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naBHBINA pejakTop
Xnecmkuna Enena KoncmanmuHogHa, A-p 610.1. Hayk, mpodeccop PAH (Poccus)

3aMecTHUTE/IM VIABHOTO peaKTopa

BuwHsikosa Mapzapuma A¢anacvesHa, i-p 6uos. Hayk (Poccus)
Jlockymog Hzopb Ipaducaasosud, i-p 6uos. Hayk (Poccus)
MumpogaHosa Onvea IlasnosHa, A-p 6101 Hayk (Poccus)

OTBETCTBEHHBIII CEKpeTapb
[Tunuauna Jlunus FOpvesHa, kaug, 6uoJ. Hayk (Poccus)

PepaknyoHHas KoJL1eTus

AHucumoea Upuna HukosaegHa, i-p 6uoJ. Hayk (Poccust)

Bpau Huxa BopucosHa, i-p 6uoJ. Hayk (Poccust)

Bypasiesa Mapuna Onezo6Ha, kKaHA. 6uoJ1. Hayk (Poccust)
Taspunenko Tamwvsina AHOpeesHa, i-p 6uoJ1. Hayk (Poccus)
Tosnoxeacm Kupusan Cepeeeguy, n-p 61oJ1. Hayk, npodeccop PAH, ui.-kop. PAO (Poccus)
Topuxa Basenmuna MusenmuesHa, Ii-p c.-x. Hayk (Poccus)
Jlobposoabckasi OkcaHa BopucosHa, i-p 6uoJ. Hayk (Poccust)
Jopogees Baadumup Hearnosuu, i-p 6ros. Hayk (Poccus)

/Jlymauesa Enena BaadumuposHa, i-p 6uos. Hayk (Poccus)

3omeesa Hadexcda MybaposHa, A-p 6uos. Hayk (Poccus)

3yee Egzenull Basiepbesuu, KaHg, c.-X. HayK (Poccus)

Kopsyn Bukmop Hukosaaesuu, i-p 6uos. Hayk (lepmanus)

Jlockymos Heopbw [paducaasosud, i-p 6ros. Hayk (Poccus)
Mameeesa TamvsiHa BaaepvesHa, i-p 6uoJ1. Hayk (Poccus)
Medeedes Cepeeti CemeHogu4, A-p 6101 Hayk (Poccus)

Muponenko Huna BacuavesHa, a-p 6uost. Hayk (Poccust)
MumpogaHosa HpuHa BavyecsaagosHa, ii-p 610J1. HayK, 4i.-kop. PAH (Poccust)
Iopoxosunosa Eausasema AnexcandpogHa, i-p 6uoJ. Hayk (Poccus)
Paduenko Egzenull EszeHbesuy, i-p 61oJ1. Hayk (Poccus)

Pawanw Hcaak, a-p 61oJ1. Hayk, npodeccop (JlaTBus)

PoduoHos Anekcandp Bukenmuveguy, n-p 6uoJ1. Hayk (Poccus)
CunaHmoeesa Mapuxa MuxatinogHa, i-p 6uoJ1. Hayk (Poccust)
Cokos06a [luana BukmoposHa, kauz. 6uoJ1. Hayk (Poccust)
ConodyxuHa Oavbza BaadumuposHa, i-p 6uos. Hayk (Poccus)
Tuxonoea Hadescda [enHadvesHa, kKaHj,. 6uoJt. Hayk (Poccus)
Tkauenko Kupuaa lagpuusosuy, i-p 6uoJi. Hayk (Poccust)
Typycnekoe EpaaHn KeHecbekosuu, kaH[,. 610J1. HayK, podeccop (KazaxcraH)
Yxamosa FOaus BacuavesHa, kanz,. 6uot. Hayk (Poccus)

Quaunenko lanuHa HeaHosHa, KaHJ, c.-X. HayK (Poccus)

Xamegpos Idyapd Baauaosuu, a-p 6uo.1. Hayk (Poccus)

YyxuHa Hpena l'eopeuesta, kanz,. 6uoJi. Hayk (Poccus)

PejaknioHHBIN COBET

Adpanacerko Onvza CunbeecmpogHa, i-p 610J1. HayK, akageMuk PAH (Poccus)

Bamasnosa l'aauna ApkadvesHa, i-p c.-X. HayK, akageMuk PAH (Poccus)

Bepautie Andpe XKaH, n-p (PpaHuus)

EépHep Andpeac, a-p (Fepmanus)

Becnanosa Jlvodmuna Andpeesta, i-p c.-X. Hayk, akageMuk PAH (Poccus)

Buwmnskosa Mapeapuma AgpanacvesHa, i-p 6uoJ1. Hayk (Poccust)

Tony6ey Botimex, i-p (Yexus)

Tonuapos Hukosali [lemposuy, o-p 61oJ1. Hayk, akageMuk PAH (Poccus)

Judepuxcen Akcenw, A-p (Kanaga)

Jyka Mapus BacuavesHa, i-p 6101 Hayk, mpodeccop, akageMuk AH Mosizossl (MosizoBa)
Epemun I'enHHadull Bukmoposud, A-p c.-X. HayK, akageMuk PAH (Poccus)

Kunvuesckuil Anekcandp Baadumuposuy, Ii-p 6101 HayK, npodeccop, akageMuk HAH Benapycu (Benapycs)
JlesumuHn Mapk Muxaiiioguy - i-p 610J1. HayK, podeccop, akageMuk PAH (Poccust)
MopeayHoes Anekceli Heanosuy, 1i-p (Typuus)

Mymundscaros Xagus A6dysaxo6osuy, i-p 6uoJ1. Hayk, npodeccop (Typuus, TafKxuKrcTaH)
TuxoHnosu4 Heopb AHamobesud, i-p 6101 HayK, akageMuk PAH (Poccus)

Ppusen Hukoaati Basiemepoguu, i-p 6101 Hayk, mpodeccop (l'epmanus)

Xammep Kapa, ii-p, npodeccop (Fepmanus)

© PepnepanbHBIN HcCIelOBaTeNbCKUMI IIeHTp BcepocCUICKUNA HHCTUTY T
reHeTHYeCKHUX pecypcoB pacTeHu# numMenu H.U. BaBusiosa, 2025


https://elpub.vir.nw.ru

ISSN 2227-8834 (Print)
ISSN 2619-0982 (Online)

Proceedings on Applied Botany, Genetics and Breeding
2025 Volume 186 issuel

DOI: 10.30901/2227-8834-2025-1
https://elpub.virnw.ru

Scientific Peer-Reviewed Journal

Founded in 1908

Founder: Federal Research Center
the N.I. Vavilov All-Russian Institute of Plant Genetic Resources

Lra )
N\

Editor-in-chief
Elena K. Khlestkina, Dr. Sci. (Biology), Professor of the RAS, Russia

Deputy editor-in-chief

Margarita A. Vishnyakova, Dr. Sci. (Biology), Russia
Igor G. Loskutov, Dr. Sci. (Biology), Russia

Olga P. Mitrofanova, Dr. Sci. (Biology), Russia

Executive secretary
Lilia Yu. Shipilina, Cand. Sci. (Biology), Russia

Editorial board

Irina N. Anisimova, Dr. Sci. (Biology), Russia

Nina B. Brutch, Dr. Sci. (Biology), Russia

Marina O. Burlyaeva, Cand. Sci. (Biology), Russia
Irena G. Chukhina, Cand. Sci. (Biology), Russia
Oxana B. Dobrovolskaya, Dr. Sci. (Biology), Russia
Vladimir I. Dorofeev, Dr. Sci. (Biology), Russia

Elena V. Dumacheva, Dr. Sci. (Biology), Russia

Galina 1. Filipenko, Cand. Sci. (Agriculture), Russia
Tatjana A. Gavrilenko, Dr. Sci. (Biology), Russia
Kirill S. Golokhvast, Dr. Sci. (Biology), Professor of the RAS, Corr. Member of the RAE, Russia
Valentina M. Gorina, Dr. Sci. (Agriculture), Russia
Eduard B. Khatefov, Dr. Sci. (Biology), Russia

Viktor N. Korzun, Dr. Sci. (Biology), Germany

Igor G. Loskutov, Dr. Sci. (Biology), Russia

Tatyana V. Matveeva, Dr. Sci. (Biology), Russia
Sergey S. Medvedev, Dr. Sci. (Biology), Russia

Nina V. Mironenko, Dr. Sci. (Biology), Russia

Irina V. Mitrofanova, Dr. Sci. (Biology), Corr. Member of the RAS, Russia
Elizaveta A. Porokhovinova, Dr. Sci. (Biology), Russia
Evgeny E. Radchenko, Dr. Sci. (Biology), Russia

Izaks Rasals, Dr. Sci. (Biology), Professor, Latvia
Aleksandr V. Rodionov, Dr. Sci. (Biology), Russia
Marina M. Silantyeva, Dr. Sci. (Biology), Russia
Diana V. Sokolova, Cand. Sci. (Biology), Russia

Ol'ga V. Soloduhina, Dr. Sci. (Biology), Russia
Nadezhda G. Tikhonova, Cand. Sci. (Biology), Russia
Kirill G. Tkachenko, Dr. Sci. (Biology), Russia

Erlan K. Turuspekov, Cand. Sci. (Biology), Professor, Kazakhstan
Yulia V. Ukhatova, Cand. Sci. (Biology), Russia
Nadezhda M. Zoteeva, Cand. Sci. (Biology), Russia
Evgeny V. Zuev, Cand. Sci. (Agriculture), Russia

Editorial council

Olga S. Afanasenko, Dr. Sci. (Biology), Full Member (Academician) of the RAS, Russia

Galina A. Batalova, Dr. Sci. (Agriculture), Full Member (Academician) of the RAS, Russia

André Jean Bervillé, Dr., France

Lyudmila A. Bespalova, Dr. Sci. (Agriculture), Full Member (Academician) of the RAS, Russia

Andreas Bérner, Dr., Germany

Axel Diederichsen, Dr., Canada

Maria V. Duca, Dr. Sci. (Biology), Professor, Full Member (Academician) of the Academy of Sciences of Moldova, Republic of Moldova
Gennady V. Eremin, Dr. Sci. (Agriculture), Full Member (Academician) of the RAS, Russia

Nikolai Friesen, Dr. habil., Professor, Germany

Nikolay P. Goncharov, Dr. Sci. (Biology), Full Member (Academician) of the RAS, Russia

Karl Hammer, Dr., Professor, Germany

Vojtech Holubec (Vojtéch Holubec), Dr., Czech Republic

Alexander V. Kilchevsky, Dr. Sci. (Biology), Professor, Full Member (Academician) of the National Academy of Sciences of Belarus,
Republic of Belarus

Mark M. Levitin, Dr. Sci. (Biology), Full Member (Academician) of the RAS, Russia

Alexey I. Morgounov, Dr., Turkey

Hafiz Muminjanov, Dr. Sci. (Biology), Professor, Turkey, Tajikistan

Igor A. Tikhonovich, Dr. Sci. (Biology), Full Member (Academician) of the RAS, Russia

Margarita A. Vishnyakova, Dr. Sci. (Biology), Russia

© Federal Research Center
the N.I. Vavilov All-Russian Institute of Plant Genetic Resources, 2025


https://elpub.vir.nw.ru

VJIK 58:575:631.522/.524:633/635:632(066)

OTBeTCTBEHHbIE PEJaKTOPHI BhINMYCKa
Xnecmkuna Enena KoHcmanmuHosHa, Ji-p 6uoJ1. Hayk, npodeccop PAH (Poccus)
Cokosnoea Enena AnekcandposHa, a-p 6uoJ. Hayk (Poccust)
PeakTop-nepeBogYnK
Kpbinioe Aumon Tl'eopzuesuy (Poccust)

Tpyzbl 0 NMPUKJIAJHOU GOTAaHUKE, FeHEeTUKe U cesieKiuu / QesepaibHbIN HCClel0BaTeIbCKUN LEHTP BcepoccHiiCKMIA MHCTUTYT reHeTHYe-
CKUX pecypcoB pactenuil uMenu H.M. BaBusnosa. Cankt-IleTep6ypr : BUP, 2025. T. 186, Bbim. 1. 258 c.

B ycnoBusax lleHTpanbHO-YepHO3eMHOr0 perroHa /laHa OlleHKa MOTPeOUTeNbCKUX KadeCTB IIJI0/I0B ajbldM OTe4YeCTBEHHOH U 3apy6exHOon
ceJIeKI[MU. YCTaHOBJIEHO BJIMSIHYUE IMHKA U Me/[U Ha XapaKTePUCTUKHU POCTa, YPOKAHUHOCTD, COCTaB 3UPHOro Macja ¥ aHTUMUKPOGHbIe CBOM-
ctBa Ocimum basilicum var. thyrsiflora, BblpamyrBaeMoro Bo BbeTHaMe. BeIsiBJIeHbI 0COGEHHOCTH IPOPACTaHUsl CEMSIH rOpoXxa 1oj, AeficTBHeM
MHUIle/IHabHO-Cy6CTPAaTHOTO 3KCTPAKTa BellleHKH. KcciejoBaHbl alamTHBHOCTB, MJIACTUYHOCTD M CTA6U/IBHOCTD YPOXAWHOCTH I'0JI03epHO-
ro s;uMeHsi B MockoBcko# o6usiactu. C nomoibio BUK-cnekTpockonuu npoBesieHa 3KCIpecc-oljeHKa GUOXMMUYECKUX MOKa3aTeeld X03si-
CTBEHHOH IIeHHOCTH 06pa3IloB CeMsIH aMapaHTa U3 KoJuleknu BUP. U3ydeHo KauecTBO ceMsiH KOK-carbl3a B yCJI0BUsIX XapOuHa. PekoMeH/[10-
BaHbI MOpdosIorndecKre NPU3HAKH JMCTa 3u3ndyca 11 COpTOBOH uaeHTUPHKANHHY. [lof06paH UCXOJHBIH MaTepHas U pa3paboTaHbI arpo-
TeXHUYEeCKHe NpUeMbl BO3/le/IbIBAaHUS BUTHBI B LleJIsIX OecriepeGoiHOro MoJjiydeH st OBOLIHOM NPOAYKLMH /Jisl TepepabaThIBAIIIUX Npej-
npusTHil. [lpoBesieHo peHoTHIIMPOBaHKEe 06pa3L0B ryapa U3 KoJulekuuy BUP B yc/10BHAX MO/IMBa M HCKYCCTBEHHOM 3acyxy B Bosirorpackoi
o6.1acTu. PaccMoTpeHo BIMsAHUE NOTOJHBIX PaKTOPOB Ha 371eMeHThl CEMEHHOH NPOAYKTHBHOCTH rOpoxa MpH PenpoyKIKu KosieKuu BUP
Ha A/IJIepCKO ONBITHOM CTaHLMH. B KaMepe HCKYCCTBEHHOrO KJMMaTa MpoaHaJIn3UpPOBaHbl KOMIIOHEHThI 3UMOCTOMKOCTH 06pas1ioB poja
Fragaria L. c pa3HbIM peHopUTMOTHIIOM. OTC/IEXKEHO HAC/IeJOBAaHNE BBICOKOTO CO/IEPXKAHUsI CTEapUHOBOH KUCJIOTBI B Macjie CeMsTH MOACOJI-
He4yHHKa. [IpoBe/ileH MOJIEKY/ISIPHBIM CKPUHUHT COPTOB M OTGOPHBIX popM cMopoauHb! yepHoH cenexknuun PHIL nmenn U.B. Mudypurna no
YCTOWYMBOCTH K IIOYKOBOMY Kilellly. /laHa olleHKa CPOKOB PaCMyCKaHHs 0Y€eK y COPTOB U CeJIeKIIMOHHBIX GOPM Opexa rpeliKoro U3 reHopoH-
Ja KpacHogapckoro kpasi M npoBefieHa Banujanus SSR-mapkepoB QTL faHHoro npusHaka. Ha npumepe pe3ysbTaToB caMOOIBLIEHHS U TIepe-
KpPeCTHOTO OMNbLIEHHS I'PEYUXH TOJBEPTHYThl HAYYHOMY PAcCMOTPEHHIO BOMPOCHI 3BOJIIOIUU pAacCTeHUH OT MepeKpPecTHOrOo OMbLIEHUS
K caMoonblieHH 0. [IpoBe/ieH aHa/IM3 reHeTUYeCKOr0 KOHTPOJIsI MPU3HAKa aJIloMOyCTOWYMBOCTH Yy 06Pa31ioB sIpoBOro s;uMeHst. OCBelleHbl
BOIPOCHI IKCTPAKIUU GHOIOTHYEeCKH aKTUBHbIX COeJUHEHHUH U HCClleloBaHUS aHTHOKCH/AAHTHBIX CBOMCTB MapOKKaHCKUX JIMHUH oBca. U3y-
4yeH noauMopdusM reHa CslF6, accOLUUPOBAHHOTO ¢ GHMOCHHTEe30M (3-D-T/Il0KaHOB, y 06pasIjoB AUIIOUAHOTO oBca Avena strigosa Schreb.
koJuiekiuyu BUP. OxapakTepr30oBaHa YCTOMYHUBOCTb COPTOB a/lblyd CeJieKI[MM MalKOICKONW ONbITHOW cTaHMU BUP K rpuGHBIM 60JIe3HSAM.
[IpeacraBiieH 0630p aKTyaIbHOH HHPOPMALMK O AOCTHKEHHUSAX B 06JIaCTH U3y4eHHs] FeHOMa JIbBUHOTO 3eBa (Antirrhinum majus L.). O6cy-
M/IAI0TCA COBPeMeHHbIe MeTO/ibl H/IeHTHPHUKAIIMY THOPUOB B ceMeiicTBe Rosaceae Ha mpuMepe exxeBUKH. O606I€HBI M CHCTEMAaTH3UPOBa-
HbI /IaHHbIE 0 MOJIEKYJ/ISIPHO-T€HETHYECKUX TPOLeCcCax, ONPeeIsoIMX OKPACKY L{BETKA 1 CEMSIH Y JIbHA.

Jlist pecypcoBe/ioB, 60TAaHUKOB, TEHETHUKOB, CEJIEKI[MOHEPOB, NMpenojaBaTesield By30B 6H0JIOTUYECKOT0 U CEJIbCKOX035HCTBEHHOTO MPOQUIIS.
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Domestic and foreign cherry plum cultivars have been assessed for the consumer qualities of their fruits in the Central Black Earth Region. Zinc
and copper have been analyzed for their effect on the growth characteristics, yield, essential oil composition, and antimicrobial properties of
Ocimum basilicum var. thyrsiflora cultivated in Vietnam. Pea seed germination has been found to be affected by an extract from the mycelium
substrate for oyster mushroom cultivation. Hulless barley has been tested for adaptability, plasticity, and yield stability in Moscow Province.
NIR spectroscopy has been used for rapid assessment of biochemical indicators of agronomic value in amaranth seed accessions from the VIR
collection. Quality of kok-saghyz seeds has been evaluated under the conditions of Harbin. Morphological characteristics of Chinese jujube
leaves are recommended for varietal identification. Source material and agricultural practices for cowpea cultivation have been selected to
ensure uninterrupted production of vegetables for food processing enterprises. Guar accessions from the VIR collection have undergone phe-
notyping under irrigation and artificial drought conditions in Volgograd Province. The effect of weather factors on seed productivity compo-
nents has been assessed in pea accessions from VIR during their reproduction at Adler Experiment Station. Winter hardiness components in
Fragaria L. accessions with different phenorhythmotypes have been analyzed in an artificial climate chamber. Inheritance of high stearic acid
content has been traced in sunflower seed oil. Black currant cultivars and selected forms developed at the [.V. Michurin Center have undergone
molecular screening for resistance to gall mite. The budbreak timing has been evaluated in walnut cultivars and breeding forms among the
Kuban germplasm, and the trait-related SSR-markers have been validated. Self-pollination and cross-pollination of buckwheat have been re-
searched to clarify the issues of plant evolution from outcrossing toward selfing. Genetic control of the aluminum resistance trait has been an-
alyzed in spring barley accessions. Extraction techniques for bioactive compounds have been explored and antioxidant properties investigated
in Moroccan oat lines. Polymorphism of the CsIf6 gene associated with 3-D-glucan biosynthesis has been studied in diploid oat accessions of
Avena strigosa Schreb. from the VIR collection. Cherry plum cultivars developed at Maikop Experiment Station of VIR have been characterized
for their resistance to fungal diseases. Achievements in studying the genome of snapdragon (Antirrhinum majus L.) are retrospectively re-
viewed. A case study of blackberry is used to discuss current methods for identifying plant hybrids within the Rosaceae family. The data on
molecular and genetic processes determining pigmentation in flax flowers and seeds are summarized and systematized.

Addressed to genetic resources experts, geneticists, plant breeders, and lecturers of biological and agricultural universities and colleges.
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Background. Cherry plum becomes increasingly popular among amateur gardeners. Plants of this fruit crop are characterized
by such positive qualities as an early start of fruiting, high potential productivity, and annual formation of generative organs.
This crop allows the users to significantly diversify the range of fresh fruits.

Material and methods. The objective was to analyze the properties and characteristics of nine cherry plum cultivars grown
both in Russia and abroad. Cv. ‘Kubanskaya Kometa’ released in the Central Black Earth Region served as the control. Weighing
was carried out on the AND EJ-6100 laboratory scales. Soluble dry substance (DS) accumulation was assessed on an MT-032
field refractometer. Statistical data processing was carried out using the Microsoft Excel 2007 and Statistica 10 software.
Results and conclusions. Large-fruited cvs. ‘Kubanskaya Kometa’, ‘Zlato Skifov’, ‘Soneika’ and ‘Printsessa’ were identified, with
an average weight of more than 26 g. The stone content was the lowest in ‘Kubanskaya Kometa’, “Zlato Skifov’, ‘Soneika” and
‘Printsessa’, with a percentage of less than 5%. ‘Karminnaya Zhukova’ was characterized by a detachable stone; ‘Soneika’, “Zlato
Skifov’, ‘Printsessa’, ‘Solnechnaya’ and ‘Alaya Rannyaya’ showed high juiciness of fruits; ‘Soneika’ contained a high soluble DS
amount (more than 14%). The fruits of ‘Printsessa’, ‘Karminnaya Zhukova’' and ‘Kubanskaya Kometa’ had dark color and attrac-
tive appearance. ‘Kubanskaya Kometa' and ‘Soneika’ demonstrated high fruit taste qualities (scored 4.5 points). Cvs. ‘Kuban-
skaya Kometa), ‘Soneika’, Zlato Skifov’ and ‘Printsessa’ were identified for the combination of high consumer qualities in their
fruits in the Central Black Earth Region.

Keywords: diversity, fruit weight, pulp juiciness, soluble dry substances, taste qualities
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. 186 (1),

BBegeHue

@pyKThI ABAAIOTCA HEe3aMEeHHMbIM KOMIIOHEHTOM cba-
JIAHCUPOBAHHOIO paljMoHa yesoBeka. OHU cojepKaT KOM-
IJIEKC Ba)KHEHIINX OGMOXMMUYECKUX COeJMHEHUH: YI/eBO-
JI0B, OpraHU4ecKuX KHUCJIO0T, MUKPO3JIeMeHTOB, 6HoJIorHYe-
CKH aKTHUBHBIX BeL[eCTB, KJeTYaTKU. YUUThIBAsi BO3pACTal0-
Y0 PoJib TPOUIAKTUYECKOr0 MUTAHUSA B CI0XKUBLIEHCS
3MU/IEMHUOJIOTHYECKON 06CTaHOBKe, TOTPEOHOCTb B HUX OY-
JIeT 0CTaBaTbCs BbICOKOM. B 9TOM CBA3U NepBOCTENEHHOH 3a-
Jlayelt oTpac/u sIBJsieTcs obecriedeHUe HaceJeHHUs CBeXKUMU
IJIOJJAaMU U B IEPBYIO 0Yepesib — TPAaJULIMOHHO BO3/eJIbIBae-
MbIMH B cTpaHe KyabTypamHu (Kulikov, Minakov, 2019).

B Poccuiickoit ®epepanun 3¢deKTUBHOCTb KYJIbTHBU-
pPOBaHUS IJIOJIOBBIX KY/IBTYP, @ TAKXKE UX IIOPOJHO-COPTOBOM
COCTaB B 3HAYUTEIbHOU CTeNIeH! 3aBUCAT OT IOYBEHHO-KJIU-
MaTHUYeCKUX YCJI0BUM KOHKpeTHOro peruoHa. B Poccun nojx
MHOTOJIETHUMH HaCaXJeHUsIMU 3aHATO 464,1 ThIC. ra, 4YTO
coctaBJisieT 0k0J10 0,6% OT 00111e MOCEBHOU MJIOINAN CeJlb-
cKox03sHicTBeHHBbIX KyAbTyp (Results of the All-Russian...,
2018). B LlenTpasbHoM YepHO3eMbe HauboJiee pacnpocTpa-
HEHHOU B HacaXJJeHUAX KYJbTYPOH sABJseTCA s16JI0HS [0-
MamHAsa (Malus domestica Borkh.). Ilog KoCTO4YKOBBIMHU
KyJIbTypaMy B caJilax pervoHa 3aHato 8254,9 ra (13,49%).
CielyeT OTMETHUTB, 4TO Gosiee 95% miiomagu KOCTOYKOBbBIX
pacIo/IoXKeHOo B X03sAHcTBax HacesieHus. B llenTpanbHo-Yep-
HO3eMHOM pervoHe TPaJUIMOHHO BbIPALIMBAIOTCS BUILHSA
obbikHOBeHHas (Prunus cerasus L.) v ciuBa fomaiussas (Pru-
nus domestica L.). B HacaXX/JeHUSIX TaKXKe BCTPeYaeTCs U aJibl-
ya (Prunus cerasifera Ehrh.). OqHako oHa 3aHUMaeT MJIOLA/[b
He 6osiee 243 ra (Results of the All-Russian..., 2018). Cy1e-
CTBEHHO PaCUIMPUTb apeaJs JaHHON KYJbTYpPbl BO3MOXKHO
TOJIBKO NPU CO3/JaHUM U aKTUBHOM BHe/IpEHUH TepCIeKTHB-
HBIX COPTOB C BBICOKMMHU NOTPEGUTENbCKUMU KayeCTBaMHU
IJIO/IOB.

Llesnvio uccsaedosanus siBJsiach OLeHKA MOTPEOUTENb-
CKHUX KayecTB ILUIOJOB aJblYM WM BbIJEJeHHe COPTOB Kak
C KOMILJIEKCOM NPHU3HAKOB, TaK U C BBICOKUM IPOSIBJIEHUEM
OT/leJIbHBIX IPU3HAKOB.

MaTepnamﬂ U MeTOoAbI

[IpoBefeHO M3ydyeHUe NOTPEOUTENBCKUX KauyecTB 9 cop-
TOB aJIbIYM OTEYEeCTBEHHOU U 3apyOeKHOU cesieKIuu: ‘Ajas
Paunnsas’, ‘3nato Ckudor, ‘UBosra, ‘Kapmuunas XKykoga),
‘MepoBas’, ‘llpunnecca, ‘Panusas Po3osas’, ‘Cosnneunas’, ‘Co-
Helka'. PalloHnpoBaHHbIH B lleHTpasbHO-YepHO3EMHOM
peruoHe copt ‘Ky6aHckass KomeTra' ucmnoJsib30Baiud B Kade-
CcTBe KOHTpOJisA. [IpoucxoxaeHue HCCAeJOBaHHBIX COPTOB
npeJicTaB/eHo B TabJsule 1.

CopTa OlLleHMBaJM B HAaCaX/AEHUSAX NMEPBUYHOIO COPTO-
n3y4yeHus B 2019-2023 rr. Pactenus nocaxxens! B 2015 1. mo
cxeMe 6 x 3 M B KosindecTBe 20 pacTeHui kaxzaoro copra. [lo-
BTOPHOCTb JByKpaTHas. CaJy pacnosiokeH Ha paBHUHHOM
y4acTKe, OKPY>KEHHOM 110 IIepUMeTpPY JIeCO3alMTHbIMHU I10-
socamu. [loyBa cepasi JiecHas, B MeXaHHYECKOM COCTaBe
npeo6JiaZjaeT Jerkui CyrJIMHOK. B Mexaypsaibsax Mo eprKu-
BaeTCd YepHbIH nap.

[ToTpe6buTeNbCKUE KayecTBa IJIOJOB OLeHHWBAIU IO
«[IporpamMmmMe U MeTOJHUKe COPTOU3YyYEHHUS MJIOLOBBIX, ATOJ-
HBIX U OPeXOIJIOAHBIX KyJIbTyp» (Sedov, Ogoltsova, 1999).
Kpl/lTepI/IHMI/I ABJIAJIUCb Ka4eCTBEHHbIE€ MPU3HAKH (BHeIJ_I-
HUM BUJ, dopMa, OKpacka, COYHOCTb MAKOTH), @ TAKXKe ypo-
BEHb IPOABJIEHUA KOJMWUYECTBEHHBIX NPU3HAKOB (cpeaﬂeﬁ
Macchl, OJHOMEPHOCTH IVIOZA U KOCTOYKH, MAacCOBOX J0JI1
KOCTOYKH) U ZIETYCTALlMOHHAs OlleHKa. B3BelMBaHue NpoBo-
AWK Ha JyiabopatopHbix Becax AND EJ-6100. [l aHanusa
HaKOIJIEHUs] paCTBOPUMBIX cyxux BellecTB (PCB) npumeHns-
au nosieBod peppakromerp MT-032ATC. CTaTUCTHUECKYIO
00paboOTKy JAaHHBIX OCYLIECTBJISJIM C MPUMEHEHUEM KOM-
nbIOTepHBIX NporpaMm Microsoft Excel 2007, Statistica 10.

Pesym;ra'rm u 06cy)l(uel-me

Anblya npuobpeTaeT Bce GOBIUIYIO MONMYJASIPHOCTD Y Ca-
JI0BO/IOB-/TI06UTe Iel. PacTeHUs JaHHON KyJIbTYpPbl XapaKTe-
PU3YIOTCA TAKUMHU IOJIOKUTEJIbHBIMU Ka4eCTBaMH, KaK paH-
Hee BCTYIJIEHWE B IIJIOJOHOIIEeHHWe, BbICOKAadA IOTEeHIHWaJIb-
Had NPOAYKTHUBHOCTD, €XXerogHasd 3aKJyjaJKa reHepaTuBHbIX

Ta6auna 1. [IpoucxoxkgeHre COPTOB AJIbIYH

Table 1. Origin of cherry plum cultivars

PoauTtennsckue GpopMbl

CopTt

MaTepUHCKas OTLLOBCKasi
‘Anas Panusas’ ‘CosiHevHast’ ‘KpacnonsiogHas’
‘3nato Ckudos’ Cesinen ‘Ky6aHckol KOMeTbI
‘UBoara’ asbiya Ne 161 ‘KpacnonsiogHas’
‘Kapmunnas XKykosa’ ‘CosiHeuHast’ ‘Kpacnonsiognas’
‘Ky6anckas Komera’ (kouTposib) | ‘CkoporutogHass’ ‘Tlnonepka’
‘MenoBast’ ‘Tlnonepka’ ‘ConHeunast’
‘Tlpunnecca’ Cesinen ‘Amtapakckoi 17

‘Pannss Pososast’ ‘ConHeyHast’

Prunus nigra Ait.

‘CostHeyHas’ Prunus cerasifera Ehrh.

‘CoHelika’ Mapa

CMECh IMbIbLIbI AUNIJIOUJHBIX COPTOB CJIMBbI
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OpraHoB. B siMHelike COPTOB aJIbI4y CyLeCTBYIOT KaK paHHe-
crnesible GOPMBI, Y KOTOPBIX CO3peBaHMe IMJIOLOB COBMNAJAeT
C OKOHYaHHUEM JaHHOH peHoda3bl y aBpUKOCa, TAK U T03/IHe-
cresible, JOCTHXKEHHE TIOTPeGUTENbCKOHN 3PEIOCTH KOTOPBIX
COBNaJaeT C HaYyaJIOM IJIOJOHOIIEeHUsI CAUBEI loMalIHe . Pa-
LMOHAJbHBIA MOAGOP COPTOB KOCTOYKOBBIX KYJIBTYP M0O3BO-
JiAeT YOAOBJIETBOPUTD l'[OTpe6HOCT]> B CBEXXHX I1JIOJAaX B Teye-
HHe JJINTEJIbHOTO Iepuoaa.

B pesysibTaTe NJIaHOMEPHOW CeJIEKIMOHHOU paboOThI
OTe4YeCTBEHHBIX M 3apyOeXHbIX CeJeKIMOHEPOB COPTH-
MEHT KOCTOYKOBBIX KYJbTYpP CYLIECTBEHHO pacCIIHMPHUJICA
(Morozova, Simonov, 2019; Osipov etal., 2020; Safarov,
Eremin, 2020; Borzykh etal., 2021). B ycioBusix cpegHei
noJiocbl Poccuu KyJIbTUBUPYIOTCA KaK MeCTHbIe, TaK U UH-
TPOAYLUPOBaHHbIe copTa. BegeTcsa moctosiHHas paboTa
[0 COBEPLIEHCTBOBAHHUIO CYIECTBYIOIEr0 COPTHMEHTA.
Hapsigy cycTOMYHMBOCTbIO K aOHMOTHYECKHM U OMOTHYe-
CKHUM CTpeccopaM, 60JIbIlIoe BHUMAaHHUE YAeas1eTCs MOBbI-
IIeHHWI0 KaYyecTBa IIJIO40B. HJ]OA]JI HW3y4YEeHHBbIX COPTOB aJIbI-
YU MMEJIM CYLIeCTBEHHbIe pa3/InYvid 10 BHEUIHEMY BUAY
(Tabur. 2).

HUf, CIUIAaBHBIM Cy>K€HUEM K BepxyllKe. Y KOHTPOJIbHOTO
copra ‘Ky6anckas Komera' ¢opma miona oBasbHas. [lnox
OKpyTsIoH GpopMbl 0OTMedeH y copToB ‘Asas Panuss’, ‘UBoura),
‘Kapmunnas XKykosa, ‘MegoBas’, ‘Pannss Po3oBast’. Y copToB
‘Anas Panusas’, 3nato Cxudor, ‘Kapmunuas XKykosa, ‘Ky-
6aHckas Kometa) ‘PanHsas PosoBas’, ‘ConHeuHas’, ‘CoHelka’
KOCTOUYKa OBaJIbHOU ¢opMbl (Buj c60Ky). [isa copta ‘Tlpun-
Hecca’ XxapakTepHa KOCTO4YKa AHIeBUAHON GOPMBL. Y COPTOB
‘UBosira’ u ‘MefoBas’ KOCTOYKA OKPYT/I0H GOPMBI.

XopouuM BHEIIHUM BH/IOM IJI0A0B (4,5 6assia) xapakTe-
pH30BaJMCh KOHTPOIbHBIN copT ‘Ky6aHckas KomeTa’ u copT
‘TlpuHuecca’. Ux myioabl KpynHee CpefHEro pasMepa, C UH-
TEHCHBHOM TEMHOM OKpACKOU 110 BCel MOBepXHOCTH. biaro-
Jlapsi KpyIHOMY pa3Mepy U IpKO-KeJITOM OKpacKe BHELIHUN
BUJ MJI00B ¥ copToB ‘CoHelika’ u ‘3naTo CkudoB’ cocTaBuI
4,3 6asta. Copt ‘KapmunHas 2KykoBa' codeTas 0JHOPOAHYIO
TEMHYI0 OKpacKy W CpeJHUH pasMep IMJI0A0B (BHEUIHUU
BUJ - 4,2 6as1a). [lnoabl JAHHOTO COPTA, a TAaKXXe COPTOB
‘ConnevyHas’, ‘Anasa Pannsas’, ‘Pannssa Po3osas’, ‘UBosra’, ‘Me-
AOBaH, HMeJIU CyleCTBEHHbIe OTJIMYHA OT KOHTPOJIA. Y Hux
OTMedeH YA0BJIeTBOPUTENbHBIN BHEIIHUH BUA (4,0 6asia).

Ta6una 2. XapaKTepUCTUKA IJIOA0B HOBBIX COPTOB aibluM (MuuypuHck, 2019-2023 rr.)

Table 2. Fruit characteristics of new cherry plum cultivars (Michurinsk, 2019-2023)

OKpacka KOKHILbI dopma
BHemHu
CopT
KOCTOYKH BHU/I, 6aJII
MOKPOBHAasA OCHOBHas 104
(BuA c60Ky)

‘Tlpunnecca TeMHO-QUOJIeTOBass | KpacHas OKpYTJIO-OBaJIbHAs | sIHLeBUJHAS 4,5
‘Kybanckast Kometa’

¢duoseroBas KpacHas oBaJIbHas oBaJIbHas 4,5
(koHTpOJIB)
Conelika )KesTasd CBeTJIO-)KeJITasgs | OKPYyrJio-OBa/JibHas | OBaJibHad 4,3
‘3nato Ckudop’ »KeJsTast CBETJIO-XKEeJITasi | OKPYrJio-OBaJibHAasl | OBaJibHasi 4,3
’ )
KapmunHas XXykoBa TEeMHO-60p/10Bast KpacHas OKpyTrJias oBaJibHas 4,2
‘ConHeyHas’ KeJiTast CBeTJIO-XKeJITasl | OKpPYyIJo-OBajbHasl | OBaJibHas 4,0
‘Anas Panusas’ CBeTJ/I0-KpacHas )KesTas OKpyTrJias oBaJlbHas 4,0
‘PanHss PosoBas’ KpacHas )KesTas OKpyTJias oBaJibHas 4,0
‘UBosra’ )KesTas 3eJsleHas OKpyTrJias OKpyTrJiasi 4,0
‘MepoBast’ xKeJsiTast CBeTJIO-XKeJITask | OKpyrJas OKpyTJIast 4,0
HCP,, 0,2

JlI1 KOoMMep4yecKoro copTa NpeAnodYTHTe/bHA TeMHas
OKpacka, 3aHMMalo1as BCIO TIOBEPXHOCTB MIoAa. U3 naydeH-
HbIX popM HauboJIee NprBIeKaTeJbHON TeMHO-QHO0IETOBON
MIOKPOBHOHM OKpacKkoW XapakTepusoBascs copT TlpuHiecca’
(puc. 1). UHTeHCHBHAsA TeMHO-60pA0Bast OKpAcKa IJIoJa Xa-
pakTtepHa ass copra ‘Kapmunnas YKykoa'. KoHTposbHBIH
copt ‘Ky6anckas Komera' Takke MMeJ NpHUBJEKaTeJbHYIO
¢duoseToBy10 OKpacky. Y coptoB ‘Anas Pannssa’ u ‘Panusas Po-
30Bas’ NOKPOBHAs KpacHas OKpacka 3aHUMasa GOJIbILYI0
4acTb IJI0JJa U FaPMOHUYHO COYEeTaIaCh C OCHOBHOM XKeJITOH.
J11 oCcTaJIbHBIX COPTOB XapaKTepHAa MHTEHCHUBHAs JKeJsTas
oKpacka moja (puc. 2).

Jnsa coproB ‘3nato Cxkudos, ‘[IpuHuecca, ‘CosmHeyHasT),
‘CoHeliKa’ XapaKTepHa OKpYIJIo-oBasbHasA ¢opmMa miaoga (cM.
TabJ1. 2). Haubo bk uaMeTp 11012 HaX0JUJICS Y OCHOBa-

HauGosibield npyuB/IeKaTENbHOCTDIO [ MOTpebUTE el
HOJIB3YIOTCA IJIOABI KPynHOro pasmepa. Ilo mMacce miofoB
U3yYeHHbIE COPTA MMeJIM pasjIn4Ms, YTO NPHUBEJEHO B Tab-
sune 3.

HauboJsipas Macca njo/0B 0TMe4yeHa y KOHTPOJIbHOTO
copta ‘KybaHckasa Komera' Ee BesimunHa cocraBua B cpeji-
HeM 31,51. JlaHHBIH MMOKa3aTeJsb 3a TOJbl HCCJAeL0BaHUMI
U3MEHAJICA B Cpe/iHel cTeneHHu, KoaQpPUIIMEHT BapHaLUU
coctaBua 17,36%. KpynHeiM pasMmepoM maonoB (26,7-
27,1 1) xapaktepusoBanuch copta ‘Tlpunnecca) ‘3nato Cku-
¢op’, ‘Coneiika’. Haubosbuell cTabUIBHOCTBIO 1O TOJaM
o6saganu niaogbl copta ‘llpunnecca’ (Cv=9,93%). Y cop-
ToB ‘Conelika’ u ‘3sato CKudoB’ 0TMeueHO cpe/iHee 3HaUe-
HUe ko3pounuenTta Bapuauuu, 11,56 u 19,89% coorBeT-
CTBEHHO.
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Puc. 1. Illioap! ansrum copra ‘I[punnecca’, 2020 r. (poro B. B. YuBusesa)
Fig. 1. Cherry plum fruits of cv. ‘Printsessa’, 2020 (photo by V. V. Chivilev)

Puc. 2. Iliioap! anbsium copra ‘Coneiika’, 2020 r. (dporo P. E. BorgaHnosa)
Fig. 2. Cherry plum fruits of cv. ‘Soneika’, 2020 (photo by R. E. Bogdanov)
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Ta6auna 3. Macca 1j1oga 1 KOCTOYKH COPTOB aabluM (Muuypunck, 2019-2023 rr.)

Table 3. Fruit and stone weight of cherry plum cultivars (Michurinsk, 2019-2023)

Macca m1oga Macca KOCTOYKH, T
Moo
Mzm,r Cv, % M+m,r Cv, %
‘Kyb6aHckast KomeTa’ (KOHTpPOJIb) 31,5+1,73 17,36 1,4 +0,19 18,19 4,4
‘3nato Ckudop’ 27,1+1,44 19,89 1,2+0,11 25,23 4,4
‘Conelika’ 26,9 £ 0,94 11,56 1,2+0,23 27,81 4,5
‘Tlpunuecca’ 26,7 +0,91 9,93 1,1+0,15 18,23 4,1
‘Kapmunnas Kykosa’ 20,1 +0,87 8,71 1,3+0,21 26,38 6,5
‘CosiHevyHas’ 16,8 +1,10 18,69 1,2 +0,28 25,87 7,1
‘UBora’ 14,3+0,71 15,24 1,1+0,18 19,21 7,6
‘MepoBas’ 14,1+0,83 16,83 1,1+0,24 21,37 7,8
‘Pannsasa Pososas’ 12,7 £ 0,49 14,26 09+0,17 19,67 7,1
‘Anas Panuas’ 10,6 £ 0,51 15,34 08+0,13 18,01 7,5

[IpuMeuaHue: M - cpefiHee apudpMeTHUECKOe; M — OlIKOKa cpe/jHero apupMeTrudeckoro; Cv — koapbuiueHT Bapualyuu

Note: M - arithmetic mean; m - error of the arithmetic mean; Cv - coefficient of variation

B rpymnmy co cpefHUM pa3MepoM ILJIOJOB BOLUIM COPTa
‘Connevnasi’ v ‘KapmuHHas XKykoBa', y KOTOPBIX JaHHBIH IT0-
KazaTeJsb coctaBu 16,8 1 20,1 r cOOTBETCTBEHHO. 3a rofbl
HCCleIOBaHUH cpefHsAA Macca II0A0B y copta ‘KapmuHHas
2KykoBa’ usmeHsisiach HesHauuTesbHO (Cv = 8,71%). Y copra
‘ConHevHasi’ K03pPUIMEHT BapHal[M1 UMeJI CpeJiHee 3Hade-
Hue (18,69%).

Copra ‘Anas Panuss’, ‘PanHsia PosoBas’, ‘MepoBas’
¥ ‘UBosira’ XxapaKTeprU30BaIMCh MEJKUMH IJIoAaMH. Ux pas-
Mep BapbupoBas oT 10,6 fo 14,3 r. [lox BoszxencTBUEM IO-
TOJHBIX YCJOBUH 3a Trojibl UCCJIE0BAaHNSA JaHHBIM NMPHU3HAK
U3MeHsJIc B cpenHed creneHd. KoadounueHT Bapuanuu
B JJaHHOM rpynne He npesbiman 20%.

Ba)xHOU XapaKTepUCTUKOM IIPU OLleHKe IJI0/A ABJISAETCSA
pa3Mep KOCTOYKH M ee OTHOLIeHHe K 06Inell mMacce mioja.
CorJtacHO JaHHBIM, TPUBEJEHHBIM B Ta0JIMIEe 2, HAUGOIbIIEN
Maccold KOCTOYKHM XapaKTepH30BaJICI KOHTPOJBHBIA COPT
‘Kybanckass Komera. HauMmeHblive mOKasaTeJW [AaHHOTO
NpU3HaKa OTMeYeHbl y copToB ‘Ayast PanHaAs” u ‘PanHsAs Po-
30Basd’, y KOTopbix oHU cocTaBuid 0,8 u 0,9 r COOTBETCTBEH-
HO. Y OCTa/JIbHBIX COPTOB Macca KOCTOYKH BapbHpoOBaJja OT
1,1101,3T.

3a roJbl UCCaeJOBAaHUN Macca KOCTOYKH Y KOHTPOJIS
u coproB ‘[IpuHiuecca, ‘UBosra, ‘PanHsas Po3oBasa’ u ‘Anas
PanHsasa’ BapbupoBasa B cpefHeil crtemeHu (Cv=18,01-
19,67).Y coptos ‘3snaTto Ckudos’, ‘Coneiika, ‘Kapmunnas XKy-
koBa, ‘CostHeyHast, ‘MezoBas’ K03PUIMEHT BapHUaIUU CO-
craBua 21,37-27,81%. ¥ copra ‘I[IpuHuiecca’ oTMe4eHO Hau-
MeHbIllee COOTHOLIEHHE MacChl KOCTOYKM K Macce IUIoAa
(4,1%). Y xoutpossa ‘KybaHckas koMera’ M COpPTOB ‘3/1aTO
Ckucdop’ u ‘CoHelika’ MaccoBasi [10Ji1 KOCTOYKHU COCTaBHUJIA
4,4-4,5%. Y ocTaJbHBIX COPTOB IaHHBIHN MMOKa3aTeJib BapbH-
poBau B npefenax ot 6,5% (‘Kapmunnas XKykosa’) 10 7,8%
(‘MepoBas’). CnemyeT oTMeTHTb, 4TO y copTa ‘KapMunHas

XykoBa' KOCTOYKa XOpOIIO OT/AE/sAAaCh OT MSAKOTH. Y KOH-
TposibHOTrO copra ‘Kybanckas Komera, a TakXe y cOpTOB
‘Coneiika, ‘3smato Ckudos, TlpuHuecca), ‘ConHeyHas’, ‘UBoJ-
ra, ‘PanHssa Po3oBas’, ‘Anast PaHHss" KOCTOYKA MOJIyOT/e-
aswmasics. Y copta ‘MenoBas’ KOCTOYKa CpocCIIasics € M-
KOThIO.

[loTpebuTebCcKUEe KadecTBA IJIOJOB TAKXKe ONpejesis-
IOTCS1 COYETAaHMEM TaKHUX MPU3HAKOB, KaK OKpacKa U CO4-
HOCTb MAKOTH, BKYC. Bb[pa)KeHHOCTb M KOJIMYeCTBEeHHad Xa-
PaKTEepPUCTHUKA JaHHBIX IPU3HAKOB MpeJcTaBJeHa B TabJIu-
e 4.

Ja koHTposibHOTO copTa ‘KyGaHckass KomeTa, a Takxke
coptoB ‘CoHelika), ‘3nato Ckudor’, ‘[Ipunnecca) ‘KapmMunHas
’KykoBa' u ‘PanHss Po3oBass’ xapakTepHa »KeJsiTas OKpacka
MAKOTH. ¥ copToB ‘MenoBast’ u ‘CosiHedyHass” MSAKOTh IJIOJA
HMeJia CBETJIO-KeJITYI OKpacKy, a y ‘Ayiol panHei’ u ‘UBoJI-
Iy’ - AHTAPHYIO.

CHUJIBHOW COYHOCTBIO MSIKOTU BBIJIEJISIJIMCH cOpTa ‘Asas
Pannss’, ‘Conerika, ‘3nato Ckudor’, Tlpunnecca, ‘CosHey-
Has, ‘PanHsg Po3oBas’. Y koHTposibHOTO copta ‘KybGaHckas
KomeTa', a Takke copToB ‘UBosira), ‘KapmunHas XKykosa), ‘Me-
JloBasi’ OTMeuYeHa Cpe/iHssl COYHOCThb MSAKOTHU. ClieiyeT oTMe-
THUTb, 4YTO BCe U3y4eHHbIe GOPMBI XapaKTEePHU30BaTUCh rap-
MOHHWYHBIM, XapaKTEPHbIM AJiA IIJIOAOB aJIbIYX apOMaTOM
MAKOTH.

CopepkaHre pacTBOPUMBIX CyXHX BeIeCTB BO MHOI'OM
onpejesisieT KOHCUCTEHI[MI MAKOTH. Haubosblield Macco-
Boi nmosieir PCB (14,3%) xapaKTepHU30BaMCh MJIOABI COPTA
‘Conerika’. KontposbHbii copT ‘KybaHckass KomeTa) a Takxke
‘UBosira, ‘Kapmunnasa JKykoBa, ‘MejgoBas’ HakaminBaIu
B ogax 12,1-12,7% PCB. [lna coptoB ‘3smato Ckudos)
‘Tpunnecca), ‘ConHevnast, ‘Pannsasa PosoBas, ‘Anas Panuss’
oTMeveHa MaccoBas g0 PCB B npeaenax 9,4-11,9%. Brico-
KO¥ CTabUJIBHOCTBIO JAHHOTO MPU3HAKA 3a FO/bl HCC/Ie/l0Ba-
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Ta6una 4. [lorpe6uTenbcKue KayecTBa IJIOAOB, B cpegHeM 3a 2019-2023 rr. (MuuypuHCK)

Table 4. Consumer qualities of fruits, average for 2019-2023 (Michurinsk)

MAakoThb MaccoBas gous PCB
Copr JlerycranMoHHas

Oxpacka COYHOCTh M+m, % Cv, % ouenka, 6ann
‘Coneiika’ JKeJiTas CUJIbHas 143+6,1 6,9 4,5
(Ii};ii;f;as Komera' | orras cpeaHsis 12,1+ 1,64 19,2 45
‘3naTto Ckudosp’ JKeJsrTast CUJIbHast 9,4+0,85 11,9 4,4
‘Tlpunuecca’ KeJsiTasd CUJIbHasA 9,8+ 0,64 13,3 4,4
‘ConHevHast’ CBETJIO-XKeJITasd | CUJIbHad 9,8+0,73 16,8 4,3
‘UBoura’ sSHTapHas cpeaHsis 12,7 £0,78 11,0 4,1
‘Kapmunnas YXKykosa' | »xenras cpefHAs 12,3 £0,69 9,7 4,1
‘MepoBast’ CBETJIO-XKeJITass | CpeaHsis 12,1 +1,20 17,8 4,0
‘Anas Pannsas’ SAHTapHas CUJIbHas 11,9 +£0,87 12,1 4,0
‘Pannsis PosoBas’ KeJrTast CUJIbHAsA 10,8 +0,71 14,1 4,0
HCP 0,2

Huii (Cv < 10%) xapakTepu3oBaauck copta ‘CoHelika’ u ‘Kap-
MuHHas JKyKoBa' Y ocTajJbHBIX COPTOB K03 QUIIMEHT Bapu-
anuu He npesbiwan 20%.

HauBepIcuylo opraHoJieNTUYECKYI0 OLleHKYy MMeJH IJIOo-
bl coptoB ‘Kybanckas Komera’' u ‘CoHelika’ (zerycranuoH-
Has olleHKa — 4,5 6as1a). HecylecTBeHHbIe OTKJIOHEHHS 110
JIAaHHOMY TIPHU3HAKy OTMedeHbl y copToB ‘3sato Ckudos',
‘lpunuecca ‘ConHednas’. [lis HUX XapaKTepeH rapMOHHUY-
HBIH BKYC C IeTyCTal[MOHHOM oLleHKOH 4,3-4,4 6ania. Xopo-
UM BKycoM (4,1 6asu1a) XapaKTepHU30BaIUCh IJIO/bI COPTOB
‘UBosira’ u ‘Kapmuunas Kykosa. Y coptoB ‘Anas Panusasf),
‘MenoBasi, ‘PanHsiga Po3oBas’ olleHKa BKyca COCTaBHJIA
4,0 6anna.

3ak4yeHue

B pesysnbTaTe mpoBefeHHON paGoOThl BbIZEJIEHBI COPTa
C BBICOKUM HpOHBJIeHI/IEM OTAEeJIbHBIX HOTpeﬁI/ITeJIbCKI/IX Ka-
4eCTB IIJIOL0B:

- kpynHomiogHocTe: ‘Ky6aHckass Komera), ‘3nmato Cku-
¢op’, ‘Conerika, ‘[lpunnecca’ (cpeanss macca 6oJiee 26 r);

- HU3Kas MaccoBasl J10Jis KOCTOYKH B 1u1o/ie (MeHee 5%):
‘Kybanckas Komera’, ‘3nato Ckudor’, ‘Coneiika), ‘TlpuHuecca’;

- oTAessApIasicsa KocTouyka: ‘Kapmunnas XKykoBa';

- CHUJIbHAsI COYHOCTb MAKOTHU: ‘CoHelKa), ‘3iaTo CkupoB),
‘Tlpunuecca) ‘ConHevyHas’, ‘Panuss Po3oBast’;

- BbICOKOe HakomieHue PCB (6osiee 14%): ‘CoHelKa’;

- TeMHasl OKpacKa W IpUBJIEKAaTeJbHbI BHEIIHUN BU[L
mozoB: ‘[Ipunnecca), ‘KapmunHas XKykosa), ‘Kybanckas Ko-
MeTa’;

- BbICOKHE BKYCOBbIE€ Ka4yecTBa IJIOLOB ([erycramuoH-
Has olleHKa - 4,5 6asa): copra ‘Ky6aHckas KomeTta), ‘CoHeilt-
Ka.

CoyeTaHue KOMIIEKCA MOTPEOUTENHCKUX KAauyeCTB IJI0-
0B oTMeveHo y copToB ‘Ky6aHckas KomeTta), ‘CoHelika), ‘3na-
To Ckudor’, TIpunnecca’

Ha ocHOBe KOMIJIEKCHOTO aHa/IN3a, CyMMapHOW OLeHKH
Maccel, OKpacky, GOpMbl, BKyca, CPAaBHEHHs C KOHTDPOJIEM
BbIZIesIeHbl copTa: ‘3sato Ckudor’, ‘Conerka, ‘TlpuHuecca),
‘Kapmunnas XKyxosa, ‘CostHeYHast, MMelole CTOJI0BOE Ha-
3HayeHUe B ycsu0BUAX LlenTpanbHo-YepHO3eMHOr0 permoHa.
Wx myiofbl XapaKTepHU30BaJUCh NPUBJIEKATEJbHBIM BHEII-
HUM BHUJIOM, TapMOHHUYHBIM BKYCOM, KPYIHBIM U CpeJHUM
pasMepoM. YYUTbIBasA MeJKUH pasMep U YA0BJIETBOPUTEb-
HBIH BKyC IJI0J0B, copTa Asnas Panuss, ‘UBosra), ‘Megosast),
‘Pannss Po3oBast’ UMeIOT TeEXHUYECKOe Ha3HAYeHHe.
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Thai basil (Ocimum basilicum var. thyrsiflora (L.) Benth.) (Lamiaceae) is widely used for its aromatic leaves and culinary value.
This study investigated the effects of zinc (Zn; 0, 10, 20 mg/kg of soil) and copper (Cu; 0, 5, 10 mg/kg of soil), individually and
combined, on the growth, yield, essential oil composition, and antimicrobial properties of Thai basil grown in Vietnam. The
optimal plant responses, including increased height, lateral branches of the stem number, fresh and dry yield of green mass, and
essential oil yield, were achieved at Zn 10 mg/kg and Cu 5 mg/kg. The major essential oil components were linalool
(41.64-53.27%), and methyl chavicol (22.45-37.56%), with the highest concentrations recorded at Zn 10 mg/kg and Cu
5 mg/kg. Antimicrobial tests showed strong activity of essential oil against Staphylococcus aureus, Escherichia coli, and Candida
albicans, with minimum inhibitory concentrations (MIC) between 25 and 100 pg/mL. However, higher levels of Zn and Cu nega-
tively impacted growth, yield, and oil quality. The study highlights the importance of regulating Zn and Cu levels in soil to opti-
mize the growth and essential oil properties of Thai basil. These findings offer valuable guidance for enhancing the agricultural
production of Thai basil, balancing both quantity and quality.
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B/inssHMe HMHKAa U MeAM Ha XapaKTePUCTUKHU POCTA, YPOKANHOCTD,
cocTtaB 3¢pUPHOro Macjia Uy aHTUMUKPOOHbIE CBOMCTBA TaMCKOI'0
6asuauka (Ocimum basilicum var. thyrsiflora), BelpalguBaemMoro

BO BheTHame

T. B. ’'manr?, Y. T. Xyen?, JI. T. T. Xyen?, B. H. Jlan?

Ynueepcumem Xoue /Jvik, Txanb Xoa, Boemuam

2 BbemHaMcKull HAYUOHAIbHbIU ce/bCKoxo3silicmeeHHblll yHusepcumem, XaHoli, BoemHuam

Aemop, omeemcmeeHHbll 3a nepenucky: Tour Ban 'nanr, tongvangiang@hdu.edu.vn

Basunuk tavickuii (Ocimum basilicum var. thyrsiflora (L.) Benth.) (Lamiaceae) Hames mupokoe npuMeHeHHe 6J1arofjaps cBoe-
My XUMHUY€ECKOMY COCTaBYy B maproMepuu, MeJUIMHe U KyJMHApUU. B JaHHOM HccieJOBaHUM U3y4aJloCh BIUSIHUE IUHKA (Zn;
0,10, 20 mr/xr noussl) u Meau (Cu; 0, 5, 10 Mr/Kr no4Bbl), Kak M0 OTAEJIBHOCTH, TAK U B KOMOMHAIMH, HA POCT, yPOXKAHHOCTB,
cocTaB 3UPHOro Macja 1 aHTUMUKPOOHbIE CBOMCTBA TAMCKOTO 6a3UJIMKa, BhIpAllleHHOTO Bo BbeTHaMe. OnTHMaIbHbIE TAapa-
MeTpbl PAaCTEeHUH: yBeJMYeHNe BBICOThI, KOJIMYECTBA GOKOBBIX MOOETOB, YpOXKasi CBEXKEH U CyXOU 3eJIeHOM MaccChl, a TaKXe
BBIX0/ 93pUPHOTro Mac/a, 6bLJIY MOJIy9eHbl IPU KoHLeHTpanuax Zn 10 mr/kr u Cu 5 Mr/kr. OCHOBHbIE KOMIIOHEHTBI 3QUPHOT0
Macsa - guHasnooa (41,64-53,27%) u MeTusnxaBukos (22,45-37,56%), MakcuMasibHble KOHIIEHTPALMH KOTOPBIX ObLJIM 3a-
UKCUPOBaHBI IPU TeX Ke /03aX [[MHKAa U MeJJi. AHTUMUKPOOHbIE TeCThl T0Ka3aJ1 BbICOKYI0 aKTUBHOCTb 3HUPHOTO MacJa
npoTuB Staphylococcus aureus, Escherichia coli n Candida albicans, c MUHUMaJIbHBIMH MOAABJISIONIMMY KOHLIEHTPALUAMU
(MIC) ot 25 o 100 Mkr/mu. OpgHako 60Jiee BbICOKHE YPOBHU Zn U Cu OTPULIATEIBHO CKa3bIBAJHCh HA POCTE, YPOXKAWHOCTH
Y KayecTBe 3¢UpHOTo MacJa. McciegoBaHre nojyepKrBaeT BAXKHOCTb KOHTPOJIS yPOBHEH LIMHKA M Me/IX B IIOYBE JJIs1 ONTH-
MH3aLHUH POCTA U CBOKCTB 3pUPHOro Macia Takckoro 6asurka. [losydeHHbIE pe3yIbTaThl MOTYT GbITh PEKOMEH/J0BaHbI A1
MOBBIIIEHHS CETbCKOX035IMCTBEHHOTO TPOM3BO/CTBA TAWCKOr0 6a3U/IMKA C yYeTOM IOBBIIIEHUS KaK YPOXKAHHOCTH 3eJIeHOU
Macchl, Tak 1 ee KauecTBa.

Kawuesvie caoea: Ocimum basilicum var. thyrsiflora, MUKp03/1eMeHTBI, XapaKTEPUCTHUKH POCTa, 3GUPHOE MaCJI0, aHTUMU-
KpoOHast aKTUBHOCTh

baazodapHocmu: aBTOpBI BEIpaXXaroT 6J1arojapHocThb YHUBepcuTeTy XoHT /lpik (BreTHaM) 3a mojjep:KKy M IMOMOIIb B OCY-
I1eCTBJIEHUH HACTOSIIEr0 UCCIEJOBaHUS.
ABTODBI 6/1ar0JapsAT PELIEH3EHTOB 3a UX BKJIA/] B 3KCIIEPTHYIO OLIEHKY 3TO paGoThl.

Aaa yumupoeanusa: 'iaur T.B, Xyen U.T, Xyen JL.T.T, Jlan B.H. Biusanue nuHka U MeAu Ha XapaKTepPUCTUKHU POCTa, ypo-
»KaHHOCTB, COCTAaB 3QUPHOro Macja U aHTUMUKPOOHBIE CBOMCTBA Talckoro 6asuauka (Ocimum basilicum var. thyrsiflora),
BhIpaliMBaeMoro Bo BoeTHame. Tpydel no npukaadHoil 6omaHuke, 2enemuke u cesexyuu. 2025;186(1):17-26. DOI: 10.30901/
2227-8834-2025-1-17-26
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Introduction

Thai basil, scientifically known as Ocimum basilicum var.
thyrsiflora (L.) Benth,, is a unique and aromatic herb that hails
from the mint family, Lamiaceae (Sahu et al., 2022). Originat-
ing in Southeast Asia, particularly in Thailand, this basil vari-
ety is widely cultivated for its distinctive flavor and culinary
applications (Sahu et al,, 2022). Characterized by its vibrant
green, slightly serrated leaves, and strong, sweet fragrance,
Thai basil stands out among other basil varieties (Sahu et al,,
2022). In cuisine, this basil variety is an essential ingredient,
adding a delightful twist to various dishes. It is a key compo-
nent in traditional curries, stir-fries, and noodle dishes, im-
parting a unique and aromatic flavor that is both spicy and
slightly sweet. The leaves are often used as a garnish, contrib-
uting both visual appeal and a burst of fresh aroma to the pre-
sented dishes. Beyond its culinary uses, Thai basil is also val-
ued for its potential health benefits. Like other basil varieties,
it is rich in essential oils, antioxidants, and nutrients, which
are believed to possess anti-inflammatory and antibacterial
properties (Avetisyan etal., 2017; Lyczko etal, 2020; Sahu
etal, 2022; Sahu et al,, 2024). Additionally, the herb is appre-
ciated for its role in traditional medicine, where it is used to
address various ailments (Pripdeevech et al,, 2010).

Mineral nutrients are pivotal for the growth and develop-
ment of plants, playing essential roles as key elements in di-
verse physiological and biochemical processes (Hansch, Men-
del, 2009). Two standout contributors to overall crop health
and productivity are zinc (Zn) and copper (Cu) (Mousavi
etal, 2013; Kumar etal,, 2021). It is important to understand
the initial composition of the soil to ensure that plants would
receive an adequate supply of these essential nutrients. As an
indispensable micronutrient, Zn actively participates in nu-
merous enzymatic reactions crucial for plant metabolism
(Mousavi etal,, 2013). It plays a central role in nucleic acid
and protein synthesis, facilitating cell division and elongation.
Additionally, Zn is essential for activating enzymes in photo-
synthesis, thereby influencing the overall energy conversion
efficiency in plants (Mousavi et al., 2013; Prasad et al., 2016).
Moreover, it supports the development of a robust root sys-
tem, enhancing the plant’s capacity to absorb water and nu-
trients from the soil (Mousavi et al,, 2013). Cu, another vital
micronutrient, is integral to various biochemical processes
within plants (Kumar et al., 2021). It acts as a cofactor for nu-
merous enzymes engaged in redox reactions and electron
transport chains. Cu’s participation in photosynthesis and
respiration makes it indispensable for energy metabolism
(Kumar et al,, 2021). Furthermore, Cu contributes to cell wall
lignification, providing structural support to plants and bol-
stering their resistance to diseases (Adrees etal, 2015; Ku-
mar et al., 2021). Inadequate levels of Zn or Cu can result in di-
verse growth disorders, adversely affecting plant yield and
quality (Adrees et al.,, 2015; Prasad et al,, 2016). Thus, ensur-
ing that plants receive a balanced and sufficient supply of
these minerals is crucial for optimal performance.

In recent years, the cultivation of Thai basil has signifi-
cantly increased in Vietnam, with farmers drawn to its adapt-
ability to various soil types and climates, making it suitable
for both lowland and upland areas. Despite its popularity,
there is a scarcity of research on the micronutrient require-
ments of this plant, particularly concerning Zn and Cu. This
lack of research underscores the necessity for comprehensive
studies to fill this knowledge gap. Hence, the present study in-
vestigates the effects of Zn and Cu, individually and in combi-
nation, on the growth, yield, essential oil composition, and an-
timicrobial properties of Thai basil grown in Vietnam.

Materials and methods

Plant materials

The Thai basil (Ocimum basilicum var. thyrsiflora) seeds
were procured from the Vietnam High-tech Plant Seed Center
and subsequently cultivated within the net house at Hong Duc
University, Thanh Hoa (19°46’16”N, 105°46°'47”E), Vietnam.
The sowing process commenced in February 2022, during
which the ambient temperature averaged 26 * 2°C, and the
relative humidity was maintained at 65 + 2%. Plastic germi-
nation trays served as the chosen containers, and the growth
medium employed was a peat-based substrate. During the
initial 2-week post-sowing period, the plants underwent
a daily watering procedure, which was subsequently adjusted
to a weekly schedule. Following a growth duration of 5 weeks,
the seedlings underwent transplantation into plastic pots
that had been treated with Zn and Cu.

Experimental design and treatments

Plastic pots, measuring 14 cm in diameter and 12 cm in
height, were employed in this investigation and filled with
soil. The soil samples were obtained from the surface down to
a depth of 25 cm at the research farm of Hong Duc University,
Thanh Hoa, Vietnam. The trace element composition of the
soil was analyzed using atomic absorption spectroscopy
(AAS). The physicochemical properties of the soil were deter-
mined, with the following results: soil texture - sandy loam;
electrical conductivity (EC) - 3.85 dS/m; potential of hydro-
gen (pH) - 7.23; organic carbon - 0.61%; total nitrogen (N) -
0.08%; phosphorus (P) - 7.54 mg/kg; potassium (K)-
167 mg/kg; iron (Fe) - 11.32 mg/kg; manganese (Mn) -
8.49 mg/kg; copper (Cu) - 0.72mg/kg, and zinc (Zn) -
0.80 mg/kg.

The experimental design comprised three levels of Zn (0,
10, 20 mg/kg of soil) and three levels of Cu (0, 5, 10 mg/kg
soil), administered as ZnS0,.2H,0 and CuSO,.5H,0, respec-
tively. A total of nine treatments were implemented, en-
compassing all possible combinations: (Zn,Cu,), (Zn,Cu,),
(ZnCu, ), (Zn,Cu), (Zn,,Cu,), (Zn, Cu, ), (Zn,,Cu ), (Zn,,Cu,),
and (Zn, Cu, ), with Zn Cu, serving as the control. Application
of these treatments involved dissolving specified metal salt
amounts in 200 mL of distilled water, and uniformly spraying
them over the soil surface of each pot to ensure even distribu-
tion. Following the treatment application, a two-month incu-
bation period ensued to establish Zn and Cu equilibrium in
the pot soil. Subsequently, the seedlings, prepared as de-
scribed above, were planted in pots treated with Zn and Cu.

The experiments were conducted utilizing a randomized
block design with three replications in the net house of Hong
Duc University, Thanh Hoa, Vietnam. The plots were irrigated
immediately after transplanting and throughout the growing
seasons as needed. No pesticides were employed during the
experiment, and weed control was carried out manually. Fer-
tilization with essential nutrient elements (N-P-K, urea, tri-
ple superphosphate, and potassium sulfate) was applied on
the basis of on soil test results to optimize conditions for plant
growth. After 12 weeks, Thai basil plants were harvested by
cutting them at 5 cm above the soil surface.

Measurement of some morphophysiological traits

Various parameters relevant to plant growth, such as
plant height and the number of lateral branches on the stems
per plant, were observed. Plant height was measured using
aruler and expressed in cm. The study also investigated fac-
tors affecting yield, including both fresh and dry produce, and
examined pigment content (SPAD). Total fresh yield was doc-
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umented and presented in g/plant, and the total dry yield of
green mass was measured and reported in g/plant after stor-
ing harvested material for 72 h in an oven set at 72°C. Addi-
tionally, assimilatory pigment content was evaluated using
a non-destructive portable chlorophyll content meter (SPAD
502, Minolta, Japan), which measured the optical absorbance
of chlorophyll, with readings recorded in SPAD units.

Essential oil extraction

A total of 200 g of dried aerial parts of Thai basil under-
went hydrodistillation for 4 h utilizing a Clevenger-type
apparatus, following established procedures (Giang et al.,,
2023). The essential oil extraction process was reiterated
three times to ensure reproducibility. Subsequently, the col-
lected essential oil underwent drying over anhydrous sul-
fate and was stored at 4°C in preparation for analysis. The
essential oil yield was calculated and expressed as a per-
centage (v/w).

Essential oil analysis

The chemical compositions of the essential oil extracted
from Thai basil were analyzed using gas chromatography-
flame ionization detection (GC-FID) and gas chromatogra-
phy-mass spectrometry (GC-MS), following established pro-
tocols (Giang etal, 2023). The GC-FID analyses were con-
ducted on an Agilent Technologies HP 7890A Plus gas chro-
matograph, equipped with a flame ionization detector and an
HP-5MS column (30 m x 0.25 mmi. d., film thickness 0.25 pm).
The initial oven temperature was set at 60°C for 2 min, fol-
lowed by an increase to 220°C at a rate of 4°C/min. The injec-
tor and detector temperatures were maintained at 250°C and
260°C, respectively. Helium served as the carrier gas with
a flow rate of 1 mL/min.

For GC-MS analyses, an Agilent Technologies HP 7890A
Plus gas chromatograph, coupled with an HP 5973 MSD mass
spectrometer, was employed. The same capillary column and
chromatographic conditions from the GC-FID analyses were
applied. Mass spectra were collected within the 35-350 amu
range at a rate of 1 scan/s, utilizing ionizing electron energy
of 70 eV and an emission current of 40 mA. Helium gas served
as the carrier gas at a flow rate of 1 mL/min, and the transfer
line temperature was set at 260°C.

The identification of essential oil components relied on
GC retention time, compared with known compounds, and
a comparison of mass spectra with those in the computer da-
tabase and published spectra (Adams, 2007; NIST, 2018). The
percentage composition of components was determined by
normalizing the peak area without applying correction fac-
tors.

Antimicrobial assay

To evaluate the antimicrobial effectiveness of Thai basil
essential oil, three strains of microorganisms were subjected
to testing, encompassing one Gram-positive bacteria strain
(Staphylococcus aureus ATCC 25923), one Gram-negative bac-
teria strain (Escherichia coli ATCC 25922), and one yeast
strain (Candida albicans ATCC 10231). The minimum inhibi-
tory concentration (MIC) was determined using the previ-
ously established broth microdilution susceptibility method
(Giang et al.,, 2023). Gram-positive bacteria were cultured in
Mueller-Hinton broth (MHB), while yeast strains were culti-
vated in Sabouraud broth (SB). The essential oil was dissolv-
ed in 1% dimethylsulfoxide (DMSO) and serially diluted in
a 96-well microtiter plate. Overnight cultures of each strain
were prepared, with a final concentration adjusted to
5x10° CFU/mL for bacteria and 1x10° CFU/mL for yeast in

each well. The microorganisms were then incubated for 24 h
at 37°C and 30°C for bacteria and yeast, respectively. Gen-
tamicin and nystatin served as standards for bacteria and
yeast, respectively. The MIC was defined as the lowest concen-
tration of essential oil that inhibited visible growth of the mi-
croorganism.

Statistical analysis

The results were expressed as means and standard errors.
The statistical analysis to ascertain significant differences
among treatments included the comparison of means through
an analysis of variance (ANOVA). Those analyses were per-
formed using the SPSS™ software on a personal computer
(SPSS Inc., IL, USA). Subsequent comparisons of treatment
means were executed using the least significant difference
test, with a significance level set at p < 0.05.

Results and discussion

Growth and morphophysiological characteristics

The concentrations of trace elements, such as Zn and Cu,
in soils play a crucial role in promoting healthy plant growth
and development (Hénsch, Mendel, 2009). Plants require
a well-balanced combination of essential nutrients to ensure
normal growth and achieve optimal yields. The impact of var-
ious treatments involving Zn, Cu, and their combinations on
the growth and morphophysiological parameters of Thai basil
is detailed in Table 1.

The study revealed that the applied treatments signifi-
cantly (p < 0.05) influenced several key parameters, including
plant height, number of lateral branches on the stems per
plant, fresh yield, dry yield of green mass, and SPAD, com-
pared to the control treatment. It was noted that plants
treated with different concentrations of Zn and Cu exhibited
enhanced growth and morphophysiological parameters com-
pared to the control (Ghorbanpour et al,, 2016; Lajayer et al,,
2017). However, as the concentrations of Zn and Cu increased
in various treatments, the vegetative growth parameters
gradually declined (see Table 1). The most favorable results in
terms of growth and morphophysiological parameters in Thai
basil plants were observed with the Zn, Cu, treatment. Simi-
lar positive effects of low Zn and Cu levels have been reported
in other plant species, such as Mentha pulegium (Lajayer et al.,
2017), Matricaria chamomilla (Grejtovsky etal., 2006), and
Ocimum basilicum (Ghorbanpour etal, 2016). The applica-
tion of Zn and Cu at low doses is believed to enhance plant
growth by meeting nutritional requirements, improving the
efficiency of macro- and microelement absorption, activating
enzymes, and facilitating elongation and cell proliferation
(Hansch, Mendel, 2009; Adrees etal, 2015; Prasad etal,
2016).

In this study, the lowest values for growth and morpho-
physiological parameters in Thai basil plants were recorded
when the highest concentrations of Zn and Cu (Zn, Cu, ) were
applied (see Table 1). These values were significantly lower
(p < 0.05) than those of the control treatment. The decrease
in the mentioned growth parameters can be attributed to the
accumulation of toxic levels of Cu and Zn in plant tissues, dis-
rupting essential nutrient uptake and transport (Mir etal,
2021; Kaur, Garg, 2021). This interference subsequently af-
fects the mineral nutrition composition of plants, chlorophyll
content, photosynthetic rate, and root growth.

Essential oil yield
The essential oil yield of Thai basil, subjected to varying
concentrations of Zn and Cu, is illustrated in Figure 1. Our
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Table 1. The effect of zinc (Zn) and copper (Cu) on morphological and physiological characteristics
of Thai basil (Ocimum basilicum var. thyrsiflora)?

Ta6auna 1. Brusaxaue nuHka (Zn) u meau (Cu) Ha mopdosiornyeckre U Gu3N0/I0rHYeCKUe XapaKTepUCTHKH
Talickoro 6asusnka (Ocimum basilicum var. thyrsiflora)?

Treatments Plar;tcrl:le)ight La:)‘afl;all:eb;;l:lilsles F{ esh yield Dry yield SPAD
(number per plant) g/plant) (g/plant)

Zn Cu, 53.03+1.05c 15.19+0.74 ¢ 62.24+1.01c 11.04£0.33c 3487 +0.39¢c
Zn Cu, 5314+ 1.14c 1492 +0.57c 60.75+1.48 ¢ 10.57 £0.36 ¢ 34.62+041c
Zn Cu,, 51.69+1.54c 1445+ 0.63 c 60.22£1.07 c 10.42+0.40c 3431+045¢c
Zn, Cu, 6395+1.41a 20.15 +0.66 ab 75.81+1.64 ab 13.45+0.28 ab 43.18+0.43 ab
Zn, Cu, 64.47 £1.22a 22.27+083a 79.26 £1.41a 14.28+0.42a 45.26 +0.27 a
Zn, Cu,, 58.04 +0.86b 1846+ 0.70b 71.84+150b 12.82+0.37b 40.39+0.31b
Zn, Cu, 50.89+1.61c 14.31+0.75¢ 58.37+1.04 c 10.27 £0.51 ¢ 35.08+0.44 c
Zn, Cu, 52.26 +1.64c 15.48+0.87c 61.28+1.27c 1095+0.29¢ 35.21+0.58¢
Zn, Cu,, 45.27 £1.01d 11.24+0.62d 51.31+1.17d 8.30£0.33d 30.15+0.27d

Note: @ - results are means of three measurements * standard errors. Within each column, means with the same lower-case letters are not
statistically differentat p < 0.05 according to Tukey’s test

HpuMeqal—me: a- pe3yJbTaThbl lIpeCTaBJIEeHbl KaK CpeJHUe 3HAaYEeHUA TpexX I/I3MepeHl/Iﬁ + cTaHZlapTHBIE oKOKH. B npejesax Kaxaoro
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Fig. 1. The effect of zinc (Zn) and copper (Cu) on essential oil yield (%, v/w) of Thai basil
(Ocimum basilicum var. thyrsiflora). Results are means of three measurements # standard errors. Means with the same
lower-case letters are not statistically different at p < 0.05 according to Tukey’s test

Puc. 1. Baiusanaue nuHkKa (Zn) u meau (Cu) Ha Bbixog, 3¢pupHoro maciaa (%, v/w) Taiickoro 6asujauka
(Ocimum basilicum var. thyrsiflora). PesynbraThl Ipe/icTaB/eHbl KaK CpeIHUE 3HAUeHUs TpeX U3MepeHUH + CTaHAapTHbIe
oumn6ku. CpeiHUE 3HAaYeHUs], 0003HAaYeHHbIe OZJMHAKOBBIMU CTPOYHBIMU GYKBaMH, CTATUCTUYECKH HE PA3/INYaloTCs

npu p < 0,05 no kputeputo Tbroku

TPY/IbI 110 TPUKJIAZTHOW BOTAHUKE, TEHETUKE U CEJIEKLIMH /
PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):17-26



« 186 (1),2025 o

T'uanr T.B., Xyen U.T., Xyen JI.T.T., Jlan B.H.

findings revealed a significant impact (p < 0.05) of Zn and Cu
treatments on the essential oil yield of Thai basil. Remarkably,
the Zn, Cu, treatment yielded the highest essential oil, show-
casing its efficacy in enhancing aromatic compound produc-
tion. Conversely, Thai basil treated with high concentrations
of Zn and Cu (Zn,Cu, and Zn, Cu, ) exhibited the lowest es-
sential oil yields, even falling below those of the control group.
This pattern aligns with previous studies on herbs like Oci-
mum basilicum (Ghorbanpour et al., 2016) and Matricaria re-
cutita (Jeshni et al,, 2017), indicating a consistent response to
Zn and Cu treatments across different plant species. The ob-
served outcomes can be attributed to the indirect influence of
Zn on terpenoid biosynthesis, primarily by augmenting pho-
tosynthesis. Furthermore, the potential stimulation of auxin
biosynthesis and increased cell division due to Zn application
may contribute to the expansion of leaf area and enhanced
plant photosynthesis (Mousavi etal, 2013). Similarly, Cu
plays a crucial role in enzymatic activities associated with the
synthesis of secondary metabolites (Kumar etal., 2021; Ku-
mar etal, 2022). Optimal levels of Cu support the proper
functioning of enzymes involved in essential oil formation.
However, it is crucial to note that while Zn and Cu are neces-
sary, an excess of Zn and Cu can have adverse effects on plant
health, leading to oxidative stress and a decrease in essential
oil production (Mir et al,, 2021; Kaur, Garg, 2021).

Chemical compositions of the essential oil

The data concerning the chemical profile of Thai basil es-
sential oil under various treatments are presented in Table 2.
A total of 25 essential oil constituents were identified, repre-
senting 95.01%-97.44% of all constituents in the essential
oil. The analysis revealed that Thai basil essential oil primar-
ily consisted of oxygenated monoterpenes (74.20%-93.21%),
followed by sesquiterpenes hydrocarbons (3.40%-17.65%),
monoterpene hydrocarbons (0.44%-3.36%), and oxygenated
sesquiterpenes (0.20%-0.68%). The principal volatile com-
ponents identified in Thai basil in this study were linalool and
methyl chavicol. Our findings align with the research con-
ducted by A. Avetisyan et al. (2017), where linalool and methyl
chavicol were identified as major compounds in Thai basil es-
sential oil from Armenia. Similar results were reported by
Ma Xiaojing et al. (2022) and J. Lyczko et al. (2020), who iden-
tified oxygenated monoterpenes as major compounds in Thai
basil essential oil. Additionally, linalool was reported as a ma-
jor compound in Thai basil essential oil grown in Egypt, ac-
cording to literature (Said-Al Ahl et al.,, 2015). R. Sishu et al.
(2010) also reported linalool (42.44%) as the main com-
pound in Thai basil essential oil from Ethiopia.

In this study, linalool ranged from 41.64% to 53.27%, and
methyl chavicol varied from 22.45% to 37.56% under differ-
ent treatments (Fig. 2). The contents of linalool and methyl
chavicol in Thai basil essential oil significantly increased in
plants treated with Zn, Cu, Zn, Cu,, and Zn, Cu, . A similar
beneficial effect of micronutrients on essential oil composi-
tion was previously reported in Mentha spicata (Pande et al,,
2011), Mentha pulegium (Lajayer et al., 2017), Ocimum basili-
cum (Ghorbanpour etal, 2016), and Matricaria chamomilla
(Grejtovsky etal,, 2006). However, other treatments had no
significant effect on linalool and methyl chavicol content. Ad-
ditionally, the content of linalool and methyl chavicol signifi-
cantly decreased with the application of high Zn and Cu levels,
consistent with previous studies that demonstrated adverse
effects of excess Zn and Cu on essential oil composition (Ghor-
banpour et al,, 2016; Lajayer et al.,, 2017; Kumar et al., 2022).
Other essential oil constituents were altered by the applied
treatments without a clear trend.

