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InaBHBINA peAaKkTOp
Xnecmkuna Enena KoncmanmuHogHa, i-p 6uoJ1. Hayk, npodeccop PAH, uneH-koppecnionent PAH (Poccus)

3amMecTHTe/M IJIAaBHOTO peAaKTopa

Buwmnskosa Mapeapuma AgpanacvesHa, i-p 6uoJ1. Hayk (Poccus)
Jlockymog Heopb paducaasosud, i-p 6ros. Hayk (Poccus)
MumpogaHoea Oavea [lasaoeHa, A-p 6uos. Hayk (Poccust)

OTBeTCTBEHHBIH cEKpeTapb
Hlunuauna Jlunus OpbesHa, kauz. 6uos. Hayk (Poccus)

PeaakuuoHHAsA KoJLJIerus

AHnucumosa Upuna HukoaaesHa, i-p 61oJ1. Hayk (Poccus)

Bpau Huxa BopucosHa, Ii-p 6uo. Hayk (Poccus)

Bypasiesa Mapuna Osnezo8Ha, kauz. 6uosl. Hayk (Poccus)
Taspusenko Tamvsina AHOpeesHa, Ji-p 6101, Hayk (Poccus)
Tonoxeacm Kupusa Cepeeesuy, Ii-p 6uo. Hayk, npodeccop PAH (Poccus)
Topuxa Banenmuna MusenmuesHa, Ji-p c.-x. Hayk (Poccus)
Jobposoavckas Okcana BopucosHa, i-p 6uos. Hayk (Poccus)
Jlopopeee Baadumup HeaHosuy, Ii-p 6uoJ1. Hayk (Poccust)

Aymauesa Enena BaadumuposHa, A-p 6uoJ. Hayk (Poccus)

3omeesa Hadesxcda MybapogHa, i-p 6uoJ1. Hayk (Poccus)

3yee Eszenull Basepvesuy, kaHz. c.-X. Hayk (Poccus)

Kop3yn Bukmop Hukosaesuy, i-p 6uoJ1. Hayk (FepManus)
Mameeesa TamvsiHa BaaepvesHa, i-p 6uoJ1. Hayk (Poccust)
Medsedes Cepzeii CemeHosud, Ji-p 61o. Hayk (Poccus)

Muponenko Huna BacuavesHa, a-p 6uoJ1. Hayk (Poccust)
MumpogaHosa Hpuna BauecaasosHa, A-p 6U0J. HayK, 4ieH-KoppecnionAeHT PAH (Poccus)
Iopoxosunosa Eausasema AnexcandpogHa, i-p 6uoJ. Hayk (Poccus)
Paduenko Egzenuil EseeHbesuy, i-p 6uoJ1. Hayk (Poccust)

Pawanw Hcaak, n-p 6uoJ1. Hayk, npodeccop (JlaTBus)

PoduoHogs Anekcandp Bukenmuveguu, a-p 6uoJ1. Hayk (Poccust)
Cunaumveega Mapuna MuxaiinogHa, -p 6uoJt. Hayk (Poccus)
Cokos06a /luaHa BukmoposHa, kauz. 6uoJ1. Hayk (Poccust)
ConodyxuHa Oavbza BaadumuposHa, i-p 6uos. Hayk (Poccus)
TuxoHosa Hadescda lennadvesHa, Kauz. 6vo. Hayk (Poccus)
Tkauenko Kupuaa lagpuusosuy, i-p 6uoJ. Hayk (Poccust)
Typycnekos EpaaH Kenecbekosuy, kau. 6101 Hayk, mpodeccop (KasaxcraH)
Yxamosa F0aus BacuavesHa, kauj,. 6uot. Hayk (Poccus)

Quaunenko lanruHa HeaHosHa, KaHJ, c.-X. HayK (Poccust)

Xamegpos Idyapo Baaunosuu, ji-p 6uos. Hayk (Poccus)

Yyxuna HpeHa l'eopeuesta, kaug,. 6uoJi. Hayk (Poccus)

PejakninoHHBII cOBeT

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

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

Bepautie Avdpe XKaH, n-p (Ppanuus)

EépHep Andpeac, a-p (F'epmanus)

Becnasosa Jlvodmuna AHdpeesHta, i-p c.-X. Hayk, akageMuk PAH (Poccust)

Tony6ey Bolimex, n-p (Uexus)

Tonyapos Hukoaaii [lemposuy, o-p 61oJ1. Hayk, akageMuk PAH (Poccus)

Jludepuxcen Akcesw, i-p (Kanaga)

/Jlyka Mapus BacuavesHa, i-p 61oJ1. HayK, npodeccop, akageMuk AH MoJsijoBbl (MosiioBa)
Epemun I'ennadutl Bukmoposuu, i-p c.-X. HayK, akageMuk PAH (Poccus)

Kunvuesckuil Anekcandp Baadumuposuy, fi-p 6uo. Hayk, npodeccop, akagemMuk HAH Benapycu (Besapycs)
Jlesumun Mapk Muxaiinoguy - i-p 6uoJ1. Hayk, akageMuk PAH (Poccus)

MopazyHoe Anekceli HeaHoguu, KaH[,. c.-X. HayK (KazaxctaH)

MymuHdacanos Xagus A6dysaxo6osuy, A-p 61oJ1. Hayk, npodeccop (Typuus, TafKuKrcTaH)
TuxoHoguu Heopb AHamobegut, i-p 610 HayK, akageMuk PAH (Poccust)

©Dpuzen Hukosali Baabmeposuy, i-p 610J1. HayK, npodeccop (lepmanus)

Xammep Kapa, n-p, npodeccop (l'epmanus)
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VJIK 58:575:631.522/.524:633/635:632(066)

OTBeTCTBEHHBIE PeJAKTOPbI BbINyCcKa: Xs1ecmkuHa EneHa KoncmanmuHogHa, a-p 6uoJ. Hayk, npodeccop PAH, yneH-koppecnonzeHt PAH
(Poccus), Cokosn0ea Enena AnekcandposHa, i-p 6uos. Hayk (Poccus)
PepakTop-nepeBoaduk: Kpoi10e AHmoH leopeuesuy (Poccust)

Tpyzbl N0 NMpUKJIAJHON GOTAaHUKE, F'eHeTHKe U cesiekuuu / QesepaibHbIN HCClel0BaTeIbCKUN LIEHTP BcepoccHiiCKMMA MHCTUTYT reHeTHYe-
CKUX pecypcoB pacTeHui nMenu H.W. BaBusosa. Cankt-IleTep6ypr : BUP, 2025. T. 186, Bbim. 3. 294 c.

[IprBefieHbI pe3y/IbTaThl U3yYeHUs U COXpaHEeHMH in vitro peJIKOTo rcye3arllero Buga Prunus armeniaca L., a Takxe 1eBATH PeJJKUX UCYe3a-
I0IMX pacTeHU! ceMelcTBa Rosaceae, mpe/iCTaB/SOUMX LIEHHOCTD [IJIsl CEJIbCKOTO X0351MCTBA, MeIULMHbI U JIeKOPATUBHOIO CaZl0BOJCTBA,
B Kazaxcrane. OnvcaHo nonoJiHeHHe rep6apHoi Kosiekuuu BUP n3 @panuuu 1 noJKOHTPOJIbHLIX ed TeppuTopuid B 20-30-e rozb! XX Beka.
H3y4yeHo BJMsiHME HA4aJbHOW [{03bl a30Ta NPU PaA3JIMUHBIX PEXUMaX OPOLIEHUsI Ha ypOXKalHOCTb HyTa copTtoTuna KabGysnu. PaccMoTpeHsl
COCTOSIHHE U MUPOBBIE TeH/IeHIIMY BbIPAIMBAHUA COPTOB U CEJIEKIMOHHBIX GOPM Pas/IMYHBIX BHU/I0B aKTUHHU/UH. BBIAB/IEHO BIUSHUE HHO-
KyJISIIMH IITaMMaMH pU306aKTePUI MUKPOpPACTEHNH 3eMJITHUKH iNn Vitro Ha UX CTPECCOBbINA OTBET NPH KYJIbTUBUPOBAHUH eX Vitro B yCJIOBH-
AX THAPONOHUKH. OTIpesie/ieHa U3MEHYMBOCTh TapaMeTPOB [[BETA 3epPHA MECTHBIX COPTOB KYKypy3bl AsepbaiixxaHa. PaccMoTpeHo HeraTus-
HOEe BJIMSIHUE UHTPOrpeccuu B xpoMocoMy S5AL Msarkou nuieHuusl (Triticum aestivum L.) oT TeTpamyiouHou nueHuus! (Triticum timopheevii
(Zhuk.) Zhuk. subsp. timopheevii) Ha ycTOHYUBOCTD K 3aCyXe U NPOAYKTUBHOCTD. [Ipe/jioxkeHa MEeTOAMKA ONpe/ie/IeHHs] KayeCTBa BOJIOKHA
JIbHA 10 MaJIbIM Npo6aM C UCH0JIb30BaHUEM YHHUBepPCaJbHOM pa3pbIBHOM MaliuHbI Instron 5943. YcTaHOB/IeHA B3aUMOCBA3b MexXAy Mopdo-
JIOTUYeCKUMH TPU3HAKaMU U yPOXKaWHOCTBIO CEMSH Kpecc-cajlaTa B IBYX 9KOJIOTHUECKHX yCI0BUAX MpaHa. /laHa celeKIIMOHHAs OLieHKa I'i-
6punoB Olea europaea L. HUKuTCKOro 60TaHU4ecKoro caza. Mccie0BaHO BAUSIHUE JOTIOJHUTENBHOrO YP-A-06/1y4eHrs Ha GUOXUMUYECKHE
1 MoppoMeTpHUYeCcKHe ToKa3aTesn KapTodeJis B yCIOBHUAX 3al[UILeHHOro rpyHTa. [[poBe/ieH aHa/IM3 CceJIeKIIMOHHOT0 NOTeHIIMaIa 06pas1oB
ryapa us kosuiekuuu BUP B ycnoBusix Poccuiickoit @esepanuu. U3yyeHbl 6MOJIOTHYECKU aKTHBHBIE BeleCTBAa B KIYOHSIX TONMMHaM6ypa
(Helianthus tuberosus L.) u3 xosunexunn BUP. O6cyx/aeTcs 3akoH BaBuiioBa B 310Xy ceKBeHUPOBaHMS HOBOTO NMOKOJIEHHs (OTBETHI, 3ara/iKy,
MO/CKa3KHM). PaccMOTpeHo HMCro/1b30BaHKE [JOHOPOB PAHHECIIEJIOCTH B CEJIEKLIMH KYKypPY3bl B YCJIOBHsIX CTeMHOM 30HbI CeBepo-KaBka3ckoro
denepanbHOro okpyra Poccun. Onrcas HOBBIH copT nai3el (Echinochloa frumentacea Link) kopMoBoro HanpassieHus AJ1s 3anagHoi Cu6upu.
Bup Triticum ispahanicum Heslot npoaHa/sn3upoBaH KaK reHeTUYeCKUI pecypc aJs yaydiienust Buja T aestivum L. [IpoBesieHa cuctremaTusa-
LM HAllMOHAIbHOH KOJLIeKIUY Tpyiiu MHcTuTyTa uiogoBoAcTBa Besapycu ¢ ncnosb3oBanreM HaG6opa SSR-MapkepoB, peKOMeHA0BaHHOTO
ECPGR. Kak HauoHasibHasi MHHOBaNus MapoKKO 0XapaKTepU30BaHO CO3/laHue JIBYX FeKCalJIOU/IHbIX COPTOB 0Bca (Avena sativa L.) nuiieBo-
ro Ha3HAYeHUs C BBICOKOH NMUTATeJbHOH [IeHHOCTBIO KPYTbl. BeIsiBIeHa yCTOHYMBOCTE 06pa31ioB A4YMeHs U3 BocToyHOasmaTCcKoro neHTpa
pa3Hoo6pa3us KyJbTyphl K net- ¥ spot-popmaM Bo36yAUTEISI CETYATOM MATHUCTOCTHU. MccyiejoBaHa pe3UCTEHTHOCTb UHTPOTPECCUBHBIX 006-
pasI[0B MATKOH MIIEHUIbI C FTeHeTUYeCKUM MaTepuaioM posioB Triticum v Aegilops k pkaBY4MHHBIM 60J1e3HAM B 3anasiHoi Cubupu. Ony6m-
KOBaH BbIGOPOYHBIN criicoK «KaTasoroB MupoBo# kossiekuu BUP» no kykypyse 3a 1961-2023 rr.

AJ'IF[ pecypcoBenos, GOTBHHKOB, FéHEeTUKOB, CeJIEKIIUOHEPOB, npeno;{aBaTeneix’I BYy30B 6HO0JIOrMYECKOT0 U CEeJIbCKOX03SIHCTBEHHOTO HpO¢)HHﬂ.
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The results of studying and in vitro preservation of the rare endangered species Prunus armeniaca L., as well as nine rare endangered plants of
the Rosaceae family, valuable for agriculture, medicine and ornamental horticulture in Kazakhstan, are presented. Enrichment of the VIR her-
barium collection with materials from France and its subordinate territories in the 1920-1930s is discussed. The effect of the starting nitrogen
dose on the yield of Kabuli chickpeas has been studied under different irrigation regimes. The status and global trends are highlighted for the
cultivation of varieties and breeding forms of various Actinidia spp. The effect of in vitro inoculation of strawberry microplants with rhizobac-
teria strains on their stress response has been analyzed during ex vitro cultivation under hydroponic conditions. Variability of grain color pa-
rameters has been ascertained among local maize cultivars in Azerbaijan. An introgression into chromosome 5AL of bread wheat (Triticum
aestivum L.) from tetraploid wheat (Triticum timopheevii (Zhuk.) Zhuk. subsp. timopheevii) has been found to produce a negative effect on
drought tolerance and productivity. A flax fiber quality estimation technique using the Instron 5943 universal breaking device is proposed for
small samples. Interrelationships among morphological traits and seed yield in garden cress have been revealed under two environmental
circumstances in Iran. Hybrids of Olea europaea L. developed at the Nikita Botanical Gardens have been evaluated for breeding purposes. The
effect of additional UV-A irradiation on some biochemical and morphometric indicators in potato has been studied under greenhouse condi-
tions. The potential of guar accessions from VIR for breeding has been assessed under the conditions of Russia. Bioactive compounds have been
analyzed in Jerusalem artichoke (Helianthus tuberosus L.) tubers from the VIR collection. Vavilov’s law in the era of next-generation sequencing
is discussed (answers, puzzles, and hints). A study of the donors of earliness in maize and their use in breeding has been conducted in the
steppe zone of the North Caucasus Federal District of Russia. ‘Charyshskaya Krasavitsa’, a new fodder cultivar of barnyard millet (Echinochloa
frumentacea Link) for Western Siberia, is described. Triticum ispahanicum Heslot has been scientifically analyzed as a genetic resource for im-
proving T aestivum L. A set of SSR markers chosen by the ECPGR has been employed to systematize the national pear collection of Belarus
maintained at the Institute for Fruit Growing. Two hexaploid oat (Avena sativa L.) cultivars with high nutritive value of groat for human con-
sumption are characterized as a national-level innovation for Morocco. Resistance of barley accessions from the East Asian Center of crop di-
versity to the net and spot forms of the net blotch pathogen has been studied. Bread wheat introgression accessions with genetic material from
the Triticum and Aegilops genera have been analyzed for resistance to rust diseases in Western Siberia. A selective list of the 1961-2023 Cata-
logues of the VIR Global Collection on maize is published.

Addressed to genetic resources experts, geneticists, plant breeders, and lecturers of biological and agricultural universities and colleges.
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AKTya/lbHOCTb. ['M0e/1b pacTeHUH B NPUPOHBIX MONY/IALUAX HIPUBOAUT K yTpaTe 6M0opasHO06pa3usa U U3MEHEHUAM 3KOCH-
creM. KoMiekcHOe H3ydyeHHe ¥ BOCCTAHOBJIEHHE JlerPaIUPYIOIUX NOMY/IALUH, 0CO6EHHO peKUX BU/0B, aKTyalbHO. buo-
TEXHOJIOTUA KyJbTYpPbl TKaHEel — BaXKHbIH HHCTPYMEHT COXPaHEHUS [eHeTHYeCKOTr0 pa3HO06pasHus.

Marepuasbl M1 MeToAbl. Co6paHbl ¥ H3y4yeHbl 115 06pasnoB Prunus armeniaca L. 13 ByX NOMyISIUH AJIMaTHHCKOH 06/1aCTH.
[IpuMeHAIMCh Te060TaHUYECKHE METO/bI U METO/bI KYJIbTYPbl TKaHEH.

PesysbraThl. [IpoBesieHa jecKpUNITOpHas olieHKa (46 MPU3HAKOB), COOPaHbI rep6apyuy, BHINOJHEHO AUCTAHLMOHHOE 30H U~
poBaHMe, oCcTpoeHbI nudppoBasg mMozenb penabeda (IIMP) m oprodoromnan, paccuurtan NDVI (0,3-0,7). [Ipu BBegeHun
B KYJIBTYDY in vitro 3apo/bliIeBbIX 0Cei ONTHMaIbHON JJ11 pa3MHOKeHus 6b1i1a cpefa Knona (94,5% xusHecnoco6HoctH). Ha
cpefie 523 BbIABJIeH HU3KUH ypoBeHb KoHTaMUHaLuu (1,1%). MakcuManbHbli koadounuenT pasmMuoxkenus (KP) (2,9) go-
cTurHyT Ha cpegie MC5 ¢ 1 mr/n 6-6ensunamubonypuHa (BAIT) u 0,3 mr/n ru66epennoBoit kucnotsl (I'K).

3ak/Il04eHHe. YCTaHOBJIEHO pPeaslbHOe COCTOSHUE MOMYJIALUNA: BBICOKAs MOopaxaeMocTb (0 52,6%) U OTCYyTCTBHE IJIOAOHO-
IIeHHUA B OT/Zie/IbHBIX TO4KaX. CocTaBJieHbl KapTOCxXeMbl TeppUTOopuu. [loaTBepKaeHa adpPeKTUBHOCTE cpeipl KHoma J1s mpo-
pallMBaHMA 3apO/IbIILIEBBIX OCEH B KYJIBTYpe in Vitro, TeCTUpOBaHHeE II06ETroB in vitro Ha cpefie 523 BbIABUJIO HUSKUH NPOLIEHT
koHTamuHanuu (1,1%). MakcumanpHbii KP (2,9) nosyden Ha cpesie MC5 ¢ noBbieHHbIM copepxanueM BAIT u TK.

Karoueswie cnosa: Prunus armeniaca, kaptupoBanue, NDVI, nonynauuy, pasMHoOXXeHue in Vitro
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Background. The decline of plants in natural populations leads to biodiversity loss and ecosystem disruption. Comprehensive
study and restoration of degrading populations, particularly of rare species, is highly relevant. Plant tissue culture biotechnol-
ogy is an important tool for conserving genetic diversity.

Materials and methods. A total of 115 accessions of Prunus armeniaca L. from two populations in Almaty Region were col-
lected and studied employing geobotanical and tissue culture techniques.

Results. Descriptor-based evaluation (46 parameters) was conducted, herbarium specimens were prepared, remote sensing
was performed, a digital elevation model (DEM) and orthophotomap were created, and NDVI values (0.3-0.7) were calculated.
For in vitro initiation of embryonic axes, Knop’s medium proved optimal, with 94.5% viability. Medium 523 showed a low con-
tamination rate (1.1%). The highest multiplication rate (MR) of 2.9 was achieved on the MS5 medium supplemented with 1 mg
L of 6-benzylaminopurine (BAP) and 0.3 mg L of gibberellic acid (GA).

Conclusion. The actual condition of the populations was determined: high incidence of damage (up to 52.6%) and absence of
fruiting in certain areas. Cartographic maps of the territory were made. The effectiveness of Knop’s medium for in vitro germi-
nation of embryonic axes was confirmed, and testing of in vitro shoots on medium 523 showed alow contamination level
(1.1%). The highest MR (2.9) was obtained on the MS5 medium with elevated concentrations of BAP and GA.
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BBeaeHue

A6pukoc 06bIKHOBEeHHbIN (Prunus armeniaca L.) - eguH-
CTBEHHBIH BUJ abpUKoca, IPpOU3pacTaOLMi Ha TEPPUTOPUHU
Kasaxcrtana. [lof B1MsIHMEM aHTPONOreHHOH JiesTeTbHOCTH
U IPUPOAHO-KJIUMATUUYEeCKUX M3MEeHEeHUH 3TOT BHU/J CTaJ
peAKUM, C pPe3KO COKpallalUUMCS apeajioM, U BHeCEH
B KpacHyto kaury Kasaxcrana (Red Data Book..., 2014). /lu-
KopacTyuui abpukoc 3auauiickoro u JKyHrapckoro Ana-
Tay OTJINYAeTCsl MOBbIIIEHHON 3UMOCTOMKOCTbIO (BbIAEPHKHU-
BaeT Mopo3bl A0 -30°C), UCKIYUTEIBHBIM MOJUMOPU3-
MOM U YCTOMYUBOCTBIO K 60s1e3HsAM (Zaurov et al.,, 2013). On
Takxe 06/1aZlaeT BbICOKON X03HCTBEHHOHN LleHHOCTbIO, fB-
JIIeTCS BaXKHBIM HCTOYHUKOM reHopoHAa (Zaurov etal,
2013; Jiang etal.,, 2019; Groppi etal, 2021). [lnoapl guKo-
pactyuero abpukoca KasaxctaHa 1o cojepaHHIO caxapoB
(7,6-11,5%) He ycTymawT KyJbTypPHBIM COpPTaM eBpomei-
CKOM TIpyMNIbl, COAepXaT CXOXkee KOJMYEeCTBO KJeT4aTKH
(0,96%), HO NTPeBOCXOAAT MX MO KOHLIEHTpalLuy OopraHuve-
CKUX KUCIO0T (2,35%) 1 nekTuHOBBIX BellecTB (1,85%) (Mu-
kanova et al,, 2024).

['nbesb pacTeHUN B NPUPOJHBIX NMONYJAALUAX BeJeT
K UX HCYEe3HOBEHUIO U IVI06aJIbHBIM MU3MEHEHUSM 3KOCHU-
cteM. KasaxcTaHckue 6GOTaHUKM H3ydyaJd MHOMYJIALUHU
abpukoca, B pe3ysbTaTe ObLJIM BbISIBJEHbl MecTa IPOU3-
pacTaHus U COCTOSIHUE AUKOPACTYIUX NONYIALUH, cena-
HbI BBIBO/Ibl 0 MAaCCOBOM HCYE€3HOBEHUH 3TOr0 YHUKAJIBHO-
ro Buga (Dzhangaliev etal,, 2001, 2003; Kokoreva etal,,
2013). [losToMy U3y4eHUE, COXpPAHEHHE U BOCCTAHOBJIEHUE
Jerpajupyolmx Monyasaiuil UMeloT NepBoCTelleHHOe 3Ha-
yeHHe. ['eoboTaHUYeCKHe KOMIIJIEKCHble HCCJeOBaHUSA
pacTeHU BKJIOYAIOT B cebsl U3yUyeHHe KaK CaMUX pacTe-
HUH, Tak U cpebl ux ooutaHus (Rotach, 2003; Lateur et al,,
2022; https://www.fao.org/faostat/en/#data/QCL). [Juc-
TaHIIMOHHOE 30HJMpPOBaHHUe, CO3JaHUEe Treofe3uyecKUX
U reorpadpuyeckux KapT MecT NpouspacTaHUs abpukoca
MOeT ObITb HCIOJb30BAHO AJIST KOHTPOJISI UCNOJIb30Ba-
HUSl TEPPUTOPUM U cOXpaHeHUs sKocucTeMbl (Balenovié
etal., 20153, b).

Jlisi coxpaHeHHUs] TeHeTHYeCcKOro MaTepuasja Hcdesaro-
IUX pacTeHUH, NOMUMO TPAJULUOHHBIX METOAOB — CO3/ja-
HUS 3aKa3HUKOB, 3allOBeJIHUKOB, HAallMOHA/JbHBIX NapKOB,
a TaKkXe KyJIbTUBUPOBAaHUS B GOTAaHUYECKUX cajaX, — Heoo-
XOAMMO aKTUBHO BHe/IPSITb COBpeMeHHble 6HOTeXHO/IoTHYe-
CKHe IOJXO[bl, TaKMe KaK COXpaHeHMe ex Situ B KyJbType
TkaHel (Romadanova, Kushnarenko, 2023). B mocnegHue

rofibl MeTOAbl OMOTEXHOJIOTUM In Vitro HaxoAsAT Bce GoJiee
LIMPOKOe NpPUMEHEHHE [JIsi COXPAaHEHUS U Pa3MHOXKEHMUS
LleHHbIX AuKopacTymux BugoB (Trigiano, Gray, 2011; Ro-
madanova et al., 2016; Alzubi et al., 2019; Kushnarenko et al.,
2020; Abdalla etal., 2022). Y4yeHble o BceMy MUpPy GOpMU-
PYIOT KOJUIEKLUU in Vitro W OCyIleCTBJASIIOT [JOJTOCPOYHYIO
KPHOKOHCepPBALUIO F'€eHEeTUYECKOT0 MaTeprasa B Clelraiu-
3upoBaHHbIX 6aHkax (Gavrilenko et al, 2007; Engelmann,
2011; Dunaeva etal, 2012; Chaudhury, Malik, 2017; Jen-
derek, Reed, 2017; Romadanova etal., 2017; Coelho etal,,
2020; Kushnarenko et al., 2023). 9T1 ”HHOBaLMOHHbIE METO-
J1bl IO3BOJISIIOT COXPAHSTh PACTUTE/IBbHYIO FepMoIia3My 6e3
BpPEMEHHBIX OrpaHUYEeHU N, KIOHUPOBATh PACTEHUS B TKaHe-
BBIX KYJbTYpax, OUYMUILATh UX OT 3HAOQPUTHBIX U BUPYCHBIX
HHOQEeKLUH, a TaKXKe MO0Jy4aTh CAXKEHLbI AJI PEUHTPOAYK-
LIMM B €CTeCTBEHHbIE 3KOCHCTEMbl WJIM HCIOJIb30BaHUSA
B cesibckoM xo3sicTBe (Engelmann, 2011; Romadanova et al.,
2024). BuoTexHOJIOTUSI KYJbTYpPbl TKaHEW UrpaeT KJroue-
BYIO pOJIb B COXpaHEHUU 'eHETHYECKOr0 6U0pa3sHo06pasus,
0COGEHHO /151 peJIKUX U MCYe3al0LUX BU/I0B, BKJII0Yast abpu-
koc. OHaKO HCCJAeLOBaHUN MO MUKPOKJIOHAJbHOMY pas-
MHOXEHUI0 U KPUOKOHCEpPBALUU aNUKaJIbHBIX MepUCTEM
abpuKoca KpalHe MaJsio, YTO CBUJETEJbCTBYET O HeJ0CTa-
TOYHOW H3YYEHHOCTH JAHHOr0 HampasjeHus (Soliman,
2012; Lalso etal, 2018; Balla, Vertesy, 2000; Si¢ko etal,
2022). B KazaxcTtaHe 6blj1a HayaTa paboTa 0 ONTUMHU3ALUU
MUTATEJbHON cpefpl [/ MUKPOKJIOHAJIBHOI'O Pa3MHOXKe-
HUS abpUKoca U KPUOKOHCEPBALIMU 3apOJblIIEeBbIX OCEU
(Kovalchuk et al., 2014, 2017). OgHaKo JaHHbIE UCCJIEeL0Ba-
HUs TpeboBasid AeTasbHOU AopaboTku. [loaToMy yesavh
daxHoU pabombl CcTano WU3ydeHUe MPUPOJHBbIX MOMyJasLuit
P armeniaca v onTUMH3aLUs 3TANOB BBEJEHUS B KYJIbTypy
in vitro ¥ MUKpPOKJIOHAJILHOT'O Pa3MHOXEHUS /ISl CO3JaHUSs
KOJIJIEKLIUH In Vvitro.

