol/m?s, respec-
tively. The intensity for individual spectra is pre-
sented in Table 1.

Plants were grown in containers by five plants
for each regime (W I and W II; FI and F II) and the
same feeding and watering regimes were maintained
throughout the experiment. Half of the mint plants at
the vegetative stage using foliar spraying were treated
twice (the interval between treatments was 10 days)
with a solution of the y-PGA SAP peptide at a concen-
tration of 10 M. Plants were grown under controlled
conditions until flowering. On the 10th day after
the second treatment (1st period) and before harvest-
ing (2nd period), the spectral characteristics of mint
plants were determined.

The phenotypic characteristics of peppermint
were used to determine the calculated quantitative
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Fig. 2. Spectral characteristics of LED irradiators when growing plants in synergotron chambers (White spectrum)

700 740 780 — Reference — Test

PHOTONICs vOL. 18 NO.6 2024 4091



BUOD®OTOHUKA

il

doTtocuHTe3a. Brlpakaercs
B MKMOJb/M?/cC.

» PFD (r10THOCTH POTOCHHTE-
TUYECKOT0 II0TOKA) ~U3Me-
PeHHSs CIIeKTpa, KOTOPBIK
oxBaThiBaeT PPFD u apyrue
JUIUHBL BOJIH CBeTa. 9TO
BaSKHO JIJIS1 OLIEHKH 0b1I1eH
OCBeIIeHHOCTH, BAUSIOIIEeHN
Ha pOCT pacTeHHUH. BripaKka-
eTCS B MKMOJIb/ M2/ C.

+ IRR (MH}paKpacHoe h31yde-
HUe IJINHBI BOJIH OT 760 HM

Twnn ocBeleHns
Lighting type

MonHbin cnekTp (F)
Full spectrum (F)

Benbi ceeT (W)
White light (W)

Ta6anua 1. AHaN3 CBETOBbLIX PEXMMOB BbIPALLMBAHNSA MATbLI MepeYHON (aaH-
Hble CNeKTPOB) B kamepe cMHeproTpoHa MCP11.02 .140

Table 1. Analysis of light modes of peppermint cultivation (spectra data) in the
IPS11.02.140 Synergotron camera

MNHTEHCUMBHOCTb OCBELLEHMS MO BUAAM CNEKTPa, MKMosb/M2:-c
Illumination intensity by spectrum type, pmol/m?2s

Far red
4739 589,7 9,1 217,6 114,8 183,4 155,4
467,8 582,3 0,6 112,7 14,2 2134 114,8

0 1 MM) - OTHOCHUTCS K TOH *
YaCTH 3/IeKTPOMarHUTHOIO
CIIeKTpa, KOTOPYIO pac-

TeHHS He UCIIO/Ib3YIOT /IS
doTocuHTe3a, HO KOTOpPast

MOKeT KOCBeHHO BJIHSATh Ha
3[0pOBbe U POCT PACTEHUH,
HallpUMep, BJIHSI Ha peryJIMpoBaHUe TeMIlepa-
TYpbl. BrIcOKas TeMIlepaTypa OKpPYsKaKoLIero Bo3-
Ayxa, BAKHOCTb M HU3KHUM YPOBEHb BO3AYIIHOU
LIMPKYJISILMU MOTYT B COYTAHUH C JIyYHUCTBIM
TeIlJIOM BBI3BaTh TEILJIOBOM CTpecC, IIOTeHITH-
A7IbHO IIPUBOISINNH K TEIUIOBBIM IIOBpEXIe-
HUSIM.

[IUK Ha IjHHe BOJHBI 450 HM B 6e/IbIX CBETOLHO-
Iax obycioBeH BHYTPeHHHUMU CBOMCTBAMH IIOTYIIPO-
BOAHHKOBOIO MaTepHa/la HUTPUAA HHIAUS-TaIHS
InGaN, HCII0/Ib3yeMOT0 B KOHCTPYKLIMK CBETOOHOAA.
J[obaBneHre MIOMHHOPOPHOTO IMOKPBITHS I103BOJISIET
CBeTOAMOAY IIpeobpa3oBBIBATh 3HAYHTENBHYIO YacCTb
CHHEeTO cBeTa B 60iee AJTMHHBIE BOJTHBI, YTO IIPUBOAUT
K BOCIIPUATHIO Bes1oro cBeTa. DTOT IPOLIECC [T03BOJISET
co3laBaTh 3¢QeKTHUBHBIe, YHUBEPCA/JbHbIE H 3KOHO-
MHUYHBIe CBETOBble pelleHMs], KOTOpPble TOYHO UMHUTH-
PYIOT eCTeCTBEHHBIH CBET.