The composition of essential oils is influenced by a multi-
tude of factors, encompassing genetic traits, evolutionary
characteristics, climatic fluctuations, photoperiod, tempera-
ture, light exposure, and agronomic considerations such as
soil amendments, nutrients, and trace elements (Figueiredo
etal, 2008; Barra, 2009; Moghaddam, Mehdizadeh, 2017; Ku-
mar etal, 2022). Numerous research studies have under-
scored the impact of micronutrients like Zn and Cu on essen-
tial oil composition (Ghorbanpour et al, 2016; Jeshni et al,
2017; Moghimipour etal.,, 2017; Lajayer etal,, 2017; Kumar
etal, 2022). Optimal levels of Zn and Cu play pivotal roles in
plant physiology, participating in crucial processes such as
metabolism, photosynthesis, the respiratory electron trans-
port chain, chlorophyll and protein synthesis, auxin synthesis,
cell division, and serving as essential components of various
enzymes (Héansch, Mendel, 2009; Adrees etal., 2015; Prasad
etal, 2016). Additionally, these micronutrients function as
regulatory cofactors and contribute to saccharide metabolism
(Hansch, Mendel, 2009). It is well-established that low-level
applications of Zn and Cu can enhance essential plant func-
tions, including photosynthesis, CO, fixation, and glucose pro-
duction (Adrees etal.,, 2015; Prasad et al.,, 2016). These pro-
cesses are particularly noteworthy as they serve as precur-
sors for terpenoid biosynthesis (Kumar et al., 2022). There-
fore, maintaining optimal levels of Zn and Cu becomes crucial,
as they not only play essential roles in enzymatic activity and
metabolic processes related to the terpene biosynthesis path-
way but also have the potential to influence essential oil qual-
ity positively.

Antimicrobial activity of the essential oil

The antimicrobial effectiveness of Thai basil essential oil
under different treatments was assessed against three micro-
organisms using the broth microdilution method. Table 3 dis-
plays the MIC values for the Thai basil essential oil. Results in-
dicate inhibitory activity against Staphylococcus aureus, Esch-
erichia coli, and Candida albicans, with MIC values ranging
from 25 to 100 pg/mL under different treatments. These vari-
ations in MIC values may be attributed to differences in the
chemical composition content of the essential oils. Previous
literature supports the notion that alterations in the chemical
composition directly influence the antimicrobial activity of
essential oils (Chouhan etal,, 2017; Angane et al., 2022). Our
findings align with previous studies exploring the antimicro-
bial properties of essential oils derived from various basil va-
rieties globally (Hussain etal., 2008; Avetisyan etal., 2017).
Past research has established that essential oils exhibit potent
antimicrobial effects when MIC values are below 100 pug/mL
(Oliveira et al., 2022). Notably, the essential oil from Thai ba-
sil under various treatments in our study demonstrated ro-
bust antimicrobial activity based on this criterion.

The antimicrobial effectiveness of Thai basil essential oil
against S. aureus, E. coli, and C. albicans can be attributed to
its chemical constituents, primarily linalool and methyl chav-
icol (Moghaddam etal, 2014; Herman etal, 2016). These
compounds, alongside minor components, such as 1,8-cine-
ole, B-elemene, a-humulene, and germacrene D, collectively
contribute to the oil’s antimicrobial properties (De Lacerda
Leite etal, 2021; Maczka etal.,, 2021). Linalool, a monoter-
pene alcohol, is renowned for its antimicrobial effects, dis-
rupting microbial cell membranes and interfering with meta-
bolic processes, ultimately leading to cell death against vari-
ous bacteria and fungi (Herman et al.,, 2016). Methyl chavicol,
or estragole, is another essential compound in Thai basil oil
with proven antimicrobial properties, exerting antibacterial
and antifungal effects by disrupting cell membranes and in-
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Fig. 2. The effect of zinc (Zn) and copper (Cu) on the content of main compounds (% of the total oil) in Thai basil
essential oil (Ocimum basilicum var. thyrsiflora). Results are means of three measurements # standard errors.
Means with the same lower-case letters are not statistically different at p < 0.05 according to Tukey’s test

Puc. 2. BiusaHue nuHKa (Zn) u megu (Cu) Ha cogep:kaHue OCHOBHBIX KOMIOHEHTOB (% OT 06111ero Mac/a) B 3GHMpPpHOM
MacJie Taiickoro 6asuimka (Ocimum basilicum var. thyrsiflora). PeaynbTaTel NpeAcTaB/IeHbl Kak CpeIHUeE 3HAaYeHUs Tpex
M3MepeHUH * cTaHJapTHble oNOKHU. CpeHYe 3HaYeHHs1, 0603HaYeHHble OJJMHAKOBBIMHU CTPOYHBIMU 6yKBaMH,
CTAaTUCTUYECKH He pasinyaroTcs npu p < 0,05 mo kputeputo Thioku

Table 3. Antimicrobial activity of Thai basil essential oil (Ocimum basilicum var. thyrsiflora)
under different zinc (Zn) and copper (Cu) levels, MIC: pg/mL

Ta6smna 3. AHTUMUKPOGHAsA aKTUBHOCTb 3UPHOro MacJ/ia Talckoro 6asusuka (Ocimum basilicum var. thyrsiflora)
NPH pa3JIUYHbIX YPOBHAX IUHKA (Zn) u meau (Cu), MIC: MKr /M

Treatments
Microorganisms
InCu, | ZnCu, | ZnCu,, | Zn, Cu, | Zn, Cu, | Zn Cu, | Zn,Cu, | Zn, Cu, | Zn,Cu
Staphylococcus aureus 25 100 50 50 25 50 100 50 50
Escherichia coli 50 50 25 25 50 25 50 50 100
Candida albicans 100 50 100 100 50 50 100 50 100

hibiting enzymatic activities (Herman et al., 2016). The minor
components, such as 1,8-cineole, f-elemene, a-humulene,
and germacrene D, collectively contribute to the oil’s antimi-
crobial activity by employing various mechanisms, including
the disruption of microbial membranes and interference with
cellular processes (Angane et al., 2022). The combined action
of these chemical constituents results in a broad-spectrum
antimicrobial effect against S. aureus, E. coli, and C. albicans.
The richness and diversity of compounds in Thai basil essen-
tial oil offer a multifaceted approach, providing valuable in-
sights into its potential therapeutic applications as a natural
and effective antimicrobial agent.

Conclusions

In conclusion, the results of this study underscore the sig-
nificance of Zn and Cu concentrations in influencing the char-

acteristics of Thai basil and its essential oil properties. Opti-
mal plant height, lateral branch number, as well as fresh and
dry yields, along with essential oil yield, were achieved when
Thai basil was exposed to Zn and Cu concentrations of 10 and
5 mg/kg, respectively. The main chemical constituents in the
essential oil of Thai basil are linalool (41.64-53.27%) and
methyl chavicol (22.45-37.56%). The antimicrobial investi-
gation highlighted the potent activity of Thai basil essential
oil against Staphylococcus aureus, Escherichia coli, and Can-
dida albicans, with MIC ranging from 25 to 100 ug/mL across
all treatments. Nevertheless, elevated concentrations of Zn
and Cu resulted in growth inhibition, reduced productivity,
and a decline in the quality of Thai basil essential oil. This em-
phasizes the crucial role of managing soil metal concentra-
tions to optimize the growth and bioactive properties of Thai
basil. In general, this study provides valuable insights for cul-
tivating Thai basil to enhance both its quantity and quality.

TPY/IbI 110 ITPUKJIA/IHOM BOTAHUKE, TEHETUKE W CEJIEKL[MH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):17-26



Giang T.V,, Huyen T.T., Huyen L.T.T.,, Lan V.N.

. 186 (1),2025 o

References / Jluteparypa

Adams R.P. Identification of essential oil components by gas
chromatography/quadrupole mass spectrometry. 4th ed.
Carol Stream, IL: Allured Publishing Corporation; 2007.

Adrees M., Ali S, Rizwan M., Ibrahim M., Abbas F, Farid M.
et al. The effect of excess copper on growth and physiol-
ogy of important food crops: a review. Environmental Sci-
ence and Pollution Research International. 2015;22(11):8148-
8162. DOI: 10.1007/s11356-015-4496-5

Angane M., Swift S.,, Huang K., Butts C.A,, Quek S.Y. Essential oils
and their major components: an updated review on anti-
microbial activities, mechanism of action and their poten-
tial application in the food industry, Foods. 2022;11(3):464.
DOI: 10.3390/foods11030464

Avetisyan A., Markosian A., Petrosyan M., Sahakyan N.,
Babayan A., Aloyan S. et al. Chemical composition and
some biological activities of the essential oils from basil
Ocimum different cultivars. BMC Complementary and Alter-
native Medicine. 2017;17(1):60. DOI: 10.1186/512906-017-
1587-5

Barra A. Factors affecting chemical variability of essen-
tial oils: a review of recent developments. Natural Pro-
duct Communications. 2009;4(8):1147-1154. DOI: 10.1177/
1934578X0900400827

Chouhan S., Sharma K., Guleria S. Antimicrobial activity of
some essential oils - present status and future perspec-
tives. Medicines (Basel). 2017;4(3):58. DOI: 10.3390 /medi-
cines4030058

De Lacerda Leite G.M., de Oliveira Barbosa M., Lopes M.].P,
de Aratjo Delmondes G., Bezerra D.S., Aratjo [.M. et al.
Pharmacological and toxicological activities of a-humulene
and its isomers: A systematic review. Trends in Food Sci-
ence and Technology. 2021;115:255-274. DOI: 10.1016/
j-tifs.2021.06.049

Figueiredo A.C., Barroso J.G., Pedro L.G., Scheffer ].].C. Factors
affecting secondary metabolite production in plants: vola-
tile components and essential oils. Flavour and Fragrance
Journal. 2008;23(4):213-226. DOI: 10.1002/ffj.1875

Ghorbanpour M., Asgari Lajayer H., Hadian ]. Influence of cop-
per and zinc on growth, metal accumulation and chemical
composition of essential oils in sweet basil (Ocimum basili-
cum L.). Journal of Medicinal Plants. 2016;15(59):132-144.

Giang T.V,, Chac L.D., Chinh H.V,, Thinh B.B. Essential oil from
the stems of Croton kongensis Gagnep.: chemical composi-
tion, antimicrobial and anti-inflammatory activities. Jour-
nal of Essential Oil Bearing Plants. 2023;26(4):1018-1031.
DOI: 10.1080/0972060X.2023.2256791

Grejtovsky A., Markusova K., EliaSova A. The response of
chamomile (Matricaria chamomilla L.) plants to soil
zinc supply. Plant, Soil and Environment. 2006;52(1):1-7.
DOI: 10.17221/3339-PSE

Hansch R, Mendel R.R. Physiological functions of mineral
micronutrients (Cu, Zn, Mn, Fe, Ni, Mo, B, Cl). Current Opin-
ion in Plant Biology. 2009;12(3):259-266. DOI: 10.1016/
j.pbi.2009.05.006

Herman A., Tambor K., Herman A. Linalool affects the anti-
microbial efficacy of essential oils. Current Microbiology.
2016;72(2):165-172. DOI: 10.1007/s00284-015-0933-4

Hussain A.l, Anwar F, Sherazi S.T.H., Przybylski R. Chemical
composition, antioxidant and antimicrobial activities of
basil (Ocimum basilicum) essential oils depends on sea-
sonal variations. Food Chemistry. 2008;108(3):986-995.
DOI: 10.1016/j.foodchem.2007.12.010

Jeshni M.G., Mousavinik M., Khammari I., Rahimi M. The
changes of yield and essential oil components of German

chamomile (Matricaria recutita L.) under application of
phosphorus and zinc fertilizers and drought stress condi-
tions. Journal of the Saudi Society of Agricultural Sciences.
2017;16(1):60-65. DOI: 10.1016 /j.jssas.2015.02.003

Kaur H., Garg N. Zinc toxicity in plants: a review. Planta.
2021;253(6):129. DOI: 10.1007/s00425-021-03642-z

Kumar D., Punetha A., Verma P.P.S., Padalia R.C. Micronutrient
based approach to increase yield and quality of essential
oil in aromatic crops. Journal of Applied Research on Medi-
cinal and Aromatic Plants. 2022;26:100361. DOI: 10.1016/
jjarmap.2021.100361

Kumar V, Pandita S., Sidhu G.P.S., Sharma A., Khanna K., Kaur P.
et al. Copper bioavailability, uptake, toxicity and toler-
ance in plants: A comprehensive review. Chemosphere.
2021;262:127810. DOI: 10.1016 /j.chemosphere.2020.127810

Lajayer H.A., Savaghebi G., Hadian ]J., Hatami M., Pezhman-
mehr M. Comparison of copper and zinc effects on growth,
micro- and macronutrients status and essential oil consti-
tuents in pennyroyal (Mentha pulegium L.). Brazilian Jour-
nal of Botany. 2017;40(2):379-388. DOI: 10.1007 /s40415-
016-0353-0

Lyczko J., Masztalerz K., Lipan L., Lech K., Carbonell-Barra-
china A.A,, Szumny A. Chemical determinants of dried Thai
basil (0. basilicum var. thyrsiflora) aroma quality. Indus-
trial Crops and Products. 2020;155:112769. DOI: 10.1016/
j.indcrop.2020.112769

Ma X., Han ], Wang T, Jiang R., Wang H., Wang X. et al. Extrac-
tion process optimization, composition analysis and sen-
sory evaluation of volatile oil from Thai basil (Ocimum
basilicum var. thyrsiflora). Modern Food Science and Tech-
nology. 2022;38(12):309-317. DOI: 10.13982/j.mfst.1673-
9078.2022.12.0088

Maczka W.,, Duda-Madej A., Gérny A., Grabarczyk M., Win-
ska K. Can eucalyptol replace antibiotics?. Molecules.
2021;26(16):4933. DOI: 10.3390 /molecules26164933

Mir A.R,, Pichtel ]., Hayat S. Copper: uptake, toxicity and toler-
ance in plants and management of Cu-contaminated soil.
Biometals. 2021;34(4):737-759. DOI: 10.1007 /s10534-021-
00306-z

Moghaddam M., Alymanesh M.R., Mehdizadeh L., Mirzaei H.,
Pirbalouti A.G. Chemical composition and antibacterial
activity of essential oil of Ocimum ciliatum, as a new source
of methyl chavicol, against ten phytopathogens. Indus-
trial Crops and Products. 2014;59:144-148. DOI: 10.1016/
j.indcrop.2014.05.006

Moghaddam M., Mehdizadeh L. Chemistry of essential oils
and factors influencing their constituents. In: A.M. Grume-
zescu, A.M. Holban (eds). Handbook of Food Bioengineer-
ing. Vol. 3. Soft Chemistry and Food Fermentation. Amster-
dam: Elsevier; 2017. p.379-419. DOI: 10.1016/B978-0-12-
811412-4.00013-8

Moghimipour Z., Sourestani M.M., Ansari N.A., Ramezani Z. The
effect of foliar application of zinc on essential oil content
and composition of holy basil [Ocimum sanctum] at first
and second harvests. Journal of Essential Oil Bearing Plants.
2017;20(2):449-458. DOI: 10.1080/0972060X.2017.1284609

Mousavi S.R., Galavi M., Rezaei M. Zinc (Zn) importance for
crop production - a review. International Journal of Agro-
nomy and Plant Production. 2013;4(1):64-68.

NIST. Mass Spectral Library (NIST/EPA/NIH). Gaithers-
burg, MD: National Institute of Standards and Technol-
ogy; 2018.

Oliveira T.A.S., Santiago M.B., Santos V.H.P, Silva E.O., Mar-
tins C.H.G., Crotti A.E.M. Antibacterial activity of essen-
tial oils against oral pathogens. Chemistry and Biodiver-
sity. 2022;19(4):e202200097. DOI: 10.1002/cbdv.202200097

TPY/IbI 110 TPUKJIAZTHOW BOTAHUKE, TEHETUKE U CEJIEKLIMH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):17-26



« 186 (1),2025 o

T'uanr T.B., Xyen U.T., Xyen JI.T.T., Jlan B.H.

Pande P, Chand S., Pandey A., Patra D.D. Effect of sole and
conjoint application of iron and manganese on herb
yield, nutrient uptake, oil quality vis-a-vis their opti-
mal level in spearmint (Mentha spicata Linn. emend.
Nathh. cv. ‘Arka’). Indian Journal of Natural Products and
Resources. 2011;2(2):242-249.

Prasad R., Shivay Y.S., Kumar D. Interactions of zinc with other
nutrients in soils and plants - A review. Indian Journal of
Fertilisers. 2016;12(5):16-26.

Pripdeevech P, Chumpolsri W,, Suttiarporn P, Wongporn-
chai S. The chemical composition and antioxidant activities
of basil from Thailand using retention indices and com-
prehensive two-dimensional gas chromatography. Jour-

icals, and pharmacological activities of Ocimum basili-
cum var. thyrsiflora. Journal of Herbmed Pharmacology.
2022;12(1):1-12. DOI: 10.34172/jhp.2023.01

Sahu A, Nayak G., Bhuyan S.K,, Bhuyan R., Kar D., Kuanar A.
Antioxidant and antimicrobial activities of Ocimum basili-
cum var. thyrsiflora against some oral microbes. Multidisci-
plinary Science Journal. 2024;6(3):2024026. DOI: 10.31893/
multiscience.2024026

Said-Al Ahl H.A.H., Meawad A.A., Abou-Zeid E.N., Ali M.S. Eval-
uation of volatile oil and its chemical constituents of some
basil varieties in Egypt. International Journal of Plant Sci-
ence and Ecology. 2015;1(3):103-106.

Sishu R., Taddesse S., Bucar F,, Asres K. Chemical composi-

nal of the Serbian Chemical Society. 2010;75(11):1503-1513.
DOI: 10.2298/]SC100203125P

Sahu A., Nayak G., Bhuyan S.K.,, Bhuyan R., Kar D., Kuanar A.
A comprehensive review on nutritive value, phytochem-

tion and antioxidant activity of the essential oils of Oci-
mum americanum and Ocimum basillicum var. thyrsiflo-
rum. The International Journal of Essential Oil Therapeu-
tics. 2010;4(1-2):64-68.

Information about the authors

Tong Van Giang, Dr. Sci. (Agriculture), Lecturer at the Faculty of Agriculture Forestry and Fisheries, Hong Duc University,
565 Quang Trung St., Thanh Hoa 40130, Vietnam, tongvangiang@hdu.edu.vn, https://orcid.org/0009-0000-8097-0717

Tran Thi Huyen, Dr. Sci. (Agriculture), Lecturer at the Faculty of Agriculture Forestry and Fisheries, Hong Duc University,
565 Quang Trung St., Thanh Hoa 40130, Vietnam, tranthuhuyen@hdu.edu.vn, https://orcid.org/0009-0006-3880-9544

Le Thi Thanh Huyen, Dr. Sci. (Agriculture), Lecturer at the Faculty of Agriculture Forestry and Fisheries, Hong Duc Univer-
sity, 565 Quang Trung St., Thanh Hoa 40130, Vietnam, lethithanhhuyen@hdu.edu.vn, https://orcid.org/0009-0007-7283-3908

Vu Ngoc Lan, Dr. Sci. (Agriculture), Lecturer at the Faculty of Agronomy, Vietnam National University of Agriculture, Trau Quy
Township, Gia Lam District, Hanoi 12400, Vietnam, vnlan@vnua.edu.vn, https://orcid.org/0009-0008-5994-0159

HNHdpopmanusa 06 aBTopax

ToHr BaH I'HaHr, JOKTOP CEJIbCKOXO035MCTBEHHBIX HAyK, IpeNo/aBaTe b GaKyJbTeTa CeJIbCKOTO X035HCTBA, JIECHOT'0 X03511-
CTBa U pbl60s10BCTBA, YHUBepcuTeT XoHT /IbiK, 40130 BreTHawMm, TxaHb Xo0a, yi. Kyanr UyHr, 565, tongvangiang@hdu.edu.vn,
https://orcid.org/0009-0000-8097-0717

YaH Txu XyeH, J0KTOP CeJIbCKOX03sHCTBEHHBIX HayK, TPeMNo/jaBaTe b GpaKyJbTeTa CeJbCKOTO X035 CTBa, JIECHOTO X035 CTBa
U ppi6oJsioBcTBa, YHUBepcuTeT XoHr /[lbik, 40130 BbeTHaM, TxaHb Xoa, ysi. Kyanr Yysr, 565, tranthuhuyen@hdu.edu.vn,
https://orcid.org/0009-0006-3880-9544

Jle Txu TxaHb XyeH, JOKTOP CeJIbCKOX035IHCTBEHHBIX HayK, IpenojaBaTesb GaKy/JIbTeTa CeJIbCKOI0 X0351HCTBa, JIECHOTO XO-
3s1icTBaA U prI60IOBCTBA, YHUBepcuTeT XoHT JIbik, 40130 BreTHaMm, Txanb Xoa, yi. Kyanr UyHr, 565, lethithanhhuyen@hdu.
edu.vn, https://orcid.org/0009-0007-7283-3908

By Hrok JlaH, J0KTOp Ce/JIbCKOX0351HCTBEHHbBIX HayK, Ipeno/aBaTe b GaKyJbTeTa arpOHOMUHY, BbeTHaMCKU I HallMOHAIbHBIH

CeJIbCKOX03s1IMcTBeHHBIN yHUBepcuTeT, 12400 BoeTHaM, XaHoH, paiioH [xua Jlam, moc. Tpay Kyu, valan@vnua.edu.vn, https://
orcid.org/0009-0008-5994-0159

Contribution of the authors: the authors contributed equally to this article.
BKJIaLL ABTOPOB: BCE ABTOPLI CAe1a/ln SKBHUBaJI€HTHBIN BKJIAJ B IIOATOTOBKY l'[y6JII/IKaILI/II/I.

Conflict of interests: the authors declare no conflicts of interests.
KOoHQJIMKT HHTepecoB: aBTOPbI 3asIBJISIOT 06 OTCYTCTBUU KOHQJIMKTA UHTEPECOB.

The article was submitted on 19.10.2024; approved after reviewing on 11.12.2024; accepted for publication on 19.02.2025.
CraTbsnoctynuiaB pejakiuio 19.10.2024; oqo6peHanoce pereH3upoBanusa 11.12.2024; npunaTtak my6aukanuu 19.02.2025.

TPY/IbI 110 TPUKJIAZJHOM BOTAHUKE, TEHETUKE U CEJIEKLIMH /
PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):17-26



OPUT'MHAJIBHASA CTATbA « ORIGINAL ARTICLE

HU3YYEHHUE U UCII0JIb3OBAHUE
TEHETUYECKUX PECYPCOB PACTEHUI

HayuyHas cTaTbs
YK 58.04:581.142:577.15+633.358
DOI:10.30901/2227-8834-2025-1-27-37

OCco6GeHHOCTH MPOPACTAHUSA CEMSH ropoxa noj, AeicreuemM
MHIE/THAJIBHO-CY6CTPATHOTO 3KCTPAKTA BEIIEHKHU
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AKTya/JIbHOCTb. B pa6oTe oTpakeHbl HCCJIe[0BaHMS, TOKA3bIBAKOLIMeE CIIOCOGHOCTb BOJHOTO 3KCTPAKTA U3 OTPA6OTaHHOIO
COJIOMEHHOTO Cy6CcTpaTa BelleHKH (Janee — «3KCTPAKT») PEryJIMpOBaTh POCT U Pa3BUTHE ropoxa.

MaTepuaJjibl 4 MeTOABIL. ONbITHBIE CeMeHa ropoxa copta ‘Anb6yMeH’ 3amMounsiu B 10- 1 100-npo1ieHTHOM 3KCTPAKTe, a Jlasiee
KyJIbTUBUPOBA/IM B TeYEHHUE BOCbMU CYTOK Ha TMAPOINOHHOM cpejie B COOTBETCTBYIOLIMX PACTBOPAX 3KCTPAKTa U B I10YBE
(cepas necHas). KoHTpoJieM CIy»KUJIM PACTEHHUs], KOTOPble 3aMayMBa/ii B BOLONPOBOJHON BOJEe, KyJbTHBUPOBAIN HA HeH
(ruponoHMKa) U NOoJMBaIU BogoH (mo4Ba). IPPeKTUBHOCTD AeHCTBUS IKCTPAKTA OLLEHUBAJIM 110 POCTOBBIM [10Ka3aTeJIsM,
coziep>KaHHI0 POTOCHHTETUYECKUX MUIMEHTOB, IKCIPECCUH OJJHOT'O U3 FeHOB, KOJUPYIOLIMX aKTUBa3y pubynoszoduchocdar-
kapbokcuasbl/okcurenassl (RCA), v AByX reHOB, KOAUPYIOIUX U3oaMuiasy (ISA-1, ISA-2).

PesynbraThl. [lokazaHO UHIMOUMpPOBaHKeEe POPACTAHUS CEMSIH B lepBble CyTKHU oz feiictBueM 10- 1 100-npoL,eHTHOTO 9KC-
TpPaKTa. B CyTOYHBIX ONBITHBIX IPOPACTAIOLIMX CEMEHAX OTMEeYasloch OOJIbIIEE COJEPXKAHUE CYXOro BEIeCTBA U CHIKEHHE
3KCIPECCUU BCeX I'eHOB [SA, 4TO CBU/IETEJIbCTBYET O 3aMe/IJIEHUH MHULMALUK IPOPACTAHUS CEMsIH. YCTAaHOBJIEHO CHIKEHHE
CKOPOCTH IIPOPACTAaHUs ¥ CEMSH, KYJIbTUBUPYEMBbIX C TprMeHeHHeM 100-poLeHTHOTO 3KCTPAKTA, a y CeMsIH, Npopali1Bae-
MBIX C IpUMeHeHHeM 10-poLeHTHOr0 3KCTPAKTa, JaHHbIH I0Ka3aTe b He OTVIMYaJICs OT KOHTpoJsibHOro. CofepxkaHue ¢poTo-
CUHTETHUYECKUX [IMI'MEHTOB B ONBITHBIX rpynnax pacreHui (100-npoueHTHas KOHLEHTPaLUs 9KCTPAKTa), BbIpallleHHbIX Ha
I'M/IPOTIOHUKE, 6bIJIO HUXKE, 4 Y pACTEHUH, BbIPAILEHHBIX B I104YBE, BBIILE, YeM ¥ KOHTPOJIbHBIX 06pPa3Ii0B.

3ak/Il04eHHe. JKCTPAKT B 060MX /103aX [10aBJIslJl IPOPACTaHHe CEMSIH TOpoXa U TOPMO3HUJI POCT U pa3BUTHE IPOPOCTKOB IPH
KyJIbTHBUPOBAaHUU Ha TMAPOINIOHHOM cpejie, CoCTosIel U3 3KcTpaKTa. OfHAKO GblJIO BbISIBJIEHO YCUJIEHHE POCTOBBIX IIPOLLEC-
COB M 9KCIIPECCUU UCCJIeyeMbIX T€HOB IPH I0JIMBE rOpOXa 3KCTPAKTOM B [IOYBEHHOM cpejie.

Katloueswle ca108a: peryasiTopbl pocTa U pa3BUTHST PACTEHUM, 3JIUCUTOPBI, TPUOHBIE 3KCTPAKTHI, TpOpacTaHue ceMsiH, GOTo-
CUHTEeTUYeCKHe MUTMEeHThI, 3Kcpeccusi reHoB RCA, ISA-1, ISA-2

BbaazodapHocmu: aBTOpbI 6/1arofapsT peleH3eHTOB 32 UX BKJIa/, B 3KCIIEPTHYIO OLIEHKY 3TOH paboThl.
/s yumupoeanusi: Tapacos C.C.,, Muxases E.B.,, Kpyrosa E.K., [Ipeerna U.B. 0co6eHHOCTH NPOpPACTaHUsI CEMSIH FOpoxa IMoJ,

JIeACTBUEM MHUILEJNATbHO-CYOCTPATHOTO 3KCTPAKTa BelleHKU. Tpydbl no npukaadHvol 6omaHuke, 2eHemuke U ceseKyuu.
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Background. The presented study demonstrates the ability of an aqueous extract from the used straw substrate for oyster
mushrooms (hereinafter referred to as “the extract”) to regulate pea plant growth and development.

Materials and methods. Experimental seeds of the pea cultivar ‘Albumen’ were soaked in 10% and 100% extracts and then
cultivated for eight days on a hydroponic medium in the respective extract solutions and on soil (gray forest). The control plants
were soaked in tap water, cultivated in it (hydroponics), and watered (soil). The extract’s effectiveness was assessed according
to growth indicators, the content of photosynthetic pigments, and the expression of one of the genes encoding ribulose bisphos-
phate carboxylase/oxygenase activase (RCA) and two genes encoding isoamylase (ISA-1 and ISA-2).

Results. Inhibition of seed germination on the first day under the effect of 10% and 100% extracts was shown. Higher dry
matter content and a decrease in the expression of all ISA genes were observed in the day-old germinating experimental seeds,
indicating a slowdown in the initiation of seed germination. A decrease in the germination rate was recorded in the seeds cul-
tivated with the 100% extract, while for those germinated with the 10% extract, this indicator did not differ from the control.
The content of photosynthetic pigments in the experimental plant groups (100% concentration of the extract) grown in hydro-
ponics was lower, and in those grown on soil, it was higher than in the control samples.

Conclusion. The extract in both doses suppressed the germination of pea seeds and inhibited the growth and development of
seedlings when cultivated on a hydroponic medium consisting of the extract. However, enhanced growth processes and in-
creased expression of the studied genes were observed when pea plants were watered with the extract in a soil environment.

Keywords: plant growth and development regulators, elicitors, fungal extracts, seed germination, photosynthetic pigments,
RCA, ISA-1, ISA-2 gene expression
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BBegeHue

[IpopacTanue - 3Tan »KU3HEHHOT'0 IUKJIa, HAYMHAIO U H-
Cs1 C TIOIVIOIeHUs BO/IbI CEMeHeM M 3aKaH4YMBawoLiuicsa pop-
MHpPOBaHHEM MPOPOCTKA, CIoco6HOro K potocuHTesy (Obru-
cheva, Antipova 1997). B oHTOreHe3e pacTeHHH mpopacTa-
HUe CYMTAeTCs NPEelBEHUJbHBIM 3TaNoM, BKJ/IOYAIOLIUM
JiBa IlepHo/ia: a) Mepro/ «paHHEro NpopacTaHUsa» — OT Hava-
Jla HabyxaHUsl [0 HaKJeBbIBaHUs KOpH:; 6) mepuon ¢op-
MHPOBAHHUS MPOPOCTKA — OT NMPOKJIEBbIBAHUA KOPHS [JI0 3a-
BepuieHUsI popMUPOBaAHUS aBTOTPOodHOro npopocTtka (06-
pa30BaHUsA JTUCThEB ¥ KOpHEeBOH cucTeMbl) (Obrucheva, Anti-
pova, 1997). [lepexo/; U3 COCTOSIHUS MOKOsI K MPOPACTAHUIO
BKJIIOYAEeT THJpaTalMi0 TKaHeH, MOOW/IM3AIMI0 3alacHbIX
MUTATeJbHbBIX BEl[eCTB U aKTUBALUI0 MeTabosn3sMa (Smoli-
kova, Medvedev, 2022).

Ha xaxxzoM atane npopacTaHus ceMsIH IPOUCXOAAT KaK
yHUKa/JIbHble QU3HNO0JIOT0-OMOXUMHUYECKHE U MOJIEKY/ISIPHO-
reHeTUYeCKHe MPOLecChl, TaK U YHUBepCcaIbHble, XapaKTep-
Hble JIJIs BCeX 3TAlOB POCTAa U Pa3BUTHUA pacTeHUH (Smo-
likova, Medvedev, 2022).

OpHuMU U3 GaKTOPOB Cpe/ibl, BO3/IeHCTBYIOLINX HA NPO-
I[ecCc MpopacTaHUsl CeMsH, SBJSAIOTCS PeryJasTopbl pocTa
Y pa3BuTHsA pacteHui (PPP), B ToM 4uc/e ucnosb3yemble
B CeJIbCKOM X03s1icTBe. OHU CIIOCOGHBI KaK aKTHBUPOBATh
npopacTaHue CeMsiH, TaK U MHTMOGUPOBATh POCTOBBLIE MPO-
neccel. B kadecTBe cblpba A4 nosaydenus PPP moryT BbicTy-
naTh pa3/IMYHble KOMIIOHEHThI PAaCTUTEIBHOTO, Y)KUBOTHOTO,
rPUGHOTO MPOUCXOMXKAEHHS, a TaKXKe MUKpoopraHusmsl (Ta-
rasov et al., 2023). OfHHUM U3 NePCeKTUBHLIX CHIPbEBBIX pe-
CypCOB BBICTYNAIOT IPUOBI: OHU JEeUCTBYIOT 3a CYET COZep-
JKAIIMXCS B HUX PETYJAsITOPHBIX MOJIEKYJ (caxapa, aMUHOKHC-
JIOTBI, MEeNTHUAOIJMKAHbI, XUTO3aH, ajjlelonaThl U JApyrue
KOMIIOHEHTBI), P, U3 KOTOPBIX 006J1a/laeT 3JUCUTOPHBIM
u adpdexTopHbIM AeiicTBueM (Tarasov etal, 2023). Ocobyro
pOJIb B CeJIbCKOM XO3SIMCTBe WUrpaloT BhICUIME 6a3uHab-
Hble TpU6bI Kak UCTOYHUK PPP, B ToM yncie Bemenka (Pleu-
rotus ostreatus). 9To 06yCJIOBJIEHO, B IEPBYI0 04Yepe/ib, BbICO-
KOU IOCTYIHOCTBIO U HU3KOW CTOMMOCTBIO ChIpbsl — 0TPa6o-
TaHHOTO COJIOMEHHOro cy6cTparta. Ero BoJjHble 5KCTpPaKThI,
COJHOU CTOPOHBI, MOTYT OBbITb NepCneKTUBHbIMU PPP,
CIOCOGCTBYS Y/Iy4YLIEHUIO NPOLECCOB MPOpacTaHus, MOBbI-
IIeHUS KU3HECTIOCOGHOCTH CeMSIH U YBeJHUYEeHHUI0 IJIOLau
auctbeB pacteHuit (Keypour et al.,, 2022), a ¢ gpyro# ctopo-
HbI, IaHHbIEe 3KCTPAKThI MOTYT GBITh OCHOBOH [1JIs CO3/JaHUS
NepCNeKTUBHBIX OGMOJIOTUYECKUX NPenapaToB [Jisl 3aliMThI
pacTeHudd or martoreHHod uHbexkunuu (Elsakhawy etal,
2020).

B cBsi3U € 3TUM yes1bt0 daHHOU pabombl SIBUJIOCH HCCIe-
JIOBaHHE PEryJITOPHOTO BO3/eMCTBHs 3KCTPaKTa U3 OTpa-
60TAaHHOT0 COJIOMEHHOTO CyOCTpaTa BellleHKH (ajiee — «3KC-
TPaKT») Ha MPOLeCcChl MIPOPACTaHUs CEMSIH U pa3BUTHS NPO-
pocTkoB ropoxa (Pisum sativum L.).

MaTepl/IaJIbI " MEeTOoABbI.

Jlist mostydeHUsI MaTOYHOTO 3KCTPaKTa OTPabGOTaHHBIN
COJIOMEeHHBIH CyOCTPaT BBICYIIMBAJIM B CyX0XKapoBOM HIKady
npu Temnepatype 105°C B TeyeHue 1 yaca, mocse yero 10r
CyXOTO0 BelllecTBa cy6cTparta 3aauMBaad 200 Ms1 BOABI U 3KC-
TparupoBaJ/Iu B TeYeHHe 6 4acoB IPU KOMHATHOM TeMIlepa-
Type, IOCTOSIHHO IlepeMelluBas Ha luelikepe. Copepxumoe
K0J16 QUIBTPOBAIH, TBEPAYI0 GpaKuto yaansiu. JanibHen-
mue paGOTbI MPOBOAUJIN C XKUJKHUM KOMIIOHEHTOM.

B kauecTBe 06beKTa MCCIEJOBAHUS BAUSHUSA IKCTPAKTA
Ha pacTeHUsl UCIO0JIb30BaJIM ceMeHa ropoxa noceBHoro (Pi-

sum sativum L.) copta ‘Anb6ymeH’. ONbITHbIE CEMEHA 3aMa-
YWBaJM B pacTBOpaxX 3KCTpakTa C KoHIeHTpanued 10%
u 100%, a koHTpoJibHBIE - B BoZe. 3a 100-npoueHTHBIN 3KC-
TpaKT NIPUHUMAJIX NOJYYEeHHBI MaTOYHBIA PacTBOP MOC/Ie
€ro NpUroTosJieHus, a 10-npoyeHTHbIA TOTOBUJIX IYTEM [[0-
6aBJIeHUs K OZJHOMY 06'beMy MAaTOYHOI'0 pacTBOpa AeBATH
06beMOB BoJibl. [lajsiee 4acTb pacTeHUH KyJIbTHBUPOBAIN Ha
TUAPOIIOHHBIX CpeJilaX B COOTBETCTBYIOLMX PAacCTBOPaX 3KC-
TPaKTa, B KaYeCTBe KOHTPOJIsSI UCII0/Ib30BaIN BOJOIPOBOJ-
Hy0 Bojy. /lpyryto 4acTb BbIpaljUBa/id B YCJOBUAX IOYBbI
(cepas niecHast), rie ONbITHBIE 06PA3IIbI MTOJUBAIHN IKCTPAK-
TOM Cc KoHUeHTpauue 10% u 100%, a KOHTPOJIb — BOAONIPO-
BOJIHOM BOJIOM.

Perynuvpyolee 1efcTBYe IKCTpaKTa Ha OKa3aTeJ i po-
pacTaHUA CeMAH ropoxa OLeHUBa/JkM MyTeM OollpeaesieHUud
POCTOBBIX (CKOPOCTb NMpOpPACTaHUsl, SIHEPTUs NpopacTaHus,
JlabopaTopHass BCXOXKECTb CeMsIH, U3MeHEeHHe MacCOBOM
JIOJTM CYXOTO BellleCTBa B CEMeHax M MPOPOCTKax) U Mopdo-
MeTpHUYeCKUX (Macca NPOpPOCTKa, JJIMHA KOPHeH U mo6eros)
MapaMeTpoB, coAepKaHusl GOTOCUHTETUYECKUX ITUTMEHTOB,
3KCIIPECCUU OJJHOTO U3 FeHOB, KOAUPYIOLIUX aKTUBA3y PUOY-
s0306uchochaTrkapbokcunassl/okcureHassl (RCA), u AByX
reHOB, KOJUPYIOLINX n3oamuiasy (ISA-1, ISA-2).

CkopocTtb npopactanus (CII) oueHUBasU 0 METOJUKE,
OCHOBAaHHOM Ha KOJIMYeCcTBe IPOPOCLINX CEMSH 3a eJUHUILY
BpeMeHHU 10 OTHOIIEHUIO K 0011[eMy KosinyecTBY ceMsH (Ling
etal, 2022), c aBTopckoii Mmogudukanueit. CIl onpenensiu
IO KOJIUYECTBY NPOPOCHIUX CEMAH €XeCyTOYHO, Ha4WuHasA Co
BTOPBIX U 3aKaHYMBAsi YeTBEPTHIMU CYTKaMHU (COOTBETCTBY-
IOIIMX HEPIUH IpopacTaHus JJis ropoxa). PacueT ckopocTtu
MpopacTaHus OCyLIeCTBJISAAN 0 popMmyJie:

Cl=(n,/D, +n,/D, +n,/D,)/N,

rae N - obuiee KOJIMYECTBO CeMsH B naptuy; D, , , - quc-
JIO CYyTOK, MPOLIEJIINX MOCJe Havyasla 3KCIIePUMEHTa, yepe3
KOTOpble PUKCHUPYETCS KOJUYECTBO B3OUIEJIINX CEMSIH;
n, ,, - KOJMYeCTBO B30OLIEAIIMX CEMsIH Yepe3 COOTBETCTBY-
IolMe CyTKH OT Hadasla IKCIIepHMeHTa. JHEPIUIo mpopacTa-
HHUS U JIabOPATOPHYK BCXO0XeCTb onpefesssu mo 'OCT
12038-84 (GOST 12038-84..., 1986). Cyxoe BelecTBO Npo-
pacTamLUX CeMsAH U NPOPOCTKOB U3MEPSIJIN eXeCyTOYHO
B TeYeHHe BOCbMU CyTOK ¢ ucnosib3oBanueM 'OCT 12041-82
(GOST 12041...,, 1982). MopdomeTpuyeckre MoKa3aTeau
onpejesisiJd OOIENPUHATBIMU METOAAMHU, KaK OMHCAHO
B ony6JiMKOBaHHBIX paboTax (Ling et al.,, 2022). Conep:xaHue
$GOTOCMHTETHYECKUX NUTMEHTOB GPUKCHPOBAJIN CIEKTPO-
doTomeTpudecku no Jl. ApHony (Arnon, 1949).

Jxcnpeccuto reHoB RCA, ISA-1, ISA-2 B 3apoAbllIeBOM TKa-
HU IPOpPACTAOLINX CeMsIH (3apobllIeBbIi cTebeslekK, moyey-
Ka ¥ KOpPEeUIOK) U JIMCTbSIX IPOPOCTKOB ONpPeJeIsiIN C IIOMO-
L1bI0 IIOJIMMEPA3HON LelIHOW peaKLUU B pea/lbHOM BpeMeHHU
(OT NLP PB) (Rebrikov, 2009). [Ipo6onoaroToBKy 6uomaTe-
puaJia NpoBOAMUJIN B COOTBETCTBUH C paHee ONHCAHHOU Me-
Tonuko# (Tarasov, Krutova, 2023). [log6op mpaiiMmepoB ocy-
LIeCTBJISAJIM C MCIOJIb30BaHUWeM NporpaMMsbl Primer-BLAST
o Kojupywouum ydactkaMm reHos (https://www.ncbi.nlm.
nih.gov/tools/primer-blast) (ta6. 1).

JKCNepUMEHT MPOBOJAUJIMN B TPeX GUOJOTUYECKUX I0-
BTOPHOCTSIX, @ KaXKJbIA o6pasel aHAJHW3UPOBAJIU B Tpex
aHAJIMTUYECKUX IOBTOPHOCTSAX. Pe3ysibTaThl 06pabaThiBa-
JIM CTAaTUCTUYECKH, PAaCCUUTBIBAsA CpeJiHee apupmeTHYe-
ckoe (M) u cTaHzapTHBIE OTKJIOHEHUS (0) C UCIOJIb30Ba-
HHeM mnporpamMmbl Microsoft Excel 2010. JlocToBepHOCTB
pa3JM4YMi OLleHUBaJIoCh 1o t-kpuTepuro CTbIOJEHTa C I0-
npaBkoi Bondepponu u H-kputeputo Kpyckana - Yonnu-
ca; ypoBeHb 3HAYMMOCTHU JAocToBepHOcTH - 95% (Glanz,
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Ta6smmna 1. Hyk/ieoTUAHAs N0C/IeJ0BaTeIbHOCTD IPAaliMepoB JJis1 U3y4YeHUs YPOBHS 3KCIPECCUM F€HOB:
Ps RCA, Ps ISA-1 u Ps ISA-2

Table 1. Nucleotide sequence of primers for studying the level of gene expression: Ps RCA, Ps ISA-1, and Ps ISA-2

Tun Temnepatypa Pasmep
Ten / . IlocnemoBaTenbHOCTh 5'-3" / Homep NCBI / oTxwura, °C /
npaiimepa / g . aMIUIMKOHA, IH /
Gene . Sequence 5’-3 NCBI number Annealing . .
Primer type Amplicon size, bp
temperature, °C
L AACCGGAATGGTTAAGGCTG 60,00
Ps Aktin U81047.1 292
R AAGCGGAGCTTCAGTGAGAA 60,00
F TGGAGCTGTCAAAACTCCTATG 56,00
Ps RCA KY996489.1 290
R AGCATTTTGTGGAGCCTGGA 58,00
L TGTGGCTTTTACCCTGGTGG 58,00
Ps ISA-1 DQ092413.1 111
R CCCATCTGTATCCTGGACGC 58,00
L CTTTGTGGGAGCGGAGACAT 58,00
Ps ISA-2 DQ092414.1 276
R GAGTGGCCACACTCATCTCC 58,00

Pe3y/bTaThl M 06CyK/JeHNe

PocToBble MoKa3aTeJu BJSIOTCI Hauboiee THTHYHBIMHA
Y JIETKO U3y4yaeMbIMU peaKIUsMH PAcTeHUU Ha JelcTBUe
KOMILJIEKCHBIX PPP, HcciiejoBaHrEe KOTOPBIX SABJIsieTCS 6a301
JLJIs TOHUMaHUsS 60Jiee IIy60KHUX GU3MOIOTHUECKUX, GUOXU-
MHUYEeCKHUX U MOJIEKYJISIPHO-TeHETUYECKUX peaKIHi pacTe-
HUH. B naHHOU paboTe B KayecTBe KoMIiekcHoro PPP wuc-
M10J1b30BAJICA 9KCTPAKT. BBIsIB/IEHO CylecTBEHHOE MO/jaBJIe-
HHE CKOPOCTH NpopacTaHus (puc.1) u aHeprum mpopacra-
Hus (Ta6J1. 2) nox aeictBueM 100-IpOLEHTHOTO 3KCTPAKTA,
NPU 3TOM JIOCTOBEPHOTO AeHCTBUS 10-mPOIEHTHOTO 3KC-
TpaKTa Ha JaHHble MOKa3aTeJU He BbISIBJIEHO. BiausHue
3KCTpaKTa B 00eUX KOHIeHTpAIUAX Ha JIabOpaTOPHYIO
BCXOXKECThb HCCJeyeMbIX CEMSH yCTAaHOBJIEHO He ObIJIO
(cM. Tabu. 2).

o o
51 [

o
=

CKOpOCTb IIpOpacTaHusi, y.e.
= o
N w

e
-

'K

HccnenoBanve AMHAMUKY COOTHOIIEHUI MacCOBOH Zj0/11
CyXOro BelllecTBa U BJIard B IPOPACTAIOIINX CEMeHaX U Mpo-
POCTKaXx y UCCIelyeMbIX PaCTeHHUH BBISIBUJIO CYI[€CTBEHHYIO
3aBUCHMOCTDb OT ZI03bl 3KCTpaKTa. Tak, y ropoxa HabJosa-
JIOCh GoJIbliIee CoZlepXKaHre CyXOro BellleCTBa B IpopacTalo-
IMHUX CceMeHaX, KyJbTUBHUPYEMbIX ¢ puMeHeHueM 100-mpo-
[EHTHOT0 9KCTPAKTAa, Ha MPOTSKEHUU BCEro IKCIIepUMeHTa
(p < 0,05) no cpaBHEHUIO C KOHTpOJIEeM. (pHc. 2).

[IpoBeeHHBIA MOpGOMETPUIECKHUH aHATN3 BBISBUJI PSIJL
OTJIMYMH B ONBITHBIX Ipynmnax. B onelTHeIX rpynnax (['10
1 '100) mpopoCTKOB ropoxa, BbIpallleHHbIX Ha THAPOIIOHH-
Ke, HAaGJII0/]aJIoCh YMEHbIIEHNe JIJIMHbI KOPHEH U MO06Geros,
K09$PUIIMEHT «M06eryu / KOpHU» ObLI HUXKE, YeM Yy KOH-
TpoJIbHBIX 06pa3noB (p < 0,05). OgHaKo Macca CbIPOTO H Cy-
XOro BellleCcTBa J0CTOBEPHO He OT/IMYalach KaK B OMNBIT-
HBIX, TAK ¥ KOHTPOJIBHBIX rpynnax (p = 0,05) (ta6s. 3).

10 100

Wccienyemble rpynibl

Puc. 1. CKOpocTb IpOpacTaHus CeMsAH ropoxa B 3aBUCMMOCTH OT J03bl 3KCTPaKTa
(TK - kouTposb; '10, '100 - npopacTatomue ceMeHa B 10- 1 100-npoLeHTHBIX pacTBOpax 3KCTPaKTa OTPAGOTAHHOT0
COJIOMEHHOTO cy6cTpara BeleHkH; *p < 0,05 0THOCUTEIbHO KOHTPOJIA 110 t-KpuTepHio CThIOIEeHTa)

Fig. 1. Pea seed germination rates depending on the extract’s dose
(TK is the control; '10 and I'100 denote seeds germinating in the 10% and 100% solutions of the extract from the used
straw substrate for oyster mushrooms; *p < 0.05 versus the control according to Student’s t-test)
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Ta6Jmua 2. BcxoxecTb U JHEPruda npopacrtaHusa CEMAH ropoxa B 3aBUCUMOCTH OT A03bl IKCTPAKTa

Table 2. Germination rate and germination energy of pea seeds depending on the extract’s dose

BcxoxecTb yepes 4 cyToK, % BcxoxecTb yepes 8 cyTok, %
BapwuaHr / (aHeprus npopacrtanus) / (sra6opaTopHas BCX0XKeCThb) /
Option Germination rate after 4 days, % Germination rate after 8 days, %
(germination energy) (laboratory germination rate)
'K 798+2,1 87,6+1,8
ri1o 71,224 89,0+£1,6
100 *59,2+2,6 87,0+1,0

[Ipumeuanue: 'K - kouTposnb; I'10, '100 - npopacTratomue cemeHa B 10- 1 100-npoueHTHBIX pacTBOpPax 3KCTPAKTa OTPaGOTaHHOIO
COJIOMEHHOTO cy6cTpara BelleHKH; *p < 0,05 0OTHOCHTEIbHO KOHTPOJIS 10 t-KpuTeputo CThioJileHTa

Note: 'K is the control; I'10 and I'100 denote seeds germinating in the 10% and 100% solutions of the extract from the used straw substrate
for oyster mushrooms; *p < 0.05 versus the control according to Student’s t-test
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>
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HpO,C[OIDKPITeIIbHOCTb MMpopacTaHuAd CeMAH, CYTKU

Puc. 2. /luHaMHUKa coAep>KaHuA J0JIM CyX0ro BellleCTBa B NPOPACTAIIMX CEMeHaxX ropoxa
B 3aBHCHMOCTH OT J03bl 3KCTPAKTa
(I'K - koHTpOoJb; '10, '100 - npopacTatouire cemeHa B 10- 1 100-npo1eHTHBIX paCTBOPAX 3KCTPaKTa OTPA6OTAaHHOTO
COJIOMEHHOTO cy6cTpaTa BellleHKH; *p < 0,05 0THOCHTeIbHO KOHTPOJIs 10 t-KpuTepuio CThIoJeHTa)

Fig. 2. Dry matter fraction content dynamics in germinating pea seeds depending on the extract’s dose
(TK is the control; I'10 and I'100 denote seeds germinating in the 10% and 100% solutions of the extract from the used straw
substrate for oyster mushrooms; *p < 0.05 versus the control according to t-Student’s test)

[Ipn Ky/JIbTHUBUPOBAaHUU PACTEHUH B NOYBe C IPUMeHe-
HueM 100-npoleHTHOr0 3KCTPAKTa HAOJII0/Ia/TU YBeJInYeHHe
CpesiHell Maccel MPOPOCTKA U YMeHblleHHe KoapulpeHTa
«ro6eru / kopHu» (p < 0,05). B ocTanpHbIX clydasx A0OCTO-
BEPHBIX OTJIMYUH ONBITHBIX 06pA3I[0B BBISIBJIEHO He ObIIO
(p 20,05) (cm. Tab6.1. 3).

OueHka cofiepkaHusi QOTOCHHTETHYECKUX MHUTMEHTOB
[I0Ka3aa, 4TO KOHLeHTpalus XJopodU/JIOB OblIa HUXKE
B 06pasinax, KyJIbTUBUPYEMBIX B YCJOBUAX TUAPONOHUKH Ha
100-mponieHTHOM 3KcTpakTe (p < 0,05), a KOJIMUECTBO Kapo-
TUHOW/IOB He OTVIMYaJach OT KOHTPOJBHBIX pacTeHUH (p =
0,05). B 1ucThax ropoxa, BbIpallleHHOTO B IOYBe C IPUMeHe-
HreM 100-mpoOLleHTHOTO 3KCTPaKTa, cofiepkaHre GOTOCHH-
TEeTUYECKUX NMUTMEHTOB ObLIO Bblllle, YeM Yy KOHTPOJIbHBIX
pacTteHUi. Jlo/11 TUIMEHTOB B JINCThAX IPOPOCTKOB, KYJIbTH-
BUpPYEMbIX € IpUMeHeHHeM 10-poLeHTHOro 3KCTpaKTa KakK
B YCJIOBUAX TUAPONOHWKHY, TAK U B YCJIOBUAX MMOYBBI, 1OCTO-
BEpHO He uMeJla OTJMYUH OT KOHTPOJIbHBIX 06pasLoB (p =
0,05) (Tab6.1. 4).

®doTOCMHTETHYECKHE MMUTMEHTHI ABJISIOTCA BaXKHEHIIH-
MU CTPYKTYPHO-QYHKIIMOHATbHBIMU KOMIIOHEHTAMH CBETO-
BOU ¢da3bl GOTOCHHTE3], PE3YIBTATOM PabOThl KOTOPOU SIB-
nsetcsa oopasoBanue ATO® u HA/I®*H. Bce koHeuHbIe mpo-

JIYKThI cBeTOBOU ¢a3bl pOTOCHHTE3a UCTOJIB3YIOTCS XJI0PO-
IJIaCTaMU JiJIsi CHHTe3a IUII0KO3bl B TEMHOBOH ¢ase, KJoye-
BbIM IIPOLECCOM KOTOpOH ABJsseTcA LukJ KanbBuHa, a of-
HOW M3 HauboJiee 3HAYUMBIX peaKIUi JAHHOrO Mpoliecca
CUMTAETCs KapboKCUIMpOoBaHUe pubysno3o-1,5-6ucdocdara
noj AelctBueM pubdysnosoducocharkapookcuaassl. Jlan-
HbIA GepMEHT aKTUBUPYeTCs pUOyn0306uchochaTKkapboK-
CUJIa301/0OKCUTeHa30l aKTHBa30M, KOTopasi KOAUPYeTCcs re-
HOM RCA, ypOBeHb 3KCIIPECCUU KOTOPbIX MOXKET CBUJIeTe Ib-
CTBOBaTh 06 MHTEHCHBHOCTU KapOOKCUJIMPOBAHUS B LIUKJIE
KasnbBuHa.

B pesysbTaTe skcriepuMeHTa BbISIBJIEHO, YTO TPAHCKPHII-
Tbl reHa RCA HauMHAIOT HaKalJIUBATbCS B 3apO/bllIEeBOH
TKaHU y>Ke 4epe3 CyTKH MOocJe Havyasla MpopacTaHusl CeMsH
ropoxa. KosnuecTBo TPAHCKPUIITOB JAHHOTO I'eHa B TKaHAX
3apo/pblila ONbITHBIX 06p33u0B ObLIO CYyLIeCTBEHHO HHXe 110
CpaBHEHHIO C HEOOPa6OTAaHHBIMU CEMEHAMU. B JTUCThSIX BCex
OIIBITHBIX 8-CyTO‘-IHbIX IMPOPOCTKOB ropoxa, KyJIbTUBUPOBaH-
HBIX Ha TH/POINIOHNKE, YPOBeHb 3Kcnpeccuu reHa RCA focro-
BEPHO He OTJIUYaJICS OT KOHTPOJIbHBIX pacTeHuu (p = 0,05),
ay ONBITHBIX pacTeHUH, KyJbTUBUPYEMBbIX B II04YBe, COZEp-
»kanue UPHK rena RCA 65110 Bblllle, 4€M B KOHTPOJIBHBIX 06-
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Ta6smmna 3. MopdomeTpuyeckre nokKa3are i IPOPOCTKOB ropoxa B 3aBUCHUMOCTH OT J03bI IKCTPAKTA
(o603HavyeHus cM. puc. 1)

Table 3. Morphometric parameters of pea seedlings depending on the extract’s dose (for symbols, see Fig. 1)
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K 0,51 + 0,02 3,57 + 0,06 1,34 +0,08 0,37 + 0,028 8,16 + 0,13
Puaponosmka /- |y 0,52 + 0,02 #3281 + 0,31 *0,74 + 0,02 %0,26 + 0,023 8,15+ 0,18

Hydroponics

100 0,49 + 0,04 *2,38 + 0,21 *0,43 + 0,04 *0,18 + 0,001 7,68 + 0,30
K 0,55 + 0,02 3,72 40,07 1,13 +0,09 0,30 + 0,03 845 +0,23
Mousa / Soil 10 0,62 +0,01 3,83 + 0,32 1,22 + 0,03 0,32 0,03 8,29 + 0,27
100 *0,68 + 0,03 3,94 + 0,45 1,10 + 0,10 0,27 + 0,03 8,28 + 0,30

[Ipumeyanue: 'K - kouTposb; I'10, 100 - npopacTatoiue ceMeHa B 10- 1 100-npoLeHTHBIX pacTBOpPax IKCTPAKTa OTPAGOTAaHHOTO
COJIOMEHHOTr0 cy6cTpaTa BelleHKY; *p < 0,05 oTHOCUTeNIbHO KOHTPOJIsA 10 t-kpuTepHio CThroieHTa; **p < 0,05 0THOCUTENIbHO KOHTPOJIS
no H-kpureputo Kpyckana - Yosnuca

Note: I'K is the control; '10 and I'100 denote seeds germinating in the 10% and 100% solutions of the extract from the used straw
substrate for oyster mushrooms; *p < 0.05 versus the control according to Student’s t-test; **p < 0,05 versus the control according to the
Kruskal-Wallis H-test

Ta6mua 4. CogepkaHue GoTOCMHTETUYECKUX MUTMEHTOB B JINCTHSIX IPOPOCTKOB ropoxa, KyJIbTUBHPYEMBIX
B YCJIOBUSIX THPONOHMKY U NOYBHI, B 3aBUCUMOCTH OT A03bI 3KCTPAKTA

Table 4. Photosynthetic pigment content in pea seedlings cultivated under hydroponics and soil conditions
depending on the extract’s dose
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S < .8 S = E ° E ©
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= e ©
(&)
K 0,12+ 0,01 0,05 + 0,02 0,17 + 0,024 0,07 £ 0,02 2,54+ 0,21
Puapononmka / | . 0,12 + 0,01 0,05 + 0,01 0,17 + 0,012 0,06 + 0,02 2,60 0,21
Hydroponics
r100 | *0,09 + 0,02 0,04 0,01 *0,13 + 0,02 0,07 0,03 2,19 + 0,24
K 0,22 + 0,02 0,06 + 0,02 0,28 + 0,03 0,09 + 0,02 3,22 + 0,37
Mouga / Soil r10 0,24 + 0,02 0,06 + 0,01 0,31 + 0,02 0,10 0,03 2,96 + 0,38
r100 | *0,37 0,02 *0,09 + 0,01 *0,46 + 0,02 %0,12 + 0,03 3,85 + 0,28

[IpumeuaHnue: 'K - kouTposb; I'10, '100 - npopacTratomue ceMeHa B 10- 1 100-npo1eHTHBIX PACTBOPax 3KCTPAKTa OTPAGOTAaHHOIO
COJIOMeHHOTO cy6cTpaTa BemeHKH; *p < 0,05 oTHOCHTE/IbHO KOHTPOJISA MO t-KpuTepuio CThIOZieHTa; MI'/T ChIp. Beca — MUJUIMTPaMMOB Ha
1 rpamm ceiporo Beca jiucTbeB; Chl a - xnopodusn a; Chl b - xnopodusn b; Car - KAPOTHHOUBI

Note: I'K is the control; I'10 and I'100 denote seeds germinating in the 10% and 100% solutions of the extract from the used straw substrate
for oyster mushrooms; *p < 0.05 versus the control according to Student’s t-test; mg/g wet weight — milligrams per 1 gram of the leaf wet
weight; Chl a - chlorophyll a; Chl b - chlorophyll b; Car - carotenoids
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Puc. 3. Cogep:xaHHe TPAaHCKPUIITOB reHa RCA B 3apoJbllieBOM TKAaHU CYTOYHBIX NPOPACTAIOLIUX CEMSAH U JIMCThAX
8-CyTOYHBIX NIPOPOCTKOB ropoxa B 3aBUCHUMOCTH OT A03bI 3IKCTPAKTa
(I'K - xoHTpOoJb; '10, '100 - npopacTatouiye cemeHna B 10- 1 100-npo1,eHTHBIX pacTBOpPax 3KCTpaKTa 0TPa6b0TaHHOTO
COJIOMEHHOTO cy6cTpaTa BellleHKH; *p < 0,05 0THOCHTeIbHO KOHTPOJIs 10 t-KpuTepuio CThioJeHTa)

Fig. 3. Content of the RCA gene mRNA transcripts in the embryonic tissue of one-day-old germinating seeds and the
leaves of 8-day-old pea seedlings depending on the extract’s dose
(T'K is the control; I'10 and I'100 denote seeds germinating in the 10% and 100% solutions of the extract from the used
straw substrate for oyster mushrooms; *p < 0.05 versus the control according to Student’s t-test)

[IpopacTaHve ceMsAH pacTEHUH CONPSKEHO C reTepo-
TPOPHBIM NUTAHUEM, IPU KOTOPOM NMPOUCXOAUT paCILenie-
HUe NMUTaTeJbHbIX BEIeCTB 3allaCHbIX TKaHeH ceMsH. Bax-
HeHIIMM 3alacHbIM MOJMMepPOM pacTeHHH ABJAeTcA Kpax-
MaJl, @ ero rMjpoJin3 CBsi3aH ¢ paboToll psaja pepMeHTOB,
B TOM 4MCJIe U30aMusa3. UMeHHO JaHHble ¢pepMeHTbI pac-
IENJIAI0T aMUJIOTIEKTHH, SABJIAIMNACA HapsAAy C aMUJI030H
KOMIIOHEHTOM KpaxMavla. Fi3oaMuiasbl KOAUPYIOTCA reHaMU
ISA, 10 YPOBHIO 3KCIIPECCUH KOTOPBIX MOXHO CYAUTb 00 UH-
TEHCUBHOCTH 06pa30BaHUs HOBBIX MOJIeKyJ GpepMeHTa.

B pesysibTaTe JaHHOM paboThbI 3y4anach SKCIPECCUs Te-
HOB [SA-1 v ISA-2 Kak B 3apo/iblLlIeBOM TKaHU IPOPACTAIOLIUX
CeMsIH, TaK U B JINCTbAX IPOPOCTKOB. YCTAHOBJIEHO, YTO JKC-
TPAKT B 00eMX KOHLIEHTPALUSAX CYIeCTBEHHO MOAABJIA KC-
Ipecculo Kak resa ISA-1, Tak u reHa ISA-2 B TKaHSX 3apOJbl-
IIa CyTOYHBIX MPOPOCTKOB ceMAH (puc. 4). Bmctbax npo-
POCTKOB, Ky/JIbTUBUPYEMbIX Ha THJPONOHUKE KaK C IPUMeHe-
HueM 10-, Tak 1 100-01poLLeHTHOrO0 3KCTPaKTa, JEeMOHCTPHU-
pOBaJsIoCh CylLeCTBEHHOe yBeJuWdeHHe HakomseHus u PHK
reHa ISA-1 (cM. puc. 4, A), Ho pu 3TOM IOKa3aHO NajieHue
akcnpeccuu reHa ISA-2 (cMm. puc. 4, B). B incTbsix ropoxa, Bbl-
palleHHOr0 B OYBe C IpuMeHeHHeM 10-IpOLeHTHOro 3KC-
TpakTa, cosepxkaHue Bcex UPHK reHoB ISA focTtoBepHO He
oTJIMYasach OT KOHTPOJIbHBIX 06pa3noB (p = 0,05), a B mpo-
pPOCTKax, BbIpalleHHbIX ¢ NpuMeHeHHeM 100-npoLeHTHOro
9KCTPaKTa, OHO ObLJIO BhIIE, YeM B KOHTpOJIE (CM. puc. 4).

3aMe/JIeHHE TPOLECCOB NPOPACTAHUSA CEMAH ropoxa HoJ,
perictBueM 100-npoLeHTHOTO 3KCTpaKTa Ha paHHUX 3Tanax
HOZATBEPXKJAETCA JAaHHBIMU 110 CKOPOCTH NpopacTaHus (CM.
puc. 1), sHepruu npopactanus (cM. TabJ1. 2), AUHAMUKE CO-
JleprKaHHUs CyXoro BelecTBa (CM. pUC. 2), CHYPKEHHIO YPOBHSA
akcnpeccuu reHa RCA (cm. puc. 3) u reHoB ISA-1 u ISA-2 B 3a-
poJbliieBoi TKaHU (cM. puc. 4). [lelictBue 10-nporieHTHOTrO
9KCTpPAaKTa MHTUGUPOBAJIO 3KCIpeccHio reHoB RCA (cM.
puc. 3), ISA-1 n ISA-2 (cm. puc. 4) 1 yBeJIMUMUBAJIO MacCOBYIO
JIOJII0 CYXOro BellecTBa 10 CPAaBHEHMIO C KOHTpoJieM (CM.
pHC. 2), UTO TaKXKe CBU/IeTEJIbCTBYET O 3aMe/IJIEHHUH NPoLec-

coB npopactaHus. Ho JaHHas KOHLeHTpaLus He BJIMsIA Ha
cKopocTh (cM. puc. 1) u aHepruio (cM. TabJ1. 2) npopacTaHus
ceMsH ropoxa. IloyydyeHHble pe3y/bTaThl, I0-BUAUMOMY,
06yCJIOBJIEHBI BBICOKHMHU [J03aMH HEKOTOPBIX KOMIIOHEHTOB
3KCTpaKTa. B yacTHOCTH, Ha MpopacTaHKe, BO3MOXHO, OKa3a-
JIM BJIMSIHUE OTHOCUTE/IbHO BBICOKHE KOHLEHTPALUHU Ipo-
cTbix caxapos (To et al.,, 2002), a,1ucHTOPOB (B TOM YHCJIE XH-
To3aHa U [-raokaHa) (Song etal, 2021), ryMHUHOBBIX Be-
mectB ('B) (Kulikova etal, 1997). 3aucuTops!l B cocTaBe
9KCTPAKTa, NMO-BUAMMOMY, MOIVIH CBSI3bIBAThCSI C PELeNnTo-
pom MAP-kunasHoro nyTtu (Faugeron-Girard et al., 2020), ko-
TOPBIH 3aMyCKaJl KacKaZ peakLii, yCHIrnBast 3KCIPEeCCHUIo re-
HoB 6uocunTe3a ABK (Songet al,, 2021), uTo B cBoIO 0Yepesb
TOPMO3UJIO IPOPACTAHHE CEMSIH TOpoXa.

CHuxeHHe Ko3bUIMeHTa «0GEru / KOpHU», TO €CTh
yBeJINYeHHe AJIMHbI KOPHel OTHOCUTE/IbHO TI0GETr0B, BO BCEX
OTBITHBIX 06pa3yax (cM. TabJ1. 3), BEpOsITHO, 06YCJIOBJIEHO
CTUMYJIUPYIOLIMM JieHiCTBMEM KOMIIOHEHTOB JKCTpaKTa Ha
npouecchl KopHeo6pa3oBaHus. B yactHocTH, I'B criocoGHbI
CTUMYJINPOBATb POCT KOPHEBBIX BOJOCKOB U YCHJIMBATh IPO-
11eCChl PACTSKEHUS KJIETOK, YTO CIIOCOBCTBYET POCTY JAJIMHbI
kopHe# (Pishchik et al,, 2019). Cuurtaercs, yro I'B o6samaror
aykcuHomnozno6HbIM felictBueM (Nardi etal, 2002), ogHako
camu 1o ce6e 'B He UMeIOT TOPMOHOIOAOGHBIX CBOKCTB, a UX
pa6oTa, BO3MOXHO, CBsI3aHa C JeHCTBHEM Ha MUKPOJIOpy
pusochepbl UM 06pa3oBaHHEM CUTHAJBHBIX MOJIEKYJ ca-
Mux KieTok pactenuit (Pishchik et al,, 2019).

CHWXKeHHe cofepxaHUsi GOTOCHHTETHYECKHUX MUIMeH-
TOB B IIPOPOCTKAaX ropoxa, Ky/JbTHBHpyeMbIx Ha 100-mpo-
[IEHTHOM 3KCTPaKTe B YCJIOBUSX I'MJPONOHUKH, BEPOSITHO,
06yCJIOBJIEHO BBICOKMMH J03aMHu ['B, 4To JeMoOHCTpUpoBa-
Jock B paborax H.A.KynukoBoi ¢ coaBTopamu (Kulikova
etal., 1997), rae 66110 TOKa3aHO, YTO BOJHAs BbITsKKa ['B 13
Topda OKasbIBaeT CTUMY/IMpYIOLlee JeiicTBHe Ha GOTOCHH-
Te3 pacTeHUH B 06J1aCTU HU3KUX KOHIeHTpauui (< 0,3 r/x),
a B o6siactu 6osbiux (> 0.3 r/J1) OTMeYeHO yrHeTEeHHe Npo-
necca ¢orocuHTesa. TakuM oGpasoM, JelicTBHe mpenapaTa
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Puc. 4. CogepxaHue TPAaHCKPUNTOB reHoB ISA-1(A) u ISA-2 (B) B 3apoAbIllIeBOi TKAHU CYTOYHbBIX MPOPACTAIOIINX
CeMsAH U JIUCThAX 8-CYTOYHBIX NPOPOCTKOB ropoxa B 3aBMCUMOCTH OT J03bl 3KCTPaKTa
(TK - kouTposb; '10, I'100 - npopacTatomue ceMeHa B 10- 1 100-1poLeHTHBIX pacTBOPaxX 3KCTPAKTa OTPAGOTAHHOI0
COJIOMEHHOTO cy6cTpaTa BelieHkY; *p < 0,05 0THOCUTE/IBHO KOHTPOJIA 10 t-KpuTepuio CThIOAEHTa;
**p < 0,05 oTHOCUTEIbHO KOHTpOJIs o H-kpuTepuro Kpyckana - Yosnuca)

Fig. 4. Content of the ISA-1 (A) and ISA-2 (B) gene mRNA transcripts in the embryonic tissue of one-day-old
germinating seeds and the leaves of 8-day-old pea seedlings depending on the extract’s dose
(TK is the control; '10 and I'100 denote seeds germinating in the 10% and 100% solutions of the extract from the used straw
substrate for oyster mushrooms; *p < 0.05 versus the control according to Student’s ¢t-test;
**p < 0,05 versus the control according to the Kruskal-Wallis H-test)

I'B anasoruyHo feiictBuio 100-IpoLEHTHOTO 3KCTpaKTa.
[Ipy 3TOM KyJbTUBUpPOBaHHE PACTEHUH C IpPUMeHeHHeM
10-mpoLeHTHOr0 3KCTPAKTa B OJUTOTPOQHBIX YCI0BUAX
CUAPOIIOHUKH He OKa3blBasIo CYIeCTBEHHOTO BO3/IeHCTBUA
Ha cojiepkaHue GpOTOCHHTETUYECKUX MUTMEHTOB, YTO, BO3-
MOXHO, CBSI3aHO C HELOCTAaTOYHOCTbIO MUHEPAIbHOT0 a30Ta
B cpezie (Smythers etal, 2020). OrcyTcTBue BausiHusa 10-mpo-
LEHTHOTO 3KCTPaKTa Ha cojepkaHue GpOTOCHHTETHYECKUX
NUTMEHTOB Y pacTeHUH, KyJbTUBUPYEMBIX B 3BTPOPHBIX
YCJI0BUAX T0YBBI, BEPOSITHEE BCErO, CBA3AHO C CyLeCTBEH-
HBbIM YMeHbllIeHHeM KOHLeHTpauuu ['B.

[IpyyuHON yBesMYeHHs KOHLEHTpaLuU GOTOCHUHTETH-
YeCKUX MUIMEHTOB B JINCThAX TOPOXa, KYJbTUBUPYEMOIO
cnpuMeHeHHeM 100-NpOLIEHTHOrO 3KCTPAaKTa B YCJIOBUAX
MIOYBBI, BO3MOXKHO, 6b1J10 00YCJIOBJIEHO ONTHMAJbHBIMU KOH-
neHTpauusAMy ['B npu faHHON TEXHOJIOTHH BblpalllMBaHUSA
(Sakr et al., 2017).TB, B cBOI0 0uepe/b, ClIOCOGCTBOBAJIU YCH-
JIEHHUIO TPOLECCOB INOIJIOIEHUS 3/IeMEHTOB MHUHEPaIbHOI'0
nyuTaHusA 3a cyeT ycuneHus H*-ATPa3HON aKTUBHOCTH Kile-
TOK KOpHeH, M3MeHEeHUs MeXaHUYeCKHX CBOWCTB IIOYBbI
U cTpyKTYphI pusocoeps (Olaetxea et al., 2019).

W3MeHeHUe ypoBHS 3Kcnipeccuu reHoB RCA, ISA-1, ISA-2,
BEPOSTHO, ObLIO O6GYC/IOBJEHO KaK MpSAMBIM JeHCTBUEM
KOMIIOHEHTOB 3KCTPaKTa, TaK U ONOCPe0BaHHO Yepe3 rop-
MOHaJIbHbIE U HHblE CUTHaJIbHbIe NyTH. CHI)KEHUE YPOBHA
akcnpeccuu reHoB RCA, ISA-1 v ISA-2 B 3apobllleBbIX TKa-
HsAX npopacTtarouux ceMsH (I'10 u I'100), a Takke reHa ISA-2
B JINCTbAX BCEX OMBITHBIX I'PYII IPOPOCTKOB ropoxa, BbIpa-
IIleHHbIX Ha TU/POIIOHUKE, BUZMMO, CBS3aHO C OOLIMM MeXa-
HH3MOM TOPMOKEHHS MPOLEeCCOB NPOPACTAHHUSA 3a CUET BBI-
COKMX KOHIIeHTPALUH, COePXKALIUXCA B IKCTPAKTE MPOCTIX
caxapos (To et al.,, 2002), asiucuTOpOB (B TOM YHCJIE XUTO3a-
Hau (-rmokaHa) (Songet al., 2021), I'B (Kulikova et al., 1997),

CUTHAJIbHBIH MeXaHH3M KOTOPBIX ellle NPeJCTOUT HU3yUYHTb.
YcuneHnue skcnpeccuy TeHOB RCA B JIMCTBSX BCEX ONBITHBIX
IPYII ropoxa, KyJbTUBUPYEMBIX B N04Be, ISA-1 B JIUCTbAX
BCEX OMNBITHBIX I'PYIII TOPOXa, BbIPAIlEeHHbIX Ha THPONOHHU-
Ke, a TAKXKe B yCJOBMAX MOYBBI C npuMeHeHueM 100-mpo-
LIEHTHOI'0 3KcTpakTa U ISA-2 B rpynne '100, BelpalieHHbIX
B I104B€, BO3MOXHO, 00YCJIOBJIEHO He TOJIbKO BHEIIHUMHU
CUTHaJIaMH, HO U BHYTPUTKAaHEBBIMU MHJYKTHBHBIMH NPO-
neccaMu. Tak, Ipu yBeJM4eHUH KOHLEHTPALMU POTOCHHTE-
THUYECKUX MUIMEHTOB YCKOPSeTCs MNpolLecc oOpa3oBaHUsA
AT® B xs10pomJIacTaX, YTO B CBOIO OYepesib TpebyeT aKTHBa-
uu pepMeHTOB TeMHOBOH ¢asbl. ITO, NO-BUAUMOMY, AAeT
CHUTHAJI KJIETKe 0 HEO6XOAMMOCTH YCUJIEHUS SKCIIPECCHH Te-
HOB, KOJUPYIOLUX pepMeHTbI IIMKIa KanbBrHA, B TOM YKC/Ie
U RCA, n3y4yaeMblii B JaHHOU paGoTe. [oBbIlIeHNe YPOBHS
CHHTEe3a IVIIOKO3bl IPUBOJUT K ee MOoJMMepHU3aliy, TO eCTh
K 060pa30BaHHUI0 KpaxMaJla, KOTOPbIH HaKalJIMBaeTCsH B XJIO-
pomacTax, HO AJisg HOpMaJIbHOro GOTOCHUHTE3a A0JKEH
ObITH MepeMellleH B aTTParupymlye TKaH! WIK HUCIO0JIb30-
BaH /151 MeTabosin3Ma. ITo TpebyeT aKTUBALMH €r0 aMUJIO-
JIM3a, B TOM YMCJIe U 3a CYET yCUJIEHUS SKCIIPECCUY FeHOB, KO-
JMPYIOIMX aMHUJIOJUTHYeCKHe GpepMeHTDI, TakHue KaK H30-
aMmuiasbl. TakuM 06pa3oM, ycuieHHe YPOBHSA IKCIIPECCHH Te-
HOB [SA B JIUCTbSIX ONBITHBIX PacTEeHUH 00yCJIOBJIEHO HEOD-
XOJMMOCTbIO PACIIENVIATh HAKOMMUBIIMICA B XJI0POIJIACTAX
KpaxMaJl.

PocrocTtumynupytomuii apdpexkt 100-npoLeHTHOrO IKC-
TpaKTa Ha NPOPOCTKHU ropoxa, KyJIbTHBUPYEMOTI'0 B YCJIOBHUAX
MOYBBI, BEPOSATHO, 0GYCJIOBJIEH MOJIOXKUTEIbHBIM BIUSHUEM
KOMIIOHEHTOB, COZIePXKALIMXCA B 3KCTPAKTE B OIIpesiesIeHHbIX
Jl03ax. BeposATHOe cTHMyJMpOBaHHE NPOLLECCOB MPOPACTa-
HUS MOIJIO ObITh BBI3BAHO 3JIMCUTOPHBIM BO3/eHCTBHEM
KOMIIOHEHTOB 3KCTPAKTa, HAIIPUMeD 3a CYET BIUAHUA XUTO-

TPY/IbI 110 ITPUKJIA/IHOM BOTAHUKE, TEHETUKE W CEJIEKL[MH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):27-37



Tarasov S.S., Mikhalev E.V, Krutova E.K., Predeina I.V.

. 186 (1),2025 o

3aHa U [-I/i0KaHOB (TUMHUYHBIE 3aucuTopsl) (Faugeron-
Girard et al., 2020). CTumyIMpyOIIKe JeHCTBUE 3JUCUTOPOB
Ha MpopacTaHHe CeMsH JeMOHCTPHUPOBAJIOCH B PAa3JUIHBIX
uccnepoBanusx (Gong et al, 2018; De Britto et al.,, 2021). He-
CMOTPsI Ha TO YTO NEPBUYHO 3JTMCUTOPHI OKA3bIBAIOT UHTU-
OoupylolMe BJIMsHUE Ha IpopacTaHue ceMsH (Song etal,
2021), 4To TaKXKe MPOJEMOHCTPUPOBAHO B JAaHHOU paboTe,
B NIOC/IEAAYIOIIEM OHH, IO-BUAUMOMY, 3alyCKAIOT MEXaHU3MbI
ropMesuca, YTo IPUBOAUT K YCUJIEHUIO NPOLLECCOB Mpopac-
TaHUA U pOCTa pacTeHUH. YCTAHOBJIEHO, YTO B3auUMO/JeEM-
CTBHE 3JIMCUTOpPA C PELEeNTOPOM YCUJIMBAET 3KCIPECCHUI0
PR-renoB (Faugeron-Girard et al.,, 2020), kogupymImux pas-
JINYHBbIE TUAPOJUTHYECKHE GesIKH, pacllensiomne 61omno-
JMMepbl GUTONATOreHOB. BO3MOXKHO, YTO TPAaHCKPHUIIMOH-
Hble GaKTOphI, aKTUBUPYIOLIHECS KacKaZloM peaKLUH CHUr-
HaJIbHBIX CUCTEM I10CJIe CBSI3bIBAHUS UX PellelTopa C 3JIUCH-
TOPOM, TaK)Ke CIIOCOOHBI aKTUBUPOBATh U 3KCIPECCHIO Te-
HOB T'HJPO0JIa3, YYaCTBYIOIIUX B MPOpPACTaHUU CEMsH, YTO
B CBOIO 0OYepe/ib MOIJIO MPUBOAUTH K aKTUBAL[MH NPOLLECCOB
OGUOCHHTE3a POCTOCTUMYJIHPYIOMUX GUTOTOPMOHOB, B TOM
qucje UHAO0MUA-3-yKcycHoU kucaoThl (MYK), u cHumxaTh ak-
TUBHOCTh okcuzassl UYK (Li, 2019). 3To cnoco6cTBOBaIO
yBeJInYeHH10 Maccel mpopocTkoB (Colman et al., 2019) u ycu-
JIEHUI0 3Kcnpeccuu reHoB RCA, ISA-1, ISA-2. OfHaKo JaHHBIN
OTBET UMeJl ONlpe/ie/IeHHbIM BpEMEeHHOM J1ar, MOJIeKYJ/IAPHbIN
MeXaHH3M KOTOPOTO elle MPeJCTOUT U3YUHTb.

Bo3MO0KHO, pocTOCTUMYIUPYIOLTUH 3 EKT Ha ONBITHbIE
pacTeHus], KyJIbTUBHPYeMbIe B [I04YB€, 00YCJIOBJIEH 1€ CTBU-
eM I'B (Izosimov, 2016; Olaetxea et al., 2018), koTopble cozmep-
JKaJIMCb B 3KcTpakTe. CuuTaeTcs, 4To AelcTBue ['B cBA3aHo
C UX BJIMSHUEM Ha MeXaHHWYeCcKHe CBOMCTBA MOYBBI, PHU30-
chepy KopHeH U B3aUMOJeHCTBHE MUKPOOPraHU3MOB C pac-
TeHUsAMH, a Takxke ¢ ycuseHneM H'-AT®dasHoi akTUBHOCTH
KJIETOK KOpHeH. TO IPUBOAUJIO K ITOBBIIIEHHIO KOHLIeHTpa-
MU IUTOKHUHOB B no6erax u ycunuBano ABK-onocpegoBas-
HOe yBeJIMYeHHe TUApaBandeckoi npoBogumoctH (Olaetxea
etal,, 2019). [leMoHCTpUpPOBAJOCh BJHSIHHE TYMHHOBOTO
npernapaTa Ha yCUJIeHHe 3Hepruy MpopacTaHHus, MPOLeccoB
KOpHeo6pa30BaHMUs, yIyqllIeHHe CTPYKTYPbI U KauecTBa ypo-
»Kas (yBesJM4YeHHe KOJIMYeCTBO KOJIOChEB, CEMSH B KOJIOCE,
Maccel 1000 ceMsiH, KJIEHKOBHHBI B 3epHE), YBEJUYEHUE [10-
CTYNHOCTH 3JIEMEHTOB MHUHePaJIbHOTO NUTaHusA (a3oT, poc-
dop, kanuit) muenunsl (Izosimov, 2016). lo-BugumMomy, po-
CTOCTUMYNUPYIOLUK 3P PeKT cBsI3aH ¢ aKkTUBalMel CHHTe3a
ayKCUHOB U ru66epesinHoB (Izosimov, 2016). /lo koHLa He
siCeH MeXaHu3M (pU3UO0JIOTHUECKOTO JAeicTBuUsA ['B, Tak Kak
P aBTOPOB CYMTAET, YTO OHU CIIOCOGHBI IPOHUKATE B KJIET-
k# (Popov, 2007), Ho To/1bKO B BU/ie QYIBBOKUCIOT U PYTUX
Hu3koMosteKyasspHbIX popm (Pishchik et al., 2019). [Ipu aTom
AeiictBue I'B Ha pacTeHMe, M0O-BUAMMOMY, 0GYCJIOBJIEHO,
B IIEpPBYI0 o4yepe/ib, MEMOPAHOTPOIIHLIM JleHCTBHEM, aKTH-
BUPYIOLIMM 06MeHHbIe NPOLeCcChl, POCTOBbIE MPOLECCHI, M-
MYHHUTET U MOBBIILAIOLUIUM YCTOHYMBOCTb K CTpecc-paKTo-
pam (Izosimov, 2016; Pishchik et al., 2019).