MaTepnanbl U METOAbI UCC/TIEJOBAHUSA

06beKkThl UccaefoBaHus - 115 o6pa3uoB P armeniaca,
cobpaHHble B JBYX NOMyJALUAX B AJIMaTHHCKOM o06.J1acTH
(6p1BIIas AnMa-ATuHCKas): yulesnbe TypreHb EHOeknnKa-
3axCKoro paiioHa (25 06pa3noB); yuesnbe bosbuioit Akcy Yii-
rypckoro paroHa (44 o6pasua, 1-1 Touka), yiesbe bosbiioi
Kbipreiscait Yirypckoro paiiona (25 o6pa3ioB, 2-1 To4YKa),
npearopbe yiesbsi bosbmoi Kbipreidcaih (16 06pasios,
3-aTouyka) u c.YyH/Jka, secHoe Xo3sicTBo «Kapagasna»
(5 06pa3snoB., 4-1 Touka) (puc. 1, Tabu. 1).

Ta6smmna 1. Mecrta c6opa, GPS-KoopAaUHATHI ¥ BbICOTA IpoUu3pacTaHusa Prunus armeniaca L.

Table 1. Collection locations, GPS coordinates and growing altitude of Prunus armeniaca L.

Pationa, 2023-2024 rr.

KosmmuyecTBO GPS-koopauHaTHI,
MecTo c60pa, roz

06pa3nos BBICOTA HA/l YPOBHEM MOPS, M
Ywenbe Typrenb EHOeKIIMKa3aXxCKOro palioHa, 23 o6pasia N43°22’.417" - N43°22’.832,
2023-2024 rr. pasii E077°35'.351’ - E077°35’.868’, 980-1046 M
Ywenbe Bosbuioit Akcy YUrypckoro paiiosa, 42 06pasua N43°17°.118" - N43°18'.456’,
2023-2024 rr. pasii E079°37°.901" - E079°39°.901’, 1302-1691 m
Yenbe Bonbmoi Keipreiscait Yirypckoro 23 o6pasua N43°18.072’ - N43°18'.702’,

E079°30°.658' - E079°32".314’, 1580-1692 M

[Ipearopre yuienbs boabioit Keipreiscait
Yitrypckoro paiiona, 2023-2024 rr.

16 06pasnoB

N43°20".784" - N43°20°.875’,
E079°29°.827’ - E079°29°.890’, 1234-1246 M

C. Yynpxxa, necHoe xo3aucTBa «Kapazganay,
2024 .

5 06pas1oB

N43°31".652" - N43°31°.674,
E079°27°.353’ - E079°27°.849’, 862-864 M
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Puc. 1. Prunus armeniaca L.: A - 1BeTeHUe abpukoca B yulesnbe Typrenb EHGekIMka3axckoro paitona; b - ecHoit Maccus
B yiesnbe bosbuioi Akcy Yirypckoro paiiona; B - B3pociioe xru3Hecnioco6HOe HellJIOZoHOCs1Iee JiepeBo B yilesbe bosbuioi
Keipreicait Yitrypckoro paiiona; I' - B3pocsioe xu3Hecnoco6Hoe MJI0J0HOCsIee 1epeBo U ONaBLIMe MJIO/JbI B Ipe/iropbe
yiiesbs bosbiioi Keipreiscail Yidrypckoro paiiona; [l - rep6apuit o6pasua Ne 25

Fig. 1. Prunus armeniaca L.: A - apricot flowering in the Turgen Gorge, Enbekshikazakh District; b - a forest massif in the
Bolshoy Aksu Gorge, Uyghur District; B - an adult viable non-fruit-bearing tree in the Bolshoy Kyrgyzsay Gorge, Uyghur
District; T - an adult viable fruit-bearing tree and fallen fruits in the foothills of the Bolshoy Kyrgyzsay Gorge, Uyghur District;
A - herbarium of accession No. 25

Bomanuueckoe onucanue

JUIsT OLleHKH COCTOSIHUSI PACTUTEJbHBIX MNOMYyJISIUN
P armeniaca W3y4uiu W NpOaHAJM3WPOBAIM HMeOLIUecs
KapThl MPOU3PACTAHUS PACTEHHWH W BBIOpAJH MapIIpyThl
aKkcneguUMn. [l onrcaHusa coCcTosAHUA nonyaauuul P arme-
niaca uCToJIb30BaJIMCh AECKPUIITOPHI, pa3paboTanHsle [Ipo-
JIOBOJIbCTBEHHOW W CEeJIbCKOX035MCTBEHHON OpraHu3aluen
OOH (Food and Agriculture Organization of the United Na-
tions, FAO), Mex/yHapoAHBIM WHCTHUTYTOM TeHETHYECKHUX
pecypcoB pactenuil (International Plant Genetic Resources
Institute, IPGRI), EBponelickoii KoonepaTUBHOW MpoOrpaM-
MOH 110 reHeTHU4YeCKUM pecypcaM pacteHuit (European Coop-
erative Programme for Plant Genetic Resources, ECPGR) (Ro-
tach, 2003; Lateur et al., 2022).

Onucanue B JJeCKPUNTOPAX OCYLIECTBJISJIOCH C yYETOM
46 napaMeTpoB. B IprUpoAHBIX YCI0BUAX KOOPAUHATHI y4acT-
KOB NMpou3pacTaHusi GUKCUpPOBaIU C moMouipbio GPS-HaBu-
ratopa eTREX®H Garmin Montana 750i. Bce nepeBbsi mome-
YaJik CelHraJbHOU GUPKOW C HOMepoM 006pasima U JaTou
c6opa.

JlucmaHyuoHHoe 30HOUposaHue meppumopuli 01 Kap-
mupo8aHusi ecmecmeeHHbIX N0CAdoK JUK020 abpuKkoca

[IpoBoguIM ompesesieHHE TEPPUTOPHUU /ST CHEMKH,
pa3MeTKy M3y4aeMOoM IJIOLIaZH 10 KOHTYpaM TepPUTOPHH,
MO/IrOTOBKY GeCHUJIOTHBIX JieTaTeJbHBIX annapatos (1. DI
Mavic 3E c RGB-kamepoii; 2. D]l Phantom 4 c mynbTuCnEK-
TpaJIbHOW KaMepou) JIJisl CheMKH — BHECEHHUE MOJIETHOTO 3a-
nanuda. Kaptel penbeda coszgaBanu B popmare Geotiff,
3D-Mojzesnin MecTHOCTH — B popmaTe OBJ, mpoekT - B mat-
dopme QGIS, ¢ oTMeUYeHHBIMH TOYKAMM JUKOPACTYILIETO
abpuKoca, UCXO/iHbIe TaHHbIe ¢ kKamep BIIJIA npeacTaB/ieHbl
B Bu/Jie doTorpaduii.

/Jlnsi nposedeHuss 6uomexHos02u4ecKuX pabom npoeo-
duau:

1) c6op maoAoB (MJIOABI KAXKJOTO 06pa3la MmoMellaau
B IIJIACTUKOBBbIE KOHTEHWHEPHI 06'beMoM 250 MJI WJIM TOJIH-
3TUJIEHOBBIE TAKETHI);

2) c6op noberoB (moberu pasmepom 15-30 cM cpesanu
CEeKaTOpOM U OMeIljaJId MeX/Ay KapTOHHBIMU JIUCTAMHU pa3s-
MepoM 42 x 59,4 cM A1 repbapusanuu).

doTtocveMky mnpoBoguau B doTo6okce Godox LSD60
¢ LED-nogcBeTko# Ha poTokamepy Canon EOS RP RF 24-105
F4-7.1 IS STM. ®0OTOCHUMKHU C TPEXKPAaTHBIM YBeJUYeHHUEM
ClelaHbl Ha CTepeoCcKONnnYecKoM MHKpockome Levenhuk
ZOOM 0750 c yudpoBoi kamepoi Levenhuk M200.

BesedeHue 8 Kyabmypy in vitro u301upo8aHHbIX 3apodblule-
8blx ocell

CeMeHa OYMILAIHN OT MAKOTH IJIO/I0B, IPOMBIBAJIH PO-
TOYHOH BOZOH M BBICYIIMBAIHU B Ia6OPATOPHBIX YCIOBUAX
(V1Y) (puc. 2, A), noMema/u B MJIACTUKOBbIE KOHTEHHEPHI
o6beMoM 500 Ms1 U cTpaTtudunupoBasu npu 4°C B Teve-
Hue 8 Hezesb npu ocBemeHHocTH 10 pE-m~=st, 16-4aco-
BoM ¢oTonepuoge. [locse crpaTudpukanuu ceMeHa OYHU-
maad OT 060JIOYKH (CKOpJIyNbI) C MOMOLIbI0 OPeXOKoJa
(puc. 2, B), sppa o6pabaTsiBaau ¥ pacTBopa oT6esrMBare-
aa «bennsna» (5-15% rumnoxsopuTa HaTpPUs, LieJOUYHbIE
KOMIOHEHTH! < 5%) B TeyeHHe 4 MHUH C MOCJAEJYIOIIUM
MpoMbIBaHHEM B INPOTOYHON Boje. AApa B CTepUJbHBIX
ycnoBusx sJaMuHapHoro 6okca (Haier Biological Safety
Cabinet, HR 1200-11 A2-D, Kuraii) o6pa6aTtbsiBasu B 0,1-mpo-
nenTHoM pacteope HgCl, (Sigma-Aldrich, Cent-Jlync, Muc-
cypy, CIIIA) B TeyeHHe 3 MUH C ITOCAEYIOMIUM TPEXKpaT-
HbIM NPOMBIBAHHEM B CTEPUJBHOU AUCTHJJINPOBAHHOUN
BOJI€.
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Puc. 2. BBeieHue B KyabTypy in vitro Prunus armeniaca L.: A - BeICylleHHbIe CEMEHa;
B - si/1pa, ouMILeHHbIe OT CKOPJIyNbl; B - ceMeHa 1 M30/1MpOBaHHbBIe 3apO/bIlIeBble OCH (yBeandeHHe 3x);
I’ - 3apoablleBas oCcb Ha NUTaTeJbHOH cpefie KHona

Fig. 2. In vitro initiation of Prunus armeniaca L.: A - dried seeds; b - kernels peeled from shell;
B - seeds and isolated embryonic axes (3x magnification); I' - an embryonic axis on Knop’s medium

U3 sep n3oarpoBasu 3apoblieBble ocu (puc. 2, B), no-
Mella/Iu B KyJbTypasbHble Tpo6upkH (150 x 25 mm) (Phyto-
Technology Laboratories®, Jlenekca, Kansac, CIIIA) Ha cie-
Jlyloliye BapHaHThI IUTATeNbHbIX cpef (puc. 2, I): 1) KHomna
(Knop, 1865) u 2) Mypacure - Ckyra (MC) ¢ 30 r/s caxapo3sl,
1wmr/n 6-6ensuwnamuHonypuHa (BAIT), 0,1 mr/n uxposnu-
MaciasiHod kuciotel (MMK), 2 Mr/n naHTOoTeHaTa KajibLus
(1IK), 1,75 r/n mxenpaiita, 4 r/n arapa, pH = 5,7 (PhytoTech-
nology Laboratories®, Jlenekca, Kansac, CIIIA) (Murashige,
Skoog, 1962). [lo6eru in vitro BelpaliBagyu NpU TEMIEPATY-
pe 24 + 1°C B TeyeHHe 16-4acOBOro CBETOBOTO JHS C UHTEH-
cuBHOCThIO cBeTa 40 pE‘m™s™ oT JgByX THIIOB TpyGYaThIX
snroMuHecneHTHbIX Jamn OPPLE: YK 21RR 16/G 21W 6500K
RGB u YK 21RL 16/G 21W 4000K RGB, nocraBnsiembIx Elec-
troComplex in Corporation (Asmatel, Kazaxcran)- cral-
naptHble ycnous (CY).

IIposepka pacmenuil Ha 3HOOPHUMHYIO MUKpOPA0DY

[To6eru B Ky/IbType in vitro npoTecTUPOBa/IM Ha IPUCYT-
CTBUE 3HJO0QUTHON KOHTAMHHALMU Ha CleLHaJu3upOBaH-
HoH cpezne 523: 10 r/n caxapo3ssl, 8 r/J THApOIN3aTa Ka3en-
Ha (Sigma-Aldrich, Cent-Jlyuc, Muccypu, CIIA), 4 r/n gpox-
MeBOro 3KCTpakTa, 2 r/n KH,PO,, 0,15 r/nMgS0,-7H,0,6 v/
Jxespaiita, pH 6,9 (Viss etal., 1991). V 4-HefenbHBIX NO-
6eroB in vitro W30JMPOBaJM OCHOBAHUA AJMHOH 3-5MM
Y IOMella/Iv B MJIacTUKOBbIe Yamku [letpu (100 x 15 mm)
(PhytoTechnology Laboratories®, Jlenekca, Kansac, CIIIA) Ha
cpeny 523, kynbTHBUpOBaid B JIY B TeueHue 1-2 Hezesb
(Romadanova et al., 2022).

MuKkpoka0Ha1bHOe pasMHONCeHUE

Jl1g onTHMHM3alMM CcOCTaBa IUTATEJbHOM cpefbl HC-
noJsib3oBasv 10 BapMaHTOB NMUTATENbHBIX CpeJi HA OCHOBE

cpeabpl MC c po6aBaennem 30r/n caxaposbl, 2 mr/a IIK,
1,75 r/n mxenpaiTa, 4 r/n arapa, pH 5,7 c pa3IM4YHBIMHU KOH-
LeHTPALUSIMHU PETYJAATOPOB pocTa (Tabu. 2).

OnTrMHU3anUI0 MPOBOAUIIU AJisl moberoB (1-2 cm) 10 06-
pasLoB abpUKOCca B CTEKJSHHBIX KyJbTYpaJbHBIX COCyJaX
o6bemoM 237 mu (PhytoTechnology Laboratories®, Jlenekca,
Kawnsac, CIIIA), mioTHOCTE Mocazku — 5 no6eros Ha cocya, [To-
Geru KynbTUBUpOBasu B CY, mepecajiky Ha CBeXyl NHUTa-
TeJIbHYIO0 CpeJly OCYLeCTBJISAJIN C HHTepBaJOM 6 Heziesb. Ko-
adpodunuent pasmuoxkenus (KP) in vitro moberos a6pukoca
paccuuTbIBasX no popmyse: P = a/Bc, re «a» — KOJMYECTBO
06pa30BaBUIMXCS MO6GETOB, «B» — KOJUYECTBO BbICAXKEHHBIX
06EeroB, «C» — KOJIMYeCTBO KYJIbTUBUPOBAHHUH.

Cmamucmuyeckull aHaaus

B akcnepuMeHTax 10 BBEJIEHUIO B KyJbTYpPY in vitro uc-
noJsib30oBasin 1o 10 mo6Geros abprkoca B TPEXKPAaTHOH I10-
BTOpHOCTH. O6lee KOJMWYeCTBO NMOGEros, MHJEKCHPOBAH-
HBIX C WCIOJIb30BAaHHWEM CIleL[MaJU3UPOBAHHONW IMUTATEJb-
HOU cpefbl 523, kose6asock ot 15 0 30, B 3aBUCUMOCTH OT
JIOCTYIIHOCTH 06pasloB, MOJYYEHHBIX IOCJe BBEeJEHU:
B KYJIBTYPY in vitro. JKCIIepUMEeHT [0 MHKPOKJIOHAJIbHOMY
Pa3MHOXXEHUI0 MPOBOAWIMN ABaXAbI A1 10-45 moGeros
B KaX/loM BapuaHTe. CpeJjHUe 3HAYeHUS U CTAHJAPTHYIO
omn6Ky (SE) BBIYMC/IAIM Ha OCHOBE NMOBTOPHBIX 3KCHEPH-
MEHTOB U M0/IBEPrajiy TLUIaTeJIbHON IPOBEPKE MOCPEACTBOM
JIMCIIEpPCUOHHOTO0 aHau3a. /[/1s BbliesIeHNsT pa3Inyuil Mex-
Jly CpeJHUMHU 3HAYeHUSIMU NPUMEHSIN TecT TbIOKH; NpHU
P < 0,05 pesysbTaThl CYUTAIUCh CTATUCTUYECKH 3HAYUMBbI-
Mu. Bce ucciieioBaHus oCy1eCTBIIAIMCH C UCIIOJIb30BaHUEM
nporpammHuoro naketa SYSTAT Bepcuu 13.0 (https://systat.
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Ta6smua 2. CocTaB nUTaTeIbHOM CpeAbl A1 pa3MHOKeHUs Prunus armeniaca L. B Ky/bType in vitro

Table 2. Nutrient conditions for in vitro propagation of Prunus armeniaca L.

KyabTypasibHasa BAI HMK TK
cpeaa MrI/J1

1 0,5 0,1 -
2 1,0 0,1 0,1
3 0,5 0,1 0,1
4 1,0 0,1 0,2
5 1,0 0,1 0,3
6 1,0 0,1 0,4
7 0,8 0,1 0,3
8 0,8 0,05 0,3
9 1,0 0,05 0,3
10 0,8 0,02 0,3

[Ipumeuanue: BAIl - 6-6en3unamMunonypus; UMK - unponunmacnssas kucnoTa; ['K - ru66epesiyioBast KHC/I0Ta; BCe XMMUKATBI ObLIN

npezpoctasieHsl CIIP «Menunena» (AnMarel, KazaxcraH)

Note: BAII - 6-benzylaminopurine, BAP; UMK - indolebutyric acid, IBA; I'K - gibberellic acid, GA; all chemicals were provided by SPF Me-

diland (Almaty, Kazakhstan)

Pe3y.m:TaT1,1 Hcciaea0BaHuA

Onucaxue nonyasayutl

BriepBble NMpOBeJEHO ONMHMCAaHUE MOMYJSLUA abpukoca
C UCNOJIb30BaHUEM MEXYHapOJHbIX JeCKPUITOPOB. BriAaB-
JIEHO, YTO NMOPaXKaeMOCTh JIepeBbeB BPEAUTE/SIMU U 60J1e3-
HSIMH IepBOH nonyasiuuu P armeniaca coctaBuia 35,5%, Ha-
GJIIOIA/IMCh CyxXKe BETBHM Ha CTapbIX JEPEBbsX, YTO MOXKET
OBITH CJI€/ICTBUEM €CTECTBEHHOI'0 cCTapeHus (TabJ. 3).

JloMHUHAHTHbIe BU/bl pacTeHUH B MecTe c6opa: Berberis
heteropoda Schrenk, Crataegus dsungarica Zabel ex Lange,
Elaeagnus angustifolia L., Rosa platyacantha Schrenk, Spiraea
hypericifolia L. v npyrue. [l1080HOIIEHHE OTCYTCTBOBAJIO.

JloMUHaHTHbIe BUbI PaCTEeHUN B MecTe c60pa BTOPOM
MOMy/NANUY (TepBasi TOYKa) MpeJCTaBJEHbl CJAeLYIOUUMU
Bupamu: Berberis heteropoda, Cotoneaster melanocarpus
Fisch. ex Blytt, Lonicera xylosteum L., Picea schrenkiana Fisch.
& C.A. Mey u apyrue. [lopaxxaeMocTb iepeBbeB - 52,6% (cy-
XHe BETBH, NOBPEXJEeHHUE JIMCThEB U IJIOJOB HACEKOMBIMH,
rpuOHbBIe 3260/1€BaHUA).

Bropas nonynsiuusda (BTopas Touka). J[lOMUHaHTHbIE BU/IbI
pacreHui B MecTe c6opa: Berberis heteropoda, Malus sieversii
(Ledeb.) M. Roem., Lonicera xylosteum, Picea schrenkiana, Fili-
pendula ulmaria (L.) Maxim. BbIsiBJIeHBI TOBPEXJEHUS TJIEH,
JIMIIAUHUKYA. MoJio/ible iepeBbs 6€3 MOBPEXAEeHHUH.

Bropas nonyssuus (TpeTbs To4Ka). J[OMMHAHTHBIE BU/IbI
pacteHui B Mecte cbopa: Berberis heteropoda, Malus sieversii,
Ulmus pumila L. u gpyrue. [lopaxkaemocTsb fiepeBbeB - 10,0%.
BpenuTtenu u 6osie3HU He O0GHaApY»KeHBI. [lyoj0HOIIEHHE
06UJIBHOE.

Bropas nonynsanus (4eTBeprast Touka). JloMUHAHTHbIE
BU/Ibl pacTeHUH B MecTe cb6opa: Artemisia santolinifolia
(Turcz. ex Pamp.) Krasch., Glycyrrhiza uralensis Fisch., Malus
sieversii, Melica transsilvanica Schur., Rosa platyacantha
U Apyrue. [lepeBbs He opakeHbl. BpeuTenn u 60J1e3HN He
0oOHapy»KeHbI. B3pocsiblie 1 MoJ10/ible IepeBbsI 6€3 MOBPEXIe-
HUH (cM. Ta6J1. 3). [l1og0HOIIEHHE OOUIBHOE.

JlucmaHyuoHHoe 30HOuposaHue meppumopuli 045 Kap-
muposaHusi npupodHsIx nonyasayuil Prunus armeniaca

BriepBble mpoBeieHO AUCTAHIIMOHHOE 30H/JMPOBaHHUE
TePPUTOPUM NpoU3pacTaHusl abpUKOCa, B pe3ysbTaTe KOTO-
poro omnpeiesieHa ero MaccoBasi JIOKalus, pa3MeyeHa u3y4va-
eMasl TJIOIA/ib. B pe3ysnbTaTe mosiyueHbl CHUMKH, KOTOpbIE
66111 06pabOTaHBI A5 CO3/IaHHUs HA60POB KapT (puc. 3).

B pesysnbTaTe JUCTaHIMOHHOI'O 30HJUPOBAHUS CO3/]aH
oprodoTomiaH (POTOLOKYMEHT MECTHOCTH) C IOMOILbIO
MepeKPbIBAIOLINXCSA UCXOAHBIX CHUMKOB (CM. pHC. 3, A), KOTO-
PbIH NOCIYXUT BCIIOMOTaTeJbHBIM MaTEPHAJIOM /ISl CO3/1a-
HUSA Teofie3udecKux rpapuyeckux depTerked (cxem, ToImo-
MJIAHOB, KapT) MeCT MPOU3pacTaHUs abPUKOCa, MOXKET ObITh
3a/1efCTBOBAH /I KOHTPOJISI HCII0JIb30BAHUS TEPPUTOPHH,
B 9KOJIOTUH, MOHUTOPHUHTE 3K30TE€HHBIX NPOILECCOB U CeJb-
CcKOM xo3siicTBe. Kpome Toro, moJsiydeHa nudpoBast Moziesib
pesnbeda (IIMP) - TpexmepHoe oTOGpa)keHHe 3eMHOH IIO-
BEepXHOCTH (pesbeda), mpecTaBJeHHas B BUJIe MacCUBa TO-
YeK C olpe/iesiieMOU BbICOTOH, 6€3 y4eTa PacTUTEJbHOCTH,
3[JaHUH U [PYTUX aHTPOINOTeHHBIX 06beKTOB (cM. puc. 3, B).

[onyyenHas [IMP mMoxxeT 6bITh HCIIOJIb30BaHA B reorpa-
¢dnyeckux nHpopmanroHHbix cuctemax ('MC), Tak Kak sB-
JisieTcsl HauboJiee pacnpoCcTPaHEHHOW OCHOBOU il udpo-
BBIX KapT pesnbeda. Kpome Toro, IMP MoxxeT 6bITh mosie3Ha
JIJIS1 MOJIeJIMPOBAHUA JaH/AmadTa, BU3yaIn3anus MpUIoxKe-
Hui [IMP yacto TpebyeTtcs JJisi MO/eTMPOBAHUsI HAaBOJ[HE-
HUH WY JIpeHaka, UCCJIeJOBAHUH 3eMJIeNI0Ib30BaHHUS U I'e0-
Jloruyeckux npuaoxkeHui (Balenovi¢ et al,, 2015a).

Ycranossien NDVI - yucsi0BO# nokasaTesb KayecTBa
M KOJIMYeCTBa PACTUTEJBHOCTH Ha y4aCTKe MOBEPXHO-
CTH, 3aBUCSLIUHN OT OTPa’KeHHU U MOTJIOLIEHUsI pacTeHHU -
MU CBETOBBIX BOJIH pa3HOU AJuHBbI (cM. puc. 3, B) (Weier,
Herring, 2000; https://gisgeography.com/ndvi-normalized-
difference-vegetation-index). Ero npakTuieckoe npumeHe-
HUe HeBEepPOSITHO Pa3HOO6PA3HO, BKIIOYAET U KOJUIECTBEH-
HYIO OIleHKY JieCHOTO QOH/Ia, U MCIO0JIb30BaHHE B KaueCcTBe
HMHJMKaTopa 3acyxu. bosiee Toro, ¢ ero moMoumpb MOXXHO
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Ta6smuna 3. PacipegesieHue KayeCcTBeHHbIX MOP$010ruYecKuX NPpU3HaKoB Prunus armeniaca L.
Table 3. Distribution of qualitative morphological features of Prunus armeniaca L.

JlecKpunTopsl Komsecrso Kosin4ecTBO 06pa3inoB / NPOLEeHThI
06Gpa3nosB
P. armeniaca (1-a nonyisanus)
[11 23 H (11/47,8) C5/21,7)
oI 23 CZ (1/4,3) BX 12/52,3) MII (2/8,7) MH (4/17,4)
B/ 23 H (3/13,0) C(5/21,7) B (15/65,2)
DK 23 VII (1/4,3) OI1 (8/34,8) 0 (6/26,1) 10 (1/4,3) HK (7/30,4)
MK 23 I'(6/26,1) C(14/60,9) P (3/13,0)
OJIII 16 0(15/92,9) A(2/12,5) I (15/92,9)
K/ 16 KT (1/6,3) MT 15/93,8) KII (1/6,3)
P. armeniaca (2-1 nonyaAnus, nepsas To4YKa)
mn 42 C(8/19,1) B (34/81,0)
CcA 42 BX (30/71,4) MII (8/19,0) MH (7/16,7)
B/l 42 H (4/9,5) C (19/45,2) B (19/45,2)
OK 42 Y1 (3/7,1) OI1 18/42,9) IIIT (12/28,6) P (1/2,4) HK (8/19,1)
K 42 I'(21/50,0) C(17/40,5) P (4/9,5)
| 27 HII (22/81,5) | Call (2/7,4) CI (1/3,7) Ol (2/7,4)
OJIII 42 0(11/26,2) (21/50,0) 111 (23/54,8) Y (1/2,4)
KJII 42 KT (7/16,7) M 21/50,0) KII (7/16,7) | MKkII (9/21,4) 1r (3/7,1)
P. armeniaca (2-s1 nonyJisinys, BTopas To4Ka)
[11 23 H (2/8,7) C(15/65,2) B (6/26,1)
CA 23 BB (10/43,5) BX (9/39,1) MII (3/13,0) 1(1/4,3)
B 23 C(10/43,5) B (13/56,5)
DK 23 VI (1/4,3) 0N 11/47,8) | 1M (7/30,4) 0(2/8,7) HK (2/8,7)
K 23 I'(15/65,2) C(8/34,8)
1 1 HII (22/81,5) | Cnall 7/30,4) CIl (5/21,7)
OJIII 23 0(2/8,7) A(11/47,8) A (11/47,8)
KJITI 23 KT (5/21,7) MI' 11/47,8) KII (3/13,0) MKII (6/26,1)
P. armeniaca (2-1 nonyisAnus, TpeThsA TOYKA)
[11 16 B (16/100,0)
ca 16 BX (7/46,7) MII (9/53,3)
B 16 C(15/93,8) B (1/6,7)
oK 16 i 0(1/67) | HK(3/188)
11/68,8%)
K 16 I'(9/53,3) C (6/40,0) P (1/6,7)
| 16 Call (1/6,7) CIIl (4/26,6) | OI (11/66,7)
®JIII 16 0 (6/40,0) I 10/60,0)
KJITI 16 M (16/100,0)
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Ta6simna 3. OKoHYaHHe
Table 3. The end

JecKpunTopsl Korecrso Kosin4ecTBO 06pa3ioB / NPOLEeHThI
06pasuoB
P. armeniaca (2-a nony/isinys, 4eTBepTas TO4YKa)
M1 5 C(5/100,0)
ca 5 BX (3/60,0) MII (2/40,0)
B/l 5 C(5/100)
dK 5 0 (1/20,0) HK (4/80,0)
K 5 ' (2/40,0) C(3/60,0)
I 5 CII (3/60,0) OI1 (2/40,0)

[IpuMeyaHue: UCHOJIb3yeMble IECKPUIITOPHI — BbICOTA JiepeBa (B/1), kpa# sinctoBoii miactunku (KJII), maogonomenue (I1),
mioTHOCTh KpoHsI ([1K), mnotHocTh nonyasnuu (I111), cocrossuue nepesa (CA), dopma kpons! (PK), bopma muctoBoii nia-
cruHkH (PJII1); ananusrupyemble MopdoIorHyecKre MpU3Haky — B3pocioe 6osbHOe (BB), B3pocioe xxn3necnoco6Hoe (BXK),
BBICOKUH (-a, -oe) (B), rycras (I'), kpynHoropoguaTsiii (KI'), kpynHonunbuaTteri (KII), menkoropoguateiii (MI'), mosionoe
HemozoHocsmee (MH), menkonunbuateiit (MkII), Mosogoe miogonocsmee (MI), HenpaBusbHas kpona (HK), HeT mutofo-
HoweHus (HIT), nuskas (-oe) (H), o6unbHoe miuogonomenue (OI1), o6paTHonupamuganeHas (OI1), okpyrmaas (-oe) (0), nuib-
yatoropoa4aTbii (IIT), mnockookpyraas (I10), morubarowiee (I1), penkas (P), cna6oe minogonouenue (Call), cpeguuii (-a1,
-ee, -ue) (C), cpeguee mnonoHowmenue (CII), crapoe apsaxioe (CA), yanunennas (Y), yaxkonupamuganbuas (YI1), mupoko-
nupamuganbhad (1), mupokopackugucras (LLIP), mupokositueBugHas (L), anmuntuyeckan (3), aiinesuanas (-oe) ()

Note: the list of descriptors includes the tree height (B/l), leaf blade edge (KJIII), fruiting (I1), crown density (I1K), popula-
tion density (I1I1), tree condition (C/), crown shape (®K), and leaf blade shape (®JIIT); the symbols for the analyzed mor-
phological characters are adult diseased tree (BB), adult viable tree (BXK), tall tree (B), dense crown (I'), largely crenate leaf
edge (KI"), largely serrate leaf edge (KII), finely crenate leaf edge (MI'), young non-fruitful tree (MH), finely serrate leaf edge
(MkII), young fruitful tree (MII), irregular crown (HK), no fruiting (HIT), low tree (H), abundant fruiting (OII), reverse py-
ramidal crown shape (OII), round crown shape (0), serrate-crenate leaf edge (IIT'), flat round crown shape (I10), dying tree
(I1), sparse crown (P), weak fruiting (Call), medium tree (C), medium fruiting (CII), old decrepit tree (C/), elongated leaf
blade shape (¥), narrow pyramidal crown (¥1I), broad pyramidal crown (I1IIT), broadly spreading crown (ILIP), broad ovate
leaf blade (ILIf1), elliptical leaf blade (3), and ovate leaf blade (1)

onpeJiesIsITh MOXKapOOMacHble 30Hbl U COCTABJAATh KapThl
ONNYCTbIHHWBAHMUA.