B KoHTelHepaxX KyJIbTHBHPOBAIU IO 5 pacTeHUU
1u1st Kakgoro peskuMa (W I W II; F I u FII) u nogmep-
SKUBA/IM OAVHAKOBBIE PESKUMBI IIOAKOPMKH U I10JIMBA
Ha IIPOTSDKeHUHU BCero sKCIlepruMeHTa. IlosoBHUHA pac-
TeHHN MSTHl Ha CTaJUM BereTalld METOJOM BHe-
KOPHEBOH ITOJKOPMKH OBIIM ByKpaTHO 0bpaboTaHbl
(uHTepBaNn Mexay obpaborkaMu 10 CyTOK) pacTBO-
poMm mentupa y-PGA SAP B KOHIIEHTpPALIMH 1074, Pac-
TeHMS BBIPAIIMBA/IM B KOHTPOJIHPYEMBIX YC/IOBHSAX
[0 Havda/la LBeTeHHUs. Ha 10-u meHb Iocie BTOPOU
obpaborku (1 mepuozma) U mepen YOOpPKOM yposkas
(2 mepuop) IIPOBOAMIK OIIpefie/ieHKe CIIeKTPaIbHBIX
XaPaKTePHUCTHUK PACTEHUN MSTHI.

®eHOTHUIIMYECKHE XAPaKTEPUCTUKHU MSTHL Ileped-
HOM MCIIONIBb30BaIM [Jis ONPeAe/NeHHUs] PacuyeTHBIX

492 POTOHUKA TOM 18 N2 G 2024

PPED - pOoTOCMHTETHYECKH aKTUBHas pafguauus, PFD - paguauus, BKI0YaeT yIbTpa-
duoseT + JATPHUI KPACHBIH + POTOCHHTETHYECKH aKTUBHAs paguanus, UV - yisTpa-
duoner, Blue - cunu, Green - 3eneHsii, Red - KpacHbIH, Far red - JanbHUNA KPaCHBIH
PPED - photosynthetically active radiation, PFD - radiation, including ultraviolet + far-

red + photosynthetically active radiation. UV - ultraviolet.

indicators for the color of aerial organs. Intravital
determination of the spectral characteristics of the
aboveground organs of peppermint was carried out
immediately after removal from the closed system.
Three randomly selected containers containing one
plant of each variant were used for evaluation. To
calculate visual indices, we used the average values
obtained by scanning plants based on the analysis
of RCB images. To obtain images, we used the Syn-
ergotron ISR02-01 Phenoscanner (ISR, Moscow, Rus-
sia). To assess the condition of plants, indices were
calculated based on those proposed earlier. To calcu-
late condition indices, average RGB indicators were
used: VARI - algorithms for remote estimation of the
vegetation proportion [24]; EXC - color indicators of
lighting conditions for plant identification [25]; and
GLI - documenting the impact of grazing [26]. The
indicated GLI, EXG and VARI indices were calculated
based on the average values obtained when scanning
plants based on the analysis of RCB images [27,28].
To obtain images, we used the Synergotron ISR02-01
Phenoscanner (ISR, Moscow, Russia). At the same
time, a biometric analysis of glandular trichomes
on mint leaves was carried out on live prepara-
tions using a Keyence VHX-1000E digital microscope
(Itasca, IL, USA). The productivity and yield of essen-
tial oil of mint plants were estimated according to
a modified method [29].