BbiBOABI

1. 3kctpakT c go3oi 10% He okasbiBaJ JOCTOBEPHOIO
BJINSIHHSA Ha CKOPOCTb, 3HEPTHI0 NpopacTaHus, JabopaTop-
HYI0 BCXOXKECTb CeMsIH ropoxa Y He3HAUUTeJbHO 3aMe/JIsiI
pacliernieH’e 3alaHHOro BellecTBa (4-6-e CyTKH mpopac-
TaHus). Bo3gelictBue 100-mpoLleHTHOTO 3KCTPaKTa CHUXKa-
JIO CKOPOCTb Y 3HEPTHI0 MPOpACTaHHUsI CeMsIH U 3aMeJJIs/I0
JlerpaZialiMio CyXoro Bell[eCTBa, HO He OKa3bIBaJo JOCTOBEP-
HOTO BO3/IeHCTBUS HA JJaGOPATOPHYIO BCXOXKECTb CEMSH I'0-
poxa.

2.Jloka3aHo yMeHbIleHUe [JIJIMHbl KOpPHEH U NMoGeros
y IPOPOCTKOB, KYJbTUBUPOBAHHBIX C IPUMEHEHUEM BCeX
Jl03 3KCTPAKTa, BbIPALEHHBIX B YCJOBUAX THUAPOINOHHUKH,
ay pacTeHUH, KyJbTUBUPYEMBbIX B 104B€, BbISIBJIEHO yBeJU-
YyeHHe Macchl MPoOpocTKoB. [Io ocTasbHBIM MopdoMeTpuye-
CKHMM I0Ka3aTeJsleM U3MeHeHUH He 3apUKCHPOBaHO.

3.BbIIBJIEHO KaK MHTUOUpYIOLIEe, TaK U CTUMYJIUPY-
olee JeldCTBUe BBICOKUX /103 3KCTPAKTa Ha COoJepKaHue
$GOTOCMHTETHYECKUX NUIMEHTOB, 3aBUCSAILlEe OT Cpejbl
KyJbTUBUPOBaHUA. TaK, y pacCTeHUH, BbIpAlleHHBIX C IPU-
MeHeHUueM 100-npoLEeHTHOr0 3KCTpPaKTa B yCJOBUAX FUJ-
POIIOHUKH, cofiepKaHue POTOCHMHTETUYECKHX TUTMEHTOB
OBIJIO HMXKE, @ Y PaCTeHUH, TPOU3PACTABLINX B I0YBE, HANPO-
TUB, UX COJiep>KaHue ObLJIO0 BhIIe. B ONBITHBIX Ipynnax ¢ Ipu-
MeHeHHeM 10-IpOLIEHTHOr0 9KCTPAKTA, KaK B yCJIOBUAX I/ -
POIIOHUKHY, TaK U B yCJIOBUSAX NOYBBI, JJOCTOBEPHBIX U3MEHe-
HUU BBISIBJIEHO He ObLJIO.

4. dxcnpeccus reHoB RCA, ISA-1 v ISA-2 B 3apopbliieBO
TKaHU BCEX ONBITHBIX CyTOYHBbIX NPOPACTAKIUX CEMAH
OblIa CyLIECTBEHHO HIDKe, 4eM B KoHTpoJe. Cozxep:aHue
nPHK rena RCA B JINCTBAX ONBITHBIX T'MJIPONOHHBIX pacTe-
HUH JJOCTOBEPHO He OTJIMYaJIOCh OT KOHTPOJISA, a Y PaCTeHUH,
KyJIbTUBUPYEMBIX B [104Be C IpUMeHeHueM Kak 10-npoueHT-
Horo, Tak U 100-mpoIeHTHOT0 3KCTPAKTa, OHO OBLIO BHILIE,
4yeM B KOHTpOJIe. BbIsABJIeHO ycuyleHHe HaKOIlJIeHUs] TPaHC-
KpUIITOB reHa ISA-1 B JIMCTbAX BCEX ONBITHBIX T'MIPONOHHbIX
pacTeHU U BbIpallleHHbIX B I04Be ¢ npuMeHeHueM 100-npo-
LIEHTHOI'0 3KCTPAKTAa, HO He C UCI0Jb30BaHueM 10-npoueHT-
Horo skcrpakTa. Hakonnenue uPHK rena ISA-2 B nucTbAX
OTBITHBIX TU/JPONOHHBIX PACTEHUH GBIIO HUXKe, a Y TOpoXa,
BbIPAllleHHOI'0 B M0YBe NpHU nosuBe 10-NIpOLEeHTHBIM 3KC-
TPaKTOM, He OTJINYaJI0Ch OT KOHTPOJIS U YBeJIMYUBAJIOCh
pu ucnosb30BaHuU 100-npoLeHTHOr0 IKCTPaKTa.

5. DKCTpaKT B BbICOKHX /03ax (100-npoueHTHBIA MaTO4-
HBIH PacTBOP) Ha HaYaJIbHBIX 3TANaxX IPOpacTaHUs UHTUOU-
pPyeT poCT U pa3BUTHE CeMsIH ropoxa. B panbHelieM, npu
Ky/JIbTUBUPOBAHUM PAcTEeHUH B IOYBE, OH CNIOCOGEH aKTHUBHU-
pOBaTb POCTOBbIE IPOLLECCH], B TOM YHUCJ/Ie YCUINBAsA KOpHe-
06pa3oBaHMe, YCKOPsIST 3KCIPECcCHI0 TeHOB (OTOCHHTE3a,
JbIXaHWS U 060pOTa NMUTATENbHBIX BELECTB, yBeJWYUBaAs
KOHLIEHTpaluilo PpOTOCUMHTETHYECKUX MUTMEHTOB U 00Liei
6HOMAaCCHI, UTO JleJIaeT ero NepcrneKTUBHBIM PeryJasTOpPOM
pocTa U pa3BuTHs. B cBoro ovyepennb, 100-npoueHTHbIN Ma-
TOYHBIN PaCTBOP MOXET CTATh [1ePCIEeKTUBHBIM CbIpbeM /I
M0JIy4YeHUsl BBICOKOKOHLIEHTPUPOBAHHBIX CYCIIEH3UU C IIO-
ceyIIMM UX HaHEeCeHUEeM Ha CeMeHa B BU/ie IIJIEHOK, YTO
M03BOJIUT IPUMEHATDb JAHHBIM NIpenapaT B IPOMBIIIJIEHHbIX
MacuTabax.
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AlanTUBHOCTD, IJIACTUYHOCTb U CTAOM/IBHOCTDb YPOKAaUHOCTH
roJio3epHOro T4YMeHs

H. B. TeTAHHUKOB
DedepanbHblll HayuHbIU ceseKYUOHHO-MeXHo102u4YecKull yeHmp cadogodcmea u numomHukogodcmea, Mockaa, Poccus

Asmop, omeemcmeeHHbll 3a nepenucKy: Hukosaii BasepbeBuy TeTIHHUKOB, tetyannikovnv@ya.ru

AKTya/IbHOCTB. ['0/103epHble GOPMBI TUMEHsS IPeCTaBJASIOT NPpaKTUYeCKUH UHTepec He TOJIBKO C CeJIEKIIMOHHON TOYKHU 3pe-
HUS, HO U C IPOU3BO/ICTBEHHOU. X 3epHO XapaKTepusyeTcs 60JibllIel MUTaTeJlbHON LIeHHOCTbIO B CPAaBHEHUH C IIJIEHYaThIMU
Y MeHbllell 5KOHOMUUYeCKO! 3aTPaTHOCTbIO NPHU Nocey60pouHoi 06paboTke. [Ipy KOMIJIEKCHOM M3y4YeHUU HUCXOJHOTO Ma-
TepuaJja 10 BaXXKHbIM X03sIICTBEHHO LJeHHbIM MIPU3HaKaM 0c06ast poJib OTBOJUTCS aHA/IU3y He TOJIbKO aZlalTUBHOCTH pacTe-
HUH, HO U UX CTAOUJIbHOU yPOKAWNHOCTH.

MartepmuaJibl ¥ MeTOABL. O6bEKTOM HCC/IeJ0BaHUSA MOCAYKUIU 60 06pa3LoB ro/103epHOro AYMeHs, OTHocsALMecs K 15 BHY-
TPUBU/OBbIM PAa3HOBUJHOCTAM. M3yyeHue npoBefeHo B 2020-2022 rT. B 0JIeBBIX YCA0BUSAX MOCKOBCKOHM 06/1aCTHU B COOT-
BETCTBUM C MeTOJUYECKHMHU yKasaHUAMU BUP u MeTojukol moseBoro onbiTa B U3noxeHUH b. A. [locniexoBa. /l/1s1 oLleHKH
a/lalTUBHOCTH ¥ CTaOU/IbHOCTH W3y4aeMblX FeHOTMIIOB NPUMEHs/INCh Pas/IM4YHble CTaTUCTHYecKre MeToabl: KA, UC, b, §7d,,
0,0, W2, 02, CV,SW, S@), S5, S, NP4, KR,

Pe3ynbTaThl M 3aK/a04eHue. Cpeju MHOTOPSAHBIX 06pa31i0B OTHOCUTEIbHO BBICOKYIO YPOXKalHOCTb IPOAEMOHCTPUPOBAIN
Mectubiit (k-17948), (k-18071), N167 (k-11070), ‘Omckuii T'osnozepHsbiit 2° (2539*) (245,0-308,8 r/m?), cpeau [BYpsIHbIX
06pa3uoB - JIunusa-1289 (k-29336), 11-99-2837 (k-30796), ‘Omckuii Tonozepusiii 17 (2538*) (177,9-269,5 r/m?). Haubosee
TeCHasi CBSI3b yPOXKAaWHOCTU OTMeYEeHa C MaccoM 3epHa ¢ KoJioca (r = 0,64) u Maccoi 3epHa ¢ pacteHus (r = 0,58). locTtoBepHas
Koppessinus BoisiBaeHa Mex iy Maccoil 1000 3epeH U MPOAYKTUBHON KYCTUCTOCThIO (r = 0,67), a TaK»Ke MeXAy Maccoi 3epHa
€ KoJioca ¥ Maccol 3epHa c pacteHus (r = 0,70). BeicokoyposkaliHble 06pa3iibl FOJI03€PHOr0 TYMeHs He OT/IMYAJINCh BBICOKOH
CTabMJILHOCTBIO 10 ToAaM. Cu/lbHasA KoppessAnus ypoxaiHoctu otMedena ¢ KA, UC, u b; (r = 0,85-0,93), 4To mo3BoJIAeT Ux
HCI0JIb30BaTh AJs1 0T60pa TeHOTUIIOB C 60/iee paBHOMEPHBIM COYeTaHHEM YPOXKaWHOCTH U CTaGU/IbHOCTU. OTHOCUTEIbHO
BBICOKOU YP0:KallHOCTbIO U CTa6UIbHOCTbIO 06131211 06pasibl MecTHbIH (k-17948) u N167 (x-11070), a TakKe ABYPSALHBIA
copt ‘Omckuii Tono3epHbiii 17 (2538%).

Kaiouesule caoea: 6uopasHoo6pasue, reHorun, Hordeum vulgare L., TpoAyKTUBHOCTb, PAa3HOBUAHOCTD

baazodapHocmu: vicciejoBaHUE NPOBEJIEHO B paMKax peasiM3alliu roCyAapCcTBEHHOro 3ajaHus PefiepasibHOr0 HAyYHOTO
CeJIeKLJMOHHO-TEXHOJIOTUYEeCKOro LjeHTpa caZloBOACTBAa U NUTOMHUKOBOACTBA N2 0432-2021-0003 «CoxpaHUTB, IONOJTHHUTb,
HU3yYUTb FeHeTHYeCKUe KOJIJIEKIUU CeJbCKOXO3IMCTBEHHBbIX pPACTEHUH U CO3JaTh PENO3UTOPUU IJIOJOBBIX U SITOJHBIX
KYJIBTYD, 3a/10’)KEHHbIE CBOGOAHBIMHU OT BPEJ0OHOCHBIX BUPYCOB PACTEHUSIMUY.

ABTOp 6J1aroZlapuT peLleH3eHTOB 33 UX BKJIaJ, B 3KCIIEPTHYIO OL€HKY JaHHOU paboThl.

s yumuposaHus: TetssHHUKOB H.B. AZJaTUBHOCTD, MJIACTUYHOCTb U CTA0U/IBHOCTD YPOXKAMHOCTH rOJI03€PHOTO STUMEHS.
Tpydul no npukaadHoll 6omaHuke, 2eHemuke u ceaexyuu. 2025;186(1):38-51. DOI: 10.30901/2227-8834-2025-1-38-51

© Tetsaunukos H.B.,, 2025
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Adaptability, plasticity, and yield stability in hulless barley

Nikolay V. Tetyannikov
Federal Horticultural Center for Breeding, Agrotechnology and Nursery, Moscow, Russia

Corresponding author: Nikolay V. Tetyannikov, tetyannikovnv@ya.ru

Background. Hulless barley is of practical interest not only for plant breeders but also for crop producers. The nutritional value
of its grain is higher and economic costs of post-harvest processing are less than those of hulled barley. Analyzing both plant
adaptability and yield stability is a key factor in a comprehensive study of source materials for important agronomic traits.
Materials and methods. Sixty hulless barley accessions belonging to 15 intraspecific varieties served as the material for the
study conducted in 2020-2022 in the fields of Moscow Province according to the guidelines of VIR and the methodology of field
trial by B. A. Dospekhov. Adaptability and stability were assessed in the studied genotypes using various statistical indicators:
CA, IS, b, $°d;, 6, 6, W7, 07, CV, SW, @, S, S, NPUY, and KR.

Results and conclusion. High-yielding among the six-row accessions were Local (k-17948), (k-18071), N167 (k-11070) and
‘Omsky Golozerny 2’ (2539%*) (245.0-308.8 g/m?), and among the two-row ones, Line-1289 (k-29336), C-99-2837 (k-30796)
and ‘Omsky Golozerny 1’ (2538%) (177.9-269.5 g/m?). The grain weight per ear (r = 0.64) and grain weight per plant (r = 0.58)
were found to have the closest relationship to yield. Significant correlations were found between 1000-grain weight and pro-
ductive bushiness (r = 0.67), as well as between grain weight per ear and grain weight per plant (r = 0.70). High-yielding hulless
accessions failed to demonstrate high stability across all growing seasons. Yield had strong correlations with CA, IS, and b,
(r =0.85-0.93), so they can be used to select genotypes with a more balanced combination of yield and stability. Relatively high
yields and stability were observed in the six-row genotypes Local (k-17948) and N167 (k-11070), as well as in the two-row
cultivar ‘Omsky Golozerny 1’ (2538*).

Keywords: biodiversity, genotype, Hordeum vulgare L., productivity, variety
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BBegenue

B Poccuiickoii ®enepanud OCHOBHbIE CeJbCKOX035IH-
CTBEHHbBIE YT0/ibsl TPAAUIIMOHHO 3aHATHI MILIEHUIIeH U TUMe-
HeM, 3HAYMMOCTb KOTOPBIX KaK IPOJ0BOJIbCTBEHHBIX U CTpPa-
TeruyecKy BaXKHBIX KYJIBTYP CJI0XKHO IepeolleHUTs. [lo Aan-
HbIM PefepaibHON CIYKOBI FOCYAAPCTBEHHON CTAaTHUCTHUKHU
(https://rosstat.gov.ru/), B Poccuu noceBHble MJIOIMIAAU SPO-
BOTO IUMEHS B X035 CTBaX Bcex KaTeropui 3a 2023 r. cocra-
BUJIM nopsjka 7247,1 ThiC. ra, IpU MHUPOBOW 3aHUMaeMOH
MJIOIIAAM 0KOJIO 47 MJIH ra. M3-3a MeHblllel Tpe6oBaTeNbHO-
CTH JAaHHOM KyJBTYPHI K YCIOBUSM OKpYKawoLel cpefipl ee
BO3/IeJIbIBAIOT B Pa3JIMUHBIX reorpapuyeckux pervoHax
C YMepeHHBIM, KOHTHHEHTAJIbHBIM U CyOTPONUYECKUM KJIH-
matoM (Verstegen et al,, 2014).

[Ipexxze Bcero, ssumeHb (Hordeum vulgare L.) siBasieTcs
KOPMOBOU KyJIbTypOM, U €ro OCHOBHbIE NIPOU3BO/CTBEHHbIE
06'beMBI UCTIOJIB3YIOTCA JJI1 KOPMJIEHUS )KUBOTHBIX. BereTa-
TUBHbIE YaCTH ¥ 3€PHO HCIOJb3YIOTCS B KauecTBe Qypaxa,
B BH/le KOMOUKOPMOB /iJIs1 KPYITHOTO U MEJIKOI'0 POraToro
CKOTa, CBMHEMN, JoMallHed NTULbl. BTOpoe 3HauuMoe Ha-
MpaBJIeHHe HCI0JIb30BaHUSA TYMEHsSI — 3TO COJIOAOpaAlleHHe,
YTO fIBJISIETCSI BA)KHBIM 3TAloOM IIPU MPOU3BOJCTBE aJIKO-
roJIbHbIX HAMTKOB. Tak)ke B HAYYHOU JINTepaType HEOJHO-
KpaTHO YIIOMHUHAETCs, 4TO 6J1aroapst CBOeMY XUMHUYECKOMY
COCTaBY SIUYMEHb MOXET BBICTYIATh B Ka4eCTBe ChIPbs AJIs
MPOU3BO/ICTBA 3/10POBBIX M QYHKIHOHANbHBIX MPOAYKTOB
MUATaHUsA, YTO ONpeiesisieT TpeTbe NMPOU3BOACTBEHHOE Ha-
npassienue (Geng et al,, 2022). B cyxoM BelecTBe 3epHOBKHU
SYMeHs COAEPXKUTCS JO0CTAaTOYHO BbICOKOE KOJIMYEeCTBO GeJI-
Ka, yIJIeBOJI0B, KJIeTYAaTKH, @ UMEHHO: 6eTa-I/II0KaHOB, JIUIH-
J10B, MUHEPAJIOB, PUTOXMMHUYECKUX BellleCcTB, BKJIOYas ¢e-
HOJIbHBIE KHCJIOTHI, GJIaBOHOU/bI, TUTHAHBI, TOKOJIbI, PUTO-
cteposbl 1 dosatel (Raj et al,, 2023), yTo MoXxKeT c1oco6CTBO-
BaTb CHIKEHHUIO YPOBHS X0JIeCTEPHUHA, YMEHBIIEHHIO PUCKa
cep/ileyHbIX 3a60JIeBaHUMN, peryJIMpOBaHUI0 YPOBHS caxapa
B KPOBH.

B aToM KJt04Ye oTedecTBEeHHbIEe U 3apy6exKHbIe UCCIe[0-
BaTeJIM YKa3bIBAIOT HA OOJIbIIOW MPAKTHUUYECKUH HHTepec
Y IPOM3BO/ICTBEHHYIO IPUBJIEKATEJbHOCTb UCI0JIb30BAHUSA
roJI03epHOr0 sYMeHs1 He TOJIbKO B KadecTBe QypakHON
KyJbTYpPBbI, HO ¥ KaK [1epCNeKTUBHbIM NPOAYKT MUTAHUS A
yeJioBeKa. B To ke BpeMs noJiyyeHue 3epHa, CBOGOAHOTO OT
[[BETOYHBIX YelllyH, CIOCOOGCTBYET CHHMXKEHHIO 3aTpaT Ha I1o-
ciey6opouHyto 06paboTky (Sidorenko et al., 2016). CuuTaeT-
csl, YTO OCHOBHBIMM NPHU3HAKaMM, N0 KOTOPBIM IILJIA JOMe-
CTHKaLHs SUMeHs], OblJIM JIOMKOCTb K0JI0Ca, PSAHOCTb KOJIO-
ca, a TakKe roJiasi 3epHoBKa (Salamini et al., 2002; Pourkhei-
randish, Komatsuda, 2007). /l;1 ro/103epHOTO STUMeHs XapakK-
TepHa rosiasi 3epHOBKA, JIETKO OTZAessieMasi OT IJIEHKH, YTO
MPUHSATO CBSA3BIBATH C OTCYTCTBUEM CKJIEUBAIOIIETO JUITHU/-
HOTO CJI0SI MEX/Iy 3MHUJIepPMHUCOM OKOJIOTIJIOAHUKA 3€pHOBKHU
Y 1BeTKOBbIMH delnysiMu (Lukina et al.,, 2022). 3BecTHO, uTO
IJIEHYATOCTh SBJSETCS JOMUHAHTHBIM NIPU3HAKOM, a I'0JI0-
3€pPHOCTb — PelleCCUBHBIM, KOHTPOJIUPYIOLUMCS TPAHCKPUII-
LIMOHHBIM $akTopoM reHa nud (nudum), pacrnosioxKeHHbIM Ha
xpomocoMHOM Itede 7HL (Zang et al.,, 2022).

lllupokoe pacnpocTpaHeHHe IoJI03ePHbIA TIMEHb UMEET
B cTpa”ax llenTpanbHon, CeBepo-Bocrounoit u l0ro-Boc-
TOYHOW A3MU U OCTAETCS OJHOU U3 BaXKHEUILUX IPOJ0BOJIb-
CTBEHHBIX KyJbTyp B KuTae, B YaCTHOCTH Ha BLICOKOTOPHOM
Tepputopuu Lunxai-Tuberckoro Ilnato (Zeng et al,, 2016).
3epHO rosio3epHbIX GOpPM, KaK MPaBUJIO, XapaKTepU3yeTcs
MOBBIIIEHHBIM COZlepXKaHWeM XUMHYeCKHX BellleCTB, B CpaB-
HEHUH C IJIEHYaTbIMU COPTAMH, YTO, HECOMHEHHO, NOBbIIIA-
eT OOyl NUTATeJbHYI0 LEHHOCTb M KOPMOBBIE JOCTO-

MHCTBa Takoro 3epHa (Lyu et al,, 2022). B To >xe Bpems roJio-
3epHBbIM fYMeHb UMeeT psiJi GaKTOPOB, OrpaHUIMBAIOLIUX
ero pacnpoctpaHeHue. K HUIM MOXXHO OTHECTH HEBBICOKYIO
Y HEeCTAaOUJIbHYI0 YPOXKAaMHOCTh M aJalTUBHYIO CIOCO6-
HOCTB, HU3KYI0 yCTOMYHUBOCTBD K [TOJIETAHHUIO U PAAY IPUOB-
HbIX 3a60JIeBaHUH, U3JIMIIHEe TPAaBMHUPOBaHHE CeMSH MpPHU
o6MmostoTe (Zhelesnov et al,, 2013).

B ky/npType suMeHs Npeo6JiaJlaloT MJeH4YaTble pa3Ho-
BUJHOCTH, U OCHOBHAasa CeJIEKLMOHHAasA paGOTa Ha IIOBbIIIE-
HUe yPOXKalHOCTHU U YCTOMYMBOCTH K GUOTUYECKUM U abHO-
THUYeCKUM (aKTOpaM OKpy’Kalollell cpeJbl BeeTCs HMEHHO
no HuM. K HacTosileMy BpeMeHH B Halllel cTpaHe B ['ocyzap-
CTBEHHbIN peecTp CeJIeKIIMOHHBIX JOCTUXKEHUH, J0NylleH-
HBIX K HCI0JIb30BaHUIO, BKJIIOYEHO 8 COPTOB r0JI03€PHOTO
SYMEHS, UYTO COCTABJISIET 0K0JI0 3% OT 061Iero 4ucaa COpToB
(State Register..., 2023). [lo npuHaAJIEKHOCTH K PAa3HOBU/-
HOCTAM JaHHBbIE COPTA OTHOCATCA K NIOABUAY ABYPALHOTO
sayMeHs (subsp. distichon (L.) Kérn.): var. nudum L. - ‘/leBa,,
‘Hynym 95, ‘Omckuii ['osto3epHslit 1, ‘Ockap’; var. viride Vav. et
Orl. - ‘Pyueit’; u MHOTOpsiAHOTO (Subsp. vulgare): var. coeles-
te L. - ‘Eprennnckuit ['osio3epHsiit, ‘OMckuil ['os03epHbIi 2,
‘Omckuii ['os103epHBIi 4.

TeM He MeHee pe3y/nbTaThl LieJIeHANPABJIEHHON pabOThI
CeJIEKIIMOHEPOB Ha NOBbIMIEHUE aJalITUBHOI'O U NIPOAYKTHUB-
HOTO IMOTEHI[MaJa TOJI03E€PHOTO SYMEHS] CBU/IETEJbCTBYIOT
0 BO3MOXXHOCTH CO3/1aHUS1 KOHKYPEHTOCIIOCOOHBIX COPTOB,
COYEeTAWIUX YCTOMYMBOCTb PACTEHUHW K OUOTHUYECKUM
M abuoTHYeCKUM (aKTOpaM OKpy»Kalolled cpejbl U BbICO-
Kyl YpOXXalHOCTb, He YCTyNalolUX [JEeHYaTbIM COPTaM.
be3yc/i0BHO, B 3TOM CBfI3W Ba)KHas pPOJib OTBOJUTCS OLleHKe
HCXOHOTO MaTepuasa Y NOCJe[yolieMy BOBJEYEHHIO ero
B CeJIEKLMOHHBIN TPOIECC, YTO CHOCOGCTBYET COBEpILIEH-
CTBOBAHHUIO COPTHMMEHTA CeJbCKOXO3WCTBEHHBIX KYJBTYP.
Oco60e BHUMaHHUe yie/s1eTCsl UCTOYHUKAM IleHHBIX IPU3Ha-
KOB, 00/1a/Jal0IUM BbICOKOU U CTAGUJIbHOHN YPOKAKHOCTHIO,
a TaKKe XapaKTepHU3YIOLIUMCA LIHPOKON aJalTHUBHOCTBIO
K KJINMaTUYeCKUM U3MEeHEeHUAM OKpY:Kalolllel cpe/ibl.

Llenb Hacmosiwezo uccsedogaHusi — OlleHKA afalTUBHO-
CTH U CTaGUIBHOCTH GOPMHUPOBAHUSA YPOKAUHOCTHU TOJIO-
3€pHOro A4YMeHd B pa3J/IM4YHble BereTaluoOHHBbIE IEepUuOAbl
C MCIIOJIb30BAHUEM NapaMeTpHUYeCKUX U HelmapaMmeTpuye-
CKHX MeTO0B CTATHUCTUKH.

Ma'repna}lbl U MEeTOoAbI

06seKkm uccs1edosaHus

HccnepoBanue nposeseHo B nepuon 2020-2022 rr. Ha
ONBITHOM MoJie PeJlepasbHOr0 HAYYHOTO CeIeKIITMOHHO-TEeX-
HOJIOTUYECKOTO I[eHTpa CaZl0BOJICTBA U MUTOMHUKOBO/ICTBA
(PHI CagoBoacTBa, MockoBcKasi 06J1.) B IOJIEBOM CEBOOGO-
pote. IlouBa y4yacTKa JepHOBO-TIOA30JHUCTAs], CPEAHECYT/IU-
HUCTas1. B kauecTBe 06'beKTa HCCIe0OBAHUS B3s1JIU 57 06pas-
L[OB M3 MUPOBOU KoJieKuuu PenepajbHOTO HCCIe0BaA-
TEeJIbCKOTO I[eHTpa BcepoccHiCKOTO MHCTUTYTa reHeTHYe-
CKUX pecypcoB pactenuit umenu H.U. BaBusosa (BUP), a Tak-
’Ke 3 copTa, nojydeHHble U3 OMCKOro arpapHOro Hay4Horo
uenTpa (Omckuii AHIL). O6pasupl npeacTaBIeHbl MOABUAOM
JBypsAAHOTO siuMeHs1 subsp. distichon (L) Korn. (21 wrT.),
Y TIOJIBU/IOM MHOTOPSIZIHOTO sTuMeHs subsp. vulgare (39 wr.),
B TOM uwucie 15 pa3HOBUJHOCTAMU. B KauecTBe CTaHAApPTOB
HCIOJIb30Ba/JIUCh COPTA IJIEHYATOTO ABYPAAHOTO A4YMEHA
‘3azepckuii 85, ‘SApomup’ (Tabs. 1). [lo pesysbTraTaM MHOTO-
JIeTHEeH OIleHKH JIYYIIUM CTaHZAApTOM Obla copT ‘FpoMup.

[loceB mpoBejieH ceJIeKLMOHHOW cesiikoi «KieH-1.5»
B IIEPBYI0 JieKaly Masi; IJIOIIaAb YYeTHOW JEJNSTHKU — 2M?,
HopMa BbiceBa - 500 wT./M% 3aksiajka M0JIEBOTO OIbITA,

TPY/IbI 110 TPUKJIAZJHOM BOTAHUKE, TEHETUKE U CEJIEKLIMH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):38-51



. 186 (1),2025 o

Tetyannikov N.V.

9158]200 "TeA ‘BUII0( ‘UI9HAIEO0] UMMIGO0.LUB]| 8T18T-1 679 2159]200 ‘asuadp|puily “IeA ‘BXeHe) ‘@7’ eAe[ewiy 00L81-1 619
wnpnu Jea ‘sM320d ‘99 TN 690T T3 8¥%D wnanu.iod "Jea ‘ereHe}y] ‘y49571D uerdsen €8981-1 81D

9159]200 “TeA ‘BUII0{ ‘- 12,0813 L¥D 9159]200 "TeA ‘BU2d04 ‘UWAdewege)] 1£081-1 L1D

wnup1aqiy “IeA ‘eHedd.Loq ‘9[0pI) 698E-H £L18%Z-3 9%D 9752]200 "TeA ‘BUII0J ‘UIGHLIDN 8¥6.L1-M 91D

wnpnulibiu “1ea ‘suiHedd ‘9 ey GG8GZ-A S¥H 2152]200 "IeA ‘BUIIO0{ ‘- Yr8LT-A S19

awllaulipnuiasiib “xea ‘BULOUPE ‘08dH d[[BHT0D 9987 H T6VEZ- D 9359]200 "TeA ‘BUHeLUdQOoMHUIag ‘1SIad[ep 89G/1-M Y10
wnpnu "Jea ‘sunHed g ‘odurreiurid a(q 0SvEZ-A €¥9 9352]200 "TeA ‘BUII0J ‘UMATIO0gaHIIIIg NS TAR €19
awLaulpnu1aslib “ea ‘BULONGE ‘0deg Joweq() 86T Z'H 80£7Z- A4 9359]200 "TeA ‘BU200J ‘UMoHUdE | G8891-3 Z19
wno1yopop “Jea ‘Bunonde ‘Lewwi 98/€ ‘H PhyET-A %9 wnpnu "JeA ‘U220 ‘/, UIHEOXL O} 8¥F9T-1 11D

Sauaboau "1ea ‘BULOUPE UITHLIDN G6597-31 0¥H wnpnu "IeA ‘BU20{ ‘- Z80T1-1 019

wnouo0jod "Jea ‘BULOUPE “©d1IAI1] Sne a1oeN 625571 6D wnpnu "Jea ‘BUd20d ‘UITHLIN 90T 6D
wn.buijdnp “Jea ‘BuHeWda ] ‘6ET T UBIUISSAQY $08GZ-3 8¢n 9359]200 “IeA ‘BUE.Le][ ‘UITHLID\ $0901-3 8D
WnaopjolA “TeA ‘BuHeWds,] ‘UIoqijery] 913 deN 9zIemyds 88,673 LED 9759]200 "IeA ‘BUID0J ‘- 661013 LD
awllofianu.100 "JeA ‘BuHewda ] ‘1oqnas A [[0) o[nS 6¥6E H 90£77-1 9¢H 2153]200 "TeA ‘BUII0J ‘Z-7d UITHLIDIN 1£S6-M1 99
wnpnultbiu ~rea ‘suHends J ‘ST T "gy-usidonpy 586171 Gen 9359]200 "TeA ‘BUII0J ‘UIGHLID|N SZh6- (3]
wnapaanflia “xea ‘v ‘4-¥1q redeN 969 Z-3 ¥ED wnpnu "Jea ‘BUd20d ‘UITHLIN 09£9-3 9

wn3pjaad "1eA ‘YIII) ‘€522 1D 999G7-3 €gn wnpnu "Jea ‘BUd20d ‘UITHLISN 9Z7GH-A €n

wnyvo.nfliy xea ‘&daf] ‘¢ £0TT 1D $990¢-1 Z€9 9159]200 "TeA ‘BUII0J ‘UIGHLID|\ 90EH-A ¥43)

23501202 "xeA ‘Ada11 ‘S260T 1D $Z290¢-31 €9 wnpnu “IeA ‘BU2I0d ‘UITHLIDN 9,73 9

£1911RA ‘UISLIO ‘UOISSIIIY ‘oN ango[eye) | apo) £)911RA ‘UISLIO ‘UOISSIIIY ‘oN 9anSo[eie) | apo)

/ 91o0oHIrngoHeed ‘OuHaKoxouodn ‘masedoQ | / AloreredoungN | /Yoy / 91o0HTrngoHeed ‘OMHaTKoxouodu ‘masedo | / AloreredongN | /oy

Apnjs 9} 10J S[eLId)eW 3} sk uade) sadAjouad Aarreq ssaf[ny ‘I d[qeL

BEUHRdO0T31/20U BLM99.90 94d.L)9heN 49 9I9.LEBEL ‘BHOWhE 0J0HA9£01/0. —A#—MNQ@O T N::—HON.—.

41

TPYAbI 110 ITPUKJIAJHOW BOTAHUKE, TEHETUKE W CEJIEKLIUHU /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):38-51



TetssHHUKOB H.B.

186 (1),2025 e

"oN anSo[ered NVIOHYYV - & “ON anSo[eied YJA - -3 :930N

ea1oV080Ye) [T AlorreLes o dOWOH — . ‘qiig AlorreLes on doWoH — -3 :0MHeRoWHd]]
9359]200 "JeA ‘BUID0J ‘b UITHAEOL 0 ] UMNIN(Q «0¥SZ 09D asudappwiry “xea ‘Ada1] ‘€£0TT 1D €990¢-3 0€D
wnpnu "Jea ‘U204 ‘T UI9HASE010,] UMNOW(Q +«8EST 65D wnpnu "Jea ‘U204 ‘£.£87-66-11 96L0¢-1 62D
9359]207 "TeA ‘BUII0J ‘Z UIIHASEOLO | UMNOW(Q «6EST 859 wnpnu "JeA ‘BUHeY ‘£00EZ 0¥r0E-A 87D
2152]200 "IBA ‘BUIIO0J ‘UITHLIDN 08£9-%1 YA} Sauaboau "IeA ‘BUII0{ ‘687 T-BUHH[[ 9¢€p7-A 179

wnpnu "1eA ‘U204 ‘T “19Hd9€010 | Y6917 969 9359]200 "JeA ‘elrene} “addng, 681621 979

9159]200 "IeA ‘eTeHE ‘DD Nong AR (1)) 9759]200 "TeA ‘BUNAA[]] ‘982Z'1"D x BLINYDUB $Z1[-Z9 16£9Z-3 57O

asuadbjpully "Jea ‘ereHe)| ‘Uske[ewI] 675G 5D 93591200 "1eA ‘BuHeWds ] ‘[04/0SE YOHVY] oywen 96,573 ¥ZD

9359]200 “IeA ‘BU200d ‘L9TN 0L0TT-A €59 wnapidnp “xea ‘BUIOA(E ‘UITHLIDN 8005Z-3 €79

2152]200 ‘asuadb|puwily “TeA ‘BUII0J ‘UIGHLISN 1¥96-31 AR wnpnulibiu "Jea ‘BUNLA[] ‘70T T ULIUISSAQY $8.L77-1 779
9359]200 "TeA ‘BUD00d ‘¢ €7991-1 159 9359]200 "TeA ‘BUII0( ‘SOT-D 9871€-M 179

Win3pjaAa. ‘2353202 "JeA ‘BUII0J ‘UITHLIIDN 978¥%-3 0SO 93591200 "1eA ‘dITHM ‘0LTSTD opueuey 171811 0Zd
A)oLIRA ‘UISLIO ‘UOISSIIIY ‘oN 9anSo[eye) | apo) A)oLIeA ‘UISLIO ‘UOISSIIIY ‘oN 9anSofeye) | apo)

/ 91o0HTUgoHsed ‘QuHaTKoxouodu ‘masedoQ | / AlorerexongN | /Yoy / 9100HTNgoHeRd ‘OuHAKoXouodn ‘asedo | / AloreredongN | /YoM

pua 9y L ‘T S[qEL

SMHERHOM() T BIHUIOE],

TPY/bI 110 TIPUKJIAJHOW EOTAHUKE, TEHETUKE U CEJIEKLUHU /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):38-51

42



Tetyannikov N.V.

. 186 (1),2025 o

y4YeThl 32 PaCTEHUSIMU U CTPYKTYPHbBIA aHAJIU3 BbINOJHEHbI
B COOTBETCTBUH C «MeTOAUUECKUMHU YKa3aHUSIMHU 110 U3yye-
HUIO ¥ COXpPAaHEHHI0 MHUPOBOH KOJUIEKLIUM STUMEHsI U OBCa»
(Loskutov etal, 2012), u «MeTOAUKOU IMOJIEBOTO OMBITA»
(Dospekhov, 2011).

Cmamucmuyeckull aHau3

CraTtucTudeckass 06paboTka 3KCIEePUMEHTATbHbIX JaH-
HbIX INpOBeJileHa MeTOJAaMH ONHCATeJbHOW CTAaTHUCTUKH
Y KOppeJIsIIUOHHOTO aHaJsu3a. [JloCTOBEpHOCTh pa3nuui

MHPOBAHMUS YpOrKast TIMEHS, 0 YeM FOBOPSAT MOJIyIeHHbIE OT-
punaTesnbHble 3HadyeHus [j=-5,69 u [j=-11,87 coorBeT-
cTBeHHO. ONTHUMa/IbHbIE YCJIOBUS /Js1 Pa3BUTHUS pPacTeHUH
oTtMeydasauch B 2022 1. (Ij = 17,56). [Ipu 3TOM I10 MOKasaTeJI0
ruapoTepMudeckoro koadpdunuenta (I'TK) Beretanmosn-
HbIM mnepuos 2020T. xapakKTepu3oBaJCA H30BITOYHBIM
yBaaxHeHueM (['TK=1,5), 2021 .- A0CTaTOYHBIM yBJIAXK-
HenueM (I'TK =1,2), a 2022 r. 65121 3acymiuseiM (I'TK = 0,8)
(Tab.. 2).

Ta6una 2. [loroaHble yc10BHS B robl IpOBeJeHUs Uccae0BaHul (1. MuxHeBo, MockoBckasi 061.)

Table 2. Weather conditions in the years of research (Mikhnevo, Moscow Province)

cpesnux BesqnduH (p <0,05) ompejesieHa mpu momouiy t-
kpuTepus CTbrlogeHTa. OleHKa aZlaiTUBHOW CHOCOOGHOCTH
006pasIoB TYMEHs pacCYUTaHa MPU MOMOIIM Ko3abdUImeHTa
amantuBHocTH (KA) (Zhivotkov et al., 1994) u uHzaekca cra-
ousbHOCcTH (MC) (Udachin, Golovchenko, 1990). /lis oneHKH
CTAaGUIBHOCTH YPOXKAHHOCTH TOJI03€PHOTO STIYMEHS NMpHUMe-
HSIJIMCh KaK MapaMeTpUYecKHue MeTo/Ibl, TaKHe KaK K0apdu-
uueHT perpeccud (b)) (Finlay, Wilkinson, 1963), oTk/10HeHHE
ot perpeccun (S%d) (Eberhart, Russell, 1963), cpeanuit
KommnoHeHT aucnepcuu (6) (Plaisted, Peterson, 1959), kom-
noHeHT aucnepcuu GE (0{0) (Plaisted, 1960), akosiornyeckas
BasieHTHOCTh (W?) (Wricke, 1962), BapraHca CTaGUILHOCTH
(67) (Shukla, 1972), kosddunuent Baprauuu (CV) (Francis,
Kannenberg, 1978), Tak 1 HemapaMeTpHUYeCKHe METO/IbI CTa-
TUCTUKU — paHTOBble cTaTucTUkU (SY, S@, SG), S(¥) (Nassar,
Hiihn, 1987; Hiihn, 1990), HenmapamMmeTpuYeckasi CTaATUCTHKA
crabusnbHocTH (NPIY) (Thennarasu, 1995), panroBasi cymma
(KR) (Kang, 1988). PacueT maHHBIX OKa3aTeJed BbINOJHEH
cucnoab3zoBanueM mnporpammbl STABILITYSOFT (Pour-
Aboughadareh et al., 2019).

Memeoposo2uueckue ycao8usa eecemayuoHHbIX nepu-
0dos

Jl1s1 cpaBHEHUS YCI0BUH BO3/iesIbIBaHUS 06pasIioB roJio-
3epHOr0 fYMeHs PaCcCYUTBIBAIMCh UHJEKC YCI0BUH Cpesbl
(1],) (Eberhart, Russell, 1966) u ruapotepMuyeckuii koadpdu-
nueHT (I'TK) no mertonuke, npegyoxxennou I. T. CenssHUHO-
BbIM (Selyaninov, 1930). [Ipu pacyeTe uHeKca yCJI0BUH cpe-
bl (Ij) ycTaHOBJIeHO, YTO BereTalMoHHble nepuognsl 2020
120211 6bLIM MeHee GJIArONPUSATHBI AJsA pocTa U Gop-

Mecs, / n (1968-2022) 2020r. 2021r. 2022r.

Month x(°0) Y (mm) x(°C) Y (mm) x(°C) Y (mm) x (°0) Y (mm)
Mai 13,2 42,2 11,4 1354 13,6 90,4 10,2 62,5
HIOHb 17,2 60,8 18,3 159,7 19,7 85,5 18,2 28,7
HI0JIb 19,2 70,1 18,6 106,8 21,6 51,0 20,3 48,6
aBryCcT 17,4 57,1 16,9 23,8 19,5 66,0 21,3 15,9
x(°C) 16,8 - 16,3 - 18,6 - 17,5 -

Y (mm) - 230,2 - 425,7 - 292,9 - 155,7

Ij -5,69 -11,87 17,56

I'TK 1,5 1,2 0,8
TlpuMeyaHue: n - CpeHEMHOTOJIETHHE 3HAYeHHH (110 JAHHBIM FOCY[aPCTBEHHBIX pOHI0B [MIPOMETEONEHTpA); X — CPe/IHECyTOUHAsA TeM-
nepaTypa BO3/lyxa; ), — CyMMa 0Ca/IKOB

Note: n - long-term mean across the years (according to official databases of the Hydrometeorological Center); x — mean daily tempera-
ture; ). — precipitation amount

Pe3yJII:TaTbI HCC/ZIeJOBaHUA U UX oﬁcy)lc,ae]-me

B oreHKe MCXO/JHOTO MaTepHaJsia 3epHOBBIX KYJbTYp
OZITHUMHU M3 BaXKHBIX IPU3HAKOB SIBJISIOTCS BbICOTA pacTe-
HUM U UX YCTOWYUBOCTD K MoJIeraHuIo. B paboTax kak oTede-
CTBEHHBIX, TaK U 3apybeXHBbIX HCCJIeJoBaTesJell MOATBep-
XKJaeTcst TOT GpaKT, YTO, HECMOTPSI Ha CeJIeKI[MOHHBIE JOCTH-
»KEHHsl B J]AHHOM HalpaBjeHUH, MHOTHE COBPeMeHHbIe COp-
Ta o-IpeKHeMy o/ BepKeHbI nToJieraHuo (Surin, Kovrigina,
2010; Bai etal,, 2019; Zaytseva, Shchennikova, 2020) Bcren-
CTBUeE JIeWCTBUSI HEGIArONPUSATHBIX YCJIOBUH OKpYyKaroLiel
Cpe/ibl, HApyLIeHNUs TEXHOJIOTUY BhIPAIMBAaHUsI U AaHATOMH-
YecKUX 0CoOeHHOCTed pacTeHUH. HccienyeMble pacTeHUs
B 2020 u 2022 1. mo MOp$OTHUILY OTHOCHJIHChH K CpeHepoC-
JIbIM, € BbicoTo# 77,3+ 1,1cm (CV=11,15%) u 82,4+ 1,1 cm
(CV=10,78%) cooTBeTcTBeHHO. Bo BTOpO# roa ucciezo-
BaHUS BBICOTA pAacTeHWH Oblia HMKe M cocTaBuia 60,6 cM
(CV =12,54). Kak npaBuJio, pacTeHUsI MHOTOPSITHOTO S4-
MeHs B 6OJIbLIIEN CTeNeH! MOJBepXKeHbI CTe6JIeBOMY ITOJIe-
raHMIo 3a cyeT GoJiee BBICOKOM Macchl KoJsioca. B Hamem uc-
CJIeJOBAaHUU CYLIIeCTBEHHBIX PA3IMUUH MEXAY ABYPSIAHBIMU
Y MHOTOPSZHBIMU 00pa3naMHi He BBISIBJIEHO, OOJIbLIHHCTBO
06pasloB XapaKTepPH30BaJNCh BBICOKON YCTOHYMBOCTHIO
K II0JIETaHUIO, NOJy4uB 7-9 6asioB. CTaGUIBHO BBICOKYIO
YCTOWYUBOCTb MMeJTH MHOTOpsifHble o6pasubl G20, G26,
G27, G33, G38, G60 u aBypsaauele G29, G35, G44, G56, G59
(Ta6u1. 3). JlocToBepHOE MpeBbILIEHUE CTAHAAPTa M0 BbICOTE
pacTeHUH OTMe4yeHO y JBypsjHOro o6pasuma G22 (84,4 +
6,0 cM) C OTHOCHUTEJIBHO BbICOKOH YCTOMYMBOCTBIO K 10JIera-
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Huto (7,7 6asna).
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[IpoayKTUBHAA KYCTUCTOCTD, UJIU K€ KOJIMYeCTBO N1Po-
AYKTHUBHBIX CTe6Jield, 06pa3oBaHHOE OJHUM pacTeHHEM,
ABJIAETCA LEeHHBIM CEJIEKIITMOHHBIM IIPU3HAKOM, OKa3bIBa-
IOLIMM BJIMSIHME Ha I'yCTOTY cTebsecTost, 3dPeKTUBHOCTD
doTocHHTEe3a pacTeHUH U KOHEYHY0 YpOXKalhHOCTh (Aniskov,
Garis, 2008). CTeneHb pa3BUTHSA KYLIeHUS TYMeHs CBSI3bIBa-
I0T C FeHeTUYEeCKUMH U 3KOJIOTUYEeCKUMHU (aKTOpaMH, IMpH-
BOJISIIIIMMH K BBICOKOH GPeHOTHUNNYECKOH MJIACTUIHOCTH pac-
TEeHHU B OTBET Ha pa3/IMyHbIe YCI0BUS OKPYKalollel cpesibl;
IIPpH 3TOM K YUCJY T€HOB, CIIOCOOHBIX TaK UM UHAYe OKa3bl-
BaTh BJIMSIHME HA KOJIMYECTBO CTe6Jiel, oTHOCAT cul2, Intl,
als1, Inc-c (Zhou et al.,, 2018). 3a Tpu roja ucciesoBaHui 60-
Jiee BBICOKOW NPOAYKTUBHOW KYCTHCTOCTBIO 06J1ajjaan 06-
pasibl, OTHOCAIMECS K MOABUAY ABYpsiAHOTO iuMeHns (3,9
0,1 wT.), c MaKCUMasibHbIM 3HadyeHueM 4,9 wt. (G48). Y MHo-
rOpsiIHBIX 0OPA3I0B CIOCOGHOCTL GOPMUPOBATH MPOAYK-
THBHbIE CTEOJIM OblIa HUXKE U B cpeJHeM cocTaBua 3,0 £
0,1 wt, mpu MakcumymMe (3,7 wt.) y o6pasna G57. B 3aBucu-
MOCTHU OT BereTallMOHHOTO Nepruo/ia UsSMEeHYUBOCTb JAHHOTO
npusHaka 6b11a B npegese CV = 21,22-28,50%.

Macca 3epHa ¢ pacTeHHs, a TAaK)Ke Macca 3epHa ¢ KoJioca
KaK OJHM U3 [T0Ka3aTesell NPOAYKTHBHOCTH CIOCOOHBI OKa-
3bIBATh 3HAYUTEJ/JIbHOE BJIMAHHE Ha (I)OpMI/IpOBaHI/le KOHeY-
HoH ypoxaitHocTtH (Singh etal, 2024). PaccmaTpuBas cpea-
Hee TMOMYJALMOHHOE 3HA4YeHHe, HAGJI0AANOCh CHUXKEHUe
Maccel 3epHa ¢ pacteHusa B 2021r go 19+01r (CV=
39,14%), B TO BpeMs KaK B YCJIOBUSIX BereTaljMOHHBIX NepHU-
onoB2020wu 2022 r.oHo 66110 BhILIE - 2,4 + 0,2 (CV = 48,03%)
n4,2+0,2r(CV=29,67%) coorBeTcTBeHHO. Cpeit roso3ep-
HBIX 06Pa310B, OTHOCSLIUXCS K MOABUAY JBYPSLHOTO sUMe-
Hs, Macca 3epHa (2020-2022 rr.) U3MeHsIach B Iipejiesie OT
1,41 (G23) 103,91 (G27), npu cpepHeM 3Ha4eHuun 2,7 + 0,2 1.
MHoropsHble 06pasibl 3a ['0/bI KCCIeJ0BaHUs BapbUpPOBa-
au ot 1,8 (G33) 10 4,5 r (G47), cpeiHee 3HaYeHHE COCTABUIIO
3,0 £0,1 r. Macca 3epHa c pacTeHHs y 60/IbIIMHCTBA [0JI03ep-
HbBIX 06pa310B ObLJIa HMXKE WJIK HA YPOBHE IJIEHYATOTO CTaH-
JapTa, NpeBblllIeHHWe HaJl CTaHAapTOM oTMeueHo y G14, G16,
G24, G27, G34, G43, G45, G47, G48, G49, G50, G52, G53, G54,
G58, G60, oAHAKO CTATUCTUYECKHU AOCTOBEPHBIX Pa3IU4IUI
MeX/ly CTaHZAapTOM U JaHHBIMH 00pa3IjaMU He BbISIBJIEHO.

Cxoxcast TeHJeHLUs HabJoAanach NpU aHAIU3e MacChl
3epHa c KoJsioca. bosiee BbICOKMMU 3HAUYE€HUSIMU XapaKTepH-
30BaJIMCh MHOTOPsAHbIe 06pa3nbl (1,0 £ 0,04 r) B cpaBHEHUHU
c aBypsaHbiMu (0,6 £ 0,03 1), npy 3TOM HaWGOJBILYI0 MacCy
C KoJIoca roJio3epHble 06pasubl ¢popMupoBanu B 2022 T. -
1,1+ 0,04 r. OTHOCUTENIBHO BbICOKUMH 3HAUYEHUSIMU B CpaB-
HEHUH CO CTAHJApPTOM IO JaHHOM IPU3HAKy XapaKTepH3o-
BaJIMCb MHOTropsifiHble o6pa3usl G2, G6, G7, G8, G12, G13,
G14, G15, G16, G21, G24, G26, G47, G49, G50, G51, G52, G53,
G54, G58, G60 (0,9-1,4 1), cpeAn ABYPSAHBIX 06PaA3I0B Bbl-
nenuavch G1, G27, G29, G44, G56 (cM. Ta61. 3).

Macca 1000 3epeH sBJ/sIeTCA BaXXHbIM 3JIEMEHTOM IIpO-
AYKTUBHOCTHU, TECHO CBA3AHHBIM C KPYIHOCTHIO 3€PHOBKH.
JlaHHBIN MMOKa3aTesIb XapaKTepu3dyeTcsl 60Jiee BHICOKOW Ha-
CJIelyeMOCTbhI0 CpeJiu TeHOTHUIIOB, YeM YpoKalhHOCTb. K uuc-
JIy TEHOB KaHAHUJATOB, y4aCTBYIOIIHUX B (l)OpMI/lpOBaHI/lI/I Mac-
cbl 1000 3epeH 1 0Ka3bIBAOIUX BIUAHKE HA AJMHY 3€DHOB-
kY, oTHOCAT HVDEP1, 1pyu 3TOM y COBpEMEHHbIX COPTOB 4a-
CTOTa BCTPEYaeMOCTH asjiesied ¢ 6oJiee KPYNHBIM 3epHOM
BbIIIIE, YTO MOXKET OBbITh CBSI3aHO C BeJjleHHueM CeJIEKIITMOHHBIX
MporpaMM Ha MoBbllIeHHe ypoxkaiHocTH (Watt et al., 2020).
B HameMm ucciaegoBaHuu Macca 1000 3epeH GOJIBIIMHCTBA
roJI03epHBIX 00Pa3I0B Oblja HIKE IJIEHYAThIX CTAHAAPTOB
‘3asepckuii 85’ (40,7-46,3 r) u ‘Apomup’ (41,3-45,8 r) Bo BCe
roAbl HCCAeJO0BaHUSA U BcpeaHeM coctaBuna B 2020T. -
39,11r,B82021r.-33,81,B2022 1. - 39,1 1. Cpeau ABYpAHBIX

06pasIoB B CpeJiHEM 3a I'0/ibl UCCJIeJOBAHUS JAaHHbIH MTOKa-
3aTeJib BapbUpoBaJ B nipefesie oT 21,5 10 50,2 1, B TO BpeMs
KaK Cpeil MHOTOPS/AHBIX 06pa3l[0B pa3Max BapbHPOBAHUS
HabJswasncsa B MeHblleM mpegese - 28,6-40,2T. OTHOCH-
TeJIbHO BBICOKMMH 3HAaUYE€HUSIMU HA YPOBHE JIy4lIero CTaH-
JlapTa WM NPeBbIIAIIMMY ero OTJINYUINCE 06pasiipl, OT-
HocsALMecs K NoABUAY ABypAaHoro sumens: G1, G3, G4, G10,
G11, G48.

Kak u3BecTHO, ypoKalhHOCTb — 3TO KOMILJIEKCHBIN MpPH-
3HaK, ONpeeSIOLUNCA CJI0KHBIM B3aUMOIENCTBUEM MEX-
Jly TEHOTHUIIOM U OKpykaroliel cpefoi. K yuciy npuyuH He-
BbICOKOM ypOXaWHOCTU T0JIO3ePHBIX COPTOB HAa3bIBAIOTCA
OTCYTCTBHE IJIEHKH IIPU yIeTe yPOrKaltHOCTH, MeHbIIIee YHUC-
JIO MPOJYKTHUBHBIX KOJIOCHEB Ha eIMHUILY IJIOIIA/H, @ TAKXKe
MeHblilee YKCII0 3epeH B Kosioce (Thomason et al., 2009). Ya-
CTUYHO PeLIUTb 3Ty NIP0o6IeMy MOKHO 3a CUeT IPUBJIeYEHUs
B CeJIEKL[MOHHYIO PaboTy MepCreKTUBHOI0 UCXOAHOI0 MaTe-
praJia ¥ HOBBIX UICTOYHUKOB I[€eHHBIX IPU3HAKOB. B rojpI nc-
cJIeloBaHUSI U3MEHYMBOCTb MacChl 3epHa CpeJiu roJso3ep-
HbIX 00pa3noB 6bL1a Beicokor (CV =44,29-165,93%); Hau-
60JIBLIMM MOTEHI[MAJIOM YPOXKAaHHOCTH XapaKTepHU30BaIUCh
MHOTOpsi/IHble 06pa3iibl, IPU CpeJjHEM 3HaYeHuu 165,7 r/m?
(CV =38,02%); y ABYypsHBIX 00pa3l0B JAaHHOe 3HA4YeHHE
cocraBusio 119,2 r/m? (CV = 44,42%). YpokaliHOCTbIO, Tpe-
BbILIAOIEN cTaHAapTHble copTa A0 24,9%, OTIMYMJIUCH
MHoropsiiHble 06pa3upl G53 (245,0 r/m?), G58 (260,7 r/m?),
G16 (291,6 r/m?), G47 (308,8 r/m?). Hau6oibIKi NOTEHLU-
a1 ypoKalhHOCTU oTMeveH B 2022 ., Ipyd 3TOM MaKCHMaJlb-
Hasi YpOXKalHOCTb CpeJid MHOTOPSIAHBIX 00Pa31oB COCTaBU-
Ja 612,7 r/m?* (G58), cpenu aBypsifHbIX - 588,7 r/m? (G59).
Y Go/IbIIMHCTBA [IBYPSAAHBIX 00pasloB, KaK B CPeIHEM, TaK
Y OTAEJbHO MO TO/aM, YPOXKaWHOCTh Oblla HIKe WM Ha
ypoBHe cTaHAapTa. OTHOCUTE/NIbHO BBICOKYIO YPOXKaWHOCTb
cpeay ABYPSJIHBIX 00pasuoB npozeMoHcTpupoBanu G27,
G29, MakcuMaJ/ibHOEe 3HaYeHHe oTMeueHo y G59 - 269,5 r/m?
(cMm. Tab6a. 3).

[IpoBeleHHbIN KOPpPEeJAMOHHBIM aHAINW3 U3y4dyaeMbIX
06pa3I0B T0JIO3EPHOr0 SYMEHsI IMO03BOJIMJ YCTAaHOBUTH
CBSI3b MEX/1y YPOXKaWHOCTBIO U ee KOMIIOHEHTaMHU (TabJ1. 4).
Hanbosiee TecHast compsKeHHOCTb OTMedeHa MeXAY Yypo-
J)KalHOCTBIO U Macco 3epHa ¢ koJioca (r = 0,64), Maccol 3ep-
Ha c pacteHus (r = 0,58), BbicoToi pactenuii (r = 0,40). Tak-
’)Ke JO0CTOBepHas B3aWMOCBSI3b BBIsIBJIEHA MEXJy MacCod
3epHa C KoJ10ca ¥ Maccoii 3epHa ¢ pacteHus (r = 0,70) u Beico-
To! pacteHu# (r=0,46); maccoit 1000 3epeH U NPOAYKTHB-
HOH KycTucTtocThio (r = 0,67); BBICOTOM pacTeHUH U Maccoi
3epHa c pacteHus (r=0,32). OTpunatesbHas KOPpPeIAIus
HabJI0/la1ack MeX/ly Macco 3epHa C Kos1oca U MPOAYKTUB-
HOM KycTUCTOCTbIO (r = -0,53); BBICOTON pacTeHUH U yCTOM-
YUBOCTBIO K moJjieraHuio (r =-0,35), IpoJyKTUBHON KyCTH-
crocThbio (r=-0,27), maccoii 1000 3epeH (r = -0,30); maccou
3epHacC paCcTeHUSIU YCTOWYHUBOCTBIOK moJieranuio (r = -0,26).

Kak mnpaBu/io, BBICOKOypOXKalHble COpTa He Bcerja
cnoco6Hbl  GOPMHUPOBATh CTAGUJBHYIO 10 TojaM ypo-
JKalHOCTb. [lJ11 60Jiee 06'bEKTUBHOM OLIEHKH HCCJIElyeMOTO
MaTepHuasia M0 OTHOLIEHHUI0O K HM3MEHSIOIUMCS TOr0JHbIM
YCJOBUAM U TOC/AeAYIOIEro IeJeHanpaBJIeHHOro oT6opa
HanboJsiee MEPCIEKTUBHBIX GOPM CylIecTBYeT MHOXECTBO
CTaTUCTUYECKUX METOJOB OINpejeseHUsl aJalTUBHOCTH,
MJIACTUYHOCTH U CTa6UJIBHOCTH.

Koaddununent agantuBHoctu (KA) nossossieT mpoana-
JIN3MPOBATh U3MEHYUBOCTb IPU3HAKA y U3y4aeMbIX F€eHOTH-
MOB 110 OTHOIIEHHUIO K 06LIel NONyJsILIUOHHON alanTUBHON
peakiuy pacTeHUH B pa3/iMyHble BereTallMOHHbIE TePHO/bI
(Zhivotkov et al., 1994). Tak, B roab! vccieJ0BaHUs 06Pa3Ibl
roJIO3epHOr0 TYMeHS XapaKTePU30BaIUCh JOCTATOYHO IIH-
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Ta6smna 4. KoppenssnuoHHass MaTpuLa MeXAY YPOXKalWHOCTBIO I0JI03ePHOI0 AYMEHs U ee KOMIIOHEHTaMH,

2020-2022rr.

Table 4. Correlation matrix between the grain yield and yield components in hulless barley, 2020-2022

Ipu3sHak / Character BP / PH Y /LR K / TP MP / WP MK / WS MT3 / TGW
Y /LR -0,35*%

K / TP -0,27* -0,07

MP / WP 0,32* -0,26* 0,18

MK / WS 0,46* -0,15 -0,53* 0,70*

MT3 / TGW -0,30* -0,11 0,67* 0,11 -0,35*%

YP /GY 0,40* -0,01 -0,19 0,58* 0,64* -0,19

[Tpumeuanue: * - focroBepHoe npu p < 0,05; BP - BricoTa pactenuii, cM; YII - ycToH4MBOCTB K noJieranuio, 6asut; [1IK - npoaykTuBHas
KYCTUCTOCTb, WIT.; MP - Macca 3epHa c pacteHu#, r; MK - Macca 3epHa c koJioca, r; MT3 - macca 1000 3epeH, r; YP - ypoxaitHOCTb, r/M?

Note: * - statistically significant at p < 0.05; PH - plant height, cm; LR - lodging resistance, score; GT - number of generative tillers per
plant, pcs.; WP - grain weight per plant, g; WS - grain weight per ear, g; TGW - 1000-grain weight, g; GY - grain yield, g/m?

POKOM M3MEeHYMBOCTbIO ypoxkaliHOCTH. HU3KUM K03dduiu-
€HTOM aJJalTUBHOCTH XapaKTepHU30BaJIUCh JIByps/iHble 00-
pasusl G23, G35, G39, G40 (KA = 0,20-0,29), a TakKe MHOTO-
paauble G18, G30, G32, G41 (KA = 0,30-0,36), ypokallHOCTb
KOTOPBIX He npeBbimana 91,7 r/m% Y copra ‘Apomup’, B3sTo-
ro B KayecTBe JIy4lllero CTaHAapTa, KO3QPUIMeHT afAanTHuB-
HocTu cocTaBua 2,05. [lo JaHHOMY MOKasaTesl0 BbICOKHE
3HayeHUsI OTMeYeHbl Y MHOTOps/IHbIX 06pasuoB G6 (1,67),
G16 (2,22), G47 (2,29), G53 (1,66), G58 (2,01), G60 (1,79),
cpeay ABYpPSAHBIX 06pa3LoB MOXKHO BbIAeauTb G27 (1,30),
G59 (1,87).

HWcnonb3yeMblil IpU OLleHKe 3epPHOBBIX KYJbTYpP HHJEKC
crabunabHocTu (MC) siBAsieTca mMokasaTeseM roMeocTaTH4-
HOCTH, MO3BOJIAIOIIMM CPaBHUBATb COPTa MO CHOCOGHOCTH
$opMHUpPOBaTh BBICOKYIO U YCTOMYUBYIO YPOXKaWHHOCTD B pas-
Ju4Hble roAbl. Cpey M3y4yeHHOr0 MaTepuaJsa BbICOKUMU
3HAYEeHUsIMU UH/leKca Ha ypoBHe cTaHapTa (MC = 3,40) uau
NpeBbIIIAIMMUA ero o6/ajaad MHOropsiiHble 06pasibl
G16 (3,51) u G47 (3,86), cpeau ABYpsIAHBIX T'OJI03EPHBIX 00-
pasioB HauboJIblllee 3HaYeHHe HHJeKca CTabUIbHOCTH OT-
MeveHo Y G59 (2,60), yTo nmo3BoJisieT cAeslaThb BbIBOJ 06 UX
60J1ee BbICOKOHM NMpHUCIOCO6I€HHOCTH K HU3ME@HEeHUSIM MTOTO/-
HBIX YCJIOBUM.

K 4ucyy MeTo/10B OLleHKH CTaGU/IbHOCTH OTHOCAT Napa-
MeTpHUYEeCKyH0 CTAaTUCTHKY, BKJIOYAIOILYI0 TaKHe MoKa3aTe-
JiM, KaK Ko3pduuueHT perpeccuu (b), OTKJIOHEHHE OT pe-
rpeccuu (S%di), cpeJHUI KOMIIOHEHT Jucnepcuu (6), komro-
HeHT aucnepcuun GE (Qm), 3KO0JIOrMYecKasi BaJIEHTHOCTb
(W?), BapuaHca cTabu/ibHOCTH (07), KO3QUIMEHT BapHa-
nuu (CV), a Takke HEKOTOPble HellapaMeTpUiyeckre MeTO/bl,
OCHOBaHHbIE HA PAaH)KUPOBAHUU: PAHTOBbIE CTATUCTHKH (S,
S@, S6), §(9), HemapaMeTPUUYECKYI0 CTaTUCTUKY CTaGUJIbHO-
ctu (NP?), paurosyto cymmy (KR) (Pour-Aboughadareh et al.,
2019).

[lepBble Ba NapaMeTpHUYECKUX TOKa3aTeJsl XapaKTepH-
3YI0T IJIACTUYHOCTb U CTAGU/IBHOCTb T€HOTUIIOB B OTBET Ha
M3MeHeHUs OKpyKatolel cpesbl. Y copra ‘fIpoMup’ 3aperu-
CTPUPOBaHBI CjeJyoliyMe 3Ha4eHUs N0 AaHHBIM NOKa3aTe-
aam: b, = 1,06; S?d; = 8,38. 3a rojibl Mccie0BaHUsl HabJIr0/1ae-
MbIA JMana3oH 3HaYeHWH usMeHAJCA B mpefenax b =0,02
(G35) - 1,89 (G58); S$%di=0,00 (G42, G55)- 57,21 (G47).
K4ucyy 06pasiioB ¢ BbICOKOH OT3bIBUMBOCTbIO Ha M3MeHe-
HUS YCJIOBUH CpeJibl, IPU KOTOPOU 3HaYeHUs KoadduimeHTa
perpeccun bi>1, otHecin 28 o6pasuos (b,=1,13-1,89),
B TOM 4YHCJIe BbICOKOypoxaliHble ob6pasubl G16, G27, G29,

G47, G53, G58, G59; co c1a60il 0T3bIBUMBOCTHIO, TPU KOTO-
poit bi<1,- 24 o06pasua. Boicokas 3koJioruyeckas ImJjac-
TUYHOCTb OTMeueHa y ABYpsJHbIX 06pasuoB G3 (bi=0,94;
S?di=0,63), G28 (bi=0,93; Sdi = 4,33) u MmHOTOpsAAHBbIX G12
(bi=0,92; 5°di=3,92), G13 (bi=1,02; §%di=3,35), G19 (bi=
0,90; $%di = 3,54), G30 (bi=0,91; $*di=1,81), G33 (bi= 0,99;
S$?di=1,20), npu 3TOM ypOXKaWHOCThb JAHHBIX 06pa3LoB
6bl/1a HEBBICOKOW U COOTBETCTBOBAJIa U3MEHEHUAM YCA0BUI
CpeAbl.

IloxasaTeJib 3k0BaJeHTHOCTH (W) olleHHBaeT BIUsAHNE
OT/IeJIbHOTO TeHOTUINA B 0611eM B3aUMOJEeUCTBUU «TeHO-
Tun x cpefa» (GE), u yeM HKe OTK/JIOHeHHe TeHOTHUIA OT
Cpe/iHero 3Ha4YeHUs B pa3HbIX cpefiaX, TeM 6ojiee cTabuIeH
copr. Ilo JaHHOMY MoOKasaTeo Bbigenunuck G3 (W7 = 6,18),
G5 (W7 =28,52), G13 (W?=23,71), G19 (W?=29,07), G20
(W?=25,89),G25 (W?=11,46), G26 (W? = 26,73),G30 (W? =
16,51), G32 (W? =12,82), G33 (W? = 8,44), G36 (W7 = 29,28),
G45 (W7 =28,55), G48 (W?=2199), G54 (W?=15,84),
G55 (W? =13,95), ogHako ypoxalHOCTb JaHHbIX 06pasloB
6blyIa HUXKe CTaHJApTOB U cocTaBuia 91,67-186,80 r/m2.

CorsiacHO cpe/iHeMy KOMIIOHEHTY AucrepcuH (6) onenka
M3y4yaeMoro MaTepHasa IPOBOAUTCS Ha OCHOBe pacyeTa B3a-
UMOJIEHCTBUS «TE€HOTHUII X Cpesia» JJIsl KaXK/J0H BO3MOXKHOH
napbl KOMOMHALMI FeHOTUIIOB: YeM HHXe MoJIydaeMoe 3Ha-
4yeHHe, TeM CcTabuIbHee COpPT. B cBolo oyepesb, KOMIOHEHT
JUCIIEePCUU TEHOTUII-CPEJJ0BOr'0 B3aUMO/IeCTBUSA (9(,.)) OCHO-
BaH Ha y/laJleHU! OTAeJbHOT0 reHOTHUINA U3 0611ell BIGOPKH,
a UI3MEeHYMBOCTb T'eHOTHUI-CPEJOBOT0 B3aWMOJAENCTBUSA fIB-
JISIeTCsl MHJIEKCOM CTaOGU/IbHOCTH JIJISl HETO, U YeM Bblllle I10-
JiydaeMble 3HA4eHUsi O, TeM COPT CYMTAETCH CTAGHIIbHEE.
[To faHHBIM NOKa3aTeJ1IM 60Jiee CTabUIbHBIMU OKa3aJlUCh
MHOropsnele o6pasupl G25 (6,=37,54; 0(:‘) =69,15), G32
(6,=37,88; 6, = 69,14) u G33 (0,= 36,77; 6, = 69,14).

BapuaHca ctabuibHOCTH (07) MO3BOJIAET OLEHUTb CTa-
GUJIBHOCTb T@HOTHUIIA UCXO/s U3 TOTO NMPeJNOoJI0KEeHHs, UTO
OHa SIBJISIETCS1 ero U3MEeHUYHUBOCTbIO B Pa3HBIX Cpefax MmocJe
yCTpaHeHUsl OCHOBHBIX 3 PEeKTOB Cpe/ibl, U UeM HIKe 3Haye-
HHUA, TeM cTabuyibHee J0/bKeH ObITb TeHOTHI. B HaleM uc-
cJleJOBAaHUU caMble HU3KHUe 3HaueHUs1 umesu G3 (of =2,00),
G25 (0/=4,79), G30 (0?=739), G32 (0/=5,49), G33
(07 =3,22),G54 (07 = 7,05), G55 (07 = 6,07).

Cpeau HemapaMeTPHUYeCKUX METO/0B CTabUJIBbHOCTHU HC-
MO0JIb3YIOT Pas/IMUHble PaHrOBble MOKasaTesad, OJHUMU U3
HuX sBJsitoTcs S, S@, SG), SO, npepnoxenubie R. Nassar
u M. Hiithn (1987). PaccMaTpuBaeMble 4eTblipe MOKa3aTess
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YYUTBIBAKOT CpeiHEee 3HAYEeHH e abCOIIOTHBIX PaHTOBBIX pa3-
JIMYUH B Pa3HbIX CpejaX, AUCIEPCUI0 MeX/Jy paHraMH B UC-
IBITBIBAEMBIX CpeJiaX, CYMMY abGCOIIOTHBIX OTKJIOHEHHUH OT-
HOCHUTEJIBHO CpeJIHEero 3HaueHUsl PaHr0B, CYMMY KBaJpaTOB
PaHTOB /JIs1 KQXK/JOTO TeHOTHUINA OTHOCHUTEJbHO CpeJiHero
3HayeHusd. CTaOUJIbHBIMU CUYUTAKOTCH TeHOTHIIbI, €C/IhM HX
PpaHr'u CXO0XHU BO BCeX Cpenax. CorytacHo MOJIy4€eHHBbIM [JaH-
HbIM, 10 ctatuctuke SY, S@ o6pasubl G3, G25, G40, G55
onpejesieHbl Kak Haubosiee cTabuibHble. [lo craTucTuye-
ckuM nokasareaam S, S ppigenenns G6, G25, G55, umero-
e MUHUMaJIbHbI€ 3HAY€HHsA, YTO TOBOPHUT O CXOXKHUX paH-
rax ypo>KallHOCTHY 3TUX MyTaHTOB B Pa3HbIX CpeJiax.

CyliecTBYIOT ellle YeTbIpe MeTo/a HelapaMeTPUUeCcKon
CTaTUCTHKHU cTabuabHocTH (NPU-Y), ocHOBaHHbIE HA paHrax
CKOPPEKTUPOBAHHBIX CPeJHUX 3HAYEHUU F€HOTUIIOB B KaXK-
nou cpese. Huskue 3Hauenus o cratuctuke NPY umesnu G3,
G25, G54. O6pasue! G5, G16, G20, G26, G37, G53, G54, G55
6b1u 6oJiee cTabuabHbiMU 10 NP, NPG) u NP,

Cymma panroB KR, mpepnoxenHass M.S.Kang (1988)
B KaueCTBe KPUTEPHS OLIeHKH, OJJHOBPEMEHHO HCIIOJIb3yeT
YPOXaHHOCTb M BapUaHCy CTaGUIBLHOCTH 07, YTO M03BOJIAET
BBISIBUTH BBICOKOYPOXKaiiHble ¥ CTaOU/IbHbIe reHOTHIbL. Hau-
MEeHbIIMMHU 3HaueHUAMH KR xapakTepusoBaiuck G5, G20,
G54. [IpucBOeHHbIE paHTH 10 KAXK,0MY II0Ka3aTeJ o B CyMMe
XapaKTepU3yT FeHOTHUIbl N0 UX 00Led CTAaGUIBbHOCTH
Y YyPOBHIO TNoJIy4aeMo# ypoxkaiHocTH. M3 Bcex o6pasroB
MeHblIel cyMMOH paHros (SR) u cpeJHUM 3HaYe€HHEM CyM-
Mbl paHroB (ASR) B coyeTaHHH C OTHOCUTEJNbHO BBICOKOH
CcpefiHell YpOXKaHHOCTbI XapaKTepU30BaJIMCb MHOTOPSA-
Hble 06pasnbl G16, G53, a TakxKe ABYpsAHbINA o6paser G3.

[Io pe3ynapTaTaM KOpPpEJSIIMOHHOIO aHa/IW3a, CHUJIbHAs
MOJIOKUTEJIbHAS CBSA3b OTMeYeHa MeX/y YPOKauHOCTbIO
KA, UC ub; UC u KA; 0% n Wi% 6 mo? (r=1,00), Wi?
(r=1,00);S%u S%(r=0,97),5% (r=0,87),5%u S¥ (r = 0,86);
S8 u S (r=0,77); NP¥ u S®, 5®; NP@ u NP® (r = 0,77-1,00)
(Taba. 5).

OTpULIaTEILHO KOPPEJUPOBAIN MEXAY CO60M 0(:‘) u Wi,
0%, 6i (r = -1,00),a Tak»ke paHTOBbIe TOKA3aTeJH CTATUCTUKU
S, NP@, NPG), NP, KR c ypoxaiiHOCTbI0. BbIsiBJIeHHBIE CBsI-
31 I03BOJIIOT HCIOJIb30BaTh Haubosee MHGOpPMATHUBHbIE
MoKa3saTeJiy AJid BbIABJIEHHUA TeHOTHUIIOB C pPABHOMEPHBIM CO-
OTHOILIEHHUEM YPOXKAWHOCTH U CTAOUTIBbHOCTH.

3ak/loueHue

[lo pe3yapTaTaM MHOI0JIETHErO KOMILJIEKCHOTO H3yde-
HUs 60 06pa3IoB roJio3epHOro siYMeHsl MPoBe/ieHa OIleHKa
CTAaGU/IBHOCTH YPOXKaWHOCTH U BBISIBJIEHBI Pa3N4Us B OT-
BETHOM peakLUM pacTeHUH Ha HM3MEHYUBOCTb (HaKTOPOB
oKpyxatwield cpenpl. [Ipy PpopMHUpOBaHUM YpOXKAHHOCTH
HauboJblllee 3HAUeHHEe UMeJM TaKhe MPU3HAKH, KaK Macca
3epHa c koJsioca (r=0,64) u mMacca 3epHa c pacteHus (r=
0,58), c ipyruMu npru3HaKaMu CBSI3b OblIa MEHEE BhIpaXKeHa.
JlocToBepHasi B3aMMOCBSI3b BbISIBJIEHA MeEXAY Maccou
1000 3epeH ¥ NPOAYKTHUBHOH KycTucTOCThiO (r = 0,67),
a Tak)Xe MeX/Jy Maccod 3epHa C KoJoca M Maccod 3epHa
c pactenus (r = 0,70).

BbicokoyporkaiiHble 06pasibl I'0JI03epHOr0 SUMEHs He
OTJIMYaJIMCh BBICOKOH CTaGUJIbHOCTBIO 110 TO/IaM, B TO BpeMs
Kak HauboJjiee CTaOUIBbHBIMU OBLIM MEHee YpOoXKaiHble 00-
pasipl. Mcrosb30BaHre CTATUCTUYECKUX METO/0B I103BOJIH-
JIO OLIEHUTD PeaKI[1I0 FTeHOTHUIIOB Ha GpaKTOpbI BHELIHEH cpe-
Jibl KaK B OTHOCHUTEJIbHO GJIarONpHUsATHBIE, TaK U B CTPECCO-
Bble rozbl. OTMeYeHa CUJIbHAs KOppessiys YpPOXKalHOCTH
c ko3¢ dunreHToM afanTuBHocTH (r = 0,93), UHAEKCOM CTa-
6usbHOCTH (r = 0,88) 1 miactuyHocThio (r = 0,85), yTO MO3-

BOJISIET MX MCNOJIBb30BaTh /JJs 0T60pa FeHOTHIIOB C 6oJiee
paBHOMEPHBIM COYETAaHHEM YPOXKAaMHOCTH U CTAGUIBHOCTH.
C APYTrMMH NOKa3aTeJIAMU CONNPAXEHHOCTb Oblj1a MEHEE Bbl-
pPa’KEHHOM, U BCe XKe UX IPUMeHEHHE MOXKET CII0COOCTBOBATh
0T6OPY CTa6UJIbHBIX TEHOTUIIOB, 6€3 y4eTa ypoKaHHOCTH.

OTHOCHUTEJIbHO BBICOKOH YPOXKalHOCTbIO XapaKTepHU30-
BaJINCh MHOropsifiHble 06pa3nbl MecTHBIH (k-17948), (k-
18071), N167 (k-11070), ‘Omckuit T'onozepHsbiit 2' (2539%)
(245,0-308,8 r/m?), u ABYpsiHbIe 06pa3ubl JInHusa-1289 (k-
29336), 11-99-2837 (k-30796), ‘Omckuit TosozepHbIil 1’
(2538*) (177,9-269,5 r/m?), U3 KOTOPbIX GOJIbIIEH CTA6UIb-
HOCThI0 o6sazanu MecTHbld M N167, a Takxke JBYpsHBIN
copt ‘Omckuii [oso3epHbIi 1.

References / /lutepatypa

Aniskov N.I,, Garis D.V. The pattern of inheritance and system
of genetic control of productive tilling capacity in diallel
crossing of hulless and chafty barley varieties. Bulletin of
Altai State Agricultural University. 2008;2(40):26-30. [in
Russian] (AnucexoB H.1., l'apuc /I.B. XapakTep Haciefo-
BaHHWA U CUCTEMbI TEHETUYECKOI'0 KOHTPOJIA NPOAYKTHB-
HOM KYCTUCTOCTH B JUAJIJIEJIbHBIX CKPEUIMBAHUAX I'0JIO-
3€epHBIX U [IJIEHYaThIX PAa3HOBUIHOCTEN AUMeHs. Becm-
HUk Anmatickozo 20cy0apcmeeHH020 azpapHozo0 yHusep-
cumema. 2008;2(40):26-30).

Bai Y.X,, Yao X.H,, Yao Y.H., Wu K L. Difference of traits relating
to lodging resistance in hulless barley genotypes. Scien-
tia Agricultura Sinica. 2019;52(2):228-238. DOI: 10.3864/
j-issn.0578-1752.2019.02.004

Dospekhov B.A. Methodology of field trial (with fundamen-
tals of statistical processing of research results) (Meto-
dika polevogo opyta [s osnovami statisticheskoy obrabotki
rezultatov issledovaniy]). 6th ed. Moscow: Alyans; 2011.
[in Russian] (JocnexoB B.A. MeTo1Ka 10JIEBOTO OMbITA
(c ocHOBaMHM CTaTUCTHYECKOH 06pabOTKH pe3ysbTaTOB
uccaeJoBaHui). 6-e usa. Mocksa: Anbsiac; 2011).

Eberhart S.A., Russell W.A. Stability parameters for compar-
ing varieties. Crop Science. 1966;6(1):36-40. DOI: 10.2135/
cropscil966.0011183X000600010011x

Federal State Statistics Service (Rosstat): [website]. [in Rus-
sian] (PegepanbHas ciayx6a rocylapCTBEHHOU CTaTH-
ctuku (Poccrar): [caitT]). URL: https://rosstat.gov.ru/
[maTa o6pamenus: 29.06.2024].