Onpepienisisi COCTOSTHUE 3/10POBbs PACTEHUH, BBIYUCIAIN
OTHOILEHNE MEeX/y Pa3HOCTbI0 MHTEHCHBHOCTEH OTpakeH-
Horo cBeTa B KpacHOM (RED) m mHpakpacHoMm jguamasoHe
(NIR) u ux cymmoii. B pesynbraTe BoisiBieHO, 4T0 NDVI Koute-
6asicst B 3HauYeHUAX oT 0,3 0 0,7, YTO COOTBETCTBYET BEPX-
HUM TIO0Ka3aTeJssiM JJis cJ1aboH, 60JIbHOW pacTHUTENbHOCTH,
HIDKHUM [IOKa3aTeJssIM UHZEKCOB /ISl 3/[0POBON PaCTUTEb-
HOCTH; OCHOBHAsi Macca JIECHOI0 MacCHBa COOTBETCTBOBAJIA
cpeAHUM TnoKa3aTesnsaM. CocTaBjeHa KapTa pa3MelleHHs
onppPOBAHHOIO y4acTKa HAa TEPPUTOPUH yiesbsl Bosbiion
Axkcy Yitrypckoro paiioHa AIMaTHUHCKOW 06JIaCTH M KapTa
npouspacTaHus abpukoca. AGPUKOC Ha KapTe OTMe4YeH Kpac-
HbIMU TOo4YKaMH (puc. 3, -/[).

BesedeHue 8 Kysabmypy in Vitro u304upo8aHHbIX 3apodbiule-
8blx ocell

Jlnsa BBefeHUA B KyJbTypy In vitro UCNOJb3YIOTCA pas-
JINYHBbIe YacTH W opraHel pacteHud (Ostrikova etal, 2018;
ipek et al,, 2023). B ;aHHOM KMcC/e/[0BaHUH UCTOB30BANHUCh
3apo/iblIlIeBbIe OCH BCJIEJCTBHE TOTO, YTO OHHU SIBJISIOTCS OII-
TUMaJbHBIM MaTepuasoM s 3PQPEeKTHBHOTO BBEJEHUS
abpukoca B Ky/ibTypy in vitro (Ostrikova et al.,, 2018). B cBsi3u
C IJIOXUM YpO’KaeM abpUKoca B TeUEHHE NT0C/IeJHUX YeThIpex
JIET Y IOpPaXeHHOCTbI0 CEMEHHOro Marepuasa 60Je3HIMU
W BpeAUTEJISAMH, AJI BBeJeHUA B KyJIbTYPY in vitro ucnoJib-

30BaJIv 3apo/pliieBrle ocH 10 LOCTYNHBIX 06pa31[0B aGPUKO-
ca. YCTaHOBJIEHO, YTO HUCIIOJIb30BaHHE MUTATEJbHON CpeJibl
KHona 6osiee 3¢ deKTUBHO [J1s IpOpaliMBaHUs 3apoJbliiie-
BBIX OCeH. Y>ke Ha 3-5-e CyTKH NOSIBUJINCH 3eJIeHble JINCTOY-
KM 1 OTMeYeHO NHTEHCHUBHOE OTpacTaHue KopHs (puc. 4, A).

[IpoueHT BBeZileHUA B KyJIbTYpY in vitro B CpelHEM COCTa-
BUJI 94,5% (Tabs1. 4). Ha cpene MC cBeTsio-3es1ieHble JTUCThS
MOSIBJISIZINCH Ha 6-7-€ CYTKH, JIUCTOYKHU ObLIN MeJib4de, poCT
KOpHsI He OblJI HHTEHCUBHBIM (cM. puc. 4, B). [IporieHT BBefie-
HUSA B KyJbTYpy in vitro Ha cpese MC B cpefiHEM COCTaBHUJI
69,4%. B pe3ysibTaTe yCTAaHOBJIEHO, YTO MCII0JIb30BaHUE Cpe-
46l KHona 1 MC adppekTHUBHO /17151 pa3MHOMKEHUS B KyJIbType
TKaHeH 3apoAbIlIeBbIX 0ceil abpruKoca. MaKCHMa/bHYO KH13-
HECIOCOOHOCTb (CTAaTUCTUYECKH 3HAYMMYI0) 3apOJbILIN
a6pm<oca BCeX HUCCJIeAyeMbIX TEHOTHUIIOB MPOABJIAKT HA MMH-
TaTeJbHOU cpesie 6e3 PeryasaTopoB pocta (cM. TabJ. 4). [lo-
JIy4eHHBbIH pe3y/JbTaT KOppeJUupyeT C JaHHBIMU, NOJy4YeH-
HBIMHU JJIs1 IPyTUX BUJ0B abpukoca (Ostrikova etal.,, 2018;
Mitrofanova et al., 2020).

C/ieyl0lMM BaXXHbIM 3TAalOM /Jisl YCIEIHOT0 MHK-
POKJIOHAJILHOT'O Pa3MHOXKEeHHSI TOCTYKUJI KOHTPOJIb TPOGH-
POYHBIX pAaCTEHUH HA HAJIM4YKe 3HA0DHUTHON KOHTaMHUHAIUU
Ha CrleliMaJIn3uPOBaHHOM cpefie 523. TecTupoBaHUe BceX I10-
JIy4eHHBIX T06EroB in Vitro U3 3apo/ibIIIEBbIX 0CEH MOKa3aJ0
MHQUIMPOBaHKe TOJBKO ¥ 06pasna Ne 42, rae KOHTaMHUHa-
s coctaBuia 1,1% (cm. puc. 4, [I; Tabor. 4).
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Puc. 3. /lucTaHIIMOHHOE 30HJMPOBaHUE TePPUTOPUM NpouspacTaHus Prunus armeniaca L. B ymesbe boabmoi Akcy
Yiirypckoro palioHa AJIMaTHHCKOM o6J1acTH: A - optodoTomias; b - kapra BeicoT (Digital Elevation Model, DEM);
B - yuc/10BOM NOKa3aTe b KauecTBa U KOJIMYeCTBa pacTUTebHOCTH Ha yyacTke NDVI; T' - kapTa pasmelneHus
onudpoBaHHOTO yyacTKa (MokasaH cTpeskoi); [l - kapTta mpouspactanus abprukoca (abprUKoC OTMe4YeH KpacCHbIMHU
TOYKAMH)

Fig. 3. Remote sensing of the Prunus armeniaca L. growing area in the Bolshoy Aksu Gorge, Uyghur District, Almaty

Region: A - orthophotomap; b - elevation map (Digital Elevation Model, DEM); B - numerical indicator of the quality and

quantity of vegetation in the area, NDVI; I' - map of the location of the digitized area (shown by the arrow); /I - map of the
apricot growing sites (apricot is marked with red dots)

[[py MHUKPOKJIOHAJIbHOM pa3MHOXEHHWM pacTeHUHW Ha
K03 OUIIMEeHT pa3MHOXeHHUs 60JIbIlIOe BJIMSIHHE OKa3bliBa-
€T COCTaB NUTaTeJbHOU cpesibl. CyliecTByeT pa3Hble Bapu-
QHTBI NUTATEJBHBIX CpeJ JJI1 MHKPOKJOHAJbHOTO pas-
MHOXEHHSI a6pHUKOCa, Yallle BCEro UCMOJIb3YIOT MUTATE b-
Hyto cpeny MC (Pérez-Tornero, Burgos, 2006; Golubev, 2017;
Khafri et al., 2020; Ipek et al., 2023). YuuTbiBas nuTepaTyp-
Hble ITaHHbIE U JIUYHBIN ONBIT, 6blJ1a MO06paHa MU TATEb-
Haa cpesa MC c 10 BapuaHTaMM peryJsTOPOB poOCTa
(cM. Tabus. 2). Beicokuil koadpdunueHT pasmHoxKeHUs 4,4

u 3,9 mokasasiu o6pa3sibl N2 17 u Ne 18 Ha cpene MC5 (puc. 4,
E, K, 3, U; Ta6.s. 5).

JloctatouHno Beicokuut KP oT 1,0 10 4,0 Ha nuTaTe/IbHOMN
cpene MC8 u ot 1,0 go 3,6 Ha nuTaTesbHOU cpege MC10
nojaydeH u ¢ KoHueHTpauued 0,8wmr/n BAII, 0,02 mr/n
u 0,05 mr/n UMK, 0,3 mr/a I'K. YBesinueHre KOHIIEHTpAIUU
'K o 0,4 mr/n Ha cpene MC6 npuBesio K noHmwxkeHuto KP 1o
3HaveHuu 1,0-2,7. Makcumanbubii KP B nuanasoune 1,6-4,4
noJsiydeH Ha nuTateabHol cpese MC5 ¢ 1 mr/n BAIL, 0,1 mMr/a
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Puc. 4. MUKpOKJ/IOHA/IbHOE pa3MHOkeHHe Prunus armeniaca L.:
A, B - na cpesie Knona; B, T - Ha cpesie MC; /I - KpacHble CTPeJIKH yKa3bIBaIOT HA MHQUIIMPOBAHHBIE 06pa31ibl HA cpejie 523;
E - Ne 17 Ha cpege MC4; K - Ne 17 Ha cpege MC5; 3 - Ne 18 Ha cpesie MC4; M - Ne 18 Ha cpene MC5
Fig. 4. Micropropagation of Prunus armeniaca L.:
A, B - on Knop’s medium; B, I' - on the MS medium; /I - red arrows indicate contaminated accessions on medium 523;
E - No. 17 on MS4; XK - No. 17 on MS5; 3 - No. 18 on MS4; U - No. 18 on MS5

Ta6smua 4. BBegeHue B Ky/IbTypYy in vitro 3apojbliieBblix oceil Prunus armeniaca L.
Table 4. In vitro initiation of Prunus armeniaca L. embryonic axes

PasmHoxeHue 30 Ha PasmHoxeHue 30 Ha IIponeHT acenTUYeCKNX NOGETOB
nuTaTeJbHOM cpese KHona nuTaTebHOM cpeae MC nocJjie NpoBepKHU Ha cpeje 523

3

g HcxoaHoe

g HcxoaHoe HcxoaHoe KOJIN4ECTBO

© KosinyectBo 30 / KosinyectBo 30 / no6eros /

=} % % %

KusHecnocoGHbIe KusHecnoco6HbIe KOJINYECTBO
no6erw, mr. no6erw, mr. acenTUYeCKUX
0GEros, IIT.

Ne 17 18/16 88,9 17/14 82,4 30/30 100
Ne 18 34/31 91,2 30/20 66,7 51/51 100
Ne 27 5/5 100,0 - - 5/5 100
Ne 42 9/9 100,0 - - 9/8 88,9
Ne 43 8/6 75,0 8/6 75,0 12/12 100
Ne 44 5/5 100,0 - - 5/5 100
Ne 49 10/9 90,0 15/8 53,3 17/17 100
Ne 50 7/7 100,0 - - 7/7 100
Ne 52 8/8 100,0 - - 8/8 100
Ne 55 6/6 100,0 - - 6/6 100
Cpen. 3HaY. * CT. OTKIJL 94,5 + 8,32 69,4 £12,5° 98,9 + 3,57

[Ipumeyanue: 30 - 3apo/iblleBble OCH; JAHHbIE IPE/CTABISIOT CO60M cpe/jHee 3HaueHMe + SE; 3HaUeHUs, CONPOBOXK/AaeMble PA3/IMYHbIMU
GyKBaMH B Ka)XX/JJ0M pas/ieJie, 3SHaUUTeJbHO pa3inyanuch npu p < 0,05 ¢ MCcro1b30BaHUEM TecTa pas/esieHus cpeJHUX Thloku

Note: 30 - embryonic axes; the data represent mean * SE; values followed by different letters within each section were significantly differ-
ent at p < 0.05 using Tukey’s mean separation test
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Ta6auna 5. KoadppunueHT pasmMHOKeHUA in vitro n06eroB aGpyKoca Ha pa3/JIMYHbIX BApHUAHTaX
nuTaTeJIbHOU cpeabl MC

Table 5. Multiplication rates of in vitro apricot shoots on different variants of the MS medium

06pa3subl Nel17 | Ne18 | Ne27 | Ne42 | Ne43 | Ne44 | Ne49 | Ne50 | Ne52 | Ne55
UKII, wr. 26 34 20 36 24 28 36 28 24 20
KI14H na MC1, wT. 40 68 20 92 52 48 124 28 60 40
KP 1,5 2,0 1,0 2,6 2,2 1,7 3,4 1,0 2,5 2,0
MKII, . 26 34 24 30 36 42 36 30 36 30
KII4H na MC2, . 37 69 96 45 84 84 100 90 54 30
KP 1,4 2,0 4,0 1,5 2,3 2,0 2,8 3,0 1,5 1,0
MKII, . 42 51 36 30 30 48 42 36 30 39
KI14H na MC3, wrT. 99 114 60 48 81 60 81 60 36 45
KP 2,4 2,2 1,7 1,6 2,7 1,3 1,9 1,7 1,2 1,3
MKII, . 33 51 30 36 30 42 42 30 36 36
KI14H na MC4, . 108 135 75 54 105 54 81 54 48 63
KP 3,2 2,6 2,5 1,5 35 1,3 1,9 1,8 1,3 1,8
MKII, m. 28 28 24 20 24 20 32 24 20 20
KI14H na MC5, . 124 108 60 40 88 56 100 48 50 32
KP 4,4 39 2,5 2,0 3,7 2,8 3,1 2,0 2,5 1,6
MKII, wr. 54 90 36 36 90 27 23 36 27 27
KI14H Ha MC6, wT. 103 90 16 36 90 45 63 45 35 27
KP 1,9 1,0 2,3 1,0 1,0 1,6 2,7 1,3 1,3 1,0
WKII, wrr. 54 54 27 27 81 28 27 29 27 27
KI14H va MC7, wT. 60 81 108 54 150 28 30 29 36 102
KP 1,1 1,5 4,0 2,0 1,9 1,0 1,1 1,0 1,3 3,8
WKII, wrr. 39 81 27 27 54 36 27 45 27 18
KI14H Ha MC8, mT. 54 171 87 57 216 104 84 45 87 58
KP 1,4 2,1 3,2 2,1 4,0 2,9 31 1,0 3,2 3,2
WKII, wr. 36 45 27 45 36 36 27 54 35 27
KI14H na MC9, wit. 72 55 87 50 128 36 87 54 35 90
KP 2,0 1,2 3,2 1,1 3,6 1,0 3,2 1,0 1,0 3,3
WKII, mr. 27 36 25 27 27 45 36 45 32 36
KI14H na MC10, . 66 92 50 63 103 50 84 160 32 112
KP 2,4 2,6 2,0 2,3 3,8 1,1 2,3 3,6 1,0 3,1

[IpuMeuaHue: ucxogHoe koandectso noderos (MUKII), wt.; kosndyectBo no6eros nocie 4 Hepensb (KI14H) va MC1, wrT.

Note: initial number of shoots (MKII), pcs.; number of shoots after 4 weeks (KI14H) on MS1, pcs.
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BbiBOABI

Onucanue NOMy/AsLUA COBPEMEHHBIMU TreobGOTaHHYe-
CKMMH MeTOZ,aMH [T03BOJIMJIN YCTAaHOBUTB peaibHOe COCTOsI-
HHUe JUKOPACTYLIUX JIECHBbIX MacCUBOB P. armeniaca. BuisiBiie-
Ha BbICOKasl IOPAXKaeMOCThb JiepeBbeB A0 52,6% (HeKpos, nmo-
BpeX/leH!sI HACeKOMBIMY, JTUIIaHUKaMHU, TpUGHBIe 3a60J1e-
BaHUs). B mepBoii monynsyy U B ABYX TOYKaX BTOPOH Momy-
JISILIUY OTCYTCTBOBAJIO IJIOZIOHOIIEHHE.

C moMoIbI0 JUCTAaHIIMOHHOIO 30HANPOBAHUS COCTaBJIe-
HbI KapTa pa3MelieHUs oluPpoOBaHHOTrO yyacTKa Ha TeppHu-
TopuH yuenbs bosbumoit Akcy Yirypckoro paioHa AnmMa-
THUHCKOU 06J1aCTU U KapTa MpouspactaHus abpukoca. Onpe-
JleJleHa JIOKallMsl MacCOBOT0 MpoM3pacTaHUs abprKoca, pas-
MeyeHa M3y4yaeMas ILIOLa/lb, CO3/JaH OPTOPOTOILIAH, MOJY-
yeHa LIMP, yctanossen NDVI B 3Hauenusix ot 0,3 o 0,7, yto
COOTBETCTBYeT CPeJHUM INoKasaTessM. [losydyeHHble AaH-
Hbl€ MOTYT GBbITb HCI0JIb30BaHbI B reorpadpuueckux HHPOp-
ManuoHHbIx cuctemax ([HC), asis MogenvpoBaHUs JaH[-
madTa, HABOAHEHUH WJIM JpEHaKa, UCCAe/JOBaHUM 3eMJie-
ITIOJIb30BaHHUA U I'e0JIOTHYECKHUX npnnomel-mﬁ.

YcTaHOBJIEHO, YTO MCIOJIb30BaHUE NMUTATEJbHON CpeJibl
KHona 6osiee a¢pdpexktuBHo (94,5%) A/ npopalMBaHUs 3a-
pOJibIIIEBBIX OCEH B KYJIBTYpe in vitro, yeM cpesa MC (69,4%).
TecTupoBaHue MOJy4YeHHBIX 06EroB in vitro Ha cpefe 523
N0Ka3a/io KpaHe HU3KUHM NpoLeHT KoHTaMuHauuu (1,1%),
YTO TOBOPUT O HU3KOM IIPOLIEHTE 3apPXKEHHOCTH UCXOLHOT0
Marepuasa. MakcuMaabHBIM KO3QQUINEHT pa3MHOKEHUS
B AivanasoHe 1,6-4,4 nojydusiv Ha NUTaTeNbHOU cpese MC5
c1wmr/a BAIlL, 0,1 mr/n UMK u 0,3 mr/n T'K. I[lonyuyenHas
in vitro KoJlIeKIusl BIOCAeACTBUU OY/leT UCII0/Ib30BaHa AJs
npoBefieHus1 SSR-MapkupoBaHusi 6MOpa3HOO6pPA3Us JJUKO-
pactyumux nonyasuuii P armeniaca, a Takxe JJisi OJIy4eHUS
Ca)KeHIleB, KOTOPble HCIO/b3YIOT AJIi BOCCTAHOBJIEHUS Jie-
IpaiupyOLMX NONY/IALHHN.
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Since its establishment, the Herbarium of Cultivated Plants of the World, Their Wild Relatives, and Weeds (the VIR Herbarium,
WIR) has fully embodied the Institute’s primary mission: to build a comprehensive collection representing the global diversity
of cultivated plants. One of the most active periods of collection growth occurred in the 1920s and 1930s, while N. 1. Vavilov was
at the head of the Institute. It was the time when VIR organized numerous collecting missions worldwide and enthusiastically
fostered international collaboration. This article examines the herbarium specimens that arrived between the 1920s and 1930s
from France and its dependent territories (Algeria, Morocco, Tunisia, and the French Mandate for Syria and the Lebanon) and
their sources. More than half of the specimens (2,765) represent various species and varieties of wheat, barley, goatgrass, vetch,
peavine, and flax, with grapevines also well represented (100-400 specimens). The most valuable part of the collection consists
of herbarium specimens collected directly from their natural habitats (originals), totaling 246 items. The remaining 3,948 spec-
imens were collected from the experimental fields of VIR’s departments where they had been grown from seeds originally ob-
tained in those countries. Vavilov’s collecting mission to the Mediterranean region (June 1926 - August 1927) supplied nearly
90% of the specimens to the VIR Herbarium. In addition to the collected samples, specimens were acquired from various scien-
tific institutions, including botanical gardens, seed companies, and research centers, as well as from personal plant holdings of
French scientists, such as Louis Blaringhem, Louis Charles Trabut, Léon Octave Ducellier, Emile Miege, and Félicien Boeuf.
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[lonosiHeHMe rep6apHou KosieKuuu BUP u3 dpanuuu
U NOAKOHTPOJIbHBIX eil TeppuTopuil B 20-30-e roanl XX Beka

JI. B. BarmeT?, E. C. Xa6.,10Ba?

I @edepanvhblii uccaedosamensvcekuil yenmp Beepoccutickutl uHcmumym 2eHemuyeckux pecypcog pacmeHutl
umeHu H.U. Basusosa, Cankm-Ilemep6ype, Poccus

2 HHcmumym ucmopuu ecmecmeo3HaHusi U mexHuku um. C.H. Basusosa Pocculickoli akademuu HayK,
Caukm-Ilemep6ypeckull punuan, Cankm-Ilemep6ype, Poccus

Aemop, omeemcmeeHHblil 3a nepenucky: Jlapuca Bragumuposna Barmer, .Lbagmet@vir.nw.ru

C MoMeHTa cBoero co3gaHus ['epbapuil KyJbTYPHBIX paCTEHUH MUPa, UX AUKUX POAUYel U cOpHBIX pacTeHul (lep6apuii BUP,
WIR) n0JIHOCTBIO OTpaXkaeT IVIaBHYO 33/ja4y YUpeXJeHHUs B 11eJI0M — CO3/laHMe KOJIJIEKIIUHY 06Pas31L[0B MUPOBOM KY/IbTYPHOH
¢dJ1opeI Bo BceM ee MHOT00o6pa3uu. OJHUM U3 HauboJsiee aKTUBHBIX 1€PHO/0B MOMOJHEHHUs KOJUIeKIUH cTaau 20—30-e rofsl
XX Beka, Korga MHCTUTYTOM pykoBozua H. U. BaBunos. imenHo B 3To BpeMa BUP opranusyeT MHOXeCTBO 3KCnefULUHI 110
BCEMY MHUPY U aKTUBHO HaJIa’KUBaeT MeX/AyHapOJHOe COTPYAHUYECTBO. B cTaTbe npoaHasn3upoBaHbl repbapHble 06pasLb
Y MCTOYHHUKH UX IOCTYIIJIEHHUS B TepOapHYI0 KOJIJIeKIHMI0 M3 PpaHLMU U TOJKOHTPOJIbHBIX el TeppuTOpuil (Amkup, Mapokko,
Tynuc, ®pannysckuit Mangat B Cupuu u JluBane) B 20—30-e roger XX Beka. bosiee nosioBuHbI 06pasnos (2765) cocTaBiasiioT
BH/Ibl U PA3HOBH/IHOCTH NUIEHUIIb], TAK)Ke IPe06JIajaloT SUMEHb, 3aTUJIOINC, BUKA, YHMHA, JieH, BUHorpaz, (ot 100 zo 400 o6pas-
1oB). CaMas LleHHas 4acTb KOJIJIEKIIMY — repOapHble 06pa3iibl, HA KOTOPBIX NPe/CTaB/IeHbl PACTEHHUs, COOpaHHbIE HENoCpes-
CTBEHHO B MeCTaxX UX MPOU3paCcTaHUs (OpUTHHAJBI): TAKUX 00pa3L0B B KossieKuu 246. OctanbHble 06pasubl (3948) cobpa-
HbI Ha ONBITHBIX MOJIAX oTAeseHU BUP ¢ pacTeHuH, BbIpaleHHbIX U3 OPUTHHAIbHBIX ceMsH. [Toutn 90% nocrtynuiu B ['ep-
6apwuiit BUP o pesysibraTam cpeu3deMHoMopcKol akcniegunuu H. Y. BaBusioa (utoHb 1926 — aBryct 1927 r.). [lomumo akcre-
JIMLMH, 06Pa3Lbl TOCTYNANH U3 Pas3/IMYHbIX HAyYHbIX yYpexJeHUH (6oTaHUYeCKHe ca/ibl, CEeMeHHble KOMITaHUH, UCCle[J0Ba-
TeJIbCKHE LIeHTPbI), a TAKXKe U3 NepCOHabHBIX c60poB ¢paHLy3ckux ydeHbIX (Jlyn Bnapunrewm, Jlyu llapae Tpa6io, Jleon
OxraB /[lrocenbe, IMuib Mbex u Penvcben bed).

Kawoueswie cioea: Tepbapuit BUP (WIR), H. U. BaBusios, rep6apHsliii o6pa3ern, PpaHiius, HaydHOe COTPYAHHUYECTBO

Baazodaprocmu: pa6oTa BbIIIOJHEHA B paMKax IOCyZlapCTBEHHbIX 3a/JaHUH BcepoccuiickoMy MHCTUTYTY reHETHYECKHX pe-
cypcoB pactenuit uMmenu H.U. BaBusiosa (BUP) no npoexty Ne FGEM-2022-0006 «PackpbITHe Hay4YHOTO NOTeHLHMaJa repbap-
HoM koJutekuuu BUP kak oco6oii cnennduyeckod eAMHUIBI XPaHEHUS MUPOBOTO arpo6Mopa3Hoo6pasus /i Hay4Ho 060cC-
HOBaHHOM M0oGU/IN3aL MK, 3G PEKTUBHOTO U3yYEeHHUS U COXpaHEeHHUs reHOPOH/a KyJIbTYPHBIX PACTEHUH U UX JUKUX POAHYEH»
c ucnosib3oBaHrueM GoHA0B [epbapus Ky/JbTypHBIX paCTEHUH MUpa, UX AUKUX pojudel u copHbIx pactenuit (WIR) u MucTH-
TYTy UCTOPUM ecTeCTBO3HaHUs U TexHUKH uM. C.U. BaBusnosa PAH, mpoekt N2 125031103505-6 «HMcTopus dpyHaameHTab-
HOM 61osioruu B XX BeKe: B3aMOCBA3b OTEYECTBEHHBIX U MEX/IYHaPOJHBIX IPAKTHUK UCC/Ie0BAaHUI».