When statistically processing the experimental
results, Microsoft Excel and Past V 3.0 programs
were used. The mean value of the indicators (M),
standard errors of the mean (+ SEM) and confidence
interval at the 95% confidence level were deter-
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KOJIMYeCTBEHHBIX IIOKa3aTe/led II0 OKpacKke HaJ3eM-
HBIX OpraHoB. [IpM>KM3HEHHOe oIlpefe/ieHHe CIIeK-
TPJIBHBIX XapPaKTePUCTUK Ha[3e MHBIX OPTaHOB MSTEHI
IIPOBOAM/IK Cpa3y IIOCIe H3BJIeYeHHUSI M3 3aKPLITOH
CUCTeMBI. [JI71s1 OLIEHKHW HCIIONB30BAIM TPH PaAHO-
MHU3UPOBAHHO BHIOpAaHHBIX KOHTEHHepa, Comepska-
IIMX OAHO pacTeHHe KaKIOIo BaprhaHTa. [l pacyeTa
BH3ya/JIbHBIX UH/EKCOB HCII0/Ib30Ba/IU CpefHIe 3Haye-
HUS, II0OTy4eHHbIe IIPU CKAaHHUPOBAaHUH pacTeHHUH Ha
ocHoBe aHanu3a RGB-u306paskeHUH. ISt IIONydeHHUs
M300paskeHUN HCIonb30Baiu PeHockaHep CHHepro-
TpoH MCP02-01 (MCP, MockBa, Poccust). [yist OLleHKH
COCTOSIHUSI PAacTeHUI PaCCUHUTBHIBAIM HHAEKCH Ha
OCHOBe IIPe[JIOKeHHBIX paHee. [Ijg pacueTa HHIEK-
COB COCTOSIHHSI MCIIONIb30BAa/IM YCpeOHeHHbIe I10Ka-
3aTenid RGB: VARI - alropuTmsl ITUCTAHIIMOHHOM
OLIEHKHU [JOJIM PaCTHUTEIBHOCTH [24]; EXG - 1BeToBbIE
[IOKa3aTelH YCIOBHH OCBeLIeHHOCTH IS MAeHTUDH-
Kalluu pacTeHuH [25]; u GLI - mOKyMeHTHpOBaHHeE
BO3IEHCTBUA BhbiMaca [26]. YKa3aHHBIe HHIAEeKCh GLI,
EXG u VARI pacCUMTBIBAIM Ha OCHOBe CpPeJHUX 3Ha-
YeHUH, IOJy4YeHHBIX IIPU CKAaHHPOBAHHUHU PacTeHUM
Ha OCHOBe aHaiu3a RGB-usobpakeHuu (27, 28]. s
IoNy4eHUsl HU300paskeHUH HCIIoNb30Banu PeHocKa-
Hep CuHeprorpoH KMCP02-01 (MCP, MockBa, Poccus).
B 3TH >Xe CPOKM Ha >KUBBHIX IIpeliapaTax IIPOBOOH/IH
OroMeTpUYeCKUI AHAIH3 >KeJe3UCTBIX TPHXOM Ha
JIMCTBAX MSATHI C UCIIO/Ib30BaHHEM LIHPPOBOIO MHKPO-
ckora a Keyence VHX-1000E digital microscope (Itasca,
IL, USA). YPOSKamHOCTH U BBIXOZ 3QUPHOT0 Maciia pac-
TeHUM MSThl [IPOBOAMIIN COIVIACHO MOJHUGQUIIMPOBAH-
HOH MeTomuKe [29].

IIpu cTaTUCTHYeCKOM 06paboTKe pe3ynbTaToB
OIIBITA MCIIONB30BAIM IporpaMMmbl Microsoft Excel
U Past V 3.0. Ompepernsin cpefHee 3HauyeHHe ITOKa-
3arenedt (M), cTaHOApTHBIe oUIM6KU cpenHer (+SEM)
U JOBepUTe/NbHBIM HHTEpPBaJl IpH 95% IOBEpPHUTENIb
HOTO ypOBHsI. Pa3Iu4us MeXAy BapHaHTaMHU ObIIH
ZIocToBepHbL ITpu P<0,05.

s monydeHus rpaduka CreKTPaJbHOM COCTaBIIs-
IOIleH MCII0IB3YeMOr0 OCBeleHHs ObI/I HCII0/Ib30BaH
Spectral PAR Meter PC100N - IIOPTaTUBHBIM U3MEpH-
TeJlb, KOTOPBIK M3MepseT AaNbHOCTb JeHCTBUS UCTOY-
HUKOB CBeTa B HECKOJIbKHX PeKHUMaX, BBl CMOXKETe
€o3maTh IOAPOOHBIM OTYeT 006 MCHIBITAHUSX CIIEKTPa,
KOTOPBIH IIOMOKET ONITHMHU3UPOBATh CPefly POCcTa pac-
TeHUM 3a c4eT 3QPeKTUBHOIO YIIPaBIeHHUS OCBellle-
HueM. C ero IIOMOIIbIO OBUIM IIOJy4YeHBl HHIEKCHI
PPED, PFD u IRR.