Finlay K.W,, Wilkinson G.N. The analysis of adaptation in
a plant-breeding programme. Australian Journal of
Agricultural Research. 1963;14:742-754. DOI: 10.1071/
AR9630742

Francis T.R., Kannenberg L.W. Yield stability studies in
short-season maize: I. A descriptive method for group-
ing genotypes. Canadian Journal of Plant Science.
1978;58(4):1029-1034. DOI: 10.4141/cjps78-157

Geng L., Li M,, Zhang G., Ye L. Barley: a potential cereal for
producing healthy and functional foods. Food Quality and
Safety. 2022;6:fyac012. DOI: 10.1093/fgsafe /fyac012

Hithn M. Nonparametric measures of phenotypic stability.
Part 1: Theory. Euphytica. 1990;47:189-194. DOI: 10.1007/
BF00024241

Kang M.S. A rank-sum method for selecting high-yielding,
stable corn genotypes. Cereal Research Communication.
1988;16(1/2):113-115.

Loskutov L.G., Kovaleva O.N., Blinova E.V. Methodological guide-
lines for the study and preservation of the world collec-
tion of barley and oats (Metodicheskiye ukazaniya po
izucheniyu i sokhraneniyu mirovoy kollektsii yachme-
nya i ovsa). St. Petersburg: VIR; 2012. [in Russian] (JIocky-

TPY/IbI 110 TPUKJIAZTHOW BOTAHUKE, TEHETUKE U CEJIEKLIMH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):38-51



e 186 (1),2025 TeTaunukos H.B.

ToB U.I', KoBasiera O.H., baiunosa E.B. MeToguyeckue
yKa3aHHWs [0 U3y4YeHUI0 U COXPAaHEHHUI0 MUPOBOM KOJI-
JIeKIIuY siuMeHs U oBca. CaHkT-IleTep6ypr: BUP; 2012).

Lukina K.A., Kovaleva O.N., Loskutov I.G. Naked barley: taxo-
nomy, breeding, and prospects of utilization. Vavilov Jour-
nal of Genetics and Breeding. 2022;26(6):524-536. DOI:
10.18699/V]GB-22-64

LyuY, Ma S, Liu ], Wang X. A systematic review of highland
barley: Ingredients, health functions and applications.
Grain and 0Oil Science and Technology. 2022;5(1):35-43.
DOI: 10.1016/j.gaost.2021.12.002

Nassar R., Hiithn M. Studies on estimation of phenotypic sta-
bility: tests of significance for nonparametric measures
of phenotypic stability. Biometrics. 1987;43(1):45-53. DOI:
10.2307/2531947

Plaisted R.L. A shorter method for evaluating the ability of
selections to yield consistently over locations. American
Potato Journal. 1960;37:166-172. DOI: 10.1007/BF02855271

Plaisted R.I,, Peterson L.C. A technique for evaluating the abil-
ity of selection to yield consistently in different locations
or seasons. American Potato Journal. 1959;36:381-385. DOI:
10.1007/BF02852735

Pour-Aboughadareh A., Yousefian M., Moradkhani H., Poczai P.,
Siddique K.H.M. STABILITYSOFT: A new online program
to calculate parametric and non-parametric stability
statistics for crop traits. Applications in Plant Sciences.
2019;7(1):e01211. DOI: 10.1002/aps3.1211

Pourkheirandish M., Komatsuda T. The importance of bar-
ley genetics and domestication in a global perspective,
Annals of Botany. 2007;100(5):999-1008. DOI: 10.1093/
aob/mcm139

Raj R, Shams R, Pandey V.K,, Dash K.K,, Singh P, Bashir O.
Barley phytochemicals and health promoting benefits:
A comprehensive review. Journal of Agriculture and Food
Research. 2023;14:100677. DOI: 10.1016 /.jafr.2023.100677

Salamini F, Ozkan H., Brandolini A., Schafer-Pregl R., Martin W.
Genetics and geography of wild cereal domestication in
the near east. Nature Reviews. Genetics. 2002;3(6):429-441.
DOI: 10.1038/nrg817

Selyaninov G.T. To the methodology of agricultural climato-
graphy (K metodike selskohozyaystvennoy klimatografii).
Contributions to Agricultural Meteorology. 1930;2(22):45-
91. [in Russian] (CenssnunoB I.T. K MeToaMKe cestbcKOXO-
31 CTBeHHOH KinMaTorpaduu. Tpydsl no ceabckoxossi-
cmeeHHol Memeopoaozuu. 1930;2(22):45-91).

Shukla G.K. Some statistical aspects of partitioning geno-
type-environmental components of variability. Heredity.
1972;29(2):237-245. DOI: 10.1038 /hdy.1972.87

Sidorenko V.S., Naumkin D.V., Kostromicheva V.A., Stari-
kova Zh.V,, Uhova EV. Prospects of selection of the naked
barley and oats in the Central Russia. Legumes and Groat
Crops. 2016;1(17):78-83. [in Russian] (Cugopenko B.C.,
HaywmkuH /I.B., Koctrpomuuesa B.A., Crapukosa 2K.B,,
YxoBa ®.B. [lepcnieKTHBBI CeJIEKI[UY F0JI03€PHOTO TIMEHS
v oBca B LlenTpanbHO# Poccun. 3epHo60608bie u kpynsiHvlie
kysabmypeol. 2016;1(17):78-83).

Singh J., Kumar S., Gangwar O.P., Kumar D., Kumar L., Lal C.
et al. Genetic evaluation of hulless barley (Hordeum vul-
gare) genotypes for morpho-physiological traits and
stripe rust resistance. The Indian Journal of Agricul-
tural Sciences. 2024;94(2):129-134. DOI: 10.56093/ijas.
v94i2.111208

State Register for Selection Achievements Admitted for Usage
(National List). Vol. 1 “Plant varieties” (official publication).
Moscow; Rosinformagrotech; 2023. [in Russian] (Focygap-
CTBEHHbIN peecTp CeJIeKLMOHHBIX JOCTUXKEHUH, JOIy-

IIeHHBIX K HcnoJb3oBaHuio. T. 1. «CopTa pacteHuit» (odu-
1uajbHoe n3ganue). MockBa: Pocundopmarporex; 2023).

Surin N.A., Kovrigina L.N. Characteristics of various forms of
barley in connection with resistance to lodging. Siberian
Herald of Agricultural Science. 2010;5(209):25-32. [in Rus-
sian] (Cypun H.A., KoBpuruna JI.H. XapakTepucTrka
pasJnyHbIX GOPM AUMEHS B CBSI3U C YCTOWUYUBOCTBIO
K moJieranuo. Cubupckuil 6eCMHUK Ce/bCKOX035UiCmeeH-
Hoti Hayku. 2010;5(209):25-32).

Thennarasu K. On certain non-parametric procedures for stud-
ying genotype - environment interactions and yield stabil-
ity [dissertation]. New Delhi: IARI; 1995.

Thomason W.E,, Brooks W.S,, Griffey C.A., Vaughn M.E. Hulless
barley seeding rate effects on grain yield and yield com-
ponents. Crop Science. 2009;49(1):342-346. DOI: 10.2135/
cropsci2008.03.0174

Udachin R.A., Golovchenko A.P. Method for assessing the eco-
logical plasticity of wheat varieties (Metodika otsenki
ekologicheskoy plastichnosti sortov pshenitsy). Sele-
ktsiya i semenovodstvo = Plant Breeding and Seed Pro-
duction. 1990;(5):2-6. [in Russian] (Yzauun P.A., TosoB-
yeHko A.Il. MeToMKa OIleHKU 3KO0JIOTUYEeCKOM MJIacTHY-
HOCTH COPTOB NIIEHULbI. Ces1eKyusi U ceMeH0800Cmao0.
1990;(5):2-6).

Verstegen H., Kdneke O., Korzun V., von Broock R. The world
importance of barley and challenges to further improve-
ments. In: J. Kumlehn, N. Stein (eds). Biotechnology in Agri-
culture and Forestry. Vol. 69. Biotechnological Approaches
to Barley Improvement. Berlin; Heidelberg: Springer; 2014.
p.3-19. DOI: 10.1007/978-3-662-44406-1_1

Watt C., Zhou G., Angessa T.T,, Moody D., Li C. A novel polymor-
phism in the 5" UTR of HVDEPI is associated with grain
length and 1000-grain weight in barley (Hordeum vulgare).
Crop and Pasture Science. 2020;71(8):752-759. DOI: 10.1071/
CP20169

Wricke G. Uber eine Methode zur Erfassung der 6kologischen
Streubreite in Feldversuchen. Zeitschrift fiir Pflanzenziich-
tung.1962;47:92-96. [in German]

Zang Y., Gong Q., Xu Y., Liu H,, Bai H., Li N. et al. Production
of conjoined transgenic and edited barley and wheat
plants for nud genes using the CRISPR/SpCas9 sys-
tem. Frontiers in Genetics. 2022;13:873850. DOI: 10.3389/
fgene.2022.873850

Zaytseva I.Yu., Shchennikova I.N. Association of morpholo-
gical traits with lodging resistance in spring barley under
the conditions of the Volga-Vyatka region. Proceedings on
Applied Botany, Genetics and Breeding. 2020;181(3):32-40.
[in Russian] (3aiiyeBa W.10., lllennukosa U.H. ConpsikeH-
HOCTb MOPOJIOTHUYECKUX TPU3HAKOB C yCTOWYHUBOCTBIO
K II0JIETAaHUIO SIPOBOTO SYMEeHs B yCJI0BUAX Bouro-Bar-
cKoro peruoHa. Tpydel no npukaadHoil 6omaHuke, 2eHe-
muke u cesaexyuu. 2020;181(3):32-40). DOI: 10.30901/2227-
8834-2020-3-32-40

Zeng X., Bai L., Wei Z., Yuan H., Wang Y., Xu Q. et al. Transcrip-
tome analysis revealed the drought-responsive genes in
Tibetan hulless barley. BMC Genomics. 2016;17:386. DOI:
10.1186/s12864-016-2685-3

Zhelesnov A.V,, Kukoeva T.V,, Zheleznova N.B. Naked barley:
origin, distribution, and prospects of utilization. Vavilov
Journal of Genetics and Breeding. 2013;17(2):286-297. [in
Russian] (Kesnesnos A.B., KykoeBa T.B., ’Kesnesnosa H.b.
fuMeHb roJio3epHbIN: NIPOUCX0XK/AEHHUE, pacIpOCTpaHe-
HUE U IepCIeKTHUBbI UCII0JIb30BaHus. Basuoackull scyp-
Has eeHemuku u ceaexyuu. 2013;17(2):286-297).

Zhivotkov L.A., Morozova Z.A., Sekatueva L.I. Methods of
detecting potential productivity and adaptability in cul-

TPY/IbI 110 TPUKJIAZJHOM BOTAHUKE, TEHETUKE U CEJIEKLIMH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):38-51



Tetyannikov N.V. e 186 (1),2025

tivars and breeding forms of winter wheat according to NPOAYKTUBHOCTH U aJalITUBHOCTH COPTOB U CeJIEKI[HOH-
their ‘yield’ indicator (Metodika vyyavleniya potentsialnoy HBIX GOPM 03UMOH MIIEHHUIBI 0 TOKA3aTeI0 «ypOoXKanHo-
produktivnosti i adaptivnosti sortov i selektsionnykh form ctu». Cenekyust u cemeHosodcmao. 1994;(2):3-6).

ozimoy pshenitsy po pokazatelyu “urozhaynosti”). Selekt-  Zhou Y., Zhou G., Broughton S., Westcott S., Zhang X, Xu Y. et al.
siya i semenovodstvo = Plant Breeding and Seed Production. Towards the identification of a gene for prostrate till-
1994;(2):3-6. [in Russian] (?KuBoTkoB JI.A., Mopo3oBa 3.A., ers in barley (Hordeum vulgare L.). PLoS One. 2018;13(2):
CexatyeBa JI.U. MeTouKa BbIsIBJIE€HNS TOTEHLUATBHON €0192263. DOI: 10.1371/journal.pone.0192263

Hughopmayus 06 asmope
HuxkoJu1aii BanepbeBud TeTAHHUKOB, KaH/IU/IAT CeJIbCKOX035IMCTBEHHbIX HAyK, HAyYHbIH COTpyAHUK, PeepanbHbli Hayy-
HbIM CeJIeKLIMOHHO-TEXHOJIOTUYECKUH LIeHTP €aJloBOACTBA U MUTOMHUKOBOJCTBA, 115598 Poccus, MockBa, y/. 3aropbes-
cKag, 4, tetyannikovnv@ya.ru, https://orcid.org/0000-0002-8496-5365

Information about the author

Nikolay V. Tetyannikov, Cand. Sci. (Agriculture), Researcher, Federal Horticultural Center for Breeding, Agrotechnology and
Nursery, 4 Zagoryevskaya St., Moscow 115598, Russia, tetyannikovnv@ya.ru, https://orcid.org/0000-0002-8496-5365

CraTthsinoctynuias pefakuuio 12.08.2024; ono6penanocie perensupoBanus 13.01.2025; npunsaTa k ny6ankanuu 09.02.2025.
The article was submitted on 12.08.2024; approved after reviewing on 13.01.2025; accepted for publication on 09.02.2025.

TPY/IbI 110 TPUKJIAZTHOW BOTAHUKE, TEHETUKE U CEJIEKLIMH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):38-51



OPUT'MHAJIbHASA CTATbA « ORIGINAL ARTICLE

NU3YYEHHUE U UCII0JIb30BAHUE
FEHETUYECKUX PECYPCOB PACTEHUI

HayuyHad cTaTbs
YK 633.1:581.192:543.421/.424:582.661.21
DOI: 10.30901/2227-8834-2025-1-52-60

JKcnpecc-oneHKa O0MOXMMHUYEeCKHUX MOKa3aTeJier X031MCTBEeHHOH
LEHHOCTH 00pa310B CEMAH aMapaHTa U3 KoJyisiekuuu BUP
c nomoubi0 BUK-cnekTpockonuu

T. B. lllestenra, A. E. CostoBbeBa, /I. B. CokoJsi0Ba, B. B. Bacunos, A. E. CMosieHckas, B. C. [Tonos

DedepanbHblil uccaedosamensckull yenmp Bcepoccutickull uHCmumym 2eHemu4veckux pecypcos pacmeHutl
umeHu H.U. Basunosa Cankm-Ilemep6ypz, Poccus
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AKTya/bHOCTB. Pa3paboTaHHble KaJ1uOGPOBOYHbIE MOJE/IH A5l 3KCIIPecc-OLleHKH X0351MCTBEHHO L|eHHbIX NPU3HAKOB CeMsH
aMapaHTa C IOMOLIbI0 CIEKTPOCKOIMUHU B GJIMXKHeH o6/1acTh HHGpakpacHoro cnekTpa (BUK) no3BoSIl0T COXpaHUTD IIEHHBIN
ceJIeKIIMOHHBIM MaTepHasl U CHU3UTb Ce6eCTOMMOCTb aHaIU3a.

MartepwuaJibl ¥ MeTOABL. MaTeprasioM g u3ydyeHus nocayxuau 30 06pasioB ceMsiH aMapaHTa (Amaranthus hypochondria-
cus L., A. cruentus L., A. caudatus L.) n3 xoJiekuuu BcepocCUICKOTO MHCTUTYTA FeHeTHYeCKUX PecypcoB pacTeHUH UMeHHU
H.U. BaBusoa (BUP). Bruoxumuyeckue mokasaTeau KauecTBa U )KUPHOKHUCJIOTHBIN COCTaB MacJia U3y4aJsiv € IOMOIIbI0 aHAIU-
TUYeCKUX MeTO/I0B, IPUHATHIX B BUP: conepxanue 6eska - MeTo oM Kbesbaalisi; Macia - METOAOM CyXOro 06e3:XKUpeHHOro
0CTaTKa; BJAXXHOCTb — BO3/YIIHO-TEIJIOBbIM METO/[OM; YKMPHOKHUCJIOTHBIM cOCTaB Mac/ia - MeTO/J0OM ra30-KUAKOCTHOM Xpo-
Martorpaduu. KaaubpoBouHble MO/ie/IN BbINOJIHEHBI C CII0JIb30BaHKWEM porpaMMHoro obecneyenuss OPUS, paspa6oTaHHo-
ro g UK-ananuszatopa MATRIX-I (Bruker Optics, lepmanus).

PesyabTaThl U 3aka04eHue. KasinbpoBoyuHble MoZied, noaydeHHble Ha MK-aHanuzaTope MATRIX-I ¢ nomo1bto nporpaMm-
Horo obecneyeHus: OPUS LAB /151 onpefiesieHUs1 cofiep>kaHusl 6eJiKa, BJaXKHOCTH, NaJIbMUTHHOBOM, 0JIEMHOBOW KUCJIOT, II03-
BOJISIIOT TPOBOJJUTH MAacCOBBIM aHa/IN3 ceMsIH aMapaHTa U3 koJuteknuu BUP ¢ TouHocTbio 10 1,5%. Moseny, pa3paboTaHHble
JUISl KOJIMYeCTBEHHOTO ONpe/ieJIeHHUs MacJla, CTeapUHOBOM, JINHOJIEBOM U O-JTMHOJIEHOBOH KHUCJIOT, HY>K/JJal0TCsl B J0paboTKe.
HWcnonb3oBanue BUK-cnekTpockonuy Mo3BoJisieT YCKOPUTD NMPOLecC NOJyYeHUs JaHHbIX IO OCHOBHBIM X035IMCTBEHHO LieH-
HbIM II0Ka3aTeJIsIM CeMsIH aMapaHTa, COXpaHsaeT LeHHbIM MaTepua/ 1 IOMoraeT ONpeJieJIUTh AajlbHellllee HalpaBJeHUe ce-
JIEKIIUOHHOM paboThL.

Kawuessle cnoea: Amaranthus L., KaJ'II/I6pOB0‘{HaH MO/JeJib, 66.}101(, Macjio, BJIaXXHOCTb, )KI/IpHOKI/ICJIOTHbIﬁ CoCTaB

baazodapHocmu: pa6oTa BbINOJNIHEHA TPU GUHAHCOBOMU moajep:kke Poccuiickoro HayyHoro ¢ponza (cornamenue Ne 24-26-
00218 ot 29.12.2023 «B3auMoCBsI3b CO/lep>KaHUsI CKBaJleHa B CeMeHax 3epHOBOr'0 aMapaHTa C aHaTOMO-MOPOI0TUYeCKUMU
XapaKTepUCTUKAMU U 6HOXMMHUYEeCKMMH N0Ka3aTe MU B ycioBusax CeBepo-3anazsa PO»).
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Rapid assessment of biochemical indicators of agronomic value
in amaranth seed accessions from the VIR collection using NIR
spectroscopy
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Background. Amaranth (Amaranthus L.) is a relatively new crop for the Russian Federation, with huge potential for growth
intensity, productivity, and other agronomic traits. Development of new amaranth cultivars is an important solution to the
problem of food quality improvement through the use of plant raw materials enriched with health-friendly and highly nutri-
tious components. Calibration models were developed for rapid assessment of useful agronomic characters (the content of
protein, oil, moisture, and basic fatty acids: palmitic, stearic, oleic, linoleic, and a-linolenic) in amaranth seeds preserved at the
N.L Vavilov All-Russian Institute of Plant Genetic Resources (VIR) using near-infrared (NIR) spectroscopy.

Materials and methods. Thirty accessions of amaranth seeds (A. hypochondriacus L., A. cruentus L., and A. caudatus L.) from
the VIR collection served as the material for the study. Biochemical indicators of seed quality and fatty acid composition of oil
were studied using analytical methods adopted at VIR: the Kjeldahl method for protein content, the dry fat-free residue method
for oil, the thermogravimetric method for moisture, and gas-liquid chromatography for fatty acid composition. Calibration
models were constructed with the OPUS software developed for the MATRIX-I IR analyzer (Bruker Optics, Germany).

Results and conclusion. Calibration models obtained on a MATRIX-I IR analyzer for measuring the content of protein, mois-
ture, palmitic and oleic acids facilitate mass analysis of amaranth seeds from the VIR collection with an accuracy of 1.5%. Mod-
els developed for the quantification of oil, stearic, linoleic and a-linolenic acids require improvement. NIR spectroscopy makes
it possible to accelerate the process of obtaining data on major agronomic indicators of amaranth seeds, preserve valuable
materials, and determine further steps in breeding practice.

Keywords: Amaranthus L., calibration model, protein, oil, moisture, fatty acid profile
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BBegenue

AmapaHT (Amaranthus L.) - OTHOCUTEJIbHO HOBas AJIs
Poccuiickoit ®esnepanuu cesibCKOX03sIMCTBEHHAs! KYJIbTYpa,
ob6Jsafiarouiasi MHOTOOOEIIAIIUM TOTEHLUAJIOM TPOAYK-
THUBHOCTH U BBICOKUM COJiep>KaHHeM 6eJsiKa B ceMeHax U JIU-
cTtoBoi 6romacce (Taipova, Kuluev, 2015). AMapaHT cuuTa-
eTCsl «CyNnepnpoAyKTOM» 6Jarojapst ero NUTaTeJbHON LeH-
HOCTH: COZ€P’KaHUI0 BbICOKOKaYeCTBEHHOT0 6eJsIKa, HeHAChI-
LIeHHBIX )KUPHBbIX kKucaoT (PKK), nmuieBbIXx BoJI0KOH, dpuiaBo-
HOU/IOB, BUTAMUHOB (THaMHH, pru6odiaBrH, acKopb6rHOBas
KHUCJIOTA, HUKOTUHOBAs KUCJIOTA), MaKpo- U MUKpPO3JIeMeH-
TOB (Ka/IbLIMH, MarHui U MeJb, a TaKXXe HATPUH, XKese30,
docoop, uunk) (Soriano-Garcia etal., 2018; Sokolova et al.,
2021). B cemeHax cofepkuTcs MeTUOHHUH (15,8 Mr/r o61ero
6eska) v iu3uH (55,8 Mr/r o61iero 6eska), 4To ob6ecrnevyrBa-
€T ero BbICOKYIO MHIIEBYK LIEHHOCTb B CPDABHEHUH C 60J1b-
mUHCTBOM 3/1aKoB (Tang, Tsao, 2017). Cnenuduyeckoit oco-
GEHHOCTbIO KYJIBTYPBI ABJIA€TCA 3HAYUTEJIbHOE KOJINYEeCTBO
B CeMeHaX BbICOKOYCBOsIEMOI0 6e3I/II0TeHOBOT0 6eJiKa, Ipe-
BBILIAIOIee 3TOT MOKa3aTesJb B CeMeHaX TpaJUIMOHHBIX
3€pPHOBBIX KYJIBTYP: PXH, KyKypy3sl U puca (Grobelnik Mla-
kar et al,, 2009). Bo3poxeHre HHTepeca K aMapaHTy B KOH-
e XX Beka CBSI3aHO C paboTaMH{ 1O U3YyYEHHUI0 MeXaHu3Ma
4eThIpexcTaiuiHOro GporTocunTesa, uau C,-poTocuHTesa,
KOTOPBIM CBOMCTBEHEH aMapaHTy KakK NpeJCTABUTEJIO «ac-
nmapTtaTHoW» moarpynubl C,-pactenu#t (Magomedov, Chir-
kova, 2015). KoMIiekcHOe M3yyeHHe aMapaHTa, pa3BUTHe
€ero CeJIeKL[MH U CO3JjaHHe HOBBIX COPTOB — KpaliHe BakKHOe
HalnpaBJIeHUe OJid pelleHUudA Hp06JIeMbI IIOBBILIEHHUA Kade-
CTBa HPIILleBOfI NPpOAYKIWH IIyTEeM HCIOJIb30BAHUA PACTHU-
TEJIbHOT'O CbIPbA, 060F3LHEHHOFO IOJIE3HBIMH U BBICOKOIIH-
TaTeJbHbIMU CbIpb€BbIMU KOMIIOHEHTAaMH.

AMapaHT — OAHOJIETHAA KYJIbTYPad, UMeIllasda MulieBoe,
KOpPMOBO€, TEXHUYECKOe U JleKopaTUBHOe 3HayeHue. CeMeHa
HCHOJIb3YIOTCS [JJIsI U3TOTOBJIEHUS KpyI, X/1e6a, MaKapoH,
KOH/JJUTEPCKUX U3/eIUH, CTeOJIHN U JIUCThS — JJIs1 CaJIaTOB, Cy-
noB, yas (Grobelnik Mlakar et al., 2009; Sokolova, 2023). 3ep-
HOBBIMU BHU/JIaMH aMapaHTa cuuTaroTcs A. cruentus L. u A. hy-
pochondriacus L., 6epyuiue cBoe Hadasio u3 lleHTpasbHOU
u CeBepHON AMepuKH, a Takke A. caudatus L. ro>KHOaMepu-
KaHcKoro npoucxoxaenus (Covas, 1994). B Teuenue Thics-
4yeJIeTUHM aMapaHT OCTaBaJ/ICA OJHON U3 OCHOBHBIX CEeJIbCKO-
X035IHCTBEHHBIX KyAbTyp H0kHOH AMepuKH, Ifie GbLI HU3Be-
CTEH KakK «IIIIEeHHUIa alITEKOB», «XJieO HHKOB».

AMapaHT oT/IM4aeTcs OT APYTUX KyJbTYyp BbICOKOW IPO-
JAYKTUBHOCTBIO, 3KOJIOTUY€CKOU IJIACTUYHOCTBIO U YCTOMYHU-
BOCTBIO K CTPeCcCOBBIM $aKToOpaM OKpy»Katolei cpesbl (By-
kov, 2008). lllupokoe ucnoib30BaHNE aMapaHTa 00bSICHSET-
Cs1 ero OMOXMMHUYECKUM cocTaBoM. CeMeHa aMapaHTa CoZep-
»aT 10 16-20% npoTenHa, rje NpUCyTCTBHE HE3aMEHUMOU
AMHHOKHCJOTHI JIM3WHA MOXET AoCcTUratb 6-7%, macaa -
6-9%, kpaxmaJa - 10 60-65%. JIucTbs aMmapaHTa 06J1a1AI0T
BbICOKOM aHTUOKCUAAHTHOM aKTUBHOCTBIO 3a CYeT HaKoOIlIe-
HUS Pa3HBIX TPy coeJuHeHUH deHonmbHOM npupoab! (Hue
etal., 2014; Sokolova et al., 2021).

CozepkaHUe JUNIUJO0B B CEMeHaX aMapaHTa CUJIbHO Ba-
pbUPYET B 3aBUCHMOCTH OT BH/Ia U T€HOTHUIIA U KOJIe6JIeT-
ca B upejesax 2-8%. Macsio ceMsH aMapaHTa COAEPXKUT
okoJ10 70% HeHachimeHHbIX 2KK 1 30% - HaCbIILEHHBIX, U3
KOTOPBIX OCHOBHBIMU SIBJSIOTCS a-JMHOJIeHoBasA (> 40%)
Y naabMUATHHOBASA (> 20%). LlleHHOCTH MacJ/1a onpejesseT-
Cs1 COOTHOIIeHHEeM w6 (JINHOJIeBOH) U w3 (A-JIMHOJIEHOBOM)
KK, koTopoe B ocHOBHOM paBHseTcd 1-2: 1, 4To ABaAeTCA
ONTHUMAJbHBIM JIJIs NUTaHUs dyesoBeka (Hue etal., 2014).
Ba)kHO OTMeTHUTB, UTO B MacJ/ie aMapaHTa COJIeP>KUTCS 3Ha-

YHUTEeJbHOE KOJHUYECTBO IOJHHEHACHIIEHHOTO yIIeB0/0-
poaa ckBaJsieHa (o 8%). Cksasnen (C, H, ) umMeer mupokoe
NMpruMeHeHWe B MeJUIIMHe, HalpuMep B KadyeCTBe aJblo-
BAaHTA B BAKIIMHAX, aHTHOKCUJAHTA U UMMYHOMOAYJIATOpA
B KOMIIJIEKCHOM Tepanuu psja 3abojeBaHUH, TaKUX KakK
JuabeT, nieMudeckas 60JIe3Hb cepAla U Apyrye, a TaKxKe
B coCTaBe KocMeTuuyeckux cpexacTB (Gonor etal, 2006;
Huang etal.,, 2009). Ony6/iuKOBaHbl JaHHbIE O TOJIOXH-
TeJIbHOM BJIMAHHUU CKBAJIEHA HAa CHUXKEHUE PUCKA Pa3BUTUA
OHKOJIOTHYECKMX 3a60JIeBaHUM M YpOBHS XOJileCTepHHaA
(Smith, 2000). ITo gannbIM K. Xye c coaBTopamu (Hue etal,,
2014), B YepHOCEMSIHHBIX COpTaX aMapaHTa KOHIIEHTpanus
CKBaJieHa B cCpeJlHEM cocTaBJsisgeT 7%, B 6eJI0CEMSHHBIX
copTax - okoJio 6,5%.

YHukanbHasa KossieKLust aMapanTa BUP, nauasio koTopoit
nosoxkeHo B 1930r., Ha ceroAHsSIIHUN JeHb BKJHYaAET
570 06pasuoB U3 pa3HbIX CTPAH MUpPaA. M3yyeHHe KOJLJIeKIU-
OHHOTO MaTepHaJa AaeT BO3MOXHOCTb BbIAEJIUTb 06pa3Ibl,
HMerlue noTeHuuaJa aJd BKJIWYEeHHUAd B CeJIEKILUOHHbIE
MMporpamMmsel, CBA3aHHbIE C MMOJIy4€HHEeM HOBBIX BBICOKO ypoO-
’)KaWHbIX pPAaOHUPOBAHHBIX COPTOB aMapaHTa C yJy4lleH-
HbIM KadyeCcTBOM ceMsiH. HaumbGoJsbliee pacnpocTpaHeHHe
B KayeCcTBe 3epHOBBIX GOPM MOJIYyIUIN BUABI A. hypochondri-
acus, A. caudatus, A. cruentus u A. tricolor L. (Taipova, Kuluey,
2015).

[l mpoBeJieH!sI CKPUHUHTA 06pa31l0B CeMsIH aMapaHTa
10 OCHOBHBIM XO3SIMCTBEHHO LIEHHBbIM OUOXUMUYECKUM I10-
KasaTeJIM IPUMeHSIeTCsl CIEKTPOCKOMNUs B BJIMKHEH 06J1a-
ctu nHdpakpacHoro cnektpa (BUK) BUK-ananusaTtopa Tuna
MATRIX-I (Bruker, l'epmanus). MeTos ocHOBaH Ha 3aBUCHMO-
CTU MHJUBUIya/IbHBIX XapakTepucTuk MK-criekTpos oT fan-
HBbIX, MMOJIY4€HHBIX KJIACCHYE€CKHMMU aHAJIMTUYECKUMHU METO-
namu (Khoreva et al.,, 2022; Popov et al., 2024).

Llesb daHHOl pabombl - pa3paboTKa KAJIMOPOBOYHBIX MO-
feneit aisa UK-ananusatopa no cieAyroliuM NokasaTesisiM
X031 CTBEHHOU LIEHHOCTH: COZIeprKaHue OeJsika, Macja, Kpax-
Masia, BJAKHOCTU U 0oCHOBHBIX KK (masbMUTHUHOBOH, CcTea-
PHHOBOH, 0JIEMHOBOH, JIMHOJIEBOH, O-TMHOJIEHOBOM) B 06-
pasiax ceMsiH aMapaHTa C UCI0JIb30BaHUEM 3€pPHOBOTO MO-
JlyJIsl aHaJIM3aTopa.

KanubpoBouHble MOJENU C OJTBEPXKAEHHON [OCTO-
BEPHOCTbK MOXHO GyAET HCIIOJIb30BAaThb AJid CKPUHHWHTIA
60JIbIIOr0 KOJIMYecTBa 06pasnoB. Mcmosb3oBanue HK-
KaJIMOPOBOYHBIX MOJIeJIel CHUXKAeT ceb6eCTOMMOCTh aHa-
JIM3a, NM03BOJISIET cZesaTh UCCaefijoBaHHe 6e30MacHbIM A5
CeMEeHHOTO0 MaTepuasjia M I0Jy4YaTh pe3y/bTaThl cpa3dy IO
HECKOJIbKUM 3HAYMMbIM IIapaMeTpaM.

Ma'repna}lbl U MeTOoAbI

MaTepuasoM AJs1 MOCTPOEHUsS] KaJUOPOBOYHBIX MOJe-
Jie#l mocayusia Bei6opka u3 30 06pasioB ceMsIH 3€pHOBOTO
amapanTa BuioB A. hypochondriacus (10 o6pasuos), A. cruen-
tus (12 o6pa3uoB), A. caudatus (8 06pasuoB) U3 KOJJIEKIIUU
BUP (Tab6s.1). Bce o6pasupl ceMsiH penpoxaykuuu 2020 T.
ObLIN BbIpallleHbl B YyC/JIO0BHUAX Hay‘lHO-HpOI/I3BOﬂCTBeHHOﬁ
6a3bl «[lymkuHckue u IlaBioBckue Jsabopatopun BUP»
(59°7111275°N, 30°43032647’E). PaiioH BbIpaliMBaHUs OT-
HOCHUTCS K aTJIAHTUKO-KOHTHHEHTAJbHON 06J1aCTH YMepeH-
HOro KJuMaTtudeckoro nosca. [loussl r.IlymnkuHa npeumy-
IeCTBEHHO JIepHOBO-MO/30JIUCThIe cynecyaHble. O6pasibl
BbIpAlIMBaJJIN Ha eCTeCTBEHHOM QOHe, 63 MPUMEHEHHUs y/I0-
6peHui ¥ nectunnAoB. CyMMa akTUBHBIX TeMIIEpATyp B Ioj,
penpoaykuuu cocraBuaa 1966°C, ocagku - 175 MM, 4To co-
OTBETCTBYET THUIMUYHBIM KJIWUMATUYECKUM IOKa3aTe/JadM
peruosa.
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Ta6smmua 1. CHMCOK ONBITHBIX 06pa3uoB ceMsaH Amaranthus L. u3 kosi1ekuuu BUP

Table 1. List of experimental Amaranthus L. seed accessions from the VIR collection

Ne no kartasiory BUP / Bup / IIpoucxoxaeHue /
VIR catalogue No. Species Origin

128 A. hypochondriacus Benecyana
231 A. hypochondriacus [epmanus
232 A. cruentus CIIA

266 A. caudatus Benrpusa
279 A. caudatus Poccus
286 A. cruentus Mekcuka
289 A. cruentus Mexkcuka
295 A. hypochondriacus Mekcuka
300 A. cruentus Mekcuka
301 A. cruentus Mekcuka
314 A. cruentus Benrpus
317 A. caudatus Benun

318 A. cruentus Poccusa
326 A. caudatus BesinkoGpuTaHus
327 A. hypochondriacus BosnuBus
329 A. cruentus JKBaiop
332 A. hypochondriacus CLIA

333 A. hypochondriacus Henan

334 A. hypochondriacus Hemnan

335 A. cruentus CIIA

340 A. caudatus Poccusa
343 A. hypochondriacus Mekcuka
345 A. hypochondriacus Mekcuka
349 A. cruentus CIIA

351 A. cruentus AprenTuna
353 A. cruentus F'epMaHus
356 A. caudatus Bennko6puTanus
358 A. caudatus TaH3aHuA
370 A. hypochondriacus ABcTpanusa
375 A. caudatus JKBaZiop

Buoxumuyeckuid aHanu3 npooguau B 2024 r. mo mMeTo-
nukaM, npuHATbIM B BUP (Ermakov et al., 1987). Cozmepxa-
HUe OeJiKa onpe/iesisan o Metony Kbesbjja/is Ha aBTOMaTH-
yeckoM aHasusaTtope 6esnka VELP SCIENTIFICA UDK 159
(VELP, Utanus) (Kjeldahl, 1883). Besiok paccuuThIBasd 1Mo
06111eMy coZlepKaHHI0 a30Ta C UCNOJIb30BaHUEM KO3PPUIIU-

eHTa 6,25. CoslepxaHye Mac/a OLleHUBAJIU 110 Macce CyXoro
06€e3)KMPEeHHOr0  OCTaTKa C MCIIOJIb30BAaHUEM almapara
CokcJieTa. BaKHOCTb ceMSIH — BO3/lyLIHO-TENJIOBBIM METO-
oM corsniacHO 'OCT 9404-88 ¢ noMo1bI0 CYIIUIBHOTO IIKa-
¢a MEMMERT UNPlus160 (I'epmanusi) (GOST 9404-88...,
2007). )KUpHOKHCIOTHBIHN COCTaB ONpe/iesIsiIu yTeM pasje-
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JieHus1 MeTUJI0BBIX 3¢upoB KK c momouipio nosspHo# Ko-
soHkM Omagawax TM 250, mosuatuienravkosab (30,0 M,
250,00 MM, 0,25 mkM; CIIA) Ha razoBoM xpomaTtorpade
Agilent 6850, conpsKeHHOM C KBaZpyMoJbHBIM MaccC-ceJieK-
THUBHBIM JleTekTopoM Agilent 5975B VL MSD ¢upmnl Agilent
Technologies (CIIA), no metomuke BUP (Shelenga etal,
2020).

CrnekTpbl 06pa3l0B CeMsH aMapaHTa PerucTpHpoBaIU
B TpeX NOBTOPHOCTAX (HaBecKa JJIs KaXJA0H MOBTOPHOCTH —
20-30r) B nuamazoHe 4000-12 800 cm! c paspeuieHreM
16 cM™ B cooTBeTCTBUH € pyKoBoACTBOM K UK-cnekTpomeT-
py MATRIX-I, ucnosib3ys 3epHoBO# MOAy/b (KIOBETA JUAMET-
pom 51 MMm).

Kannb6poBouHble MoJie/11 MO ONpe/ie/IeHUI0 COJePKaHUs
6esika, Maca, ocHoBHbIX KK Macsia (masibMUTHHOBOH, cTea-
PHHOBOH, 0JIEMHOBOMH, INHOJIEBOH, Q-JTMHOJIEHOBOM ) U BJIAXK-
HOCTH B O00Opaslax CceMsH aMapaHTa NOCTPOUJIU MEeTOAO0M
BEKTOpPHOH HopMasu3anuu. [loctpoenue Mosieselt kanubpo-
BOYHBIX KPHUBBIX OCYyILIECTBJIAJU C IOMOLIBIO TPOrPAMMHOTIO
o6ecneuenust OPUS Software.

Pesym;ra'rbl U UX oﬁcy)lcnel-me

B pe3ysibraTe nosiydeHo 90 crekTpoB s 30 o6pa3ios
ceMsIH aMapaHTa (B TpexX MOBTOPHOCTAX) (puc. 1).

B xoje KOHCTPYMpOBaHHUSI KaJHOGPOBOYHBIX Mojesel
YCTAaHOBJIEHA 3aBUCUMOCTb COjiepKaHusl Oeska (puc. 2, a),
BJQXKHOCTH (puc.2,b), macna (puc.2,c), naJbMUTHHOBOH
(puc. 2, d), creapuHoBOi# (puc. 2, e), onenHoBoH (puc. 2, f),
JINHOJIEBOU (pHC. 2, g), A-JIMHOJIEHOBOW KHUCJIOT (pucC.2,h)
B CEMEHax aMapaHTa OT HHAWBUAYAJIbHBIX CII€EKTPaJIbHbIX
XapaKTEePUCTUK COOTBETCTBYIOIIUX 00pasnoB (B % Ha cyxoe
BellleCcTBO). B co3/jaHHbIe Ka/iM6POBOYHbIE MOZIEIH 3aJI0XKe-
HbI CJIeIyI0lIe JUana30oHbl U3MEeHUYUBOCTH (B %): [ GeJt-
ka (12,68-19,47); ansa macaa (2,56-6,58); A5 BAQXKHOCTH
(6,46-18,54); nna XKK: manemMutuHOBOU (3,23-18,14), cTea-
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1.000

ABSORBANCE
0500 0750

0.250

puHoBo# (1,97-4,40), onennosoii (15,81-51,51), nuHose-
Bo# (23,68-50,64), a-nuHosieHOBOM (4,62-49,88). Ha Bcex
Npe/CTaBJEHHBIX MOJEJNSAX GOJIBIIMHCTBO MOJYYEHHBIX
aHAJIUTUYECKHMM NyTeM 3HAauyeHUH pacnoJjiaralTcs JHU60
Ha CaMO¥ KaJMGPOBOYHON KPUBOMH, TGO B HEMOCPEICTBEH-
HOHM 6sin30CcTH OT Hee (CM. puc.2). Hecko/JbK0O 60JbLIYI0
CTeneHb AUCIEPCUU MPOJEMOHCTPHUPOBAJIM IMOKa3aTes u
BJIQX)XHOCTH, COJIEp>KaHUsl CTEAPUHOBOW U 0JIEMHOBOM KUC-
ot (puc. 2, b, e, f).

HaubGosiee mocToBepHble KaJUOPOBOYHbIE MOJENU CO
3HAYeHHUsAMHU KoadduiuenTa gerepmuHanuu (R%) 6osee 80
ObLIM TIOJIyYeHbl JIs1 ONpe/ieJIeHUsI B CeMeHax aMapaHTa Co-
Jep>kaHus 6eska (87,3), naibMuTHHOBOU (87,0), 1MHO/IEBOM
(81,1), a-nuHosneHoBOM (92,0) kKUCIOT. [l/151 OLIEHKHU BJIAXKHO-
ctu (76,6) u cogepikanus osienHoBou (75,1) kuciaorer R?
ycTaHoBJeH 61u3kui k 80. Takue KaauOGPOBOYHBIE MOJENN
ABJISIIOTCS YAOBJIETBOPUTEJNbHBIMU U TAKXKE MOTYT IpUMe-
HATBHCA [J151 CKDUHMHTIA CEMSIH aMapaHTa. Y MoJieJiel, Co3/iaH-
HBIX [IJIsl OLleHKW 3Ha4eHW I Macyia U CTeapuHOBOM KHUCJIOTHI,
oTrMmeueH R? meHee 70, 4YTO ABJSAETCA HEAOCTATOYHBIM [JIsS
MOJIYYEHUS] TOYHBIX BEJIMUUH MPU paboTe C TAKUMH KaTuo-
POBOYHBIMH MojessiMU. Ciief0BaTeNbHO, KaJUOPOBOYHbIE
MoAe I JJisl CoAepKaHUs Macjia U CTEapUHOBOM KUCJIOTHI
B CEMEHaX aMapaHTa HY»/IalTcs B fopaboTke. KosmvyecTBo
PaHroB AJis BCceX pa3paboTaHHBIX KaJUOPOBOYHBIX MOJe-
nen: «AmapaHT. besiok», «AMapaHT. [la1bMUTHUHOBAsA KUCJI0-
Ta», «AMapaHT. JIuHoJIeBass KUCI0Ta», «AMapaHT. a-JIuHO-
JIeHOBasl KUCJ0Ta», «AMapaHT. BiaxkHocTb», «AMapaHT. OJie-
HMHOBasi KUCJI0Ta», «AMapaHT. Macyo» u «AMapaHT. CTeapu-
HOBasl KUCJIOTa» 6blJI0 OTHOCUTEIbHO HEGOJIBIIMM U PABHS-
gock 14, 19, 13, 8, 7, 18, 7 u 19 cOOTBETCTBEHHO; 3TO
SIBJISIETCS YA0BJIETBOPUTEbHBIM [IJIs BbILIENEePeYHCIeHHbIX
KaJIM6POBOYHBIX MOJIeJIeN.

OneHKa KayecTBa MOCTPOEHHOW KaJWOGpPOBOYHOU MoJe-
JIU J1aHa C IOMOIIbI0 CpPeJHEKBAJPAaTUYHON OIIMOKU B IO-
pszake nepekpectHoi npoBepku RMSEPCV (Root Mean Squa-
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Puc. 1. UK-crieKTpbI ONBITHBIX 06PA310B CEMSH aMapaHTa

Fig. 1. IR spectra of experimental amaranth seed accessions

TPY/IbI 110 ITPUKJIA/IHOM BOTAHUKE, TEHETUKE W CEJIEKL[MH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):52-60



Shelenga T.V,, Solovyeva A.E., Sokolova D.V,, Vasipov V.V,, Smolenskaya A.E., Popov V.S. e 186 (1),2025

Mporvoa - Uetnhuoe | Genok [%] / NepekpectHan npoBepKa MNporuos - Uetuunoe | [%1 1 M Has
21 825
p 20 ‘ ® 805
= .
] i
g1 3 7o b a3
8 " 5 765
z 18 ;‘ 8 L1
o
g7 £ 7.45 ST A @
E s g 725 L
o 15 2705
=1 o
7 el g 6.85 %
g 13 2 se5— O ®
5 3 : L J
& 12 g 6.45+— |
E | 625 3}
12 12.5 13 13.5 14 14.5 15 155 16 16.5 17 17.5 18 18.5 19 19.5 20 63 65 67 63771 73 75 77 79 881
TRUE VALUES OF PROTEIN GONTENT, % PREDIGTED VALUE OF MOISTURE GONTENT, %
a b
Mporuoz - Uctunuoe | wmacno [%] / MNepekpectsan npoeepka MporHoz - UcTHHHOoe | naneMWTHHOEaA [%] / lNepekpecTHanA NpoEEpKa
7 ol
= 65 £ 18 ‘
£ © 3 16 o
§ 6 o L1
£ 55 & g
e~ 312
s ¢ : 4
Q =
w 5 10
8 a5 & & E 8T
=] 4 3
z a5
g 35 E n 2
5 il
g . g 2
£ 25 z s
a2
2 ; &€ 2535455565758595 115 135 155 175

2 25 3 35 4 45 5 55 6 6.5 7

TRUE VALUES OF OIL CONTENT, % TRUE VALUES OF PALMITIC ACID GONTENT, %

¢ d

Mporuos - Hctuhhoe [ cr el /7 N HaA Mportoz - Hetuknoe Fl 1 T Han
2 e A
£ 48 ﬁ—'@— e b_
g 29
0 7y E

o
o 42 { ™ o 20 &
2 a8
: 3: £ = /’
Q3 0
% ® 1 d R o
il 36 ‘ = o 34
o

o 34 ‘ 5 g
o ’ w
w 3.2 E
3 19
S 2
2 2.8 il 2 71—
¥ 28 1 3 g1
g 24 —t 1 16 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3N

245 265 285 305 326 345 365 385 405 425 TRUE VALUES OF OLEIC ACID CONTENT, %

TRUE VALUES OF STEARIC ACID GONTENT, %
e f

MNporHoz - HcTuHHoe | %] 1 Tk Han . Mporuos - Uctunnoe | anbda [l 1 N Han
a; £ 375 &
E % g 325 *L
] 9 l 2 L~
2 45 — 2 275
3 8
8 4 225 /I"
] =}
g 40 ) & ?
- 3
5 w
23 > g 125
3 4
g -1 * § 75 3
2 30 g n 7?
B S o5
g w - T T
a £ 25 6.5 105 145 185 225 265 305 345 3858
& 26—

2 28 30 32 34 36 38 40 49 44 46 48 TRUE VALUES OF LINOLENIC ACID CONTENT, %
TRUE VALUES OF LINOLEIC ACID GONTENT, %

g h

Puc. 2. T'paduk npesckasaHHbIX 3HAYEHHU cosepkaHus 6eika (a), Baaru (b), maciaa (c), nasibMuTHHOBOM (d),
cTeapuHOBOIi (e), os1enHoBoii (f), 1MHO.J1eBOI (g), a-1mHO1eHoBOM Kuc/10T (h) (ock Y) no cpaBHEHHUIO € UICTHHHBIMHA
3Ha4YeHUusIMU (0chb X) COIVIaCHO KaJIUGPOBOYHOM Moje M: (a) - «<AMapaHT. besiok», (b) - «<AMapaHT. BjaxkHOCTb»,

(c) - «<AMapaHT. Macsio», (d) - «<AMapaHT. [la1bMUTHHOBas KUCI0Tay, (€) - «kAMapaHT. CTeapuHOBasi KUCJI0Tay,

(f) - «KAmapanT. OtenHOBast KUCJa0Ta» (g) — «AMapaHT. JInHoeBas KucnoTay, (h) - «AMapaHT. a-J/InHOIeHOBasI KUCIOTa»
(3es1eHBIM OTMeUYeHbI YITEHHbIE, KPaCHBIM — He yYTeHHbIe 3HaUeHHUs /151 06pa3IioB CEMSIH aMapaHTa IPU OCTPOEHUHN
KaJIM6GPOBOYHOU KPUBOH)

Fig. 2. Graph of predicted values for the content of protein (a), moisture (b), oil (c), and palmitic (d), stearic (e), oleic (f),
linoleic (g) and a-linolenic acids (h) (Y axis) compared with true values (X axis) according to the calibration models:
(@) - Amaranth. Protein; (b) - Amaranth. Moisture; (c) - Amaranth. Oil; (d) - Amaranth. Palmitic Acid; (e) - Amaranth. Stearic
Acid; (f) - Amaranth. Oleic Acid; (g) - Amaranth. Linoleic Acid; (h) - Amaranth. a-Linolenic Acid (green are the values taken into
account, while red are the values not taken into account for amaranth seed accessions when constructing the calibration curve)
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red Error of Prediction - RMSEP), koTopas oTpaaert cTe-
NeHb JUCIEPCUM 3HAYEHUH, NpeJiCKa3aHHbIX CKOHCTPYHU-
pPOBaHHOW MOJeJIbIO, BOKPYT JIMHUU perpeccuy Npu nepe-
kpecTHOH Basupganuu (Cross-Validation - CV) (Sadergaski
etal.,, 2023). 3nauenuss RMSEPCV kann6poBOYHBIX MoOje-
Jlell AJia ompejiesieHUs] COZiepKaHUsl 6eJsika, BJIAXKHOCTH,
MacJia, CTeapuHOBOM KHMCJIOTHI B CEMeHaX aMapaHTa OblIn
Huxe 1%: 0,6; 0,3; 0,6 1 0,3% cOOTBEeTCTBEHHO; AJIA aJlb-
MUTHHOBOH, 0JIEMHOBOH, INHOJIEBOM, O-/INHOJIECHOBOM KHC-
s0T - Bbiute 1%: 1,4; 1,7; 2,5 u 2,7% cooTBeTCTBEHHO. 3Have-
Husi RMSEPCV < 5% yka3biBaloT Ha MpUeMJieMble XapaKTe-
PUCTHKH CKOHCTPYHMPOBAHHOM MOJIeJH, CJIe[J0OBAaTeNIbHO BbI-
LernepeyrcAeHHble KaJuOPOBOYHbIE MOJENHU MOIYT ObITh
MPUHATHl /ISl [paKTH4YecKoro mnpuMeHeHus (Sadergaski
etal,, 2023).

[lokasaTesib OCTAaTOYHOr'O OTKJIOHEHMS NMPOrHo3a JJs
panra (Residual Prediction Deviation - RPD) onenuBaer
YCTOWYMBOCTh MNOJIydyeHHOW 3aBucumocTu (Popov etal,
2024). OH coctaBasn 2,82; 2,08; 1,76; 2,78; 1,49; 2,02; 2,30
U 3,53 COOTBETCTBEHHO /g 6€eJIKa, BJIaXKHOCTH, Mac/ia, lajb-
MUTHHOBOMH, CTEAPUHOBOMH, 0JICMHOBOH, IMHOJIEBOH, O-JTUHO-
JIeHOBOM KUCI0T. RPD cooTBeTCTByeT OTHOIIEHUIO J0NyCTH-

MOIIbIO KaJIMGPOBOYHOM MOJeJIH, C pe3y/IbTaTaMH, [0JIy4eH-
HbIMH aHaJuTh4yeckuM MetogoM (Reichert, Schuwirth,
2012). [lnsg CKOHCTPYHMPOBAHHBIX KaJUOPOBOYHBIX KPHUBBIX
C |eJIBI0 Ollpe/ie/IeHUsl CoZlepXKaHUs 6eJika, BJaXKHOCTH, Mac-
J1a, MaJIbMUTUHOBOM, CTEAPUHOBOM, 0JIEMHOBOM, JINHOJIEBOU
U a-1MHOoJIeHOBOW kuciaoT BIAS cooTBeTcTBOBan cienyio-
muM 3Hadyenusam: -0,0592; 0,0279; -0,0144; 0,0611; -0,0409;
-0,215; 0,0209; -0,0813 1 -0,00704, To ecTb pe3yJabTaThl,
MOJIyYeHHble C MOMOIIbIO JAaHHBIX KaJHUOPOBOK, He OyAyT
HUMEeTb 3HAYHUTEJIbHOTO OTKJIOHEHHUSA OT UCTHUHHOTO.

[To pe3sysnbraTam JI. Cafiepracku ¢ coTpyAHHUKaMH (Sader-
gaski et al,, 2023), kaTMGPOBKHK CYUTAIOTCS JOCTOBEPHBIMU,
ecsiu 3HadeHus: R?> 75%. TakuM 06pa3oM, KaJnGPOBOYHbIE
MO/JIeJIY, IOCTPOEHHbIe [J1S OTIpe/ieJIeHUs] COZlepXKaHus Oel-
Ka, BJQXKHOCTH, NaJbMHUTHUHOBOM, OJIEMHOBOM, JIMHOJEBOH,
Q-JIMHOJIEHOBOM KMCJIOT, MOTYT HUCIOJIb30BAaThCsA JJIsI CKPU-
HUHTra CeMsiH aMapaHTa, Torja Kak /s Macjaa U CTeapuHO-
BOM KHCJIOTBI HYXKAAIOTCS B JOpabOTKe.

JlocToBEepHOCTh JaHHBIX MAJs1 KajubpoBoK ¢ R?>75%
6blJ1a TOATBEPXKAeHa C IOMOIIbI0 KOHTPOJIbHOHN BEIGOPKH M3
15 o6pasuos ceMssH amapaHTa 2020 r. penpoaykiuy. CBepka
JIaHHBIX Tpe/iCTaBJIeHa B Ta0/IHIE 2.

Ta6.iuua 2. [IpoBepka UK-ka1MGpoBOYHON MOAE/IH AJIA ONpesie/IeHNs COAepKaHUs GeJIKa, BJIaXKHOCTH,
naJbMUTHHOBOI (16:0), osienHoBoi# (18:1), nuHos1eBoii (18:2), a-1uHO/IeHOBOH (18:3) KMCIOT
B ceMeHaX KOJUUIEKIMOHHBIX 06pa3LoB aMapaHTa

Table 2. Verification of the IR calibration models for the content of protein, moisture, and palmitic (16:0),
oleic (18:1), linoleic (18:2) and a-linolenic (18:3) acids in amaranth seed accessions

Iloka3areJib / Indicator X, +Sd X, +Sd X, =X,
6es1ok* 16,09 £ 2,16 16,31 +1,85 0,22
BJIQKHOCTB* 7,02 £0,50 5,70 £ 0,50 1,32
C 16:0* 8,19 £ 4,41 8,98 + 4,02 0,79
C 18:0* 3,15+0,68 3,19+0,75 0,04
C18:1* 22,58 + 4,60 23,84 + 4,23 1,26
C18:2 36,94+ 791 32,53 +3,28 4,42
C18:3 26,87 + 14,31 29,79 + 8,60 2,93
macJio* 5,38+1,21 577 +1,26 0,39

Mpumedanue: X, - cpejiHsAs 3HAYEHHUH, IOy YEHHDIX C IOMOILbI0 METO/I0B GHOXMMUYECKOT0 aHaM3a; X, — Cpe/[HAsA 3HaUYeHUH, MoIydeH-
HBIX C TOMOL[bIO MO/Ie/IbHBIX KalMGPOBOYHbBIX KPUBBIX; Sd ~ cTaHAapTHOE oTKIoHeHue; |X, ~ X, | - pacxo/ieHHe 3HaueHUH, MoJTy4eHHbIX
C IIOMOLIIbI0 KaJTM6POBOYHBIX MOJeJIel K aHaTUTHYEeCKUM MyTeM; * — OTMeyeHbl oKasaTeJIH, Ui KOTopblx 3HaYeHue |X, - X, | He BbIxou-
JI0 32 paMKH TeXHU4YeCKo# norpeurnocty npucopa MATRIX-I (Bruker, 'epmanus)

Note: X, is the mean for values obtained using biochemical analysis techniques; X, is the mean for values obtained using model calibra-
tion curves; Sd is the standard deviation; |X, - X, | is the divergence between the values obtained with calibration models and biochemical
analysis; * - marks the indicators for which the |X - X,| value did not exceed the technical error of the MATRIX-I device (Bruker, Germany)

MOTO OTKJIOHeHUS] GAaKTUYeCKUX HU3MepeHHBbIX KayeCTBeH-
HbIX IapaMeTPOB K KOPHIO KBajipaTa cpejiHel omu6Ku. B co-
oTBeTcTBUM C paboToit C. W. Chang c corpyanukamu (Chang
etal, 2001), 3Hayenus1 RPD 6b1 HHTEpPIPETUPOBAHEI CJie-
AyomuM o6pasoM: npu RPD > 2 kanubpoBoyHble MOJeTH
MOXXHO CYUTATh «OTJIMYHbIMU», IpU 1.4 <RPD < 2 - «cTan-
AapTHbiMu», 1pu RPD < 1,4 - «HeHafexxHbIMU». [loCKOIBKY
3HadeHuss RPD mnpejcTaB/ieHHbIX HaMM Mojiesled BXOJAT
B pedepeHC «OTIIMYHBIX» U «CTaHJAAPTHBIX», UX MOXKHO OTHe-
CTH K KaTeTrOpUHU «HaJeXKHbBIX».

[lokazaTenb cMelleHuUsl, UM CTAaTUCTUYECKOH MpejB3si-
ToCTH (BIAS), BBISIBJISIET, HACKOJIBKO CYLIECTBEHHO OTKJIOHS-
eTcsl IPOrHOo3UpyeMoe 3HaueHue OT UCTUHHOIO, TO eCTh Xa-
paKkTepH3yeT COOTBETCTBUE Pe3y/IbTaTOB, OJYYEHHBbIX C [10-

JlonycTuMasi MOrpelIHOCTb IPU U3MEPEeHUHU C UCI0J1b30-
BaHueM bUK-ananuszatopa He pgo/mkHa npesblliaTb 2%
(Khoreva et al., 2022), no3ToOMy BO3MOXXHOCTb IPAaKTHUY€ECKO-
r'0 UCII0/1b30BaHUsI HOBBIX IPaJlyMPOBOYHBIX MOJieslel JOJIK-
Ha OLIeHHWBATbCsl B TOM YHCJIe U [0 3TOMy napameTpy. Pas-
JInyue Mex/y JaHHBIMU, I0Jy4YeHHbIMHU ¢ nomouibio UK-ana-
JIi3aTopa U aHaJUTUYEeCKUMH MeTOAaMHM, IpejCcTaBjJeHO
B Tabsme 2. [l nokasaTeseld 6eska, Macsia, NaJbMUTHHO-
BOM U CTeapHHOBOM KUCJIOT OHO COCTaBUJIO MeHee 1%, ansa
BJIQXKHOCTH U 0JIEMHOBOM KUCJIOTHI — MeHee 1,5%, 4To ykJa-
JIbIBaeTCs B PaMKU JIOMyCTUMOW MOTPELIHOCTH U3MepeHMUs.
[ JIMHOJIeBOM U O-JIMHOJIEHOBOM KHC/IOT pasjinyue co-
craBsseT 6osee 2,5%, 4TO NpeBbIILAET AOMYCTUMYIO OLING-
Ky, MI0O3TOMY JiBe NOC/JeJHUX KaJUOGPOBOYHBIX MOJENU He
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HOAXOAAT JJIs1 IPAKTUYECKOro NMpUMeHeHus1. [IpuHuMast Bo
BHUMaHUe 3HayeHUs KoapouuueHntoB R?, RMSEPCV, RPD,
BIAS ¥ pe3y/nbTaThl MPOBEPKU BCEX MOJYYEHHBIX KalnGpo-
BOYHbIX MO/leJIel, YCTAaHOBJIEHO, UTO MOJIEJIH AJIsl OTIpejierie-
HUsS B CEMEHax aMapaHTa CcoJep)KaHHusl GesiKa, BJAXKHOCTH,
[aJIbMUTHHOBOM, 0JIEMHOBOH KHUCJIOT MOTYT GbITh PEKOMEH-
JIOBaHBI /I IPAKTHUYECKOTO IPUMEHEeHHUs], TOTAa KaK MoJe-
JIM JJIsT MacJia, CTeapuHOBOM, JIMHOJIEBOH U JINHOJIEHOBOH
KHCJIOT — HET.

3ak/yeHue

KannbpoBouyHble MoJeny, nosyyeHHole Ha UK-aHanu3sa-
Tope MATRIX-I (BRUKER, 'epMaHusi) ¢ HOMOIIbIO IPOrpaMM-
Horo obecneyenust OPUS LAB juia usmepeHus cojepaHus
6esKa, BJIQXXHOCTH, NMaJbMHUTUHOBOW, OJIEMHOBOW KHCJIOT,
M03BOJITIOT IPOBOJUTbL MAaCCOBbIM CKPUHUHT JJAHHBIX X03511-
CTBEHHO L|eHHBIX [T0Ka3aTesleil ceMsiH aMapaHTa U3 KOJLIeK-
uuu BUP c ToyHocThio 10 1,5%, 4TO /JaeT BO3MOXKHOCTD Olle-
paTUBHO ONpeJe/]UTh HalpaBJeHHe HCI0JIb30BAaHUS KOH-
KPeTHBIX TeHOTUIIOB U COXPAHUTh LeHHBIN CeJleKIMOHHBIN
MaTepHas. Mojiesny, paspaboTaHHbIe AJI KOJIHMYeCTBEHHOTO
olnpejieJleHUs Mac/a, CTeapUHOBOU JIMHOJIEBON U X-JTUHOJIe-
HOBOU KHUCJIOT, HYX/,al0TCs B lopaboTKe.
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Background. Kok-saghyz, or Russian dandelion, is one of the three most promising natural rubber plants in the world. This
study examined the seed quality of kok-saghyz from different sources with reference to the methods in the International Rules
for Seed Testing.

Materials and methods. A kok-saghyz accession from the VIR collection (k-445) and an accession of American origin were
analyzed. The study was carried out in 2018-2020 under the conditions of a field experiment at the experiment station in Har-
bin (45.592729°N, 126.581668°E).

Results. Sampling principles and methods were established, and the seed quality of kok-saghyz was thoroughly evaluated.
A seed purity test showed above 80% of pure seeds for both accessions. The thousand-seed weight was approximately 0.5 g
when measured by the hundred-seed method. The moisture content was about 5.4% according to the low-temperature drying
technique. The time required for reaching a natural imbibition rate was 2.5 h. The authenticity test demonstrated that kok-
saghyz seeds can be distinguished from those of other Taraxacum spp. according to their appearance. The health test found
4 types of mold inside and outside the kok-saghyz seeds.

Conclusion. This study provides technical support for kok-saghyz seed quality testing, and offers recommendations for kok-
saghyz seed trade.
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H3y4yeHHe KayeCTBA CEMSH PYCCKOT0 OAyBaHYMKaA
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AKTya/IbHOCTb. KOK-carei3, WM pyCCKUH 0JlyBaHYMK, BXOAUT B TPOMKY CaMbIX NIePCIEKTHBHBIX KAyYyYKOHOCOB B MUpe. B 3ToM
MCCJIe/IOBAHNY U3Y4a/IOCh KA4eCTBO CEMSTH KOK-Carbl3a U3 Pa3HbIX HCTOYHHUKOB CO CChIJIKOM Ha METO/bl, M3J10’KeHHbIe B Mex-
JIYHapOJHBIX NPAaBUJIaX TECTUPOBAHUSA CEMSH.

MaTtepuaJjibl 1 MeTobl. 06HEKTOM UCCIeL0BaHUS CIYKHUIN 06pasel KOK-carbl3a u3 kosutekunu BUP (k-445) u o6paser ame-
pUKaHcKoro npoucxoxaeHus. Uccienosanus nposoguan B 2018-2020 rr. B yc/10BUAX [10/1€BOT0 ONbITA 3KCIEPUMEHTAIBHON
craHuuu B Xap6une (45.592729°c. u1., 126.581668°B. 1.).

Pe3synbTaThl. B xX0/1€ ucce[0BaHUs ONPe/eJIU/IN IPUHIUIIBI U MeTO/bI 0T6Opa NPo06, a TaK»Ke NPOBEJIH BCECTOPOHHIO OLleH-
Ky KaueCTBa CeMsH KOK-carbl3a. AHa/IM3 YUCTOTBI MOKa3aJl, YTO YUCTOTA CeMSIH 060MX 00pa3loB KOK-carbi3a NpeBbILIaeT
80%. Bec 1000 cemsn paBeH npuMepHo 0,5 r, onpesensicsa ¢ nomouipio Metosa 100 cemsan. CopeprkaHye BIaru, U3MepeHHoe
MeTO/0M HU3KOTeMIIePaTypHOM! CYIIKH, COCTaBJsIeT 0KoJ10 5,4%. BpeMs, Heo6xoAMoe J1JIs JOCTHKeHHs eCTeCTBEHHOH CKOo-
POCTH HaCbILIEHUs CeMSH BJIAaroH, cocTaBuIo 2,5 4. [IpoBepKa Ha MOJJIMHHOCTD I10Ka3aJjia, YTO CeMeHa KOK-carbi3a MOXKHO OT-
JINYUTB OT IPYTUX BUAOB poja Taraxacum 1o BHELIHUM XapaKTepHUCTHKaM. B Xozie npoBepku Ha rpr6KoBbIe 3a60J1eBaHUSA 06-
Hapy>KWUJIM YeThbIpe TUIA IJIeCEHH BHYTPH U CHAPYKH CEMSTH KOK-Carbl3a.

3ak/no4eHMe. /laHHOe KMcclejoBaHUe 06ecreynBaeT TEXHUYECKYI0 MOZAEePKKY TEXHOJIOIMU OLlEHKH KauyeCTBa CeMSAH KOK-
carbl3a, a TAaKXKe NPeJIOCTaBJsIeT PeKOMeH/JalluH 110 OlleHKe MaTepuraJsia s Iocjae yoleld KoMMep4Yeckor peasnsaluu ce-
MSH KOK-carbl3a.

Kawueswle cno8a: Kay4yYKOHOCHO€ paCTeHHe, KOK-Carbi3, Ka4eCTBO CEMAH, IIpaBUJIa IPOBeJEeHUA HUCIbITAaHUHN

Baazodapnocmu: pa6oTa nogzep:xaHa PoHZ0M Hay4HbIX HCCIeJ0BAaHUN AKaIeMUH HAayK IPOBUHIMY X3HM/IyHI3AH B paMKax
rpaHToB Ne KY2023ZR04 u Ne KY2019ZRO02; BeinosiHs/1ach NpU NoAzepkke npoekTa «TeKylne pacxoAbl Ha UCCaeL0BaHUA»
Hay4Ho-Hccie[oBaTeIbCKOTO MHCTUTYTA NPOBUHIMHU XaUayHL3sH (rpaHT Ne ZNBZ20227ZR04) u B paMKax rocyiapCTBeHHO-
ro 33/IaHUs COTJIaCHO TeMaTudeckoMy 1tany BUP mo npoexkty Ne FGEM-2022-0005.

ABTODBI 6/1ar0apAT PELIEH3EHTOB 3a UX BKJIA/, B 9KCIIEPTHYIO OLIEHKY 3TOH paGoThl.

JAaayumuposarnus: Ulens I, Yxoy JI., Yxan @, 10 Y., Au U, Yxan B., KonbkoBa H.I. U3yyeHue kayecTBa ceMsH PyCCKOT0 OZy-
BaH4YMKa. Tpydel no npukaadHoll 6omaHuke, zeHemuke u ceaekyuu. 2025;186(1):61-70.DOI: 10.30901/2227-8834-2025-1-61-70
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Introduction

Russian dandelion (Taraxacum kok-saghyz Rodin) is a pe-
rennial herbaceous plant of the genus Taraxacum of the As-
teraceae family. It is one of the three most excellent natural
rubber plants in the world. Its roots contain 2.89 to 27.89% of
natural rubber (Whaley, Bowen, 1947; Luo, 1951; Shen et al,,
2018; Shen et al,, 2019), and also 25 to 40% of inulin (Polha-
mus, 1962). The intensive growth and yield of kok-saghyz is
greatly influenced by the frequency of watering and fertiliza-
tion (Shen, 2021; Shen etal,, 2023; Zhang et al,, 2023). The
leaves can be used in pharmacy, for tea manufacturing, and as
anti-inflammatory feed additives (Molinu et al., 2019). Kok-
saghyz may also serve as a model plant to study the mecha-
nism of natural rubber synthesis (Wu et al., 2024). Therefore,
it possesses important scientific and practical values.

Seed testing refers to the inspection and measurement
of seed quality, that is, authenticity, purity, cleanness, ger-
mination rate, viability, seed health, moisture content, and
1000-seed weight. Agricultural production, commodity ex-
change, economic and trade activities can be guided on the
basis of seed quality information. Through seed testing, it is
possible to select high-quality seeds for sowing, eliminate
or reduce the risk of seedling shortage and yield reduction
due to seed quality, control the spread and damage of harm-
ful weeds, ensure normal growth of crops and increase
yields, which is of great significance to kok-saghyz produc-
tion (Hu, 2015).

In 1924, the International Seed Testing Association (ISTA)
was established. In 1931, with the joint efforts of ISTA mem-
bers and Dr. Franck, ISTA promulgated the first version of the
International Rules for Seed Testing. After the 1990s, ISTA ba-
sically followed the principle of conducting minor revisions to
the rules every three years and comprehensive revisions ev-

nology of the International Rules for Seed Testing and com-
bined with their own specific conditions. Since the 1980s,
China has formulated and promulgated a number of national
standards, such as the Crop Seed Inspection Procedures, For-
age Seed Inspection Procedures, and Vegetable Seed Quality
Standards. With the development of agriculture, China re-
vised and promoted regulations on food crops (cereals and
beans), industrial crops (fibers and oilseeds), and cucurbits
(melons, cabbage, and leafy vegetables) in the 1990s. These
standards have played a role in improving the quality of the
country’s crop seeds and effectively guaranteed the safety of
food production and industrial crop cultivation.

This study presents the results of a research on the in-
spection methods for kok-saghyz seed quality, based on the
guidelines prescribed by the International Rules for Seed
Testing (ISTA, 2020), and provides technical support for the
seed quality classification technology. In order to promote
kok-saghyz cultivation and increase rubber production, it is
important to establish seed quality standards for Russian
dandelion and provide a reference for kok-saghyz seed
trade.

Materials and methods

Kok-saghyz fruits are achenes. Since the peel and seeds
are tightly connected and difficult to separate, dandelion
fruits are generally called seeds, so the kok-saghyz seeds are
actually their fruits in the context of this study.

We planted a kok-saghyz accession imported from Russia
(k-445) and the Buckeye accession from the United States in
different locations with different cultivation patterns, and
then used the collected seeds at different times as experimen-
tal materials. There were four replications in total. The rele-
vant information is as follows (Table 1).

Table 1. Experimental materials of kok-saghyz seeds

Ta6Jmua 1. BKCﬂepl/lMeHTaJIbele MaTepHaJibl IO CEMEeHaM KOK-carbi3a

Sources Harvest sites Harves(tB(;;)(());;iinates C;Ltti:;t ril(;n Hal('i\::seiing Weight, g
l((c-ﬁﬁt;r’cted in 2018) gle;/lvalr%?;Strial one 126.5717, 45.5832 In the field SeII)Ltlé}rln_ber 1947
lg;jﬁ :cte din 2019) E}el‘_’l"alr‘k‘)‘?r‘ftrial Zone 126.5717, 45.5832 Inthe field | ;‘t‘l}r’n‘ber 22.66
l({c-gficted in 2020) gt:st(i)tllllrt:e(s)f?s;g:élogy 126.6526, 457184 Potted Se]:])ltltla}rln_ber 36.54
](Bcli)ﬂ((fc}”ceed in 2020) gj;é?:fezfgrfglg:(l)logy 1266526, 457184 Potted Se}l)ltlgn_ber 17.52

ery six years. Nowadays, the International Rules for Seed
Testing have been cited by the International Seed Quality Cer-
tification System of the Organization for Economic Coopera-
tion and Development (OECD) (ISTA, 1996), and become
a guideline that must be followed by the international seed
trade and circulation; it is generally adopted by countries
around the world. The International Rules for Seed Testing
have a total of 50 basic standards and inspection specifica-
tions (ISTA, 2020).

Except for afew countries that directly implement the
rules, most countries in the world have formulated national
seed inspection regulations based on the standardized tech-

The seed purity analysis was made for all four batches, the
health test analyzed the batches collected in 2018 and 2020,
and the other tests were performed for the Russian seed
batch harvested in 2018 and the American seed batch har-
vested in 2020.

Experimental methods

The seed testing process can be divided into three parts:
sampling, testing, and result reporting. The testing procedure
starts with taking samples from the seed batch to form pri-
mary samples and mixed samples to perform cleanness, natu-
ral imbibition, germination, weight, purity, health, and au-
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thenticity tests. Since no dormancy phenomenon was ob-
served in kok-saghyz seeds and the seeds were small, no via-
bility testing experiment was conducted within this study.

According to the ISTA regulations, seed lots need to have
a specified maximum and minimum weight. Seed size is
a significant factor influencing the seed lot weight, but it is
also affected by whether the seed is for agricultural or hor-
ticultural use. The maximum number of seeds in aseed
batch is 1x10° (i.e., 10,000 units, with each unit containing
100,000 seeds) (Hu, 2015). Since the 1000-seed weight of
kok-saghyz is 0.45-0.70 g, the maximum weight of a seed
batch (including various coating materials or films) shall
not exceed 1000 kg, the error shall not exceed 5%, and the
minimum weight shall not be less than 30 g (according to
the recommendations for Taraxacum officinale in the Inter-
national Rules for Seed Testing, the 1000-seed weight of or-
dinary dandelion is higher than that of kok-saghyz, so the
minimum weight is no less than 30 g). The maximum num-
ber of seeds in a seed batch is 1x10? (Luo, 1951 1), and the
1000-seed weight of kok-saghyz is generally 0.5 g. The maxi-
mum weight of a seed batch is 500 kg, and the erroris not al-
lowed to exceed 5%.

According to the ISTA regulations, when the container of
a seed batch is 1, the number of initial samples taken is not
less than 3 (Polhamus, 1962). In this experiment, 4 primary
samples were taken from each seed lot, and they were sam-
pled using spoons at different positions. After mixing, a com-
posite sample was formed, and then random samples were
taken from it to form a working sample. The “freehand halv-
ing method” is used to separate the experimental sample
from the initial sample (Whaley, Bowen, 1947).

Purity analysis

The sample for purity analysis contained at least
25,000 seeds. The 1000-seed weight of kok-saghyz was calcu-
lated as 0.5 g. Therefore, the seeds weight for a purity analysis
should be at least 12.5 g. Each seed lot undergoes 3 replica-
tions, the average value is taken.

Net seed weight percentage: (net seed weight) / (net seed
weight + impurity weight + other seed weight) x 100%.

The seed morphology method was used to identify kok-
saghyz seeds and impurities. According to the description in
the Flora of China, Russian dandelion achenes are light brown,
(2 -) 2.5 - 3.5 mm long, with many small spines on the upper
1/3 - 1/2, and the remaining part has small tubercles.

With the help of a magnifying glass, sieve, scalpel, etc.,
without damaging the germination ability of the seeds, the
sample was separated into three components: clean seeds,
other plant seeds, and general impurities on the purity analy-
sis table, based on the obvious characteristics of the seeds.
Weighed separately in grams.

Natural imbibition

Clean seed samples were taken from the seed lots from
Russia and the United States, respectively. We took about 0.2 g
of each sample, repeated 3 times, soaked in tap water at room
temperature, taking them out every half hour, wiping dry, and
weighing until constant weight. At this time, the seed imbibi-
tion rate was 100%.

Weight measurement

Eight portions of 100 kok-saghyz seeds were manually
counted, weighed individually, and the coefficient of variation
was calculated. If the coefficient of variation is less than 4.0,
the 1000-seed weight can be calculated on the basis of the ac-
tual measurement results. If the coefficient of variation is

higher than 4, 8 more replications should be weighed, and the
standard deviation of the 16 replications should be calcu-
lated. For any replications that show more than twofold dif-
ference from the mean, the standard deviation will be ig-
nored. Finally, the values of 100 seeds for each replication will
be ignored. The average weight multiplied by 10 is the mea-
sured seed weight (Luo, 1951).

Weight of 1,000 seeds = weight of 100 seeds / number of
replications of 100 seeds x 10.

Authenticity verification

We used the seed appearance morphology method to
identify 364 seeds. We observed the surface morphology of
kok-saghyz seeds under an Olympus SZX7 microscope (20x),
including color, shape, spines, beak base, etc., and then took
pictures using Image] 1.53q (Polhamus, 1962) to measure
seed length, width and beak base length. Then a fixed-dis-
tance plant key table was established to distinguish kok-
saghyz from other common dandelion plants in Northeast
China on the basis of seed characteristics.

Moisture content assessment

Using the low constant temperature drying method, kok-
saghyz seeds were dried in an oven at 103°C for 17 h to con-
stant weight, and then the seed moisture content was calcu-
lated (Luo, 1951).

Health testing

The washing test method was used in this study to check
for pathogenic spores or pathogenic nematodes attached to
the seed surface, as well as the culture method to check for
pathogenic bacteria inside kok-saghyz seeds (Hu, 2015).

Calculation of the spore load on the seed surface is to be
done according to the following formula:

N — NnyxXnNyx 713’
N4

where N is the spore load per gram of seeds; n, is the ave-
rage number of spores per the field of view; n, is the number
of fields of view on the cover glass area; n, is the number of
drops in 1 mL of water; n, is the weight of the test sample.

After taking pictures with a microscope, the number of
spores was calculated using the Image]J (1.53q) software. We
used the software to open the picture file taken by the micro-
scope, clicked the menu Image-Type-8-bit, turned the picture
into black and white, then clicked Process-Find Maxima..., en-
tered the appropriate number in the Prominence box, and
checked Exclude edge maxima and Preview point selection,
selected the output type as count, adjusted the appropriate
number of Prominence based on the comparison between the
number of spores and the number of markers in the picture,
and finally clicked OK to automatically calculate the number
of spores and save the result as an MS Excel file.

We used the culture method to count the fungal species,
isolation frequency, and bacterial load inside kok-saghyz
seeds. The formula is as follows:

[solation frequency (%) = number of occurrences of a cer-
tain isolate / total number of occurrences of isolates x 100.

Bacteria-carrying rate (%) = total number of bacteria-car-
rying seeds / total number of tested seeds x 100.

Fungal identification:

The isolated fungi were purified, examined under mi-
croscope, and transferred to tubes for storage. Identifica-
tion was based on fungal culture traits and morphological
characteristics, and with reference to relevant fungal iden-
tification tools.
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Results and analysis

Purity analysis

The analysis of seed purity showed that the gain and loss
rates of all seed batches was less than 5%, so its results were
valid. Among the samples, Russian seeds collected in 2020
(Fig. 1, A) had the highest proportion of pure seeds, 95.19%,
and American seeds collected in 2020 (Fig. 1, C) had the low-
est share, 81.47% (Table 2, see Fig. 1).

Natural imbibition

The weight of the Russian and American seeds increased
fastest in the first 0.5 h after absorbing water, and then grad-
ually slowed down. When the seeds absorbed water for 2.5 h,
the weight of the seeds no longer increased significantly
(@=0.05), so it is considered that the seed swelling rate
reaches 100% at this time. So, when the seeds germinate, they
need to be soaked in water for at least 2.5 hours. The 1000-
seed weight of the American seeds was similar to that of the
Russian seeds, but their weight after water absorption was al-
ways significantly higher than that of the Russian seeds
(Fig. 2, Fig. 3).

Weight measurement

The average weight of 100 Russian seeds was found to be
0.0486 g, and the coefficient of variation was 0.11, i.e., less
than 4, so the 1000-seed weight was estimated as 0.486 g. The
average weight of 100 American seeds was 0.0478 g, and its
coefficient of variation was 0.05 (less than 4), so the 1000-
seed was 0.478 g, which was slightly lower than that of the
Russian seeds (Fig. 4).

Authenticity verification

Kok-saghyz seeds are in fact achenes, described as light
brown, gray-brown, or dark brown. They have diverse shapes:
oblong, oblanceolate, or obovate. They are 1.4 to 4.2 mm long,
and 0.3 to 1.2 mm wide. The surface consists of 11 to 16 lon-
gitudinal ribs and grooves; the upper 1/3 to 1/2 has many
small spines, and the remaining part has small or no tumor-
like protrusions. The base of the beak is 1.0 to 1.8 mm long.
The ratio of beak base to achene length is 1:2 to 1: 3, and
there are fewer spines at the beak base (Table 3).

Kok-saghyz can be distinguished from other species of the
genus Taraxacum in Northeast China (T mongolicum, T liao-

Fig. 1. Purity analysis of kok-saghyz seeds (A and B are pure seeds and inert matter of the Russian kok-saghyz;
C and D are pure seeds and inert matter of American origin)

Puc. 1. AHa/IM3 YUCTOTHI CEMSIH KOK-carbi3a (A, B - yucrtbie poccni’lcxne C€éM€E€Ha U UHEePTHbIE BeLl€CTBA KOK-Carbi3a,
C, D - yucrpie AMEPUKAHCKHE CEMEHa U UHEePTHbIE Be].lleCTBa)

Table 2. Purity analysis of kok-saghyz seeds

Ta6Jmua 2. AHa/IM3 YMCTOTHI CEMAH KOK-carbi3a

Total Inert Weight of Weight To_tal Loss rate Pure
weight
Seed source sample matter pure of other after the after the seeds,
. . . T
weight, g weight, g seeds, g seeds, g el analysis, g %
Russia (2018) 21.74 1.21 20.29 0.00 21.50 0.01 93.35
Russia (2019) 34.98 3.56 30.97 0.00 23.12 0.01 88.51
Russia (2020) 13.14 0.63 12.35 0.00 12.98 1.20 95.19
U.S. (2020) 13.16 2.43 10.64 0.00 13.07 0.01 81.47
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Fig. 2. Experiment on water absorption of kok-saghyz seeds

Puc. 2. 3KCHepﬂMEHT MO BOAOIOIVIOIE€HUIO CEMAH KOK-Carbi3a

sample — America ----
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Fig. 3. Kok-saghyz seed weights at different times after water absorption

Puc. 3. Macca ceMsiH KOK-carbi3a B pa3Hoe BpeMsA nocJjie BIUTbIBaHUA BOAbI

tugense, T formosanum, T ohwianum, T urbanum, T antun-
gense, T asiaticum, T. asiaticum var. lonchophyllum) according
to the length of the seed, the number of spines at the base of
the beak, and the ratio of the base of the beak to the length of
the seed (Wuetal,, 2011).