ABTODBI 6/1ar0apAT PELIeH3eHTOB 3a UX BKJIAJ, B 9KCIIEPTHYO OLIEHKY 3TOH paboThl.

JAasi yumuposanus: barmert JI.B., Xa6s0Ba E.C. [lonosineHue rep6apHoii kosieknuu BUP u3 ®paHiiuu v o KOHTPOJIb-
HbIX el TeppuTopuii B 20-30-e roget XX Beka. Tpydsl no npukaadHoil 6omanuke, 2eHemuke u ceaekyuu. 2025;186(3):23-36. DOI:
10.30901/2227-8834-2025-3-23-36
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The Herbarium of Cultivated Plants of the World, Their
Wild Relatives, and Weeds (WIR) at the N.I. Vavilov All-Rus-
sian Institute of Plant Genetic Resources (VIR) is a unique col-
lection dedicated primarily to the preservation of cultivated
plant varieties. Its foundation at the Bureau of Applied Bot-
any! was laid by the personal collections of A. 1. Maltsev and
R. E. Regel in the late 19th and early 20th centuries. Initially,
the collection primarily included specimens of species, variet-
ies, and forms of domestically cultivated plant populations, as
well as weed species. By 1910, the herbarium contained over
12 000 sheets from more than 6000 locations (Borkovskaya,
Voskanyan, 1969). The most significant growth of the collec-
tion began after 1920, when N. I. Vavilov became the head of
the Department of Applied Botany. He envisioned the herbar-
ium as a comprehensive representation of the global diversity
of cultivated plants, systematically and geographically ar-
ranged (Vavilov, 1924). Under Vavilov’s leadership, VIR be-
came one of the leading institutions within the USSR’s net-
work of agricultural research institutes and centers (Vaviloy,
1990). The herbarium collection expanded substantially
through systematic collection missions, exchanges with So-
viet institutes, and collaborations with foreign scientific cen-
ters and private organizations. One of the most significant in-
ternational collaborations was with France.

Our study focuses on identifying herbarium specimens
from France and its controlled territories that were received
by the VIR Herbarium in the 1920s and 1930s. Given that the
main fund of the VIR Herbarium contains over 132 000 spec-
imens, our analysis concentrated on the plant families most
relevant to the agricultural regions of interest.

Scientific cooperation between Russia and France dates
back to the 18th century (Khablova, 2024). Despite communi-
cation challenges in the early 20th century, the USSR and
France enabled the continuation of scientific exchange (Fan-
do, 2023). Institutional ties were further reinforced through
personal connections among scientists, many of which had
been maintained since the prerevolutionary period. This was
particularly relevant for such Soviet professors who had
trained in Europe (Aleksandrov, 1996), as K. A. Flaxberger,
E. V. Wulff, L. I. Govorov, and others. In 1914, N. I. Vavilov com-
pleted an internship in France at the seed company Vil-
morin-Andrieux et Cie, which played a key role in establishing
scientific collaboration between VIR and French botanical
and agronomic institutions. Vavilov maintained close rela-
tionships with many leading French agronomists of that time,
engaged in regular correspondence with them, and exchanged
plant materials, thereby significantly enriching the Institute’s
collections (Vavilov, 1994).

The Mediterranean region had long been of great interest
to N. I. Vavilov. At the intersection of the Mediterranean and
West Asian centers of cultivated plant diversity he saw a vast
opportunity to further test the theoretical conclusions of his
theory on the centers of origin of cultivated plants. One of Va-
vilov’s largest collection missions began in France and ex-
tended across several its subordinate territories, including
Algeria, Tunisia, Morocco, and the French Mandate for Syria
and the Lebanon (Goncharov, 2012). Between June 1926 and
August 1927, Vavilov undertook an extensive journey across
Mediterranean countries with the aim of collecting the most
comprehensive material possible on local crop varieties,
studying the history of agriculture, and analyzing the condi-

!VIR has been renamed several times since its foundation: Bureau of
Applied Botany (1894); Department of Applied Botany and Breeding
(1917); All-Union Institute of Applied Botany and New Crops (1924);
All-Union Institute of Plant Industry (1930); currently the N.I. Vavilov
All-Russian Institute of Plant Genetic Resources (VIR).

tions of farming practices. This region particularly attracted
him due to its remarkable concentration of species diversity
and its deep-rooted agronomic traditions (Vavilov, 1987). Va-
vilov’s scientific and personal connections played a crucial
role in both the preparation and execution of the collection
mission. To carry out his research plan, obtaining visas was
essential. However, this process was complicated by the dip-
lomatic relations between the Soviet Union and France. Nu-
merous documents related to Vavilov’s Mediterranean collec-
tion mission were found in the Diplomatic Archives at La
Courneuve (Centre des Archives diplomatiques de La Cour-
neuve). Among them was a letter by Lucien Saint, the French
General Resident in Tunisia at that time, dated September 21,
1925, addressed to the Minister of Foreign Affairs (FRMAE
53CPCOM..., 1918-1940). In this letter, L. Saint affirmed
that all accommodations needed for the mission in Tunisia
were arranged and ready to be provided. However, French
authorities deemed it necessary to clarify Vavilov’s political
stance. Furthermore, the French representative in Petrograd
was asked whether the Soviet scientist confined his activities
to research or engaged himself in propaganda, which was
considered particularly inappropriate in North Africa and
Middle East at the time. During this period, Vavilov also con-
ducted research in the southeastern regions of France, ulti-
mately concluding that the Mediterranean coast had histori-
cally provided ideal conditions for the development of major
agricultural crops (Vavilov, 1987).

The issue of securing travel permits was resolved largely
due to the assistance of Madame Philippe de Vilmorin? head
of the Vilmorin-Andrieux & Cie seed company. She personally
met the French Minister of Foreign Affairs Aristide Briand and
Prime Minister Raymond Poincaré to advocate for Vavilov’s
journey (Vishnyakova, Loskutov, 2018). Additional support
came from French botanical institutions, notably from the re-
nowned professor Auguste Chevalier, director of the Institute
of Applied Botany. Vavilov had developed a strong collabora-
tion with Chevalier on desert reclamation efforts. As a result,
permission to visit French colonial territories was granted.

Between July and August 1926, Vavilov’s collection mis-
sion conducted extensive research across North African coun-
tries, including Algeria, Morocco, and Tunisia.

The route through Algeria was planned in collaboration
with L. C. Trabut, L. O. Ducellier, and the Ministry of Agricul-
ture. Major Saharan oases, as well as the regions of Sétif, Tim-
gad, Tiaret, and the mountainous areas of Algeria - key cen-
ters for the cultivation of cereal crops, particularly durum
wheat - were surveyed. Trabut and Ducellier’s expertise
played a crucial role in selecting valuable varietal material
and deepening the understanding of evolutionary processes
shaping North Africa’s cultivated flora (Vavilov, 1987). In Al-
geria, fieldwork was conducted in the vicinity of Biskra, Blida,
Khirane, Lambaesis, Mechtet er-Radj, Michelet, Oran, Orléans-
ville (now Chlef), Sétif, Philippeville (now Skikda), Tlemcen,
Frenda, Fort National (now Larbad Nath Irathen), and Mai-
son-Carrée (now El Harrach). The expedition collected speci-
mens of wheat, goatgrass, and barley (both herbarium sam-
ples and seeds), along with seeds of oats, flax, cotton, peavine,
vetch, cowpea, broad bean, beet, tobacco, groundcherry, and
melon.

In Morocco, Vavilov visited the Agricultural Research De-
partment in Rabat, where he met its director, Dr. Emile Mieége.
Miége shared his expertise on the country’s cultivated flora
and provided collection samples. The collection mission iden-
tified a remarkable diversity of cultivated plants, predomi-
nantly cereals and legumes, in the Atlas Mountains region.

2Her maiden name was Berthe Marie Mélanie de Gaufridy de Dortan.
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Surveys were conducted near Kasba Tadla, Marrakech, Rabat,
Taza, Fez, and Oujda. Near Taza, N. I. Vavilov gathered seeds of
a small-fruited, semi-cultivated melon known for its resis-
tance to pests and diseases. A herbarium specimen was later
grown at the Turkestan Breeding Station from these original
seeds (Fig. 1). Additionally, the collection mission collected
samples of wheat, goatgrass, oats, barley (both original and
reproduced specimens), sorghum, flax, vetch, cowpea, broad
bean, hemp, melon, cotton, and onion (reproduced speci-
mens).

Upon arriving in Tunisia, Vavilov met with Professor Féli-
cien Boeuf, director of the Colonial School of Agriculture in
Tunisia and a researcher specializing in cultivated plants.
Boeuf had prepared the Tunisian segment of the expedition’s
route in advance. Together, they traveled into the interior of
the country to survey its major agricultural regions, including
Ariana, Béja, El Kef, Siliana, and El Ksour. Vavilov particularly
noted the exceptional composition of Tunisia’s ancient durum
wheat varieties, which were characterized by diverse mix-
tures of multiple forms. The expedition collected herbarium
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Fig. 1. Herbarium specimen of small-fruited melon from Morocco (WIR-53006)
Puc. 1. Tep6apHbIii 06pa3ew MeJIKOIIOAHOM AbIHU U3 Mapokko (WIR-53006)
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of oat, as well as original and reproduced samples of wheat,
goatgrass, and barley. Additionally, specimens of cotton, flax,
vetch, cowpea, broad bean, peavine, hemp, and beet (repro-
duced samples) were brought back from Tunisia.

Between July 1925 and June 1927, insurgent Druze?
mountain tribes were engaged in a guerrilla war against
French forces in Syria, launching successful offensives. The
entire highland region south and southeast of Beirut was un-
der military rule. Despite these challenges, it was crucial for
N. I. Vavilov to reach the southern part of the country, particu-
larly the highlands of Houran, where wild wheat was known
to grow. While the collection mission did confirm the pres-
ence of wild wheat, Vavilov was even more intrigued by
a unique subspecies of cultivated wheat found in the region.
This wheat, later named “Hourani wheat” (Triticum durum
Desf. subsp. horanica (Vav.) Vav. var. horanoleucurum Vav. et
Jakubz.), displayed exceptional drought resistance, large
grains, a sturdy, non-lodging stalk, and a compact spike (Vavi-
lov, 1987). The flora of Syria and Lebanon demonstrated an
extraordinary wealth of wild relatives of cultivated plants.
Surveys were conducted in the vicinities of Hama, Homs, Hau-
ran, Suwayda, Aleppo, Behi, Mount Hermon, Damascus, Idlib,
Daraa, Lattakia, Maras, Salamiyah, Baalbek, Beirut, Bsharri,
and Brummana. Samples from the arid steppe regions of
northern Syria were of particular interest for the dry south-
ern regions of the USSR. Collected samples from this region
included herbarium specimens of rye, as well as of wheat,
oats, cotton, goatgrass, barley (original and reproduced sam-
ples), and reproductions of vetch, hemp, peavine, flax, cow-
pea, broad bean, cucumber, beet, sorghum, onion, melon, and
sesame.

The collection mission was originally planned to last six to
eight months but ultimately extended to over a year, making it
the longest of all N. L. Vavilov’s expeditions (Goncharov, 2012).
Atranscript of an evening radio broadcast from Kharkiv,
found in the Central Archives of Scientific and Technical Doc-
umentation of St. Petersburg, indicates that the collection
mission received media coverage. The broadcast stated that
its main objectives were to study agricultural production and
collect seed samples of cultivated plants, many of which were
largely unknown in the Soviet Union, for potential introduc-
tion into various regions of the USSR. It also noted that Vavi-
lov was the first Soviet citizen to visit several of the countries
on the collection mission route and that he received sub-
stantial support from agronomic and botanical institutions
(TsGANTD of SPb, F.R-318, Op. 11, D. 114, p. 88). Within the
VIR Herbarium, we identified 3,743 specimens associated
with the Mediterranean collection mission.

Based on data from herbarium labels, we reconstructed
the coordinates and created a map of collection sites for both
herbarium and seed accessions along N. I. Vavilov’s collection
mission route (Fig. 2).

As mentioned above, during the collection mission, Niko-
lai Vavilov cooperated with French colleagues who not only
helped with their knowledge but also provided herbarium
and seeds for VIR (Louis Blaringhem, Louis Charles Trabut,
Léon Octave Ducellier, and Félicien Boeuf) (Fig. 3).

Louis Blaringhem (1878-1958) was a botanist, agrono-
mist, geneticist, doctor of natural sciences, head of a depart-
ment at the Pasteur Institute, President of the French Botani-
cal Society and member of the French Academy of Sciences,
and author of more than 300 publications. Blaringhem was
one of the first French scientists to combine classical gene-
tics and agronomic science in his work (https://cths.fr/an/
savant.php?id=111835#). Louis Blaringhem made a practical

3 an ethno-religious group

contribution to the improvement of French agriculture by ap-
plying the method of individual selection of pure barley lines
from the main barley-growing regions (Bonneuil, Thomas,
2009). Blaringhem provided samples of Rivet wheat and
einkorn wheat, as well as their hybrids (herbarium speci-
mens).

Louis Charles Trabut (1853-1929) was a botanist, phy-
sician, director of the Algerian Botanical Garden and the Bo-
tanical Service of Algeria, and one of the main authors of the
multivolume Flora of Algeria. He was also the founder of the
Algerian Society of Horticulture (Société d'horticulture d’Al-
gérie). The focus of his scientific work was applied botany.
He published studies on the cultivation of olive trees, soy-
bean, cotton, cereals, and fruits, including the first descrip-
tion of clementines (https://www.alyasmina.org/archives/
battandier-trabut.html). N.I. Vavilov called Trabut a widely
educated florist and botanical geographer, an evolutionist,
and a great French expert in plant introduction, and pointed
out the value of his work on citruses for the subtropical re-
gions of the Soviet Union (Vavilov, 1987). Trabut provided
specimens of wheat, goatgrass and oat (original herbarium
specimens).

Léon Octave Ducellier (1878-1937) was a botanist, plant
breeder, head of an agricultural institute, and director of the
Centre for the Study of Cereals at the National Institute of Ag-
riculture in Maison-Carrée. He worked on crop breeding in
Algeria, including cereals, flax, and tobacco. He coauthored
the Catalogue of Plants of Morocco and studied North African
wheat while promoting forage crop production in the region
(https://data.bnf.fr/fr/documents-by-rdt/12193984 /te/
pagel?type=work). Ducellier provided samples of goatgrass
(originals and reproductions), oats, and vetch (reproduc-
tions).

Emile Miége (1880-1969) was a plant breeder, agrono-
mist, head of agricultural research in Morocco, director of
a genetic station, and founder of the Moroccan Agricultural
Society (Société des agriculteurs du Maroc). His work fo-
cused on wheat, barley, cotton, flax, maize, rice, sugarcane,
drought-tolerant fodder plants, and agronomic practice im-
provement. He authored over 250 scientific papers, with
major contributions on Moroccan durum wheat and barley
and Moroccan fodder plants (https://cths.fr/an/savant.
php?id=104426). Miége provided specimens of einkorn, goat-
grass, barley (originals), and vetch (reproductions).

Félicien Boeuf (1875-1961) was an agronomist, founder
and director of the Agronomic Experiment Station, and pro-
fessor of botany at the Colonial School of Agriculture in Tunis
(Ecole coloniale d’agriculture de Tunis). He authored works
on plant breeding and Tunisian wheat (https://cths.fr/an/
savant.php?id=121373). One of his most significant achieve-
ments was establishing the first French chair of genetics and
breeding at the Colonial School of Agronomy in Tunisia (Bon-
neuil, 2006). In 1936, he founded a genetics chair at the Na-
tional Institute of Agronomy (Institut National Agronomique)
in Paris (Bonneuil, Thomas, 2009). Vavilov admired Boeuf’s
large-scale efforts in Tunisia, particularly his establishment of
an agronomic station, which functioned as a full-fledged ap-
plied botany institute with substantial staff, laboratories, an
advanced meteorological service, and herbarium. Boeuf pro-
vided samples of flax and vetch (reproductions).

A significant part of the specimens came from botanical
and seed-breeding institutions in France, with one of the
most notable contributors being Vilmorin-Andrieux et Cie.
Founded in the 18th century, this private seed-breeding
firm remains active today (https://www.vilmorinmikado.
com/en/vilmorin-mikado). By the early 20th century, it was
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Fig. 3. French collectors: (top line, from left to right) Louis Blaringhem, Félicien Boeuf, and Léon Octave Ducellier;
(bottom line) Louis Charles Trabut, and Emile Miége

Puc. 3. ®paHuy3cKie KOJUIEKTOPBI: (BBepXy, c/ieBa Hanpaso) Jlyu Baapunrem, ®enucbeH bed,
Jleon-OkTaB [loccesibe; (BHU3Y) Jlyu llapub Tpa6io, IMuib Mbex

already one of France’s largest seed companies, known not
only for producing and distributing high-quality agricul-
tural seeds worldwide but also for its contributions to ge-
netics and plant breeding. The company developed France’s
first hybrid wheat cultivars, such as ‘Aurore’, ‘Prince Albert’,
‘Blé de Noél’, and ‘Bon Fermier’ (Laurent, 2015).

The private library of Vilmorin-Mikado, the enterprise’s
modern successor, preserves works by N. I. Vavilov (Vavilov,
1925,1929; 1951) and other VIR’s scientists (Barulina, 1930;
Bukasov, 1930; Tchingo-Tchingas, 1931). It also holds multi-
ple volumes of Proceedings on Applied Botany, Genetics, and
Breeding (Fig. 4), reflecting the firm's longstanding scientific
collaboration with VIR.

Ninety specimens were received from Vilmorin-Andrieux
et Cie. These are original herbarium specimens (honeysuckle,
goatgrass, wheat, and barley) and reproductions (eggplant,
broad bean, cowpea, vetch, flax, melon, rice, mountain ash,
beet, tobacco, tomato, and peavine).

The VIR Herbarium also holds specimens from other in-
stitutions in France and its controlled territories. The botani-
cal gardens of Rouen, Lyon, Toulon, and Bordeaux, the Botan-
ical Station in Brignon, and Maison Denaiffe et Fils seed com-
pany provided goatgrass (originals), West Indian gherkin,
eggplant, vetch, Indian mallow, flax, oats, rice, foxtail, and
groundcherry, which were reproduced in the Transcaucasia,
North Caucasus, Central Asian, Sukhumi and Ukrainian
Branches of VIR, and experimental fields in Detskoye Selo,

and Butyrsky Khutor. Several samples came from the National
Institute of Agriculture (Algeria). These are original samples
of oats and barley, as well as flax reproduced at the North Cau-
casus Branch of VIR, and beet reproduced at the Ukrainian
Branch of VIR.

The analysis of the origin of specimens showed that about
90% of the collected material represent plant samples deliv-
ered by Vavilov’s collecting mission (Fig. 5, a). We have found
3,746 specimens attributed to the Mediterranean collection
mission in the VIR Herbarium. Due to the difficulty of drying
and shipping, it was seldom to collect original herbarium
specimens; the collection contains only 246 such specimens,
including 191 from the collection mission (Fig. 6). Most her-
barium specimens are reproductions, i.e., plants grown after-
wards from the collected seeds in the fields of the Institute
and other experiment stations. The network of geographically
arranged plantings that existed at that time made it possible
to cultivate plant accessions under diverse climate conditions
to study their agronomic features. The complete list of exper-
imental fields where the plant samples involved in the study
were reproduced is presented in Table 1.

There were 54 specimens from French scientists, includ-
ing 49 specimens from personal collections. Botanical gar-
dens and seed companies provided 242 specimens, of which
11 were originals. For 155 specimens, only the country of or-
igin is indicated (France — 143, Algeria — 12); more detailed
information is not specified (see Fig. 5, a). They are pear sam-
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Fig. 4. Volumes of Proceedings on Applied Botany, Genetics and Breeding in the private library of Vilmorin-Andrieux
et Cie in La Ménitré (Feb. 08, 2022, photo by E. Khablova)

Puc. 4. Toma «Tpyz0B 110 NPUK/JIaAHONH GOTaHMKe, TeHeTUKe U ceJIeKIIMU» B YaCTHOM 6M6Iu0TeKe pUpMbI
Vilmorin-Andrieux et Cie B J/IJa-MeHnurpe (8.02.2022, poTo E. Xa6s10B011)

B France
m Algeria

m Collection mission ® French scientists ® Morocco

m Organizations = Unknown = Mandate for Syria and the Lebanon
B Tunisia

Fig. 5. Distribution of herbarium specimens according to their sources (a) and countries of origin (b)
Puc. 5. PacnpejeieHue rep6apHbIX 06pas10B 0 MICTOYHUKAM NOCTYIUIEHU (@) U cTpaHaM npoucxoxaeHus (b)
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Fig. 6. Herbarium specimen of rye collected by N. I. Vavilov in Syria (WIR-81903)
Puc. 6. Tep6apHbIii o6paser pxu, co6paHHblil H. U. BasuioseiM B Cupun (WIR-81903)

ples collected by V. V. Pashkevich at the Volyn Horticultural
School; vetch by E. I. Barulina at the Steppe Branch of VIR and
in Saguramo; flax by V.S. Muratova at the North Caucasus
Branch of VIR; tomatoes by V. I. Matskevich at the Ukrainian
and Steppe Branches of VIR; grapes at the Nikita Botanical
Garden, etc. The seeds of these samples were collected in the
following countries of origin.

The specimens were grouped according to their countries
of origin as follows. The largest number of specimens came
from Algeria (1160) and Morocco (1057); these were mostly
wheat from Vavilov’s collection mission. Then, there were
844 specimens from Syria and the Lebanon, and 628 from Tu-

nisia (see Fig. 5, b). The smallest number of specimens came
from France (508), which is quite logical, since the collecting
mission’s route covered only part of southern France, and
there were very few samples collected.

Among the herbarium specimens, cereals (wheat, oats,
goatgrass, and barley), forages (vetch, peavine, and broad
bean), industrial crops (hemp, flax, cotton, and tobacco), veg-
etables (beet, and tomato), and fruit plants (grapevine, and
pear) prevail. Other crops are represented by a few samples.
All species and varieties of specimens from France and its
subordinate territories stored in the VIR Herbarium are
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Table 1. Reproduction sites of the studied specimens in the regions of the Soviet Union

Ta6smna 1. Mecta penpoAyKIMY UCC/IeLyeMbIXx 06pa3noB B pernoHax Coerckoro Corosa

Name

Location

Magarach Ampelographic Collection

Yalta, Crimea

Belarusian Branch of VIR

Minsk, Belarus

Bratsevskaya Experiment Station

Moscow

Bykovskaya Melon Experiment Station

Lower Volga Region (now Volgograd Province)

Volyn Horticultural School

Volyn (now Zhytomyr Province) Ukrainian SSR (now
Ukraine),

East Transcaucasia Branch of VIR

Mardakan, Azerbaijan,

Detskoye Selo

Leningrad Province

Transcaucasia Research Institute of Cotton

Ganja, Azerbaijan

Institute of Botany of Azerbaijan

Baku, Azerbaijan

Krasny Pakhar Experiment Station”

Leningrad Province

North Caucasus Branch of VIR

North Caucasus (now Krasnodar Territory)

Steppe Branch of VIR

Voronezh Province

Maikop Experiment Station of VIR

Adyghe Autonomous Region (now Republic of Adygea)

Mliiv Horticultural Experiment Station

Cherkasy Province, Ukrainian SSR (now Ukraine)

Nemchinovka Research Institute of Agriculture

Moscow Province

Nikita Botanical Gardens

Yalta, Crimea

Experimental field in Saguramo

Saguramo, Georgia

Sochi Agricultural and Horticultural Experiment Station

Sochi, North Caucasus (now Krasnodar Territory)

Central Asian Research Institute of Cotton

Tashkent Region, Uzbek SSR (now Uzbekistan)

Central Asian Branch of VIR

Tashkent Region, Uzbek SSR (now Uzbekistan)

Sukhumi Branch of VIR

Sukhumi, Abkhaz ASSR (now Abkhazia)

Turkestan Breeding Station

Tashkent Region, Turkestan (now in Uzbekistan)

Ukrainian Branch of VIR

Kharkiv District (now Kharkiv Province, Ukrainian SSR
(now Ukraine)

Butyrsky Khutor Educational and Experimental Base

Moscow
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Table 2. List of taxa obtained by the VIR Herbarium from France and its subordinate territories
in the 1920s and 1930s

Ta6mmua 2. CNMCOK TAKCOHOB € TePPUTOPHHU PpaHIUM U NOJKOHTPOIBHBIX €l TepPUTOPHUI,
noctynuBmux B lep6apuii BUP B 20—30-e rogbi XX Beka

Modern scientific name Crop Modern scientific name Crop
Abutilon theophrasti Medik. Indian mallow C. lanatus (Thunb.) Matsum. & Nakai -//-
Aegilops biuncialis Vis. Goatgrass Corylus avellana L. Hazel
A. cylindrica Host -//- . , West Indian
Cucumis anguria L. herkin
A. kotschyi Boiss. -/ - &
A. neglecta Req. ex Bertol. -// - C. melo L. Melon
A. peregrina (Hack.) Maire & Weiller -// - C. sativus L. Cucumber
A speltoides Tausch. —//- Glycine max (L.) Merr. Soybean
A. squarrosa Cav . Gossypium barbadense L. Cotton
A. triticoides Link -// - G. herbaceum L. —//=
A. triuncialis L. -// - G. hirsutum L. -/ -
A umbellulata Zhuk. -/ - G. jumelianum (Tod.) Prokh. -// -
A. ventricosa Tausch. -/ - Hibiscus esculentus L. Okra
Allium cepa L. Onion H. roseus Thore -//-
A. porrum L. -/ - Hordeum bulbosum L. Barley
A. schoenoprasum L. -// - H. distichon L. -/~
Avena barbata Pott ex Link Oat H. murinum L. -/ -
A. byzantina K.Xoch -/ - H. spontaneum K. Koch -//-
A. eriantha Durieu -// - H.vulgare L. =/l -
A. eriantha Durieu -// - H.vulgare L. =/l =
A. fatua L. -//- Lathyrus annuus L. Peavine
A. longiglumis Durieu subvar. pubifolia | _ /) - L. articulatus L. -//-
Malz.
& L. cicera L. -//-
A. ludoviciana Dur. -//-
udoviciana Dur // L. clymenum L. _ /-
A. sativa L. -//-
sanva /1 L. gorgoni Parl. -// -
A. sterilis L. -// - ) ; ;
L. hierosolymitanus Boiss. -//-
A. strigosa Schreb. -// - -
L. sativus L. -//-
A. ventricosa Balansa -// -
Linum bienne L. Flax
Beta maritima L. Beet
L. maritimum L. -// -
B. vulgaris L. -// -
L. tenuifolium L. -//-
Brassica capitata DC. ex H. Lév. Cabbage
L. trigynum L. -//-
. Brown
B. juncea (L.) Czern. mustard L. usitatissimum L. -//-
B. napus L. Rapeseed Lonicera acuminata Wall. Honeysuckle
Cannabis sativa L. Hemp Lycium chinense Mill. Wolfberry
Capsicum annuum L. Pepper Lycopersicum esculentum Mill. Tomato
Cerasus vulgaris Mill. Cherry Malus domestica (Suckow) Borkh. Apple
Citrullus colocynthis (L.) Schrad. Watermelon M. floribunda Siebold ex Van Houtte -//-
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Table 2. The end
Ta6auna 2. OKOHYaHHe