PE3YJ/IbTATDI
Pactenus matbl F I 1 W 1 UCXOOHBIX (KOHTPO)‘IBHBIX)
JIMHUM He MMeJIM CTaTHCTUYeCKH 3HAaUYMMBIX Pa3/iu-

=

mined. Differences between options were significant
at P<0.05.

RESULTS

Peppermint plants F I and W I of the original (control)
lines did not have statistically significant differences
in the size and habit of the aerial parts. However, W
I and W II plants had slightly longer internodes and
greener foliage compared to F I plants and under iden-
tical growing conditions (fig. 3). Twice foliar spraying
of mint plants of both F II and W II lines with the
Y-PCA SAP peptide led to some visible changes: the
size of the plants increased compared to the control
lines W I and F I, but this growth was not statisti-
cally significant. The most noticeable differences were
changes in leaf blade color, as shown in the RCB color
indices in each image.

A comparative assessment of the performance of
control plants and plants treated with y-PCA SAP
peptide grown under two types of lighting, carried
out using the calculation of three vegetation indi-
ces, makes it possible to reliably identify changes in
the state of plants after exposure to treatment with
the peptide (fig. 4). All three indicators showed sig-
nificant differences between the condition of plants
grown under white light and narrow-band spectrum
light. Treatment of plants grown under illumina-
tion with narrow-band spectral light with y-PGA SAP
peptide improved the photochemical parameters of
plants; the increase in GLI, EXG and VARI indices by
the time of harvesting mint plants ranged from 57 to
71%. While in plants grown under white light, by the
time of harvest, the treatment of plants with y-PCA
SAP peptide was practically leveled out, the indicators
of the vegetation indices GLI and VARI remained at
the original level. And only the EXG index increased
by 11.5%.

The date analysis shows that the CGLI and EXG indi-
ces make it possible to reliably distinguish the state
of control plants and plants treated with y-PGA SAP
peptide for all parameters studied. And the VARI index
is less effective for distinguishing between control and
experimental plants.

If we compare changes in the spectral characteris-
tics of plants grown under two types of lighting, as
well as after treatment with y-PGA SAP peptide, the
blue spectrum turned out to be the most stable indica-
tor, which remained virtually unchanged in all four
experimental options. Intensity indicators in the red
spectrum decreased in plants treated with y-PCA SAP
peptide in both W II and F II plants, and the decrease
in plants grown under narrow-spectrum light was
significantly greater. Control plants grown under both
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YMH 110 pa3MepaM U rabutycy Haf-
3eMHOH 4YacTH. OQHAKO pPacTeHHs
W I u W II umenu HeMHOro 6osee
IJIMHHBIe MEXA0y3nusi U Oonee
3eJIeHYI0 JIMCTBY II0 CPaBHEHMIO
Cc pacteHussMu F I u B upeHTHY-
HBIX YCJIOBHUSIX BblpalllUBaHM
(puc. 3). JByKpaTHasi BHeKOpHe-
Bas IIOAKOPMKa IenTuaom y-PGA
SAP pacTeHHH MSTBHI TUHHH KakK
F II, Tak 1 W II mmpuBesia K HeKo-
TOPBIM BUIUMBIM KM3MEHEHHUSIM -
YBeIHYMINCh PasMepbl PacTeHHUM
[I0 CPaBHEHHIO C KOHTPOJbHBIMHU
nuHuaMu W I u F I, ogHako 310
pocT 6BLI CTAaTUCTHYECKU He
nocToBepHbIM. Hawmbormee 3amet-
Hble PpasJIh4yHus 3aK/II04YaIMCh
B H3MeHeHHH B ILiBeTe JIKCTO-
BOM IIJIACTUHKH, YTO IIOKa3aHO
B HHOeKcax 1IBeTa RGB Ha KaskKooM
1306pasKeHHH.