Moisture content assessment

The three repeated moisture content levels were 5.2%,
5.2%, and 5.5%, respectively, so the average value was
5.4%.

Health testing

Seed coat fungal spores

The spore count was determined under a microscope. The
counting methodology is described in the Materials and Meth-
ods section. A cover glass with the following parameters was
used: length x widthis 18 x 18 mm, area is 324 mm?; 400x mi-
croscope diameter is 0.375 mm, i.e., a circle with the radius of
0.187 mm and the area of 0.11 mm?, i.e., the number of fields
of view on the coverslip is 324/0.11 = 2945. Calculation of the
spore load was performed twice and repeated as N1 and N2,
respectively, as follows:

N1=nl1xn2xn3/n4

N1 =5810 x 2945 x 20/1 = 293x10"?

N2 =6103x 2945 x 20/1 = 359x10"?

The average number of fungal spores on the epidermis of
1 g of kok-saghyz seeds was 326x10'? (Fig. 5).

Mold was found in the Russian seeds of kok-saghyz col-
lected in 2018, with concatenated spores (inside and on the
surface of the seeds) (Fig. 6, Fig. 7).

The fungi were found to belong to the Aspergillaceae fa-
mily of the subclass Euascoma. According to the color, 4 types
were identified, namely: blue mold, yellow mold, red mold,
and white mold. The isolation frequencies were 59.8%, 2.6%,
2.1%, and 1.5%, respectively. Two types of molds were de-
tected on the Russian seeds collected in 2019, namely blue
mold and yellow mold, with isolation frequencies of 86.0%
and 1.8%, respectively (Table 4).

Discussion

Kok-saghyz seeds have no dormancy phenomenon; their
seeds are small, with a 1000-seed weight of only about 0.5 g.
It is difficult to directly observe the staining of the embryos
with the naked eye. When there are no experimental condi-
tions, the viability measurement can be ignored, and the ger-
mination rate represents the viability of the seeds. Therefore,
crop seed inspection procedures should determine what to
do on the basis of seed characteristics and experimental con-
ditions.
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Fig. 4. Thousand-seed weight of kok-saghyz seeds
Puc. 4. Macca 1000 ceMsH KOK-carbi3a

Table 3. Description statistics of the length and width of kok-saghyz seeds
Ta6una 3. Onucare/ibHasA CTATUCTHKA AJIMHBI U IIMPHHBI CEMSH KOK-carbi3a

Parameter Average Mid-range Maximum Minimum Std. Cv
Seed length 2.85 2.80 4.23 1.38 0.56 0.20
Seed width 0.70 0.67 1.17 0.30 0.19 0.27

fungal spores

Fig. 5. Fungal spores on the surface of kok-saghyz seeds (400 x)

Puc. 5. Cnopbl rpu60B Ha NOBEPXHOCTH CeMsH KOK-carbida (400 x)
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Fig. 6. Identification of fungi inside kok-saghyz seeds using the culture method

Puc. 6. HAeHTﬂ(l)lflKallPlﬂ l"pld603 B CéEMEeHaX KOK-carbi3a MeTOA0M Ky/IbTUBUPOBAHUA

A

Fig. 7. Four types of mold on the surface of kok-saghyz seeds (A: blue, B: red, C: yellow, D: white)

Puc. 7. YeTbIpe TUNA NJIECEHU HA IOBEPXHOCTH CEMAH KOK-carbi3a (A: cuHss, B: kpacHas, C: xxenTas, D: 6es1as)

We did not find any other plant seeds during the authen-
ticity test of kok-saghyz seeds, especially seeds from the ge-
nus Taraxacum. Previous studies had found that kok-saghyz
would hybridize with other related dandelion plants, result-
ing in impure seeds (Whaley, Bowen, 1947). Therefore, any
related dandelion weeds need to be removed during kok-
saghyz cultivation. However, we did not find hybrid seeds, and
we need to continue observations in the future cultivation
practice.

The 1000-seed weight of kok-saghyz samples from Russia
was higher than that of American ones. Generally speaking,
the seed size is a component of seed quality that affects crop
performance. Large seeds have higher seedling survival and
establishment rates (Luo, 1951), indicating that Russian
seeds have greater plant vigor. In actual cultivation, we also
found that kok-saghyz plants from Russia had a higher sur-
vival rate and greater biomass. Therefore, in order to increase
the yield of kok-saghyz, selecting large seed germplasm
sources and increasing the seed size and weight should be
among the main research trends.

The pure seed rates in the kok-saghyz seed batches col-
lected from different sources and in different years were also
different, as it is common for the purity rates of seed lots from
different sources for many other crops (Polhamus, 1962;
AIST, 1996; Dan, 2006; Hu, 2015; ISTA, 2020), which may be
associated with seed maturity and harvesting methods.

The natural imbibition rate of kok-saghyz seeds from Rus-
sia and the United States was 2.5 h, which shows that the nat-
ural imbibition time of kok-saghyz seeds from different
sources is consistent. It also shows that when conducting kok-
saghyz seed germination experiments, the seeds need to be
soaked in water for at least 2.5 h.

By establishing a fixed-distance key table of seed charac-
teristics, kok-saghyz can be distinguished from other com-
mon dandelion plants in Northeast China. It provides an addi-
tional method for people to identify dandelion plants. This
method can be extended to all dandelion plants in the future.

Different molds were detected in kok-saghyz seeds har-
vested from the same environment in different years. Seeds
stored for along time contain more molds, which may be
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Table 4. Isolation frequencies for fungi on the surface
of kok-saghyz seeds

Ta6smna 4. YacToTa BblJe/ieHUsA rpu6oB
Ha MOBEPXHOCTH CEMsIH KOK-carbi3a

z:i:;:sftis::;d Types of fungi Isolation rate
2018 Blue mold 59.8%
2018 Yellow mold 2.6%
2018 Red mold 2.1%
2018 White mold 1.5%
2019 Blue mold 86.0%
2019 Yellow mold 1.8%

caused by the storage environment. Due to limited funds,
when testing the seed health of kok-saghyz, those molds were
classified according to their color, but more precise classifica-
tion requires gene sequencing to be confirmed.

Conclusion

This article establishes kok-saghyz seed inspection proce-
dures, stipulates sampling principles and methods, offers the
patterns of the seed purity analysis, 1000-seed weight and
moisture content assessments, and health testing techniques.
The time for kok-saghyz seeds to naturally swell and reach
imbibition is identified. A method for the checkup of kok-
saghyz seed authenticity is provided. A fixed-distance key ta-
ble of seed characteristics is recommended to compare kok-
saghyz with other common dandelions in Northeast China.

The maximum weight of a batch of kok-saghyz seeds is
prescribed to be 500 kg, the error is not allowed to exceed
5%, the minimum weight should be no less than 30 g, and the
number of initial samples taken is not to be less than 3.

The purity analysis of kok-saghyz seeds requires at least
12.5 g. Each seed batch is replicated three times, and the aver-
age value is taken. The pure seed ratio of all kok-saghyz seeds
was above 80%.

The minimum time for the natural imbibition rate of kok-
saghyz seeds from Russia and the United States to reach
100% was 2.5 h. Therefore, kok-saghyz seeds need to be
soaked in water for at least 2.5 h before germination experi-
ments.

The 1000-seed weight of kok-saghyz samples can be accu-
rately calculated by using the 100 seed method, which is re-
peated 8 times and takes 100 seeds for each replication. The
1000-seed weight of kok-saghyz from Russia was 0.486 g, and
that of American origin was 0.478 g.

The characteristics of kok-saghyz seeds are as follows: 1.4
to 4.2 mm in length, 0.3 to 1.2 mm in width, 11 to 16 longitu-
dinal ribs on the surface, many small spines in the upper 1/3
to 1/2, and small knob-like protrusions or protrusions in the
remaining part. There are no tumor-like protrusions, the beak
base length is 1.0-1.8 mm, the beak length is 5-6 mm, and the
ratio of beak base to achene length is 1:2 - 1: 3. Kok-saghyz
can be distinguished from other common dandelion species
in Northeast China on the basis of fruit length, number of
spines at the base of the beak, and ratio of beak base to fruit
length.

The moisture content in kok-saghyz seeds can be mea-
sured using the low-temperature drying method; the average
moisture content was 5.4%.

The washing test method detected that the average num-
ber of fungal spores contained in 1 g of kok-saghyz seed coat
was 326x10%2

The culture method helped to find that there were two
types of mold inside the kok-saghyz seeds, blue and yellow
mold. As the storage time increased, yellow and red mold
were observed, blue mold being the most common. The isola-
tion frequency for the seeds harvested in 2018 was 86.0%. In
2017, blue mold decreased, with an isolation frequency of
59.8%.
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Mopdosiornyeckue npu3HakKku JucTa 3usudyca
B CBSI3M C COPTOBOM UAeHTUPHUKALUEHN

T. B. lllumoBa
Hukumckuil 6omaHuyeckutl cad - HayuoHaavHwlll HayyHblll yenmp Pocculickoil akademuu Hayk, Aama, Poccus

Asmop, omeemcmeaeHHbll 3a nepenucky: TaTbsiHa BuktopoBHa llluiosa, shishovatat@rambler.ru

AkTyanbHOCTB. Co3/laHMe U NONIOJTHEHHEe KOJUIEKLIUM pacTeHHUH CBsI3aHbl C 0OMEHOM BereTaTUBHBIM N10Cal0YHBIM MaTepHa-
JioM Ky/bTypbl. [Ipy 3aKJa/ike HOBBIX WJIM PEKOHCTPYKIMHU CTapbIX HAaCAXJeHUH Bcerja eCTb BEPOSTHOCTb Iy TaHULbI 06pa3-
10B. [IJ151 yckopeHUs U NoBbIleHNs 3P GeKTUBHOCTH allpobaliy 3usndyca NpoBeieHo MoApo6HOe MOpoIorHiecKoe onuca-
HUe ero JIMCTA.

MaTepuaJibl ¥ MeTOABL. MaTepuaaoM CIYKUJIH JTUCTbs 26 COPTOB 3u3Udyca 3apybexkHOH U 0TeueCTBEHHOH CesleKL[UH, OTHO-
csaurecs K BUAy Ziziphus jujuba Mill. PaccunuTaHbl KoJiMyecTBEHHbIE TapaMeTpbl JIUCTA ([JJIUHA, LIHPUHA, UHAEKC GOPMBbL, AJIU-
Ha yepelka) 1 Ko3¢pPULHeHTh! UX Bapualuu. OnucaHbl KadeCTBeHHble NoKa3aTesu jiucTa (GopMa MIaCTUHKH, BEPXYILIKH,
OCHOBaHUs, Kpast). OCHOBHble IPU3HAKHU JINCTA OMUCBHIBAJIN COIJIACHO METOAUKe NPOBeJeHUs UCIBITAHUM Ha OTJIIMYUMOCTb,
OJJHOPOJHOCTb U CTa6U/IbHOCTb YHAOU.

PesynbraTthl. CpeJHss JJIMHA JIMUCTA BapbUpoBasa no coptaM ot 4,35 go 8,11 cM, mupuHa - ot 2,61 no 4,69 cm (CV - 15,90
1 15,04% cooTBeTcTBEHHO). CUJIbHEE BApbUPOBaJI IPU3HAK «JJIMHA Yyepelka» — oT 2,72 10 10,0 mm (CV - 28,10%). AiiueBu-
Hble JIUCTbSl UMeau UHAeKC GopMbl OT 1,52 g0 1,99. ¥V nUCTbeB € IaHUETOBUAHON GOpPMONM MIACTUHKU AJIMHA 6oJiee yeM
B 2 pasa npeBbllajia WUpuHy (uHAekc ¢opmbl — oT 2,01 10 2,36). BeisiBJIeHbI XapaKTepHble MPU3HAKHU JIMUCTA [JIsl COPTOB
‘Baxur’, Jlau 1I3a [13a0’, ‘Y CuH XyH’, ‘CoBeTCKHUI, MO3BOJIAIOIME YCKOPUTD UX anpobanuio. OnucaHbl KaueCTBEHHBIE U KOJIUYe-
CTBEHHble NPU3HAKU JIMCTA A9 4 COPTOB, peKOMeH/lyeMbIX JJ1s1 BbIpalljiBaHus B Poccuiickoit Pepepanuu.

3aks04eHue. BoisBieHbl XapaKTepHble MPU3HAKU JIMCTA WM UX COUYeTaHHUs AJIl OTAe/bHbIX COPTOB U IPYII MO NMPOMUCXO-
)JeHU0. HanbopmnM pasHoob6pasueM U BapHaluell IPU3HAKOB XapaKTepU30BaluCh copTa U3 KuTas u copTa ceseKIUU
HuxuTtckoro 60TaHM4YecKoro cajia. PeaynbTaThl HCM0JIb30BaHbI AJ151 COPTOBOW UAEHTUPUKALMU pacTeHUH 3usudyca.

Kamwueswie cnosa: Ziziphus jujuba Mill., copT, siucT, pasmep, popma, anpobanus, Ko3apPULUEHT BapuaLuu

BbaazodapHocmu: vicciie[JoBaHYe BbINIOJIHEHO B paMKax rocyapcrBeHHoro 3aganus FNNS-2022-0008 «[1onosHUTE, U3YYUTh
reHOQOH/| I0XKHBIX NJIO0BbIX, OPEXOIJIOAHBIX U ATOAHBIX KYJIbTYP U Ha ero 6a3e co3/jaTb HOBble COPTA C KOMIIJIEKCOM X0351H-
CTBEHHO LIeHHbIX IPU3HAKOB [1JIs1 IPOMBIILIJIEHHOT0 CaZloBoACTBa» HUKUTCKOro 60TaHM4eckoro caja - HalimoHasibHOT0 Hay-
Horo neHTpa PAH.

ABTOp 6J1arojapuT pelleH3eHTOB 3a UX BKJIaJ B 9KCIIEPTHYIO0 OLeHKY 3TOH paboThl.

s yumuposaHnus: Mumosa T.B. MopdoJsioruiyeckre npusHaky JIMCTa 3usndyca B CBS3U C COPTOBOU HJieHTHUUKALUEH.
Tpydul no npukaadHoil 6omaHuke, 2eHemuke u ceaexyuu. 2025;186(1):71-79. DOI: 10.30901/2227-8834-2025-1-71-79
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Background. Establishment and replenishment of plant collections are associated with the exchange of vegetative germplasm.
When establishing new or reconstructing old plantings, there is always a possibility of misidentification. A detailed morpholog-
ical description of the jujube leaf was carried out to accelerate and increase the efficiency of plant identity testing.

Materials and methods. The leaves of 26 Chinese jujube (Ziziphus jujuba Mill.) cultivars of foreign and domestic origin served
as the material for the study. Quantitative parameters of the leaf (length, width, shape index, and petiole length) and their coef-
ficients of variation were calculated. Qualitative indicators (leaf blade, apex, base, and edge shapes) are described. The descrip-
tion of the leaf’s main characteristics was in line with the procedure approved for testing distinctiveness, uniformity and stabil-
ity in Ziziphus sativa Gaertn.

Results. The average leaf length varied among cultivars from 4.35 to 8.11 cm, and the width from 2.61 to 4.69 cm (CV = 15.90
and 15.04%, respectively). The petiole length variation was stronger: 2.72 to 10.0 mm (CV = 28.10%). Ovate leaves had a shape
index from 1.52 to 1.99, while the length of elliptic leaves was more than twice greater than their width (shape index: 2.01 to
2.36). Characteristic leaf features were identified for four cultivars; they will accelerate their testing. Qualitative and quantita-
tive leaf characteristics were described for 4 cultivars recommended for cultivation in Russia.

Conclusion. The leaf’s characteristic features or their combinations were identified for individual cultivars and their groups of
origin. The greatest diversity and variation in characteristics were observed in the cultivars from China and those developed at
the Nikita Botanical Gardens. The results were used for varietal identification of Chinese jujube plants in the newly established
collection and nurseries.
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BBegenue

3usudyc Hactosmui (Ziziphus jujuba Mill.) 6611 ofomar-
HeH u3 AukKoro 3usudyca (Z. jujuba var. spinosa (Bunge) Hu ex
H.F. Chow.) (Huang etal, 2021). [Ipouecc ofoMallHUBaHUS
CBSI3aH C YeJ0BeYECKUM OTOGOPOM M eCTEeCTBEHHBIM BOC-
IPOU3BOJACTBOM. 3a AOJIIYI0 HUCTOPHUIO 3BOJIOLMU 3U3UYC
cunbHO n3Menuscs (Liu, Zhao, 2009; Yang et al.,, 2023). B Ha-
cTosillee BpeMs TosbKo B KuTae (Ha pojuHe 3TOH KyJbTy-
pbl) npejcTtaBaeHo 6osee 900 copTOB, KOTOpPbIE MO CBOEMY
Ha3HA4YeHHUIo esISTCS Ha CTOJIOBbIE, JIJIsI CYLIKH, JJIsSI TPUTO-
TOBJIEHUS IIyKaTOB, YHUBEPCAJbHOI'0 HAPaBJEHUs U JeKO-
patuBHble (Yang et al,, 2023). Takxxe BeJieTcs ceJieKIIMOHHAs
pa6ora c KyabTypo# B CIIA, psige eBponelickux cTpaHs, Cpea-
Hea3uaTckux pecny6srkax (Agakishiev, 2017; Yao etal.,
2019; Liu et al,, 2020; State Register...,, 2021; State Register...,
2023).

Kosinexkuus susudyca B HUKUTCKOM 60TaHUYECKOM cajly
HayaJa co3paBaTbea ¢ 1960 r., korja npoBesu nepsble HO-
Ca/IKM CaXKeHI|eB KUTAWCKUX COPTOB U GOPM, MPHUBE3EHHBIX
HenocpeacTBeHHO M3 KuTad. B fasbHelieM U3 Hay4YHbIX
yupexzaeHuid CpeJjHeasHaTCKUX PeCHyO6/HK MOJy4Yaad HO-
Bble COPTa MECTHOH CeJIeKIIMU U TOBTOPHO UHTPOLYLIUPOBa-
JIU OTAesIbHble KUTaWCcKHe 06pa3ibl. OCOGEHHO aKTUBHO
KOJIJIEKIIMS MOMOJIHsIAch B epuo/ ¢ 1973 mo 1985 1. B ot-
JleJIbHbIe To/bl MoJiydasu no 8-10 HOBbIX 06pasnoB. Takxke
NepUOJUYECKH 3aCaXKUBAJIU HOBBbIE YYACTKH YK€ CYIecT-
BYHIOIMMH JIYYIINMHU COPTAaMHU U GOpMaMU OTedeCTBEHHOH
Y 3apy0eKHOU CeJIeKLINH.

AXTUBHBIA 06MeH reHOQOHZOM CIOCOGCTBOBAJ pac-
npocTpaHeHU0 3u3ndyca B Hauel ctpaHe. [Ipy 3TOM HHO-
r7la BO3HUKAIOT NP06JIeMbl Y KYPaTOPOB U CeJIEKI[OHEPOB,
[IOCKOJIbKY 3allMCH Ha 3TUKeTKax He BCerZa COOTBETCTBY-
0T NPaBUJBHOMY Ha3BaHHUIO o6pasna. Takxke BO3MOXKHaA
yTepsi STUKeTKH Ha JII060M 3Tale - 0T pa3MHOXKeHHU [J10 3a-
KJAJKU HacaX/JeHUH, YTO MPUBOAUT K IMOJHOMY OTCYT-
CTBUI0O MHPOpPMAIIUU O HACTOSILEM HAa3BaHUU COpPTa HUJIH
bopMBI.

HemnpaBu/ibHO MapKUpOBaHHbIE FfeHeTHYECKHEe MaTepHa-
Jibl (OMOHHUMBI ¥ CHHOHHMBbI) OTPaHUYUBAIOT 06MeH HHOP-
Malyel U MaTeprasaMM CpeAu UccaefoBaTesled U NpensT-
CTBYIOT HCIIOJIb30BAHHUIO TeHOTHUIIA B CeJIeKLMHU. B cBA3M
c3TuM B HUKUTCKOM GoTaHU4YecKoM cafy — HanpoHasibHOM
Hay4yHOM ILieHTpe Poccuiickoit akagemuu Hayk (HBC - HHIJ
PAH) npoBoasiTcs 06cnef0BaHUs MOCaZOK 3u3udyca nyTeM
HMH/JMBUYaJbHOTO OCMOTpA pacTeHUs [Jis OlpejeseHNs
COPTOBOM TUNMYHOCTH (anpo6anus). Ampobaryss IpoBOgUT-
Cs1 10 KOMIIJIEKCY TPHU3HAKOB N06era, JIMCTA, J10/ia U iepeBa
B 11es10M. Takasi paboTa JOBOJIbHO TPYAOEMKa U MOXKeT 3aHHU-
MaTb HECKOJIBKO JIeT, IOKa pacTeHHe He BCTYNHUT B IOpY
IJIOZIOHOLIeHU . B ¢BSI3M € 3TUM BO3HHKJIa HEOOXOAUMOCTh
BBI/IEJINTD OT/le/IbHble HanboJIee XapaKTepHble IPU3HAKH,
10 KOTOPBIM BO3MOXHO H/AeHTUUIIMPOBATH UMEIOIIUNCS
B KOJJIEKLIUU COPT /10 MOJIyY€eHHUs IJI0/I0B, TEM CaMbIM COKpa-
TUB CPOKH anpobanuu pacTeHud. /lanHasa nHpopmanusa 6y-
JeT IMoJie3Ha [Jisl Hay4HbIX Y4YpexXJeHUU, CeJlbCKOXO035H-
CTBEHHBIX NPEeANPUITHH, KOTOpbIe 3aHUMAIOTCS BbIpallBa-
HUeM U pa3MHOXeHHeM 3u3udyca, a Takke JJs CaZ0BO-
JOB-JTI0OUTEIEH.

Haub6osee nosHass nHbopmanus no MopdoorudecKum
npr3HaKaM pacTeHud 3usudyca kosnexkuuu HBC - HHI
cobpaHa no kutauckuM coptaM (Sinko, 1976) kak Haubo-
Jiee TepCHeKTUBHBIM [JIsi TIPOMBIIIJIEHHOTO BbIpallMBaHUsA
Y JaJibHEeHlIed ceJleKIIMOHHON paboThl. B oTHoLIEHUH cop-
TOB U3 IPYTUX PETMOHOB MPOUCXOXKJEHNS TaKkoh nHdopma-
I[UM 04eHb MaJlo.

Llenv uccaedoearuii - BbISBUTH MOPOJIOTHYECKOE pa3-
HOOOpa3sue JiucTa copToB 3u3udyca B kostekyuu HEC - HHI|
Y BBIJIEJIUTh XapaKTepHble IPHU3HAKH /151 OT/le/IbHbIX 06pa3-
LI0B.

06 BbEKTHI U MeTOoAbl UCC/IEJOBAHUA

Pa6oTy npoBoguin Ha 6a3e KOJJIEKIMOHHBIX Hacaxje-
Huit HBC - HHII (nrt. Hukuta, fata, Pecny6inka Kpbim).
Kiumar 3mech cpeiu3eMHOMOPCKOTO THIIA € peo6JiaJjaHu-
eM OCeHHe-3UMHHUX OCa/IKOB, yMEPEHHO >KapKHUM 3aCylLLIH-
BBIM JIETOM U MSATKOUW 3UMOH € YacThIMU oTTenesssmu (Pluga-
tar etal, 2015).

O6BbeKTaMH CIYKUIU 26 copTOB 3u3ndyca 3apybexHon
Y OTE€YECTBEHHOU CeJIEKIMHU, OTHOCAUMecs K Z. jujuba Mill.,
a TakXe AUKUH BUpA Ziziphus jujuba var. spinosa (Bunge) Hu
ex H.F. Chow. Cxema nmocaziku iepeBbeB — 4 x 3 M.

Mopdodostorudeckoe onucaHue JUCTbEB 3u3udyca NPoBo-
auau B aBrycte 2023-2024 rr. mo oGIIENPUHSTBIM JJIs
Ky/lbTypbl MeTOAuKaM. [UIMHY W LIMPUHY JIMCTOBOW Ija-
CTUHKH, JAJMHY YepellKa U3MepsiIik ¥ 25 JINCTbeB, KOTOpbIe
6pasiv U3 CpeJiHe 4acTH XOPOLIO Pa3BUTBIX MJIOJOHOCHBIX
no6eroB Ha Tpex THUIIMYHBIX AJs copTa AepeBbsx (Sinko,
1976; Sedov, Ogoltsova, 1999; Li etal,, 2013; RTG/1135/1..,,
2017).

PeSyJIbTaTbI Hu 06cy)l<;(elme

Kosnnekuus susudyca B HBC - HHI HacuuThiBaeT GoJiee
150 copToB 1 popM 3apyOGeKHOH U OTeYyeCTBEHHOU cesek-
nuu. Jlyqume copta v GopMbl U3 reHoPOHAA NepefaBalvcCh
BO MHOTHMe Hay4YHble yupexaeHusa Poccuy, Ykpannsl, Mosza-
BuM, Yexuu, B Cpe/lHea3uaTcKue pecnyOJMKH, TEM CaMbIM
crnoco6CcTBys pacnpocTpaHeHuIo KyabTypsl (Shishova, 2023).
Jns noaaepxKaHus COPTOBOM TUINIMYHOCTU B KOJIJIEKIIUU Be-
JleTcsl anpobalyMoHHasa pabora. Haubosiee nocToBEpHO TH-
NUYHOCTb COpTa ONpeAesArT no maojgaM. OfHAKO IpHU
60JIBIIOM Pa3HOOOpa3uu 06pa3l0B eCTh HEOOXOJUMOCTD
YCKOPHUTBb Ipolecc anpo6anuu. [103ToMy Mbl IPOBeJH II0-
JIpo6HOe N3y4yeHHe JINCThEB PAa3/IMYHBIX COPTOB, B pe3yJibTa-
Te 4ero BbIABJIEHbI XapaKTepPHbIe ITPU3HAKHW OJId OTAEJIbHBIX
M3 HUX, TI03BOJIAIOLIME TOYHO ONPeAeUTb COPT elle 10 ero
IJIO/JOHOLIEHUSI.

Jluct sBisieTcs OAHHUM H3 OCHOBHBIX INPU3HAKOB COOT-
BETCTBUS PacTeHHUs OoNpejie/IeHHOMY COpTy. Y 3usudyca 1o
pa3sMepy BbIAESIOT OYeHb MeJIKHe, MeJIKUe, CpeJJHHe, KpYTI-
Hbl€ U OY€Hb KPYIIHbIE JIUCTbhA. prHHbIe JINCThSA OTMEYEeHbI
y coptoB JlaH l|3a L1320’ u ‘Bax1u’, Meskue JTUCTbS — y COPTOB
‘Cunut’, ‘Kuraiickuii 60', ‘Opay6aau’ u Jla Baii 1[3a0’, oueHb
MeJIKHe - Y AuKoro 3usudyca (Z. jujuba var. spinosa) (ta6.. 1,
puc. 1). OcTasbHble COPTA XapaKTePU30BaJIHUCh CPEJHUMU T10
pasmepy JUCTbAMHU.

HUcrtopus 3usudyca HacuutbiBaeT 6osiee 4000 ThIC. €T
(Liu, Zhao, 2009), 1 MOXHO OTMETHTb, YTO 3a 3TO BpeMs
CpeJHUH pasMep JIMCTa KyJbTYPHbIX COPTOB CTaJl NpPEeBbI-
IaTh JIUCT €0 JUKOro NpejKa 60Jiee yeM B 2 pasa, a 1o AJH-
He 4epelnka - B 3,5 pasa. Cpe/jHss AJIMHA JIMCTA BapbUpPOBa-
Jano coptam ot 4,35 10 8,11 cm, mupuHa - ot 2,61 10 4,69 cM
(CV - 15,90 u 15,04% cooTBeTcTBeHHO). [laHHbIEe pe3y/IbTa-
ThI COIVIACYIOTCS C UCCJIeJOBAHUSIMU OTeYeCTBEHHBIX U KU-
TaNCKUX YYeHbIX 110 3ToMy Bonpocy (Sinko, 1977; Yang et al.,
2023).

Y MHOrUX COpPTOB BapbUMpOBaHUE JIMHEMHBIX pasMepoB
JIMCTA I10 rojgamM 6b1JI0 MUHMMa/IbHBIM. Haubosbiee BapbHU-
pOBaHHe M0 AJIMHEe 0TMedeHo y copToB ‘KuTtaiickuii 24, Tlep-
BeHell, ‘CoBeTckuid’ u ‘f06unerinbit’ (Ha 1,2-1,5 cm), no mu-
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Ta6smua 1. KosiuvyecTBeHHbIe MOpdoJIoriyecKyue napaMeTphl JIMCTA COPTOB 3u3ndyca
KoJ1eKiuu HUKuTCcKoro 6oranudeckoro cajga, 2023-2024 rr.

Table 1. Quantitative morphological parameters of the leaves of jujube cultivars
from the Nikita Botanical Gardens, 2023-2024

CopT JvHa, cM IllupuHa, cM UHpekc dpopmbl Jl/IMHa YyepellKa, MM
Azep6aimxaH
‘Azepy’ 5,82 +0,07 3,61+0,09 1,62+ 0,06 4,11+0,39
‘Axmenn’ 5,64 +0,18 3,29 £0,07 1,73+ 0,02 2,72 £0,37
‘Hacumu’ 5,85+ 0,22 3,32+0,03 1,76 £ 0,05 4,41+0,22
‘Opay6agu’ 5,07 +0,11 2,90 £ 0,09 1,75+ 0,02 3,35+0,32
Kuraii
Ziziphus jujuba var. spinosa 2,61+0,16 1,59+ 0,06 1,64 +0,03 2,41+0,01
‘a baii I]3a0’ 5,65+ 0,39 2,61+0,34 2,20£0,16 6,01+0,12
Ky Tay Lizao’ 7,09 £ 0,05 3,61+0,16 1,99 £ 0,05 6,99 £ 0,27
‘Kuraiickuii 2A’ 6,92+ 0,75 3,35+0,33 2,07 £0,03 8,41 +0,55
‘Kurakickuii 60’ 4,70 £ 0,34 3,03+0,09 1,56 + 0,15 4,25+0,34
‘JlaH L3a L]3a0’ 7,92 +0,37 4,59 £ 0,09 1,74 £ 0,06 10,0 £ 0,42
‘Cuo Baii L]3a0’ 7,01 0,02 4,03 +£0,07 1,75+ 0,03 532 +0,30
‘Ta fn Li3a0’ 7,98 £ 0,06 3,95+0,03 2,03£0,04 7,02 £0,10
‘Y Cun XyH’ 7,86+ 0,31 3,36+0,12 2,36+0,03 6,62 0,36
‘1 lzao’ 6,60 £ 0,05 2,89 +0,07 2,30 £0,04 8,50 £ 0,57
Poccusa
‘KokTebesp’ 6,83 £0,28 3,77 £0,13 1,82+0,13 7,36 £ 0,09
‘Cunnt’ 4,35+ 0,06 2,80 +0,09 1,55+0,03 4,19+ 0,36
‘TaBpuka’ 6,34 +0,14 3,63 +0,06 1,77 £ 0,07 556+0,51
‘llykepKoBbIH’ 5,20+0,27 3,48 + 0,30 1,52 £ 0,03 5,68+ 0,60
‘Anurta’ 6,23 £ 0,04 3,24 0,05 1,94 £ 0,04 6,85 0,27
TaXKUKHUCTAH
‘BypHum’ 5,86 0,32 2,89+0,28 2,07 £ 0,05 6,72 + 0,45
‘Baxur’ 8,11+ 0,20 4,69 +0,23 1,75+0,11 581+0,16
‘Npyx6a’ 6,86 + 0,26 3,08+0,11 2,24 +0,02 7,82 +0,42
‘TlepBeHery 6,59 0,66 3,29 £ 0,06 2,01+£0,16 4,77 £ 0,44
‘CoBeTcKUi’ 7,64 +0,59 3,98 £ 0,04 1,93+0,12 7,04 £ 0,07
‘HOxaHun’ 6,06 £ 0,09 3,03+0,07 2,01 +0,04 6,18 £ 0,36
Y36ekucraH

‘lapromMmckui’ 6,55+ 0,30 3,62+0,10 1,82+ 0,05 6,18 + 0,02
‘T06unelnbIi’ 5,79 £0,52 3,20 £ 0,04 1,81+0,13 491+0,28

Min 4,35 2,61 1,52 2,72

Max 8,11 4,69 2,36 10,00

X 6,40 3,43 1,89 6,03

STD 1,02 0,52 0,23 1,69

CV, % 15,90 15,04 12,17 28,10

[IlpuMeyaHue: min - MUHUMa/IbHOE 3HaY€HHeE; maxX — MaKCMMaJIbHOe 3HaUeHUe; X — cpeiHee 3HayeHue; STD - craHzapTHOe
oTksoHeHue; CV - koadpdunueHT Bapranuu. [lokasaTesu paccuutansl 6e3 ydeTa Z. jujuba var. spinosa

Note: min - minimum; max - maximum; X - mean; STD - standard deviation; CV - coefficient of variation. Calculation of the
parameters did not take into account Z. jujuba var. spinosa
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Ziziphus jujuba var. spinosa

“Ta du L[3a0’

‘CuHut’

‘Kurarickuit 2A’

Puc. 1. Pa3mep u ¢popma ucta copToB 3usudyca

Fig. 1. Leaf sizes and shapes among jujube cultivars

puHe - y /la ba#t l[3ao’, ‘Kurtaiickuii 2A’ u ‘llykepkoBbii’ (Ha
0,6-0,68 cm).

CusbHOe BapbUpOBaHHE 10 COPTaM IOKasasa MPU3HAK
«JAJuHa Yyepeuka» - ot 2,72 10 10,0 mm (CV - 28,10%). OueHb
KOpPOTKHUU 4Yepewiok (fo 3 MM) oTMedeH y Z. jujuba var. spi-
nosa. C yBeJMyeHreM pa3Mepa JIUCTa YBeJUIUBAETCS U AJIU-
Ha 4yepewka. [Ipeo6saganu copra (15 06pa3ioB) cyeperi-
KoM cpefiHel AuHbI (5,1-8 MM). Y 3 copTOB OTMeueH JJIMH-
HbII YepelloK (> 8,1 MM). [Ipy 3TOM y HEKOTOPBIX KUTAWCKUX
COPTOB JJIMHA YepellKa OT/eJIbHbIX JUCTbeB MOIJa JOCTH-
ratb 12-14 mMm.

CorjlacHO MeTO/MKe NpOBeJeHUs HCIbITAHUHW Ha OT-
JIMYUMOCTB, OJJHOPOAHOCTb U CTAGUJIbHOCTb, Pa3/JUYaAIOT
3 popMbl JUCTHEB 3U3UPYyCA - ITUINTHIECKYIO, SULEBUJ-
HYI0 U 06paTHOSHIEeBUHYI0. Z. jujuba var. spinosa uMeeT siii-
LeBUHYI0 GOPMY JIMCTA, U GOJIBIIMHCTBO COPTOB KOJIJIEK-
nuu (18 06pasnoB U3 26) TakKe UMeJH NOJOOHYIO dopMy
(Ta6u. 2). Jluctbs ¢ AlUeBUAHOW OPMOM HMeNHU HHJIEKC
¢dopmel oT 1,52 f0 1,99 (cM. Tab. 1). Y 1UCTbEB € 3JIMOTH-
yecKol GpopMoii AMHA MJIACTHUHKU 6oJiee yeM B 2 pasa mpe-
BbllIasIa WHPUHY (MHAEKC dopmbl - ot 2,01 mo 2,36). Uem
6oJibllle OBIJIO 3TO COOTHOLIEHHE, TeM 6oJiee BBITIHYTYIO
dbopmy umesn aucT. B pamMkax AlLeBUAHOU GOPMBI JIUCT
MO>KHO JIOTIOJIHUTEJIbHO OXapaKTepu30BaTb KakK y3KosHIle-
BUJHBIN, HanpuMep y copToB ‘fauta), WKy Tay LI3ao’ (unzekc
¢dopmbl 1,94-1,99), u wupokosAeBUAHbIN — y copToB ‘Lly-
KepKoBbIl, ‘CunuT, ‘Kutarickuii 60’ u gp. (uHAEKC POpMbI -
1,52-1,56). Ungekc GopMBbI ITUX COPTOB UMeJ HE3HAYUTEb-
HOe BapbUpOBaHUe M0 rojlaM, 03TOMY JJaHHble XapaKTepHu-

CTHUKHU MOXXHO HCIO0JIb30BaTh B KaUyeCTBe yTOUYHSIOIUX MPHU
OTMCAHUU JINCThEB.

B nccnenoBanusx MopdoioruyecKux MpU3HAKOB JIUCTA
KUTAaWCKUMU y4eHbIMU y 118 MecTHBIX cOpTOB 3usudyca
(Yang etal.,, 2023) ungekc ¢opmbl BapbupoBasa oT 1,34 no
2,71 npu cpefHeM 3HayeHUH 2,14. ITO 03HAYAET, YTO CpeSr
M3y4YEeHHBbIX COPTOB 3HAYUTEJbHO Npeo6/iafjalyd TeHOTHIIbI
C 3JIUNITHYECKOH GOpMOH JTUCTA.

[To gauubiM JI. T. CunbKoO, kuTakckue copta ‘Ta fH 1i3a0)
‘Y Cun XyH' u ‘A {320’ ©UMeIOT yAIMHEHHO-H1IeBUAHYIO0 GOp-
My saucta (Sinko, 1977). OnHako UHAEKC GOPMBI JIUCTA ITUX
copToB coctaBua 2,07-2,39, 1o3TOMy JIUCTbS1 ITUX COPTOB
HUMEIOT BCE JKe JUTUNTHYEeCKYI0 GopMy. TakuM 06pasoM, mpu-
MeHeHUe UHJeKca GOpMbl MO3BOJISIET YTOYHUTb TPaHULbI
nepexosa GOPMBbI JIUCTA OT SIULEBUAHON K 3JIJIMITHYECKON
Y c/leJlaTh ONMCaHHUe copTa 6oJiee TOYHBIM U TMOHSATHBIM.
B nanpHeleM niaHUpyeTcs NPOJO/DKATE U3yYeHHe 3TOTro
MoKa3aTeJisl C [eJibI0 BbIZieJIeHUs1 6oJiee TOYHOHU ero rpaja-
MU JJIS COBEPIIEHCTBOBAHUA OTeYeCTBEHHOM MeTOoJUKHU
UPOV.

Cpen 9 KUTAaHCKUX COPTOB KOJLJIEKIUU 5 06pa3L[0B UMe-
JIU 3JUTUNITAYECKYI0 GOPMY U 4 — SHLEeBUAHYIO.

OAHUM U3 OTVIMYUTEJIbHBIX IPU3HAKOB JIUCTA 3U3UPyca
ABJsieTcsl popMa ero BepxyIlIKHU. BoljesIII0T oCcTpyto, TYNyio
U oKpymyto ¢popMy Bepxyiiku (puc. 2). Cpeu JUCTHEB COP-
TOB KOJIJIEKL[MH Yallle BCETr0 BCTpeyaeTcsl ocTpas (AJUHHASA)
U Tynas (yKopoueHHasi) BepXyIlKa, pexxe — OKpyIJiasi.

OcHOBaHHe JIUCTA TAKXKe UMeeT 3 BapuaHTa GOPMBIL: y3-
KOKJIMHOBU/IHOE, IMPOKOKJMHOBU/HOE U OKpyIJioe (puc. 3).
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Ta6auna 2. KauectBeHHbIe MOpdoJiornyeckye NpU3HaKU JILCTA COPTOB 3u3udyca, 2023-2024 rr.

Table 2. Qualitative morphological characteristics of the leaves among jujube cultivars, 2023-2024

InsHILEeBOCTh
CopT dopma UL dopma ocHOBaHUSA dopma Kpasa BepxHeii cTo-
BepXyIKH POHBI JINCTA
Azep6aiimxaH
‘Azepy’ ANLeBUHAA ocTpas OKpyrJias nuJbYaTas CUJIbHas
‘Axmenn’ AlIeBUHAA ocTpas OKpyTJias nu/IbYaTas CUJIbHasA
‘Hacumu’ ANIeBUHAA Tynas OKpyTJias nuJIbYaTas CUJIbHasA
‘Opay6anu’ SANALeBUHAS ocTpas OKpyTJIast nuJbYaTast CUJIbHAsA
Kurait
Ziziphus jujuba var. .
spinosa AULeBUHas ocTtpast IIMPOKOK/JIMHOBU/IHAsA | NUJbyaTas cpefHsAs
‘Jla Bait l13a0’ SJIJIMIITAYECKAs ocTpasi Y3KOKJIMHOBUAHAS ropojyaras CHJIbHAsA
Ky Tay Lizao’ AL eBUHAS Tynas LIMPOKOK/JIMHOBU/IHAsA | ropojyaras CUJIbHas
‘Kurarickui 2A’ 3JIMNITUYECKasi ocTpas UIMPOKOKJWHOBU/IHAsA | ropojdartast CHJIbHas
‘Kuraiickuit 60’ AlLeBUAHAS Tynas OKpyTJias MUJb4aTas cinabas
‘Jlan l]3a L[3a0’ AL eBUHAs Tynas OKpyTJias ropojayaras CUJIbHAsA
‘Cuo Bait L]3ao’ AL eBUHAs ocTpas OKpyTJias ropojayaras CUJIbHAsA
‘Ta fIn 1[3a0’ 3J/UIMNITUYEeCKas Tymnas IIMPOKOK/JIMHOBU/IHASA | TOpoAYaTast CUJIbHAs
‘Y Cun XyH’ 3JUIMNITUYeCcKas ocTtpast IIMPOKOK/JIMHOBU/IHASA | TOpoAYaTast CUJIbHas
‘A [3ao’ 3J/UIMNTUYEeCcKas ocrtpast Y3KOKJIMHOBU/{HAs ropojyaras CUJIbHAs
Poccua
‘KokTebenn’ AleBUHas OKpyTJast OKpyrJas nujib4yaTas cpefHss
‘CuHut’ AULeBUHAs Tymnas OKpyTrJiast nuJab4aTast cpefHsAs
‘TaBpuKa’ AULeBUHAsA Tymnas IIMPOKOK/JIMHOBU/IHASA | TOpojvaTast cpesHsAs
‘LykepKoBbIi’ AU eBUHAsA Tymnas IIMPOKOK/JIMHOBU/IHASA | NMUJbYaTast cnabas
‘Anura’ AULeBUHAs ocTtpast IIMPOKOK/JIMHOBU/IHASA | TOpoAvaTast cpesHAA
TamKUKUCTaH
‘BypHum’ 3JUIMNITUYeCcKas oKpyTJasi g;poxo-mnﬂowg- ropojayaras cpefHsAs
‘Baxur’ ANLeBUHAsA OKpyTJast OKpyTJiast nuJbYaTas CUJIbHasA
‘Nipyx6a’ 3/UIMNITUYecKas ocTpas Y3KOKJIMHOBU/IHASA nu/abYaTas cpefHAA
‘TlepBenerny AdeBUHAsA OKpyTJas IIMPOKOK/JIMHOBU/IHASA | MUJbYaTast cnabas
‘CoBeTCKHN’ AWLleBUHAA OKpyTJ1as LIMPOKOK/JIMHOBU/HAsA | ropojyaras cpefHAsA
‘H0xanun’ 3JUIMNITUYecKas ocTpas IIMPOKOK/JIMHOBU/IHAA | TOpoAYaTast cpejHAA
Y36ekucraH
‘JlaproMmckuii’ anneBugHasA ocTpasi IIMPOKOK/JIMHOBU/HASA | MUJIbYaTas cpeHss
‘T06uneitHbIN’ AL eBUHAS Tynas LIMPOKOK/JIMHOBU/HAA | NUJIbYaTasd cpefiHAsA
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Shishova

OcTtpas
(Apyxo6a’)

Tynasa
(‘Kuraiickuit 60°)

Okpyrias
(‘Baxur’)

Puc. 2. PopmMa BepXylLIKHU JIUCTA COPTOB 3u3udyca

Fig. 2. Leaf apex shapes among jujube cultivars

Y3KOKJIUHOBUJHOE
({1a ba#i 113a0")

IMpOKOKJIMHOBUAHOE
(‘MepBenery’)

Okpyrioe
(‘Hacumu")

Puc. 3. ®opmMa ocHOBaHMs JIUCTA COPTOB 3u3udyca

Fig 3. Leaf base shapes among jujube cultivars

Y copToB 3usudyca npeobaafaau JUCTbsl C LIMPOKOKJIHUHO-
BU/JIHBIM OCHOBaHHeM. CiieflyeT OTMeTHUTb, UTO Y3KOKJIHHO-
BH/IHOE OCHOBaHHe XapaKTepHO JJisl JIUCTbEB C 3JIJIUNTHYe-
CKOM $OopMO¥i MJIACTUHKH, a LIMPOKOKJINHOBHU/IHOE U OKPYT-
Jloe yallle BCTPEeYarTCsl Y JIMCThEB C AiLeBUAHON GopMOoH.

[ToBepxHOCTb JIMCTA 3U3UPyca UMeeT TJsSHel]: ClabblH,
cpeAHUM U cubHBIN. JIucThs copToB kosnekuun HBC - HHI
B CBOeM GOJIBLIMHCTBE MMeJ CPeJJHUH U CUJIbHBIN TJISHel,.
Cnabbli TJIsiHel, TOBEPXHOCTH OTMeveH y JUKOoro 3usudyca
u copta ‘[lepBeHel], IpUMepOM CpeJiHell CTelNeHH IJsAHILe-
BOCTH JIUCTA MOTYT CAYXKUTb copTa /lpyx6a, ‘Kokrebenn)
a cusibHOM - copta ‘Ta flu lI3ao), JlaH L[3a 1I3ao, ‘Hacumu’
u Jp.

KuTalickue nomosioru s uieHTUUKALUU COPTA TaK-
>Ke BbIJeJISIIOT TaKOM NMpHU3HaK, Kak ¢opma kpasd. OH MoXxeT
6bITh NUJIBYATBIM U ropojyaThii. [[puMepaMu copToB C Ta-
KUMHU JIUCThSIMU MOTYT 6bITh ‘Hacumu’ u Jla Bati 113a0’ coot-
BETCTBEHHO (cM. puc. 3). PopMa Kpasi UMeeT 60JIbLI0e 3HaYe-
HUe JJi UeHTUQUKALUY COPTa, TaK KaK BBICTYIbI TOMUMO
$OpMBI MOTYT OTJIMYATLCSI ¥ Pa3MepOM.

KoMIieKCHbIH aHa/lN3 KOJMYeCTBEHHBbIX U KaueCTBeH-
HBIX IPU3HAKOB JIUCTA O3BOJIUJ YCTAHOBUTbD Psfl XapaKTep-
HBIX 0COGEHHOCTeH JJifl OTAeJbHbIX COPTOB WJIHM UX TPYII
6JIM3KOT0 NporcxoXx/JeHUsl. CaMbIMU y3HaBaeMbIMHU SIBJISIOT-
cs1 TUCThs copToB ‘Baxit’ u JlaH [I3a [[3a0’ [lToMmUMo KpymHO-
ro pasMepa, OHU UMEIOT XapaKTepHYI0 «TOPPUPOBAHHOCTbY
JINCTOBOM IJIACTUHKU MO KpasiM, UTO [103BOJIsleT 6e3011604-
HO Y3HaThb UX CPeJH APYTUX COPTOB B KOJUIEKLUU. A MeXAY
co60l OHU OTJIHUYAITCA N0 GOopMe BEPXYLUIKM U 3YOUYHUKOB.
Tak>ke cyieflyeT OTMETUTB, UTO y copTa ‘Baxi’ iucTha Ha 1mo-
Gerax UMEIOT cJIerka MOHUKIINK BUj, ay JlaH [[3a [[3a0’ 3a-
HHUMalOT M0JIOXKeHHe 6JIM3K0e K TOPU30HTaNIbHOMY (puC. 4).

Jl0oBOJIbHO JIETKO y3HATD JIUCT y copTa ‘Y CuH XyH': Kpym-
HbIH, 3/IMOTUYECKON GOPMBI (YacTO cjerka CKpy4yeHHbIH),
C YAJIUHEHHON BepIIMHOW, MUJIbYAThIM KpaeM U CUJIbHBIM
[JISTHIEM.

Xopol1io ysHaBaeMa IO JIUCTbSIM TpyIa COPTOB, MOJy-
YeHHbIX M3 Asep6aii/kaHa. OHHM, NO-BUJMMOMY, HUMEIOT
oueHb 6JIM3KOe MPOUCXOXK/EHHe, TaK KaK XapaKTepU3yTCs
OuYeHb CX0’KUMHU NNPU3HAKaMH (AHLeBUAHast popMa MJIaCcTHH-
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Jlau 13a [[3a0’

‘Y Cun XyH’

‘CoBeTCKUI’

Puc. 4. [I/I0OHOCHBIE TOGETrH C JIUCTHMH COPTOB 3u3udyca

Fig. 4. Bearing shoots of jujube cultivars with leaves

KU JIUCTa C OKPYIJIIM OCHOBaHMEM, MUJbYaThIM KpaeM
Y CUJIBbHBIM TisiHLeM). [lo IMCTY MOXHO BBIZEJNUTh COpTa
‘Hacumu’ 1 ‘Axmeiu’ ¢ 60Jiee BBITSHYTOW GpOPMOii 10 CpaBHe-
HUIO C APYTHMU COpPTaMU U3 3TOM cTpaHbl. OfHako 6osee
TOYHasl UX anpobalus BO3MOXHA yXKe 10 IJI04aM.

OAHUM U3 IPKUX AMArHOCTUYECKUX NPU3HAKOB COPTOB
13 Y3b6ekucTaHa U TaJpKMKUCTaHa ABJISETCS Y30 )KUJIKOBa-
HUS JIUCTA. Y TaKUX COPTOB, Kak ‘CoBeTckuid, laproMckuit’,
‘H0>xaHUH’, OBOJILHO HHTEHCHBHOE CETYATOE XKUJIKOBAaHHUE,
O0TYero BU3yaJIbHO JINCTOBAsI MJIACTUHKA KaXKeTCsl IJIOTHOM
Y MOPILIMHUCTOH 1o LeHTpy. Kutalickue yueHble 0TMevaloT,
4yTo 6oJiee AJMHHbIE U YaCTble XKUJIKU TUIUYHBI AJS COP-
TOB, NMPOUCXOJSIIUX U3 3acCyLIJIMBbIX peruoHos (Li etal,
2015).

B locynapcTBeHHOM peecTpe OXpaHsIeMbIX CeJIeKI[MOH-
HBIX JOCTHKeHUM Poccuu npezcraBiieHo 4 copTa 3usudyca
cenexkuuu HBC - HHIL - ‘KokTte6enn, ‘CuHuT, ‘llykepKoBbIit’
u ‘Anuta’ JINCThsl JAaHHBIX COPTOB B L|eJIOM UMEeIT OJJMHAKO-
BYI0 sILleBUHYI0 GOPMY, HO JOBOJIbHO CUJIbHO pa3/IMyaloT-
cs1 MeXAy coboli Mo pa3Mepy Jiucta. Y coptoB ‘Cunut’ u ‘Ily-
KEPKOBBIN' JINCTbSl MeJIKUE (IIUPOKOSIHLeBUAHBIE), Y ‘Anu-
Tl - cpeJHero pasmepa (y3kosiiineBuzanbie), y ‘Kokrebe-
s’ - KpynHble (AineBugHble). TakKe eCTb OTJIMYUS MEXKAY
copTaMH 4 110 popmMe Kpasi jucra: y ‘Cunuta’ u ‘llykepkoBo-
ro’ - nuab4yaThely, y ‘Adautel’ U ‘Koktebesss’ - ropogdaThli.

Hcnonb3oBaHMe AOMOJTHUTENbHBIX MHOCTPAHHBIX UCTOY-
HUKOB U TOJIyYeHHBbIX B XOJle MCCJeJJOBaHUN MaTepHasoB
M03BOJIMJIO JJOTIOJIHUTh ONIMCaHHe JINCTA HOBbIMU NPU3HaKa-
MH, KOTOpble NJIAHUPYeTCS BHECTH B OTeUYeCTBEHHYI0 METO-
auky UPOV ajist onrcaHus copToB 3u3udyca Mpu UX OLleHKe
Ha OTJIMYUMOCTb.

3ak/iloueHue

Ha6sroeHue 3a pocToM N06eroB U JIUCTHEB COPTOB 3U-
3udyca pasjMYHOr0 MPOUCXOXK/EHUsI MMO3BOJINIO BBISIBUTH
HauboJiee XapaKTepPHble IPU3HAKU JIUCTA, 10 KOTOPBIM MOX-
HO MPOBECTU aNpobalMI0 OTAeNbHbIX 06pa3L0B elle 10 Ha-
YyaJia uX IJI0J0HOIIEeHHS.

Ha ocHoBaHUM NpPOBeAEHHOr0 NOLPO6HOT0 MOpdOIOTH-
YeCKOro OINMCAHUS JIUCTA COPTOB 3usudyca omnpejesieHbl
OCHOBHbIe NMPU3HAKHU JIMUCTA y 26 COPTOB 3U3udyca KoJLIeK-
uuu HBC - HHIL: fjyiviHa ¥ liMpyHa JIMCTOBOU MJIaCTUHKY; UH-
JAekc GopMbl; AJIMHA Yepelika; opMa JIUCTOBOM MIACTUHKY,
BEPXYLIKH, OCHOBAHUS U Kpasi; CTeleHb IVISHIIEBOCTH IIO-
BEPXHOCTH.

CpaBHHUTeJIbHAsI OLlEHKA JIUCTA KYJbTYPHBIX COPTOB
C ero JUKUM MpeJKOM N0Ka3aJsa, YTO MeJIKUE JIUCThbS COp-

TOB NPEBBIIIAIT pa3Mephl JUCTbEB Z. jujuba var. spinosa
MOYTH B 2 pasa, a KpynHsble - B 3,5 pasa. KoapduuueHt Bapu-
auMM JJIMHBI U LIMPUHBI JIMCTA y COPTOB cocTaBusa 15,90
1 15,04% cooTBeTCTBEHHO, CUJIbHEe BCero BapbUpoBasl MpHU-
3HaK «JJIMHA Yyepelluka» — 28,10%.

[as Gojiee TOYHOU XapaKTepUCTUKHU (GOPMbI JIUCTA
npeJJioXeH MoKasaTesb «UHAeKC GopMbl». Y 18 copToB 3U-
3udyca kostekyuu HBC - HHL ormeveHa siineBuHas ¢pop-
Ma JiMcTa (OT MeJIKUX [0 KPYIHBIX pa3MepoB) C MHJEKCOM
dopmel oT 1,52 10 1,99. ¥ 8 copToB OTMedeHa 3/JIUNTHYe-
CKasl JINCTOBasl MJIACTMHKA ¢ uHAekcoM ¢opmbl 2,01-2,36.
Cpeay onMCaHHBIX KOJIMYeCTBEHHBIX PU3HAKOB JINCTA UH-
nekc GopMbl UMeJsT caMblii HU3KUHM K03PPULIMEHT BapbUpPO-
BaHuda - 12,17%.

Y coproB ‘Baxur, Jlan 1I3a [[3a0’ oTMe4eHb! XapaKTepHbIE
pa3Mep u GopMa JIMCTA, a TAKKe UX IPOCTPAaHCTBEHHOe pac-
M0JIOXKeHMe Ha JiepeBe, N103BoJIsAI0LMe 6e3011M604YHO Bblje-
JIUTh UX CpeJih 6OJIbLIOro pa3Hoo6pa3usl pacTeHUH KoJllek-
uuu. CopT ‘Y CuH XyH’ BblesisieTCs 10 AJUHHBIM, CJlerka
CKpPY4YeHHBIM 6JIeCTALIUM 3JJIMITUYECKUM JIMCThAM.

Psan cpenHeasuatckux coptoB (‘CoBeTckuit, Jlaprom-
ckuit, ‘K0’kaHUH’) UMEIOT T'YCTOe XKUJIKOBAHUE, YTO NPUAAET
UX JINCTbSIM MOPLIMHUCTBIA BUJ, TaKXe CIOCOOCTBYsI 6oJiee
Jlerkod ujeHTUduUKanuu Ha poHe APyTUX JepeBbeB. [pynna
copToB u3 Asepb6aiif»kaHa UMeeT XapaKTepHOe coueTaHue
yeTblpex NPU3HAKOB JIMCTA: AllleBUHAss GopMa, OKpyraoe
OCHOBaHMUe, MU/IbYaTbIM Kpall U CUJIbHBIH IJIsIHell IOBEPXHO-
CTH.

Copra cenexuuu HBC - HHL umeroT sitnieBuAHy0 Gopmy
JINCTA, HO Pa3/IMYal0TCsl MeXxAy co60i o pa3Mepy JIMCTOBOH
IJIACTUHKHU (JIJIMHe U LIMPHHE) U XapaKTepy ee Kpasl.
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IloaGop MCX0AHOTO MaTepHuaJia U arpoTEXHUYECKUX IPHUEMOB
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AxTyanbHOCTb. Vigna unguiculata (L.) Walp. oTHOCHTCS K BaXKHbIM 6060BbIM KyJbTYpaM U LIUPOKO BO3/eJIbIBAETCS B CTpa-
Hax C Cy6TPONUYEeCKUM U TPONMUYECKUM KauMaToM. OBoliHble 600bl 3TOr0 BHU/IA OTVIMYAIOTCH BbICOKOM MUTATENbHOCTBIO
Y UCINOJIB3YIOTCS B MMUILY aHAJOTUYHO OBOIHBIM copTaM ¢acosu. KynbTypa ycToHYMBa K BICOKMM TeMIepaTypaM, HeTpe6o-
BaTeJIbHA K IJIOZI0PO/HMI0 MOYBBI U C yCIIEXOM BbIPAlLl[MBAeTCs B I0XKHBIX peruoHax Poccuu. Jis pacmiupeHUs MOCEBHBIX I1J10-
mazeld ¥ MoBbIIIeHUs] peHTabeJbHOCTH KYJbTYpPbl B IPOU3BOACTBE HEOOXOAUMBI MOAG0P arpoTEeXHOJIOTHYECKUX NTPHEMOB
BO3/le/IbIBAHUSA U CO3/JaHHe COPTOB, NO3BOJIAIOLIMX IOCTAB/ISATh OBOLIHYIO TPOJYKIMIO HA TepepabaThIBalolye IpeAnpUaTUs
GoJiee UINTENbHOE BpeMs.

MaTtepwuaJjibl M MeTOABL B cBs3M ¢ 3TUM Ha AcTpaxaHCKol onbITHOU cTaHu BUP B 2021-2023 rr. u3y4eHbl OBOIHbIe 06pa3-
L[bl BUTHBI U3 KoJlekiuu BUP. AHanusupoBa/iu o6pasiibl ¢ pa3Hoi JJINHOW BereTallMOHHOIO lepHo/ia Py BeCeHHeM IoceBe
Y CKOpOCIleJible COPTA, BbICesTHHbIE B 4 CpOKa B Mae - HioJle. McciiejoBany u3MeHYMBOCTh 38 deHoiornyeckux, Mopposoru-
YeCKUX U X03HCTBEHHO L|eHHbIX IPU3HAKOB U XapaKTep UX BapbUPOBaHUS B 3aBUCUMOCTH OT COPTa, YCJIOBUH rofia U Cpoka
nocesa.

Pe3ysbTaThl M 3aK/II09eHUe. B uTore paspaboTaHbl arpoTeXHUYeCKHe TPpUeMbl BO3/e/IbIBAHUS KYJIbTYPbI JJIs [OJTy4YeHUs]
OBOILHOH NMPOAYKLMU B I0XKHBIX pernoHax Poccuy, co3zjaHa JMHeHKa COPTOB C pa3HbIM NEPHOJIOM BereTalyH, 0J06paHbl
copTa /iJ1s1 ToceBa BUTHBI B pa3Hble CPOKU B IIEPUOJ, C Hadasla Mast [Io cepeJUHbI U10Jis. BbIsiBJIeHbl TeHOTUIIbI C BBICOKOH Npo-
JYKTUBHOCTBI0 6000B B pa3HbIX Ipylnax CIeJOCTH, NPUTojHble /s BbIpAllUBaHUS B BECEHHUX U MOXXHUBHBIX I0CEBAX,
crioco6Hble 06ecneyrTh Gecrnepe6oiiHoe MOCTYIIeHHe OBOLIHON NPOAYKIMY Ha NlepepabaThiBalolie NpegnpusaTHsI.

Kawuesvie caoea: Vigna unguiculata, cpok nocesa, NpoAyKTUBHOCTb OBOIIHBIX 6060B U CeMsiH, BereTallUOHHBIN NepHof,
KOppessinuu

BbaazodapHocmu: paGoTa BbINOJIHEHA NpU MoAAepkKke MuHoGpHayku Poccuu B paMKax COIVIALeHHs O NpeJoCTaBJeHUU
rpaHTa B popMe cyocuauii u3 pesepasbHOro GIO/KeTa Ha OCYLIECTBIEHNE MOCYJapCTBEHHOU MOAIEPXKKHU CO3aHUS U PA3BU-
THsI HAYYHOTO [[EHTPAa MUPOBOTO YPOBHSI «ATPOTEXHOJIOTHUH GYAYILEr0».

ABTOpBI 6/1ar0ZIAPAT PELieH3eHTOB 3a UX BKJIaJ, B 9KCIIEPTHYIO OL[€HKY 3TOU PaGOThI.
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YeCKUX NPUEMOB BO3/leJIbIBAHUS BUTHBI B IieJIsIX Gecliepe6oiHOro NoJiyyeHHsT OBOIHON NMPOAYKLUU AJ1s1 lepepabaThiBalo-
LIUX npenpuaTUit. Tpydel no npukaadHoll 6omaHuke, 2ceHemuke u ceaekyuu. 2025;186(1):80-92. DOI: 10.30901/2227-8834-
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Background. Vigna unguiculata (L.) Walp. is an important legume crop, widely cultivated in countries with subtropical and
tropical climates. Vegetable pods of this species are highly nutritious and used as food similarly to vegetable cultivars of common
bean. The crop is resistant to high temperatures, undemanding to soil fertility, and successfully grown in the southern regions
of Russia. In order to expand the cultivation areas and increase the profitability of crop production, it is necessary to select
agricultural practices and cultivars that would enable crop producers to supply food processing enterprises with vegetable
products during a longer period of time.

Materials and methods. Vegetable accessions of cowpea from the VIR collection were studied at Astrakhan Experiment Station
of VIR in 2021-2023. Accessions with various durations of the growing season were analyzed after springtime sowing. Early-
maturing cultivars were studied in four terms from May to July. The variability of 38 phenological, morphological and important
agronomic characters was analyzed. The variation in plant characters and its dependence on the cultivar, year conditions, and
different sowing dates were studied.

Results and conclusion. As a result, crop cultivation practices for obtaining vegetable products in the southern regions of
Russia were developed. A series of cowpea cultivars with different growing seasons was selected; some of them may be sown
atdifferent times in the period from early May to mid-July. Genotypes with high pod productivity were identified within different
maturity groups. They are suitable for cultivation on spring and postharvest fields and capable of ensuring uninterrupted
supplies of vegetable products to food processing enterprises.

Keywords: Vigna unguiculata, sowing time, vegetable pod and seed productivity, growing season, correlations
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BBegeHnue

Cnap:xeBasi oBolHas BUrHa (Vigna unguiculata (L.) Walp.,
rpynna copToB sesquipedalis) pacnpocTpaHeHa B Tponude-
CKHUX M CyOTpONmUYecKHUx cTpaHax mupa (Singh etal, 1997;
Timko, Singh, 2008; De Ron, 2015). KyibTypa oTHOocUTCA
K BbICOKOPEHTA0EIbHBIM U [IeHUTCS M3-3a BBICOKOW NMPOAYK-
THUBHOCTH, yCTOI‘/'I‘-II/IBOCTI/l K aOMOTHUYECKUM U OMOTHUYECKUM
daxTopam (Pataczek etal,, 2018), 3HaUUTENBHOTIO COZlEepKa-
HUsA GeJsKa, KUpa, YIVIeBOJOB, KaJblLUd HKesje3a B 606ax
Y ceMeHax. Burna urpaer BaxkHy10 poJib B IMTaHUHU YeJslOBe-
Ka B I0XKHBIX cTpaHax AQpuKH, A3uu 1 AMepHKH, U ee 4acTo
Ha3bIBAKT pacTUTeJbHBIM MsicoM (Boukar etal.,, 2011; Ger-
rano et al., 2018). Cap>keBble cOpTa BUTHBI IPUMEHSIIOT aHa-
JIOTUYHO OBOILHOU dacosiy, ee 3esieHble 600bI B CTAAUHU TEX-
HUYEeCKOH CMesIOCTH UCIO0Ib3YIOT AJ11 KOHCEpBUPOBaHUs, 3a-
MOPO3KH U IPUTOTOBJIEHUS PA3INYHBIX 6/1101. CBEXHe 3eJte-
Hble 606bI BUTHBI BXOJAT B COCTAaB 3aMOPOXKEHHBIX OBOIIHBIX
cMecel, KOTOpbIe XOPOILIO U3BECTHbI POCCUMCKUM MOTPeOU-
TeJISIM U N0JIb3YITCS CIPOCOM Ha BHYTPEHHEM pblIHKe. B 3e-
JIeHbIX 606ax BbIsiBJIeHO 11 MUHepaibHbIX 371eMeHTOB (K, Ca,
P, Mg, Na, Fe, Mn, B, Al, Zn, Cu), npu4eM ypoBeHb KeJjie3a J0-
cruraet 97,78 mr/kr. KosimyectBo Geska B ceMeHaxX — [0
35,0%, B 606ax - o 33,5% (Boukar etal., 2011; Perchuk
etal, 2020). Ilo comepkaHU0 METUOHUHA B ceMeHax (32-
39%) BUTHA NPEBOCXOAUT HYT, $acosb, YeYeBHUILY, Mall
Y yCTyIaeT TOJBKO COe.

Bup MoxeT ¢ ycriexoM Bo3/1e/1bIBaThCS B OTKPbITOM I'PyH-
Te B IOXKHBIX perdoHax Halled cTpaHsl (Ha rore /lasbHero
BocTroka, B AcTpaxaHckoil o6s1actu) (Burlyaeva etal, 2015;
Zhuzhukin, Bagdalova, 2017; Burlyaeva et al.,, 2019). Ypoxxaii-
HocTb ceMsiH BapbupyeT oT 0,01 go 4,5 T/ra, 3eseHbIX 60-
60B - o1 0,4 10 19,5 T/ra. Cnap:xeBble 606bI B CMECH C APYTH-
MM OBOIIIAMH, BbIPpALllEeHHBIMHU B Hamen CTpaHe, MOT'yT 3aMe-
CTUTb AaHAJIOTUYHYIO MPOAYKIHWIO, NOCTYINAKIIYK K HAaM U3
EBponbl. Kpome TOro, B cujly BBICOKOIO CIIPOCA HA OBOLIHbIE
6060BeIe B KuTae, I0>kHo# Kopee u B cTpanax l0ro-Bocrou-
HOM A3uy, criapkeBasi BUTHA MMeeT 3Ha4UTeJIbHbIA 3KCIOPT-
HbIM MOTEHIIMAJ U MOTJIa Obl CTaTh BOCTPEOOBAHHOM U peH-
TabeJbHOU KyJIbTypOi B Mpou3Bo/cTBe Ha JlaabHeM BocTo-
ke Poccuiickoit ®efepanuu.

CopTa OBOIIHOM BUTHBbI JJOJKHbI OTJIMYATbCS BBICOKOU
YPOXKaMHOCTBI0 60GOB, MPUTOJHOCTHIO K MEXaHU3UPOBAHHO-
MY BO3€eJIbIBAHUIO U XOPOIIUMH BKYCOBbIMHU Ka4€CTBaAMHU 3e-
JIeHbIX 6000B, He JOJDKHBI COZep’KaTh BOJIOKHA M Iepra-
MEHTHOTO CJIOsI B CTBOpPKax. KpoMe Toro, /7151 6ecniepe6oiHO-
ro NMOCTYILJIEHUS] OBOLHOM NPOAYKIIMY Ha llepepabaThiBalo-
LMe NpeANpHUsTHS COPTa A0JHKHBI XapaKTepHU30BaThCs pas-
JIMYHOW [JIMHOW Iepuoja OT BCXOJOB /0 TEXHUYECKOU
cresoctd 60608 (JomaTkH). [l1sl BeIpalMBaHUS KYJIbTYPbl
B pa3HbIX arpoK/JMMaTHYeCKUX 30Hax tora Poccuu Heo6xo-
JUMO UMeTb HECKOJIbKO COPTOB U3 Pa3HbIX IPYIII CIEJIOCTH,
4TO6Gbl OblJIa BO3MOXXHOCTb BbIGOpa 00pasloB, HauboJee
aAallTUBHBIX OJIAd KaXX40TI'0o paﬁOHa BO3/eJIbIBAHHA.

ObGecrneyeHUs] MPOU3BOJCTBA ChIpbe€M B TeYEHHE [IJIH-
TeJIbHOTO BpeMEeHHU U KOHBEHEepHOro MOCTYIVIEHUA NPOAYK-
LMY Ha NepepaboTKy MOXHO JOCTHYb Y NPU BhIpALMBAaHUU
CKOpOCIIeJIbIX COPTOB BUTHBI, MIOCEAHHBIX B pa3Hble CPOKH
(c kOHIIa anpesis MO UIOJIb).

I/IBBeCTHO, 4YTO BUTHA MOXKeT BO3eJIbIBATbCA He TOJIbKO
P BECEHHHUX CPOKaxX CeBa, HO Y JIETHUX, B TOM YUCJIE U B TaK
Ha3blBaeMOM NOXHUBHOW KyJsbType. [Ipy nospHux cpokax
MoCajZiky, Imocje cb6opa 606OB, ee 3eJIeHY MacCy MOXKHO
C yCIexoM NMPUMEHATb B KauecTBe 3eJIeHOT0 YA06peHus, 1c-
M10J1b30BaTh Ha KOPM U cusioc. Ocob6eHHO 60J1bIloe 3HaUeH e
3Ta KYJIbTypa HMeeT IPHU BO3/Je€JIbIBAHHUU B MNOXHUBHBIX

[oceBax B »KMBOTHOBO/JYECKHX palOHax, Tak Kak obecnedu-
BaeT NoJIy4eHue [JOIOJHUTEIbHbIX BBICOKOOETKOBBIX KOP-
MOB B OCEHHUM NIEpUO[,.

[To>)XHHUBHBIE MOCEBbI BUTHBI IHMPOKO PAacHpOCTPaHEHbI
B bosirapuu, CILIA u Kutae, 0co6eHHO 4acTo UX TPOBOJSAT IO-
cJle 03UMbIX 3ePHOBBIX M PaHHHUX K0JIOCOBBIX Ky/nbTyp (Fery,
2002). Burna, BbeIpamuBaemasi B 60jiee MO3JHUX IOCEBAX,
OKa3bIBaeT MOJIOKUTEJbHOE BO3JeHCTBHE Ha yBeJIUYeHHe
IJI00POANs MOUBbL. [I0)KHUBHBIE OCTAaTKH M KOpPHeBasi Mac-
ca, 3anaxaHHble NpHU 356J1eBOM BCHallKe, CIOCOGCTBYIOT Ha-
KOILJIEHHIO ITMTaTeJbHBIX BEIleCTB, B IEPBYI0 o4epe/b a30Ta,
YTO MOJIOKUTEJBHO BJIMSIET HA MOBBILIEHHE YpoxKas IHocJe-
JYIOLIUX KYJIBTYP.

Ha rore Hawel cTpaHbl MHOTHE KyJbTYypbl CO3peBalOT
B Hayasle - cepe/iuHe JIeTa, U N0C/Ie UX YOOPKHU 0CTaeTCsl 3Ha-
YUTEJbHBIH NMPOMEXYTOK BpeMeHH, Korja MoJsi CBOGOHBI.
[lo KIMMaTHUYeCKUM YCJI0BHUAM BO MHOTHX pallOHaX MOXKHO
MPOBOJUTD JIETHHUE MTOCEBHI.

[lepBble ycremHble OMBITHI MO BbIPALIMBAHUIO BUTHBI
B IIOXKHUBHBIX [IOCEBaX HA TEPPUTOPHUU CpeJHea3uaTCKUX
BiafeHu Poccuiickoir nmnepun (ColpAapbuHCKass 06.1.)
npoBoguar B 1914-1915 rr. B ucnblTaHUAX KyJABTYpbl Ha
ONBITHBIX CcTaHIUAX BUP B 1954-1956 rr. B CpegHeil A3uu
COTPYAHUKH MHCTUTYTa TaKke JoKa3aau 3PPeKTUBHOCTb
[I0CEeBOB Ha CeMeHa BO BTOPbIe CPOKH, ITOCJIe YEOPKH 03UMBIX
KOJIOCOBBIX (SIYMEeHS U MIUIeHUIbI). Yporkall ceMsiH AOCTHTa
27,4 i /ra (Ivanov, 1959; Pavlova, 1960). Ha Tepputopuu PP
(B cOBpeMeHHBIX ee IpaHHMIAx) UCNbITAaHUS OBOLIHBIX COp-
TOB BUT'HBI B IO)KHUBHOH KyJIbType He NPOBOAUINCE. OfHa-
KO M3BeCTHO, 4yTO $acosb IPH JIeTHEM noceBe (BIJIOThH /10
15 aBrycra) Ha Iore CTpaHbl JaeT XOPOLINH ypoXkai 3eJ1eHOH
sonatku (Ivanov, 1959). B HacTosiIlee BpeMs B CEJIEKIIUOH-
HBIX yupexeHusax PO He 3aHUMAIOTCS BbIBeZleHHEM COPTOB
BUTHBI [IJIs1 TIO)KHUBHBIX [1I0CEBOB, XOTS OYEBHUAHA UX 3HAUU-
MOCTb /J151 TOBbIIIeHUs 3dPeKTUBHOCTH 3eMeenus. CopTa
OBOI[HOM BUTHBI JIJIsI BTOPOI'0 IOCEBa JJO/KHBI ObITh CKOPO-
CreJsIbIMU, TPOJYKTUBHBIMHU U IPHUCIOCOBGJIEHHBIMU K Pa3BU-
THIO B yCJIOBHUSIX KOPOTKOTO JHA. /I/1s BbIpAILIMBAHUS BUTHBI
B yc10BUsX [IprKacnuicKOi HU3MEHHOCTH U APYTHX 06J1a-
crell Poccuu ¢ apyuIHBIM KJIMMaTOM HY»KHBbI COPTa, yCTONYU-
Bble K BBICOKOH TeMIlepaType ¥ 6eJHbIM I0YBaM (C pa3HbIMHU
THUIIAMU 3aCOJIEHUS).

B cBf131 ¢ 3TUM HaMU U3y4YeHbl 06pa3Iibl BUTHBI, XapaKTe-
pusyrouyecs pasHol JJIMHOM Nepuoja BereTaluu, B yCJio0-
BUsIX AcTpaxaHCKOH o6JsiacTh. OcHOBHOU yesnvio uccaedosa-
Husl CTaJsIo BbIsIBJIeHUE B KoJlieKuu BUP oBoLHBIX COPTOB,
NPUTOAHBIX AJI1 BO3/e/bIBAaHUS B BECEHHUX U MOXXHHUBHBIX
MoceBax, CIOCOGHBIX 06eCeyruTh GecriepeboifHOe MOCTYILIe-
HUe OBOLIHOM MpOAYKIMH Ha NepepabaTblBalolle Mpea-
NPUATHSL.

Ma'repna}lbl U MEeTOoAbI

[l BBINIOJIHEHUS [TOCTABJEHHOH LieJiM [TpOaHaIu3upo-
BaHbl MHOTOJIeTHHE JaHHble (1998-2020 rr.) Mo U3y4eHHUIo
220 06pa3ioB OBOLIHOW BUTHBI W3 MHPOBOU KOJIIEKIIUU
BUP Ha onbITHBIX CTaHLUAX UHCTUTYTA. [lo pe3ysbTaTam
CKpHHMHTa cdopMHUpoBaHa BbIGopka U3 19 syymux o6pas-
I[OB, UMEOLIUX Pa3HOe IPOUCXOKAeHHE U KOMIIJIIEKC HE06X0-
JIMMBIX X03IMCTBEHHO LIEHHBIX MPU3HAKOB: BBICOKYIO IIpO-
JYKTUBHOCTb U KauecTBO 6000B, yCTOMYUBOCTb K 6HOTHYe-
CKHUM M abuoTH4eckuM pakTopaM. B Hee BKJIIOUMIIU ClleyIO-
mue obpasuel: K-706 (Anonus), k-797 (Kurai), k-803 (Ku-
Tak), k-817 (Kurait), k-858 (Kurait), k-869 (Kurait), k-1091
(Kasaxcran), k-1092 (Kasaxcran), k-1093 (Kuprusus),
K-1124 (Tepmanus), k-1290 (Kasaxcran), k-1295 (BreTHam),
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K-1473 (ABctpanusn), k-1489 (Puaunnuusl), k-1708 (Bret-
HaM), K-2056 (Poccus, ActpaxaHckasi 06s1acThb), K-2057 (Poc-
cusi, AcTpaxaHckast 06s1acTh), k-2058 (Poccus, [Ipumopckuit
Kpai), k-2064 (Kurait).

Yrny6/eHHY0 OLEHKY WM3MEHYHMBOCTH MoOpdosoruye-
CKHX, QEeHOJIOTUYECKHX U XO35HCTBEHHO IIeHHbIX TPU3HAKOB
npoBoguau B 2021-2023 rr. B AcTpaxaHCKOH 06JlacTH Ha
AcTpaxaHCKOHM ONBITHOH cTaHUMU - ¢uauane BUP (Actpa-
xaHckasg OC BUP) corsacHo MeToJHYeCKUM yKa3aHHUSIM IO
M3yYEeHHUI0 KOJUJIEKIUU 3ePHOBBIX 6000BbIX KyAbTyp (Vish-
nyakova et al., 2018) u MexyHapoAHOMY KIacCUPHUKATOPY
Buz0B Vigna Savi (Burlyaeva et al,, 2016). O6pasibl aHaIN3U-
poBasy M0 cjaefyoUUM 59 AecKkpuntopaM / IpU3HAKaM:
JlaTa ¥ JIJIMHA IepUo/J0B OT II0CeBa /10 BCXO/0B, 10 GOpMHUpPO-
BaHUS NIEPBOr0 TPOHYATOrO JIMCTA, [0 HayaJIa [iBeTeHus, 10
nosiHOTO (75%) LBETEHUS, 0 OKOHYAHHS LIBETEHUS, 10 Tep-
BbIX 60608, 10 MaccoBoro (75%) o6pa3oBaHus 6060B B cTa-
MY TeXHUYECKOH CIeJsIOCTH, 0 OKOHYAaHUs 06pa30BaHUsA
6060B B CTaJ[UM TEXHUYECKOU CIEJIOCTH, 0 Hayajla cCo3peBa-
HUSA ceMsH, 0 75% co3peBaHUs CEMsH, [0 YOOPKU CEMSIH;
JJIMHA pacTeHHs [0 MepBOro TPOMYATOro JIKCTA; BHICOTA
TPaBOCTOS; JIJINHA TJIABHOTO cTe6J1s; dopMa KyCTa; TUII Bep-
XYUIKY [JIaBHOTO CTe6JIs; AJIMHA, BEC U [IBET 600a; HaJIM4Ke
epraMeHTHOro CJIosl ¥ BOJIOKHA B 606e; yucio 60608 Ha
pacTeHue; TPOJYKTHUBHOCTb GO60OB B CTAaJUU TEXHHUYECKOU
CTIEJIOCTH C pacTeHUsS B TPU Cpoka y6opku; macca 1000 ce-
MsAH (B KaX/AbIH CPOK y60pKH); NPOAYKTUBHOCTb CEMSH
C pacTeHHs (B KaX/AbIH CPOK yOOPKH); YPOXKaKHHOCTb 6060B
Y CeMsIH C JIeJITHKY (B KaXKJbIH CPOK YOOPKH).

OnbiTHBIE noss AcTpaxaHckoi OC BUP naxogartca B Ka-
MBI3SIKCKOM palioHe ACTpaxaHCKOM 06J1acTH, B 30He, XapakK-
Tepu3ylolleicss pe3Ko KOHTHHEHTAJbHbBIM, 3aCYLIJINBbIM
kauMaToM. [I04BbI B MeCTe NpOBe/IeHHsI IKCIEPUMEHTOB aJl-
JIIOBUAJILHO-JIyTOBbIE, TSXKEJOCYTJIMHUCTBIE, €1a603acoseH-
Hble (THI 3aCOJIEHUS XJIOPUAHO-CYIbPATHBIN), c/1ab03aKuC-
JIEHHBIe U C He6O/IBLINM COZiep’)KaHUeM IyMyca.

MeTeopoJiornyeckre JaHHble aHAJIU3UPOBAJIY C UCIOJIb-
30BaHMeM MaTepuasioB caiTa http://www.pogodaiklimat.ru,
a TaKk)Ke apxXMBHBIX JAHHBIX Bcepoccuiickoro Hay4yHo-KCCIIe-
JI0BaTeJbCKOT0 MHCTUTYTA THJPOMETEOPOJIOTHIECKON HH-
dopmanuum - MupoBoro neHTpa AaHHbeix (BHUUTMU-MIJ)
(http://aisori-m.meteo.ru/waisori/index0.xhtml). Konunye-
CTBO 0CaJIKOB M CYMMa aKTHBHBIX TeMIIepaTyp BO BpeMs Be-
retanuu pactenui B 2021 r. paBHsaauch 99 MM 1 3785°C co-
oTBeTCTBEHHO,B 2022 . -91 mmu 3453°C,B 2023 . -112 MM
u 3657°C.

O6pa3sbl KyJIbTUBUPOBAJIU B OTKPBITOM TPYHTE, B yCJIO-
BUSIX opouleHus. [loJroToBKka MOYBbI M arpoTexHUKa Ha

OTBITHBIX JieJIHKAaX COOTBETCTBOBaJIa TPEOOBAHHUAM KyJlb-
TYPbI ¥ peKOMeHALUAM JJI51 BO3/le/IbIBaHHUS OBOLHBIX NPO-
nawHbIX KyabTyp. llupruna Mexaypsaaui coctasasaa 70 cu,
paccTosiHUe MexJay ceMeHaMu B psafy - 10 cM, riy6uHa 3a-
JIeJIKU CeMSIH — 3-5 cM, JIJIMHA ONBITHBIX JEJISHOK — 4 M.