Modern scientific name Crop Modern scientific name Crop
M. purpurea (A. Barbier) Rehder -// - T. dicoccoides (Korn. ex Asch. & Wild emmer
Graebn.) Aarons.
Medicago intertexta (L.) Mill. Alfalfa
) T. durum Desf. subsp. durum var. affine
M. sativa L. -// - Korn. Wheat
M. turbinata (L.) All =//- T. durum Desf. subsp. durum var. —-
Melilotus indicus (L.) All Sweetclover apulicum Korn.
Momordica charantia L. Bitter melon T. durum Desf. subsp. durum var. durum | = // =
. . . T. durum Desf. subsp. durum var.
Nekemias megalophylla (Diels & Gilg) Peppervine leucomelan (Alef) Korn -// -
J.Wen & Z.L. Nie PP : :
Lo . T. durum Desf. subsp. durum var.
Nicotiana acuminata (Graham) Hook. Tobacco leucurum (Alef) Korn. //
N. alata Link & Otto —//= T. durum Desf. subsp. durum var. .
N. glauca Graham -//- melanopus (Alef.) Kérn.
N. langsdorffii Schrank -/ - T. durum Desf. subsp. durum var. —//-
murciense Korn.
N. paniculata L. -// -
T. durum Desf. subsp. durum var. .
N. plumbaginifolia Viv. -//- niloticum Korn.
N. rustica L. -//- T. durum Desf. subsp. durum var. .
] i reichenbachii Korn.
Oryza sativa L. Rice
- T. durum Desf. subsp. durum var. .
Papaver somniferum L. Poppy valenciae Kérn.
Physalis peruviana L. Groundcherry T. durum Desf. subsp. horanica (Vav.)
Ph. philadelphica Lam. - Vav. var. horanoleucurum Vav. et -// -
Jakubz.
Pyrus communis L. Pear -
T. monococcum L. var. flavescens Korn. -// -
Raphanus sativus L. Radish
T. monococcum L. var. monococcum -// -
Secal t Guss. R
ecale montanum Huss ye T. monococcum L. var. vulgare Korn. -// -
Sesamum indicum L. Sesame T. turgidum 1. —//-
Setaria pumila (Poir.) Roem. & Schult. Foxtail Vicia benghalensis L. Vetch
S. verticillata (L.) P. Beauv. -//- V. ervilia (L) Willd. —//-
Solanum melongena L. Eggplant V. faba L. Broad bean
Sorbus aria (L.) Crantz Mountain ash V. fulgens Batt. Vetch
Sorghum bicolor (L.) Moench Sorghum V. narbonensis L. .
Triticum'aestivum L. subsp. aestivum Wheat V. pannonica Crantz -/ -
var. aestivum
; ; V. sativa L. -// -
T. aestivum L. subsp. aestivum var. .
ferrugineum (Alef.) Mansf. V. villosa Roth -// -
T. aestivum L. subsp. hadropyrum Vigna unguiculata (L.) Walp. subsp. Cowpea
(Flaksb.) Tzvel. var. erythroleucon -//- sesquipedalis (L.) Verdc. p
(Korn.) Mansf. ]
V. unguiculata (L.) Walp. subsp. —//-
T. aestivum L. subsp. hadropyrum unguiculata
Flaksb.) Tzvel. var. Korn. -//-
(Flaksb.) Tzvel. var. graecum (Korn.) /7 Vitis thunbergii Siebold & Zucc. Grapevine
Mansf.
T. compactum Host var. icterinum —//- V. vinifera L. — /-
(Alef.) Korn. Ziziphus lotus (L.) Lam. Jujube
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N3yyeHue U co3[aHUe KOJIJIEKL MM in vitro peJKUX MCYe3a0U X
pacTeHuH cemencTBa Rosaceae

A. C. 3emnoBal, H. A. AntaeBal, M. M. Apan6aeBa’, H. A. AprumoBud4?, A. B. Tosieren’?, C. B. Kymnapenko!,
E. 4. CarekoB!, H. B. [Ipemuna3, H. B. PomaganoBa'

THHcmumym 6uosio2uu u 6uomexHos02uu pacmetuti, Aamamsi, Kazaxcmau
2 Kazaxckull HAYUOHAaIbHbLI yHU8epcumem umeHu aas-Papabu, Aamamul, Kazaxcmau

4 3anadHo-Aamalickuii 2ocydapcmeeHHblll hpupodHblli 3anogedHuk, Puddep, KazaxcmaH

Asmop, omeemcmaeHHbI1l 3a nepenucky: AnvHa CepreeBHa 3eMI0Ba, zemtsovaaalina@gmail.com

AKTya/IbHOCTB. AKTya/IbHOCTb 06yC/I0BJIeHa He06X0JUMOCTbIO COXpPaHEeHHsI FTeHeTHYeCKOro pa3Ho06pa3rs peIKUX U ucye-
3al0lIUX pacTeHUH ceMelcTBa Rosaceae, KOTopble UTPalOT BaXKHYIO POJIb B IKOCUCTEMAX U UMEIOT LIeHHOCTb [IJIsl CeJIbCKOT0
X0351IMCTBA, MeIMIIUHBI U IeKOPAaTUBHOTO Cal0BOAICTBA.

MaTepuaJjibl 1 MeTOAbI. MaTepuaaoM AJis1 UCcleJ0BaHUs NOCAYKUIN 9 BUJIOB pacTeHUH ceMelicTBa Rosaceae, 3aHeCeHHbBIX
B Kpachyto knury KasaxcraHa.

Pesynbrathl. B pesysnbrare skcneaunuid cobpaHo AeBsTh BUJ0B pacTeHUl ceMelicTBa Rosaceae. [y miecTy BUIOB ONTUMHU-
3MpOBaHa MeTO/|0JI0TUsl BBeJIeHUS B Ky/IbTYPY in Vitro U MUKPOKJIOHA/JIbHOTO Pa3MHOXKeHHsI Ha OCHOBE HCI0J/1b30BaHUs NUTa-
TesIbHOU cpesibl Mypacure u CKyra c lo6aBJIeHHeM PeryisTopoB pocTa.

3akioueHue. Co3aHHasA KOJUJIEKLUS [n Vitro peIKUX U UCYe3allIuX pacTeHul ceMelcTBa Rosaceae siBasieTcst appeKkTus-
HBIM MHCTPYMEHTOM JIJISl UX COXPaHEeHHsI U BOCIPOU3BOACTBA. ITU MeTO/|bl 06eCeynBaloT JOJIT0CPOYHOE COXpaHeH e G1o-
pa3Hoo06pasus U co3/jal0T BO3MOXKHOCTH AJIs1 Ja/bHeHIIero UCrno/ib30BaHUsl TeHeTHYeCKOro MaTepuaJsa B HayYHbIX U IPU-
KJIaJiHBIX LeJIsX.

Kamwueswle caoea: Rosaceae, KpacHas kHura KasaxcraHa, reo60TaHUY€eCKOe U3y4YeHUE MONYJISUN, JECKPUIITOPHI, KOJJIEK-
uus in vitro

bsaazodapHocmu: paboTa BIIOJHEHA NIPU MOAAEPKKE IPaHTOBOro puHaHcupoBaHus npoekta AP19676010 MuHucTepcTBa
HayKH 4 Bbicuiero obpasopaHus Pecny6iuku KasaxcraH.
ABTOpBI 6J1arolapsT pelleH3eHTOB 32 UX BKJIaJ, B 3KCIIEPTHYIO OLEHKY 3TOU paGOThI.

Jaa yumuposaHnus: 3emuoBa A.C., AntaeBa H.A,, Apan6aeBa M.M., AptrumoBud H.A., Tosneren A.B., Kymnapenko C.B., CaTe-
koB E.{l., [Ipemuna H.B., PomaganoBa H.B. i3yyeHue u co3paHue KoJIJIEKIUH in vitro peKUX UCUYe3aI0LIUX PACTEHUN ce-
MelcTBa Rosaceae. Tpyds! no npuksaadHoli 6omaHuke, 2eHemuke u ceaexkyuu. 2025;186(3):37-56. DOI: 10.30901/2227-8834-
2025-3-37-56
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Studying and setting up in vitro collections of rare endangered plants
of the Rosaceae family

Alina S. Zemtsova', Nazira A. Altayeva’, Moldir M. Aralbaeva’, Natalya A. Artimovich!, Arman B. Tolegen'?,
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Background. The relevance is based on the need to preserve the genetic diversity of rare and endangered Rosaceae plants that
play an important role in ecosystems and are of value for agriculture, medicine, and ornamental gardening.

Materials and methods. Nine plant species from the Rosaceae family listed in the Red Data Book of Kazakhstan served as the
material for this study.

Results. Accessions of 9 Rosaceae species were collected by plant collecting missions. The in vitro initiation and micropropaga-
tion techniques employing the Murashige and Skoog medium with added growth regulators was optimized for 6 species.
Conclusion. The established in vitro collection of rare and endangered plants from the Rosaceae family is an effective tool for
their conservation and reproduction. The applied techniques ensure long-term conservation of biodiversity and create oppor-
tunities for further use of genetic material for scientific and practical purposes.

Keywords: Rosaceae, Red Data Book, geobotanical population study, descriptors, in vitro collection
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BBeaeHue

B cBeTe cTpeMUTeNBHOM yTpaTbl GHOpPa3HOOO6paA3Us
Y Ha/IBUTalolleiicss yrpo3bl MCUe3HOBEHUS] MHOXeCTBa BU-
JI0B pacTeHUH, 3a60Ta O COXpaHEHUM U 3alUTe PeAKUX
U yI3BUMBIX INpejcTaBUTeJed ¢Jopbl NpUBJeKaeT Bce
6oJiblilee BHUMaHHe Y4eHbIX. JTH 3eJleHble COKpPOBHILA Ha-
el 1aHeThbl, Hecylihe B cebe yHUKa/lbHble reHeTHYeCKue
KOZIbl Y HENOBTOPHMbIe 3KOCHCTEMHble POJIM, CTAaHOBSTCS
06bEKTOM IVTyOOKHUX UCCIe0BAaHUIN U HACTOATENbHBIX MPU-
3bIBOB K JIeHCTBUIO, IPUBOJS K CO3JaHUI0 GHOTEXHOJIOIUM
10 COXpPaHEHHUIO0 U BOCCTAHOBJIEHUIO JlerPaAUPYIOLUX MOIy-
asauuil (Myers et al.,, 2000; Molkanova et al,, 2015; Marchese,
2015).

CemercTBO Rosaceae HacuuThiBaeT 6oJiee 3000 BU/OB,
OTJIMYAIOMIUXCA 0 MOPPOJOTUIECKHUM U 3KOJOTHYEeCKUM
0COOGEHHOCTSAM, UTPAIOLIUX KJIYEeBYI0 POJIb B IOAAepKaHUU
61opa3Hoo6pasus U GyHKIMOHUPOBaHUSA 3KocucTeM. OJiHa-
KO B JJAaHHBI MOMEHT, B CBSI3U C pa3/IMYHbIMU aHTPOINOTEeH-
HBIMU U IPUPOAHBIMU BO3/]eICTBUSIMU, MHOTHE BU/Ibl pacTe-
HUH 3TOro ceMeHcTBa HaxXOJsATCA MOJ Yyrpo30d HMCUe3HOBe-
Hus (Mammadov, Abbaszade, 2022; Afifi et al., 2023; Petru-
zzello, 2024). KasaxcTaH, ¢ ero pasHoo6pa3HbIMU NPUPOJ-
HbIMU YCJIOBUSIMU Y yHUKaJbHON (JIOpOH, He sABJsAeTCHA
uckaoyeHueM. B KpacHyto kHury KasaxcTaHa 3aHeceHO
13 Buzi0B pacTeHull cemeiictBa Rosaceae: Cotoneaster kara-
tavicus Pojark.; Crataegus ambigua C.A. Mey. ex A.K. Becker,;
Drymocallis tianschanica (TH. Wolf) Sojak (B Kpachoit kHu-
re - Potentilla tianschanica TH. Wolf); Malus niedzwetzkyana
Dieck ex Koehne; Malus sieversii (Ledeb.) M. Roem.); Prunus
armeniaca L. (= Armeniaca vulgaris Lam.); Prunus tenella
Batsch (= Amygdalus ledebouriana Schlecht.); Prunus ulmifo-
lia Franch. (= Louiseania ulmifolia (Franch.) Pachom.); Rosa
cinnamomea L. (= Rosa pavlovii Chrshan.); Sibiraea laeviga-
ta (L.) Maxim. (Sibiraea altaiensis (Laxm.) Schneid.); S. tians-
chanica Pojark; Sorbus persica Hedl.; Spiraeanthus schrencki-
anus (Fisch. & C.A. Mey.) Maxim.) (Red Data Book..., 2014).

BoillenepeuncseHHble pacTeHUs] — 3TO yHUKaJbHble
BU/ABI, o6Jajialolive JIeKapCTBEHHBIMH, JAeKOPaTHBHBIMU
Y MUILEBbIMU CBOMCTBAMM, ABJSIOIMECS LEHHbIMU HUCTOY-
HUKaMU reHodoHja. [eHeTHyeckoe pa3Hoo6pa3ue BHYTpHU
3THUX BUJI0B [T03BOJISIET CeJlIeKL[HOHepaM pa3pabaTbiBaTh HO-
Bble COPTa, YCTOM4YUBBIE K 60JI€3HAM U U3MEHSIOUUMCS
KJIUMaTU4YeCKUM YCJ0BUSIM, YTO SIBJSIETCS BaXKHBIM YCJI0BU-
eM JJis1 obecrnedyeHus I71I06abHON NPOOBOJILCTBEHHOMU 6€e3-
onacHocTd (Romadanova et al., 2023; Petruzzello, 2024).

CoxpaHeHue 6HOpa3HOOOpasus TpebyeT MNpUMeHeHUs
MHOTOACIeKTHBIX CTpaTerui, HanpaBJIeHHbIX Ha MpeojoJie-
HUe KaK 3KOJIOTMYeCKHUX, TaK U aHTPONOTeHHbIX BbI30BOB.
CyliecTBYIOT KaK TPaAULMOHHbBIE, TaK U HETpPaJULHOHHbIE
croco6bl coxpaHeHus1 pactenuit ex situ (Hogg, 2012; Coelho
etal, 2020; Romadanova etal., 2023). K HeTpaJULLUOHHBIM
crnoco6aM OTHOCUTCSl B TOM 4YMCJIe U CPeJJHECPOYHOe COoXpa-
HeHUe B KyJIbTYpe TKaHel (x/1a0XpaHeHue) in vitro no6eron
[IPU HU3KUX [I0JIOKUTEJIbHBIX TeMIepaTypax oT 4°C no 12°C
(Kovalchuk etal., 2014; Kushnarenko etal,, 2020), a Takxe
KPUOKOHCepBallusl repMoOIIa3Mbl pacTeHUH NPU TeMIlepa-
Type -196°C (Popov etal, 2006; Kim etal, 2012; Coelho
etal, 2020; Kushnarenko et al.,, 2023).

HesaMeHUMOI TeXHUKOH B HacToslllee BpeMsl CTaJjo
CpeiHECPOUHOE COXpaHeHHUe in Vitro KoJIIeKUUH pacTeHUui
IpY HU3KUX MOJIOXKUTEJNbHBIX TeMIlepaTypax. HayuHble uc-
c/leloBaHUSA B JaHHOH 06/1aCTH IPOBOAATCS BO MHOTUX CTPa-
Hax 1o Bcemy Mmupy (Kumar, Reddy, 2011; Vinoth, Ravindhran,
2013), B ToMm uyuciae u B Kasaxcrane (Romadanova etal,
2023).

B nocsiesHee BpeMsl yCHEIHO UCIOJb3YIOTCS CIelHalb-
HO CO3/JaHHble KPUOTEHHbIE GaHKH, Npe/jHa3HaYEeHHbIe AJIs
JUJINTEJNIbHOTO XpaHEHHWsI I'eHEeTHYeCKOro Marepuaja IpHU
CBEPXHU3KHUX TeMIlepaTypax. ITO MPeAOoCTaB/ISET BO3MOX-
HOCTb HEOTPAaHHWYEHHOE BpeMs COXPaHATb Pa3HOOGPa3HbIE
TKaHU U OpraHbl PAacTEHUU B XKUJKOM a30Te, 0OecrnevynBasi
NOTEHLUaJbHYI0 pPereHepanuio U HCIO0Jb30BaHUE B IOJIe-
BbIX ycsoBusx (Kim et al., 2012; https://www.fao.org/home/
en; Lateur et al., 2022). KpuoreHHble 6aHKU pacTeHUH Urpa-
10T BaXXHYI0 POJIb B COXPaHEHUH FeHETHYECKOr0 pa3Hoo6pa-
3us1 GpJIOpbI, 0COOEHHO [T BUJIOB, HAXOASALIMXCSA 10/ YyIpo-
301 ucyesHoBeHus (Reed, 2008; Romadanova, 2023).

YcnewHble NpUMepb! U3 Pa3HbIX CTPAH AEMOHCTPUPYIOT
3)PEKTUBHOCTb PA3/IMYHBIX CTPATETMH U TEXHOJIOTUH CO-
XpaHEHHsl PaCTUTEJNbHOTO MaTepHasa, KOTOpble MOTYT GbITh
aZlallTUPOBaHbl Il NIPUMEHEHHUsI B Pa3/IMUHbIX pErvoHax,
BKJItouast KaszaxcraH. [[/1s1 JaHHBIX CIIOCOOOB COXpaHEHHs Te-
HETHYECKOI'0 MaTepuasa HeoOXOJHMMO HalMuHe acenTHde-
CKOH in vitro xosnekuuu. Ilesvio daHHoll pabombl sIBAsSLIACH
ONTHMU3ALUSA GUOTEXHOJOTMH MHUKPOKJIOHAJBHOIO pas-
MHOX€EHHs] repMOIIa3Mbl pacTeHUH ceMmelcTBa Rosaceae,
3aHeceHHbIX B KpacHylo kHury KasaxcTaHa, a Takke MOHHU-
TOPHUHT COCTOSIHUS NOMYJISLUH.

MaTepl/laJlbl U MEeTOAbI

06Bexkmul uccaedosaHus u.mecma c6opa pacmumeabHoO20
Mamepuana

Jlst c6opa pacTUTeIbHOI'O MaTepHrasia 6bLIM IPOBeJeHbl
3KCIeJULUU B NATh obsacTel KasaxcTaHa: AJIMaTHHCKYIO,
BocToyHo-KazaxcTaHckyto, 2KaMOblICcKyt0, MaHIUCTayCKY10
u TypkecTaHckyto. MecTa c60opa pacTUTeJIbHOrO MaTepuaja
MoKa3aHbl Ha pucyHKe 1. B pe3ynbraTe akcneauuuii 3a 2023-
2024 rr. cobpaHo fieBsATb BU0B (250 06pasnoB): Cotoneaster
karatavicus - 39, Crataegus ambigua - 40, Malus niedzwe-
tzkyana - 3, Malus sieversii - 55, Prunus tenella - 21, Prunus
ulmifolia - 15, Sibiraea laevigata - 31, Sorbus persica - 26, Spi-
raeanthus schrenckianus - 20.

OnucaHue nonysaayuti

JlJ1s1 OLleHKU COCTOSIHUA NMOoNynanuii ceMelicTBa Rosaceae
HCII0JIb30BAJIUCh JeCKPUNTOPHI, paspaboTaHHble [Ipojo-
BOJILCTBEHHOH U CEJIbCKOX035IUCTBEHHOM opranusanueit OOH
(https://www.fao.org/4/i1500e/Kazakhstan.pdf), MexayHa-
POJIHBIM HHCTUTYTOM TeHeTHUYeCKUX pPeCypCoB pacTeHUH,
EBpomnelickoll KoonepaTUBHOM HNpOrpaMMoOM MO reHeTH4Ye-
CKHMM pecypcaM pacTeHHUH v aBTopaMu cTaTbU (Lateur etal,
2022).B Tabauue 1 cogepKUTCS CIUCOK YCOBHBIX COKpallle-
HUM, NpUMeHseMbIX AJ1f 0603HaYeHUs JeCKPUIITOPOB U MOP-
dosoruyeckrx NpU3HaKOB pacTeHUH.

OnucaHue B JeCKPUINTOPAX OCYLIECTBJSJIOCH C y4eTOM
35-49 napaMeTpoB, BapbUPYIOIIUXCA B 3aBUCUMOCTU OT
BUJA. B NpUpoAHBIX YCI0BUAX KOOPAMUHATHI yY4acTKOB NPO-
n3pacTaHus QUKCUpoBasM ¢ nomombio GPS-HaBurartopa
eTREX®H Garmin Montana 750i. 06pas1ibl moMevyasau clienu-
aJIbHOM OGUPKOW C HOMepoM U AaTod c6opa. Mecrta c6opa,
GPS-koopAMHATBHl U BbICOTA NPOU3PACTaHUS pacTeHUU ce-
MelicTBa Rosaceae ykasaHbl B Tabuue 2.

Jas 6uomexHoso2udeckux pabom 8bINOAHSAAU CAE0YH0-
wee:

1. C6op muomoB. [lnoabl Kaxaoro o6pasua noMmellasu
B [IJIACTUKOBbIE KOHTeHHepbl 06beMOM 250 MJI ¢ KpbILIKON
WJIY B IOJIM3TU/IEHOBbIE NTaKeThl.

2.C6op nobGeros. [loberu pasmepom 15-30 cM cpe3anu
CeKaTOpOM M NOoMelaJud MeXAY IJIOTHBIMHU CJI0XEHHBIMU
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* Craraegus ambigua
+ Cotoneaster karatavikus + Prunus rtenella
* Malus niedzwetzivana % Prunus ulmifolia

+ Malus sieversii

* Sibiraea laevigata
W Sorbus persica
* Spiraeanthus schrenckianus

Puc. 1. Mecra c60pa pacTteHuii cemeiicrBa Rosaceae

Fig. 1. Rosaceae plant collecting sites

Ta6s1mna 1. CHUCOK YCIOBHBIX COKpaILleHU i

Table 1. List of abbreviations for descriptors and morphological characters

JleCKpUnTOphI Mopdgoioruyeckue npu3HaKu

BIIO BesnurHa 10108 06pasia AK AccuMeTpUYHad KpoHa or OTyinyHasA repMeTU3aL U

BKII BkycoBble kauecTBa IJIOL0B BIl Bes noBpexgeHui oM O4yeHb MeJsIKHE

BO BricoTa o6pasia BBC BesnuuuHa Bblllle cpegHeN K [unbyaThIi Kpa

I'B ['iy6riHa BOPOHKHU BHC BesnmuuHa HUXKe cpefiHer 16O [lnacTuHKa 6e3 onyiieHus

2005 MHTEeHCUBHOCTD LiBETA s1pa Bb B3pociioe 6osibHOE [1co [lracrunka criago
onyleHHas

KJI Kpait iucta BXK B3pocJibii xu3Hecnoco6Hbid | 1100 [L1ofoHOmeRKe y 06pasia
OTCYTCTBYET

0011 OcHOBHasl oKpacka IJI0JJ0B BIT B3pociiblil m10j0HOCALHN oo E;SACEZOKPYMM bopma

OCII ?u':;pblBaHHe CKOPJYHbLTIO B Boicokuii (-as) [1BK [l10Xre BKycoBble KayecTBa

[JIC [lnacTuHKa 1McTa CHU3Y r ['ycras [NI® | MosyumapoBugHas popma

I1 [lnofoHOWIEeHHE I'B ['ny6okasi BOpoHKa ITKO [ToHuKJ1as KpoHa o6pasua

[TKO [I10THOCTB KPOHBI 06pa3La K Kentoii 13 lpoposrosaro-
3JIIMITHYeCKas

TPY/IbI 110 TPUKJIAZTHOM BOTAHUKE, TEHETUKE U CEJIEKLIWH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(3):37-56



Zemtsova A.S., Altayeva N.A., Aralbaeva M.M., Artimovich N.A., Tolegen A.B.,

. 186 (3),2025 o

Kushnarenko S.V,, Satekov Ye.Ya., Premina N.V,, Romadanova N.V.

Ta6una 1. OKoHYaHHe
Table 1. The end

JlecCKpUnTOpPbI Mopd¢osiornyeckue npusHaKu
10 [InoTHOCTH 06Gpa3na KK 2KenTo-kpacHbI PIl Penkas nioTHOCTB
[I1 [l1oTHOCTD ONYIALUU 3 3eneHslii (-as) P Po3zoBbiit
I1c [IpoYHOCTE CKOPJIyTBI 3K 3es1eHOBaTO-XKeJThIA P3 Po3soBaTo-3enensli nBeT
co Cocrosinne o6pasua 3K 3y6uathblil Kpai PK Po3oBaTo-kpacHbIi
®BO PaxTypa BHewHeH 060/104KH KoIl Konnueckasi popma nioz0B CII CBeTJIbIH LIBET
IJIO/I0B
®KO | dopma kpoHbI 06pasua KII KpacHbrit CK CBeTJI0-KeJIThII
DJ1 ®dopma siucta Kb KpacHo-6ypbiit CIl Ciaboe myioZ0HOIIeHHE
oIl dopma o108 K3 KpacHo-3eseHblit COoII CunbHOOMNyLIEHHAsA
IJIaCTUHKA
. . Cna6oonyieHHas
LKII [lBeT KOXKypbl IJIOA0B KI'K Kpynnoropoa4yaTsiii Kpai CIlJI IACTHHKA IHCTA
LIMII | LiBeT MSKOTH IJIOAOB KK KpynHonuapyaThiil Kpait Q) Cpennuii (-s11; -ee; -ue)
K [eJI0CTHOCTD KOXKYpPBbI K Kpynuele CI10 CpeaHenopucTast 060J104Ka
Jlerko BcKpbIBaeMasi
1B [[lnpyHa BOPOHKU JIB cxopayma CA Crapoe gpsaxioe
MIIO | Manonopucrast 060J109Ka TB Tsxes10 BCKpblBaeMast
M Meskas (-ue) TK TeMHO-KpacHbIN
MI'K MeJsikoropozayaThii Kpai Yo YpnunenHas ¢opma
MIIK MesiKonu/IbYaTBINA KpaH VD Y iIMHeHHO- i1 eBUIHAs
NJIACTUHKHU dopma
MHII | MoJsio/j0¥ HEmI0 OHOCSII y Y3kasa
MIT MoJs1010¥ IJIOZOHOCSAIIU N XBK Xopoume BKycoBbie
KayecTBa
MeTsi0BHU/jHAsI KPOHA
MKO o6pasiia o Hunuugpudeckas ¢popma
H Huskas (-oe) K [llapoBUAHAs KpOHA
HKO HenpaBusibHast KpoHa 1 lupokas
o6pa3sna
OI1 O6HUIBHOE IJIO/IOHOIIEHHEe LIK HlupokonupamuaasbHas
KpOHa
OBII 06oJ104Ka 6e3 mop [IP® | Ilupokopackupucras popma
OIK O6paTHONHMpaMHuAanIbHase 1L [lInpoKoLUIMHAPHUYECKas
KpOoHa dopma
0Ao O6parHosaineBuaHas popma | LIP [llupokositeBuaHas ¢popMa
(0]0] OxpyrJas ¢opma 3P dnmuntryeckas popma
OK OKpyrJ/10-KOHUYeCKas Ad AnueBugHas popma
03 OKpyrJ/10-3JIMNITAYeCKas AK fApko-kpacHbIi
(0] OTKpbITas CKOpJyna
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KapTOHHBIMU JILCTAaMU pa3MepoM 42 x 59,4 ¢M [i/is1 USTOTOB-
JleHus repbapusi.

3. C6op yepeHKOB. YepeHKH CO COSALIMMU NMOYKaMHU pas-
MepoM 25-40 cM cpesasu ceKaTOpoM B Havaje MapTa. Ye-
pPEeHKH HCMO0JIb30BaIX AJIs1 IpopallMBaHuUs B Jab0paTOPHBIX
ycaoBusx (J1Y).

BgedeHue 8 kynbmypy in vitro

B JIY cemeHa Bcex 06pa3Li0B OYUILAIU OT MSIKOTH, IPOCY-
LIMBaJX U CTepuan3oBau B (1: 1) koMMepueckoM OTOesH-
BaTesie «bennsHa» (5-15% runox/jopuTa HaTpus, Lies04-
Hble KOMIIOHEHTHI < 5%, Bojia) B TeueHHe 5 MUHYT.

OnbiT 1 (01) - cemMeHa cTpaTUUIUMPOBAJU B IJACTH-
KOBBbIX KOHTelHHepax o6beMoM 300 MJI, 3al0OJIHEHHBIX Tlep-
autoM (Union Perlite, Anmatel, Kasaxcran; https://perlite.
kz) npu 4°C (8 Hezesb), ocBeleHHOCTb — 10 pmol m2 s,
8-uyacoBoil ¢oTomepuos (aKkJMMaTU3ALUSA B XOJOAHBIX
ycaoBusx, AX).