CpaBHUTeNbHAA OLIEHKA COCTO-
SIHUSI KOHTPOJIBHBIX U 0bpaboTaH-
HeIX Y-PGA SAP menTumom pac-
TeHHH, BBIPAIlleHHBIX NPHU [ABYX
THUIIAX OCBelleHHs, IIPOBeJeH-
Hasg C HKCIOJb30BaHHEM pacuyeTa
Tpex BereTalJMOHHBIX HHIEKCOB,
[103BOJISIeT JO0CTOBEPHO BBIABHUTH
HM3MeHeHHUSsI COCTOSIHUS PacTeHHUH
Iloce BO3JeHCTBHSL 06paboTku
nentugoM (puc. 4). Bce Tpu moka-
3aTesis IOKa3aldl CyLleCTBeHHbIe
pasiuyug  MeXIy COCTOSHHEeM
PacTeHUI BBIpallleHHBIX [IPHU OCBe-
IMeHUK 6e/lbIM CBETOM U Y3KOIIO-
JIOCHBIM CIIeKTPaJIbHBIM CBETOM.
O6pabotka y-PGA SAP menTtumom
pacTeHMH, BBIPAllleHHBIX IIpH
OCBEII@HUH Y3KOIIOJIOCHBIM CIIeK-
TPaJbHBIM CBETOM, YJIy4IIHUjIa
boTOXMMHYECKHE  IIOKa3aTenu
pacTeHuUM, PpocT HHAeKkcoB GLI,
EXG u VARI K MOMeHTy YyDOpKH
ypOXKasi paCTeHHM MSTBI COCTaBHJI
oT 57 mo 71%. Torga Kak y pacre-
HUH, BBIPAlleHHBIX IIpU berom
cBeTe, K MOMEHTY Y6OpKU yposKast
obpaborka y-PGA SAP memntuznom
PacTeHHMH IpaKTH4ecKy HHBeJIH-
poBaiach, MOKa3aTeJXd BereTalH-
OHHBIX HHAEKCOB GLI 1 VARI ocra-
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Benbiv cnekTp
White spectrum

MonHbIA CNekTp
Full spectrum

O6paboTka Without peptide O6paboTka Without peptide
enTHIOM spraying TEenTHIOM spraying
Peptide Be3 06paboTku Peptide Be3 06paboTKku
spraying MEeITULOM spraying eITHUIOM
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Puc. 3. OcobeHHOCMU pazsumus msimbl Npu UCNOAb308AHUU 08YX MUN08
c8emodu0dHo20 oceeuweHus (6eabilti ceem (W 1 u W II) u y3KonoAocHbIl cnek-
mpanbHbil ceem, umumupytowuli ecmecmaeHHoe oceeuseHue (F I u F 1))

co ceemosbim OHem 16/8 u memnepamypHbimu ycaogusimu 26/22 °C 8 coue-
maxuu ¢ npumeHeHuem y-PGA SAP nenmuda (F Il u W I1) Ha pocm u pa3su-
mue pacmeHul Msimbl nepe4Holl 8 ycA08USIX 3aKpbimol cucmembl — MOOYAS
CuHepzompoH MICP11.02.140

Fig. 3. Peculiarities of mint development when using two types of LED lighting
(white light (W I and W I1) and light with a narrow-band spectrum simulating
natural light (F I and F I1)) with daylight hours of 16/8 and temperature condi-
tions of 26/22 °Cin combination using y-PGA SAP peptide (F Il and W I1) on the
growth and development of peppermint plants in a closed system - the Syner-
gotron ISR11.02.140 module

500 pm 500 pm
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Ta6nuua 2. MopbomeTpuryeckme napamMeTpbl pacTeHUA MATbl ADOMATHOE HacnaxaeHne
Table 2. Morphometric parameters of mint plants Aromatic Naslazhdenie

MokasaTtenun
Indices

Bpems oT6opa npo6 (nepunog) | Sampling time (period)

BapuaHTbl onbiTa | Experimental options

FlI Fll Wi

[AvnameTp xxenes Ha abakCMMaibHOW CTOPOHE NCTA MATHI, LM 1 | 6799+0,25 68,46+0,29 65,02+0,18 68,53+0,25
Diameter of glands on the abaxial side of a mint leaf, pm