OrneHKy 06pa3ijoB NPOBOAMIM B IBYX ONbITaX. B mepBom
OnbITe U3y4aaucb 19 cCOPTOB € pas/JIMYHON AJMHOW BereTa-
nuroHHoro nepuoga ot 40 go 80 cyTok (cyT.) Ao HaMMBa 60-
60B 1 ot 55 g0 120 cyT. A0 MOJIHOU crnesiocTu. Bo BTOpoM
OTBbITE B MNO’KHUBHBIX I10CEBAX MCIBITHIBAJN TPU CKOPOCIIe-
JIBIX, COBPeMEHHBIX, NPUTOAHBIX JJIs1 MeXaHW3UPOBAHHOTO
BOo3/lesibIBaHUsA copTa (k-2057 ‘Camma Homa' u k-2058
‘ActpaxaHckas KpacaBuna' u3 AcTpaxaHCKOW o06J1acTy,
K-2056 Ylanuuxe’ u3 Ilpumopckoro kpas). Ux BeiceBanu
B yeTblpe cpoka: 30 mas, 19 utoHg, 6 u 24 uwJ.

CTaTUCTUYeCKUH aHaA/IM3 IPOBOAMUIIM C UCIIOJIb30BAHU-
eM MmakeTa nporpamm Statistica 7.0 gisa Windows. Anasiu-
3MpoBaJik 6a30Bble CTATUCTUKU. [lJ1s1 BBISICHEHUS] B3aUMO-
CBfI3ed Mex/Jy NpU3HaKaMU OCYILEeCTBJISIJIN KOPpPeJsLU-
OHHBIM aHanu3 (Spearman Rank Order Correlations). 3Ha-
yeHUs KoadpduiueHta koppeasanuu r = 0,70 cayuTaau Bbl-
cokumu, 0,50 <r< 0,70 - cpeguumy, r < 0,50 - HU3KUMU
(Schmidt, 1984). YuutbsiBasu Ko3QPUIMEHTH Koppess-
UM, JOCTOBEPHO 3HAYMMble Ha 5-NMPOLEHTHOM YpPOBHE
(p <0,05). Biusinue reHotuna (o6pasua), rosa Bo3/ie ibiBa-
HUS U CpOKa [oceBa Ha BapbUpOBaHUe MOKasaTeJsel mpo-
JAYKTUBHOCTH U YPOXXaHHOCTH 6060B M CeMSH, JJUHBI
Mexda3HbIX NepUOJ0B BereTalUH, BbICOTHl pPaCTeHUS
Y IJIMHBI [JIaBHOTO CTe6JIs, JJIUHBI PaCTEHUS [0 IEPBOTO
TPONYATOrO JIMCTA, THUIIA POCTA, 3aBUBAEMOCTH BEPXYLIKHU
cte6.s, maccel 1000 ceMsaH U MopdosIoruyecKUxX NpU3Ha-
KOB 6060B OLleHUBaJIU TOCPEJCTBOM AHUCIIEPCUOHHOTO aHa-
sau3a. Jlomo BausHusA dakTopa (n? - intraclass correlation,
BbIpaXKeHHbIH B %) no duiiepy BeIYUCIAIN N0 popMmyJie
(Schmidt, 1984; Ivanter, Korosov, 2011):

= SSpactor_ 100%,
total

rae: %, % - poss BausiHus pakropa; SS

actor ™ dakTopHas
CyMMa KBaZipaTOB OTKJIOHEHUH; SS

ot~ 0O CyMMa KBaJ-
paToOB OTKJIOHEHHUH.

Pe3y/bTaThl M 06CyK/JeHHe

Ilepablil onbim - pe3y/ibTaThl TPEXJETHET0 U3YYeHHs
19 06pasuoB BUTHBI C pa3HOU JIINHOW BereTalMOHHOIO Ie-
puozma (55-116 cyt.). CpesHue mnokasaTeJd U JHANA30H
BapbUPOBaHUs HanboJiee BaXKHBIX JIJIS CeJIEKIUU KYJIbTYPbI
MPU3HAKOB Npe/ICTaBJIeHbl B Tabuie 1.

Ta6smua 1. U3aMeHYUBOCTh PeHOJIOrnYecKUux, MOppoIOrHyecKUX U X03HCTBEHHO LIeHHBIX MPU3HAKOB Y U3Y4YE€HHbIX
06pa3uoB BUrHbI (AcTpaxaHckas 06.1., 2021-2023 rr.)

Table 1. Variability of phenological, morphological and important agronomic characters in the studied cowpea
accessions (Astrakhan Province, 2021-2023)

IIpusHak CpenHee Muaumym | Makcumym Std. Dev.
Jl/IMHa nepro/a «1oceB — BCXObI», CYT. 9,67 5,00 14,00 3,71
i[;[TI/IHa Nepro/ia «BCX0/ibl — GOPMHUPOBAHUE IIEPBOTO JIMCTA», 11,25 5,00 20,00 579
Jl1vHa nepuo/a «BCXO/Abl — HA4aJlo [IBETEHUS», CYT. 42,30 29,00 65,00 8,57
JliviHa nepuosa «BcxoAibl — 75% LBETEHUS», CYT. 45,68 35,00 68,00 8,39
Jl/1vHa neproza «BCXO/Abl — OKOHYAHHKeE LIBETEHUA», CYT. 66,02 51,00 106,00 12,22
JllHa nepuo/ia «BCX0/ibl — NepBble 600bI B TEXHUYECKOH 50,96 38,00 75,00 8,80
CIIeJIOCTU», CyT.
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PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):80-92



.+ 186 (1),2025

BypsseBa M.O., 'ypkuna M.B., KpsioBa E.A., YxaToga 10.B.

Ta6una 1. OKoHYaHHe
Table 1. The end

IIpu3Hak CpeaHee MuHumym | Makcumym Std. Dev.
f:;zigsf‘ucc;ﬁz.a «BCxX0/bl - 75% 6060B B TEXHUYECKOU 56,95 43,00 85,00 9,63
élél;l—;i:;snc(;f «BCXOJIbI — TTOCJIeiHNE 6OObI B TEXHUYECKOH 74,40 50,00 114,00 16,44
Jl1MHa neproza «BCXO/bl — Ha4aJlo CO3peBaHUsA CEMAHY, CYT. 63,28 48,00 90,00 10,66
JlnvHa nepuoja «BcXoAbl — 75% co3peBaHUs CEMSH, CYT. 73,85 55,00 116,00 15,72
JlivHa cTe6J1s1 OT MOYBBI JI0 HEPBOTO JIUCTA, CM 4,25 2,00 7,00 1,26
BricoTa TpaBoCTOS, CM 40,05 24,00 55,00 7,31
JliviHa ryiaBHOTO CTE0J1s1, CM 99,49 30,00 185,00 35,10
®opmMa KycTa, 6asn 3,51 1,00 6,00 1,14
CKJIOHHOCTb K 3aBMBaHUIO BEPXYIIKH, 6aJLI 3,54 0,00 7,00 1,44
JlnvHa 606a, cM 31,07 19,50 59,00 8,85
Macca 606a, r 9,36 3,25 19,10 3,48
YpoxkaiiHOCTb 6060B € JIeJITHKH, T 3131,95 338,00 8117,50 1951,70
Yucio 6060B C [e/JISTHKH, IIT. 341,89 26,00 960,00 191,20
[IposyKTUBHOCTBL 6060B C pacTeHHs, T 313,03 33,80 780,00 160,87
Macca 1000 cemsaH, T 129,59 30,00 195,00 27,17
YpoxkallHOCTb CeMSIH C [IeJITHKY, T 381,14 3,00 1300,00 253,61
[IpoAyKTUBHOCTb CEMSH C pacTeHus], T 36,68 0,30 92,86 18,00

[IpumevaHue: Std. Dev. - cpeJHEKBaipaTUYHOE OTKJIOHEHHE

Note: Std. Dev. - standard deviation

O6pa3sibl BUTHBI U3 Pa3HbIX IPYIII CIEJ0CTH OT/IMYAINCH
JPYKHBIMH BCX0/JaMH U OAUHAKOBOM AJIUTEJIbHOCTBIO NIepU-
0/la «II0CEB — BCXOAbI» (CM. Tabs1. 1). OfHaKO yKe MO MoKa3a-
TeJsIM TaKUX MPU3HAKOB, KaK JAJIMHA MepHuoja «BCXOZAbI —
dopMupoBaHUe epBOro TPOMYATOr0 INCTa» U «JJIUHA CTe6-
Jisl OT MOYBBI /10 IePBOrO JIMCTa», HabJII0AAI0Ch MEKCOPTO-
BO€ BapbUpPOBaHUe, KOTOPOe cocTaBujio 5-20 cyT. U 2-7 cM
COOTBeTCTBeHHO. Ha sTane npeTeHUsl npousolia 3Ha4u-
TesbHasA AupdepeHLHaLus o6pas3loB MO CKOPOCTHU Ha-
CTYIJIEHUS] U IPOXOXKJeHUs 3ToH da3bl pa3BUTHUSA pacTe-
HUs. [IIMHA eprojia «BCXO/Abl — Ha4aJlo [iBeTeHUsA» U3Me-
HslJlach B npezenax 29-65 cyT., AJMHA IepUoJa KBCXOAbI —
75% uBeTeHus» - 35-68 cyT, JJiMHA NEpPUOAA «BCXOJbI —
OKOHYaHue 11BeTeHUusI» - 51-106 cyT. (cM. Tab6.1. 1).

JliiHa nepuojia «BCXO/bl — IepBble 600b! B CTaAUU TeX-
HUYEeCKOH CIesioCcTU» B cpefiHeM cocTaBuja 51,0 cyT., MeHs-
Jack BHpejenax 38-75cyT., [AJMHA MEpPUOJA «BCXOAbI —
75% 6060B B TexHHU4YecKoH cmesoctu» - 57,0 (43-85) cyT,,
JUIMHA TNepuoja «BCXOJbI — IocaefiHUe 606bl B CTaJAUU TeX-
HUYecKol cnesocTu» — 74,4 (50-114) cyT. PacxoxaeHue 06-
pasloB M0 3TUM NpPHU3HAKaM OblJIO CUJIbHEe, YeM MO0 AJUHe
MepHuoJi0B LiBeTeHUs. JTO MO3BOJIseT BbIOpPAaTh 06paslbl
C pa3HbIM NEPUOJIOM OT BCXOJ0B [0 TEXHUYECKOH CMesoCTH
6060B /151 Gecriepe6OMHOr0 MOCTYIMJIEHUS] OBOLIHOM mpo-
JAYKLMU Ha epepabaTblBalollihe NPeANpPUATHS.

Jl1vHa nepuoja «BCXO/Abl — Ha4aJIo CO3peBaHUS CEMAH»
paBHslJacb B cpejHeM 63,3 cyT., BapbupoBaJsia oT 48 no

90 cyT., AJMHA Nepuoa «BCXoAbl - 75% co3peBaHuUs ce-
MsaH» - 73,9 (55-116) cyT. [losyyeHHble IOKA3aTeJNU CBU-
JleTeJIbCTBYIOT 0 BO3MO>KHOCTHU CEMEHOBOJICTBA BCEX U3Y-
YeHHBIX 00pa3l0B BUIHbI B YCJ0BUAX ACTpaxaHCKOH 006-
JIaCTH.

TakuM o6pa3oM, Bce 06pasLibl XapaKTepHU30BaJIUCh Tepu-
0Jl0M BereTalluu pacTeHHUH, NOAXOAALIUM AJisl BO3JeJbIBa-
HUSA KyJbTYpPhI B I0XKHBIX perHOoHaxX Halled CTpaHbl Kak Ha
OBOLIHYIO NPOAYKIHIO (Ha 3esieHble 600bl), TAK U Ha ceMeHa
(cM. Taba. 1; puc. 1).

AHanusupyemble 06paslbl OTJHWYaAIUCh BbICOKOH MpoO-
JLYKTUBHOCTBIO 6060B U ceMsiH (TabJ. 2). CpeaHsis Macca
606a y 06pasuoB coctaBuaa 9,4 I, MUHUMaJbHOe 3HaUeHUe
paBHsI0Ch 3,2 T, MakcuMasibHOe - 19,1 1 (cM. Ta6.. 1). LiBeT
6060B B CTaINM TEXHUYECKOH CIeJI0OCTH Y 60JIBIIMHCTBA 06-
pasuoB 6bL1 3eseHbld, ¥ K-803 u k-2064 u3 Kutas - cBeT-
J0-3eyieHbld; ¥ K-1295 u3 BreTHama u k-1708 u3 Kuras -
C KpacHOW NATHUCTOCTbIO, y K-2056 (VIsgHuuxe, [Ipumop-
CKUH Kpal) - KpacHO-BUILHEBBIH. [yinHa 606a BapbHUpoBaJsa
ot 19,5 10 59,0 cM, cpeHUE TOKa3aTes b 6611 paBeH 31,1 cm
(cM. Tabs. 1). CienyeT OTMETHUTDb, YTO Y BCeX 06pa3L0B OT-
CyTCTBOBAJIM NepraMeHTHBIM CJ0H M BOJIOKHO B CTBOpKax
6006a.

YpoxkailHOCTb 6060B B CTa/JUM TEXHUYECKON CIIEJIOCTH
B CpeJiHeM cocTaBuia 3,1 KT ¢ JiesisiHKY (M3MeHs1ack oT 0,3
1o 8,1 kr); yucao 6060B ¢ AenassHKU - 341,8 (BapbupoBasio
B npejenax 26,0-960,0) wTyK, NpOAYKTUBHOCTL 6G06OB
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Puc. 1. U3MeHYUBOCTb PEHOI0THYEeCKUX MPU3HAKOB Y OBOLIHBIX 06pa3LoB BUTHbI (AcTpaxaHckas 06.1., 2021-2023 rr.):
1-x-803,2-k-1708, 3 - k-869, 4 - k-797, 5 - k-858, 6 - k-1290, 7 - k-1489, 8 - k-706,9 - k-817, 10 - k-2064, 11 - k-1092,
12 - k-1473,13 - k-1124, 14 - k-1295,15 - k-1093, 16 - k-1091, 17 - k-2057 (‘Camma HoBa’), 18 - k-2056 (JIsHuuxe’),
19 - k-2058 (‘AcTpaxaHckas KpacaBuna’)

Fig. 1. Variability of phenological characters in vegetable cowpea accessions (Astrakhan Province, 2021-2023):
1-k-803,2-k-1708, 3 -k-869,4 - k-797,5 - k-858, 6 - k-1290, 7 - k-1489, 8 - k-706,9 - k-817, 10 - k-2064, 11 - k-1092,
12 - k-1473,13 - k-1124, 14 - k-1295, 15 - k-1093,16 - k-1091, 17 - k-2057 (‘Samma Nova’), 18 - k-2056 (‘Lyanchikhe”),
19 - k-2058 (‘Astrakhanskaya Krasavitsa’)

Ta6iupa 2. XapaKkTepHCcTHKaA 06pa310B 10 Hau6o01ee BaXKHBIM AJ15 ceJIeKIUM BUTHbI IPU3HAKAM
3a Tpu roja udydyeHus (AcrpaxaHckas 061, 2021-2023 rr.)

Table 2. Characterization of accessions according to the plant characters most important for cowpea breeding
over 3 years of studying (Astrakhan Province, 2021-2023)
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817 Kurait 49,7 62,0 86,0 3 354,5 123,0 35,6
2056 [IpumMmopckui KpaH, ‘JIaHunxe’ 52,7 65,3 46,3 2 277,9 119,3 53,4
1290 Kazaxctrau 53,0 65,0 100,0 3 459,2 137,3 35,7
858 Kurait 53,7 66,3 111,7 3 280,8 148,7 30,4
1708 BbeTHaMm 54,0 69,0 103,0 3 255,9 118,9 29,9
2057 AcTtpaxaHckas 061, ‘Camma HoBa’ 54,0 65,7 80,0 3 418,2 111,7 48,8
803 Kuraii 54,3 64,7 117,3 3 364,2 113,0 33,8
869 Kurait 55,0 69,0 88,7 3 403,1 146,0 47,1
1489 QUINNTAHBI 56,3 68,7 100,0 3 183,7 146,9 22,4
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Ta6mna 2. OKOHYaHHe
Table 2. The end
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ActpaxaHckasi 061, ‘AcTpa-
2058 , 56,3 72,0 74,3 3 4191 159,7 40,9
xaHckas KpacaBuua
797 Kurait 56,7 65,3 97,3 3 370,0 107,3 45,0
2064 Kurait 57,0 79,7 35,3 1 2379 164,1 28,8
1091 KaszaxcraH 58,3 81,3 124,3 5 306,7 111,6 22,1
1092 Kazaxcran 58,3 75,0 126,7 5 258,6 113,1 351
1093 Kuprusus 58,3 75,3 103,3 5 352,2 115,6 48,8
1124 FepmMaHus 60,7 94,7 151,7 5 430,8 98,3 28,8
1295 BbeTHam 62,3 93,0 111,7 4 189,6 150,9 52,5
706 SAnoHus 63,7 76,0 89,3 3 159,0 147,6 31,2
1473 ABcTpanus 67,7 95,0 143,3 5 226,1 129,4 26,5
CpesHee 56,9 73,8 99,5 4 313,0 129,6 36,7

[TprMeyaHue: 06pa3ibl BArHbI paHXXHUPOBAHBI 110 JIJIMHE BEreTaljMOHHOTO Mepro/a 10 TEXHUYECKOH cresiocTy 6060B;

¢dopma kycra: 1-3 - KycT, 4-5 - n0oJIyKycTOBbIe (PacKU/UCTbIE)

Note: cowpea accessions are ranked by the length of the growing season up to the technical maturity of pods;

bush shape: 1-3 - bush, 4-5 - semibush (with spreading branches)

cpactrenus - 313,0r (33,8-780,0) (cMm. Ta6.s. 1). Cpeguss
NPOJYKTUBHOCTb CEMSH C pacTeHHUs cocTaBuJa 36,7 T, MUHU-
MasibHasd paBHAAack 0,3 I, MakcuMasbHad - 92,9 r. CpefHsaA
macca 1000 cemsH 6bla 129,6 1, kosie6anack ot 30 g0 195
10 COPTaM U ro/laM HCCJIeJOBAHMUS.

B onbITe 60/JBLUIMHCTBO 06pPa31l0B UMEJNU PACKUUCTYIO
dopMy KycTa, BETBM pacnoJjarajucb neprneHAUKyJIsIpHO
K [VIAaBHOMY CTe6JII0 U He Kacaauch 3eMi (6asi 3); 2 o6pas-
1ja - pPa3BaJIMCTYI0, HUXKHUE BEeTBU KacauCh 3eMJIH (6as 4);
5 06pa3sioB - pacrnpocTepTylo, IVIaBHbIN CTebesb U BETBU
NepBOro Nopsiika NoJHUMaNKUCh Haj 3eMselt Ha 30 cm, a 1o-
6eru gocturaiu AjauHbl 1-4 meTpa (6as.15); 1 o6pasern -
NpsSIMOCTOSIYYI0 CXKATYH, BETBU 00pPa30BbIBAJU OCTpbIE
YTJIbI C TJIaBHBIM cTe6JieM (6asia 1); 1 o6pasel - npsiMoCTO-
4y, YTOJl OTBETBJIEHUS] BETBeU OblJ1 MeHee OCTPbIN 10
70° (6ann 2).

CaMbl¥l KOPOTKHUH MEPUOJ OT BCXO/I0B 10 TEXHUYECKOU
cnesiocTd 6060B HabGsoAaNca Y K-817, k-2056 (VIsaHuuxe')
1 K-1290 (cM. puc. 1, Ta6s. 2). Haubosbied NpoJyKTHUBHO-
CTbI0 6060B M CeMSH C pacTeHUsl OTIMYaJHUCh 00paslibl
k-1290, k-1124, x-2057 (‘Camma Homa’), k-2058 (‘Actpa-
xaHckasl KpacaBuna'), k-869 (puc. 2; cM. Tab61. 2). Y 06pas1oB
€O CTaGUJIbHO KOMIIAKTHOU ¢popMoH KycTa (6aswn 1, 2) u ae-
TEePMHUHAHTHBIM TUIOM pocTa (K-2056 JlaHuyuxe’ u k-2064)
MPOAYKTUBHOCTb ObLJIa HUXKE.

KoppenslMoHHBbIA aHa/lIN3 HM3yYeHHBIX NPHU3HAKOB He
BBISIBUJI B3aHMMOCBSI3eH Mexnay Me)K(I)aBHbIMI/I nepuogamMu
BereTaluy U NpoAyKTUBHOCTBIO 60608 (Electronic Supple-
mentary Materials, Suppl. 1)'. Bce ¢pa3bl BereTaniioHHOro Ie-
pro/ia KOppeJHpoBaIn MeXy co60H ¢ koapduleHTOM, Ha-
xoaaumumMce B npegenax 0,6 <r < 0,9. [IpuyeM AavHa nepuo-
Jla OT BCXO/I0B /10 IEPBOT0 HACTOSILEro JIMCTA GblIa CBsI3aHa
C IPOJI0/IKUTENbHOCTBIO IePUO/ia «BCXO/bI — HAYaJIo LIBETe-
Husa» (r = 0,89), c nepuoZoM «BCXO/bl — IepBble GOOBI B TEX-
HU4ecKol cresoctu» (r=0,91) U c mepruo oM «BCXOAbI — Ha-
yaso co3peBaHusi» (r=0,86). [IpoAYKTUBHOCTb OBOILHbBIX
6060B ¢ pacTeHUs KoppesrpoBasa ¢ Maccolt (r = 0,58) u giu-
HoH 606a (r =0,43), c yucaoM 6060B Ha pacTeHuu r = 0,49,
C ypoXKalHOCTbI0 6060B ¢ fesssHKU (r = 0,84), c NpoAyKTUB-
HOCTBIO ceMsIH ¢ pacTeHus (r = 0,58). 3TH JaHHbIe MOKA3bIBa-
0T, YTO NPOJYKTUBHOCTb OBOLIHBIX 6060B C pacTeHHU:
B YCJIOBUSIX ACTpaxaHCKOUW 06JIacTH He 3aBUCUT OT JJIMHBI
BereTanuoHHoro nepuoja (-0,03 < r < -0,29), noaToMy MOX-
HO Hal'TH BBICOKOYPO’KaiiHbIe 06pa3Iibl B JIIOOOU rpyIe crie-
JIOCTH, B TOM 4HCJIe U CPeJI YAbTPACKOPOCIebIX 06pas1oB.
Bce 3T0o cBUZIETENBCTBYET O XOPOLIMX NepCcHeKTHBaX U BO3-

! Mipuaoxenue 1 npescTaBaeHo B OHJIaHH-bopMaTe. JJIeKTPOHHAsT
Bepcus ctaThy: https://doi.org/10.30901/2227-8834-2025-1-80-
92 / Electronic Supplementary Materials, Suppl. 1. The online version
of this article: https://doi.org/10.30901/2227-8834-2025-1-80-92
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Puc. 2. U3MeHYHUBOCTb NPOAYKTUBHOCTH 6060B C pacTeHUs B a3y TeXHUYECKOM CIeJIOCTH Y OBOLHBIX 06pa3I0B
BUTHBI (AcTpaxaHckas 0641, 2021-2023 rr.):1 - k-803, 2 - k-1708, 3 - k-869, 4 - k-797, 5 - k-858, 6 - k-1290, 7 - k-1489,
8 -k-706,9 -k-817,10 - k-2054, 11 - k-1092,12 - k-1473,13 - k-1124, 14 - k-1295, 15 - k-1093, 16 - k-1091,

17 - k-2057 (‘Camma HoBa'), 18 - k-2056 (VIssHumxe’), 19 - k-2058 (‘AcTtpaxanckas KpacaBuia’)

Fig. 2. Variability of pod productivity per plant in the technical maturity phase of vegetable cowpea accessions
(Astrakhan Province, 2021-2023): 1 - k-803, 2 - k-1708, 3 - k-869, 4 - k-797, 5 - k-858, 6 - k-1290, 7 - k-1489, 8 - k-706,
9-k-817,10 - k-2064, 11 - k-1092,12 - k-1473,13 - k-1124, 14 - k-1295,15 - k-1093, 16 - k-1091, 17 - k-2057 (‘Samma
Nova’), 18 - k-2056 (‘Lyanchikhe’), 19 - k-2058 (‘Astrakhanskaya Krasavitsa’)

MOXKHOCTSIX B CeJIEKLUU BbICOKONPOAYKTHUBHBIX COPTOB BHT-
HBI C He06X0JUMOH AJIMHOMN NepHro/ia BereTaluuu.

W3 06pa3uoBs, HanGoslee IPUTOSHBIX K MEXaHU3UPOBaH-
HOMY Bo3ZesbiBaHMI0 (popMa Kycta 1-3), A UCnosb30Ba-
HUs B KOHBelepe MPOAYKIMHY HA epepabaThbIBAIOIUX NPeJ-
NPUATHSAX, BBIZEJUIN COPTA C Pa3HOH AJIMHON Nepuoja Ao
TEXHUYEeCKOH cresocTH 6060B:

e 49-52 cyT. - k-817 (mpoLyKTUBHOCTb GOGOB C pacTe-
HUd - 492 1) u k-2056 (YIanuuxe’) (277,9 r);

e 53-55cyT. - k-1290 (nmpoAyKTUBHOCTb 6060B C pacTe-
Hud - 459,2 ), k-2057 (‘Camma Homa') (418,2r), u k-869
(403,11);

e 56-58 cyT. - k-2058 (‘AcTpaxaHckas Kpacasuua') (npo-
JIYKTUBHOCTb 6060B ¢ pacteHus - 419,0 r), k-797 (370,0 r).

Bmopoii onblm - WCNbITaHbI Jy4IlIde 0 KOMIUIEKCY XO-
3HCTBEHHO IleHHBIX IIPU3HAKOB CKOPOCIeJIble COpTa HpPH
1oceBe B pa3Hble CPOKH (puc. 3).

[Ipu U3y4yeHUHU TpexX COPTOB BUTHBI, NOCESITHHBIX BO BTO-
POM OIIBITE, Y>Ke Ha PAHHHUX CTAaJUAX Pa3BUTHUSA PaCTEeHUH OT-
MeYaJIMCh Pa3M4ua MexJy o6paslaMy, CBA3aHHbIE CO CPO-
KaMU nocesa (Ta6J1. 3). Camas 6oJbLIas JIUTETbHOCTD IEPH-
o/1a «moceB — BcxoAbl» (9,67 cyT.) Hab/I0gaach B MepBbIN
CpOK ceBa, HaUMeHbIast — B TpeTu# (4,33). CyuecTBeHHON
pasHUIbI MeXJy FeHOTUIAMHU 110 JJIMHE 3TOro Iepruoja He
BbISIBJIEHO, BO BCE CPOKHU I10CEBA 06Pa31ibl BCXOJUJIN NPAKTH-
YeCKH OJJHOBPEMEHHO.

C npusHaka «BCXo/bl - POPMHUPOBAHUE NEPBOTO JIMCTA»
BO BCEX CPOKax [0ceBa HayaJla HabJII0AAaTbCA PA3HULA MEX-
Jly 06pasLamMu Mo AJUTeJSbHOCTH NMPOXOXAeHUs GeHosIoru-
yecKux nepuofioB. Takxe 6blJa 0OTMe4eHa CyllecTBeHHas
pasHMIA 110 JJIMHE 3TOTr0 epro/ia IIPHU PasHbIX CPOKAX Moce-
Ba. 3HAY€HHUs JAaHHOH XapaKTePUCTUKHU GblIM HHXKe IIPU BTO-
POM U TPEeThEM IIOCEBE.

CyliecTBeHHble pa3/IMYUsA MexAy o0paslaMH M0 BCeM
M3y4yeHHbIM MOPQOJIOrHYecKUM MNpPHU3HAKaM OTMeYaJIMCh
U IIpY Ilepexo/ie pacTeHUH K MOoJIHOMY LiBeTeHHI0. Bapbupo-
BaHMe IPU3HAKOB ObIJIO CBA3AHO KaK CO CPOKOM I10CEBA, TaK
U C MHAUBUAYalbHBIMU 0COGEHHOCTAMU 06pasnoB. /linvHa

nepuozia «Bcxozpl — 75% 1BeTEeHUA» B 3aBUCUMOCTH OT CPO-
Ka [10ceBa CHWXKaJslach OT IepBoro nocesa (42,2 cyT.) Ao yeT-
BepToro (33,7 cyT.). AHaJIOTUYHO MEHSJINCh U JIpyTHe IpH-
3HAKM: TaK, [JIMHA TEePUOZia «BCXOJbl — OKOHYAHUE IIBETe-
HUS» YMeHblIasach oT 62,6 o 53,0 cyT, AsuHaA nepuoja
«BCXOJIbl — TIepBble 600bI B CTa/JUM TEXHUYECKON CIIEJIOCTH» —
ot 48,3 10 39,7 cyT., yIMHA Teprofa «BCXOAbI — 06pa3oBaHue
75% 6060B B CTaJMK TEXHUYECKOH CIeJoCTH» — OT 52,9 10
48,3 cyT., A/IMHA NTepro/ia «BCXO/bI — TOCAeHUE 6OObI B CTa-
MY TEXHUYeCKoH cresoctu» — oT 73,8 mo 60,5 cyT. JunHbI
NEePUOZIOB «BCXO/bI — HA4a/I0 CO3PEBAHUA CEMSIH» U «BCXO-
Iibl - 75% co3peBaHus CeMsiH» GbUIN 60J1ee MPOJJOIKUTENb-
HBIMU B I1epBBIA U YeTBEPTHIN CPOKH noceBa (TabdI. 3).

Camas KOpOTKas AJIMHA NepHosia OT BCXOJOB 0 JIOCTH-
YKeHHsI 6060B TEXHUYECKOH CIIesIOCTH HabJIrojanack y obpas-
10B B 3-i U 4-1 CpOKM ceBa. ITO JeslaeT BO3MOXKHBIM [10CEB
CKOpOCIIeJIbIX COPTOB OBOLIHOM BUI'HBI IOCJE 3JIAKOBBIX
KyJIBTYp, KOTOpbIe Ha tore Poccuu 06bIYHO yOUPAIOT C 1101
B I1epBOH M0JIOBUHE JIETA.

CpaBHeHHe IaHHBIX 33 TP ro/ia U3y4YeHUs OTAEJNbHO 110
Ka)KJ,OMy COPTY II0Ka3aJIo, YTO JIIMHA BereTallMOHHOIO I1e-
pHuoJia OT BCXO/0B 10 TEXHUYECKOH cI1esiocTH 60608 U J10 CO-
3peBaHUsA CeMSAH y BCeX COPTOB YMEHbLIAeTCs OT I1epBOro
10ceBa K TPEThEMY, @ 3aTe€M ONSITh YBEJINIUBAETCA K UeTBEP-
ToMy noceBy (puc. 4). CokpalleHre JJIMHbI BereTallHOHHOI0
nepuosia y paCTeHUH BTOPOro M TPETbEro MoceBa, BUAUMO,
o6ycJyioBJIeHO GoJsiee BBICOKMMH TeMIlepaTypaMH JIETOM.
B nepBble MecsAIpl BeCHbI (KOIZa NPOXOJUT IepPBbIH IM0OCEB)
v oceHH (korga GopMHUpPYIOTCs 606bI B Y€TBEPTOM IOCEBE)
JIMHA Me)Xda3HbIX IepPHUOJI0B YBeJUYMBAETCA 3a CUeT 6oJiee
HU3KHUX TeMIlepaTyp, XapaKTePHbIX A/ 3THX ce30HOB. Ciie-
JlyeT OTMETHUTD, YTO CaMbli KOPOTKUH epuo/, BereTaliu BO
BCe TO/ibl ¥ B pa3Hble CPOKHU ceBa 6bL1 y JIsiHunxe’ (k-2056).

JMcrniepCUOHHBIN aHa/IU3 BBIABUJ, YTO IOCEB B pa3Hble
CPOKHM JJOCTOBEPHO BJIMSIET HA NMPOJOJLKUTENbHOCTb (eHO-
JIOTUYECKUX [TIEPHO/I0B «IIOCEB — BCXOAbI», KBCXO/bI — HAYAJI0
[BETEHUSI», «BCXOAbI — 75% I[BeTEeHUSI», «BCXOAbI — GOPMHU-
poBaHHUe NepBbIX 6G060B B TEXHHUYECKOW CHEJIOCTHU» IpHU
p <0,02 (monst Bausinus n? = 33,7-55,2%); Ha 4ucjao 60608
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6 ‘Camma Hosa’ JIsaHuuxe’ ‘ActpaxaHckas KpacaBuna’

Puc. 3. OBomiHbIe copTa BUTHBI (ONbIT 2) (AcTpaxaHckast 06.1., 2021-2023 rr.): a - 061KH BU/ 10JIs1, HA KOTOPOM
npeJCcTaBJIeHbl COPTa, TOCesIHHbIE B 4 cpoKa; 6 — doTorpaduu coptoB ‘Camma Hosa), Vlssnuuxe’, ‘AcTpaxanckas KpacaBuna’
Ha JleJIsTHKaX, TOCesIHHBIX B pa3Hble cpoku: 30 Mas, 19 urons, 6 utoss, 24 utosa (dorto caenano 3 aBrycra 2023 1)

Fig. 3. Vegetable cowpea cultivars (experiment 2) (Astrakhan Province, 2021-2023): a - general view of the field featuring
cultivars sown on 4 dates; 6 - photographs of the plots with cvs. ‘Samma Nova’, ‘Lyanchikhe’ and ‘Astrakhanskaya Krasavitsa’
sown on different dates: May 30, June 19, July 6, and July 24 (photo taken on August 3, 2023)
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Ta6una 3. luanazoH U3MeHYUBOCTU PEeHOI0rHYEeCKHX, MOP(POJIOTMYECKUX U X035lICTBEHHO LileHHbIX NPU3HAKOB
Yy COPTOB BUTHBI, NOCESIHHBIX B pa3Hble CPOKM (AcTpaxaHcKasi 061, 2021-2023 1)

Table 3. Variability ranges of phenological, morphological and important agronomic characters in cowpea cultivars
sown on different dates (Astrakhan Province, 2021-2023)

INoces
IIpu3sHak
30 mas 19 uoHA | 6 oI | 24 Ul0JIA

Jl/1MHa nepuo/a «1oceB — BCXObI», CYT. 9,67 5,78 4,33 4,50
JlivHa nepuosa «BcxoAibl — GOpMHUpPOBaHUeE IEPBOTO JUCTA», CYT. 10,22 8,22 6,44 7,67
Jl1uHa neproja «BCX0Jbl — Ha4aslo LIBETEHUA», CYT. 39,67 33,22 31,44 31,33
JlnivHa nepuosia «BcXo/ibl — 75% LIBETEHUSI», CYT. 42,22 37,00 34,89 33,67
JlnvHa neproja «BCX0Jbl — OKOHYAHUS LIBETEHUSI», CYT. 62,56 54,56 53,33 53,00
JlIiHa nepuo/ia «BCXOAbl — NepBble 600bl B TEXHUYECKOH CIEeJI0CTHY, CYT. 48,33 42,00 41,22 39,67
JlnvHa neproja «Bcxoabl — 75% 6060B B TEXHUYECKOU CIIEJIOCTUY, CYT. 52,89 47,56 47,67 48,33
JlIHa meproza «BCXO/(bI — TTOCJIeiHNE 600bI B TEXHUYECKOH CIIeJIOCTH», CYT. 73,78 61,33 64,33 60,50
JlIvHa nepuo/ia «BCXO/ibl — HAYaJI0 CO3PEeBAHUS CEMSIHY, CYT. 59,11 52,67 51,78 55,83
JlnuHa nepuoja «BcxoApl — 75% co3peBaHUs CEMSH», CYT. 66,11 61,00 58,67 64,33
Jlnuna cTebJisi, cM 66,89 72,22 81,33 70,17
Macca 606a, T 8,21 8,24 9,25 7,50
YpoxxaiiHOCTb 6060B C IeJISTHKH, T 3321,70 2229,37 2685,75 1088,33
Yucsio 6060B ¢ IeITHKY, LITYK 411,00 300,11 266,11 143,67
[IpofyKTUBHOCTb 6060B C pacTeHUs, I 371,58 298,60 268,58 108,83
Macca 1000 cemsiH, T 130,22 148,50 149,03 146,67
YpoxxallHOCTb CeMSIH C AeJIAHKY, T 470,22 322,23 292,00 136,66
[IpoAYKTUBHOCTb CEMSIH C pacTeHUs, T 47,71 38,95 29,20 13,68
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Puc. 4. U3MeHYUBOCTh PEHOIOrHYeCKNX NPU3HAKOB Y OBOIIHBIX COPTOB BUTHBI B Pa3HbIe CPOKH MOCEBA
(ActpaxaHckas 0641, 2021-2023 rr.)

Fig. 4. Variability of phenological characters in vegetable cowpea cultivars sown on different dates
(Astrakhan Province, 2021-2023)
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¢ pensiHku (p = 0,02, n? = 34,6%); Ha NPOAYKTUBHOCTb CEMSIH
cpacrenus (p =0,00, n?=42,1%); Ha ypokalHOCTb CeMsiH
c peasiuku (p = 0,03, n? =31,0%) (Electronic Supplementary
Materials, Suppl. 2)?. U3MeHYMBOCTb OCTabHBIX MOPPOJIO-
CMYECKHX U XO3SMCTBEHHO L|eHHbIX MPU3HAKOB He 3aBUCHUT
OT BpeMeHH NoceBa.

BapbupoBaHue BbicoThl TpaBocTos (p = 0,00, n? = 50,0%),
miunbl pacteHus (p =0,00, n?=60,0%), aauubl (p = 0,00,
n? = 66,8%) u maccel (p = 0,00, n? = 34,0%) 606a, GopMbI Ky-
cta (p=0,00, n? =97,0%) ¥ CKJIOHHOCTU K 3aBUBaHHUIO Bep-
xyuwku (p = 0,00, n°=49,3%), okpacku 606a (p = 0,00, n’=
85,2%) onpe/iesisiIoCh TeHOTUIIOM.

YcTaHOBJIEHO COBMECTHOE ZIOCTOBEPHOE BJIMSIHUE T€HO-
THUIA U CPOKOB M0CEBA HA U3MEHYUBOCTb IPHU3HAKA JJIMHbI
cTe6Jist OT MOYBBI /10 IEPBOT0 HACTOSLILErO JIUCTA (CPOK MoCce-
Ba: p = 0,00, n? = 15,9%; renotum: p = 0,00, n? = 43,2%).

OT yc0BUH B pasHble rofibl H3y4yeHHUs (dakTop - roj) 3a-
BHUCeJIa MU3MEHYMBOCTh JJHUHBI MEPHOLOB «BCXOAbI — GoOp-
MHpoOBaHUe nepBoro Jucta» (p = 0,04, n? = 23,9%) u «Bcxo-
ZIbl — IOCTH)KEHHE NMepPBbIX 6000B TEXHUYECKOU CIIEeJIOCTHU»
(p = 0,04, n? = 18,9%), a TakKe ypoKalHHOCTH 6OOOB C JieJIsH-
ku (p = 0,01, n? = 25,8%).

700

M TroJa u3ydeHUs («<T€HOTHN X FOJ») (F(z;az] =3,27,p<0,03,
n7?=16,7%). TakuM 06pa3oM, HALIMMH HCCJIEJOBAHUSIMHU
YCTAHOBJIEHO, YTO HAa U3MEHYUBOCTb NMPOAYKTHBHOCTH 60-
60B C pacTeHHUs JeHCTBYIOT OJHOBPEMEHHO CPOKH IIOCEBa,
TFeHOTHUII U yCJI0OBUA roja.

Bo BTOpoM omnbITe Bce 06pa3iibl BUTHBI UMeJHU MPOAYK-
THUBHOCTb 6060B BbIllIe CpeJIHEH BO BCe T'OJ[bl UCCIE0BAHUS
W IIPU pasHbIX CpoKax noceBa. OZjHAKO B MepBbIHA CPOK CeBa
60Jiee BbICOKHE NOKa3aTeJu MPOAYKTUBHOCTH OTMeYasuCh
y AByX copToB, ‘CamMa HoBa’ 1 ‘ActpaxaHckas KpacaBuia), Bo
BTOPOH U TPeTHUH - TOJIbKO ¥ copTa AcTpaxaHckasi KpacaBu-
11a, a B 4eTBepThIH -y copTta Jlanuyuxe’ (puc. 5). U3 atoro cie-
JYeT, YTO JJIs1 KaXKJJ0T0 COpTa ONTHUMaJIbHO pa3Hoe BpeMs
nocesa. /lJis moceBa BeCHOM Jiyyllle UCN0JIb30BaTh copT ‘CaM-
Ma HoBa' wiu copt ‘ActpaxaHckasi KpacaBuna'. B moxKHUBHBIX
Y MOYKOCHBIX MOCeBax Mocje Y6OPKH 3epHOBBIX KYJIbTYP
B MIOHE W Ha4yaJie HUI0Jid Jjy4dlie CeATb COpT ‘ACTanElHCKaH
KpacaBuna, a B cepefjuHe W KOHIle UIOJIS — copT JIssHUMXe.
3T0 Mo3BOJIUT GoJiee 3P PEKTUBHO HUCII0JIb30BATh MOCEBHbIE
maonagl U OAHOBPEMEHHO IOBBILMIATH IJIOAOPOAKWE IMOYBBI
B ACTpaxaHCKOH 06/1aCTH.
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Puc. 5. U3MeHYUBOCTb CpeJHHX NOKa3aTesell NPOAYKTUBHOCTH 6060B € pacTeHMs B pa3y TeXHU4EeCKOU Cre10CTH
Y OBOLIHBIX COPTOB BUTHbI B pa3Hble CPOKHU noceBa (AcTpaxaHckas 06.1., 2021-2023 rr.)

Fig. 5. Variability of mean values of pod productivity per plant in the technical maturity phase of vegetable cowpea
cultivars sown on different dates (Astrakhan Province, 2021-2023)

[TokasaTesn yucaa 6060B c AeJsIHKU (CPOK moceBa: p =
0,02, 1n? =34,6%; rox: p = 0,00, n? = 52,3%), IpOYKTUBHOCTH
(cpox moceBa: p = 0,01, n? = 42,1%; rog: p = 0,00, n? = 37,6%)
U ypoxkaiiHocTu (cpok moceBa: p = 0,03, n? = 31,0%; roa: p =
0,00, n? = 53,2%) ceMsH B 60JIbliIel CTENEHN U3MEHSIJIUCh OT
BO3/eHCTBUA YCJOBUH rofla U BpeMeHH 1oceBa.

Ha maccy 1000 ceMsH oka3bIBaJIu BJMSAHUE BCe aHAJIU3U-
pyemble pakTopsl (reHotun: p = 0,00, n? = 54,9%; cpok noce-
Ba: p = 0,04, n?=11,7%; roa: p = 0,01, n? = 11,5%). Takxke Bce
Tpu paKTOpa AeHCTBOBAIU HAa MPOAYKTUBHOCTbL 6060B € pac-
TeHus (rernotumn: p =0,03, n? = 17,4%; cpok nocesa: p = 0,02,
n? =23,7%; rox: p = 0,02, n? = 20,3%).

®akTOpbl COBMECTHOTO B3aUMOJIEMCTBUS «TEHOTHII X
roJi» U «T€HOTHI X CPOK MOCeBa» He 0Ka3a/u J0CTOBEPHOTO
BJIMSIHUS Ha MU3MEHYMBOCTb MO/|ABJIAIOIET0 60JbIIMHCTBA
npu3HakoB. TOJIbLKO BapbUpOBaHHE MPU3HAKA «CKJIOHHOCTh
K 3aBUBaHUIO0 BepXYLIKK Mo6Gera» 3aBUCeIo Kak OT FeHOTHIa
(n?=49,3%), Tak U OT COBMECTHOIO BJIMSIHUS TeHOTHIA

2[IpuioxkeHue 2 Mpe/[CTaBJIEHO B OHJIalH-popMaTe. DIeKTPOHHAs
Bepcus ctaTby: https://doi.org/10.30901/2227-8834-2025-1-80-
92 / Electronic Supplementary Materials, Suppl. 2. The online version
of this article: https://doi.org/10.30901/2227-8834-2025-1-80-92

BoiBOAbI

B uTore Tpex/ieTHero u3y4yeHus Jy4IInx 06pas10B OBOL-
HOM BUTHBI U3 KoJslekuy BUP B AcTpaxaHckoii 06J1acTH mo-
JIy4eHblI Ccefiytolile pe3yabTaThl:

e BbIsSIBJIEHBI 06Pa31ibl C pa3HOH JJINHON BereTallHOHHO-
ro Nnepuoja, NPUTroAHble K MeXaHU3UPOBAaHHOMY BO3JeJibl-
BaHUIO, [JI1 UCNIOJIb30BaHUSA B KOHBelepe NMPOAYKLUU AN
nepepaboTKU Ha npousBojcTBe: 49-52 cyT. (k-817, k-2056),
53-55cyT. (x-869, k-1290, k-2057), 56-58 cyT. (k-797,
k-2058);

® YCTAHOBJIEHO, UTO Ha NOKa3aTeJsb NPOAYKTUBHOCTHU
6060B C pacTeHUs BIUsET KOMIJIEKC PaKTOPOB — FeHOTHI,
rof, (morofHble yca0BUSI) U CPOKU ceBa. [l OJHUX COPTOB
onTuMaseH noceB BecHod (‘Camma Homa'), ansa ppyrux -
B KOHIIe BECHBI U B HauaJie jieTa (‘ActpaxaHckas KpacaBuna’),
JUISl TpeTbUX — B cepefuHe jeTa (JlsHuuxe'). Kom6uHupys
BblJleJIeHHble 06pa3lbl B 10CeBaX, B pa3Hble CPOKH CeBa
MO>HO J06UTbCS Gecrnepe6GONHOro MoJiydyeHUsl 3eJIeHbIX
OBOIHBIX 6060B B JIeTHE-0CEHHUH Ce30H;

e BblJleJIeHbl 06pa3Iibl — MCTOUHUKH LeHHbIX IPU3HAKOB:
ckopocneaocT - K-2056 (JIssHuuxe’), IpOAYKTUBHOCTU 60-
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60B - k-2058 (‘AcTpaxaHckas KpacaBuna'), cTabuibHON
KOMIIAaKTHOH OpMBbI KycTa U JAeTePMHUHAHTHOTO THUIA po-
cta - K-2056 (VIsanuuxe’) u k-2064 us Krrtas, KoTopble MOTYT
HaWTH NPUMeHEeHNe B CeJIEKIIUU COPTOB, TPUTOHBIX AJI51 Me-
XaHU3UPOBAHHOU y6OPKH.

BbIsiBJIeHHbIE HAMU COPTa BUTHBI MOXKHO HCII0JIb30BATh,
JIJIS1 IOJTYYEHUS OBOIHBIX 6000B B TEYEHHE BCETO MEpUoAa
BereTalyy pacTeHUH, YTO MO3BOJIUT 06ecnedynBaTh lepepa-
OaThIBAWIME MPEeANPUATUS NPOAYyKIUed 6osiee JJIUTEJb-
HOe BpeMsl.
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KOJIJIEKOUUU MUPOBBIX TEHETUYECKHUX PECYPCOB
KYJIGTYPHBIX PACTEHHWH /11 PA3SBUTHA
IMPUOPUTETHBIX HAITPABJIEHUM CEJIEKIIUA

HayuyHas cTaTbs
V]IK 635.65:633.37:631.52
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deHoTHNIMPOBaHME 00PA3L0B ryapa us kosuiekiuu BUP B ycioBusx
M0JIMBA U UICKYCCTBEHHOM 3acyxHy B Bosirorpaackou o6.J1actu

M. A. BuminskoBa', E. A. /I3106eHko’, H. B. Kouepuna® 3, M. M. AraxaHos?, P. A. IllayxapoB*
1 @edepanvHulii uccaedosamensvckuil yenmp Beepoccutickutl uHcmumym 2eHemuyeckux pecypcog pacmeHutl
umeHnu H.H. Basusoea, Cankm-Ilemep6ype, Poccus

2@edepasbHblil uccaedosamenvckuli yeHmp Bcepoccutickull uHcmumym eeHemuyecKux pecypcos pacmeHull
umeHnu H.H. Basusoea, Boazozpadckas onbimHasi cmanyusi — puauaa BUR KpacHocao6odck, Poccus

3 Aepogpusuveckuli HayuHo-uccaedogamenvckuli uncmumym, Cankm-Ilemep6ype, Poccus

Asmop, omeemcmeeHHbIl 3a nepenucky: Mapraputa AdpaHacbeBHa BunrHskosa, m.vishnyakova.vir@gmail.com

AxTyanbHOCTb. ['yap (Cyamopsis tetragonoloba (L.) Taub.) - HOBBIY HHTPOAYLEHT B psijie I0XKHbIX pernoHoB Poccuiickoit ®e-
JAepauuu. 'yapoBass kaMeZb, HUHIpeJJUeHT CeMsH I'yapa, IPUMeHseTCs B Pa3HbIX OTPAC/sAX HapOAHOI'O XO3SHUCTBa U UMeeT
CTpaTeruyeckoe 3HayeHue B ra3o0HePTAHOU MPOMBILLIEHHOCTH. I/ aApeCHON UHTPOJYKIIMH HEOOX0JUMO BhISICHUTh afall-
TUBHBIH NOTEHIMAJ KYJbTYPbl, B YaCTHOCTH ee OTHOIIeHHe K 3acyxe, KOTopas XapaKTepHa /s 60JIbIIMHCTBA I0’KHbIX 06.1a-
creit Poccun.

Martepuan u MeToAbl. 060 BEKTOM HCCIeJ0BaHUS Cayuiu 50 06pa3LoB ryapa us kosiekuuu BUP, mosieBoe peHoTHnMpoBa-
HUe KOTOPbIX NPOBOAMIM Ha BoJsrorpazckoil onbITHOM cTaHuuu - ¢uanane BUP. Boibopka co3zfaHa 1Mo MPUHLUIY MaKCH-
MaJIbHOM pernpe3eHTaTUBHOCTH reHodoHAA KyAbTYphL [Ia9TbAecaT 06pa3noB usydaau B 2023 r. u 30 Haubosiee NPOAYKTHB-
HBIX U3 HUX B 2024 I. B pexkxuMax KamneJsibHoro nosivBa (I1) pasHoll cTeneHU MHTEHCHBHOCTH U UCKYCCTBEHHOM 3acyxH (3), co-
3/laBaeMoOi ¢ HayaJsla MJI0A006pa30BaHus U [0 yOOpKU. HcciejoBaHHEe OCYIIECTBJSAJIA B COOTBETCTBUM C METOJUYECKUMU
ykaszaHussMu BUP. CtaTucTuyeckas o6paboTka JaHHBIX IPOBeJieHa B MporpaMMe Statistica 13.3.

Pe3yabraThl. [71aBHBIM OIIeHOUYHBIM KPUTEPUEM aJalITUBHOCTH K 3aCyXe CUUTAIM CEMEHHYI0 IPOJYKTUBHOCTb PacTeHUs, [0
KOTOpOH BbIsiBIeHa JuddepeHnnals u3ydeHHON BbIGOPKHU Ha TPU IPYIIIbL: TOJIEPAHTHBIE K 3acyXe, Y4yBCTBUTE/IbHbIE K HEH
Y HelTpaJibHble 110 OTHOLIEHHIO K BOA0CHAGXKeHUI0. Fi3yyaeMble NPU3HAKU NPOSIBIAIN Pa3HYIO CTeNeHb U3MEHYMBOCTH B pe-
»kuMax I1 u 3. [lokazaHo coxpaHeHHe BbISIBJEHHOTO 10 OTHOLIEHHUIO K 3aCyXe CTaTyca ¥ 60/bIIMHCTBA 00pasLioB B 06a roja
ucciaeoBanus. Onpe/iesieHbl HauboJIee MPOAYKTHUBHbBIE 06pa3Iibl BO BCeX TpeX IpyImIax.

3akso4eHue. PexkM TOUYeYyHOTO MOJIMBA, Ucnob30BaHHbINA B 2023 . (5 J1/pacTeHre B He/le/10), oKa3asics U3JIUIIHUM AJIs
60JIBLIMHCTBA U3y4eHHbIX 06pa3ioB. [IpuMeHeHHBIN B 2024 I. BABOe MeHbIIUN 06beM MOJIUBA, CYAs 10 CEMEHHOHN NPOoAYyK-
TUBHOCTH, GbLJI GJIATONPUSATHBIM [IJIsl BCEX TPYII 06pa30oB. He3aBUCHMO OT IpyNIbl, 60JbIIMHCTBO 06pa30B 0OHAPYKUIU
TeHJeHI1I0 yBeJNYeHH s CeMeHHOH NPOJYKTUBHOCTH Ha ONTUMaJIbHOM IOJIUBE.

Karouyesule cao08a: ryap, MHTPOLYKLMA, aJallTUBHOCTD, [10JIUB, UCKYCCTBEHHAs 3aCyxa, CeMeHHas NPOAYKTUBHOCTb
Bbaazodapnocmu: vicciieloBaHKe BBIIIOJHEHO TPU GUHAHCOBOM nojjepxke Poccuiickoro HayqyHoro ¢poH/ia B paMKax IpoeKTa
Ne 23-16-00195 ot 15 mMas 2023 1.

ABTOpBI 61arofjapsAT peljeH3eHTOB 3a UX BKJaJ, B 9KCIIEPTHYIO OLleHKY 3TOM paGoThI.

s yumuposanus: Bunnsakosa M.A., /[3i06eHko E.A., Kouepuna H.B., Araxanos M.M,, lllayxapos P.A. ®eHoTHnnpoBaHue 06-

pasioB ryapa u3 koyuiekuuu BUP B ycioBUsSX MoJIMBa U UCKYCCTBEHHOU 3acyxy B Bosrorpajackoit o6aactu. Tpydsl ho npu-
K/1a0HoU 6omaHuke, eeHemuke u cesekyuu. 2025;186(1):93-105. DOI: 10.30901/2227-8834-2025-1-93-105

© Bumnakosa M.A,, /Isio6enko E.A., Koueprna H.B., Araxanos M.M,, lllayxapos PA., 2025
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Phenotyping of guar accessions from the VIR collection under
irrigation and artificial drought conditions in Volgograd Province

Margarita A. Vishnyakova’, Elena A. Dzyubenko’, Natalia V. Kocherina'?, Magamedgusein M. Agakhanov?,
Ramazan A. Shaukharov?
IN.I Vavilov All-Russian Institute of Plant Genetic Resources, St. Petersburg, Russia

2N.I Vavilov All-Russian Institute of Plant Genetic Resources, Volgograd Experiment Station - branch of VIR, Krasnoslobodsk,
Russia

3 Agrophysical Research Institute, St. Petersburg, Russia

Corresponding author: Margarita A. Vishnyakova, m.vishnyakova.vir@gmail.com

Background. Guar (Cyamopsis tetragonoloba (L.) Taub.) is a newly introduced crop for southern regions of Russia. Guar gum,
a component of guar seeds, is used in a number of sectors of the national economy, being strategically important for the gas and
oil industry. Targeted introduction of guar requires better understanding of the crop’s adaptive potential, and more specifically,
its responses to droughts typical for most of Russia’s southern areas.

Material and methods. Guar accessions from the VIR collection were phenotyped at Volgograd Experiment Station of VIR in
2023-2024. The studied set was selected to represent the crop’s gene pool to the fullest extent possible. The same accessions
were studied under drip irrigation and artificial drought conditions. The study was performed according to the guidelines de-
veloped at VIR. Statistica 13.3 software was used for statistical data processing.

Results. Seed productivity was accepted as the main criterion to assess the plant’s adaptability to drought. On its basis, the
studied set of accessions was differentiated into three groups: drought-tolerant, sensitive to drought, and neutral to water sup-
ply. The analyzed indicators manifested different degrees of variability under the conditions of irrigation and drought. The
status revealed for the majority of accessions in the context of their responses to drought remained unchanged in both years of
the study.

Conclusion. The drip irrigation scheme used in 2023 (5 L per plant per week) turned out to be excessive for most accessions,
while the one half as lower in 2024 (2.5 L per plant per week) appeared favorable for the accessions of all three groups. With
optimal irrigation, a majority of guar accessions exhibited a tendency toward increased seed productivity, regardless of the

group.
Keywords: guar, introduction, adaptability, irrigation, artificial drought, seed productivity
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BBegeHue

['yap - ofHO/IeTHee CaMOOTMBIISAIOIIEecst pacTeHHe U3 ce-
MeiicTBa Fabaceae - HOBbIM UHTpOAYLEHT B Poccuiickoit Pe-
nepanuu (P®). PacteHue uMeeT cTpateruyeckoe 3Ha4YeHUE
B CHJIy LUUPOKOTO NPUMEHEHHUS NoJy4YaeMOr U3 CeMsIH KaMe-
a4 (yrieBoJ rajJlakTOMaHHAH) B ra3oHeTsIHOH, 6GyMaXKHOH,
TEKCTUJIbHOH, dpapManeBTUYECKOH, MUILEBOU U JPYTUX OT-
pac/isix MPOMBIILJIEHHOCTH. ExxerojjHass moTpeGHOCTb pas-
JIMYHBIX OTpacjied aKoHOMHUKHU Poccum - He MeHee 15 ThIC.
TOHH I'yapoBO{ KaMeau. Hama cTpaHa BXOAUT B IATEPKY ee
TOI-MOTpe6UTeNed M BBIHYK/AeHa 3aKynaTb 3TOT IeHHBbIH
NPOAYKT 3a py6exxoM. OCHOBHOe IPOX3BO/CTBO I'yapa cocpe-
nortoyeHo B WHpauum ullakucrane (Startsev etal, 2017).
B 3TO# cBA3M UHTPOAYKLUA CEJIbCKOXO3MCTBEHHOM KYJ/IBTY-
pBI Tyapa, Co3/laHue HOBBIX COPTOB, arpo3KoJIOTHYeCKOe HC-
NbITAHKWE UX B PA3JIMYHBIX peruoHax P®D - dKTyaJibHad U BOC-
TpeboBaHHas TeMa UCCIe0BaHUMN.

OnTUMasbHBIMUA YCJOBUAMU [iJIs1 IPOU3BOJACTBA Tyapa
CYHTAIOT CYMMy 3G EeKTUBHBIX TeMIEpaTyp BO3/yXa BbIlIe
10°C ue menee 3400-3500°C, a O0CTaTOYHBIM KOJHUYECTBOM
ocankoB - 350-500 MM 3a BereTtanMoHHBIN nepuoA. MMero-
LIMICA MOKa elle J0BOJbHO OTPAaHUYEHHBIN ONBIT MOJyYe-
HHUA NPOU3BOACTBEHHBIX napTuﬁ KOHAWIHMOHHBIX CEeMAH
B pepMepckux xo3saicTBax KpacHogapckoro u CTaBpomnoJib-
CKOro KpaeB, AcTpaxaHCKOU 1 PocToBCcKo# 06J1acTel BHyIIA-
€T ONTHUMHU3M IO MNOBOAY IEepCHEeKTUBbI HCIIOJIb30BAHHWA
OTe4YeCTBEHHOTO CbIpbA AJIA MOJIy4eHUs: KaMeJU. JKCIIepu-
MEHTaJIbHbI€ IMMAapTHU KaMenu, W3BJIEYEHHON U3 BbIpalljeH-
HbIX B P® ceMsH, Moka3asy, 4YTO N0 KOJHUYECTBY U Ka4eCTBY
OHa COOTBETCTByeT TpebGyeMblM HopMmaTuBaM (Dzyuben-
ko N.I. et al,, 2017; Kruchina-Bogdanov et al,, 2019; Dzyuben-
ko E.A. etal,, 2023). 3To nocayKnja0 UMIYJIbCOM AJsI MOOU-
JIM3allMd HOBOTO MaTepuasa B kKosulekuuio BUP, koTopas
B Hallk JHU HacuuTbiBaeT 206 06pa3l0B, UHUIUHUPOBAJIO
uccaenoBanus KyabTypbl (Kruchina-Bogdanov etal, 2019;
Rakovskaya etal, 2019; Dzyubenko E.A. etal, 2023) u ee
OoTedyeCcTBEHHYIO cesieKnuio. B ['ocyaapcTBeHHOM peecTpe ce-
JIEKLIUOHHBIX A0CTHXXeHUM 2024 1. - 16 copToB ryapa, us Ko-
Tophix 15 co3manel ceneknuonepamu PO (https://gossortrf.
ru/registry/).

0co6eHHO aKTyaIbHO Ha IJAHHOM 3Tale 3HaHHe pa3Ho06-
pasust reHoOHJA MO0 OTHOLIEHUIO K YCJIOBHUSIM BhIpallMBa-
HUS, K OUOTUYECKUM U a6OTHYECKUM CTPeccopam, B 4YaCTHO-
CTH K 3acyxe.

['yap cunTaeTcsl yMepeHHO 3aCyX0yCTOHYUBBIM pacTeHU-
eM. OgHako B UHAUM - BeAyleM NPOU3BOJUTENE U IKCIOP-
Tepe CeMsH ryapa — ero BbIPAL[MBAIOT B Pa3HbIX IKOJIOTO-
reorpadryecKyx HUILIAX, Ha NoJMBe U 6e3 mosnBa. HeogHo-
KpaTHO Moka3aHa (Ashraf et al,, 2002; Ali et al., 2015; Zubair
etal, 2017; Meftahizadeh et al., 2019; Avola et al., 2020; Pan-
dey et al,, 2022), B Tom uncse Hamu (Vishnyakova et al., 2024),
reHOTHUNHUYecKass U3MEHUYUMBOCTb peaKkL UM pacTeHUW ryapa
Ha cTpecc 3acyxu. B reH6aHkax MHUpa UMeIOTCs 06pasiibl,
I/I/f[eHTI/l(I)I/Iul/IpOBaHHbIe KaK TOJIepaHTHbI€ W BOCIIPpUHUMYHU-
Bble K 3acyxe (cM. 0630p Vishnyakova etal., 2023). [lnsa aa-
pPEeCHOTO UCII0/1b30BaHusl reHOPOH/Ia ryapa B I0’KHBIX IIHPO-
Tax P®, rae HabJ0/1al0TCS OYEHb PA3HbIE PEXKHUMbI YBJIAXKHE-
HUA Jaxe B mpejesax ogHou obsactu (Gudko etal, 2024),
3HaHMe AuddepeHINANMH HCIOJb3yeMOr0 MaTepHasa Io
OTHOIIEHHUIO K 3acyxe KpalHe He06X0JUMO. BrisiBiieHue aian-
THUBHOTO MOTEHIUa/JIa KYyJIbTYPbl — HACYILIHAA 3a/ja4a TaK»Xe
JIJIs1 BOBJIEYEHUSI B POCCUMCKYIO CeJIeKIHI0 HauboJsiee mep-
CIIEKTHUBHBIX T€HOTHIIOB.

[TosToMy yesbto Hawell pabombl, pe3yabTaTbl KOTOPOU
M3JIOKEHBI B JAHHOU CTaThe, ObljIa OLleHKA MPOSIBJIEHUS pe-

aKL MU 06pasIoB ryapa us kosiekuuu BUP Ha cTpeccop Bpe-
MeHHOM (MCKYCCTBEHHOH) 3aCyXM Ha ypoBHe deHOTHUINA
B yCJI0BUSIX BoJsirorpasckou 06/1acTH.

MarepuaJi, MECTO U METOAbI UCCJIEJOBAHUS

W3yyanu 50 06pa3ioB ryapa u3 kosyiekuuud BUP. Bei6op-
Ky CO3Ja/Iy 10 NPUHIMIY MaKCUMaJIbHOM pelpe3eHTaTUB-
HOCTH IeHOQOH/A KyJbTYpPbl 10 reorpadguyeckoMy MpouC-
XOXJIeHUIO, CesJleKLIHOHHOMY cTaTycy (15 copToB HayyHOM
ceJIeKLIMH, 3 — ceJIeKIIMOHHbIE IMHUH, OCTaJbHbIE — MECTHBIE
copTa), o rabUTycy pacTeHHUH U T. II.

[TonieBoe dpeHOTHIIMPOBaHHE MPOBOAUIU B 2023-2024 IT.
Ha Bosirorpa/ickoit onbelTHOM cTaHuuu — dunnane BUP (Boa-
rorpagckass OC BHUP). Cranuus pacnosiokeHa BT. KpacHo-
c10604CKe Ha MPOTHUBOIOJOXKHOM OT Bousrorpaga Gepery
Bosru (48°42’ c. m1. 44°34’ B. #.). KmuMaT yMepeHHO KOHTH-
HeHTaJIbHbIN. BecHa 3acyinBas, ¢ 6bICTPBIM NMOBbILIEHHEM
JAHEBHBIX TeMIIEPATYP U YaCTbIMHU CUJIbHBIMH BETPAMH. Jleto
cyxoe, 3HolHoe. [104BbI - a/l/1I0BUa/IbHbIe CYTJIMHKU.

JKcleprMeHTa/bHOE T0JIe Pa3/ieJnald Ha JiBe paBHble
YaCTHU: KOHTPOJIb — 1oJ1KB (I1) ¥ onmBIT - MCKyCcCTBEHHas 3acy-
xa (3). Ha xax/10¥ oJ10BUHE BbICEBAJIN OAMH U TOT XKe Habop
06pa3sioB. Haz moJsieM nmocTaBu/M TEHT U3 MOJHUITUIEHA BO
n36exaHue MoNaaHus eCTeCTBEHHBIX 0CA/JKOB.

B 2023 . nmoceB 50 06pasunoB nmpousBoAUIN 28 anpeis.
Ha skcnepuMeHTa/bHBIX Je/ISTHKAX Mioiaabio 1 M? ceMeHa
BbICEBaJIM BPYYHYIO B XOPOILIO NMPOTPETYI0 U IIpeBapruTe/b-
HO MPOJIUTYIO MOYBY C 3ary1y6jieHHeM 3-5 CM Ha pacCTOSIHUU
10-15 cm. [lpuMeHsIM CUCTEMY KaleJbHOIO OpPOLIEHUS
C OpMeHTalLMell Ha XOpOoIIo MPOSIBUBLIMHI cebsl peXXuM IIo-
JIUBa NOCEBOB r'yapa Ha ACTpaxaHCKOW ONBbITHOM CTaHLUHU
BUP - 5.u.1/pactenue B Hegeso. YOOpPKy HpoBOAWId 25-
27 cenTsabpsa. CyMMa akTHBHBIX TeMnepaTyp Bbiule 10°C 3a
BpeMs Bererauuu ryapa cocrasuya 3286°C. 3a aTo BpeMA
BbInaso 106,4 MM ocagkos. [lo pe3ysibTaTaM aHa/M3a CTPYK-
Typbl CEMEHHOW NPOAYKTHBHOCTH BBIOOPKY pa3ObW/IM Ha
3 KJacca KOHTPACTHBIX U HeﬁTpaﬂbeIX 110 OTHOLIEHHIO
K 3acyxe o6pa3uoB u orobpasu 30 HaubGoJsiee MPOAYKTHB-
HbIX, 10 10 U3 KaxAoH rpynnsl, AJsd u3ydeHus B 2024 r.
B 2024 . noceB 6bl1 npoBesieH 18 ampess, y6opka - 29-
30 aBrycra npu cospeBaHuu 6oJiee 50% 6060B y 60JIBLINH-
cTBa pacTeHUH. Bo n36exaHue UX pacTpecKUBaHUS YOOPKY
HayaJIu 3Ha4UTe IbHO paHblue, yeM B 2023 1. [los1uB 1o cpas-
HeHHIO ¢ 2023 . yMeHbIIWIK BABOe - A0 2,51/pacTeHue
B HeJieJIIo0.

CyMMa aKTUBHBIX TeMIlepaTyp Bbille 10°C 3a BpeMs Be-
retauuu ryapa B 2024 r. coctaBusa 3348°C - Bbllle, 4eM
B 2023 r, cymMa ocazikoB — 119 mM. CpesiHeMecCsAUHbIE TEM-
nepaTypbl HIOHS U HIOJIS, KOTAA y ryapa MpOUCXOAUT Gop-
MupoBaHue 60608, B 2024 r. 6611H Ha 2,5 1 1,9°C Bhille, yeM
B 2023 r (puc. 1).

[TosuB Bcero MaccuBa MPoOA0JKAIH 10 TIOJTHOTO 06paso-
BaHMs mocyefHero 606a B HKHeH KucTH. [locse aToro mno-
JIUB Ha OMBITHOU MOJIOBUHE MM0JIsA (3) MpeKpaljaiy C [ejbio
CO3/1aHUA UCKYCCTBEHHOM 3acyxu: B 2023 1. - 27 ulOH4,
B 2024 r. - 13 vtoHsA U 10 y6opku. Ha KOHTPOJIbHON MOJI0BU-
He 11014 (I1) oJIMB NPOBOANIN B YCTAHOBJIEHHOM peXHUME /10
y6OpKU.

Bo BpeMs y60pKH aHAIM3UPOBAIN CTPYKTYPy CEMEHHOMH
NpPOAYKTUBHOCTU. [lpoBoauiu usMmepeHus 6-7 pacTeHUH
KakZjoro o6pasia no 10 xo3MCTBEHHO LIeHHbIM TPU3HAKAM:
BBICOTA pacTeHUs (AJMHA CTeOJis), YUCI0 BeTBEH, YHCIIO
y3JI0B CO 3pesIbIMU 606aMu, YHCJI0 Y3/10B C HEBBI3PEBLIUMU
606amMu; 4uca0 6060B B y3Jie; Macca 3peJibix 6060B ¢ pacTe-
HUS; AJIMHA 606a; YUCJI0 ceMsIH B 606€; Macca CeMsIH C pacTe-
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Puc. 1. CpegHeMecsAYHBIe TeMIlepaTyphl BO3Jyxa B I. Bosirorpase B nepuoj Bereranuu ryapa B 2023-2024 rr.

Fig. 1. Mean air temperatures in Volgograd during the growing season of guar in 2023-2024

Hus; Macca 1000 cemsaH. AHa/IM3 TPOBOAU/IN OJHOBPEMEHHO
c koHTpoJbHOTrO (I1) M onbITHOTO (3) MOJTEH.

[To BceM oOleHEHHBIM MPU3HAKaM BBIUMC/IAIM OMNHCA-
TeJIbHble CTATUCTHUKH, a UMEHHO Cpe/IHMe 3HAa4eHUs CO CTaH-
JlapTHOM OLIMOKOU cpesiHero x + SE Y oljeHKH BapHabesbHO-
CTH BBIGOPOK — K03QPUIMEHTHl BapHalUU. PaccyuTaHbI
HauMeHblUKe CyllecTBeHHble pasHuubl HCP o ¢ ucnosbso-
BaHMEM JHUCIIEPCHOHHOI0 aHa/IM3a, KOTOpble MOKa3bIBAIOT
TO MHHHMAaJIbHOE pa3/IMyMe MeXJy CpeJHMMH, HadyuHas
C KOTOpOTO NpH BbIGPAaHHOM YPOBHE BEPOSTHOCTH CpeJiHUE
CpaBHMBaeMble IOKa3aTesH CYIeCTBEHHO OT/IMYalTCA
JIpyT oT Apyra. 1 HaX0X/JeHUs CTeNeHU BJAUAHUA PexH-
Ma BbIpALIMBaHUsA, rofja SKCIePUMEHTA U FeHOTUIIMYECKUX
CBOMCTB 00pa3lioB Ha H3y4yaeMble NPHU3HAKH INPOBEJH
MHOT0QaKTOPHBIH AMCIEPCHOHHBIA aHAIU3 [0 BCEM IOJIY-
YUBMIMMCA PEeHOTUIIMYECKUM JAaHHBIM. YPOBEHb BEpOSATHO-
ctu p < 0,05 cunTaercs JONyCTUMOM rpaHULIed CTaTUCTHYe-
CKOM 3HAYMMOCTH, TaK KaK 3TOT YPOBEHb BKJIIOYAET B ceOsd
BEpPOATHOCTb OINGKH 5%. CTaTHCTHYECKHEe pacyeThbl IPOBO-
JIUJIY C IPUMeHeHHeM nporpaMmsl Statistica 13.3.

Pe3ysibTaThl

AHanu3 CTPYKTYpPbl CEMEHHOM MPOAYKTHBHOCTH IPOBO-
JMJIM Ha CHOIIOBOM MaTepuase BIpolecce y6opku. Pe-
3yabTaThbl 2023 I. cBUETEeIbCTBOBAJIY, YTO B 11€JI0M CpeiHUE
3HaYeHUs OCHOBHBIX NMPHU3HAKOB CEMEHHOH NPOAYKTHUBHO-
CTH U ee CTPYKTYPHBIX 3J1eMEHTOB y U3y4yeHHbIX 50 06pas-
LIOB I'yapa OKa3a/IMCh BBILIE Ha 3acyxe, YeM Ha I0JIMBe. ITO
BBIPA’XKaAJIOCh B GOJIbIIEM YHC/IE y3JI0B HA PacTeHHUH, B TOM
YHCJIe C CO3peBIIMMU 606aMH, Macce 3pesblx 6060B U CO-
3peBUINX CeMsH C pacTeHus1 ¥ Macce 1000 cemsan (ta6u. 1).
OueBH/IHO, K TAKOMY pe3yJIbTaTy NpHBeJa NPOJOHIMPOBAH-
Has BereTalys NPy U30bITOYHOM IOJIUBE.

[lokasaTesb CeMEHHOH NPOAYKTHUBHOCTH paCTEHUA
(r/pacrt.) 6B IPUHSAT B Ka4eCTBe [JIABHOTO KPUTEPHsI aJjall-
TUBHOCTH I'yapa K pexuMy BoJocHabeHus. CpesiHee 3Have-
HHe 3TOro npusHaka B pesxuMe Il y 50 usyyeHHBIX 06pas1i0B
coctaBusio 10,20 + 1,00; B pexxume 3 - 11,62 + 0,78 r/pacr.

BbIsiB/IEHbI IPU3HAKU C Pa3HOM CTeNeHbI0 U3MEHYHBO-
ctu B pexxuMax Il u 3. Tabsnua 1 cyMMHUpyeT cpe/iHMe 3Hade-
HUS TPU3HAKOB KaxJoro o6pasna B KoHTposbHOM (IT)
Y onbITHOM (3) BapuaHTax. M3 Hee BHUJIHO, YTO pacCUHUTaH-
HbIH K03 UIMEHT BapHalH M0 KaXKJOMy PEXHUMY BbIpa-
IMBaHU, NO3BOJIAIMHN AaTh 06'beKTUBHYIO OLIEHKY CTelle-
HU BapbHPOBAaHUA NPHU CPAaBHEHHUH JIIOOBIX COBOKYITHOCTEH,

yKa3bplBaeT Ha 3HAYUTEJbHYI0 HW3MEHYMBOCTb NPHU3HAKOB
y 6oJsibIel yacTH 06pa3uoB. [Ipu nosimBe cpeiHIO0 U3MEH-
YUBOCTb [JIEMOHCTPHUPYIOT AjauHa 606a (11,85%) u macca
1000 cemsan (14,10%), He3HAYUTEJIBHYI0 BapHabeJbHOCTD —
4yucJa0 ceMsH B 606e (9,24%). B pexume 3acyxu TOJIBKO
NpHU3HAKU «BbIcoTa pacteHus» (19,87%), «anavna 606a»
(12,81%), «aucJio cemsin B 606e» (11,38%) u «macca 1000 ce-
MsAH» (14,98%) mposABIAT BapuabeJbHOCTb CpeJHel cTe-
MeHH, B OTJIMYME OT OCTaJIbHBIX IPU3HAKOB, 3Ha4Y€HUsA KOTO-
PBIX JOCTaTOYHO BBICOKO BapbUPYIOT KaK MKy 06pasLamMu,
TaK | BIpeJesax o6pasunoB. [IpU3HaKkH, NOKa3bIBaIHe
B 000UX peKMMax BapuabesbHOCTb CpeJHEH CTeleHH — Bbl-
coTa pacTeHHs, AJHHA 606a, yuca0 ceMdaH B 606e u Macca
1000 ceMsAH - [eTepMUHUPYIOTCA B OCHOBHOM T€HOTHUIIOM
06pas1Lia, ycJa0BUA CpeJibl Ha HUX BJIMAIOT €1a6o0.

B pe3ysnbTaTe MHOrOMepHOro AUCIIEPCHOHHOIO aHAJIM3a
NPAaKTUYECKH Be3/le YCTAaHOBJIEHO JOCTOBEPHOE BJIUSHHE
$aKToOpOB U UX B3aUMOJEHCTBUM Mexay co60i Ha GeHOTH-
nuyeckre mpusHaku (p <0,05), ogHako ¢akTop «ycsoBUS
BbIpalllMBaHUs» (MOJMB WM 3acyXa) He OKa3bIBaeT Cylle-
CTBEHHOTO BJIMAHUSA HA YUCJI0 BETBEH U YHCJIO0 3PEJIbIX Y3JI0B
Ha pacTeHUH, Pyroil GpaKTop — «rof, IKCIEepUMeHTa» — He
MOKa3bIBaeT J0CTOBEPHOE BapbUPOBAHKE MaCChl 3peJIbIX 60-
60B C pacTeHUd U AJIUHBI 606a (Be3ze p < 0,05).

[To Macce 3peJibIX CEMSH C pacTeHHUs 06pasLbl 'yapa B pe-
xkuMax Il u 3 B 2023 1. pa3geuanch Ha TPU IPYIIIbI, KOTO-
pble Mbl 0603HAYMJIM KaK TOJIEpAHTHBIE K 3aCyXe, YYBCTBU-
TeJIbHbIE K 3aCyXe U HeHTpasbHble II0 OTHOLIEHUIO K PeXH-
My BojocHabkeHus. [lepBas rpymnmna uMmesa CpaBHUTEJNBHO
BBICOKYI0 CEMEHHYIO NPOJYKTUBHOCTb B BapHaHTe 3 IO OT-
HomeHuto K pexxumy Il (B cpexgnem 159 u 6,4 r/pact. co-
OTBETCTBEHHO). BTopas rpynmna o6pasioB MMeJa CpaBHHU-
TeJIbHO BBICOKYIO IPOAYKTUBHOCTB B pexxuMe I1 (B cpesHeM
20,3 r/pacT.) WM HHU3KYyI0O Ha ONBITHOM moJie 3 (B cpegHeM
10,20 r/pact.); 61M3KHe cpejHHe 3HAaYeHUs MPU3HaKa B 060-
HX peXrMax HabJioianu y TpeTbel rpymnmnsl (11,4 r/pact. Ha
nosiuBe ¥ 11,9 r/pact. Ha 3acyxe). U3 Kaxgo# rpynmnel oTo-
6pasin mo 10 06pa3noB ¢ MAKCUMaJIbHON CEMEHHOH MPOAYK-
THUBHOCTBIO: B pexxuMe Il - 13,9-27,8 r/pacr., B pexume 3 -
17,1-35,1 r/pact., 06pasiipl U3 TpeTbel IPyNIbl NOKa3bIBa-
JIU MaKCUMaJsibHble 3HauY€HUs CeMeHHOW MPOAYKTHUBHOCTHU
B pexxuMe 1 - 18,6 r/pacrt. 1 19,0 r/pacrt. B pexume 3.

OTpuuaTesbHOE BJIMAHUE H3JIMIIHErO, MO0 HAIUMM Ha-
6sroieHUsM, mosinBa B 2023 T. BBIpaXKasioCh B IPAKTUYECKOM
OTCYTCTBHH 3peJIbIX CEMSAH Ha paCTeHUAX HEKOTOPbIX 06pas-
1oB B pexxuMe II (mATb 06pasL0B UMeH NPOJYKTUBHOCTb
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Vishnyakova M.A., Dzyubenko E.

ocherina N.V,, Agakhanov M.M., Shaukharov R.A.

. 186 (1),2025 o

MeHee 1 1), 4ero He HaGJIIAAJIU B peXXUMe 3, T/le MUHUMaJlb-
Hasl ceMeHHas MPOJYKTUBHOCTb paBHsIAch 4,3 r/pacT.

Y BbICESIHHBIX /19 u3ydeHus B 2024 r. 30 06pa3uos - o
10 Haubos1ee NPOAYKTUBHBIX U3 KAXKJ0M I'PYNIbI — B yCJIOBU-
fIX YMEHbUIEHHOI'0 BJIBOE I0JIUBA, M0 cpaBHeHUIO ¢ 2023 T,
Cpe/iHHe 3HaUYeHUs 6OJIBIIMHCTBA aHAIM3UPYEeMbIX PU3HA-
KOB OKa3aJ/IMCh BhIILIE IPH MOJIMBE, YeM NPHU 3acyxe. ITO MPo-
SIBUJIOCh Y OCHOBHBIX [TOKa3aTesiel MpoAyKTUBHOCTHU: 0611ee
YHCJIO Y3JI0B U YHCJIO Y3JI0B CO 3pesibiIMU 606aMHU Ha pacTe-
HUH, Macca 3pesibix 6060B U CO3PEBIIMX CEMSH C pacTeHUs
(cm. Tab6u. 1).

Tak e Kak ¥ B 2023 1., 10 MOJIy4YUBIIMMCS KO3PPULIEH-
TaM BapUalyy ¥ 60JIbIIMHCTBA 00pa310B HAGJII0Aa/1ach 3Ha-
yuTeJbHasl U3MEHYMBOCTh PU3HaKoB. K mpuMepy, npu mo-
JIUBE CPeIHIOI0 U3MEHUYUBOCTb JeMOHCTPUPYIOT BbICOTA pac-
tenus (13,34%), anauna 606a (10,89%) uyuciI0 ceMsH
B 606¢e (12,24%), macca 1000 ceMsiH MOKa3bIBaeT HE3HAUU-
TeJIbHYI0 BaprabenbHOCTh (8,81%). B pexxriMe 3acyxu TOJ/b-
KO MPU3HAKHU «BbICOTA pacTeHUsI» (15,96%) u «unco 60608
By3se» (15,23%) moka3bpIBalOT BapHabeJbHOCTh CpeJHEN
CTeNEeH!, HU3KYI0 CTelleHb BapuabeJbHOCTH JEMOHCTPUPY-
10T AJIMHA 606a (8,13%), uncio ceMsiH B 606e (9,45%) u mac-
ca CO3peBIIMX ceMsH c pacteHus (7,32%), B oTinyde OT
OCTa/IbHBIX MPU3HAKOB, 3HAYEHHUsI KOTOPBIX JOCTATOYHO BbI-
COKO BapbUPYIOT Mex Ay obpasnamu. Cie/lyeT 3aMeTHUTh, YTO
HaunboJiee CUIbHOE BapbUPOBAaHUE MPU3HAKOB B 06a rojia OT-
Mevasnoch B pexxuMe 3. Takxke B TedeHHe BCeH IPOJOJIKU-
TeJIbHOCTH 3KcneprMenTa (2023/2024) nauboJsiee cTabu/b-
HOM 3HAYMMOMH Koppesisilieil 6blja CBsI3b MEX/y Maccoi 60-
60B C pacTeHUsl U CeMEHHOH MPOAYKTHUBHOCTBIO: I = 0,87-
0,94 na nosiuBe u r = 0,84-0,99 Ha 3acyxe.