Yepe3s 8 Hefles1b KOHTeHHePb! EPEHOCUIN B CBETOKYJIb-
TypaJIbHyl0 KOMHaTy, TeMmnepatypa - 24 +1°C, ocBelyen-
HocTb — 40 pmol m2 s, poronepuon - 16 4 (craHAapTHBIE
ycaoBus, CY); oTpociine B pe3y/bTaTe noderu (1-2 cm) cre-
puinsoBaau B 0,1% HgCl, B Teyenue 4-9 MUH, NPOMbIBA/IH
CTepUJIbHOM BOON U moMeltany B npo6upku (150 x 25 mm)
(PhytoTechnology Laboratories, Lenexa, KS, USA) co cpegoit
Mypacure u Ckyra (MC) (Murashige, Skoog, 1962): 30 r/x ca-
xapo3sbl, 0,5 Mr/n 6-6ensunamuHonypuHa (BAIT), 0,02 mr/n
uHAoauAMacassHou kucaoTel (MMK), 1,75 r/n mxenpaiita,
4r/narapa, pH 5,7.

CemeHa cTpatuduLypoBand (8 Hefesb) B JIaCTUKOBBIX
KoHTelHepax o6bemMoM 300 ma B ycaoBusx AX, mocje 4ero
WX WY U30JIMPOBAaHHble U3 HUX 3apOAbllIeBble OCU CTEPU-
suzoBanu B 0,1% HgCl, B Teyenue 5 MUH U HMCNOJIL30BAIH
anst: OneiT 2/1 (02/1) - cemeHa npopaliuBaiu B Ipo6UpKax
B CY Ha cpezie Knona (Knop, 1865): 1 r/a Ca(NO,),, 0,25 t/n
MgS0,*7H,0, 0,25r/n KH,PO,, 0,125r/n KCI, 27,8 Mr/n
FeSO,*7H,0, 37,3 mr/an Na,EDTA*2H,0, 1,75 r/a mxesnpaiiTa,
4r/n arapa, pH 5,7; OnbiT 2/2 (02/2) - 3apoAsblllieBble 0CU
npopauiuBa/iu B npo6upkax B CY Ha cpesie Knomna; OnbiT 2/3
(02/3) - cemeHa npopauiuBaiy B npobupkax B CY Ha cpeze
MC; OnbiT 2/4 (02/4) - 3apojpbliieBble 0CH NMpopaLiiBaIn
B npo6upkax B CY Ha cpesie MC. KoHTpoJieM CyKuau: ceMe-
Ha, IpOpoLIeHHbIe B epnTe 6e3 cTpatudukanuu (K1); ce-
MeHa, IpopolleHHble B Ipobupkax B CY Ha cpefie KHomna 6e3
crpatudukanuu (K2); ceMena, npopolieHHble B IPOo6HUpPKax
B CY Ha cpezne MC 6e3 crpatudukanuu (K3).

B KyabTypy in vitro BBOAWIY Take noderu Prunus ulmi-
folia v Malus sieversii, noJlydeHHble NYTEM NpOpaLiMBaHUs
O/HOJIETHUX YepeHKoB B JIY B nepuop ¢ ¢eBpass no Mapr,
Y nobery, Npopocuiue B eCTeCTBEHHBIX YCJ0OBUAX B alpe-
e - Mae. YepeHKHM CO COALUMH NOYKaMU pasmepom 30-
40 cM o6pabaTblBaIM MBLIBHBIM PACTBOPOM MO/ NPOTOYHON
BO/IOM, MOCJIe Yero NpOBOAUIN NOBEPXHOCTHYIO CTepU/IN3a-
Mo pactBopoM (1 : 1) orbenuBaTens «benusHa» B TeueHUe
5 MuH. OCHOBaHHsI YepEHKOB NOTPy>Kaid B eMKOCTb C BOJOH
Ha Iy6uHy 15 cM, exxeJHEBHO MEHSIM Cpe3 U 0GHOBJIAIN
BoZy (Romadanova etal, 2016). [lo6eru, nojsyyeHHble U3
MPOPOCLIUX B ep/iuTe ceMsH (2-3 cM), U3 NPOPOCIIUX CIIsl-
mux nodek (1-2 cM), mpopocuive B eCTeCTBEHHOU cpejle
(pasMepoM 2-3 cM), IpOMBIBaIM B MBIJIBHOM pacTBOpe, 10-
cnie yero o6pabarbiBanu 0,1% HgCl, B cTepUIbHBIX YCIOBUAX
B TeyeHHe 5 MUH JJis1 06eroB, NPOPOCIIUX CHSALUX MOYeK
17 MUH [AJs1 106eroB, NMOJy4YeHHbIX U3 MPOPOCLIUX CeMSH
Y IPOPOCILIUX B eCTECTBEHHOH cpesie. 06paboTaHHbIE MOGE-
I'Y IOMeLla/Iu B Ipo6UpKHU co cpeoit MC, onvcaHHOM Bbllle
(Romadanova et al., 2016).

Kymnapenko C.B., Catekos E.f., [Ipemuna H.B., Pomaganosa H.B.

MukpoksaoHaabHOe pasMHONHCeHUe

Jl1a moJiydeHHs] BbICOKOTO Ko3dULMeHTa pa3MHOXe-
Hus (KP) ucnosnp3oBanu cpeay MC ¢ pa3/IMYHbIMU KOHLIEH-
TpauusaMU QUTOTOPMOHOB B 3aBUCHMOCTH OT TeHOTHIHA
(Ta6.1. 3). KP acenTrnyeckux no6eros nocse 4 Hefieib KyJbTH-
BUPOBaHMSA paccuUThIBaIu no ¢opmyse: P=a/Bc, rae «a» -
KOJIM4eCTBO 0OpPa30BaBLIMXCS MOGEroB, «B» — KOJUYECTBO
BbIC2XKEHHBIX M00EroB, «C» — KOJMYECTBO KyJbTUBHPOBAHUM.

CkpuHuH2 3H00UMHOU KOHMaMuHayuu

[losiy4eHHbI€e in Vitro moGeru TeCTUPOBAJM Ha HaIU4YHe
3HA0PUTHON MUKPOPJIOpPhl HA CHELHATU3UPOBAHHON cpe-
Ze 523: 10 r/n caxapossl, 8 T/ ruiposiM3aTa KaseuHa, 4 r/n
APOXOKEBOr0 3KCTpakTa, 2 r/nKH,PO,, 0,15 r/n1MgS0, -7H,0,
6 r/n mxenpauta, pH 6,9 (Viss etal, 1991), acenTuyeckue
no6eryu nepeHoCuJId B KyJbTypaJibHble cocyabl (237 M)
(PhytoTechnology Laboratories, Lenexa, KS, USA).

Cmamucmuveckull aHaau3

B sKcrepuMeHTax 10 BBEJEHUIO B KyJIbTYPY In vitro uc-
10JIb30Ba/Ik 10 14-56 n06eroB /s NpoBeAEeHHUS IKCIEPU-
MEHTA B TPEXKPATHOW MOBTOPHOCTHU. O61Iiee KOJUYECTBO 10-
6eroB, MH/IEKCHPOBAHHBIX C UCII0Jb30BaHUEM GaKTepHUasb-
HOUW MUTaTeJbHOU cpelbl 523, BapbUpoBaiock OT 14 1o 86,
B 3aBUCHMOCTH OT JJOCTYNHOCTHU 06pa3loB, MOJYYEeHHBIX
B K&X/10M 06pasle nociae uHunuanuu. CpeJHue 3HaA4eHUs
U cTaHgapTHas owmu6bka (SE) paccuuThIBaJd MO HOBTOPHO-
CTH 3KCIIEPUMEHTOB M MPOAHAJU3UPOBAJHU C MOMOLIbIO
JIMCIIEPCHOHHOr0 aHau3a. TecThl pa3zesieHus CpeJHUX 3Ha-
YeHUH BBINOJIHEHBI C UCIOJIb30BAaHUEM TecTa ThIOKH, IpU
P < 0,05 3Ha4eHHUs] CYUTAINUCh CYLIECTBEHHO Pa3IMYHBIMHU.
Bce aHaJsM3bl BBINOJHSAJIKCH C UCIOJIb30BAaHUEM NaKeTa
nporpamMmMHoro o6ecneyenus SYSTAT 13.0 (https://systat.
informer.com/13.0).

Pe3ysbTaThl U 06CYKAEHUE

OnucaHue NOMy/IAUA

PacnpesieneHne kauecTBEHHbIX MOPPOJIOTUUECKUX MPU-
3HAKOB B MONYJASLUSIX [IpeAcTaBjaeHbl (Tabu. 4). 061Ul BUj
pacTeHUH, MJI0AbI U Tepbapuit MoKasaHsl (puc. 2).

Cotoneaster karatavicus. OCHOBHble BU/bl PaCTUTEJIBHO-
CTU B palloHe cbopa momy/asiuuit - ato Acer platanoides L.,
Crataegus laevigata (Poir.) DC., Fraxinus excelsior L., Rosa spi-
nosissima L. [lopaxkaeMoCTb iepeBbeB He npeBbiliaeT 5-10%
(Hekpo3).

Crataegus ambigua. JoMHaHTHbIe BU/Ibl PaCTEHUH B Me-
cte npouspacranusi: Caragana grandiflora (M. Bieb.) DC,
Elaeagnus angustifolia L., Morus alba L., Rhamnus sintenisii
Rech. f. OTmMeueH Hekpo3 u Aphis pomi De Geer 35-70%.

Malus niedzwetzkyana. B mecTe c6opa nomnyasiguit orme-
yeHbl: Berberis heteropoda Schrenk, Prunus armeniaca, Ulmus
pumila L.

A610Hu nopaxkeHs! (20-65,7%) pasJMYHBIMU BpejuTe-
asamu: Cydia pomonella (Linnaeus), Hyphantria cunea Drury.,
Tetranychidae Donnadieu u 6akTepuajbHbIM 0xorom (Er-
winia amylovora (Burrill) Winslow et al.).

Malus sieversii. JloMUHaHTHbIe BHU/Jbl PacTEHUH B MecTe
c6opoB: Berberis heteropoda, Elaeagnus angustifolia, Lonicera
tatarica L., Prunus armeniaca v gpyrue. [lopaxxaeMocCTb Jiepe-
BbeB - 30,1%, B ocHOBHOM 310 Venturia pirina, Plasmopara
viticola u apyrue rpu6KoBO-p>KaBUMHHBIE 3a00J1eBaHUSsI.

Prunus tenella. B mecTe c6opa mnonyjasyuii oTMed4eHO
npouspacranue Lonicera tatarica, Rosa spinosissima, Spiraea
hypericifolia L., Stipa capillata L. Bpegutenu u 60J€e3HU He
BbIsiBJIeHbI (< 5%).
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Ta6smmna 3. BapyaHThI IMTaTeAbHBIX CpeJ, /i MUKPOK/JIOHA/IbHOTO pa3MHOXKeHUs N06eroB in vitro
pacrenuii cemeiicTBa Rosaceae

Table 3. Variants of nutrient media for Rosaceae plant shoot micropropagation

Ha3BaHue BU/Aa BapnaHTm nUuTaTeJIbHbIX CpeJj

1) MC c fo6asnenuem 30 r/n caxapossl, 0,5 mr/a BAIl, 0,01 mr/a UMK, pH 5,7;
2) MC ¢ 30 r/x caxapossl, 0,2 mr/n BAII, 0,01 mr/a UMK, pH 5,7;

3) MC ¢ 30 r/x caxapossl, 0,5 mr/a BAIl, 0,1 mr/a UMK, pH 5,7;

4) MC ¢ 30 r/n caxapossl, 0,5 mr/a BAII, 0,02 mr/a UMK, pH 5,7;

5) MC ¢ 30 r/x caxapossl, 0,5 mr/a BAII, 0,03 mr/a UMK, pH 5,7

Crataegus ambigua

1) MC ¢ 30 r/n caxapossl, 0,5 mr/a BAIL, 0,01 mr/in UMK, 7,0 mr/a FeSO,:7H,0,
9,3 mr/n Na,EDTA 2H,0, 166 mr/a CaCl,, pH 5,7;

2) %2 MC ¢ 30 r/n caxapossl, 0,5 mr/a BAIL, 0,01 mr/a UMK, 7,0 mr/n FeSO,-7H,0,
9,3 mr/n Na,EDTA 2H,0, 166 mr/a CaCl,, pH 5,7;

3) %2 MC c 20 r/x caxapossl, 0,5 mr/a BAII, 0,01 mr/a UMK, 7,0 mr/n FeSO,-7H,0,
9,3 mr/n Na,EDTA 2H,0, 166 mr/a CaCl,, pH 5,7;

4) %2 MC ¢ 20 r/n caxapossl, 1,0 mr/a BAII, 0,01 mr/n UMK, 7,0 mr/a FeSO,-7H.0,
9,3 mr/n Na,EDTA 2H,0, 166 mr/a CaCl,, pH 5,7;

5) %2 MC ¢ 20 r/x caxapossl, 1,0 mr/a BAII, 0,05 mr/a UMK, 7,0 mr/n FeSO,-7H,0,
9,3 mr/n Na,EDTA 2H,0, 166 mr/a CaCl,, pH 5,7

Prunus tenella

1) MC ¢ 30 r/x caxapossl, 1 mu1/a BAIL, pH - 5,7;

2) MC ¢ 30 r/a1 caxapo3sl, 0,5 M/ BAIL, pH 5,7;

3) MC ¢ 30 r/a1 caxapo3sl, 0,5 mu/n1 BAIL, 0,01 mr/an UMK, pH 5,7;
4) MC ¢ 30 r/n caxapo3sl, 0,5 mu1/1 BAIL, 0,05 mr/n UMK, pH 5,7;
5) MC ¢ 30 r/x1 caxapo3sl, 0,5 ms1/n1 BAII, 0,02 mr/n T'K, pH 5,7

Prunus ulmifolia

1) MC ¢ 30 r/x caxapossl, 0,5 mr/a BAIL 0,01 mr/a UMK, pH - 5,7;

2) MC c 30 r/a caxapossl, 0,5 mr/a BAII, 0,01 mr/a UMK, 0,1 ma/n TK, pH 5,7;
3) MC ¢ 30 r/x caxapossl, 1 mr/a BAIl 0,01 mr/a UMK, 0,1 ma/a TK, pH 5,7;
4) MC c 30 r/n caxapossl, 1 mr/a BAIl, 0,01 mr/a UMK, 0,2 ma/n TK, pH 5,7;
5) MC c 30 r/n caxapo3sl, 1 mr/a BAIl 0,01 mr/a UMK, 0,3 ma/a TK, pH 5,7

Sibiraea laevigata

1) MC ¢ 30 r/x caxapossl, 0,5 mr/a BAIL 0,01 mr/a UMK, pH 5,7;

2) MC c 30 r/a1 caxapo3sl, 1,0 mr/a BAIl, 0,01 mr/a UMK, pH 5,7;

3) MC ¢ 30 r/x1 caxapo3sl, 0,5 mr/a BAIl, 0,1 mr/n UMK, pH 5,7;

4) MC ¢ 30 r/n caxapossl, 1,0 mr/n BAIL, 0,1 mr/n UMK, pH 5,7;

5) MC ¢ 30 r/x1 caxapo3sl, 0,5 mr/a BAIl, 0,01 mr/a UMK, 0,1 mr/a 'K, pH 5,7;
6) MC c 30 v/ caxapo3sl, 0,2 mr/a BAIl, 0,02 mr/a UMK, pH 5,7;

7) MC ¢ 30 r/x caxapossl, 0,1 mr/a BAIl, 0,01 mr/a UMK, pH 5,7

Spiraeanthus schrenckianus

Ta6smmua 4. PacnipesesieHne Ka4eCTBEHHBIX MOP(OJIOrH4ecKUX NPU3HAKOB y AUKOPACTYLIUX BULOB PaCTeHUH
cemericTBa Rosaceae

Table 4. Distribution of qualitative morphological characters in Rosaceae wild plant species

,L[l::::ﬁl;:z p/ o KoJ1-Bo KosimuecTBo 06pa3nos, %

Cco 9 BX (7/77,8) MII (2/22,2)

E @0 9 0D (7/77,8) | M (2/22,2)

g 1o 9 I'(2/22,2) C(6/66,7) PIT (1/11,1)

]

E | 9 CI (7/77,8) C(1/11,1) Ol (1/11,1)

§ DI 9 Ao (8/88,9) yad (1/11,1)

g DIl 9 Hd (4/44,4) OK (5/55,6)

= LIKII 9 Kl (2/22,2) K3 (3/33,4) PK (2/22,2) KB (2/22,2)
LK 9 C (8/88,9) BIT (1/11,1)
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Ta6auna 4. [Ipogonxenue
Table 4. Continued

Agf;:;ﬁ:; p/ o KoJu1-Bo KosinyecTBo 06pa3nos, %
1M 21 H (5/23,8) C(16/76,2)
o co 21 BX (8/38,1) MII (4/19,1) MHII (9/42,9)
§ @0 21 0d (12/57,2) | NP (9/42,9)
g 1o 21 PII (10/47,6) C(11/52,4)
§ ®J1 21 A (20/95,2) VAD (1/4,8)
§ | 8 1100 (13/61,9) CI (2/9,6) C (4/19,1) OI1 (2/9,5)
§ oI 8 L (3/37,5) A (2/25,0) OK® (3/37,5)
= LKII 8 K3 (3/37,5) P3 (3/37,5) 311 (1/12,5) PIl (1/12,5)
LK 8 C (4/50,0) BII (4/50,0)
M1 9 H(1/11,1) C (8/88,9)
o co 9 BXK (4/44,4) MII (5/55,6)
§ ®0 9 0 (5/55,6) TILD (4/44,4)
:g 1o 9 C (8/88,9) PIT (1/11,1)
g | 9 CIl (2/22,2) € (2/22,2) 0TIl (5/55,6)
§ I 9 Ad (7/77,8) yad (3/22,2)
§ oI 9 1d (2/22,2) 0K (7/77.,8)
= LK 9 KL (3/33,3) K3 (3/33,3) P11 (3/33,4)
LK 9 C(1/11,1) BI1 (8/88,9)
nn 10 H (9/90,0) € (1/10,0)
% BO 10 H (5/50,0) € (5/50,0)
"g ®KO 10 1K (1/10,0) AK (9/90,0)
?‘P [TKO 10 C(9/90,0) PI1 (1/10,0)
‘§ | 10 CIl (4/40,0) C (6/60,0)
E BIIO 10 M (3/30,0) C (7/70,0)
BKII 10 TBK (1/10,0) XBK (9/90,0)
g | CO 10 BXK (4/40,0) MII (6/60,0)
= ,§°§° KO 10 € (5/50,0) PI1 (5/50,0)
&5 | 10 CIl (3/30,0) C (6/60,0) OI1 (1/10,0)
. co 10 BX (3/30,0) MII (7/70,0)
§° § ®KO 10 1K (3/30,0) AK (7/70,0)
§ E KO 10 € (9/90,0) PII (1/10,0)
= | 10 CII (1/10,0) € (7/70,0) 011 (2/20,0)
o co 10 BX (9/90,0) MII (1/10,0)
§° § KO 10 C (6/60,0) PII (4/40,0)
§ % | 10 CIl (5/50,0) C (4/40,0) OI1 (1/10,0)
= BKII 10 C (3/30,0) XBK (7/70,0)

H
(=)}
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Ta6smua 4. [IpogomxeHue

Table 4. Continued

,Z[l::i::llr::s p/ o Koji-Bo Kosin4ecTBo 06pa3nos, %
®KO 2 MKO (1/50,0) | HKO (1/50,0)
5 TKO 2 T (1/50,0) C (1/50,0)
f§ Il 2 Y@ (1/50,0) A (1/50,0)
§ TJIC 2 MBO (1/50,0) | TCO (1/50,0)
i K1 2 MK (1/50,0) | MIIK (1/50,0)
< oI 2 0® (1/50,0) K& (1/50,0)
= LKI 2 P (1/50,0) KB (1/50,0)
1B 2 v (1/50,0) C (1/50,0)
il 35 H (14/40,0) C (19/54,3) B (2/5,7)
co 35 Cll(4/11,4) MHII (3/8,6) BX (20/57,1) MII (5/14,3) BE (3/8,6)
BO 35 H (5/14,3) C(16/45,7) B (14/40,0)
®KO 35 1K (3/8,6) M (8/22,9) 0® (18/51,4) | HKO (6/17,1)
MKO 35 T (9/25,7) C (19/54,3) PII (7/20,0)
1 35 100 (2/5,7) CIT (24/68,6) C(5/14,3) Ol (4/11,4)
. Il 35 3D (4/11,4) Yo (2/5,7) Ad (20/57,1) e (9/25,7)
§ TJIC 35 CIIJI (17/48,6) | COM (18/51,4)
E KJI 35 MIK (1/2,9) | MIIK (13/37,1) | KK (21/60,0)
% oI 33 0P (27/81,9) no®d (1/3,0) OK (5/15,1)
= BIIO 33 M (14/42,5) BHC (8/24,2) C(8/24,2) BBC (3/9,1)
BKII 33 TBK (26/78,8) C(7/21,2)
M 33 3(30/90,9%) K (3/9,1)
0oI1 33 3(21/63,6) 3K (8/24,2) CXK (2/6,1) KK (2/6,1)
1K 33 C(29/87,9) Bl (4/12,1)
B 33 M (12/36,4) C (16/48,5) T'B (5/15,1)
1B 33 v (9/27,3) C(23/69,7) 111 (1/3,0)
T 19 H (9/47,4) C(6/31,6) B (4/21,0)
co 19 BXK (8/42,1) MII (2/10,5) BE (9/47,4)
BO 19 H (1/5,3) C(5/26,3) B (13/68,4)
. ®KO 19 MK (7/36,8) | O® (10/52,6) MKO (1/5,3) HKO (1/5,3)
§ MKO 19 T (10/52,6) C (9/47,4)
g n 19 CIl (7/36,8) C(6/31,6) 01 (6/31,6)
§ J 19 AP (6/31,6%) | VAP (7/36,8%) | 0P (2/10,5) 3D (4/21,1)
=
TJIC 19 nBO (1/53) | CIUI(10/52,6) | COI (8/42,1)
KJI 19 KK (6/31,6) MIIK (7/36,8) MK (2/10,5) MK (4/21,1)
oI 19 0d (9/47,4) noad (1/5,3) e (1/53) | KOI (8/42,1)
BIIO 19 M (1/5,3) BHC (5/26,3) € (10/52,6) BBC (2/10,5) K (1/5,3)
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Ta6auna 4. [Ipogonxenue
Table 4. Continued

Agjlj;:l;:s p/ o Kou1-Bo Kosan4yectBo 06pa3nos, %
N BKII 19 TBK (10/52,6) C (8/42,1) XBK (1/5,3)
§ 0011 19 3(10/52,6) 3K (9/47,4)

g LK 19 C(15/78,9) BII (4/21,1)
§ I'B 19 M (5/26,3) C(11/57,9) B (3/15,8)
= 1B 19 Y (3/15,8) C (13/68,4) 11 (3/15,8)
co 20 BX (7/35,0) BII (7/35,0) MII (3/15,0) MHII (3/15,0)
BO 20 H (6/30,0) € (7/35,0) B (7/35,0)
g KO 20 I (2/10,0) C (10/50,0) PII (8/40,0)
E | 20 100 (2/10,0) CI1 (18/90,0)
g BIIO 18 OM (1/5,6) M (2/11,1) C (15/83,3)
g
- ®BO 18 OBII (2/11,1) | MIIO (13/72,2) | CIIO (3/16,7)
- ocul 18 Or (13/72,2) 0C (5/27,8)
1c 18 TB (14/77,8) JIB (4/22,2)
uus 18 Cl1 (12/66,7) C (6/33,3)
co 15 BX (8/53,3) MII (7/46,7)
s | 15 100 (7/46,7) CIl (8/53,3)
% BO 15 H (4/26,7) C(11/73,3)
g ®KO 15 MK (7/46,7) | OIIK (8/53,3)
Qi KO 15 T (9/60,0) C (6/40,0)
= ®J1 15 3D (4/26,7) vy (4/26,7) 1D (7/46,7)
oI 15 0d (7/46,7) L® (8/53,3)
LKII 7 K (4/57,1) TK (3/42,9)
il 10 H (2/20,0) C (4/40,0) B (2/20,0)
§ co 10 BB (1/10,0) BX (5/50,0) MII (4/40,0)
;§ BO 10 H (4/40,0) B (6/60,0)
§ KO 10 T (4/40,0) C (5/50,0) PI1 (1/10,0)
;’ | 10 CI (7/70,0) C(2/20,0) OI1 (1/10,0)
LK 10 C (4/40,0) BI1 (6/60,0)
co 21 BX (19/90,5) MII (2/9,5)
BO 21 € (5/23,8) B (16/76,2)
E *é ®KO 21 0d (9/42,9) MKO (9/42,9) | HKO (3/14,3)
g § KO 21 T (19/90,5) C(2/9,5)
| 21 C (4/19,0) 011 (17/81,0)
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Ta6una 4. OKOHYaHHEe
Table 4. The end

Ha3sBanue /

JecxpumTophl Kou-Bo KosinuecTBO 06pa3uos, %
il 21 H (7/33,3) C(1/4,8) B (13/61,9)
Co 21 BX (12/57,1) | MHII (9/42,9)
% BO 21 H (8/38,1) € (9/42,9) B (4/19,0)
S
g ®KO 21 OIIK (17/81,0) 0d (4/19,0)
=
g KO 21 I (3/14,3) C (15/71,4%) PII (3/14,3)
OJ1 21 3P (3/14,3) 19 (4/19,0) 09 (14/66,7)
TJIC 21 CILI (8/38,1) | COI (13/61,9)
co 5 BX (1/20,0) MII (1/20,0) MHII (3/60,0)
S BO 5 H (3/60,0) B (2/40,0)
Y
g dKO 5 OIIK (4/80,0) HKO (1/20,0)
=
S KO 5 C (3/60,0) PII (2/40,0)
®J1 5 3® (1/20,0) 13 (1/20,0) 03 (3/60,0)
o 11 12 H (9/75,0) C (3/25,0)
<
%: co 12 BX (11/91,7) MII (1/8,3)
% BO 12 H (9/75,0) € (2/16,7) B (1/8,3)
%
é KO 12 I (2/16,7) € (7/58,3) PII (3/25,0)
S
E‘, | 12 CIl (3/25,0) C (5/41,7) OIl (4/33,3)
= BIIO 12 C (8/66,7) BBC (4/33,3)
< [ 8 B (7/87,5) C(1/12,5)
S
% BO 8 H (7/87,5) C(1/12,5)
g g
S§ | ®KO 8 1K (6/75,0) ILP® (2/25,0)
S S
.U% KO 8 r(7/87,5) C(1/12,5)
= BIIO 8 M (1/12,5) C (4/50,0) BBC (2/25,0) BHC (1/12,5)

[IprMeyaHue: cOKpalleHH!s IpUBe/ieHbl B Tabauie 1 (cM. pasjen «MaTeprabl U METO/bI»)

Note: abbreviations are deciphered in Table 1 (see the Material and Methods section)
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A) Cotoneaster karatavicus o6pasen Ne 3 (I11); B) Crataegus ambigua (113); B) Malus sieversii (112); T') Prunus tenella (I11);
) Sibiraea laevigata (111); E) Spiraeanthus schrenckianus (I11)

Puc. 2. 061mii BUJ, JIOAbI U repGapuii pacTeHuii cemeiicTBa Rosaceae

Fig. 2. General appearance, fruits and herbarium of Rosaceae plants

Sibiraea laevigata. B mecte c6opa mpouspacrtanT Rosa
spinosissima, Daphne altaica Pall. u Lonicera tatarica. Bce ky-
CTApHUKHU MOPAXKEHBI T/IeH, OTMevyaeTcs MopakKeHre MyYHH-
CTOW POCOH U IPUGKOBO-pKAaBUMHHBIMU 3a601€BaHUSIMHU.

Prunus ulmifolia. OTMedeHo ci1aboe niojoHoIEeHHE. Bpe-
JAuTesed 1 3a60/1eBaHUI He 06HAPYKEHO.