2 68,13+0,31 69,27+0,25 | 64,59+0,21  69,11+0,38
MNOTHOCTb Xese3 Ha abakCMManbHOM CTOPOHE NUCTA MATDI, LWIT 1 21,7+1,3 24,8+1,8 16,2+0,9 19,7+1,1
Density of glands on the abaxial side of a mint leaf, pcs

2 23,3+1,7 257+1,5 17,8+£2,0 20,0+1,9
OnameTp xenes Ha BeHYMKe LiBeTKa, Lm 2 | 72,98+0,40 72,16+0,32 69,22+0,29 69,78 +0,35
Diameter of glands on the corolla of a flower, pum
YpOXKanHOCTb 3e/1eHOM MacCChl, I/OAHO pacTeHne 2 7,99+0,38 8,74+0,26 8,06+0,28 8,62+0,33
Productivity of green mass, g/one plant
CogepxxaHue 3pmMpHOro macna, % 2 2,59+0,12 2,89+0,15 2,45+0,09 2,72+0,11
Essential oil content, %

JIMCh HA IIepBOHAYAJIBHOM ypoBHe. M TOIBKO HHOEKC
EXG yBennumnics Ha 11,5%.

AHanM3 JAaHHBIX IIOKasbIBaeT, 4YTO MHAEKCh GLI
1 EXG 1103BO/ISIIOT JOCTOBEPHO Pa3/iMyaTh COCTOSHHUE
KOHTPOIBHBIX U 06paboTaHHBIX y-PCA SAP memntu-
JOM PpacTeHHI INPHU BCeX H3y4YeHHEIX IapaMeTpax.
A wmHpexrc VARI MeHee 3¢deKTHBeH i Pa3/IHYMs
KOHTPOJIbHBIX 1 OIIBITHBIX PACTeHHH.

Ecnu CpaBHUTh H3MEHEHUS CIIeKTPaIbHAIX Xapak-
TePHCTHUK PaCTeHUH, BbIPAIlleHHBIX IPH ABYX THIIaX
OCBeleHHs, a Takke Iocsie o6paborku y-PGA SAP
IeNTHUIOM, TO Haubosee cTabUIBHBIM ITOKa3aTeleM
OKa3aJiCd CHHHUM CIeKTP, KOTOPHIM MpPaKTH4YeCKH
He M3MEHMJICA BO BCeX YeThIpeX BapMaHTaX OIIBITA.
Iloka3saTenu MHTEHCHUBHOCTH B KpPacHOM CIIeKTpe
CHU3MIUCH y 0bpaboTaHHBIX y-PCA SAP menTugom
pacTeHHUN Kak y obpasuoB W II, Tak K y obpas1oB
F II, mpuyeM CHHKeHHUE Yy PacTeHHUM, BhIpallleHHBIX
IIPH Y3KOCIIEKTPAJIBHOM CBeTe OBIJIO CYIIeCTBeHHO
6onpire. KOHTpO/NbHBIE PACTeHHsI, BBIpallleHHBIE
Kak Ipu 6eloM CIeKTpe, TaK MU IPH Y3KOIIOJIOC-
HOM CIIeKTpaJIbHOM CBeTe, II0Ka3aJu 6osiee BBHICO-
KYI0 YYBCTBHUTE/JIBHOCTh MHTEHCHUBHOCTH OKPAaCKH
B 3€JIeHOM [Halla3oHe, KOTOpas CHUXKAJaach II0CIe
obpaborku y-PGA SAP menTHAOM, IIPH 3TOM Ypo-
BEeHb MHTEHCHBHOCTH 3€/I€HOTO0 I1BeTa BapuaHTa F II
CTAHOBMJICSI CPABHUMBIM CO 3Ha4YeHHeM y PacTeHHH
BapuaHTa W II.To ectp obpaboraHHble y-PGA SAP
MEeNTUAO0M PacTeHHS MSATHI COXPAHSIU LIeI0CTHOCTh
CTPYKTYP (POTOCHCTEMBI, YTO CIIOCOOCTBOBA/NO HOP-
MaJIBHOMY IPOTeKaHHUIO OHMOXMMHYECKHUX IIpoLiec-
COB B paCTeHHIX.

white spectrum and narrowband spectral light showed
a higher sensitivity of color intensity in the green
range, which decreased after treatment with y-PGA
SAP peptide, while the level of green color intensity of
the F II variant became comparable to that of plants of
variant W II. That is, mint plants treated with y-PCA
SAP peptide maintained the integrity of the photo-
system structures, which contributed to the normal
occurrence of biochemical processes in plants.