B 2024 r. aHaiu3 ceMeHHON NPOAYKTHBHOCTH NPOBOAU-
JIU TIO TPEM BbISIBJIEHHBIM HaMHM rpymnmnamM o6pasios. Toue-
paHTHBIE K 3acyxe o6pasibl Ha IMOJHBE MOKa3aJyd MaKCH-
MaJIbHble 3HaY€HUs MPAKTUYECKH BCeX MPU3HAKOB NMPOAYK-
TUBHOCTH II0 CPaBHEHWIO C ABYMS APYTUMH TpyIlnamu
(Ta6u1. 2). CpefHAs ceMeHHast MPOLYKTUBHOCTD Y 3TOM IrpyIl-
bl Ha MOJIMBe paBHsAAACh 17,91 r/pacT., y 4yBCTBUTENbHBIX
K 3acyxe — 15,44 r/pactT. u y HeWTpanbHbIX — 15,11 r/pacT.
OnHako 06pasibl, OTHECEHHbIE HAMU K N1epBOY IpyIe, Mpo-
SIBUWIM MaKCHUMAaJIbHYI0 CpPeJHIOI MPOAYKTHUBHOCTb U B pe-
)kuMe 3 - 16,88 r/pacT., cpaBHUMYIO C TOH, 4YTO Ha MOJHUBE
(menbiie Ha 6%), TeM caMbIM NOATBEPAUB CBOW CTaTyC
YCTOWYUBBIX K 3acyxe 06pa3ioB. ['pynmna o6pasioB, OTHECEH-
HbIX HaMU B 2023 I. K 3aCyX04yBCTBUTEJIbHBIM, B pexXuMe 3
YMeJia CpeIHIOI0 CEMEHHYI0 MPOAYKTUBHOCTE 10,63 r/pacT. -
B II0OJITOpa pa3a MeHbllle, yeM Ha [I, To ecTb Takxe INOA-
TBepJUJa B LleJIOM CBOW cTaTyc. ['pynna HeWTpaJbHBIX IO
OTHOLIEHHIO K BJIaroo6ecrneyeHHOCTH 06pasl0B CHU3MWJIA
CBOIO MPOJAYKTHUBHOCTb Ha 3 mo cpaBHeHHuw c Il ¢ 15,11 no
12,20 r/pact. (Ha 19,3%) (cM. Tab.1. 2). ITa rpynna o6pasnos
okasasnach B 2024 1. He Tak cTabW/JIbHA HAa 0060UX peXUMaX,
Kak B 2023 1., 06Hapy>KHUB OTKJIOHEHHsI 3HAa4YeHUs NpHU3HaKa
«r/pacT.» B obe cTOpoHb! (6oJsblie Uau MeHblle). CpaBHU-
TeJIbHO GJIM3KHe pe3y/lbTaThbl B 000MX PeXHUMax MoKasaau
TOJIBKO TPU 06pasua us AecaTu: k-52891,k-52931u k-52932.

TakuM o6pa3oMm, BeIsiBJieHHast HaMu B 2023 r. auddepeH-
[Manysa o6pasloB M0 OTHOIIEHUIO K 3acyXe B ILIeJIOM IOJA-
TBepAuaachk B 2024 1., Ipu 3TOM JJ1s1 06pa3L0B BcexX Ipynn
Hanb6oJiee MpeANOYTHUTENbHBIM 0Ka3aJscs pexxuM 1. CpeanHss
NPOAYKTHBHOCTb BCEro MaccuBa Ha noJsuse B 2023 . 6bL1a
10,2 r/pact,aB 2024 .- 16,14 r/pact., yto Ha 60,8% GoJiblie.
Mexx iy TeM OTZe/IbHbIe 00pPa31ibl, 0CTABasICh B TOM Ke IPyT-
ne, yto U B 2023 ., B 2024 r. nN0Kasa/u pasUTeJbHO OT/INY-
Hble pe3y/JbTaThl. Tak, aMmeprukaHCcKUi copT ‘Santa Cruz’ (k-
52584), oTHeceHHBbIH K 3aCyXOTOJIEPAaHTHBIM, NMOCKOJBKY

B 2023 r. npaKTUYeCKHU He JaJl CeMAH Ha [10JIMBe, HO Ha 3acy-
xe cdopMHUpoOBaJ B cpefHeM 110 5,2 r/pacrt., B 2024 r. Ha 3acy-
Xe JlaJl COTOCTaBUMBbIH pe3yabTaT - 8,02 r/pacT., a Ha MoJIuBe
cdopmupoBai no 25,1 r/pact. ITO CBUAETENBCTBO TOTO, UTO
Aaxxe BaCyXOYCTOfIqHBbIe FeHOTUIIbI NPeANOYUTAT YCJIO-
BHA OIITUMAJIBHOTO ITOJIMBA.

AHasloruyHoe 3aKkJIloYeHHe MOXXHO OTHEeCTH HpaKTHde-
CKM KO BCeM o6paslaM BceX TpexX OIpejiesIeHHBbIX HaMu
rpyni. Psj U3 HUX nokasaJs B 06a rojja 6,1u3Kue pe3ynbTaThl,
HO 60JIBIIMHCTBO 06pa3L0B cpopMHUpPOBaIM MAaKCHMaIbHYIO
CeMeHHYI0 NPOAYKTHUBHOCTD B pexxuMe I (puc. 2).

BrisiBsieHB! HanbGoJIee MPOAYKTUBHBIE 06pa3Iibl, CIOCO6-
Hble chopMUpoBaTh 60siee 20 I ceMsIH Ha paCcCTeHUH:

— U3 IpynIbl TOJIEPAHTHBIX K 3aCyXe IPU OrPaHUYEHHOM
BoslocHaGeHuM (3): k-52857, k-52910, k-52938, k-52945;
Ha nostuse (I1): k-52584, 52937;

- U3 IpyNIbl YyBCTBUTENbHBIX K 3acyxe Ha noJuae (I1):
K-52860, k-52904, k-52918, k-52924;

- U3 Ipynnbl HEUTpaJIbHBIX K PEXHUMY BOJOCHAGKEeHUS
Ha 3acyxe (3): k-52742; na nonuse (I1): k-52854, k-52932.

B aTOM cnucke npeuMylleCTBEHHO WHJUMCKUE U MTaKHu-
CcTaHCKHe 06pasibl. EAMHCTBEHHBIN COPT POCCUUCKOH ceslek-
LMY, BOIIEJUINH B TPeTbIO I'PYNIy K CIOCOOGHBIM AaBaTh
CpaBHUTEJIbHO BbICOKYIO CEMEHHYIO IPOAYKTUBHOCTD Ha 3a-
cyxe, - ‘Kybanckui 06uneinbiit’ (k-52742), KoTopbld Mpu
3TOM CHWXKaeT NPOJAYKTUBHOCTb Ha nosuse. B 2024 r. B pe-
»KuMe 3 ero NpoJyKTUBHOCTb OblIa B/IBO€ BBIIIE, 4YEM B pe-
xume [1.

O6GcyxaeHue

HecmoTpsa Ha ycTOMYMBYIO penyTalUio ryapa Kak 3acy-
XOyCTOl;’I‘-[I/IBOI‘O pacTteHusd, uccjieg0BaHUdAd 10 BJHUAHUIO BO3-
JleMCTBUsA 3aCyXHU Ha ero ypoXKalHOCTb orpaHuyeHbl. PaHee
B P® npeanpunumasnu skosoro-reorpadpuyeckoe usydeHue
00pasnoB ryapa u3 KoJyyieKuud BUP Ha 10KHBIX ONBITHBIX
CTAaHOUAX HWHCTUTYTA, KJIHMATHYECKHE YCJIOBUA KOTOPBIX
OTBEYAIOT KPUTEPUSM TeII006eCedeHHOCTH 3TOU KyJIbTY-
pol (Boarorpajckoi, ActpaxaHckoH, JlarectaHckoit u Ky-
6aHCKOH), Ha 6orape U npu opoueHrHd. OCHOBHOe BHUMa-
HHEe B 3TOM HUCC/IeJOBAaHUU YyAeJAIA CBOMCTBaM KamMenu
(Kruchina-Bogdanov etal,, 2019). Y6eauTesbHO NOKa3aHoO,
YTO NPHU BbIpALIMBAaHUH OHOTO U TOTO ke Habopa u3 13 06-
pasIloB B peXKMMe ONTHMaJbHOTO BOJOCHAGXKEHUsI, KOTOpoe
661710 06ecredeHo TOJbKO Ha ABYX CTAHIUSAX, MHOTOKPATHO
BO3pacTaja ceMeHHasl NPOAYKTUBHOCTb U GpOpPMHUPOBAIKCH
MaKCHMaJIbHbI€ IIOKa3aTeJInu yaem)Hoﬁ BA3KOCTHU KaMegu
(Ha mosmBe Ha AcTpaxaHCKOW ONbITHOW cTaHnuud BUP),
a MaKCHMMaJIbHOe IPOLEHTHOe COJiepXKaHue KaMeJU B ceMe-
Hax y Bcex 06pa3noB ryapa GUKCUPOBAIN MPU UX BbIpallU-
BaHHWH B YCJIOBUAX Bonrorpaacxoﬁ CTaHLUHWH Ha KalleJbHOM
opomenuu (Kruchina-Bogdanov et al., 2019). OgHako crienu-
AJIbHBIX 3KCIIEPUMEHTOB 110 BBIABJICHHUIO 33CyXOyCTOl>'I‘[PIBbIX
00pas1oB B Kosuiekuu BUP He mpoBoauiocs.

OCHOBHBIM METOAWYECKUM IPUEMOM UCCIeJOBAaHUHN 3a-
CYXOYCTOHYUBOCTH CJIYXXUT OTpaHU4YEHHe BOJONOTpebJie-
HUA KyJIbTypbl Ha PAa3HbIX CTaAUAX PA3BUTHUS pacTeHUH. Mbl
npeKpauaiy MoJUB B Hayajle MacCOBOTO ILJIOJ006pa3oBa-
HUS 1 He BO30GHOBJISLIN J10 YOOPKHU.

Pa6oThl M0 M3y4eHHIO TOJEPAHTHOCTH Iyapa K 3acyxe,
npoBoguBiurecs B CIIA (Stafford, McMichael, 1991), nokasa-
JIY, YTO Ha ypoBHe GeHOTHIIA BOJHOMY CTPECCY NOABEPKEHbI
CceMeHHasl MPOAYKTUBHOCTb, YMUCJO 6OGOB Ha pacTeHUU
Y BBICOTA pacTeHUs. B paboTe HTaNbAHCKUX yYEHbIX TI0Ka3a-
HO, YTO NMpPH3HAK, HA KOTOPBIH 3acyxa BO3JeHCTBYyeT MeHee
BCETO, — YUCJIO ceMsiH B 606e (Gresta et al,, 2016; Avola et al.,
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5 Monus 3acyxa m 2023 12024
é 35,00 35,00
g 30,00 30,00
; 25,00 — 25,00
§ 20,00 — — 20,00
g 15,00
F 10,00
g 5,00
g 0,00
s 1 3 2 6 13 19 30 46 47 50 1 3 2 6 13 19 30 46 47 50
Homepa genaHok Homepa penaHok

TosiepaHTHBIE K 3acyxe o6pa3nbl / Drought-tolerant accessions
1-x-52572; 3 - k-52575; 2 - k-52574; 6 - k-52584; 13 - k-52857; 19 - k-52877; 30 - k-52910; 46 - k-52937;
47 - k-52938; 50 - k-52945

) Monus 3acyxa

5‘35 00 m 2023 112024

o ! 35,00

§ 30,00 +— 30,00

; 25,00 25,00

§ 20,00 20,00

% 15,00 15,00

2 10,00 10,00

g 5,00 5,00

g 0,00 0,00

s 14 17 28 31 33 35 38 40 45 48 14 17 28 31 33 35 38 40 45 48
Homepa penaHok Homepa penaHok

YyBcTBUTeIbHBIE K 3acyxe o6pa3npl / Drought-sensitive accessions
14 - x-52860; 17 - k-52867; 28 - k-52904; 31 - k-52914; 33 - k-52916; 35 - k-52918; 38 - k-52924;
40 - k-52926; 45 - k-52934; 48 - k-52940

rt MNonus 3acyxa

z m 2023 2024
g 35,00

8 30,00

E: 25,00

3 20,00

§ 15,00

8 10,00

Qo

8 5,00

g 0,00

s 9 11 15 25 29 36 37 42 43 44 9 11 15 25 29 36 37 42 43 44

Homepa penaHok Homepa penaHok

HeiliTpa/ibHbI€e K peKMMY BOAOCHAGKeHHs1 06pa3nbl / Accessions neutral to water supply
9 - k-52742; 11 - k-52854; 15 - k-52862; 25 - k-52891; 29 - k-52906; 36 - k-52919; 37 - k-52920;
42 - k-52929; 43 - k-52931; 44 - k-52932

Puc. 2. CpaBHeHHe ceMeHHOi NPOAYKTUBHOCTH 06pa3LioB, KJI1acCuPUIUPOBaHHBIX 10 OTHOLIEHUIO K 3acyxe
3a /iBa rofia MccjieJOBaHUs], P Pa3HbIX peXKUMax BOAOCHAaGKeHUA: 2023 I. - 5 j1/pacTeHUe B HeJleJI0;
2024 r. - 2,5 1/pacTeHue B HeAeII0

Fig. 2. Comparison of seed productivity among accessions ranged according to their drought resistance

over the two years of studying under different water supply regimes: 2023 - 5 L per plant per week;
2024 - 2.5 L per plant per week
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2020). B HameM ucc/iefOBaHUM MTOJIyY€HbI aHAJIOTHYHbIE pe-
3y/abTaThl. bosiee Toro, nokasaHa BbICOKasi MOJIOXKUTEJIbHAs
CBSI3b IPU3HAKOB «Macca CeMsIH C paCTeHUsI» U «Macca 6060B
c pacTeHusI» B 06a roga (2023 u 2024) B o60oux pexxnmax [I
n3(r=094-0,99 ur=0,84-0,87),a 3Ha4uMMas MOJOKHUTEJb-
Hasl KoppeJIsiLys MexX/ly CeMeHHOU MPOAYKTUBHOCTBIO U BbI-
coToM pacTeHUH Ha 3acyxe (r = 0,41) 3adpruKkcrpoBaHa TOIbKO
B2024r.

W3BecTHB! paboThl MO MOKCKY ONTHMAJbHOTO peXHMa
opoileHus1 ryapa. B yacTtHocTH, B ycnoBusix CHLMJINM HC-
[0JIb30BA/IM PEXUMBI: ostHOTro opoitenus (110, 100% noy-
BeHHOH ByiaroeMkoctH), cpesiHero (CO, 50%) u Huskoro (HO,
25%). Pe3ynbTaToOM OrpaHUYE€HHOT0 BOJOCHAGKEHUS CTAI0
yMeHbllleHre Yyrc/aa 6060B ¥ MacChl CEMSTH Ha pacTeHHH, BbI-
COTBI pacTeHUs], MHJEeKCA IJIOLAAH JUCTA, 3GPEKTUBHOCTH
BogonoJsib3oBaHus. [lo cpaBHenuto c [10 gByx/sieTHee cpej-
Hee CHW)XXeHHe YpOXKaHOCTU ceMsfH [iyil BapuaHToB HO
1 CO -49% u 26% cooTBeTcTBeHHO. OB BHIBOJ, KCCIEL0-
BaHUSA: I'yap 06J1aZjlaeT BBICOKUM IOTEHIIMAJI0M ypoXKaiHO-
ctu npu 100-mpoIeHTHOM BOCIOJIHEHUHU JepULUTA BOJbI
B II0YBE, HO CIIOCO6EH COXPaHATh YPOXKAHHOCTD B YCJIOBUSX
orpaHu4yeHus BoAbl [lATHUAecATUNPOLEHTHBIA BOJAHBIN Jie-
GULUT CHMXKAT YPOXKAHHOCTh KYJIBTYpbl He 6oJiee yeM Ha
26%, 4TO rOBOPHUT 06 3¢ PEKTUBHOCTHU UCIOJIb30BAHUS BOJIbI
ryapoM B YCJOBUSIX ee HU3KOU goctymHocTH (Avola etal,
2020).

Kak ckasaHo Bblllle, UCNOJIb30BAaHHBIA HAaMU B I1ePBbIN
roJl UCCJIeJOBAaHUS PEXHUM OpolIeHus 5 J1/pacT. B HeeJIo 3a-
HMMCTBOBaH M3 NPAaKTHUKHU BbIpallMBaHUA Iryapa B ACTpaxaHHU.
B ycnoBuax Bosarorpaga oH okasasca usaudwHuM. Cirenyer
y4uThIBaTh, 4TO Bousarorpagckasa OC BUP pacnosoxena
B 30He CTelell B yMepeHHO KOHTHHEHTAaJbHOM KJHMMaTe,
B TO BpeMs KaK AcTpaxaHb — B 30HE MOJYNYCThIHb C pE3KO
KOHTUHEHTAJbHBIM KauMaToM. CyMMa cpejHeMeCS4YHbIX
TeMIepaTyp Tpex JIeTHUX MecdueB B AcTpaxaHu B 2023 T.
6bls1a Ha 3,7°C, a B 2024 1. Ha 3,6°C BhILIE, yeM B Bosrorpaze.
KpomMme Toro, BocTouHble BeTpbl B ACTpaxaHU 06yCJI0BIMBA-
IOT BBICOKYIO CyX0CTb Bo3ayxa (https://ru.weatherspark.com),
B TO BpeMs KaK I0JIM3TU/IEHOBBIM HaBeC HaJl HalIUM Ioce-
BOM B Bosirorpajie co3jjaeT HeCKOJIbKO MOBBILIEHHYIO BJIAX-
HOCTB BO3/[yXa B arpoljeHo3e 10 CPAaBHEHUIO C TeM, KaK eC/IU
OBl TOCEB HAXO/UJICS MO, OTKPBITHIM HEGOM.

PexxuM mosivBa 2,5 j1i/pacTeHue, UCI0/Ib30BaHHBIA HAMU
B 20241, Mbl Ha3blBaeM ONTUMaJbHBIM C ONpeJeeHHON
CTeNeHbI0 YCI0BHOCTH. [I0MCK ONTUMAa/IbHBIX [103 OPOLIEHUS
TpebyeT crelyaJbHOr0 arpoTeXHU4Yeckoro aHanusa. [loarto-
My BBIBO/], C/leJIaHHBIN B MPOLUTHPOBAHHOH Bbllle paboTe
G. Avola et al. (2020), Mbl IpUHHUMaeM KaK onpesieIeHHOe Py-
KOBOJZICTBO JIJIs1 MCNOJIb30BAHUSA JAHHOTO peXHMa opolile-
HUs, TOCKOJIbKY NP HeM pacTeHus: QOpPMHUPYIOT CpPaBHU-
TeJIbHO BBICOKYIO /11 P® ceMeHHYI0 MPOAYKTHUBHOCTD, J10-
cTuramolnyto 25 u 6osiee r/pacr.

B uccnegoBanuu A. Alshameri c coaBTopamu (Alshameri
etal, 2017), HapaAy c yMeHbIeHHWEM 4ucJa 6000B MpH
cTpecce 3acyxy B ycnoBusX [lakrcTaHa, OTMeYeHbl yMeHb-
IIeHWe YHUCIa JUCThEB, UX IUIOMIAAH, GMOMACCHI U BBICOTHI
pacTeHUH U yBeJUYeHHe NepHuosia OT BCXOJ0B /0 LBETEHMUS.
MMeeTcss HECKOJIBKO CBUJETENBCTB TOr'O, UTO NMPHU BOJHOM
nedunuTe Ha pasHbIX $as3ax OHTOTeHe3a pacTeHUH ryapa
OHM HauboJsiee YYBCTBUTENbHBI K CTPECCY BO BpeMsl pernpo-
JYKTUBHOM CTaJIUY, a UMEHHO IPU 3aKJIaJiKe [[BETKOB U I{Be-
TeHuu (Ahmed etal, 2011; Meftahizadeh etal, 2019; Avola
etal., 2020; Baath et al., 2020).

[eHoTUnMYyeckass M3MEHYUBOCTb PEAKLIMM PACTEHUH I'ya-
pa Ha cTpecc 3acyxu, oTMedeHHasl B pabore G.Avola etal
(2020), MHOrOKpaTHO OTMevaJach U APyrUMH HCCIeioBaTe-

JsiMu. B reHodOH/e KyIBTYPEI, KaK ¥ 60/IbIINHCTBA CETbCKO-
X035IHCTBEHHBIX PaCTEHUH, BCTpe4aroTcs 06pasIipl, B pa3HOH
CTeleHU ToJlepaHTHbIe K 3acyxe (Ashrafetal., 2002; Ali et al,,
2015; Zubair et al,, 2017; Meftahizadeh etal., 2019; Pandey
etal, 2022). Mbl B HallleM KCCJIEOBAaHUMU TAaKXKe BbISIBUJIU
06pasiipl, ToJIepaHTHbIE K 3aCyxe, YYBCTBUTE/bHbIE K Orpa-
HUYEHHOMY BOJOCHA0KEeHWIO U HEWTpasbHbIE 10 OTHOLIe-
HUIO K HeMy. [loc/ieHUEe MOXKHO 6bLJIO 6bI CYUTATH 06pasIa-
MU C IIMPOKOUW aJlanTaledl K peXXUMy BOJOCHAOXKEHUs, Of-
HaKO ceMeHHasi MPOJYKTUBHOCTb GOJIBIIMHCTBA U3 HUX OKa-
3aJlach HeCTAaOWJIbHOM 10 rolaM UCC/Ie/JOBaHUs B 060UX pe-
*uMax - I1 u 3. CuurtaeM, 4TO Uccaef0BaHUEe 3TOU TPYIIIbI
06pasloB HYKHO NPOAOLKUTH. [loslyyeHHBIE pe3y/nbTaThbl
M03BOJISIIOT GOPMUPOBATH MyJ1 TeHETUYECKUX PeCYPCOB AJIs
aJ[peCHOM MHTPOAYKIMY, a TaKXKe CeJeKI[MH COPTOB Iyapa,
aJlalTHPOBAHHBIX K PA3HBIM PEXHMMaM BOJIOCHAGKEHHUS.

3akJ/iloueHue

BriepBrie B PO npoBeseHo nmoseBoe peHOTUNHPOBAHUE
50 06pasnoB ryapa u3 kosuieknuu BUP c nenbio onpegesne-
HUS OTHOLIEHHUA KyJbTYpbl K 3acyxe. M3ydyeHue nposoauin
Ha Bosrorpagcko#t onbiTHOM ctaHuuu BUP B 2023-2024 rr.
Ha 11oJIuBe pa31—10171 CTEIIeHU MHTEHCHUBHOCTHU U B pPEeXXHUMe HC-
KyCCTBEHHOM 3aCyXH, C03/|laBaeMoil B Te4yeHHUe ABYX U GoJiee
MecsilieB B Ilepro/; o6pa3oBaHus 6060B. BrisasieHa gudde-
peHLManMs U3y4yaeMoH BBIGOPKM MO OTHOLIEHHUIO K BOJO-
obecreyeHHUI0 Ha TPU TPYNIBL: TOJEPAHTHBIE K 3aCyXe, YyB-
CTBUTEJIbHBIE K 3aCyXe 1 HeﬁTpaﬂbeIe 110 OTHOIIEHHIO K BO-
JlocHabeHHI0. PexuM To4yeyHOTo MmoJiMBa 5 J/pacTeHue
B HeJIeJII0 0Ka3aJsICsl U3JIMLIHUM /11 60JIbLIMHCTBA U3Y4eH-
HBbIX 06p33u0B. OnTuMaJbHbBIM IIPHU3HAH IOJIMB BIBO€ ME€Hb-
me - 2,5 1/pacTeHue B HeJest0. BoJbIIMHCTBO 06pa3ioB
COXpaHUJIO BbISIBJIEHHBIN CTaTyC IO OTHOLIEHWIO K 3acyxe
B 00a rojia U3y4eHusi, HECMOTPS Ha pa3Hoe BOJOCHAOXKEeHUe.
[Ipu 3TOM, HE3aBUCUMO OT TPYIIbI 06Pa310B, 06HAPYKUJIAChH
TeHAEeHI WA YBeJIUYeHUud CeMeHHOM NPOAYKTUBHOCTHU Ha OIl-
THUMaAJIbHOM IIOJIMBE. OnpeaeneHbl HauboJiee NMPOAYKTUBHbIE
06pasiibl BO BCeX TPeX rpymniax.
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BiinsiHMe norogHbIX paKTOPOB HA 3JIEMEeHTbI CEMEHHOM
NPOAYKTUBHOCTH ropoxa npu penpoaykuum kouiekuguu BUP
Ha A/ZIJ1IepCKOH ONBbITHOU CTAaHL MU

E. B. Cemenoga’, JI. 0. HoBukosal, A. I1. boiiko?, M. A. BumHsakoBa'

I @edepanvHblli uccaedosamenvekuil yenmp Beepoccutickutl uHcmumym 2eHemu4eckux pecypcog pacmeHutl

umeHnu H.U. Basunosa, Cankm-Ilemep6ype, Poccus

2 @edepanviviil ucciedosamensekuil yenmp Beepoccuiickuil unemunmym 2enemuyeckux pecypcos pacmenuil umenu H. 1. Basunosa,
Aonepckas onvimuas cmanyus — ¢punuan BUP, Couu, Poccus

Aemop, omeemcmeeHHbll 3a nepenucky: Enena BuktopoBHa CeMeHOBa, e.semenova@vir.nw.ru

AKTya/IbHOCTb. AHA/IU3 BJIHUSHUSA arpoKJIMMaTHYeCKUX YCJIOBUH HAa GOpMUPOBaHHEe YPOXKAaHHOCTH ropoxa B YCI0BUSIX BJIAX-
HbIX Cy6TponuKoB KaBka3a BakeH /i/1s1 BbISICHEHHS ONTHMAJIbHBIX PEXKUMOB TeILJIO- U BJIAroobecrneyeHHOCTH, a TaKxkKe A1
BBISIBJIEHUS 06Pa310B €O CTabUIbHON NPOAYKTUBHOCTBIO B Ka4eCTBe UCXOAHOI0 MaTeprasa AJs CeJIeKIIUU B peruoHe.
Marepuana u meToabl. O6bEKT HccienoBaHus — 453 o6pasua ropoxa U3 Kosuiekuu BUP, npoxouBiive nepBUYHOE M0JIEBOE
n3y4yeHue Ha AZyiepcKoi onbITHOM cTaHiy BUP B 2020-2022 rr. U3y4yaemast BbI60pKa coZieprkasia pa3Ho06pa3HbIi MaTepu-
aJl 110 HaNpaBJIeHUSM HCI0JIb30BaHUs 00pa31oB U reorpaduu UX NPoUcXoxAeHus. [losieBoe GpeHOTHUIIHPOBAaHNE BEIGOPKH U3
KOJIJIEKIIUY F'OPOXA OCYLIECTBIISJIU B COOTBETCTBUU C METOAUYECKUMHU YKazaHUsAMU BUP. CtraTucTruyeckas 06paboTKa JaHHBIX
NnpoBeJieHa B nporpamMmme Statistica 13.3.

Pe3yabraThl. /los1 BJIMSHUS NOTOAHBIX YCJOBUM Ha QeHOTUNHUUYECKHe MPU3HAKH, ONpefessioliie YPoKalHOCTb Topoxa,
B cpefiHeM cocTaBua 44,0%, reHoTUNIMYecKas cocTaBsiomas - 32,7%. HauboJsibliee BAUsSIHYME TeHOTHIIA TPOSIBUIIOCH 10 OT-
HOLIEHUIO K YHUCJIy HENMPOAYKTUBHBIX y3710B (97,0%), k Macce 1000 cemsH (83,6%), anuHe ctebus (81,1%), yucy 11BETKOB
B kucTH (80,9%), MakcUMaJIbHOMY 4MCy ceMsiH B 606e (71,0%), kpynHocTu 606a (68,3%), cpeaHeMy yncay 6060B Ha pacTe-
HuH (51,0%). MakcMMasIbHO BBICOKOE BJIMSIHHE CPeZibl BbISIBJIEHO 110 OTHOLIEHUIO K MPOAOJ/IKUTENbHOCTH BEreTal[MOHHOT0
nepuoza (79,0%) u neprony «Bcxobl - IiBeTeHUe» (65,1%).

3axktoueHnne. KputnyeckuMu A5 ropoxa B 2020-2022 rT. sBUJIMCh U30BITOYHBIE 0CA/IKM U BBICOKHE TEMIIEPATypPhbl BO3/[yxa
B [IEPHO/] CO3pEBaHUsl. 3aKOHOMEPHOCTH GOPMUPOBAHUS CEMEHHOM MPOAYKTUBHOCTH Pa3/IMYHbl ¥ COPTOB TpeX HampasJe-
HUM HUCTI0JIb30BaHUSA: 3€PHOBOTO, OBOIIHOI'0 U KOPMOBOTO. BrIsiB/IeHbI Har60Jiee NPOAYKTHBHBIE 06pa3Iibl, a TAKXKe 06pa3Ibl
€O CTabU/IbHOM NPOAYKTHUBHOCTBIO HA GOHE NOTOAHBIX GIYKTYaL Ui B Te4eHHE TPeX JIeT.

Karoueaswle cao08a: ropox, Iorosa, BjaaXkKHble cyoTponuky KaBkasa, kosutekuus BUP, BiusHue cpegpl u renotuna, ANOVA

Baazodapnocmu: pa6oTa BbINOJIHEHA B paMKax rocylapCTBEHHOT0 3a/jlaHus COIJIaCHO TeMaTHh4yeckoMy I1any BUP no npoek-
Ty FGEM-2022-0002 «BrIsiBNIeHME BO3MOXKHOCTeH reHopoH1a 6060BbIX KYJIBTYP [IJIsI ONTUMHU3ALMUH UX CeJIeKLUH U JUBEPCU-
$UKaLMY UCTIOJIb30BAHUSA B PA3/IMYHBIX OTPAC/IAX HAPOJHOT0 X0351HCTBay.

ABTOpBI 6/1ar0AapAT perieH3eHTOB 3a UX BKJIaJ, B 9KCIEPTHYIO OL€HKY 3TOH PaboThI.

s yumupoeanus: Cemenosa E.B., HoBukosa JL.I0., Boiiko A.Il., BumnsakoBa M.A. BiiusitHue moroaHeix GakTOpOB Ha /J1eMeH-

ThI CEMEHHOH NPOAYKTUBHOCTH ropoxa MpH penpoAyKIUH Kouiekuuu BUP Ha Afiepckoit onbITHOM cTaHUMU. Tpydel no npu-
K/1adHoU 6omaHuke, ceHemuke u ceaekyuu. 2025;186(1):106-120. DOI: 10.30901/2227-8834-2025-1-106-120
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Background. An analysis of the effect of agroclimatic conditions on the formation of pea yields in the humid subtropics of the
Caucasus is important to determine optimal modes of heat and moisture supply, as well as to identify accessions with stable
productivity as source material for breeding in the region.

Material and methods. The materials of the study included 453 pea accessions from the VIR collection, which underwent
a primary field study at Adler Experiment Station of VIR in 2020-2022. The studied set of accessions was characterized by di-
verse uses and various geographic origins. Field phenotyping was carried out in accordance with VIR’s guidelines. Statistical
data processing was performed using the Statistica 13.3 software.

Results. The effect size of the influence of weather conditions on phenotypic traits determining pea yield averaged 44.0%, and
its genotypic component was 32.7%. The greatest effect of the genotype was manifested on the number of nonproductive nodes
(97.0%), 1000-seed weight (83.6%), stem length (81.1%), number of flowers per raceme (80.9%), maximum number of seeds
per pod (71.0%), pod size (68.3%), and average number of pods per plant (51.0%). The maximum influence of the environment
was recorded for the durations of the growing season (79.0%) and the period from sprouting to flowering (65.1%).
Conclusion. Excessive precipitation and high air temperatures during the maturation period were critical for peas during the
years of studying. The patterns of seed productivity formation differed among the cultivars grown for three different uses:
grain, vegetable, and fodder. The most productive accessions were identified, as well as those with stable productivity under
weather fluctuations across the three years of testing.

Keywords: pea, weather, humid Caucasian subtropics, VIR collection, effect of environment and genotype, ANOVA
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BBegenue

Kosnekuus ropoxa BUP HacuuTsiBaeT 8302 06pasna, mo-
CTYNIHMBIIXUX U3 BCEX PErMOHOB MHPAQ, rAe BO3AeJIbIBAKT I'o-
pOX, W IIpeJCcTaBJsieT cO60M penpe3eHTAaTUBHYI BBIOOPKY
MHPOBOTO pazHoo6pasus Buja Pisum sativum L.

W3BeCTHO, YTO ropoX MOCEBHON — BUJ| O4€Hb MOJIUMOPd-
HbIM U BMeCTe C TeM IJ1acTUuHbId. [To onpeaenenuo JI. U. l'o-
BopoBa: «bBoJsiploe pasHoo6pasue 3KOJOTHUYECKUX THIIOB
1 popM ropoxa obecrneyrBaeT BeCbMa LIMPOKHE BO3MOXKHO-
CTHU ero BO3/JeJIbIBAaHHUA IIOYTHU BO BCeX 3eMJie[eIbYEeCKHX
paiionax 3emHoro mapa» (Govorov, 1937, p. 254). U3 ucro-
pun BcecorosHoro MHCTUTYTa pacteHueBoAacTBa (BUP) us-
BECTHO, YTO CAMOU CEBEPHOH TOYKOH, I/le paboTalu C KOJI-
JleKel ropoxa, 66u1a [lossipHas onbiTHast ctanuus (OC) Ha
KosibckoMm mosiyoctpoBe (67°36’ c. m1., 33°38’ B. A.); B reo-
rpaduyeckux noceBax ero BeIpaliuBaau B IleyopckoM
Kkpae, AkyTnu u Ha KamuaTke. CaMo¥ 10’kHOM TOYKOH pab6o-
Thl C KoJlJIeKLuel Obl1 CpepHeasuatckuid ¢uaman BUP
B oKkpecTHOCTsX TamkeHTa (41°18’ c. 1., 69°15’ B. 1), rze u-
MUTHPYIOIUMU GaKTOPaMU BO3/ie/IbIBaHUS TOpPOXa SBJISAIOT-
cs1 HeIOCTAaTOK BJIAarW U MOBPeX/jeHNe HaCeKOMBbIMHU-BPeU-
Tesasmu (Govorov, 1937).

[lo TpaguuUOHHOMY [Jisi 3epHOGOGOBBIX [leJIEHHI0 Ha
KYJIBTYPbI X0JIOAHOT'O ¥ TEeIJIOT0 KJIMMATa ropoxX OTHOCUTCA
K IepBO¥ rpynmne. KputuyeckuMu AJi pa3BUTUSA ropoxa
B HayaJle BereTallMd CYUTAKOT TeMIepatrypbl HUxke 5°C,
a B peNnpoAYKTUBHYIO CTaAHUI0 — Bblle 26-28°C, oco6eHHO
IPpH yCJIOBHUHU UX €XeJHEBHOI'O IMOBTOPEHHA B TeYEeHHe He-
ckosbkuX cyTok (Bueckert etal., 2015). Beicokue Temnepa-
TYpbI B PeNPOJYKTUBHYIO CTaJiMI0, KOTopas 6GoJiee MojBep-
»KeHa HeraTMBHOMY BO3/eHCTBUIO TEIJIOBOI'O CTpecca, yeM
BeretaTuBHas (Prasad etal.,, 2017; Lamichaney et al,, 2021),
NPHUBOJAAT K HAPYLIEHHIO ONblJIEHHUA W 3aBA3bIBAHUA CEMSH,
TeM CaMbIM yYMeHbIlasd YHUCJ0 6G060B Ha PACTEHUH U MaCCy
606a (Mohapatra et al., 2020). Kpome HeraTUBHOTO BJIMSIHUS
Ha NPOAYKTHUBHOCTDb PACTEHHA, BLICOKHE TeMIlepaTypPhbl OKa-
3BIBAIOT OTPHLATEbHOE BO3/IeICTBYE Ha HAKOIJIEHHe a30Ta
B CeMeHax, YTO CBsI3aHO € 6oJiee KOPOTKOHN MPOJOIKUTENb-
HOCTbIO HAINIOJIHEHUA UM CeMAH U CHUXKXEHHEM CKOPOCTHU
HaKOILJIEHUsI ceMeHaMH cyxoro BelnecTBa (Larmure etal,
2019). llpu Temnepatype Bbllie 25°C mporecchl pocTa 3a-
MeJIst0TCs, a nocje 35°C mpuocTaHaBauBaloTcs (Stepanov,
1963). [locsiefHee 0cO6GEHHO aKTya/lbHO NPH NOAAEPXKAHUU
YKU3HECIOCOGHOCTH KOJIJIEKIIMM ropoxa Ha ore Poccuu.

Oxosio 20 sieT ofHA M3 JIOKALUH, Ile PeNpoOAYLUPYIOT
KoJ1eKLMIo ropoxa BUP, - Ansiepckas onbITHast cTaHLus —
dunnan BUP (Apnepckas OC BUP). OHa HaxozuTCcs B 30He
BJIQXKHBIX Cy6TPONUKOB Ha ore KpacHomapckoro kpas. Kpac-
HOJJapCKUH Kpaul — JiuJep B CTpaHe IO BaJOBOMY c6opy
OBOLIHOTO ropoxa, a B 2023 . Bowes B TPOHKY PErdOHOB
Poccuiickot @epepaunu (P®P), xoTopble NOIyIHaIN pe-
KOpPAHBIM ypoxad 3Tod KyabTypsl (PROyugAgro, 2023).
BJIaI‘Ol'IpI/IHTHbIe ycanoBud OJid KYJIbTUBUPOBAHHA Tropoxa
B 3TOM PETHOHE, TEM He MeHee, UMEIOT eXXeToHble QJIYKTYya-
LIMY TEMIIePaTypPHOTO peXrMa M 0CaJKOB, YTO B 3HAYUTEJIb-
HOW CTeIleHHU CKa3blBaeTCs HAa CEMEHHOM NPOAYKTHBHOCTH
KYJIBTYPBI.

B koHTeKcTe pa6oThl BUP 3T0 MMeeT 3HAYeHHUe A1 NTO-
MOJIHEHUS CBEXEro ceMeHHOro ¢oHza B KOJUIEKIHH, a B pe-
rMOHaJILHOM MacliTabe — /1J1s1 Ipou3BoACcTBa ropoxa B Kpac-
HOJAapCKOM Kpae. HOSTOMy HN3y4yeHUue BJIMAHHA INOTOJAHBIX
$aKTOpOB Ha 3/IeMeHThI IPOAYKTUBHOCTH rOpOXa B YCI0BU-
SIX BJIQXKHBIX CYOGTPONMKOB aKTyaIbHO JIJIsl OTIpe/ieJIeHUs Oll-
THUMaJIbHBIX YCJIOBUHU NPHU NMOAJEepKAaHUM 06pa31[0B KOJIJIEK-
uur Ha Apsepckor OC BUP, a Takxke /11 BbISIBJIEHUS MC-

XOJIHOTO MaTepuasa Ajs cejekuuud B CeBepo-KaBkasckom
peruvosxe.

Llenb uccaedosaHuss — aHaNIU3 BJAUSHUS MOTOJHBIX YCJI0-
BUH Ha CEMEHHYI0 MPOAYKTUBHOCTbH 06pa3LoB ropoxa pas-
HBIX HaHpaBJIeHI/lﬁ HCIIOJIb30BAaHUA B YC/JIOBHUAX BJIAXKHBIX
cy6TponukoB Ha Aasiepckoit OC BUP.

Martepuaj 1 METOAbI

MaTepuasioMm cayxuad 453 o6pasia ropoxa, npoxo/UB-
LIMX NIepBUYHOE TpexJieTHee usydeHue Ha Apjepckoi OC
BUP B 2020-2022 rr. MU3yyaemasi BbIGOpKA cozieprkasia pas-
HOOGpPa3HbIM MaTepHasl 10 IPOUCXOXKIEHUIO U 110 HaIllpaBJie-
HUAM HCNOJIB30BaHUSA ropoxa. B Hee BKJ/IIOUeHBI 06paslibl,
noctynusLive U3 35 cTpad MUpa. MakcUMaIbHOE YHUCJIO0 06-
pasuoB u3 PO - 103. OHu npecTaB/eHb] IBa/[LIaThI0 PEruo-
HaMu P®, yTo oTpakaeT apeas MPOU3BOJCTBA U CeJEKIIUU
Ky/AbTYpHhI B cTpaHe. CpaBHUTENbHO GOJIBLIOE YHUCI0 HOBBIX
06pasIoB, COCTAaBUBLIMX M3y4yaeMyl0 BbIOOPKY, MOCTYIHJIO
u3 Kuras - 57, llIsenuu - 32, Boarapuu - 31, CIIA u ®pan-
uuu - no 30, Cupuu u Tamxukrcrana — no 28, besapycu - 21,
lepmanuu - 14, ABctpanuu - 10 u T. 4. B riesioM BIGOpKa OT-
paXkaeT COCTOsIHME PAaCIpPOCTPaHEHHOCTH KyJbTYPhI B MHUpe.
[lo cesleKIIMOHHOMY CTATyCy B Hee BOLLIM NPEUMYILIeCTBEH-
HO copTta Hay4yHo# cesekiuu (AC) - 45%, a TakKe MeCTHbIe
copTa (LR) - 26% u cenekimoHHbId MaTepuaa (BR) - 29%;
M0 HaIpaBJIEHUIO MCIOJb30BaHUs: 3epHOBbIe (176), oBoll-
Hble (95), kopMoBble (nestomka) (182).

OneHKy MaTepHasia OCyLeCTBJISIN B COOTBETCTBHU C Me-
TOAWYECKMMH YKa3aHUSMU 10 HM3yYEeHUI0 3epHO606OBBIX
kynbTyp (Vishnyakova et al., 2018) u MexxayHapoAHBIM KJ1ac-
cudpukatopoMm CIB poga Pisum L. (Makasheva et al.,, 1986).

CeMeHa BbICEBAIM Ha JleJIIHKAaX AJUHOU 2,5 M, ¢ MeXAy-
psAabsaMU 70 cM, pacCTOsTHHE MeXy ceMeHaMHU — 5 cM, Iy 6u-
Ha 3a7ieKu ceMsiH - 3-4 cMm. [JlaTel nmoceBa: 07.03 B 2020,
14.03 82021 1. u27.04 B2022 r. Ha noansx Axpnepckou OC
BUP pacnpocTpaHeHbl a/I/IIOBUA/TIbHbIE JIYyTOBbIE CTaG0OHEHA-
ChILIleHHbIE C1a60TyMYCHbIE MaJIOMOLIHbIE TSXKeJI0CYTJIMHU-
CThI€ MTOYBBI.

[IpoananusupoBaHbl 12 NPU3HAKOB, U3 KOTOPBIX TPU de-
HOJIOTMYECKHUX, OTPeeSoIHX MPOJO/KUTENTbHOCTD MEX-
ba3HbIX TepHO/I0B: «BCXOAbI — iBeTeHUe» (BL, cyT.); «uBeTe-
Hue - co3peBaHue» (IIC, cyT.); «Bcxoarl — cospeBaHue» (BC),
YTO M0 CYyTH SIBJISIETCS BeTeTallMOHHBIM nepuogoM (BI], cyT.),
1 9 IpU3HAKOB CTPYKTYpbl CEMEHHON NPOAYKTHBHOCTH:
«JJUHA cTebsA» (CM), «YUCIO0 IIBETKOB B KUCTH» (IUT.),
«KPYIHOCTb 606a» (6aJL1), <4MCI0 HEIPOAYKTHUBHBIX Y3JI0B»
(1IT.), «MaKCUMaJIbHOE YUCJIO0 CeMsTH B 606e» (IIT.), «cpeiHee
4yucsio 60608 Ha pacTeHun» (wT.), «Macca 1000 cemsin» (r),
«CeMeHHasi IPOAYKTUBHOCTb pacTeHusi» (T), «ypoxau ¢ M>»
(r/m?). BasibHOE 0603HAYeHHE NPHUBEIEHO B COOTBETCTBUU
¢ kaaccudukatopoM poza Pisum L. (Makasheva et al., 1986).

Memeoposo2uyeckue yca06us 3kcnepumeHma

Apnepckas OC BUP pacnosioxkeHa Ha ceBepO-BOCTOYHOM
no6epexne YepHoro mops B KpacHomapckoM kpae. Knumat
BJIQXKHBIN CyOTPONMUYECKUH. YCI0BUS BereTaluu 06pasioB
ropoxa B rozbl ucciepoBanus (2020-2022) 66111 KOHTPACT-
HbIMH (puc. 1). CyMMa TeMmmepaTyp 3a BereTaluio («BCXO-
JIbI - co3peBaHMe») coctaBuaa 1378, 1343, 1239°C no rogam
cooTBeTCTBEeHHO (B cpegHeM 1320°C), cpenHss TeMneparTy-
pa 15,5, 15,8 1 19,6°C (B cpeguem 17,0°C); cyMMbI 0CaZiKOB
166,398, 173 MM (B cpesHeM 245 MM).

YcnoBus BereTanuy B roJibl UCC/IeJOBAHUA OXapPaAKTEepH-
30BaHbl arpOMeTEe0pPOJI0rH4eCKUMH OKa3aTeNasIMU: CyMMOH
akTUBHBIX (BeIle 10°C) TemMnepatyp 3a Beretauumwo (). T) °C;
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Puc. 1. [loroaHsle yc/i0Bus BereTanuu ropoxa B 2020-2022 rr. Ha AAJiepcKoi onbITHOM cTaHnuu BUP:
a) cpeHsis MecsiuHas TeMIlepaTypa Bo3Jyxa; 6) MecssuHasi CyMMa 0CaZiKOB

Fig. 1. Weather conditions during pea growing seasons in 2020-2022 at Adler Experiment Station of VIR:
a) mean monthly air temperatures; 6) monthly precipitation amounts

CYMMOM 0CaZiKkoB 3a 3TOT nepuoy, (P, MM) u rujjpoTepmMuye-
ckuM kospdunuentom CensHunoa (['TK). 'TK paccuutan
o ¢popmyse (Mishchenko, 2009):

[Tk »T/10

OneHka 06pasmoB MO KOJUYECTBEHHBIM IPU3HAKaM
JlaHa M0 UX CpeJlHeMY 3HaUYeHHUIO0 3a TpU roza. CraTuctude-
ckasi 00paboTKa NMpoBeJieHa METO/aMH JUCIEePCUOHHOrO,
KOppeJISAIMOHHOI0, perpecCHOHHOI0 aHAJIM30B B NaKeTe
Statistica 13.3. CBI3b YpOXKallHOCTH U arpoMeTeopoJIoTuye-
CKUX TOKa3aTeJied HccieioBaHa KoaddUIMeHTaMu Koppe-
aanuy CnupMeHa M3-3a MaJIoro KOJIMYecTBa JieT HabJofe-
HUH. B ricciiejoBaHUM NPUHAT YPOBEHb 3HAYUMOCTH 5%.

PesysnbTaThl

deHosrornvyeckre HabJIOZEHUsT CBUETENbCTBYIOT O Ba-
PBUPOBAHUY, TIOPOI0 3HAYUTEJNBHOM, AT HACTYIJIeHUs Qe-
HOJIOTHYeCcKuX a3 ¥ NPOoJOoIKUTENbHOCTH MeX(}a3HbIX Ie-
pH0/10B 3a TpH rojia usydeHus (tab.. 1).

Kak npaBuJio, noces ropoxa Ha Azanepckoi OC BUP ocy-
LIECTBJISIETCS He M03/jHee cepeilMHbl MapTa. B 2022 1. B cBsI-
31 € 6OJIBIIMM KOJIMYECTBOM OCaJIKOB B MapTe — anpeJie Imo-
ceB OBIJ TPOBE/IEH HA MOJITOPA Mecsa no3xe. OJHaKO 3aTeM
BereTanusi NpOXoJuJa INPH TOBBILIEHHBIX TeMIEepaTypax
Y MaJIOM KOJIMYeCTBe 0Ca/IKOB: B mepuoy Bl cpexusis Temme-
patypa 6buta 18,4°C, B To BpeMsa kak B2021r. - 12,6°C,

B 2020 .- 14,0°C; B nepuog LIC B 2022 . - 22,5°C, B 2021
n 2020r1.-20,2 1 19,2°C COOTBETCTBEHHO.

[Tpu aTom B nepuog BLl B 2022 r. Beiniasio Masio 0caZiKoB —
55 MM, B To BpeMsi Kak B 2020 1 2021 . - 104 1 220 MM cooT-
BETCTBEHHO.

Mexdazubie nepuo/bl Bl u IIC 66114 conocTaBUMbI O
npogo/kuTenbHoCcTH B 2020 u 20211, HO YKOPOYEHBI IO
CpaBHEHHUIO C 3TUMU MOoKa3aTeasiMHu B 2022 r. (Tab. 2).

B Tabaune 3 cyMMUpPOBaHbl OCHOBHbIE arpoKJIMMaTHye-
CKMe NOoKa3aTeJsM 3a TPU Trofia, cCeMeHHasl MPOJYKTUBHOCTb
pacTeHHUs U YPO’KaWHOCTb € KBaJjpaTHOro MeTpa. O4eBU/IHO,
YTO HAWJIY4YUIUM [ ypoxkahHocTu 6bL1 2021 r., Hauxy[-
wuM - 2022 1.

JlucniepcoHHBIA aHaMU3 MoKasasa (puc.2), 4TO Ha Bce
12 y3y4yeHHBIX NPU3HAKOB OKa3bIBaJIM 3HAYUMOE BJIHSHUE
roJl ¥ COpT (Cpesia ¥ TEHOTHII).

Hanbosbliee BAMsAHME FeHOTHIIA IPOSIBUIOCH 110 OTHO-
LUIEHUI0 K YUCIY HENpPOAYKTUBHBIX y3s0B (97,0%), k Macce
1000 cemsH (83,6%), anuHe cTe6.s (81,1%), ynciy 1jBeTKOB
B kuctu (80,9%), MakcMMaJbHOMY YHCIy ceMsH B 6o6e
(71,0%), xpynHocTu 606a (68,3%), cpeaHeMy ducIy 6060B
Ha pacteHuu (51,0%). BausHue reHotuna meHee 50% Ha-
6J/10/1aJIoCh 110 OTHOLIEHHI0 K Macce CeMsIH C pacTeHUs
(32,9%), ypoxkaiinoctu cemsiH (32,7%), NpoAo/IKUTENbHO-
ctu nepuogoB Bl (29,6%) u BC (14,7%). CooTBeTCTBEHHO,
MaKCHMaJsIbHOE BJIMSIHUE Cpe/ibl IPOsSIBUIOCh Ha GEHOJIOTHI0
ropoxa - mpogoJokuTesbHocTb BC (79,0%) u BIL (65,1%),
JLJIS1 OCTa/IbHBIX TPU3HAKOB OHO 6b1s10 MeHee 50%. B yacTHO-

Ta6smua 1. JlaTel IoceBa U HACTYIJIEHUS OCHOBHBIX ¢peHoda3 y 06pa310B ropoxa 3a Tpu rosa usy4eHus
Ha AZlJiepcKo# onbITHOM cTaHuuu BUP

Table 1. Dates of sowing and the onset of main phenophases for pea accessions during the three years of studying
at Adler Experiment Station of VIR

denodassl / Phenophases 2020 2021 2022
[ToceB / Sowing 07.03 14.03 27.04
Bcxopabl / Sprouting 20.03 - 25.03 29.03 - 02.04 08.05 - 12.05
LiBeTenue / Flowering 26.04 - 03.06 03.05-10.06 01.06 - 28.06
CospeBanue / Maturation 30.05 - 29.06 11.06 - 07.07 21.06 - 27.07
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Ta6smmna 2. CpegHMe 3Ha4eHUs U TOKa3aTe/ Il Bapua6e/IbHOCTH X03HCTBEHHO LIeHHbIX NPU3HAKOB
453 reHoTHNOB ropoxa B 2020-2022 rr. Ha AiJIepcKoii onbITHOM cTaHuu BUP

Table 2. Variability indicators and their mean values for useful agronomic characters
in 453 pea genotypes grown in 2020-2022 at Adler Experiment Station of VIR

2020 2021 2022

IlokasaTeJsib / Indicator

Xts, Min-Max X*s; Min-Max Xts, Min-Max
Bcxofibl - 1[BETEHUE, CYT. 51,8+0,3 34,0-73,0 48,2 +0,2 31,0-69,0 35,1+0,2 20,0-51,0
LiBeTeHuUe - co3peBaHue, CyT. 37,2+0,2 23,0-53,0 36,6 £0,2 27,0-54,0 28,0+0,3 13,0-45,0
Bcxogpbl - cospeBaHue, CYT. 89,0+0,2 66,0-100,0 84,8+0,2 70,0-100,0 63,1+0,3 42,0-79,0
YpoxalHOCTB, I'/M? 127,3+3,1 | 1,2-345,6 | 1458+3,1 | 6,0-373,2 326+1,1 0,6-138,0
Macca cemsH ¢ 1 pacTeHus, T 14,0+ 0,3 1,2-80,7 151+0,3 1,3-34,9 6,3+0,2 0,5-20,0
gg;ﬁ;‘ﬁz::;f;f_OGOB 17,7+04 | 60-833 | 158+03 | 50-530 | 92+02 | 1,0-197
Macca 1000 cemsH, T 170,8+2,4 | 60,0-360,0 | 184,6+2,6 | 44,0-382,0 | 153,0+2,1 | 5,0-295,0
CpenHsisa JvMHa cTebJis, CM 114,5+1,8 | 29,0-217,0 | 1151+1,9 | 29,0-207,5 86,6 +19 13,5-197,5
Yuciio IBETKOB B KMCTH, LIT. 1,6 £0,0 1,0-3,0 1,6 +0,0 1,0-2,5 1,5+0,0 1,0-3,0
KpynHocTb 6064, 6aJ11 6,7+0,1 3,0-9,0 6,7+0,1 3,0-9,0 58+0,1 3,0-9,0
’:‘g;‘g‘;”‘;g“"e IO cemAnt 69+01 | 40-11,0 | 6901 | 40-11,0 | 62%01 | 20-10,0
Yucsio HeNpPOAYKTHUBHBIX Y3JI0B, IT. 14,2 +£0,2 6,5-25,5 14,6 £ 0,2 4,5-26,0 14,6 £ 0,2 7,0-25,5

HpuMeqal—me: )_( — CpeJHee 3Ha4YeHue,; SX — CTaHAApTHas omubKa cpeaHero

Note: X - mean value; Sg- standard error of the mean

Ta6suna 3. TuapoTepMruYecKUe NOKa3aTe I U CpeJHNeE N0 BbIGOPKe AaHHbIE MPOAO/DKUTE/ILHOCTH BET€TAllHOHHOTO
nepuoja, NPOoAYKTUBHOCTH M YPOKaHHOCTH ropoxa 3a TP roja penpoAyKIUU Ha AJJIepCKO ONbITHO#M ctaHuu BUP

Table 3. Hydrothermal indicators, and mean sample data for the duration of the growing season, productivity, and
yield of pea accessions across the three years of their reproduction at Adler Experiment Station of VIR

g ~ &0 <
E E. X~ © ’E = o . \g % \E ‘E
) p—

SE| Evgy| SEEE | 283 | =nE | o

cE | BgEge | & E| 8§ x5¢ S & = : E

£ S| ESSE5| 5ES 55688 =g E S
Toabl / =] ER® 2 S 52 E g2 =5 S E = o oo

o S 2 mem 9= ) ¥ = E I3 o = O s
Years S%| s8es5| £ESS| 5585| S6s =S

st | £582 | 855 2855 | sSg% tE

=8| 5238 | 229 | 228 & = 23 %

5 = > O 1) IS =] L N = o [=)

S8 o & - = @ (5] =& o g 2

(S} = © O U = > >

b= = = %2}
2020 166 1378 1,2 89,0+0,2 14,0 £0,3 127,3+3,1
2021 398 1343 3,0 84,8+0,2 15,1+0,3 145,8 £ 3,1
2022 173 1239 1,4 63,1+0,3 6,3+0,2 326+1,1
0,

Koapduument sapuaupu no rofiam, % / | g3 5,5 52,9 17,6 40,6 59,6
Coefficient of variation by year, %

CTH, YPOXXaHMHOCTb 3aBHCeJla OT YCJOBHUH Trojja HEMHOTIO
6oJiblie, yeM oT reHotuna (44,0%), a Mmacca ceMsiH C pacTe-
HUS — B TOH JKe CTeleHH, YTo U oT reHotuna (34,1%). [lpo-
LEeHT BJIMAHWA roJia Ha OCTaJIbHbIE IPU3HAKU COCTAaBUJI: YU C-
JIO HEMPOAYKTUBHBIX y3J10B — 0,4%; 4MUCI0 LBETKOB B KU-
cti - 2,9%; macca 1000 cemsH - 6,2%; KpynHOCTb 606a -
7,3%; uucyio ceMsiH B 606e — 8,4%; gauHa creduas — 10,2%;
cpesHee 4ucI0 6060B Ha pacTeHUH - 26,7% (cM. puc. 2).

KoHTpacTHOCTb MOTO/AHBIX YCIOBHUH 1O TO/iaM HCC/IEN0-
BaHHUSl MpHBesJa K3HAYMTEJbHOM BapuabesbHOCTH Ypo-
J)KaWHOCTH, K03$UILMEeHT Bapually CpeiHeH ypoKalHOCTH
coctaBua 59,6% (tab.r. 3).

Cmpykmypa ypooatiHocmu 20poxa 6 2pynnax pasHoz20
Hanpas/eHus UCN0/1b308AHUS.

[To ycpenHennbiM 3a 3 roza (2020-2022 rr.) 3HaUeHUAM
M3y4eHbl 3aKOHOMEPHOCTH (GOPMHUPOBAHUSA YPOKAWHOCTHU
ropoxa (Ta6J.4), KoTopasi 6bl1a IOJIOXKUTEJbHO CBs3aHa
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Yncno HenpoayKTUBHDbIX Macca OdnvHa
Y3108 1000 cemsaH ctebna
2,6% 10,2% 8,7%
0,4% aw 6,2% <

10,2%

Yuncno useTkos Yucno cemsaH KpynHocTb
B KUCTU B 60b6e boba
16,2%
i j 20,6%
CEE L —

—,

8,4%’

Yucno Macca cemsaH YpoxKalHoCTb
6ob6os C pacTeHus
Bcxogbl — LiBeTeHue - Bexogbl —
uBeTeHue cospeBaHue cospeBaHue
5,3%, 6,3% 14,7%

Puc. 2. Jons (%) BJAUSHUS FeHOTHIA U CPe/bl Ha X035/iCTBEHHO LleHHbIe MPU3HAKH ropoxa

Ha Aanepckoii onbITHOM cTaHuy BUP B 2020-2022 rr. (moKa3aTeJsu pacroJ/ioXKeHbl B HOPsAKe YObIBAHUS POJIH
reHotuna). 0603HaYeHUs: CHHUHN — MPOLIEHT BJIMSHUSA FeHOTHUIIA, OPAHXXEBBIN — CPefibl, CEPbIl — NHbIe GAKTOPbI

Fig. 2. Effect size (%) of the influence of the genotype and environment on useful agronomic characters in peas
at Adler Experiment Station of VIR, 2020-2022 (indicators are arranged in descending order for the genotype’s effect).
Designations: blue is the genotype’s effect size percentage, orange is that of the environment,
and gray denotes other random impacts
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Semenova E.V,, Novikova L.Yu., Boyko A.P,, Vishnyakova M.A.

. 186 (1),2025 o

¢ Macco# ceMsH ¢ pacteHus (r = 0,76). B cBoro oyepe/ib, Mac-
ca CeMsIH C pacTeHUsl UMeJia MOJIOKUTENbHYI KOPPEJISIHIO
¢ macco#t 1000 cemsH (r = 0,50), yucsom 6060B Ha paCTeHUH
(r=0,42), xpynHoctbio 606a (r=0,46). Macca 1000 cemsaH
MMeJia IPSIMYI0 CBA3b C KPyMHOCTbIO 606a (r = 0,57), HO OT-
pULaTesbHO KopperpoBasa c nepuogom Bl (r =-0,41).

Yucno 6060B Ha pacTeHUH UMeJIOo cl1abyio CBA3b C AJIH-
HoH cTebusd (r = 0,25). KpynHocTh 606a OTpULATENBHO CBSI-
3aHa c nepuogoMm Bl (r =-0,34); asivHa cTe6/I — MOJI0XKU-
TesibHO ¢ mepuogoM BC (r = 0,52) u BL (r = 0,42). [Ipoposxu-
TeJIbHOCTb BereTal My 6oJiblile 3aBUCeIa OT NPOJOJDKUTEb-
HocTH nepuoza BIl (r=0,79), yem LIC (r = 0,34). Yucso He-
HPOAYKTHUBHBIX Y3JI0B KOPPEJIUPOBAJIO C JIMHON CTebs
(r=0,66), aTakxe CIPOAOLKUTENbHOCTbIO MepuogoB BIl
1 BC. Yucsio nBeTKOB B KUCTH uMeJio caabble (r < 0,30) kop-
pesIsiuy CO BCEMHU NPU3HAKaMHU.

Panee HaMM 6blJIO NMOKa3aHO, YTO I€HOTHIBI ropoxa
pPasHbIX HalpaBJIEeHUH MCIOJb30BAaHUA XapaKTepU3YHTCA
CYIeCTBEHHBIMU Pa3JUYUSAMU MO PAAY MOPPOJOTHYECKUX
Y arpOHOMHYEeCKHUX Npu3HakoB (Semenova etal., 2022),
OINpezie/ISIOLIMX B TOM YHC/Ie CTPYKTYpPY CEMeHHOU MPOAYyK-
THUBHOCTH. [103TOMY pOpMHUpPOBaHUE 3TOTO NOKa3aTeJs Mpo-
aHaJIM3UPOBAJIM JIJIs1 TPEX HallpaBJeHUH UCI0JIb30BaHUA 110
OTZeJIbHOCTH. B TaHHOM BbIGOPKe 06pa3iibl TpeX HAMpaBJie-
HUH HCIOJIb30BaHUs JocToBepHO (p < 0,001) pasnauyanauch
110 BCEM I10Ka3aTeJsIsiM, KpoMe MPOJL0IKUTETbHOCTH NTEPHO-
na LC (p = 0,467). [lockoJsibKy 151 BCEX THUIIOB Obljia XapakK-
TepHa HauboJbllIasl CBSA3b YPOXKAWHOCTU C MAacCOM CeMSH
c pacteHus (k03 ULMEHT KOppessliMU BapbUPOBaJI OT I =
0,63 for = 0,89), npoaHaIM3UPOBAIHN 3aKOHOMEPHOCTH $OP-
MHPOBAHHA MACChI CEMAH C PACTEHHA.

Y 3epHOBOro ropoxa (cM. TabJ1. 4) Macca ceMsiH C pacTe-
HUsl GOopMHpOBajJach BIEPBYI0 O4Yepelb 32 CYET MacCChl
1000 cemsH (r = 0,43), kpynHocTH 606a (r = 0,38) u uncsa ce-
MsH B 6006e (r = 0,36). MeHee Bns/I0 yKCI0 6060B Ha pacTe-
Huu (r = 0,31). lanHa pacTeHus 6bl1a CBsI3aHa C POA0JIKU-
TesbHOCTBIO nepuogoB BC (r=0,44) u Bl (r=0,38) u yuc-
JIOM HeNnpoAyKTHUBHBIX y3y0B (r=0,57). [IpogomkuTennb-
HocTb neproza L[C 1 4ucyio BETKOB B KUCTH €1ab0 BJIHSIN
Ha yPOXKaHHOCTb.

OBoLIHOM ropox (cM. TabJ. 4): Macca ceMsIH C pacTeHUs
Oblya CBsI3aHa C YUCJI0M 6060B Ha pacTeHuu (r = 0,70), fau-
HOH cTe6ss (r=0,51), npoAo/LKUTEIBHOCTBIO TeprozioB BC
(r=10,35)u Bl (r=0,33).Macca 1000 cemsH 6b1s1a c1a60 CBSI-
3aHa c nepuogoM LC (r = 0,21), kpynHocTbhio 606a (r = 0,38)
W HE3HAYUTEJIbHO BJIMAJIA HA NPOAYKTHBHOCTb pPACTEHHUA
(r=0,25).Yuco BETKOB B KHCTH GbIJIO HE3aBUCUMO OT JIpy-
I'UX II0Ka3aTeJsen.

KopmoBoii ropox (meswomka) (cM. Ta6u.4) 6umxe
K 36pPHOBOMY T'OpOXy IO cxeMe GOpPMHPOBAaHUS ypOXKalHO-
CTU: Macca CeMsiH C pacTeHHsl 6oJiblile y 06pasioB c 6osiee
KpynHbIMU 606aMH (1 = 0,62) 1 Maccoit 1000 cemsaH (r = 0,58),
HO BJIMSIJIM TaKXKe M 4MCJ0 6060B Ha pacteHuu (r=0,31),
Y poJo/nkuTeNbHOCTb nepuoga LC (r = 0,22). OTHocUTe N b-
HO He3aBUCHUM 6bLI 6JIOK MPHU3HAKOB, CBSI3AHHBIX C AJUHON
CTeGJlH, YUCJIOM HENPOAYKTUBHBIX y3JIOB U NPOAOJIXKUTEJIb-
HOCTBIO BereTaluHu.

[Tocko/IbKY KJIIOUEBOM 3aj/jaueil OLeHKH KOJIJIEKIIMU fIB-
JIAeTCA NONWCK UCTOYHUKOB LEHHBIX IMPHU3HAKOB, BbIABJIEHbI
006pasibl ¢ HAUOOJIbILEH YpoKalHOCTBIO (TabJ. 5). ITH 006-
pasipl JOCTOBEPHO OT/IMYAIMCh (o kpuTepuio ThlOKH)
TOJIBKO OT HalMeHee ypoxKalHbIX 06pa3IoB U3-3a 60JIbLION
MEXT0JIOBOM BapuUabesbHOCTH ypoXkalHocTH. Hx ypo-
»KalHOCTb cocTaBua 186,2-227,8 r/m2 Bce BbICOKOYpOXKal-
Hble 06pa31bl (cM. TabJ1. 5) xapakTepHU30BaJINCh HECTAOUIb-
HOCTbIO 3TOr0 MNpPHU3HAKa: KO3QPUIMEHT BapUaLUHU Ypo-

*aMHOCTH 6bL1 Bhie 36,3%, b, > 1,5. Habsroganack TeH/ieH-
[Ysl K 60JIbIIed CTAaGUIBHOCTH TPyl BbICOKOYPOXKAHHBIX
nesmouek (1,5 <b, < 1,9) mo cpaBHEHHUIO €O CTaGUIBHOCTHIO
BbICOKOYPOXalHbIX 3epPHOBbIX 06pa3uos (1,8 <b, < 2,6).

O6pasubl ¢ KO3PPUIMEHTOM BapHalUM ypPOXKaHHOCTH
MeHee 30% mnpexacTaBseHbl B Tabuie 6. Boicokod cpenHei
ypoxaiHocTblo (Bbiie 150 r/M?) BbIAENUJIUCh 3€PHOBbIE
copta: ‘KabGan’ (k-9682, P®, Tatapcran) - 167,6 r/m% fly-
napp’ (x-10340, P®, BopoHexckas 0641.) - 150,2 r/m? ‘Kpe-
neit’ (k-9725, PO, TromeHckast 06.1.) - 145,5 r/m? u nestomi-
ku: (k-8766, P®, Jlenunrpaackas o6s1.) - 177,4 r/m? ‘Borap-
HbIM 126’ (k-9940, Tamxukucran) - 172,0 r/m2 Ilpu atom
copt neJsomky ‘CaxapHbiii KopmoBoit’ (k-8766) 6bL1 cTabu-
JieH u 1o 36epxapTy u Pacceny (b, = 1). CopTa 3epHOBOTO ro-
poxa ‘Kaban' (x-9682) u Jlymapp’ (x-10340) Takxe ObLIM
6JIM3KHU K CTaOUJIbHBIM TeHOTUIIaM o J6epxapTy U Pacceny
(b,=0,8 u b,=0,9 cooTBeTCTBEHHO). ITH TPH Ob6pasa CIo-
COGHBI JaBaTh CTAOU/IbHBIE YPOXKaH B YCJAOBUAX AJlIepCKOi
OC BHUP.

TakuM 06pa3oM, NOTeHLHATbHO BBICOKOYPOXKaWHbIE COP-
Ta ropoxa ¢ ypoxkalHocTbio Bbiiie 180 r/m? B ycioBUsX AZl-
snepckoit OC BUP paroT HecTabubHbIe ypoxkau. OfHaKo yzaa-
JIOCh BBISIBUTBH COPTa CO CTAOUJIbHON YPOXKAHHOCTBIO BBIIIE
150 r/mM?% aTo copt mneuomku ‘CaxapHbii KopmoBoit’ (k-
8766), copta 3epHoBoro ropoxa ‘Ka6an’ (k-9682) u /lynapsp’
(x-10340).

O6cyxaeHue

Kak m3BecTHO, ceMeHHasi MPOJYKTUBHOCTb PAacTeHUs —
OJIUH U3 BaXKHEHIINX IPU3HAKOB B CTPYKTYpe YPOXKaHHOCTH
ropoxa 4 BMecTe ¢ Macco 1000 ceMsH onpeae/sieT UHAUBU-
JAyaJibHYI0 NPOAYKTUBHOCTb PAacTE€HUH. ITOT NMPU3HAK Xa-
pakTepu3yeTcs Kak OAMH U3 HanboJiee N3MEHYUBBIX Y CeJlb-
CKOX035IMCTBEHHBIX KYJIBTYP, B TOM UHCJI€ Yy TOPOXa, U 3aBU-
CUT OT YCJIOBUH cpe/ibl. B HalleM onbITe BAMsIHUE Cpefibl Ha
Maccy ceMsiH C paCTeHHs COCTABUJIO B CPe/IHEM I10 BbIGOpKe
34,1%, Ha ypoxalHOCTb — 44,0%, TO eCcTb B 060UX CIy4asix
ObLJI0 6OJIbILE, YEM JETEPMUHUPOBAaHUE reHOTUIIOM (32,9%
1 32,7% cooTBeTCTBEHHO). MakcUMa/lbHOe BJIUSIHUE CPeJibl
NPOABUJIOCE Ha (EHOJIOTHI0O TOpoxa - Ha MPOJOJIKUTEJb-
HocTb nepuogoB BC - 79,0% u Bl - 65,1%. /[lns ocTanbHbIX
MpU3HAKOB OHO 661710 MeHee 50%.

[TockosibKy 06pasiipl B TeUeHHE TpeX JieT BblpalliuBalu
B OJJHUX U T€X e MOYBEHHO-KJWMaTHYeCKHX YCIOBUSAX, Ha
OJIHOM CPaBHUTEJILHO OJHOPO/HOM 10 IOYBEHHOMY COCTaBY
[oJie ¥ C UCNOJIb30BaHHEM OJMHAKOBBIX arpOTeXHUYECKUX
NPUEMOB, OCHOBHBIM (aKTOPOM 3TOr0 BapbUPOBAHUSA MbI
CYHUTAEM arpoKJMMaTHYeCKHe NepeMeHHble, d UMEHHO TeM-
nepaTypy Bo3ayxa U 0CaZiKH.

CyMMa aKkTHBHBIX TeMIlepaTyp [Js HauboJiee pacmnpo-
cTpaHeHHBIX B PO copToB ropoxa cocTaB/isieT 3a BereTaluio
1200..1600°C (Mishchenko, 2009). EcTb fnaHHBI€, YTO B Iie-
JIOM AJ151 reHOQOH/1a ropoxXa BepxHsisl TPaHMIIA 3TOTr0 T0Ka3a-
Tens pgocturaet 2790°C (Ayupov etal, 2019). Takas mwupo-
Kasl aMIJINTYAQ, Ha Hall B3I, OTPaXKaeT He CTOJIbKO Tpe-
60BaHHUs KYJbTYpPbl, CKOJBKO CBH/ETEJbCTBYET O €e BbICO-
KOW TutacTUYHOCTH. K mpumepy, aGUCCHHCKUH TOpoX, KO-
TOPBIA «C yCIIeXOM HJIeT /0 IOJISIPHOIO Kpyra, XOpOLIOo
npou3pacrtas TakXXe B CTeNHbIX ycaoBusax» (Vavilov, 1962,
p. 485), B d¢uonuu 1 B 10KHBIX cTemnsAx PP 3a BereTalyio Ha-
6upaeT CyMMy aKTHUBHBIX TeMImepaTyp B 1,5-2 pasa 60Jib-
1yto, 4eM Ha ceBepe PO.

Ha copte ‘Kanutan’ (k-1692) nokasaHo, 4TO IPHU pa3HU-
1[e B IPO/IO/DKUTEBHOCTH BereTallMOHHOIO Iepuo/a BCero
B IIAATh AHEH Ha ceBepe 3Ta cyMMa 6bL1a paBHa 1352°C, a Ha
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tore - 1909°C (Makasheva, 1973). To ecTb JiJis1 JAHHOTO I'€HO-
THUIA /JIs1 CO3pEeBaHUs JOCTATOYHO CYMMbl TeMIlepaTyp ro-
pa3zio MeHbIlIeH, 4YeM OH ToJiy4yaeT Ha tore. Ho reHoTunuye-
CKM 33/laHHas1 POJIO/KUTEbHOCTD BETeTAlMOHHOTO TepU-
o/la MPUXOJUTCA 3/ieCh Ha 60Jsiee BBICOKHE CpeHECyTOYHbIe
TeMIepaTypbl, I03TOMy HabupaeMasi CyMMa aKTHBHBIX TeM-
nepaTyp 3Ha4UTEJbHO BHIILE.

M3BecTHO, YTO ONTHUMaJIbHAs TeMIlepaTypa B NMePHUOJ
dopMupoBaHUs BereTaTUBHBIX OpraHoB ropoxa - 12-16°C.
HaubGosiee GiaronpusTHas TeMmmeparTypa s GopMHUpOBa-
HUS TeHepaTHUBHBIX opraHoB - 16-20°C, aas pa3BuTHUA 60-
60B M HanuBa ceMsH - 16-22°C. [Ipu TeMmmepaTtype BbllIe
25°C mpopacTaHue U MpoLecc pocTa 3aMeJIITCS, a ocje
35°C npuocraHaBauBatTcs (Stepanov, 1963).

B pamkax Hallero uccjaeZjoBaHHs TeMIlepaTypHbIe yCJI0-
BUs [IJisl BereTaTUBHOro pocra (mepuop Bll) 6bu1u 6uaro-
npuATHbIMU:B 2020 1. -12-17°C(cpepnss -14°C),B 2021 r. -
10-15°C (cpepuss - 12,6°C), B 2022 r - 15-22°C (cpenHss -
18,4°C). Ilpu atom B mepuox Bl B 2022 r. BrImaso Maso
ocazkoB - 55 MM, B To BpeMms kak B 2020 u 2021 r. - 104
u 220 MM cooTBeTCTBeHHO. ONTUMaJIbHbIE YCJIOBUSA CO3/a-
auck B 2020 1.

dopmupoBanue 60608 (L[C) B 2020 r. MporCcXoAUI0 TIPU
TemnepaTtypax 16-24°C (cpepnusas - 19,2°C), B 2021 r. - 15-
22°C (cpemnssa - 19,2°C), B 2022 r. - 22-23°C (cpenHss —
22,5°C). CooTBeTCTBylOILIHME CYMMBbl OCaAKoOB - 166, 398,
173 mM. B nepBsle ABa roja TeMnepaTypHbIN PeKUM MOXHO
oInpeJeIMTh Kak ONTUMaJ/bHbIN, ofHaKo B 2020 . B 3TOT Ie-
pHoO/A BbIMaJO MaJio 0CafKoB, a B 2021 r. KoJ1MyecTBO ocaj-
KOB B 3TOT II€pHOJ ObIJIO CaMbIM GOJIBIIUM 3a IoJibl U3yye-
Hus. [Iocko/IbKy HauGoJIblIMe YPOXKaHHOCTh U MPOAYKTHB-
HOCTh pacTeHuW Habusogaauch B 2021 1., MOXXHO CYUTATh
ruZpoTepMuieckye GaKkTOpbl 3TOr0 Tofia BO BpeMsl BereTa-
LMY ropoxa 6JIaronpusATHBIMU. B aToT rozx Habsroxasncs ca-
Mblil BblcOKMH ['TK - 3, uto no cucreme I.T. CenaHuHOBa
CUUTAETCS XapaKTePHBIM /sl 30H U36BITOYHOIO YBJIAXKHe-
Hus (I'TK > 1,3). CiiefyeT OTMETHTB, YTO Cy/is 10 3HAYEHUSM
['TK B rogbl Hallero sKCepuMeHTa ¥ 10 MHOTOJIETHUM J1aH-
HbIM, ['TK xapakTepusyeT palioH Aijiepa Kak 30Hy obecrie-
yeHHoro yBiaaxHeHus (['TK=1,0-1,3) (Selyaninov, 1928).
[TonoxuTenbHaa koppenayusa ypoxaiHocty ¢ ['TK Censanu-
HOBA U 0CaZiIkaMHM OTMe4yeHa TaKXe B MacIITaGHOM HCCJIe[[0-
BaHWH NPOU3BOACTBA ropoxa B 5 paiioHax PocToBcko#i 06.1a-
CTU B TeyeHHe 13 JileT Ha BCex aHaJIM3UPYeMbIX ydacTKax
(Gaevaya, Vasilchenko, 2016). ABTOpbI NPHULILIX K 3aKJII0Ye-
HUIO, YTO YPOBEHb BJIQKHOCTH, COOTBETCTBYIOIHUN 3Haye-
nuto I'TK 1,23, BepoaTHO, B 1leJIOM JOCTAaTO4Y€EH /sl BereTa-
LMY TOpOXa.

B 2022 r. popmupoBaHue 6060B 1 HAJIUB ceMsH (epuoz
[1C) B HaueM HccaeA0BaHUN MTPOXOAUJIN IPU CPABHUTEIBHO
MOBBILIEHHOW TeMIlepaType - cpeJiHecyTo4yHble 22,5°C -
U 6OJIBIIOM KOJIMYecTBe ocaJKoB — 6osiee 118 mm. 'TK g
3Toro nepuoza paBHsca 1,9. 0HaK0 KPUTUYECKH BBICOKUX
TeMnepaTyp (Bbilie 26-28°C) Ha MPOTSIKEHUH HECKOJbKUX
JIHel He HabJIIOAAIOCH, TO €CThb BO3/IeMCTBUS Ha pacTeHUs
TEIJIOBOro cTpecca He 6bli0. [IoaToMy pemaromuM ¢$paxTo-
poM [AJ11 HU3KOM CeMeHHOW MNpOAYKTUBHOCTU B2022T.
c/e/lyeT CYATAThb WU3OBITOYHBIE OCAZKHU: OOUJIbHBIE JOXU
B MapTe U amnpeJie, YTO 3a/jeprkasio noces Ha 50 cyT. o cpas-
HeHHUIO ¢ 2020 T, ¥ B UI0JIe BO BpeMs Ha/lMBa U CO3peBaHUA
ceMsiH, YTO BCerAa KPUTHUYHO JJIsT MHOTHMX 3epHOG060BBIX
kyabTyp (Gataulina, Nikitina, 2024). [To3gHui noceB TakXke
BCer/Jja HEraTUBHO BJIMSET HA NPOAYKTUBHOCTb 3€pHO6060-
BBIX KYJIBTYD, UTO JJUKTyeT HEOOXOAUMOCTb, 0COGEHHO B 10XK-
HBbIX PEruoHax, IPU BO3MOXKHOCTH CABUTATb CPOKHU ITOCEBA
ropoxa Ha 6oJiee paHHHE CPOKH. JTO TMO3BOJISIET U36eraThb

HETraTUBHOI'O BJIMAHHWA BBICOKHWX TeMIlIepaTyp BO BpeMd Be-
retanuu (Gudko et al., 2024).

B mpegpiayieM aHanuse pe3yJbTaTOB M0JeBOro ¢peHo-
TUNUPOBaHUsA ropoxa Ha Ajsnepckoid OC BUP (Semenova
etal, 2022) onpeaesieHbl OCHOBHbIE OTJUYUTEJNbHbIE TPU-
3HaKW, 110 KOTOPBIM TPHU I'PyNIbI HAllpaBJeHUH UCII0JIb30Ba-
HUSI ropoxa J0CTOBEPHO OTJHUYAJIMCh JpyT OT Apyra. B aaH-
HOW paboTe aKLEHT ObLI CJleJIaH Ha MPU3HAKH, B GOJIbLIEN
CTEeNeHHU CBSI3aHHbIE C CEMEHHOM NPOAYKTHUBHOCTBIO pacTe-
HuM. [lokasaHo, 4YTO y ropoxa pa3HbIX HallpaBJI€HUH UCIIOJIb-
30BaHUSA 3TU NPU3HAKHU pasnyaioTcsa. Haubosee 6au3ku
B 3TOM OTHOILIEHUHX 3ePHOBOW M KOPMOBO! rOPOX, y OBOILLHO-
ro ropoxa cxema GOpMHUPOBAHHUS NPOAYKTUBHOCTU OTJIMYHA
OT 3TUX IpyNI. ITO, B YAaCTHOCTH, BbIpaXkaeTCs B TOM, YTO
Macca 1000 ceMsiH y OBOIIHOTO rOpoxa HeE3HAUYUTEJbHO BJIU-
AeT Ha CEMEHHYI0 IIPOAYKTUBHOCTb PACTEHUSA [10 CPaBHEHH IO
C 3€pHOBBIM U KOPMOBBIM I'OPOXOM.