Sorbus persica. JoMiHaHTHbIE BU/Ibl pACTEHUH B MecTax
c6opa: Cerasus tianshanica Pojark., Crataegus turkestanica Po-
jark., Juniperus semiglobosa Regel, Filipendula vulgaris Mo-
ench, Fraxinus sogdiana Bunge u fpyrue. OTMedeHO nopaxe-
HUe pxkaBYMHON - 19-31,7%. Il10j0HOIIEHKEe OTCYyTCTBOBA-
JI0.

Spiraeanthus schrenckianus. llonynsiuuu ¢ Gaultheria pro-
cumbens L. bopMUPYIOT KycTapHHUKOBBIe 3apocu. [lopaxae-
MOCTBb pacTeHUH! - 5%, Ha Tpex 06pasnax 6bLIM 06HAPYKEHBI
KOKOHBI NTayKoB (Argiope bruennichi Scopoli).

Bsedenue 8 kyabmypy in vitro

Jlns BBeZileHUs B KyJAbTYpY in vitro Crataegus ambigua wuc-
0JIb30BaJ/IU CEMeHa, KOTOpble NPOpaLMBaJIU B IEPJIUTE, OJ1-
HaKo popacTaHud He oTMeyasu. CeMeHa GOSpBILIHUKA 3a-
IMIIEeHbl TOJICTON CKOPJIYNOH, B IPUPOJHBIX YCJIOBUAX MPU
nonaZlaHuM IJIO0OB B 3eMJII0 MAKOTh ILJIOJA CIHUBAET,
a CKopJlyna pasMArdaeTcs, COOTBETCTBEHHO /Il TpopacTa-
HUd ceMsH B JIY Tpe6yeTcs 6osblie BpeMeHH. [loaTomy s
BBeJ/IeHUd B KyJIbTYPY in vitro GblJIM UCI0JIb30BaHbl U30JIU-
poBaHHbIe 3apoabiiieBble ocu (Tabs. 5, puc.3) (Kheloufi
etal, 2019). ina Malus sieversii u Sibiraea laevigata makcu-
MaJ/IbHbIH NPOLIEHT BBeJeHUs B KyJIbTYPY in vitro mnojy4asu
Npy BBeZileHUHW npopocTKoB B O1, ass1 Prunus tenella makcu-
MaJ/IbHbIM TNPOLIEHT BBeJEeHUA B KYJIbTYpPY in vitro moJjydeH
IpHU BBeJIeHUH 3apo/blieBbIX ocell Ha cpey KHoma B 02/2,

nns Spiraeanthus schrenckianus MaKCHUMaJIbHBIM MPOIEHT
nosydyeH B 02/1. CineayeT OTMETUTB, 9YTO y BCeX 06pasljoB
crpatudukanus npu 4°C yBesryuBaIa NPOLEHT BCXOXKECTH
ceMsH. [IpopamuBanue ceMsH in vitro Ha cpege MC gaBasio
CTAaGUJIbHO HU3KHe pe3y/IbTaThl BCXOXKECTH BO BCEX BapHUaH-
TaX. YKM3HeCnoco6HOCTh CeMSIH W 3apO/bIIIEBBIX OCEH M10-
CTAaTOYHO BBICOKAsl, TAaKKe OTMe4YeH HU3KHUH NPOIEHT II0-
BepXHOCTHOH (7,2%) v BHyTpeHHeH (22,1%) KOHTaMUHALIUX
B cpeJlHeM M0 o6pasiaM. CeMeHa, B OTJIMYHE OT MOGEroB,
B MEHbIIEH CTeNeHH Mo/BepKeHbl MHPUIIMPOBAHUIO U3BHE,
M03TOMY B 60JIbIIEH YacTH OCTalOTCs cTepuabHbIMU (Shaik,
Thomas, 2019).

BhIsIBJIEHO, YTO 062 MeTO/A MOAXOAAT AJIs1 BBEJEeHUs I10-
6eroB B KyJIBTYpY in vitro B pa3Hoe BpeMs rojia ¥ py BapH-
aHTe HEeJIOCTYIHOCTH ceMsH. [IpoIeHT »KH3HeCnoCO6HOCTH
B CpeJlHEeM IPU NEePBOM criocobe coctaBua 57,4%, mpu BTO-
poM - 47,6%. /locTOBEepHBIX OTJIMYMN MeXy BapuaHTaMu He
0GHApYKEHO.

Jl1a BBeleHUd B KYJIBTYPY in Vitro UCNOJIb30BalN TaKXe
no6eru Prunus ulmifolia u Malus sieversii, npopociine U3 de-
peHKOB B JIY, 1 mo6ery, mpopociire B eCTeCTBEHHBIX YCI0BH-
ax (puc. 3, 4).

MukpoksaoHaabHOe pa3mMHoNiceHUe

CocTaB NUTATEJBHOUN Cpefbl /11 Pa3MHOXKEHUS B KyJIb-
Type TKaHel OKa3bIBaeT IVy0oKoe BIUSIHUE KaK Ha UHAYK-
[[MI0 00Pa30BaHUS NMPUIATOYHBIX NOGEroB, TaK U HA CTUMY-
JIMpOBaHMe mposndepanuy nasymHblx noberoB (Bonnart
etal., 2022; Pasternak, Steinmacher, 2024). Cpega MC (Mu-
rashige, Skoog, 1962) yacTo ycmemHoO HCHOJb3yeTCs AJs
Ky/JIbTUBUPOBAHUS MOOETOB B KyJIbTYpE in vitro, a ee J0MoJ-
HeHHe QUTOrOPMOHAMU CJIY>KUT MHCTPYMEHTOM JiJISl pery-
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Ta6smua 5. BBegeHue B KyJIBTYpYy in vitro pactenuii cemeiicrBa Rosaceae
Table 5. In vitro initiation of Rosaceae plants

o | E ANuTeNbHOCTh CTepuIn3anuu noéeros B HgCl, Mun AcelITHYEeCKHE M0Ber
g % E E . . . . 0 1ocJjie TeCTUPOBAHUS
5 é E q:,- Ha cpeze 523
° E 7Kn3Hecnoco6HOCTh N06eros, % IIT. %
Crataegus ambigua

60 01 - 0f - 0f - 0 -

80 02/2 | 52,6 +8,0™ - 7,3 +4,2° - of 15 40,3 +6,7¢
80 02/4 31,7 £ 7,04 - 42,2+ 4,7° - 7,7 + 5,34 9 39,8+ 5,1«
80 K1 of - 0 - of 0 of

Malus sieversii
60 01 29,4 + 5,3 - 45,9 £ 4,0¢ - - 16 72,8 +5,4°
60 02/1 | 23,7+12,2¢ - 37,1 + 4,0« - - 14 75,1+13,7°
60 02/3 | 15,6 +11,8 - 19,1 +4,7¢ - - 6 53,9 + 6,5
60 K1 17,8 +12,6¢ - 22,7 12,8« - - 6 47,3 £8,3¢
60 K2 32,8 14,1 - 37,6 £12,3« - - 11 53,8 + 7,1
Prunus tenella
80 02/2 | 22,5+10,7¢ - - 34,3+ 7,54 of 12 71,4 +8,8°
80 02/4 | 14,9 +12,8 - - 19,5 + 12,8¢ of 5 52,8 +9,3b¢
Sibiraea laevigata
60 01 61,5+ 11,7 - 38,2+ 12,6 - - 30 100 +0,0?
60 02/1 | 56,2+5,7" - 36,7 £13,1« - - 29 100+ 0,0°
60 02/3 | 33,4 £14,4« - 25,8+12,9¢ - - 18 100+ 0,0°
60 K1 54,5 + 13,5b - 34,0 13,3« - - 27 100+ 0,0°
60 K2 56,9 + 12,4 - 37,3 +5,8¢ - - 28 100 = 0,0°
60 K3 27,1 + 14,0 - 26,9 £ 5,5« - - 16 100 £0,0*
Spiraeanthus schrenckianus

60 01 - 37,3+12,2« - 26,9 +12,3« - 19 100+ 0,0°
60 02/1 - 41,1 +12,5¢ - 35,6 + 14,8« - 23 100 £0,0*
60 02/3 - 20,9 + 14,6¢ - 12,9 +12,6% - 10 100+ 0,0°
60 K1 - 0f - 0f - - -

60 K2 - 30,2 £2 0,7« - 20,5+12,9¢ - 15 100 = 0,0°
60 K3 - 13,7 £ 12,94 - 9,5+ 11,9¢ - 14 100 £0,0*
Sf" - * 3324182 | 20,5+155¢ | 293 +13,3% | 17,7+133¢ | 1,5+34f 14 731+32,9

[IprMeyaHue: JaHHbIE IPEACTABJISIOT CO60H CpefiHee 3HaYeHHe * SE; 3HaUeHUsI, CONPOBOXKAaeMble Pa3JMYHbIMU GYKBAMU
B KaX/I0M pa3jieJie, 3HAYUTeNbHO pa3indaauch npu p < 0,05 ¢ ucnosib3oBaHHEM TecTa pa3zeseHust Thloku

Note: the data represent mean * SE; the values accompanied by different letters in each section were significantly different
at p < 0.05 using Tukey’s split test
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In vitro initiation of shoots
sprouted from dormant buds
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In vitro initiation of shoots
germinated under natural conditions

Puc. 4. BBeeHue B Ky/JIbTypYy in vitro no6eroB Prunus ulmifolia Franch. u Malus sieversii (Ledeb.) M. Roem.

Fig. 4. In vitro initiation of Prunus ulmifolia Franch. and Malus sieversii (Ledeb.) M. Roem. shoots

JINPOBAaHUS PA3JIMYHBIX NPOLECCOB B KYJIbTYPe PaCTUTE/b-
HbIX TKaHeH.

AyKCUHBI U LIUTOKUHHUHBI ABJSAIOTCS HauboJiee 4acTo
UCIO0JIb3yeMbIMU GUTOrOPMOHAMH U 4aCTO UCIOIb3YIOTCS
B coueTaHuu (Bonnart et al.,, 2022; Romadanova et al., 2024).
B JaHHOM HCC/IeJOBAaHUM IPOBOJAMJICS MOUCK H/I€aJbHOTO
6asaHca puToropmMoHoB B cpesie MC as1s 5 BUZOB pacTeHUH
cemericTBa Rosaceae (Ta6u1. 6).

Y Bcex 06pa31ioB He BbISIBUJIM NPU3HAKOB HHQULMPOBa-
HUS BO BpeMs ¢a3bl pasMHOXKEHHS, YTO SIBJISETCH I0Kasa-
TeJIeM TOTO, YTO NpPeJBAPUTEIbHbBIN CKPUHUHT Ha HaJIM4YUe
NOTEHLMAJbHbIX 3arpsi3HUTEeH 6Bl 3)HEKTUBHBIM.

B pesysibTaTe 6blJI0 yCTAHOBJIEHO, YTO Ansl Crataegus
ambigua Tpe6yeTcsl moHMWKeHHOe coeprkanue 0,2 mr/n BAII

u 0,01 UMK, pnsa Prunus ulmifolia Tpe6yeTcs 6oJiee BbICO-
kasi koHneHTpauus 0,5 mr/n BAIL. [lna Spiraeanthus schren-
ckianus Tpe6yOTCS COCTAaB ¥ KOHIIEHTPaL st PUTOrOPMOHOB,
6J1M3Kast K COCTAaBy NUTATeNbHOU cpesbl Aust Malus, onTu-
MH3anus KOTOpod npoBoguaack paHee (Romadanovaetal.,
2016).

Jlns Prunus tenella Heo6xoouMoO J06aBJieHHe XejiaTa
xesesa, a aas Sibiraea laevigata - TK. CnefiyeT OTMeTHUTB,
yto Juis Crataegus ambigua (KP2,0) u Prunus tenella (KP2,5)
3KCIEPUMEHTbl 10 ONTHMH3ALUM COCTAaBa MUTATEJbHbIX
cpeJ; POJI0JKAIOTCS, HO yKe celyac y Bcex 06pasiioB OTMe-
YeHbl JINCTbSI C MHTEHCUBHOM 3eJIeHOM OKpacKoH, OTCyT-
CTBHEe BUTPUULMPOBAHHBIX UJIM HEKPOTHUYECKUX I0OEroB
(cm. puc. 3).

Ta6auna 6. KoapdpuumeHT pa3MHOKeHH B Ky/JIbType TKaHel no6eroB Rosaceae

Table 6. Multiplication rates in tissue culture of Rosaceae shoots

BapuaHT HaumeHoBaHue o6pa3na, KP
HHT:;::;HOH (Z;tbai;% l;s Prunus tenella Prunus ulmifolia Ii?‘ftr':qacfgz i’;:::;ggzﬁg
1 1,2 2,8 2,8 2,6 1,2
2 2,0 2 2,5 3 1
3 1 2,5 3,5 4,4 1,3
4 1,2 1,5 3,1 5,5 1
5 1,1 1,8 2 2,6 1,2
6 _ - - - 3,5
7 - - - - 4
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3ak/loueHue

[Tomynsuy peIKUX U MCYE3aK0LINX PACTEHUH ceMelcTBa
Rosaceae nozBepraiwTcsi BO3/1edCTBUAM 60JIe3HEN U BpeU-
TeJIed, HaX0/s1Ch BO MHOTHX C/1y4yasix B KpaliHe HeY/J0BJIETBO-
PUTEJBHOM COCTOSIHUU. B 4acTHOCTH, CTOUT OTMETHUTD, UTO
BCEro M3BECTHO O JBYX HOmyasiuusax Rosa cinnamomea,
B XO/1€ 3KCIIeJUIIMH B IEPBYIO TOUKY [IPOU3PACTAHHUS HE ObLI
oOHapy:XeH HU OAMH oOpasel 3Toro BuAa. boJsee Toro,
B TE€YEHHMe JIBYX ITOCIeHUX JIET IKCIeAULUHU 10 cO6opy Sorbus
persica n1o/ibl TAKXKE He BCTPeYaJiy, IJI00HOlIeHNe He QUK-
cUpyeTcsl yKe B IOCJe[HHe YeTbIpe roga. TakuM o6pasom,
Ipo/iesiaHHasi paboTa o U3Y4YEeHUIO COCTOSTHUS ITUX MOIYJIsl-
LU TOYEPKHUBAET HEOGXOJUMOCTb IPUMEHEHHUsI KOMILTIEKC-
HOTO II0/IX0JJa K COXpPAaHEHHI0 GMopa3Hoo6pa3us. BaxHbI
JlaJbHEeHIINe YCUINS 110 3alIUTe MeCTOOGUTAHUM, a TaKxKe
pa3paboTKa U BHeJIpEHHE METO/0B COXPAaHEHHs], TAKHX KaK
KyJIbTYpa In vitro u KpuoreHHble 6aHKU. ITH Mepbl COJeH-
CTBYIOT COXpAaHEHUIO YHUKA/IbHBIX BUA0B U UX FeHETHYECKO-
ro MatepuaJsa JJisl FpsAyIiuX MOKOJIEeHUH.
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Background. The aggravation of the water shortage problem caused by climate change in drought-prone areas emphasizes the
use of climate-smart plants and climate-smart agriculture practices. Thus, the management of nitrogen fertilizers and control-
ling the amount of water consumed by crops seem very important issues.

Materials and methods. A field trial was aimed to evaluate chickpea phenology, morphology, and yield under different doses
of nitrogen (0, 20, and 40 kg ha!) and irrigation regimes (I,: well-watered, L: rainfed, I,: supplemental irrigation during the
flowering, I,: supplemental irrigation during the flowering and seed setting) in chickpea drylands of Kermanshah, Western Iran.
Results. Although N application slightly delayed the phenological stages, soil moisture deficiency significantly accelerated flow-
ering and maturity. The highest rooting depth was recorded for I, + N, , and the lack of soil moisture increased the longitudinal
root growth. However, the number of root nodules (created by symbiotic relationship) under rainfed (I,) and one-time supple-
mental irrigation (I,) showed the lowest values of 7.30 and 6.70, respectively. Supplemental irrigation (SI) improved the grain
yield components compared to the rainfed condition, but the difference in grain yield between SI and I, was still evident. The
highest amounts of vegetative growth and yield were recorded under I, + N, and I, + N, . The highest values of water-use effi-
ciency for grain yield (WUE ) resulted under [, + N, .

Conclusion. WUE  under rainfed conditions was 41%, 17% and 24% higher than I, I,, and I, respectively. The highest bio-
mass-based water use efficiency (WUE,) was obtained under I, + N, and [, + N, or N, . Although I, produced a lower grain yield
than well-watered conditions (ca. 400 kg ha™), due to the water scarcity in the semi-arid regions, I, with the N application of 20
or 40 kg ha! is still recommended for small-scale farmers as an efficient smart-agriculture practice.
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AKTya/ILHOCTB. YcyTryGieHre Mpo6JieMbl HEXBATKH BOZbl, BHI3BAHHOE M3MeHEeHHEeM KJIMMaTa B 3aCyLIJIUBBIX palioHax, MOJA-
YyepKUBaeT HeOOXOAMMOCTb UCI0JIb30BAHUS KJIMMaTHIeCKH YMHBIX PACTEHUN M KJIMMaTUYeCKH YMHOH arpoTeXHUKH. B aToM
KOHTEKCTe BaXKHO PETyJIMPOBAaTh HOPMBI a30THBIX YI0OPEHUH U KOHTPOJIUPOBATH KOJIMYECTBO BOJIbI, TOTPE6IsIEMON Ceb-
CKOXO3SIICTBEHHBIMHU KYJIbTYPaMHU.

MartepuaJjibl ¥ MeToAbl. OLleHUBaMN PpeHosoTHIecKre, MOpPOJOTUIECKHe TTOKA3aTe 1, POCT KOPHEH U YPOXKaWHOCTb HyTa
TPH Pa3JMYHBIX Jl03ax a3oTa (0, 20 u 40 kr/ra) u pexxumax opomenus (I, - 06UIbHBIN M0OJUB, |, - 6orapHbIH, I, — gOMOIHH-
TeJIbHOE OpOIIeHHe BO BpeMs LBETeHHs, [, — OTOJHNUTe/IbHOE OPOLIeHHe BO BpPeMs [BETEHHsl ¥ 3aBA3bIBaHMA CEMAH) Ha
MJIAHTALUAX HyTa Ha 3aCYyLUTUBBIX 3eMJisax KepmaHiuaxa B 3anasHoM Hpane.

Pe3ynbraThl. X0TSl BHECEHHE a30Ta HEMHOTI'O 33/[epKasio GeHOJIOrHnIecKre CTaJUH, JePUIUT TOYBEHHOH BJIark 3HAYUTETbHO
YCKOPHJI IBeTEHHE U co3peBanKe. HanGosbmas riny6ruHa KopHed sapuKkcupoBaHa B ycnoBusx I, + N, , a He/[ocTaTOK MOYBEH-
HOH BJIaTH yBEJWYUJ JI/IMHY KOpHeH. OJHaKO KOJIMYEeCTBO KOPHEBBIX KIyOGeHbKOB NPH HU3KOH MOYBEHHOH BjaxkHOCTH (I,
u I,) mokasaso HauMeHbIKe 3Ha4YeHus: 7,30 u 6,70 cOOTBETCTBEHHO. /loNOIHUTE/IbHOE opoiueHue (SI) yly4Immao KoMIOHeH-
ThI ypOKasl 3epHa MO CPaBHEHWIO C 60rapoi; pasHMIA B yPOXKaWHOCTH Mexay pexxumamu Sl u |, 6buta gocrosepHa. Ham-
6OJIbIIMH BereTaTUBHBIA POCT M ypOXKalHOCTh 3apUKCUpoBaHbl B ycnoBusax I + N, u 1, + N, . CamMble BbICOKHe 3HaUEHHUSA 3-
$EeKTHBHOCTH MCMO/Ib30BaHUA BOAbI [/1s1 ypoxkaiHocTH 3epHa (WUE ) oTmevasnu B yciosusax I, + N, .

3akuoyenue. WUE B 6orapHbIX yc/10BUAX 6bl1a Ha 41%, 17% u 24% Bblle, 4eM IpU pexuMax opomenus I, [, u [, cootseT-
cTBeHHO. HauBpiciias 3pGeKTUBHOCTb MCIOJIb30BaHUSA BOJBI 10 ypoxaiHocTu 6uomaccel (WUE,) mosyyena nmpu I, + N,
ul, + N wmm N, . XoTa ypoxail 3epHa IpH [, 6171 HIYe, 4eM B XOPOLIO OpOIIaeMbIX yCJI0BHsAX (0koJso 400 Kr/ra), u3-3a HexBaT-
KM BOJIbI B MOJIy3aCyIIUIMBBIX PETMOHAX [/ MeJKUX pepMepoB pekoMengyeTca I, ¢ BHecenneM 20 niun 40 Kr/ra asota Kak
3¢ deKTHBHAS MPAKTHUKA YMHOTO CETbCKOTO X035HCTBA.

Kaloueswvle ca06a: 6orapHbIH, peNpOLYKTUBHBIA POCT, JOTIOJHUTEIbHOE OpolLIeHHe, eQULUT BOJbl, YPOXKAHHOCTD 3epHa
1 6roMacchl, 3 PeKTHBHOCTD HCI0JIb30BAHUS BOJIbl PACTEHUSIMU

baazodapHocmu: ipeicTaB/leHHbIE PE3Y/IbTAThI SBJISIOTCS YacThblo fuccepTanuy Ne 1918228. ABTOopbI IpHU3HATEIbHBI YHU-
BepcuTeTy Mapare 3a GHHAHCOBYIO MOJJIEPKKY, a TaKKe /lemapTaMeHTy MOCJeBY30BCKOro o6pa3oBaHus U [lemapTamMeHTy
HCC/IeIOBAaHUHN U TEXHOJIOTHH BbIIIEHA3BaHHOTO YHUBEPCUTETA 3a COTPYAHUYECTBO M MOMOIb. MbI 6/1arolapuM MeCTHBIX
3KCIIEPTOB 32 COTPYAHUYECTBO B CO0pe CebCKOX03HCTBEHHBIX JAHHBIX U MPOBEEHUH T10JIEBOI'0 OPOLIEHHU .

ABTOpBI 6/1ar0AAPAT PEereH3eHTOB 3a UX BKJIAJ, B 9KCIEPTHYIO OLEHKY 3TOH PaGoThI.

Jaa yumupoeanus: Anb-Anno X.X.B., [bkaumoxammaau M., Xefipxa M., Cabaraus H. BiusiHue Haya/lbHOM J103bI a30Ta MPH
Pa3/IMYHBIX PEKMMax OpOIIeHHs Ha YpoKaHHOCTb HyTa coprotuna Kabysnu. Tpydsl no npukaadHoll 6omaHuke, 2eHemuke u ce-
sexyuu. 2025;186(3):57-67. DOI: 10.30901/2227-8834-2025-3-57-67
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Introduction

Chickpea is one of the cold-season food legumes with the
scientific name Cicer arietinum L., which is also known as
gram, garbanzo, and chana (Sharma et al., 2013). Archaeolog-
ical studies indicate that the development of chickpeas took
place in the Mediterranean regions of Asia, such as Syria, and
the records of planting this crop go back to 8000 BC (Zhang
etal,, 2024). Due to its relatively high compatibility with such
environmental stresses as heat stress and drought, its ability
to biologically fix atmospheric nitrogen and the high percent-
age of seed protein, this plant has been the focus of research-
ers’ attention in Mediterranean areas and developing coun-
tries (Karalija et al,, 2022). In recent decades, with the inten-
sification of climate change, such as decreasing rainfall and
increasing temperature in semi-arid regions, the necessity of
using climate-smart plant species and efficient and cli-
mate-compatible agricultural practices has become more evi-
dent (Benitez-Alfonso et al., 2023).

However, one of the major chickpea-producing areas is
the semi-arid regions in the West Asia to North Africa, gravely
affected by climate change, and the implementation of smart
climate management in these areas should be followed seri-
ously (Mohammed et al., 2016). Winter cereals are the pre-
dominant crops in the semi-arid regions, and the low variety
of plant species in crop rotations has caused these agroeco-
systems to be fragile and highly vulnerable (Ryan et al., 2008).
Therefore, replacing drought-resistant plant species in crop
rotations that have an ideal growth form and reasonable eco-
nomic production in drought-prone areas can be a solution.
At first glance, the focus should be directed toward the selec-
tion and investigation of new plants or underutilized or for-
gotten plants. The former plants have been discarded due to
incomplete breeding processes and low performance under
the intensive farming conditions. However, the adverse condi-
tions caused by climate change in the mentioned areas have
created a necessity for a return to these plants. Cool-season
food legumes have unique features that can place them among
climate-smart plants. Relatively short growth period, suitable
for planting in areas with moderate winters and exploitation
of winter rains, appropriate rooting depth, and ability to
adapt phenological and morphophysiological characteristics
to water shortage conditions are among the efficient cli-
mate-compatible strategies (Andrews, Hodge, 2010).

However, semi-arid rainfed areas have poor soils, exhibit-
ing very low organic matter, high pH, coarse-grained texture,
nutrient deficiency in the rhizosphere environment, low wa-
ter holding capacity, low cation-exchange capacity, shallow
soil depth, high soil compaction, and low permeability, unde-
sirably impact performance of cold-season food legumes,
such as chickpeas (Ayangbenro, Babalola, 2021). In such soils,
careful nutritional management, such as nitrogen application,
is important. Starter fertilizer refers to the use of small
amounts of nutrients in the soil during planting to meet the
plant’s nutritional needs until the complete seedling estab-
lishment, root development in the soil, and the formation of
nitrogen-fixing nodules (Galpottage Dona et al., 2020).

Although legumes are atmospheric nitrogen fixers, it
seems that providing nutrients through fertilizers is essential
until the plant is fully established and provided there are suit-
able and compatible symbiotic diazotrophic bacteria strains.
This means that the production of chickpeas in semi-arid ar-
eas has many limitations, such as the insufficient population
of indigenous soil rhizobia, unsuitable temperature condi-
tions and low soil moisture, soil with low fertility, insufficient
and unscientific fertilizer utilization, and asymmetrical distri-

bution of rainfall and other similar restrictions (Gopalakrish-
nan et al,, 2018). Therefore, under the mentioned conditions,
the initial application of N fertilizers will help to improve the
seedling growth and accelerate the establishment process.
However, identifying the appropriate doses of N for starter
fertilizer in each agroclimatic zone will need to be investi-
gated. In the western regions of Iran, which are the main pro-
duction areas of rainfed chickpeas, due to the irregular distri-
bution of rainfall and the concentration of rainfall during the
cold months, the plant faces a soil water deficit during the
reproductive stages (Kheiri etal., 2021). This situation has
become more complicated during the last decades with cli-
mate changes. Due to the limitation of available water sources
for irrigation, the irrigation scheduling should be considered
carefully under irrigated conditions.

Studies show that using one- or two-time irrigation dur-
ing the sensitive stages of chickpeas under rainfed conditions
can mitigate the effect of terminal drought stress (Shamsi
etal, 2010; Ouji et al,, 2016; Janmohammadi et al., 2024). The
mentioned technique is called supplementary irrigation (SI).
However, the amount of water used and the growth stage of
the plant, the environmental and edaphic conditions, and the
genotype of the plant can affect the efficiency of SI (Chauhan
etal, 2019). The present experiment was conducted to evalu-
ate the use of different doses of nitrogen starter and supple-
mentary irrigation during different stages on the growth and
performance of chickpeas in Western Iran.

Material and methods

This experiment was conducted during the 2023/2024
crop season on a farm in the Sararood-Kermanshah (34°33’N,
47°32’E; 1356 m above sea level) in the west of Iran. Long-
term meteorological data in the tested area indicate that the
average rainfall was 485 mm. The mean annual air tempera-
ture was 13.85°C. The maximum temperature was 39°C. The
minimum air temperature was -19°C, the number of rainy
days was 78 days, the number of days with sub-zero tempera-
tures was 88 days, and the number of sunny hours was 1618.
Temperature conditions and monthly rainfall during the
growing season are shown in Fig. 1. According to the FAO clas-
sification, the soils in the studied area were the Lixisols, and
the soil moisture and temperature regimes in this area were
dry xeric and mesic, respectively. Based on the soil analysis
and the data available at the station, the soil texture was silty
loam up to 40 cm deep and included 22% of sand, 47% of silt,
and 31% of clay. The chemical characteristics of the soil were
as follows: electrical conductivity: 0.56 ds m; total N: 0.13%;
K: 256 mgkg?; organic matter: 0.82 gkg?; available P:
11.39 mg kg, pH: 7.2. Soil moisture content during different
periods of the growing season was evaluated using methods
based on the time-domain reflectometry (TDR).