Essential oil is generated and stored in secretory
glands in all organs of the aerial parts of mint plants
(stems, leaves, calyx, corolla). Moreover, their maxi-
mum number is located on flowers, leaves of the
middle and upper tiers, the minimum number is on
plant stems. With the growth and increase in the size
of leaves and flowers, more and more new glands are
formed, and the development of the glands is a fairly
rapid process. Glands of slightly smaller sizes were
formed on mint leaves than on the corolla of mint
flowers (Table 2). Moreover, on the abaxial side of the
leaf in the control plants of the F I variant, the diam-
eter of the glands was larger than in the W I plants.
Treatment of both variants with the y-PCGA SAP pep-
tide from the mint plant leveled out this discrepancy -
the diameter of the glands was generally similar.

The density of glands on the leaves of the upper tier
of plants, both in the 1st period and in the 2nd period
of sampling, of samples grown under narrow-band
spectral light was significantly higher than in plants
grown under white light. The maximum density of
secretory glands with their large sizes, recorded in
plants of the FI and FII variants, determined a higher
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SdUpHOe MaC/I0 TeHepUPYeTCsS U XPaHUTCS B ceKpe-
TOPHBIX >KeJle3aX BO BCeX OpraHax HaJ3eMHOM 4acTH
pacTeHHUH MATHI (CTe6sIX, JTHCTBSIX, 4alleyke, BeH-
4uMKe). [IppueM MakCHMaJIbHOe UX KOJIHYeCcTBO pac-

yield of essential oil in mint samples -1.1 times com-
pared to plants WI and WII. Treatment of mint plants
with y-PGA SAP peptide in both variants led to an
increase in yield (by 9.4% in the FII variant and 7.0% in
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Puc. 4. Fucmozpammsl UHOEKCO8 oLeHKU pacmeHuli Mimbl NpuU UCN0Ab308AHUU 08yX MuUNos c8emoduodHozo oceeueHus (6eAbili
ceem (W I u W 1) u y3kononocHbIli cnekmpanbHbili ceem, umumupyrowuli ecmecmeerHoe ocgeeHue (F 1 u F 1)) co ceemosbim
dHem 16/8 U memnepamypHblmu ycaosusmu 26/22 °C 8 couemaHuu ¢ npumeHeHuem y-PGA SAP nenmuda (F Il u W I1) ¢ AuHUsmMu

Fig. 4. Histograms of evaluation indices of mint plants using two types of LED lighting (white light =W I and W [l, and narrow-
band spectral light simulating natural light - F I and F I1) with daylight hours of 16/8 and temperature conditions of 26/22 °C in
combined with the use of y-PGA SAP peptide (F Il and W I1) with trend lines
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IIOJIOKEHO Ha LIBeTKaX, JTUCThIX CPeJHEero U BepXHero
SPyCcoOB, MMHHMaJIbHOe KOJIMYeCTBO ~ Ha CTeO/IIX pac-
TeHHI. C POCTOM U YBeJIMYeHHEM Pa3sMepOB JIHCTLeB
M LBETKOB (OPMHUPYIOTCS BCe HOBBIE >KeJie3bl, IpHU
3TOM Pa3BHUTHe 3Kejle3 JOCTATOUHO OBICTPBII ITPOLIeCC.
Ha 1ucThax MATE GOPMUPOBAIHCE JKeJle3bl HeCKOJIbKO
MEHBIIHX pa3MepoB, YeM Ha BeHYMKE LIBETKOB MSAThI
(Tabn. 2). IlpuyeM Ha abakcHaJbHOM CTOPOHE JIHCTA
y KOHTPOJBHBIX PAacTeHHH BapHaHTa FI nuamertp
kerne3 6p11 6ombIIe, YeM y pacTeHur WI. O6paboTka
y-PCA SAP menTHAOM pacTeHHs MSTHI 000HMX BapHaH-
TOB HUBEJIMPOBAJIa JAHHOE PACXOXIeHHe — THaMeTp
>Kes1e3 ObLT B 11eI0M aHAJIOTHYHBIH.