3ak/iloueHue

B TeueHue Tpex sieT uccaenoBanus (2020-2022) 453 06-
pasiuoB KosuteKuu ropoxa BUP B ycioBusiX BjaskHOro Cy6-
Tponuyeckoro kaumara Ha Apsnepckod OC BUP ypoxai-
HOCTb B 3HAaUUTEJIbHOMW CTeNeHHy, B cpeiHeM Ha 44,0%, onpe-
JleJislIach YCI0BUSIMU FO/ia, IPU 3TOM BJIMSIHHE TeHOTHIIA CO-
cTaBuiio 32,7%, a ceMeHHasi IPOAYKTUBHOCTb OIpe/eisiach
reHOTHUIIOM U cpefiod B paBHOH creneHu (34,1%). Makcu-
MaJIbHO€ BJIMAHHWE Cpebl NPOABUJIOCH HA NPOAOJ/IXKUTEJIbHO-
CTU TIepuojia «BCXOAbl — BeTeHUe» (65,1%) u Bererauu-
OHHOTO nepuoa B uesoM (79,0%), [yish oCTaJbHBIX MPHU3HA-
KOB OHO 661710 MeHee 50%. PacTeHus ropoxa pa3HbIX HallpaB-
JIeHUM HCIO0JIb30BaHUsI MO-pa3HOMy GOPMHPOBAIN ypo-
J)KaWHOCTb. Y 00pa3loB 3epHOBOTO ropoxa U IeJIIOLIKH,
XapaKTepU3yIIKXCS 60/bIIUM KOJIMYeCTBOM 6060B Ha pac-
TeHUH, YPOXKaHOCTb B TepBYI0 ouepe/ib 3aBHCesa OT CIO-
co6HOCTH GOPMUPOBATH 60JIee KPYNHbBIN 606, a y OBOLIHOTO,
HMMeoLIero KpynHble 606bl, OT CIOCO6HOCTH GOPMUPOBATH
6oJiblIoe Yucs0 6060B. OnpeesieHbl IPYIIbI Kak HauboJiee
NPOAYKTHUBHBIX, TaK U HanboJiee CTAaGUIbHBIX 06pa3IioB BCeX
HamnpaBJIeHHH HCNoJib30BaHUA. HabGsromaeTcss TeHAEHLUs
K 60JIbLIIEN CTAaGUIBHOCTH TPYNIbI BBICOKOYPOXKaHHBIX KOP-
MOBbIX cOpTOB (1,5 <b, < 1,9) no cpaBHeHHUIO CO CTaBUILHO-
CThIO0 BHICOKOYPOXakHbIX 3¢pHOBBIX (1,8 <b, < 2,6).

BbisiBJIEHBI InorogHbIe (l)aKTopr, BJIMAOIIME HA 3HA4YHU-
TeJIbHOe BapbHUpPOBaHNEe YPOXKaHHOCTH 06pa31[0B 110 roJjaM.
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CpaBHeHHUe KOMIIOHEHTOB 3UMOCTOMKOCTHU 00pa31oB poaa Fragaria L.
C pa3HbIM GEeHOPUTMOTHUIIOM B KaMepe UCKYCCTBEHHOI 0 KJiMuMaTa

A. A. XapueHko, JI. 10. HoBukoBa

®edepanvhbill uccaedosamenvckull yenmp Bcepoccutickuli uHCmMumym eeHemu4eckux pecypcos pacmeHutl
umeHnu H.H. Basusoea, Cankm-Ilemep6ype, Poccus

Aemop, omeemcmeeHHblil 3a nepenucky: AHactacus AnatosbeBHa XapuyeHKo, akkhara47@yandex.ru

AKTya/IbHOCTb. B ycii0BusAX Poccun nepe3nuMoBKa AB/IAETCA KPUTHYECKUM GAaKTOPOM /il KyJIbTUBUPOBAHUSA COPTOB 3eMJIfA-
HUKHU cafoBoi (Fragaria x ananassa (Weston) Duchesne ex Rozier). B kauecTBe HCTOYHHMKA 3UMOCTOMKOCTH MOTYT BBICTYNIATh
BUJIbI poa Fragaria L., npouspacTamlye B a3MaTCKUX perMoHax Poccuu ¢ pe3ko KOHTHUHEHTA/JbHBIM KJIMMaTOM, KOTOpbIe
M0Ka MaJIo U3y4YeHbI U /1260 BOBJIeYeHbl B cesleKIUI0. Llesib rcciejoBaHUA — Bbl/leJIeHHEe HCTOYHUKOB BbICOKOH 3UMOCTOHKO-
CTH y IpeAicTaBUTe el poaa Fragaria B kaMepe HCKyCCTBEHHOTO KJIMMATa.

MaTtepuaJjibl M1 MeToAbL. OTBITHI IO ONpe/ieJIeHUI0 3UMOCTORKOCTH 17 06pa3iioB posa Fragaria mpoBouIv B KaMepe UCKYC-
CTBEHHOT0 KJIMMarta B 3UMHMH nepuog 2022/2023 u 2023/2024 r. Ha ocHOBe MeToAuKH Bcepoccuiickoro HUW cenexrnuun
IJIOZLOBBIX KYJIBTYP. Miccie[o0BaHbI TPY KOMIIOHEHTA 3UMOCTOMKOCTH: MOPO30CTOWKOCTD B HayaJsle 3MMbI, CIOCOGHOCTb COXpa-
HATb YCTOWYUBOCTb K MOPO3aM II0CJIe OTTeles el B cepeiIHe U B KOHIIE 3UMBI.

Pe3yabratsl. [lo cpegHemMy 6asty Hanbosiee YCTOMYMBBIMH OKa3aJvCch 5 06pa3oB U3 a3uaTcKoi yactu Poccun: 3 o6pasua
E. mandshurica Staudt, E viridis (Duchesne) Weston u copT ‘Anekcanzpa’ ceneknuu SIkyrckoro HUU cenbckoro xo3siicTBa.
[lepBble YyeThIpe HMEIOT JIeTHEe3€eIeHbIH GeHOPUTMOTHII, TO eCTb YXOAAT B 3UMY C TOOYPEBLIMMHU JIMCThAMU. ITH 00pa3Iibl BbI-
JIeP’)KUBAIOT HU3KHE TeMIlepaTyphl Haya/la 3UMbl U COXPAHSAIOT YCTOWYMBOCTb K MOPO3aM I10CJIe OTTemes el cepeJuHbl 3UMBbI,
0/JHAKO K KOHILYy 3MMbI HEKOTOpPbIe U3 HUX TePSIOT YCTOHYHUBOCTD K MOpPO3aM NocJe oTrenesneil. [lyis asTUX 06pasIoB U3 peruo-
HOB C YeTKHM CE€30HHBIM XO/I0M TeMIlepaTypbl Jia’ke KpaTKOBPEMEHHOe MOBBIIIEHHE TeMIIEPATYPhbl 03HAYaeT HACTYIJIEHHe
BECHBI 1 BbI3bIBaeT ObICTPOE pa33aKalvBaHUE.

3akuoueHnue. Busel F mandshurica, E viridis MOTYT BHECTH [JeHHBIH BKJIa/L B CeJIEKIUIO Ha MOBbILIEHNEe 3UMOCTOUKOCTH COp-
TOB 3€MJITHUKH.

Kawuesvle caoea: Fragaria L., BUibl, KOMIIOHEHTBI 3MMOCTOHKOCTH, KaMepa UCKYCCTBEHHOT0 KJIUMaTa, JieJ|iHas KopKa,
JleTHe3eJIeHbl GeHOPUTMOTHI

Baazodapnocmu: pa6oTa BbINOJIHEHA B paMKax rOCYIapCTBEHHOTO0 3a/JaHUs COIVIACHO TeMaTh4yeckoMy miaHy BUP no mpoexk-
Ty Ne FGEM-2022-0004 «CoBepiieHCTBOBaHHE MO/IX0/I0B M METOJIOB €X Situ COXpaHeHUs UAeHTUPUIIMPOBAaHHOTO reHOPOH 1A
BEreTaTHBHO Pa3MHOXaeMbIX KyJbTYP M UX AMKHUX PojAHYel, pa3paboTKa TeXHOJOTUH uX 3pPeKTHBHOro MCIO0Ib30BaHUSA
B CeJIEKIL[UU».

ABTODBI 6/1ar0apAT PELIEH3EHTOB 3a UX BKJIA/] B 9KCIIEPTHYIO OLlEHKY 3TOH paboThl.

/s yumupoeaHus: Xapyenko A.A., HoBukosa JI.I0. CpaBHeHHe KOMIIOHEHTOB 3UMOCTOMKOCTH 06pa3LoB poza Fragaria L.

C pa3HbIM (GEHOPUTMOTHUIIOM B KaMepe UCKYCCTBEHHOro KJauMata. Tpydul no npukaadHol 60maxuke, 2eHemuke u ceseKyuu.
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Comparison of winter hardiness components in Fragaria L. accessions
with different phenorhythmotypes in an artificial climate chamber

Anastasiia A. Kharchenko, Liubov Yu. Novikova
IN.I Vavilov All-Russian Institute of Plant Genetic Resources, St. Petersburg, Russia
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Background. Overwintering is a critical factor for strawberry cultivation in Russia. Those Fragaria L. spp. that grow in the
Asian regions of Russia with an extreme continental climate, which have so far been little studied and are poorly involved in
breeding practice, can serve as sources of winter hardiness. The objective of the study was to identify sources of high winter
hardiness among the genus Fragaria L. under artificial climate conditions.

Materials and methods. Experiments to assess winter hardiness in 17 Fragaria accessions were conducted in an artificial cli-
mate chamber in the winters of 2022/2023 and 2023 /2024 according to the guidelines of the All-Russian Research Institute of
Fruit Crop Breeding. Three components of winter hardiness were studied: early-winter frost resistance, the ability to maintain
frost resistance after midwinter thaws, and the same ability at the end of the winter season.

Results. Five accessions from the Asian part of Russia showed the highest average scores of resistance: 3 accessions of F. mand-
shurica Staudt, one of F. viridis (Duchesne) Weston, and cv. ‘Aleksandra’ developed at the Yakut Scientific Research Institute of
Agriculture. The first four had a summergreen phenorhythmotype, i.e., they entered the winter with browned leaves. Those ac-
cessions withstood the low temperatures in the early winter and remained resistant to frosts after the midwinter thaw; how-
ever, some of them lost their post-thaw frost resistance by the end of the winter. For such accessions from regions with a clear
seasonal temperature course, even a brief temperature increase means the onset of spring and causes rapid unhardening.
Conclusion. The species F. mandshurica and F. viridis can make a valuable contribution to the enhancement of winter hardiness
in strawberry cultivars.

Keywords: Fragaria L., species, winter hardiness, artificial climate chamber, ice crust, summergreen phenorhythmotype
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BBegeHue

3eMJIsIHMKA — paCTeHHe YMepPEeHHbIX IHUPOT € MATKOH 3U-
Mol [loBpexeHue pacTeHUH 3eMJITHUKY OT HU3KUX TeMIle-
paTyp sSBJSETCA OJHUM U3 OCHOBHBIX GAKTOPOB CHMXKEHUS
YPO:KAaHHOCTH M KauecTBa ypoxkasl B pervoHax C XOJIOJAHOU
3umoii (Koehler et al,, 2012). B ycnoBusix Poccuu a5 KynbTH-
BUPYEeMBbIX BH/IOB II€pe3UMOBKA SIBJSETCS KPHUTHUYECKUM
daxrTopom (Shokayeva, 2018). 3eMuIsIHMKA XOPOLIO IepPeHO-
CUT 3MMBbI IPH HAJIMYUM MOILIHOTO CHEXXHOI0 NMokposa (Rao
etal, 2020). OCHOBHBIMH NMOBPEXJAOIIUMHU GaKTOPAMHU SB-
JIIOTCS] HU3KHe TeMIlepaTyphbl B HaYaJ/le 3UMbI, KOT/ia 3eMJIsi-
HYKa He ycIleJia 3aKaJIMThCs, ¥ B KOHIIE, KOT/Ja OHa BBILLIA U3
COCTOSIHMSI TIOKOSI M YCTOHYMBOCTb €e pPe3KOo CHU3MUJIACh
(Zubkova, Ozherelieva, 2019; Ozherelieva etal., 2020). YBe-
JINYMBILIYECS B IOC/AEJHUE JeCITUNEeTUsI POCT TeMIepaTyp
Y HECTAaOMJIbHOCTb TeMIIepaTyPHBIX YCJIOBHUN 3UMBI IOBBI-
IIAIOT PUCKH BO3JesbIBaHUs KyJbTypbl (Sgnsteby, Karhu,
2005; Bakaeva, 2015; Yang et al., 2020; Menzel, 2021). B ycio-
Busix CeBepo-3anaja PO ocHoBHBIMM paKTOpaMu prcKa sB-
JISIIOTCS TIOHXKEHY e TeMIlepaTyphl NOYBbI Ha Iy6rHe 10 cm
Hike —-8°C, He6oibInas (10 20 ¢M) BbICOTA CHEXKHOTO MOKPO-
Ba, BbicoKas (Beime -4°C) cpefHss TeMmmepaTypa 3UMBbI
(Kharchenko et al., 2023). Takum o6pa3om, HanboJiee 3HAYHU-
MbIMHU GAaKTOPaMH PHUCKA JJIs1 3eMJISTHUKH B ycaoBUax CeBe-
po-3anaza Poccur B 3MMHUN Nepuoj ABJSIOTCA OTTENed
B CepeJIMHe U KOHILle 3MMbI, a TAK)Ke CHUJIbHble MOPO3bl MPHU
OTCYTCTBUM CHEXHOIO NOKpOBa. [loBbIlIeHHe 3UMOCTONKO-
CTH SIBJISETCA OJHOM M3 OCHOBHBIX 33Jja4 CeJIeKLHOHHOH
nporpamMmel 3Tod KyabTypel (Koehler etal, 2012; Kulikov
etal, 2021).

BreipesiroTca yeTbIpe OCHOBHbIE KOMIIOHEHTA 3UMOCTOM-
KOCTH IJIOAOBBIX U ATOAHBIX KyJAbTyp (Rezvyakova, 2015):
IepBbIM — YCTOMYUBOCTb COPTa K paHHE3UMHHUM MOpO3aM;
BTOpPOM — BeJIMUMHA MaKCUMaJIbHOM MOPO30CTOMKOCTH COP-
Ta, KOTOPYI0 OH MOXXeT Pa3BUTb B 3aKaJIeHHOM COCTOSIHUU
K Cepe/iiHe 3UMbI; TPETUH — CMOCOGHOCTD COPTA COXPAHATH
YCTOMYUBOCTb K MOpO3aM BO BpeMs OTTeleJsed; 4eTBep-
TBIH - CIIOCOGHOCTh COPTA UMETh BBICOKYH YCTOMYMBOCTH
K BO3BPAaTHBIM MOpPO3aM, KOTOpbIe HACTYMAIOT Yyepe3 Kakoe-
TO BpeMsd INocjie oTTenesneil. Kpome Toro, Kak u Jij1 Jpyrux
3UMYIOLUX KyJAbTYpP, 3UMHHE NOBPEXAEHHUsT KYJbTypbl MO-
I'yT OBITh BBbI3BaHbI BLIIPEBAHHEM, 3UMHUM HCCYIIEHHEM,
BbIMOKAaHHEM, BbINUpaHUEM, JeAsgHOW Kopkou (Rakitina,
1977; Tumanov, 1979; Tyurina, 1993).

MupoBoe pasnoo6pasue poga Fragaria L. npesacTaBsiie-
HO, 110 MHEHHWI0 pa3HbIX aBTOpoB, 20 uau 24 Bupamu
(Hummer etal., 2011; Yang et al., 2020), ogHaKO B ceJIeKIIUU
HCII0JIb3YeTCsl JMLIb HeboJblIash YacTh reHopoHAA, Tpe-
uMyliecTBeHHO F. x ananassa (Weston) Duchesne ex Rozier.
Ha tepputopuu Poccuu nmpouspactaeT 8 AUKOpPaCTYIIMX
BU/IOB 3eMJISTHUKH, HAaUOOJIblIIee TAKCOHOMHUYECKOE PAa3HO-
o6pa3ue KOTOPBIX COCPEJOTOYEHO B A3MATCKOW YACTHU.
B peruonax Cubupu c pe3ko KOHTHHEHTAJbHBIM KJHMa-
TOM NIPOU3paACTAIOT HAaUbOJIee MOPO30CTONKHE BU/LBI 3eM-
JAIHUKH, Takue Kak F. orientalis Losinsk., F. mandshurica
Staudt, F. viridis (Duchesne) Weston. HekoTopble 3KOTHIIbI
BUJI0B poJia Fragaria U3 pernoHOB € 3KCTpeMaJIbHO HU3KHU-
M{ 3UMHUMHU TeMIlepaTypaM{ UMeWT peJKUH /s poAa
JleTHe3esleHbIH pEHOPUTMOTHIN, TO €CTb YXOAAT B 3UMY
C MOOYPEBIIUMH JIUCThSAMHU.

B naHHOU pab6oTe aBTOPBI COYJIH LeJeC006pa3HbIM HC-
[10J1b30BaTh CHUCTeMY, npeasoxeHHy0 G.Staudt, B KoTOpoi
OH paszenun Bup E orientalis Ha ABa BUAQA, TPEJJIOKUB BCe
repMadpoUTHbIe JUIIOWAHbIE PACTeHUs C NPU3HAKaMHU
F orientalis, mpouspacTtatomue B Axytun, lOro-Bocrounoi

yacTu 03.Baiikan, or MoHrosuu fo XabapoBCKoro kpas,
a Takxke B XanayHussaxe, lsunnne u CesepHont Kopee, cuu-
TaTh F mandshurica Staudt. TeTpamniou/jHble pacTeHHs, IPO-
u3pacrawie oT XabapoBCKOro Kpas A0 AMYpCKOH 06.1.,
B [I[pumMopckoM kpae M X3l/IyHL3dHe, cleJlyeT OTHOCHUTb
K Bupy E orientalis (Staudt, 2003).

3eMJIIHUKY OTHOCSAT K PacTeHHUsIM C 3UMHe3eJIeHbIM ¢e-
HopuTMmoTumoM (Liston et al., 2014). OxHaxo B poae Fragaria
BCTPEYAlOTCs MNOMYJALUM OTAeNbHbIX BUAOB (FE viridis,
F. mandshurica), npor3pacTaloliye B YCI0BUSX C IPKO BbIpa-
K€HHbIM KOHTHHEHTaJIbHbIM KJ/IMMATOM, KOTOpbIEe IPOAB-
JISTIOT IPU3HAKH PacTeHUH JleTHe3eJ1eHOro GeHOPUTMOTHIIA.

@QeHOPUTMOTHUNBI — TPYNNbl PaCTEHUH C OAMHAKOBOU
AJIUTEJIbBHOCTBIO U CXOAHBIMU CPOKaMHW Ha4aJia U KOHIIA Be-
retanyvy, a TakKXe C OAMHAKOBBIM HaIllpaBJIEHHWEM CMEH
OCHOBHBIX (I)eHOJIOI‘I/I‘-IeCKI/IX COCTOSIHUU: BereTanguu U MoKosd
(Vasfilova, 2020). ®eHOpUTMOTHII CBSI3aH C IPOUCXOXKAEHU-
€M pacTeHHH, C 3KOJIOTO-TeHETUYECKUMHU 0COBEHHOCTSIMH UX
cTaHoBJieHUs U pa3BuTHA (Golubev, 1965).

H3y4yeHre BUJOBOTO pa3HO06Pa3Hs, aAallTUBHOCTH pojia
Fragaria akTUBHO IPOBOJUTCA C UCIOJIb30BaHUEM KaK I10JIe-
BBIX, TaK U JabopaTopHbix MeToAoB (Lindén etal, 2002;
Zubkova etal., 2022). Kamepbl HCKycCTBEHHOTO KJMMarta
MO3BOJISIIOT ONpEeJeNsATb U Pa3fesiTh OTAesJbHble KOMIIO-
HEHTbl YCTOMYUBOCTH OOPA3LOB IJIOAOBBIX U SITOJHBIX
Ky/lbTYp K HOBpeXJamlUM 3UMHUM ¢axkTopaM (Zubkova
etal, 2022). KpoMe Toro, OHU aIOT BO3MOXKHOCTb UCCJIE[[O-
BaHUS MOBPEXAEHUH OT TAaKOTO MOBpexzjaroiiero ¢pakropa
3MMHErO [Iepro/ia, KakK JieJsiHasl KOpKa, KOTopoe JJist 3eMJIsI-
HUKH B Halllel CTpaHe ellle He IPOBOAUIIOCE.

Ilenb uccaedosaHusi — BblJieJIeHNe UCTOYHUKOB BbICOKOH
3MMOCTOMKOCTH y NIpeJicTaBUTeN el posaa Fragaria Ha ocCHOBe
MOJeJIMPOBAHUA YCJIOBI/II‘;l 3MMOBKH B KaMepe HCKYCCTBEHHO-
To KJIMMarTa.

MaTepnamﬂ U MeTOoAbI

UccnepoBansl 17 06pasnoB poaa Fragaria 3 KOJIEKIuu
Bcepoccuiickoro MHCTUTYTa reHEeTUYEeCKUX pecypcoB pacTe-
Huit umenu H.U. BaBusoBa (BUP) pasanunHoro sakoJioro-reo-
rpaduveckoro npoucxoxjeHus (9 o6pasos us Esponsl, 7 u3
A3um, onuH 13 KxHOU AMepUKHU), TPeJCTABJISIOIINX COPTa,
MEeXBU/I0Bble TUOPHU/IbI, AUKHe BUABI (Ta6.1. 1). O6pa3ibl xa-
paKTepH30BaIMCh pa3HbIM GeHOPUTMOTUIIOM: 4 JIeTHe3ele-
HbIX (J1), 13 3uMHe3eseHbIX (3).

OnbITEl 0 ONpeJieJIeHUI0 3UMOCTOMKOCTH INPOBOJUIU
B 3UMHUN mnepuox 2022/2023 n 2023/2024r. 3a oCHOBY
onpe/iesIeHUs] MOPO30CTOMKOCTH B3ATa MeToAuKa Bcepoc-
CUHCKOTO HAay4HO-HCC/Ie[0BaTEJbCKOT0 MHCTUTYTa cesieK-
nuu mwiofoBbix KyabTyp (BHUUCIIK) (Ozherelieva etal,
2019). /[lns MCKYCCTBEHHOTO MPOMOPAXUBAaHUS PaCTEHUS
3eMJITHUKH OTO6HUpaJIK B 5-KpaTHOW MOBTOPHOCTH 0 KaXK/[0-
My KOMIIOHEHTY 3UMOCTOHWKOCTH, B CeHTsA6pe pacTeHHUs
nepecakrBaJ/iv B OTAe/IbHble FOPUIKH, C HOSI6PsI 06pas1bl IT0-
MellaJIv B XOJIOAW/IBHUK NIpU TeMnepartype -2°C. 3aka/uBa-
HUe U MOJleJINPOBaHMe MOBPeXJAINX GaKTOPOB 3UMHET0
nepro/ia NpoOBOAMIN B KJIMMaTH4eCKO KaMepe OTeYeCTBEH-
Horo npousBozcTBa [IPO KTBX-70/150-1000. B 0o6a roza uc-
cjleiloBaHa MOPO30CTOMKOCTb IO TPEM KOMIIOHEHTAM:

| KOMIIOHEHT - 3aKaJMBaHUe, NPOMOpPAKMUBAHHE IpHU
-20°C, nexkabpb - siHBaph, Jlajiee 3TOT PEXUM Oy/eT Ha3bl-
BaTbCSI «3UMOCTOMKOCTb-I»;

Il koMnoHeHT - oTTenesb, -15°C, sHBaph (Jasee - «3U-
MOCTOUKOCTB-11»);

[Il xoMnoHeHT - oTTenesnp, -15°C, deBpanb - MapT (Aa-
Jlee - «<3UMOCTOUKOCTB-111»).
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Ta6auna 1. XapakTepucTUKA 060BEKTOB MCCIeA0BaHUS

Table 1. Characteristics of the research material

deHo-
Ne mo kara- Bup / copt WT- IIpoucxoxaeHue
nory BUP A/ cop LEE e i
MOTHI
49728 Fragaria mandshurica Staudt J1 Poccus, 3a6alikanbckuil Kpaid, AnxaHai
49754 F. viridis (Duchesne) Weston JI Poccus, UpkyTckast 061, OTbXOHCKUH p-H
49719 F. mandshurica JI Poccus, fAkyTus, okp. AkyTcka
49726 F. mandshurica J Poccus1, AMypckas 06.1., 3elicKuit p-H
49701 F. vesca L. x F. mandshurica /'Anexcanapa™* 3 Poccus, SIkytus, SIkyrckuiit HUUCX
49702 ,F * ananassa (\,Neston) Duchesne ex Rozier / 3 Poccus, flkytus, fAkyrckuit HUMCX
bepceneBckas
38139 F. viridis 3 Poccus, KapauaeBo-Yepkeccusi, d166pyc
17725 F. viridis 3 Poccus, JleHuHrpazckast 06.1., JIy>KCKUM p-H
49744 F. x ananassa ‘A3ust’ 3 Urtanus
Poccust, JlenuHrpajckas 06J., Kunrucenn-
49730 F. moschata Duchesne ex Weston 3 o
CKHH p-H
38156 F. orientalis Losinsk. x ‘Di Milano’ 3 Poccust, [IpuMopckuit kpan
15119 F. chiloensis (L.) Mill. 3 I0>xxHasa AMepuka
49735 F. viridis 3 Poccusi, Boponexckasi 061
13569 F. x ananassa '®ectruBanbHas’ 3 Poccusi, Cankt-Iletep6ypr, BUP
49740 F. x ananassa / ‘lykat’ 3 Tosbira
49752 F. x ananassa /'Jle Posin’ 3 Opannus
49919 F. x ananassa /‘Tlenarest’ 3 E;ICPCHH' Kpacuopapciuii kpa, Kppimcr,

[pumMevanue: * - JI - jeTHe3€eeHbli GEHOPUTMOTHI; 3 - 3UMHe3eJIeHbId GeHOpUTMOTHUIL; ** - B maTeHTe Ha copT ‘Asekcanapa’ B Kaue-
CTBe OTLOBCKOM PpopMbl yKaszaHa F orientalis IKyTCKOTO IPOUCXOXAeHUs, KoTopas o cucteMme G. Staudt oTHocuTcs k F mandshurica

Note: * - JI - summergreen phenorhythmotype, 3 - wintergreen phenorhythmotype; ** - the patent for cv. ‘Aleksandra’ names F orientalis
of Yakut origin as the paternal form, while according to G. Staudt’s taxonomic system it belongs to F. mandshurica

3akasMBaHMe MpoBoAUJIOCH 5 Hed mpu -3°C, 3aTeM
5 nuedt npu -5°C. OtTenens - Tpu aHsA npu +5°C. [lpomopa-
»KMBaHWe NPOBOJIUJIOCE 9KCIO3UIIMEN B Te4eHHe 6 4acOB NpHU
3alaHHOH TeMIepaType. [loc/ie npoMopa)KMBaHUSA pacTeHUs
OTpalMBaJlCh 2 HeJesd Npu TeMnepatype +18...+20°C, mo-
cJle Yero CTelneHb NoAMep3aHus Onpe/e/iaaach N0 CTeNeH!
no6ypeHUs Ha cpe3e POXKKOB M KOPHEBHI 10 5-6a/IbHON
cucteMe (0 - HeT MPHU3HAKOB NOAMep3aHUsA, 5- pacTeHue
MOJTHOCTBIO MOTH6J10).

Kpome Toro, 11 ucciefoBaHus npouecca GpopMUpOBa-
HUS 3UMOCTOMKOCTH MPOBOJUJIUCH JIONOJHUTENbHbIE OMBbI-
ThI: B MapTe 2023 I. 1711 Tpex 06pasLioB UCCIe0BaTH YCTOM-
YHUBOCTb K IpoMopakuBaHuio npu -15°C u -25°C; B onbITe
2023/2024 r. aHaIM3UPOBAJIH YCTOMYUBOCTh K OTTEIETH
Y mpoMopakuBaHuio npu -15°C B gekabpe u ¢eBpase.
B peBpasie 2024 r. n3yyanoch BIHUsIHUE JIeIsTHON KOpKU. Jle-
JIIHYI0 KOPKY CMOJIeJIMPOBa/Id C MUHUMa/IbHOW 3KCIO3HUIIH-
el - 5 gHel.

CTaTHCTHYECKYI0 06paGoOTKy MPOWU3BOJUJIM MeTOZAMHU
HellapaMeTpHUYeCKOM CTAaTUCTHUKU B MakeTe Statistica 13.3.
HUcnonb3oBaH ko3aduuueHT Koppesnsauuu Cnupmena. [lo-
CTOBEPHOCTb PA3JIMYMH XapaKTEePUCTHK IPyIN 06pas10B HUC-

csejoBaHa KpuTepueM MaHHa - YuTHu uiu Kpackesa - You-
svca. CpaBHEHMeE JIET U PEXKUMOB IIPOBeJIeHO KpUTepHUeM
BuikokcoHa. B pa6oTe NpUHAT ypoBeHb 3HAYUMOCTH 5%.

PesynbTaThl

OyeHnka 3umocmoiikocmu 06pa3yoe No OCHOBHLIM
KOMNoOHeHmam

3uMocTolKoCcTb-l (Zexkabpb - AHBapb, 3aKaJIMBaHMUE,
-15°C) B cpegHeM mo 17 o6pasnaMm coCTaBUja B ONBITE
2022/2023 1. 3,1 6asna (Bapbupysy o6pasnos ot 0 1o 5 6as-
s0B), B 2023/2024 1. - 2,8 6anna (0-4,8 6anna) (tab.. 2).
Kputepuii BunkokcoHa rnokasaii, 4To 1o Bbi6opke 17 o6pas-
II0B Cpe/iHsAsA 3UMOCTOMKOCTB-I 3a /iBa rosia akcnepuMeHTa
JIOCTOBEPHO He pasyinyasiack (p = 0,281). 3uMocToiikocts-11
(sauBapp, orTenesnb, -15°C) cocraBuia B cpeiHeM 3,7 6asia
B 2022/2023 r. (0,6-4,4 6anna), B 2023/2024 r. - 3,2 6asia
(0,4-4,9 6anna), pasnuyus MeXAy TofaMH HeJJOCTOBEPHBI
(p=0,276). 3umocToiikocTb-I1I (PeBpanb — MapT, oTTeENeNb,
-15°C) B 2022/2023 1. cocTaBuJa B CpefiHEM MO 06pasLam
4,4 6anna (2,5-5,0 6a1s10B), 6aJ11 HOBPEX/IEHUS JOCTOBEPHO
causmiaca B 2023/2024r. po 3,8 6amna (2,8-4,4 6anna;
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Ta6una 2. KoMnoHeHTbI 3MMOCTOMKOCTH 17 06pa3uoB Fragaria L. npu HCKYyCCTBEHHOM NPOMOPAaKUBAaHNU

Table 2. Winter hardiness components in 17 Fragaria L. accessions under artificial freezing conditions

> 2022/2023r. 2023/2024 . E

55| €27 | §30 | &89 | £ | €& | §59 | iE5| % 2

o SE8g | =51 | §5n = SE8g | =51 | §5n = o

= SEE | EET | &5 z $EE | SEV | &2 z 5

Z =" g = © = & g =" g = © = & 9 =

8 = g o s = g S

49728 0,0 2,7+0,8 4.6+0,2 2,4 0,0 2,6+0,2 2,8+0,4 1,8 2,1
49754 1,8+0,5 0,604 3,8+£0,7 2,1 1,5+0,2 2,6 0,3 3,5+0,2 2,5 2,3
49719 0,4+0,2 4,0 50+0,0 3,1 0,0 0,6+0,2 3,8+£0,1 1,5 2,3
49726 0,3+0,2 3,0+£0,2 2,5+0,8 1,9 1,3+0,4 3,9+0,2 3,6+£0,3 2,9 2,4
49701 1,4+0,2 3,8+0,2 4,3+0,3 3,2 0,2+0,2 0,4+0,2 4,0 +£0,2 1,5 2,4
49702 3,6 0,2 3,6 0,2 4,1+0,1 3,8 2,1+04 3,4+0,4 4,0+0,1 3,2 3,5
15119 3,4+0,2 4,3+0,1 4,6 £0,4 4,1 2,2+0,2 3,2+£0,2 3,5+0,3 3,0 3,5
49744 3,3+0,4 4,1+0,2 4,3+0,2 3,9 3,2+0,4 3,7+0,3 29+0,3 3,3 3,6
17725 4,1+0,2 4+0,2 4,5+0,2 4,2 2,8+0,5 3,4+0,3 4,0+0,5 3,4 3,8
38139 3,7+0,3 4,2+0,1 4,4 +0,2 4,1 2,7+0,4 3,7+0,1 4,1+0,3 3,5 3,8
38156 3,6+0,2 3,6 0,2 4,5+0,2 3,9 3,8+0,1 3,8+0,1 3,8+0,2 3,8 3,9
49730 41+0,2 4,0+£0,0 48+0,1 4,3 3,5+0,2 3,1+0,1 4,1+0,2 3,6 3,9
49735 42+0,1 4,3+0,2 4,7+0,2 4.4 3,2+0,3 2,9+0,2 4,4 +0,2 3,5 4,0
49740 3,9+0,1 3,6+0,1 48+0,0 4,1 3,6+0,2 48+0,1 43+0,1 4,2 4,2
13569 50+0,0 4,4 +0,2 4,5+0,2 4.6 3,7+0,2 3,5+0,2 4,2+0,2 3,8 4,2
49752 48+0,1 3,9+0,1 50+0,0 4.6 3,8+0,3 4.4 +0,4 40+£0,1 4,1 4,3
49919 48+0,1 43+0,2 49+0,1 4,7 40+0,2 49+0,1 40+0,2 4.3 4,5
Bcero 3,1 3,7 4,4 3,7 2,4 3,2 3,8 3,2 3,4

p =0,003). TakuM 06pa3oM, BO BTOPOH TOJ, UCCIeJOBAHUI
YCTOWYMBOCTh K HU3KUM TeMIlepaTypaM B cepefiiHe 3UMbl
Y K OTTeIleJIsIM B SIHBape B CpeJIHEM 110 BbIOGOpKe ObljIa TAKOH
’Ke, a yCTOMYMBOCTb K OTTeIe 1M BeCHOU — Bhllue. [locko/bKy
C HOSIGPSI pacTeHHs B 06a rojja HaXOJUJIMCh B OJJMHAKOBBIX
KOHTPOJIMPYEMBIX YCIOBUSAX, IPUYUHON pa3IUuUM ABISAIOT-
cd J1y4iive ycaoBus Beretauuu 2023 .

Koppensiuus Tpex KoMmnoHeHTOB 3uMocTolkoctu (I, Il
u III) mexxay co6oii B onbiTe 2022/2023 1. coctaBuia: [ u Il -
r=0,61, 1 u lll- r=0,45 (Hesnauum, p=0,070), Il u Il -
r=0,35 (ne3nauum, p = 0,168); B onbiTe 2023/2024 1. cOOT-
BeTCTBeHHO - I = 0,65, r = 0,26 (He3HayumMm, p=0,317) ur=
0,16 (He3Hauuw, p = 0,537). Koppensnuu Mexay cpeiHUMHU
3a /iBa roJjla KOMIIOHEHTaMH BbIIlle, YeM B OTZeJIbHbIE roja:
coorBeTcTBeHHO ' = 0,83, r=0,54 u r=0,47 (He3HauuM, p =
0,058). TakuM o6pa3oM, HaAGJIOAAETCS TMOJIOXKHUTEJbHASA
CUJIbHas CBA3b Mex Ay KoMoHeHTaMH | u I, cpeansasa mexay
[ u Il u He3nauumasa mexay 11 u 111

KoMmieKCHy10 3MMOCTOMKOCTb KaXA0ro o6pasija B Kax-
JIbIH TO/l OXapaKTepHU30BaJIy CpeJHUM 3HaUeHHeM 6aJiia 1o-
paxkeHus MO TpeM KoMnoHeHTaM (Tab6.. 3, puc. 1). Cpeanue
3Ha4YeHUsI 3MMOCTOMKOCTH 00Pa31ioB B NEPBLIH U BTOPOM o/,
HCCleJOBaHUs CUJIBbHO KoppesupoBau (r = 0,76). CpesHuit
0 IByM roiaM 6aJi1 ToOBpeXeHus BapbUpoBaJl y 06pa3ijoB

ot 2,1 go 4,5 6anna, mo 17 o6pasyaM CoCTaBUJ B CpeHEM
3,4 6asna. O6pasibl JOCTOBEPHO OTVIMYAIMCh CPEHUM Gasl-
JoM (p = 0,021).

YcTOWYMBOCTD NEPBBIX NATH 06pa3loB B paHKHPOBAH-
HOM paay (2,1-2,4 6anna) cymectBeHHo Huxke (p = 0,001 no
KpuTepHrio MaHHa - YUTHHU), YeM y OCTaJIbHBIX (3,5-4,5 6aJ-
s1a). [pynna o6pasioB ¢ BBICOKOH yCTOMYMBOCTBIO — 06pas-
1bl U3 A3uaTckou yactTu Poccuu pasHbIX BUZoB: F. viridis
(x-49754), 3 o6pasua F mandshurica (x-49728, k-49719,
K-49726) u copt ‘Anekcaugpa’ (F. vesca x F. mandshurica;
k-49701).

CpasHeHue 3umMocmolikocmu epynn pa3Hozo ¢eHo-
pummomuna

YeThIpe U3 NSITH BBICOKOYCTOUYMBBIX 06pa3oB (KpoMe
copra ‘AnekcaH/ipa’) UMEIOT JieTHe3eJIeHbId pEHOPUTMOTHII.
KpuTepuit MaHHa - YUTHU NOATBEpPAUJI, YTO Ipynna o6pas-
L[OB CJIeTHe3eJeHbIM (GEeHOPUTMOTUIIOM JO0CTOBEPHO IIpe-
BbILIAET I'PYNIy 06pa3iioB C 3MMHe3eJeHbIM peHOPUTMOTH-
[IOM [0 cpeiHel 3uMocTolKocTH (2,2 vs 3,9 6asta, p = 0,001),
no 3umoctoikoctu-1 (0.6 vs 3.7 6ans1a, p=0,002) u 3umo-
croiikoctu-Il (2,5 vs 3,7 6ana, p = 0,006). 3UMOCTOHKOCTD-
11l passinyaeTcs y rpynin pasHoro GeHOpUTMOTHIIA HEJOCTO-
BepHO (3,7 vs 4,3 6asia, p = 0,079).
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Ta6smmua 3. KoMIoHeHThI 3MMOCTOMKOCTH M CTelleHb NoAMep3aHus o6pa3noB Fragaria L. 1eTHe3e/IeHOTO
Y 3UMHe3e/IeHOro eHOpUTMOTHUINOB (CpeAHee 3a ABa roja UcciaeA0BaHMs)

Table 3. Winter hardiness components and freezing degrees for Fragaria L. accessions of the summergreen and
wintergreen phenorhythmotypes (mean for two years of studying)

(Aexa6p1:—mmap1., (aHBapsb, I;'rrenem., (¢eBpaﬂlI>l—lmapT, oT- Cpeanuii 6a11
®eHOPUTMOTHII -20°C) -15°C) Tenes, -15°C)

X* min | max X min | max x* min | max X min | max
JIeTHe3eJIeHbIH 06+03 | 0,0 1,6 [ 25+x04 | 16 35 [37+03 | 30 44 | 22+00 | 21 2,3
3UMHe3eJIeHbIH 37+£03 | 1,3 48 | 37+£02 | 21 46 | 43+£01| 36 | 46 |39+01 | 25 4,6

[IpuMeuaHue: * X- cpefiHee * cTaHAAapTHas OLIMOKa CpeJJHero; min - MUHUMa/IbHOe 3HaYeHHe; max — MaKCUMaJ/IbHOe 3HaYeHue

Note: * X - mean # standard error of the mean; min - minimum value; max - maximum value
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Puc. 1. CpeHue 3a ABa roJa XapaKTepPUCTUKU OCHOBHBIX KOMIIOHEHTOB 3UMOCTOHKOCTH. OGpa31bl pacnos1oKeHbl
B MOPsi/IKe BO3pacTaHus 6a/ia nopakeHus. 0603HaYeHus 06pa3na: HoMep 10 KaTajiory, §eHOpUTMOTHI
(JI - 1eTHe3eJIeHbIH, 3 ~-3MMHe3eJIeHbli), pernoH npoucxoxaeHus (I0A - I0:xxHass AMepuKa).
LiBeTOM 0603Ha4Y€eHbI: KPACHbIHA - 3UMOCTONHKOCTb-I, CHHUI1 - 3MMOCTOHKOCTB-II, 3e/1eHbIi - 3UMOCTONHKOCTb-III,
YepHbIA - CpeJHUM N0 TPeM KOMIIOHEHTaM 6aJLl

Fig. 1. Mean characteristics of the main winter hardiness components for two years. The accessions are arranged
in the order of increasing damage scores. Accession designations: catalogue No., phenorhythmotype
(/I - summergreen, 3 - wintergreen), region of origin (I0A - South America).

Color designations: red - winter hardiness I, blue -

winter hardiness II, green - winter hardiness III,

black - average score for three components

TakuM 06pa3oM, o6pasibl JieTHe3eJeHOro GeHOPUTMO-
THIA B YCI0BUAX KaMepPbl HCKYCCTBEHHOTO KJIMMaTa pa3BH-
BAIOT 3HAYUTEJbHYI0 YCTOMYMBOCTb B IpoOLiecce 3aKaJnBa-
HUS W BBIJIEPKUBAIOT C MUHHUMAJIbHBIMH MOBPEXAEHUSIMHU
HHU3KHE TeMIepaTypbl CepeJiUHbl 3UMBI, OHU COXPAHAIOT
YCTOMYMBOCTb NOC/IE OTTeles el cepeuHbl 3UMbL. OiHaKO
K KOHIly 3UMbl HEKOTOpBIE U3 HUX ObICTPO TEPSAIOT YCTOHYH-
BOCTb.

CpasHeHue ycmoiiyueocmu K Mopo3y noc/ae ommene-
/U 8 dekaGpe, siHgape u gespae

YcTOMYMBOCTD K 3aMOpPO3KaM CHMIKAETCS Ha MPOTsKe-
HUM 3UMBL. B onbiTe 2023 /2024 . c Aekabps 1o sHBaph 6asiia
noBpexeHus Mopo3oM -15°C nocsie otTenenu +5°C focro-
BepHO (p = 0,003) moBbIcuIIce ¢ 2,5 70 3,2 6as1a, TO ecTh Ha
0,7 6asna (puc. 2),a k peBpaJito — 710 3,8 6as1a (HO pa3auyuus
c sHBapeM HezocToBepHbI, p = 0,080). IIpu 3ToM KoppeJsi-
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Puc. 2. CTeneHb NOBpeXAeHUs pacTeHuil Fragaria L. npy NoOHW>XKeHUH TeMnepaTypsl 40 -15°C nocje oTrenein
B JeKaope, sHBape u ¢peBpaJie, onbiT 2023 /2024 1~

Fig. 2. The degree of damage to Fragaria L. plants at temperatures down to -15°C after a thaw
in December, January, and February, the 2023 /2024 experiment

1Us JeKabpbCKOU U STHBApPCKON YCTOMYHMBOCTH Y 06pasLoB
cocraBuaa r=0,72, a cB3b c peBpalbCKON HeJOCTOBEpHa
Kak y fgekabpbckoit (r=0,43, p=0,084), Tak U y sHBapCKOH
ycroituuBoctH (r = 0,16, p = 0,537).

JlekabpbCckas yCTOMYMBOCTb K MOP0O3aM NOCJIe OTTele-
JIU CUJIBHO KOppeJINpoBaJia co ClIOCOGHOCTbIO TePEeHOCUTh
HU3KUe TeMIlepaTyphl Aekabps (r=0,84), B sHBape CBs3b
YCTOUYUBOCTHU K OTTEMNEJIH C leKabpbCKOM MOPO30CTONKO-
CThIO cTasa cpefHel (r=0,65), a B peBpaJie cTasa He3Ha-
yuMo#l (r=0,26). TakuMm o6pasoM, K peBpasito 06pa3Lbl
CHU3W/IM YCTOMYMBOCTb K OTTeNesJH He3aBUCHMO OT CIIO-
COGHOCTH NEePeHOCUTh CUJIbHble MOpO3bl. HanboJsiee cub-
HO (Ha 2,6 6aJjija) NOoTePsJU YyCTOUYUBOCTb K OTTEMNENU
MexXAy AekabpeM U ssHBapeM o6pa3siubl F. mandshurica net-
He3eJsieHOTo ¢eHOpUTMOTUNA K-49728 U K-49726, a k deB-
paJito Ha 3,8 6aJsi1a - copT ‘Anekcanzpa’ (k-49701) u o6pa-
sen F. mandshurica (k-49719). Copt’Anekcangpa’ coxpaHu
BbICOKMH ypOBeHb YCTOWYMBOCTH K OTTeNeJU B Ailekabpe
(0,2 6ansa) usanBape (0,4 6assia), HO NOTePsLT yCTONYHU-

BOCTb K ¢peBpaJito (4,0 6ass1a). MoKHO NPeANO0KUTD, YTO
JIJ1s1 3TUX 06pas1[0B U3 PETMOHA C YETKUM CE30HHBIM X0/I0M
TeMIepaTyphl, AJs KOTOPOro He XapaKTepHbl OTTeNeJr
B Cepe/iNHE 3UMBI, POCT TEMIEPATYP O3HA4YaeT HACTYIlJIe-
HU€e BECHbI U MHUIIUUPYET ObICTPbIHA BbIX0OJ, U3 COCTOSHUS
BBIHYK/IEHHOT'0 ITOKOSI.

Mopo3ocmoiikocmb 8 KOHYe 3UMbl

Y Tpex 06pa3LoB ¢ pa3HOW KOMILJIEKCHON 3UMOCTOMKO-
cTbio B onbiTe 2022/2023 I. poBepsiIU CIOCOGHOCTH BBI-
Jlep>KuBaTh HU3KKe TeMmnepartypsbl (-15°C u -25°C) B KoHLe
3uMbI, B MapTe (Ta6.1. 4). [Ipu -15°C Mexxay copramu ‘Asek-
cangpa’ (1,9 6ansa) u ‘Asus’ (4,6 6ajia) pasaudus J0CTO-
BepHbI (p = 0,005); npu -25°C Mexay 06pa3yaMu HET JJO0CTO-
BepHbIX pasanyuuil (p = 0,347), cpeiHee NOBpeXK/ieHUE COCTa-
BuJIO 4,0 Gasa.

TakuM 06pa3oM, OTAesibHble 3UMOCTONWKHE 06pasLibl
poja Fragaria us Cubrpy cnoco6HbI BbllepKUBATh B MapTe
MOHIKeHUe TeMIepaTypsl o -15°C.

Ta6una 4. CpaBHeHHe YCTOMYHUBOCTHY K MOpPO3y B MapTe Tpex o6pa3uoB Fragaria L., onbiT 2022 /2023 1.

Table 4. Comparison of frost resistance in March in three Fragaria L. accessions, the 2022 /2023 experiment

BaJ1/1 noBpex/JeHus nocje NpoMopaKxuBaHMs
Ne mo ka-
TaJIory Bup / copt -15°C -25°C
BUP — ) _ -
X* min | max X min | max

49728 F. mandshurica (3a6alikaabcKui Kpai) 43+0,3 3,5 5,0 39+0,3 3,0 5,0
49701 F. vesca x F. mandshurica / ‘Anexcanzpa’ (AkyTus) 1,9+0,3 1,0 3,0 3,7+0,5 2,0 5,0
49744 F. x ananassa / 'Asus’ (Utasnus) 4,6+0,3 3,5 5,0 45+04 | 3,0 5,0
an/IMe‘{aHI/Ie: * i— cpeaHee + CTaHJAapTHas onrnbKa CpefHero; min — MUHUMaJbHOE 3Ha4YeHHue; max - MaKCMMaJIbHOe 3Ha4YeHHe
Note: * X - mean #* standard error of the mean; min - minimum value; max - maximum value
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Jledsinas Kopka

YcTONYMBOCTD K JIeATHOW KOPKe, UCCIelOBaHHAsA Y BCeX
06pas1oB B peBpase 2024 r., BapbupoBasa ot 0 10 4 6a/J10B,
B cpefiHeM cocTaBuja 1,4 6asia (puc. 3). U3 yeThipex o6pas-
L[OB JIeTHe3eJleHoro ¢eHOPHUTMOTHIIA TPU UMeJH Gasll Io-
Bpexx/JeHus Hrke cpegHero (0-0,6 6aJia), 4eTBepThIH OKa-
3as1 1,8 6asta. Copt ‘Anekcanzipa’ Takyke MoKasas BbICOKYIO
ycroiuuBocTh (0,6 6aj1a MOBPEXAEHNS) K JIeTHOU KOPKe.
HavMeHee ycTOMYMBBIMU K JIeIIHOM KOpPKe OKasa/MChb JiBa
copra - ‘Jle Posin’ us ®panuun (k-49752) u ‘llenares’ us
KpacHozmapckoro kpas (k-49919), HauMeHee 3UMOCTOMKHE
10 OCHOBHBIM KOMIOHeHTaM (4,5 u 4,6 6asia noBpexze-
HUS).

O6pasipbl JeTHe3eseHoro $eHOPUTMOTHIIA PAa3BUBAIOT
3HAYUTEJNbHYI0 YCTOHYMBOCTh B IIpolecce 3aKaJUBaHUSA
Y BBIZIEPXKMBAIOT C MUHUMaJIbHBIMU MOBPEXJEHUAMU HU3-
KHe TeMIlepaTypbl cepeuHbl 3MMBbI — Ha4ajlla BEeCHbI; OHHU
COXPAHAKT yCTOMYUBOCTb IOCJe OTTeNesJed B CepelUHe
3MMBI, OJJHAKO K KOHIIY 3MMbl HEKOTOPbIe U3 HUX GBICTPO Te-
PSAIOT YCTOMYUBOCTB K MOPO3aM MOCJ/Ie OTTENe .

YcTONYUBOCTD K JIeIHON KOpPKe KOppeJHupyeT C KOM-
[JIEKCHON OLIEHKOH 3MMOCTOMKOCTH: HauboJiee 3MMOCTOM-
KHe o06pasipl yCTOWYMBBI K JIeJsSHOM KOpKe, HauMeHee
YCTOWYUBBIE — HEYCTOWYUBBI, 06pa3Ibl CO CPeJHUMHU 3HAYe-
HUSIMU KOMIIEKCHOW YCTOMYMBOCTH IOKa3ald LIMPOKUH
JMana3oH MopaKeHus JeJssHou Kopko# (ot 0 go 2,8 6asia).

5
4 — -
e -
s
o
¥ 3
@©
Q
e} I
c 2
=
@©
L
1
0 = 1] Jll
O F OO - N DWW T O O OO N D
N DL~ N OO OMAT ®O v~ ™ O F IO «—
N KNNNKEKNKNSNSNMKNEN-S - NONKNNKNO®
DO DD DN DD DOWLDDOD DD
IITITITQCLTITITOQOLITLTYY
X X X X X X X X X XX ¥ X X X X x x

[] CpenHsas 3MMOCTOMKOCTb MO OCHOBHBIM KOMMOHEHTaM
B MopaxeHne negsHON KOPKOW

Puc. 3. CpegHAA 3MMOCTOMKOCTb 10 OCHOBHBIM KOMIIOHEHTaM M YCTOMYHUBOCTb K JieJIHOH KOpKe
17 o6pa3uoB poaa Fragaria L.

Fig. 3. Mean winter hardiness according to its main components and resistance to ice crust
in 17 Fragaria L. accessions

YcTOHYMBOCTB K JIeITHOW KOpKe 3HAYMMO KOppeJnpoBa-
sa (0,68) co cpesHell 3UMOCTOWKOCTBIO IO OCHOBHBIM KOM-
MOHEHTaM.

TakuM 06pa3oM, B 11eJIOM YCTOHYMBOCTD K JIeJITHON KOop-
Ke KOppeJHpyeT C KOMIJIEKCHOW OLlEHKOHW 3UMOCTOHWKOCTH.
HawuboJsiee 3uMocToliKHe 06pa3Lbl ObIJIM YCTOUYUBBI K J1e/s-
HOU KOpKe, HaUMeHee YCTON4YMBble — HEYyCTONYMBhI, 06pas-
I[bI CO CPEeJHUMH 3HaY€HUSMU KOMIJIEKCHOH YCTOHYUBOCTH
MoKasaJly MHUPOKUH MaNa30H MOBPEXAEeHUs eI THOH Kop-
Koi - ot 0 o 2,8 6asia.

BoiBOAbI

[To cpesHeMy 6asly Tpex KOMIIOHEHTOB 3MMOCTOHKOCTH,
onpeJie/IeHHbIX B KaMepe HCKYCCTBEHHOrO KJUMaTa AJis
17 o6pasuoB, HauboJiee YCTOMYMBBIMU OKas3auchb 5 o6pas-
LIOB M3 a3uaTCKOW yacTu Poccuu pasHbIX BUJOB: 3 06pasna
F mandshurica (k-49728, k-49719, k-49726), oguH o6paser;
F viridis (x-49754) u coprt ‘Anekcangpa’ (k-49701; E vesca x
F mandshurica) cenekuuu fAxyrckoro HAUCX. IlepBble ue-
ThIpe UMEIOT peAiKUui A1 poja Fragaria neTHe3esneHbld de-
HOPHUTMOTHII, TO €CTb YXOJAT B 3UMY C NOOYPEBIIUMH JIU-
CTBSMHU.

Bupapl pona Fragaria u3 peruoHoB A3UM C Pe3KO KOHTH-
HeHTaJIbHbIM KJIMMaTOM, Takue Kak F mandshurica v FE viri-
dis, Ha JaHHbI MOMEHT NPaKTHYECKU He BOBJIEYEHHDIE B Ce-
JIEKLIUI0, MOTYT BHECTH LIeHHbIN BKJIaJ B IOBbIILIEHUE 3UMO-
CTOMKOCTH COPTOB 3€MJITHUKH B pa3JIMYHbIX peruoHax Poc-
CUH.
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Ovaries with different heterozygosity levels of their genotypes have
equal chances to reach maturity on a buckwheat plant: Is it the main
condition for the start of the evolution toward selfing?

Aleksey N. Fesenko, Ivan N. Fesenko
Federal Scientific Center of Legumes and Groat Crops, Orel, Russia

Corresponding author: Ivan N. Fesenko, ivanfesenko@rambler.ru

Background. Inbreeding depression (ID) usually reduces the competitive ability of an individual compared to one of outbred
origin. Such competition could be especially clear between different ovaries developing on the same plant. It can be assumed
that ovaries with higher level of heterozygosity will have an advantage in competition for resources.

Material and methods. Homostylous buckwheat lines (Fagopyrum esculentum Moench with approx. 3% of closely related
selfer F homotropicum Ohnishi germplasm) of different inbred generations (I, - I,) were grown adjacent to the heterostylous
cv. ‘Molva’, and the share of seeds resulting from cross-pollination was assessed for each variant using the recessive marker det
(genotypes of the seeds were visualized according to phenotypes of the resulting plants).

Results and conclusions. The proportions of seeds originated from cross-pollination were similar across the inbreeding gen-
erations, with small stochastic variations. Thus, the ovaries resulting from both self- and cross-pollination have equal chances
to reach maturity on the same plant. It looks like a fundamental condition for the start of the evolution toward self-pollination.
The levels of ID at other developmental stages, apparently, are less crucial for the possibility of such evolution. For example, the
ID in the analyzed material was strong (> 0.5 for both vegetative development and seed productivity). It highly likely reflects the
level of ID of the common ancestor of E esculentum and F homotropicum. However, the strong ID did not make impossible the
speciation of the self-pollinator E. homotropicum.

Keywords: inbreeding depression, developmental stage, self-pollination, outcrossing, buckwheat
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FEHETHUKA KYJIbTYPHBIX PACTEHUH U UX IUKHUX POJAUYENA
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3aBA3M C pa3HbIM YPOBHEM reTepO3UroTHOCTHU reHOTUIIOB UMEKT
paBHbIE IIAHChI AOCTHUYb 3P€JIOCTH HA PAaCTEHUU IPEeYUXU: SIBJISAETCA
JIX 3TO OCHOBHBIM yCJIOBUEM JJI51 Ha4aJia 3BOJIIOIUU CAMOOIbIJIEHUS?

A. H. ®ecenko, U. H. ®PeceHko
DedepabHblll HAYUHDLIU YeHmp 3epH060608bIX U KpynsiHblx Kyasmyp, Opesa, Poccus

Aemop, omeemcmeeHHblii 3a nepenucky: Ban HukosaeBuyu ®ecenko, ivanfesenko@rambler.ru

AKTya/IbHOCTB. JBOJIIOLIHUS OT NepeKPEeCTHOTO ONblJIEHUsS K CAMOOMNbLIEHHIO — U3BECTHOE fIBJIeHHe ¥ pacTeHU. OCHOBHBIM
dakTOpOM, NPENATCTBYIOINM Pa3BUTHUIO CAMOOIBIIEHUS, IBJsIeTCS MHOpegHas aenpeccus (M/), u paboThbl 06 3BOJIIOLIUY CH-
CTeMbl Pa3MHOXKEHHS Y paCTEHUH MOCBSILEHbI IJIABHBIM 06pa3oM 3Toi npobJieMe. [l onvcanus M/l MOXXHO HCIOIb30BaTh
JiBa KpUTepus: 1) cuiy, TO eCTb ypOBEHb CHMXKEHUS BeJMYUHBI TOTO MM MHOIO NOKa3aTeJisl 10 CPAaBHEHUIO C ayTOpeHbIM
KOHTpOJIEM, U 2) CTAAUI0 Pa3BUTHUS, HA KOTOPOW OHA MpOsiBiseTcsA. BeposTHO, cusia U XapakTep nposiBjieHus W/l B Hauasne
Y KOHI|e YKU3HEHHOT'0 LIKJIa pacTeHUsl MOTYT [10-pa3HOMY BJIMATb Ha BEpPOSITHOCTb 3BOJIIOLIMK B CTOPOHY CaMOOTbIIEHUS.
MaTepuaJs u MeToAbl. [oMocTU/IbHbIE TUHUM I'peduxu (Fagopyrum esculentum Moench c npumepHo 3% 3apoabliieBoH mas-
MblI camoonbLiuTest . homotropicum Ohnishi) c seTepMUHaHTHBIM TUIIOM pocTa (MyTauus det) pa3HbIX UHOPEIHBIX TOKOJIE-
Hui (I, - 1) BhIpamMBaIU CMEXHO C PAaCTEHUSAMH Te€TEPOCTUJILHOrO copTa ‘MoJiBa' C MHAETEPMUHAHTHBIM THIIOM POCTa,
1 10JII0 CEMSTH, ITOJIyYeHHBIX B pe3y/IbTaTe epeKPeCcTHOTO ONbLJIEeHHUS, OLleHUBaJIU [JIJIs KXKJ0r0 BapHaHTa C IOMOIbIO peliec-
CHUBHOT0 MapKepa det (FeHOTHUIIbI CEMSIH ONPeEIsSIN 10 GEeHOTUIIAM MOJyYeHHbIX PACTEHUH).

Pe3ysbTaThl U 3aK/II04eHue. [lo/11 ceMsH, BO3HUKIINX B pe3yJibTaTe NepeKpeCcTHOr0 ONblIeHus, OblJIN 6JIM3KU B Pa3HbIX 110-
KOJIEHUSIX UHOPU/IMHTA C HeGO/IbIIUMU CTOXaCTUYeCKUMU BaprualuaMu. TakuM o6pa3oM, 3aBs3Y, BOSHUKIIMeE B pe3ysbTaTe
CaMOONbIIEHUs] U IepeKPeCTHOr'0 ONbIJIEHHUS, UMEIOT paBHble IIAHChI JOCTUYb 3PeJIOCTH Ha OHOM U TOM >Ke pacTeHHUH, He-
CMOTPS Ha pa3J/IMUuHMs 10 YPOBHIO FeTePO3UTOTHOCTH. ITO BBIIVIAUT KaK QyHAaMeHTa/lbHOe yCJI0BHe HayaJla 3BOJIIOLIUY CaMo-
onblieHUs. YpoBHU WU/l Ha Ipyrux cTausX pa3BUTHS, 10-BUJMMOMY, MeHee BaXKHbI [IJIs1 BO3MOXHOCTH TaKoH aBooui. Taxk,
W1/l no BereTaTUBHOMY Pa3BUTHIO U CEMEHHOW MPOAYKTUBHOCTH B aHAJU3UPyeMOM MaTepuase npesbimaia 0,5. BeposTHo,
3TO OTpaKaeT YPOBEeHb MHOPEHOM JleNlpecCrH, XapaKTepHbIH AJis obuiero npeaka F esculentum v E homotropicum. Takum 06-
pasoM, ucxo/iHO cuibHas W/ He cfesiasia HEBO3MOXKHBIM BOSHUKHOBEHHE caMOooNblIUTe s F homotropicum.

Kiouesble cno6a: nHOpejHast lenIpeccus, CTa/iusl Pa3BUTHSA, CAMOOIbLIEHHUE, IEPEKPECTHOE OIbLJIEHUE, FPEYrXa

baazodapHocmu: paboTa BbINOJHEHA TPU GUHAHCOBOU MoAAep>KKe MUHUCTEPCTBA HAYKU U BBICILIET0 06pa30BaHUs B paM-
Kax rocyJjlapCTBeHHOro 3aZilaHus PesepajbHOTO HAYYHOIO LIeHTPa 3epHOGOGOBBIX M KPYNSHbBIX KYJAbTYyp o TeMe Ne FGZZ-
2022-0006 «YupaBJsieHHE CeJEKIIMOHHBIM MIPOLIECCOM CO3/JaHHUsI HOBBIX COPTOB U T€EHOTUIIOB 3€PHOBbIX, 3€PHOO060BBIX U KPY-
MSTHBIX KYJIBTYP C BbICOKOLIEHHBIMH NPHU3HAKaMU MPOJYKTUBHOCTH, Ka4eCTBa, TOBbIIIEHHOW YCTOMYMBOCTBIO K 6M0- U abro-
cTpeccopam».

ABTOpBI 6J1aro1apsT peLleH3eHTOB 32 UX BKJIAJ, B 3KCIIEPTHYIO OLEHKY 3TOU paGOThI.

Jaa yumupoeaHus: Pecenko A.H., Pecenko U.H. 3aBsi3u ¢ pa3HbIM YPOBHEM reTEPO3UTOTHOCTU '€HOTUIIOB UMEIOT PaBHbIE
LIAHCBI JJOCTUYb 3PEJIOCTH Ha paCTeHUU T'PeYUXU: SBJISETCS JIM 3TO OCHOBHBIM YCJIOBUEM JJIsl HayaJla 3BOJIIOLMU CaMOOIIbI-
snenus? Tpydel no npukaadHoli 6omaHuke, 2eHemuke u ceaekyuu. 2025;186(1):131-138. DOI: 10.30901/2227-8834-2025-1-131-
138
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Introduction

The evolution of self-pollination is a common trend
among plants (Takebayashi, Morrell, 2001; Igic, Busch, 2013;
Wright etal,, 2013). There are two main preconditions for
such transition to be achievable. The first is a mutation that
makes possible the setting of seeds as a result of self-pollina-
tion, and the second is a fairly high tolerance to inbreeding de-
pression.

Self-fertile mutations occur sometimes, and their future
depends on anumber of environmental factors that have
been widely discussed in the literature (Baker, 1955; Voy-
lokov et al., 1998; Boggs et al., 2009; Cheptou, 2019; Cropano
etal, 2021; Slatter et al., 2021). However, the main factor hin-
dering the evolution of self-pollination is inbreeding depres-
sion (ID), and the works devoted to the evolution of the mat-

ing system in plants are focused mainly on this problem
(Lande, Schemske, 1985; Husband, Schemske, 1996).

ID can be described in terms of its strength and also in
terms of the plant’s developmental stage at which it is ex-
pressed (Husband, Schemske, 1996). Some models suggest
that ID greater than 0.5 prevents the transition to selfing
(Lande, Schemske, 1985). However, it is likely that the
strength and nature of the manifestation of the depression at
the beginning and at the end of the plant’s life cycle may have
a different impact on the likelihood of evolution towards self-
ing.

An example of the recent evolution of selfing (apparently
despite the initially very strong ID) is known in the genus Fa-
gopyrum Mill. E esculentum Moench (common buckwheat) is
a heterostylous cross-pollinator cultivated as a grain crop
(Figure).

Figure. Flowers of buckwheat: A - long-styled (pin), B - short-styled (thrum), and C - homostylous
(flower diameter is about 8-10 mm)

PucyHok. lIBeTKM rpeynxu: A - JJINHHOCT0J1649aThIi, B - KopoTkocTo/164aThii, C - rOMOCTH/IBHBIA
(mnameTp uBeTKa - 8-10 MM)
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Due to the almost complete range of homostyly muta-
tions, most of which are self-fertile, buckwheat has become
one of the objects for genetic studies of heterostyly (Fesenko,
1989). There were ideas to breed self-pollinating buckwheat
cultivars using homostylous mutations. All attempts to create
such cultivars failed due to severe inbreeding depression,
which could not be overcome. However, a wild autogamous
(i.e., highly tolerant to selfing) species was found to be very
closely related to the cultivated common buckwheat (Ohnishi,
Asano, 1999). The species was named F homotropicum Oh-
nishi. Thus, the experiment that seemed impossible in the
practice of buckwheat breeders and geneticists was success-
fully implemented in nature.

F. homotropicum was considered a useful resource for the
development of inbreeding-tolerant material for buckwheat
breeding. By now, a self-pollinating commercial cultivar of
common buckwheat has not yet been released. However,
some experiments with inbred lines allowed us to make some
conclusions on the problem of the evolution of selfing, espe-
cially at early stages of such evolution, with special attention
on inbreeding depression at various developmental stages.
The results and relevant discussion are presented in this pub-
lication.

Material and methods

Plant material

F esculentum cv.'Demetra’ with adeterminate growth
habit based on det-mutation, and cv. ‘Molva’ with an indeter-
minate growth habit, both bred at the Federal Scientific Cen-
ter (FSC) of Legumes and Groat Crops; and

E homotropicum, accession C9139 (Kyoto University col-
lection), the species discovered by Prof. O. Ohnishi in Yunnan
Province, China.

Obtaining a homostylous line through interspecific hybrid-
ization

The interspecific hybrid E esculentum (cv. ‘Demetra’) x
FE homotropicum (accession C9139) was obtained using the
conventional method (without embryo rescue technique).
The flower homostyly locus of F homotropicum is tightly
linked (recombination frequency = 0-2.4%) with the domi-
nant allele of SHT (seed shattering habit) (Fesenko etal,
2006). Within F, segregation, a plant with homostylous flow-
ers (see Figure) and nonshattering seeds was selected. The
plant was used for backcrossing on F esculentum (cv. ‘Deme-
tra’). Three backcrosses were made to obtain self-fertile ma-
terial with approximately 94% of F esculentum germplasm
and 6% of E homotropicum. Morphologically, such plants did
not differ from the cultivated F esculentum, with the excep-
tion of flower homostyly. The progeny of a BC,F, homostylous
plant was used for hybridization with F esculentum to pro-
duce lines for the evaluation of inbreeding depression. The
line was designated HL11.

Obtaining the set of lines for evaluating inbreeding depres-
sion

Since HL11 was not always homozygous for the homo-
styly gene, the F hybrids F esculentum, pin x HL11 were both
homostylous and pin. The homostylous plants produced
seeds due to self-pollination, while the pin-plants due to hand
cross-pollination with homostylous ones. Therefore, proge-
nies of the homostylous plants were considered the first in-
bred generation (I,). To obtain the lines of the second inbreed
generation, the seeds from homostylous plants of every indi-
vidual line were used. Five seeds of each line were sown.

Among the obtained plants, one with homostylous flowers
was selected, the seeds of which were used to obtain the next
generation. Every following inbred generation was obtained
in the same manner, using seeds from one homostylous plant
of every line of the previous generation. The progeny of the
pin F, hybrids F esculentum, pin x HL11 was used as the
cross-pollinated control to evaluate inbreeding depression in
all generations studied.

Evaluation of ID

The lines of all inbreed generations (I, - 1,) were previ-
ously obtained in an insect-free greenhouse. The lines were
sown in the field together with the cross-pollinated control
(see above). Twenty seeds of each line were planted. Sowing
dates were May 25, 2018, May 22, 2019, and May 19, 2020.
Plants were cut on August 10, 2018, August 15, 2019, and
August 10, 2020.

ID was evaluated for the characteristics listed in Table 1
(see Results). To measure the area of the largest leaf, photo-
graphs of the leaves were taken with a scale, on which mea-
surements were made using the AxioVision software. The
photos were taken on July 10,2018, and July 7, 2019. For each
line, the largest leaves from 3 randomly selected plants were
measured; the average was calculated and used in statistics.
To evaluate the ‘dry weight of a mature plant’ and ‘weight of
seeds per plant), after counting the plants of each line that sur-
vived until harvesting, they were cut and dried. Those dried
plants were then weighed and threshed. The resulting seeds
were also weighed. The results obtained were used for the
calculations. The value of inbreeding depression (8§) was cal-
culated as described by R. Lande and D. W. Schemske (1985),
ie,8=(w, -w)/w =1-w/w, wherew is the trait value in
the outcrossed progeny, and w, is the trait value in the selfed
progeny.

Evaluating competitive ability of ovaries

The evaluation of competitive ability of ovaries on a plant
depends on the genotype’s heterozygosity level. It was con-
ducted by analyzing results of spontaneous hybridization of
the inbred lines with the heterostylous cv. ‘Molva’. The ap-
proach is described in detail in the Results section.

Results

Dynamics of inbreeding depression (ID) during long-
term self-pollination of buckwheat

Dynamics of ID was typical for such cases. The ID for the
resulted trait, i.e., the weight of seeds per plant, was the high-
est, as expected. The value of the trait decreased sharply after
the first selfing (ID = 0.66 and 0.59 according to the data ob-
tained in 2018 and 2019, respectively). The additional
changes after subsequent self-pollinations were exponential
(see Table 1).

The ID for the weight of a mature plant was also strong af-
ter the first self-pollination and increased exponentially dur-
ing the following selfing. A similar trend is seen in another
trait reflecting the strength of the plant’s vegetative develop-
ment, i.e,, the area of the largest leaf on a plant, although the
level of ID was lower compared to that for the mature plant
weight (see Table 1).

The field germination rate showed low ID with little
changes across generations. In 2018, the ID increased slightly
from 0.12 in I, to 0.18 in I,; in 2019, the ID remained within
similar range across generations (see Table 1). The manifesta-
tion of the minimal depression is not associated with seed
germination, only with the reduced fitness of some seedlings.
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Table 1. Characterization of buckwheat lines according to the manifestation of inbreeding depression (mean * SE)
in a series of self-pollination generations

Ta6smua 1. XapakTepyCcTUKA JIMHUM IPeYyrxu 10 NpOosABJIeHNI0 UHOpeaHOH JenpeccuH (X + SE)
B psA/Jy NOKOJIEHHH CaMOONbIIEHU

Selfing generation
Trait
I 1, 1 1, I 1,

Year 2018
Lines studied 50 50 50 50 50 50
Field germination rate 0.12+0.014 | 0.15+0.015 | 0.17+0.015 | 0.18+0.012 | 0.18+0.013 | 0.17 £ 0.016
Largest leaf area 0.35+0.014 | 0.38+0.017 | 0.41+0.013 | 0.54+0.013 | 0.55+0.010 | 0.58+0.009
Dry weight of a mature plant | 0.52 +0.023 | 0.72+0.018 | 0.77 +0.017 | 0.81+0.014 | 0.83+0.014 | 0.85+0.014
Weight of seeds per plant 0.66 £0.028 | 0.81+0.020 | 0.87+0.015 | 0.89+0.013 | 0.92+0.011 | 0.93+0.009

Year 2019
Lines studied 37 37 37 37 37 37
Field germination rate 0.12£0.020 | 0.13+0.025 | 0.12+0.025 | 0.14+0.027 | 0.15+0.022 | 0.16 +0.020
Largest leaf area 0.29 +0.022 | 0.33+0.020 | 0.39+0.019 | 0.50+0.015 | 0.49+0.014 | 0.53+0.012
Dry weight of a mature plant | 0.51+0.015 | 0.57+0.018 | 0.62+0.016 | 0.69 £0.023 | 0.79+0.017 | 0.81+0.015
Weight of seeds per plant 0.59 £0.030 | 0.69+0.025 | 0.73+0.027 | 0.83+0.024 | 0.88+0.024 | 0.89+0.014

This conclusion was suggested by the fact that ID was not de-
tected when the seeds were germinated in Petri dishes, i.e.,
under controlled conditions. Inbreeding also had no notice-
able effect on the survival of emerging seedlings before har-
vesting (ID was at the level of 0.02-0.05 across generations
for both years).

Does competitive ability of ovaries on a plant depend
on the heterozygosity level of their genotypes?

ID usually reduces the competitive ability of an individual
plant compared to a plant of the outbred origin. Such compe-
tition could be especially clear between different ovaries de-
veloping on the same plant. It can be assumed that if ID ap-
pears at the stage of ovary development, ovaries with higher
level of heterozygosity will have an advantage in the competi-
tion for resources compared to those with more homozygous
genotypes.

To assess this relationship, an experiment was conducted
on the basis of the following assumptions: 1) the level of the
line’s (or plant’s) homozygosity correlates with the genera-
tion of inbreeding; 2) on the given plant, ovaries resulting
from self-pollination will obviously be more homozygous
than ovaries resulting from cross-pollination; 3) all such lines
have an equal tendency to cross-pollination with heterosty-
lous E esculentum, since they carry the same homostyly gene
S4, introgressed from F homotropicum C9139. So, if a higher
level of heterozygosity in an ovary’s genotype provides some
advantages, the proportion of ovaries resulted from cross-pol-
lination among ovaries that have turned into mature seeds
should increase in later inbred generations.

The experimental design was as follows. Inbred lines
I, - L (= F, - F,) with the determinate growth habit had been
obtained previously under the conditions of an insect-free
greenhouse using self-fertility of homostylous plants. In 2020,
the lines were grown adjacent to the indeterminate cv. ‘Molva’

in the following order: ‘Molva’- ‘Molva’ - inbred line -
‘Molva’ - ‘Molva’ - inbred line - ‘Molva) etc. The length of the
rows was 1.5 m. The distance between the rows was 30 cm.
The sowing was manual. There were 30-35 plants of ‘Molva’
or 10-12 plants of one of the inbred lines in a row. Seeds were
collected from all plants of each line. The number of seeds and
number of plants of each line were taken into account to as-
sess the average number of seeds per plant: the value was
used for the across-lines statistics. The seeds were sown in
2021 to estimate the proportion of seeds resulted from
cross-pollination using the morphological marker det: within
the progenies, any plants with the indeterminate growth
habit were hybrids with ‘Molva’, and the plants with determi-
nate growth resulted from self-pollination. The results of the
experiment are shown in Table 2.

Seed productivity, measured as the number of seeds per
plant, decreased substantially with inbreeding. In the I, gen-
eration, the trait’s mean value was 52.7 seeds per plant. This
indicator dropped steadily across generations down to
13.2 seeds per plant in [: the decline confirms strong in-
breeding depression for the trait.

In the context of this experiment, the fact is significant be-
cause when a plant can form fewer seeds, the competition
among the developing seeds for assimilates becomes greater.
Therefore, if ovaries with more heterozygous genotypes were
advantageous, the increased competition could further in-
crease the proportion of non-aborted ovaries (i.e., mature
seeds) resulting from cross-pollination. However, we did not
observe such a trend: there was some variation in this indica-
tor, but it was stochastic, and with the exception of some ex-
cess in I, the proportion of seeds resulted from cross-pollina-
tion among all the seeds formed on plants within the lines of
different inbred generations after growing adjacent to the
heterostylous cultivar was almost the same. Thus, the seeds
set as aresult of both self-pollination and cross-pollination
have equal chances for development on the same plant.
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Table 2. Seed productivity of inbred lines, and the dependence of the proportion of developed seeds from cross-polli-
nation with the adjacent heterostylous cv. ‘Molva’ on the depth of inbreeding

Ta6smna 2. CeMeHHasi NPOJYKTUBHOCTb MHGPEAHBIX TUHUN U 3aBUCHUMOCTD J0J1M COPMUPOBABIIUXCS CEMSIH,
NPOUCXOASAIIUX OT EPEONbIIEHHS C reTEPOCTUIBLHBIM COPTOM ‘MOJIBA’, OT VIyGHUHBI UHGPUAUHTA

Igr;?:;?tiii:f Lines analyzed Seeﬁz::;;;lg nt, Proportion of seeds from cross-pollination, Mean + SE
I, (F) 22 52.7 +2.75 16.2+1.51
L 21 34.6 £2.29 17.8 +1.27
L 21 15.2+0.81 17.9+1.83
I, 21 15.1+£0.76 17.1+2.09
I, 21 14.5+0.70 21.7£1.75
I 21 13.6 £ 0.65 18.5+1.75
L 21 13.2+0.70 15.5+1.55

Discussion

The cultivated cross-pollinator FE esculentum manifests
a typical reaction to inbreeding. Main genetic load is elimi-
nated mainly during two generations of selfing, and later the
fitness continues reducing, down to a plateau, usually during
three or four selfing generations. In the ontogenesis, ID was
barely noticeable at the stage of seedling emergence, in-
creased during further vegetative development (measured as
the size of the largest leaf), and reached a maximum at the
stage of grain filling, exceeding 0.5 (the level which allows the
evolution of autogamy, according to some theoretical mod-
els). At the same time, the level of homozygotization does not
influence competitive ability of developing seeds on a plant,
i.e,, the ovaries on the same plant resulted from both self- and
cross-pollination have similar chances to reach maturity.

The phenomenon of ID enhancement during ontogeny
has been documented for many species. Early-acting ID, i.e.,
ID at the stage of seed formation, also has been described in
a number of published works; however, in most cases, the dis-
turbances in seed development were due to strong deleteri-
ous recessives becoming homozygous. Such genetic load can
be easily eliminated during self-pollination. In some cases,
such mutations are maintained to provide early removal of
selfed offsprings from a population and, therefore, to increase
a share of outcrossed ones. It is especially useful when selfing
prevention mechanisms are not very effective. Thus, selfing
levels of aborted fruits of Platypodium elegans were 10%
higher than those of seeds and seedlings; it was attributed to
an early expression of genetic load (Hufford, Hamrick, 2003).
Selfing levels of died seeds of Caryocar brasiliense were higher
than those of viable seeds (Collevatti et al.,, 2009). Develop-
ment of selfed seeds continuously varies in Aconitum kusne-
zoffii, i.e., the embryos are aborted at different stages; it was
interpreted in terms of the expression of many deleterious al-
leles during seed maturation (Hao et al., 2012).

The embryonic lethality due to the homozygosity of
strong deleterious recessives cannot be equated with the
“true” ID. Such ovaries die in any case, regardless of the
strength of competition for resources with other ovaries. The
phenomenon of the effect of the genotype on competitiveness
(if the competing genotypes do not carry embryonic lethals)
has not yet been documented, apparently, for any plant spe-
cies. In our work, the phenomenon of the absence of such
competition was proved. This fact is very significant in the

context of the evolution of self-pollination. So, if ovaries orig-
inated from outcrossing had advantages over the ones from
self-pollination on the same plant, the evolution of autogamy
would hardly be possible. Selfed ovaries would die off when
any cross-pollination occurs, and mutations promoting self-
ing would tend to be eliminated from the population. When
cross-pollination becomes impossible, self-pollinated ovaries
might have a chance to develop. But if in a population that
may have already partially adapted to selfing and reduced the
level of ID the outcrossing is resumed, the outcrossed ovaries
will prevent the development of selfed ones. On the other
hand, if the heterozygosity level of the genotype of an ovary
does not affect the probability that it will turn into a mature
seed, less heterozygous ovaries have an opportunity to de-
velop and, therefore, become the founders of self-pollinated
lineages.

The absence of a noticeable effect of the level of heterozy-
gosity in the ovary’s genotype on its competitive ability dur-
ing its development on a plant is very important for the start
of the evolution towards self-pollination. The levels of ID at
other developmental stages are apparently less crucial for
a possibility of such evolution. Strong harmful recessives that
cause selfed seeds to die off can be eliminated quite quickly
after the process of such evolution has started. Further on, the
elimination of weaker harmful alleles can gradually occur.
This process can go on apparently for quite a long time. Ulti-
mately, it is possible to obtain some optimal combination of
genes, developing a sufficiently adapted self-pollinator, al-
though complete disposal of ID at the later stages of ontogeny
might fail to occur.

In this study, the selfed lines of F esculentum, even the
selfed interspecies hybrids F esculentum x F homotropicum,
showed ID higher than 0.5. F esculentum and E homotropicum
are very closely related species, obviously derived from
a common ancestor. This ancestor had highly likely the same
ID parameters as the cross-pollinator FE esculentum, i.e.,
ID > 0.5. However, it did not prevent the emergence of the
autogamous species E homotropicum.

Our experiment gives no answer to the question why the
speciation of the self-pollinator E homotropicum has started.
The data presented do not allow us to speculate on this topic.
It may have been the result of the isolation of small fragments
of a crossbreeding population in mountains, where the self-
fertility mutation became established. Apparently, it is not
entirely correct to speculate how beneficial it is for a particu-
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lar species to become a selfer. A more correct logic is that
self-fertility mutations sometimes occur, but their evolution-
ary future, whether they will become founders of new spe-
cies, or will be rejected by natural selection, depends on
anumber of conditions. Evidently, in most cases such muta-
tions are eliminated from a population or maintained as a mi-
nor admixture. So, many self-fertile mutations of F esculen-
tum were isolated in a short time on experimental fields. It al-
lows us to assume that such forms should arise quite often,
but none of such mutants have become the basis for a new
species in nature. However, there is an exception like £ homo-
tropicum, when the one more self-fertile mutation was suc-
cessfully combined with an increase in tolerance to ID.

Conclusion

This study showed that ovaries differing in heterozygosity
levels of their genotypes had an equal chance to become ma-
ture seeds on a buckwheat plant. It looks like a key preadap-
tation for the possibility of evolution towards selfing. The lev-
els of ID at the stages of autotrophic development are less im-
portant for the possibility of such evolution. So, the ID of veg-
etative development and seed yield in the cross-pollinating
species F. esculentum significantly exceeds 0.5. It is highly
likely that the ancestral form of contemporary buckwheat
species manifested a similar ID level. Despite this fact, the
emergence of the autogamous species F. homotropicum,
closely related to E esculentum, became possible.
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