ITIOTHOCTSE Kejie3 Ha JIMCThSAX BePXHEro sipyca pac-
TeHHH KaK B 1 Iepuos, Tak H Bo 2 mepuof otbopa
00pasIoB, BHIPAIlEeHHBIX IIPH Y3KOIIOJIOCHOM CIIeK-
TpaJIbHOM CBeTe, 6bIJI0 CyIeCTBEHHO BBbIIIEe, UeM Yy pac-
TeHHM, BBIPAIlleHHbIX IIpU 6e1oM cBeTe. MaKCHMasIb-
Has IUIOTHOCTb CeKPETOPHBIX Kejle3 MPH UX OOoIbIINX
pasmMepax, 3aPUKCHPOBAHHAs § paCTeHHUH BapHaHTOB
FI u FII, obycioBuia 6oee BEICOKHE BBIXOZ, SQUPHOTO
Macna y obpasroB MSATH - B 1,1 pasa 1o CpaBHEHHIO
¢ pacteHussmu WI u WII. O6paboTka y-PGA SAP memn-
THUIOM PacTeHHsI MSATHl 06OMX BAapHAHTOB IIPHBeIa
yBelIHUeHHI0 YPOKanHoOCTH (Ha 9,4% B BapuaHTe FII
u 7,0% B BapuaHTe WII) U K yBeIH4YeHHIO BBIXOA
3¢upHoro Mmacia Ha 11,6 u 11,0% cooTBeTCTBEHHO.

3AKJ/TIOYEHUE

[To HaIMM AAHHBIM, HCIIOIb30BaHUE 3aKPBITHIX OHO-
JIOTUYEeCKHUX CHCTeM II03BOJsieT ONTUMHM3MPOBATh
HCC/IefJOBaHUS BO3JEHCTBHS ONTHYECKOIO H3/Iyde-
HUSI B COYeTAaHHH C HCIIONb30BAHHEM OHOXHMHUe-
CKMX IIperapaToB Ha IIPOLIeCC BBIPAIIMBAHUSA 3QUPO-
MaC/IMYHBIX pacTeHHH. OCBelleHHe PACTeHHH MSThI
Y3KOIIOJIOCHBIM CBETOM IIOJIHOTO CIIEKTPa I103BOJISIeT
COOpMHUPOBATBCA Ha JIMCThAX BepXHEro sipyca 3¢u-
POMaCIHMYHBIM Keje3aM 6ojlee KPYIHOIO JHaMeTpa
u 6oj1ee BBICOKOM IUIOTHOCTH, UTO obecriedynBaeT yBe-
JTUYeHHe BbIXoma 3¢upHOro macia. O6paborka pac-
TeHUU MATHL Y-PCA SAP MenTUAOM TaKKe ITOBBIIIAeT
YPOSKaMHOCTb M CIIOCOOCTBYeT YBeJIHYeHHIO IPOAYK-
TUBHOCTH PacTeHHH.

BJIATOOAPHOCTb

PaboTa Haj JAHHOHN CTaThel MPOBOAMIACH B PaMKax
BBIIIOJIHEHHUS TOCymapcTBeHHOro samanusa I'BC PAH
(Ne 122042700002-6) («Bronoruueckoe pasHoobpasue IIpH-
POIHOL K Ky/IbTYPHOH QUIOpBL: QpyHIaMeHTa/IbHbIe 1 IIPH-
KIaJHBIe BOIIPOCHI H3y4deHHUS U COXpaHeHMs») U BHH-
HMCB (N2 0431-2022-0003). PesyneTaThl paboTel IOTyYeHBI
CHCIIONTb30BaHKeM MozysieH «CrHeprorpoH MCP11.02.140»
(AHO «MHCTHUTYT CTpaTeruu paBBI/ITI/IH).

=

the WII variant), and an increase in the yield of essen-
tial oil by 11.6 and 11.0%, respectively.

CONCLUSIONS

According to data obtained, the use of closed biologi-
cal systems makes it possible to optimize studies of
the effects of optical radiation in combination with
the use of biochemical preparations on the process
of growing essential oil plants. Illumination of mint
plants with narrow-band full-spectrum light allowed
the formation of essential oil glands of larger diam-
eter and higher density on the leaves of the upper tier,
which ensured an increase in the yield of essential
oil. Treatment of mint plants with y-PCA SAP peptide
also increased yield and contributed to increased plant
productivity.
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