The initial tillage including plowing was done by a mold-
board plow during October 2023. Farmyard manure was dis-
tributed over the soil at the rate of 20 t ha* after initial tillage.
In the third decade of March 2024, the second tillage includ-
ing crushing of clods through disk plows and a rotary cultiva-
tor was completed. After determining the area of the main
plots, the range of the main and secondary plots was deter-
mined through the border disc. Harrows and trowels were
used to soften the soil surface before planting seeds. The soil
was formed as ridge-furrow configuration through a fur-
rower. Phosphorus was provided by triple superphosphate
through furrow digging in the ridge area at the rate of
80 kg ha™'. N starter fertilizers were also used in sub-plots at
the rate of 0, 20, and 40 kg ha! of nitrogen through urea fer-
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Fig. 1. Distribution of temperatures and precipitation amounts during the 2023/2024 cropping season

Puc. 1. PacipesesieHue TeMnepaTyphbl U KOJIMYEeCTBa 0CaJKOB B nepuoA Beretauuu 2023/2024 r.

tilizer. The ‘Arman’ chickpea cultivar (FLIP 90-96 C) was pro-
vided by the Dryland Agricultural Research Institute (DARI).
Cv. Arman’ has a higher yield compared to other local culti-
vated varieties and is also resistant to blight disease. This cul-
tivar is relatively tall, suitable for mechanized harvesting, and
well adapted to the northern and western regions of Iran. The
cultivar can be grown in autumn in subtropical regions. Seed
planting was done manually and with aridge and furrow
planting pattern on top of the ridges with a depth of 10 cm.
Inter- and intra-row spacing was 25 and 5 cm, respectively.
Seeds were sown in rows in March. Each experimental plot
had an area of 16 m? (4 x 4). The weeds were controlled by
hand weeding during different periods. Water was supplied
to the plots through polyethylene pipes equipped with vol-
ume-measuring meters. Field trial designed as a split-plot
based on the arbitrary complete blocks design with 5 replica-
tions. Experimental treatments included different irrigation
regimes at 4 levels and the utilization of starter nitrogen fer-
tilizer at 3 doses. Irrigation regimes were as follows: I, -
well-irrigated; I, - rainfed (without irrigation); I, - supple-
mentary irrigation in the flowering stage (150 mm); I, - sup-
plementary irrigation in the flowering and seed setting stages
(250 mm). Irrigation levels were assigned to the main plots.
The sub-plots contained different doses of nitrogen starter
fertilizer (0, 20, and 40 N kg ha™'). The field was periodically
and regularly monitored and the phenological stages, such as
the number of days to germination, the number of days from
planting to reaching 50% flowering, and the number of days
from planting to reaching physiological maturity, were
recorded.

The chlorophyll content of the leaf was measured through
a chlorophyll meter (SPAD-502, Minolta, Japan) at the full
flowering stage. At the end of the flowering stage, by digging
pits, the maximum amount of root penetration into the soil
depth was checked and measured. In the maturity stage, the
entire shoots above the soil surface were cut from the ground
and after drying at 70 C for 72 hours, their weight was mea-
sured and reported as dry biomass. Using a quadrat, plants
were randomly harvested in an area of 1 m? and grain yield
components were measured. Water use efficiency was calcu-
lated from the ratio of grain yield to water used and reported
as grain yield-level water use efficiency (WUE ). Biomass-wa-
ter use efficiency (WUE,) was calculated as the ratio of total
dry matter produced above the soil surface to the amount of
water consumed. Canopy spread was obtained by measuring
the canopy diameter from left to right at the seed filling stage,
assuming that the canopy was elliptical. Evapotranspiration

(EVP) from soil was measured by Time Domain Reflectome-
try techniques (TDR-420, USA). The number of root nodules
per plant (RNN) was determined by digging out the soil next
to the plant and gently pulling the roots out of the soil. LSD
mean comparison was done through SPSS Statistics. Compo-
nent analysis (PCA) and clustering of treatments were made
with the SAS and Genstat software. The matrix of means of
traits x treatment combinations were used for multivariate
analysis, such as cluster analysis, PCA, and TT biplot. Ward'’s
method was used for clustering, with considering Euclidean
distances between clusters.

Results and discussion

The evaluation of plant vegetative growth characteristics,
such as plant height, canopy width, and dry biomass, indi-
cated significant interaction effects of N x I (Table 1). The tall-
est plants were recorded under the conditions of I, + N,/
(43.7 cm), and the shortest plants were observed under rain-
fed conditions without nitrogen application (25.6 cm). Plant
height increased with increasing nitrogen consumption at all
irrigation levels. A similar tendency was observed for canopy
width (plant lateral growth). Application of twofold supple-
mental irrigation could produce a canopy width similar to
plants grown under full irrigation. I, I,, and I, increased can-
opy height by 48%, 24%, and 50% versus the rain conditions.
The dry biomass produced in the grown plants with the appli-
cation of 20 and 40 kg ha of nitrogen had no significant dif-
ferences (see Table 1).

However, the highest amount of biomass was observed
under I, +N, conditions (6068 kg ha™) and the lowest amount
was related to rainfed conditions (2525 kg ha™). The evalua-
tion of root characteristics showed that, regardless of the ap-
plication rate, nitrogen utilization increased the rooting depth
significantly (12%). The comparison of rooting depth be-
tween irrigation regimes indicated that L, I,, and I, increased
the rooting depth by 39%, 37%, and 36% compared to full
irrigation conditions (see Table 1).

Utilization of 20 and 40 kg ha™ increased the number of
root nodules by 4% and 13% compared to the control. The
highest number of root nodules was recorded under full irri-
gation conditions with the N application of 20 or 40 kg ha!
(16.62, and 18.04). Fertilizer application under I, conditions
decreased the number of nodules by 22% and 26%, while the
application of N,; under rainfed conditions increased the
number of root nodules by 36% (see Table 1). Plant pheno-
logy monitoring showed that the numbers of days to flower-
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Table 1. The effects of nitrogen doses and irrigation regimes on vegetative growth characteristics of chickpea

Ta6auua 1. BiusHue 103 a30Ta U PEeXKHMMOB OpPOLIEHHUA HAa BereTaTUBHbIE XapaKTepPHUCTUKHU pOCTa HyTa

Effect PE RD RNN LCH cs DFL
Nitrogen
N, 31.92c 47.8b 9.50b 49.95¢ 26.78¢ 66.78¢
20 34.59b 52.3a 9.83ab 55.18a 33.54b 71.11b
N,, 37.09a 54.35a 10.68a 52.21b 35.85a 74.12a
Irrigation
L, 41.04a 40.13b 15.95a 60.83a 36.30a 74.71a
L 27.26d 55.73a 7.30c 41.78d 24.49c 63.21d
I 33.94c 55.33a 6.70c 52.27c 30.49b 71.54c
I 35.90b 54.73a 10.05b 54.90b 36.96a 73.21a
Combined
IN, 37.64bc 38.6f 13.2b 57.41c 0.90e 369.9de
[N, 39.62a 41.2f 16.62a 64.07a 3491c 73.82bc
IN,, 45.88a 40.6f 18.04a 61.02b 43.10a 80.424a
LN, 25.23h 49e 6.31f 39.31g 20.88h 59.208h
LN, 27.33gh 56.4abcd 6.28f 44.67f 26.83f 64.38g
LN, 29.24g 61.8a 9.34de 41.38g 25.75fg 66.06fg
LN, 32.12f 52.8cde 6.444f 48.74e 23.932g 68.34ef
LN, 34.48def 54bcde 6.4f 54.16d 33.94cd 72.3cd
LN, 35.22cde 59.2ab 7.28ef 53.91d 33.62cde 74bc
N, 32.70ef 50.8de 12.06bc 54.37d 31.44de 69.68de
N, 36.96bcd 57.60abc 10.04cd 57.83c 38.5b 73.94bc
N, 38.06bc 55.80bcd 8.07def 52.53d 40.95ab 76.02b
Significance level
I . *k *k *k *k -
N *k *k Ns ok ok -
IxN *k Ns ok ok ok Ns

Note: N, N, and N.: application of 0, 20 and 40 kg ha! as starter fertilizers, respectively. L: full irrigation; L: rainfed; L,: one-time irriga-
tion in the flowering stage (150 mm), I,: two-time irrigation in the flowering and seed setting stages (250 mm). PE: plant height; RD: root-
ing depth; RNN: number of root nodules per plant; LCH: Chlorophyll content in leaves; CS: canopy spread; DFL: number of days from seed
planting to 50% flowering. Ns: statistically insignificant; ** and *: significant at the 1% and 5% level, respectively

llpumeyanue: N, N,, N, - crapTepHble y06penus B o3uposKax 0, 20 u 40 Kr/ra cooTBeTCTBEHHO. [, - noJiHOe opolueHue; [, - 6orapa;
I, - oHOKpaTHbIH No/MB B pase npetenus (150 Mm); I, - AByKpaTHbIH N0MB B hase [iBeTEHUs U 3aBsA3bIBaHusA ceMsH (250 mm). PE - BbI-
coTta pactenuid; RD - riy6uHa ykopeHenusi;; RNN - unc/io KopHeBbIX K1y6eHbKOB Ha 0/iHO pacteHue; LCH - copeprkaHue xiopodusiia B Iu-
cTbax; CS - pacnpocTpaneHnue nosora; DFL - kosimdecTBo AHel oT noceBa A0 50-NpoLeHTHOrO LiBeTeHusl. NS — CTaTUCTHYeCKU He[0CTO-

BepHO; ** u * - nocToBepHO Npu ypoBHSX 1% 1 5% COOTBETCTBEHHO

ing (DF) and maturity (DM) were influenced by the main ef-
fects of irrigation and nitrogen. Consumption of 20 and
40 kg ha! of N delayed DF by 4.33 days and 7.34 days. In-
creasing the volume and frequency of irrigation also caused
a significant increase in DF. [, I,, and I, delayed DF by 18%,
13%, and 15%, respectively, compared to the rainfed condi-
tions. The maximum length of the development period (DM)
with the application of 40 and 20 kg of nitrogen under full ir-
rigation conditions was recorded as 118 days (Table 2). Re-

sults showed that soil water deficit under rainfed conditions
accelerated the maturity, and the lowest DM was recorded
under [, + N conditions (91 days). Applying supplemental ir-
rigation I, and I, delayed DM by 10 and 13 days compared to
rainfed conditions.

With the increase in the frequency of irrigation and the
nitrogen dose, yield components, such as the number of
grains per plant and the number of pods, increased. The high-
est grain yield was obtained by the application of N, or N,
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Table 2. Yield and water use efficiency in chickpea under different nitrogen doses
and irrigation regimes in Western Iran

Ta6smua 2. YpoxkaitHocTb 1 3¢ PEeKTUBHOCTb MCIIO/Ib30BaHUs BOAbI B IOCEBAX HYTa NPH Pa3HbIX J03aX a30Ta
U pexKUMax opolleHHs Ha 3anaje Upana

Effect DM PPL ABG GY WUE_ WUE,
Nitrogen
N, 103.97b 24.97c 3754.61b 1203.17b 2.43b 7.50b
N,, 107.00a 27.54b 4127.74a 1377.4a 2.79a 8.37a
N, 109.08a 28.89a 4226.41a 1413.40a 2.86a 8.37a
Irrigation
L, 117.47a 33.90a 5584.22a 1807.09a 2.27c 7.04c
I 95.06d 20.86d 2525.88d 878.40d 3.27a 9.40a
I, 105.37c 25.50c 3564.75¢ 1213.40c 2.70b 7.93b
I, 28.26b 4470.14b 1426.42b 2.53b 7.94b
Combined
IN, 115.35ab 29.6¢ 4870.4c 1627.07b 2.00g 6.00g
N, 118.32a 34.8b 5796b 1903.41a 2.40ef 7.31ef
N, 118.75a 37.32a 6086.3a 1890.8a 2.42ef 7.81de
LN, 90.89f 19.16h 2517.8h 872.6e 3.19ab 9.21ab
LN, 96.36e 22.24g 2596.80h 856e 3.21ab 9.71a
LN, 97.94e 21.19¢g 2463h 906.6e 3.41a 9.28a
LN, 103.41d 24.4f 3250.4¢g 1061.8d 2.35ef 7.19f
LN, 104.99d 24.8f 3532.8f 1237.4c 2.77cd 7.92d
LN, 107.72cd 27.32de 3911e 1341c 2.98bc 8.69bc
N, 106.25d 26.72e 4379.8d 1251.2¢ 2.17fg 7.60def
N, 108.35cd 28.32cd 4585.3d 1512.8b 2.81cd 8.52¢
LN, 111.93bc 29.76¢ 4445.30d 1515.2b 2.62de 7.69def
Significance level
I - *x - *x - *x
N - *x - *x ok *x
IxN Ns *k - * * *k

Note: N, N, and N,: application of 0, 20 and 40 kg ha™ as starter fertilizers, respectively; I : full irrigation; : rainfed; I,: one-time irrigation
in the flowering stage (150 mm); I,: two-time irrigation in the flowering and seed setting stages (250 mm); DM: number of days from plant-
ing to maturity. PPL: number of pods per plant; ABG: aboveground biomass; GY: grain yield; WUE : grain-water use efficiency; WUE_: bio-
mass-water use efficiency. Ns: statistically insignificant; ** and * are significant at 1 and 5% level, respectively

lpumevanue: N, N,, N, - crapTepHbie y0o6penus B o3upoBkax 0, 20 u 40 Kr/ra COOTBETCTBEHHO. |, - mosiHOe opoulenue; I, - 6orapa;
I, - onHOKpaTHBIN MOMKUB B pase upetenus (150 Mm); [, - AByKpaTHBIA N0JIMB B ase IBETEHUS U 3aBA3bIBaHUA ceMAH (250 MM);
DM - kosin4ecTBO AHeH oT noceBa /10 co3peBaHus. PPL - kosmuecTBo 60608 Ha pacteHuy; ABG - 3esieHast Macca; GY - yporkalHOCTb 3epHa;
WUE; - 3¢ peKTuBHOCTD Hcnob30BaHusA Bo/ibl 110 3epHy; WUE, - 3G GeKTUBHOCTb MCMIO/Ib30BaHHsl BO/IbI 110 3e/1€HON Macce. Ns - cTaTu-
CTHYEeCKH HeJJ0OCTOBepHO; ** 1 * - nocToBepHO Npu ypoBHAX 1% 1 5% COOTBETCTBEHHO
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under I, conditions (1890 and 1903 kg ha™). The lowest seed
yield was recorded under rainfed conditions (878.2 kg ha™).
Under I, and I, conditions, nitrogen application had no signifi-
cant effect on yield. Under I, conditions, using 20 and
40 kg ha! of N increased grain yield by 20% and 22% com-
pared to the control condition (see Table 2). WUE increased
with nitrogen application. However, no significant difference
was observed between N,  and N, . Examining this compo-
nent between irrigation regimes showed that it significantly
decreased with an increasing irrigation volume (Fig. 2). The
highest value of WUE_ was recorded under rainfed condi-
tions (3.27 kg mm™ ha!) and the lowest value was recorded
under full irrigation conditions (2.27 kg mm~" ha™). Itis inter-
esting to note that one- and two-time supplemental irrigation
increased the WUE by 19% and 11% compared to I,. The low-
est value of WUE; was recorded under I, + N/ conditions
(2.27 kg mm ha™).

A biplot analysis was used to explain the effect of treat-
ment combinations and how traits are influenced by treat-
ments (Fig. 5). The findings showed that the first component
separated the optimal soil moisture conditions from other
soil moisture regimes. In this analysis, the closeness of com-
bined treatments to traits indicated their high effectiveness
on mentioned traits. I, + N, and [, + N, caused the highest
values of root nodule number, chlorophyll, pod number, seed
number, biomass, days to flowering, days to maturity, and
seed yield.

In the studied area, in addition to unfavorable soil condi-
tions, the amount of monthly rainfall decreased significantly
after April. However, it seems that in addition to the stress of
nutrient deficiencies, the plants also faced the water shortage
and heat stress at the end of the season. Nitrogen application
significantly increased the characteristics related to vegeta-
tive growth. Consumption of 20 or 40 kg ha™ of N increased
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Fig. 2. Water use efficiency of chickpea plants under different doses of starter nitrogen (0, 20, and 40 kg ha™)
and various soil moisture regimes in the semi-arid region

Puc. 2. 3¢ peKTUBHOCTD HCNOIb30BAHMSA BOABI HYTOM B NOCEBAX B M0JIy3acylIIMBOM perHoHe B 3aBUCUMOCTH
OT pa3JIMYHBIX 403 cTapToBOro a3ota (0, 20 u 40 kr/ra) npu pa3HbIX peKUMax MoJauBa

The correlation between traits is shown in Figure 3. At-
tributes that are close to each other and have sharp angles
demonstrated a positive and significant correlation. The re-
sults indicated that dry biomass, chlorophyll, number of days
to maturity, number of pods, number of grains per plant, and
plant height positively correlated with grain yield. However,
water consumption efficiency showed a significant correla-
tion with rooting depth.

The clustering of treatment compounds in terms of simi-
larity in affecting the assessed traits is shown in Figure 4. This
clustering indicated that the effect of irrigation regimes was
much stronger than nitrogen application. Cluster 1 included
full irrigation treatments and different levels of nitrogen ap-
plication. The highest vegetative growth and grain yield were
obtained under the conditions of full irrigation and applica-
tion of nitrogen fertilizers. Cluster 2 included supplemental
irrigation treatments and different doses of nitrogen, which
had average performance for most of the examined traits.
Cluster 3 included the application of different doses of nitro-
gen under rainfed conditions, which showed the lowest val-
ues except WUE.

the longitudinal and lateral growth of the chickpea canopy
compared to the control. This was associated with an increase
in chlorophyll content. From the physiological point of view of
source-sink relationships, such an expansion means increas-
ing the photosynthetic area and supplying more photoassim-
ilates to the growing or filling sink organs. This is while sink
strength is defined as the ability of the sink organ to receive
and transport photoassimilates produced in the process of
photosynthesis (current photosynthesis) or photosynthetic
products temporarily stored in the stem (remobilization).
The sink strength depends on the photoassimilate pool sizes
in sink cells and the physiological circumstances of the plant
(Smith et al.,, 2018). In this study, it was found that the use of
the supplemental irrigation during the flowering stage can
have a positive and stimulating effect on the size and number
of grain yield components. On the other hand, it seems that
the use of nitrogen increased the sink strength to receive pho-
toassimilates by affecting the physiological state of the plant
and the ratio of phytohormones (Mu, Chen, 2021).

Also, the use of irrigation under rainfed conditions had
a significant effect on the effectiveness of nitrogen, and the
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A small angle indicates that the traits are positively correlated. 100-SM: 100-seed weight, SPL: seed number per plant; RNN:
number of root nodules per plant; LCH: chlorophyll content in leaves; DM: number of days from planting to maturity; EY: grain
yield; PPL: number of pods per plant; PE: plant height; DF: number of days from seed planting to 50% flowering; CS: canopy
spread; RD: rooting depth; HI: harvest index; WUE: grain-water use efficiency; WUE,: biomass-water use efficiency /
He6osib110o¥ yroJ yka3blBaeT Ha MOJIOXKUTENbHY0 KOppessanuio npusHakoB. 100-SM - macca 100 cemsiH; SPL - KosinyecTBO
ceMsiH Ha pacteHue; RNN - 4ncio KopHeBbIX KJIYO6eHbKOB Ha ofiHO pacteHue; LCH - comepikaHre x/0poduia B IUCThSX;
DM - kosinyecTBO JHeH OT moceBa J0 co3peBaHus; EY - ypokaliHocTb 3epHa; PPL - kosimyecTBO 6060OB Ha pacTEHUE;
PE - BbicoTa pacteHus;; DF - kosnnyecTBO AHEN OT moceBa /0 50-mponeHTHOTO I[BeTeHHs; CS - pacrnpocTpaHeHUe 1M0JIoTa;
RD - riy6una kopuel; HI - unpekc ypoxas; WUE, - sdpdexkTuBHOCTD Hco/Ib30BaHKA BOAbI 110 3epHY; WUE, —abdekTuBHOCTD
HCI0JIb30BAaHUS BOJIbI 110 3eJIeHOH Macce

Fig. 3. Monoplot principal component analysis (PCA) for understanding the relationships between agronomic and
morphophysiological variables of chickpea cultivated under different N fertilizer doses and irrigation regimes

Puc. 3. l'lpnmeHeHue aAHaJ/In3a IVIaBHbIX KOMIIOHEHT AJ1d IOHUMaHUA B3aHUMOCBsA3eH MeXAYy arpOHOMHUY€CKHUMHU

u MOp(l)O(l)I/lISHOJIOl'H‘leCKI/lMI/l NMPpU3HAKAMHA HYTA4, BbIpAlllUBA€MOI'0 IPU PA3/IMYHBIX J03aX A30THBIX y/:[o6pe1{m‘«'l
U peXKuMax OpolIeHUusa
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N, N, and N, - 0, 20, and 40 kg ha™. [, - full irrigation; I, - rainfed; I, - supplemental irrigation in the flowering stage;
I, - supplemental irrigation in the flowering and seed setting stages / N, N,, N, - 0, 20 u 40 kr/ra. I, - moJiHoe opolleHHe;

IZ - 6orapa; 13 — AOIIOJIHUTEJIbHOE OpOILlIeHNE B (1)338 LBETEHUA; I4 — AOIIOJIHUTEJIbHOE OpOoLIeHuEe B (13336 LIBEeTEeHHWA U 3aBA3bI-
BaHHA CeMAH

Fig. 4. Classification of nitrogen doses x irrigation regimes combined treatments in terms of similarity in influencing
the evaluated agronomic traits of chickpea grown in Western Iran

Puc. 4. KJIaCCﬂ(l)PlKaI.lP[H KOM6l/ll{a].ll/lﬁ A03 a30Ta X pe’XKHMMa OPOIIEHHUA IO CXOACTBY UX BJIMAHUA HA OLl€eHUBAaeMble
ATrPOHOMUYECKHE NIPU3HAKHU HYTA, BbIpAllIUBA€MOTI'0 Ha 3anaje l/lpaHa
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Traits close to treatment compounds were most affected by those treatments. 100-SM: 100-seed weight; SPL: seed number per
plant; RNN: number of root nodules per plant; LCH: chlorophyll content in upper leaves; DM: number of days from planting to
maturity; EY: grain yield; PPL: number of pods per plant; PE: plant height; DF: number of days from seed planting to 50% flow-
ering; CS: canopy spread; RD: rooting depth; HI: harvest index; WUE : grain-water use efficiency; WUE: biomass-water use
efficiency. N, N,, and N,: 0, 20, and 40 kg ha™. I.: full irrigation; L,: rainfed; I,: supplemental irrigation in the flowering stage
(150 mm); I,: supplementary irrigation in the flowering and seed setting stages (250 mm) / [IpusHaky, 6/1M3KHe K cioco6am
BbIpALIMBAHUSA NOCEBOB, O6bLIM Haubosiee CUJIBHO 3aTPOHYTHI NPOBeJeHHBIMU o6paboTkamMu. 100-SM - macca 100 cemsn;
SPL - xosinyecTBO ceMsiH Ha pacTeHre; RNN - yncio kopHeBBIX K1y6eHbKOB Ha ofjHO pacTeHue; LCH - cogepkanue xaopo-
¢duia B BepXHUX JUCTbSX; DM - KosimdecTBO JHeH OT moceBa 1o co3peBaHus; EY - ypoxkaliHocTh 3epHa; PPL - kosnuecTBo
6060B Ha pacteHue; PE - BbicoTa pactenus;; DF - KosinyecTBO AHEN OT MOCaKU ceMsH 0 50-poneHTHOro 1BeTeHus; CS -
pacnpocTpaHeHnue noJiora; RD - ry6una kopHe#; HI - ungexc ypoxas; WUE, - 3GpeKTHBHOCTb MCMIOIb30BaHUA BOJBI 1O
3epHy; WUE, - a¢pbexTUBHOCTD HCIO/Ib30BaHMs BOABI 110 3esieHor Macce. N, N, N, - 0, 20 u 40 kr/ra. [, - mosiHoe opomeHwue;
I, - 6orapa; I, - ;on0ONHUTEIbHOE OPOIIEHHE B (pase [BETEHHs; |, — IONONHUTEIbHOE OpOoIleHHe B $pa3e LBETEHHs U 3aBA3bI-
BAaHUS CEMSH

Fig. 5. Principle component analysis for treatment compounds and cultivar traits evaluated in chickpea

Puc. 5. I‘paq)m( AdHaJ/In3a OCHOBHBIX KOMIIOHEHTOB, HOCTpOEHHBIi;l JAJISI COBMECTHOT0 UCC/IeJOBaHUs B3aUMOCBsI3el
MeXAay pa3JiIndHbIMHA cnoco6amMmu BbIpalllUBaHUA NIOCEBOB U OLl€HEHHbIMHU NIPU3HAKaAMH COPTOB HyTa

greatest effect of nitrogen was recorded under full irrigated
conditions or supplementary irrigation. These results indi-
cate that in the studied area, in addition to the sharp drop in
rainfall at the end of the growing season, the soil moisture re-
serves were not enough to support the growth and produc-
tion of economic and reasonable chickpeas. Previous studies
also indicated that supplementary irrigation in the flowering
stage greatly improved the efficiency of nitrogen used in
wheat (Liu et al., 2022).

The amount of rainfall during the chickpea growing pe-
riod was 210 mm and the annual precipitation was 473 mm.
However, the amount of evapotranspiration during March-
September in the region is estimated to be around 690 mm
(Varvani etal., 2019). The mentioned data point to the fact
that in the regional conditions under study, rainfed cultivation
cannot be considered a suitable option for spring chickpeas.
In the mentioned circumstances, irrigation regimes I, or I,
with one- or two-time supplemental irrigations during the
sensitive stages of reproduction could alleviate the effects of
drought stress. This study confirmed our previous findings
regarding the effectiveness of supplemental irrigation during
the reproductive stages of chickpeas in the semi-arid region
of Hamadan (Janmohammadi et al., 2024). In this experiment,

by measuring the amount of water consumed, the soil mois-
ture, and the amount of evapotranspiration, WUE was calcu-
lated based on seeds or biomass.

The use of nitrogen through the improvement of plant
processes, such as the increase of pigments and the rate of
photosynthesis, and the greater effect on the production of
dry matter caused an increase in WUE. Those results were
consistent with the reports of other researchers. In this re-
gard, Bouras et al. (2023) reported that under low application
of N fertilizer, WUE and nitrogen use efficiency increased in
chickpea in a semi-arid region. However, the highest WUE was
recorded under rainfed conditions. This is partially due to the
activation of adaptive systems in the plant to prevent water
wastage through transpiration and more optimal use of ab-
sorbed water. Under rainfed conditions, half-closing of the
stomata, increasing the rooting depth, reducing the hydraulic
resistance of the roots, increasing the facility of water trans-
portin the vessels, better and more efficient absorption of the
roots developed in the deep soil can improve WUE (Fernan-
dez-Garcia et al.,, 2013).

The insignificant difference between the effects of 20 and
40 kg ha! of N on some evaluated agronomic traits can be at-
tributed to the deficiency of other nutrients, such as sulfur,
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phosphorus, or micronutrients, which prevented the full
emergence of the effects of nitrogen. The main effects of a pri-
mary nutrient appear more in balanced nutritional environ-
ments and with optimal availability of secondary nutrients
(Grzebisz et al,, 2022). This refers to the existence of synergis-
tic relationships among some nutrients. Therefore, the appli-
cation of 20 kg ha™! of starter nitrogen along with providing
the minimum required soil moisture, especially during the
reproductive period, can produce an acceptable economic
performance.

Conclusion

Evaluations showed that the application of a nitrogen
starter improved the rooting depth, increased the number of
root nodules, enhanced the chlorophyll content, elongated
vegetative growth period, and finally improved the seed yield
and water consumption efficiency. However, in many cases,
no significant difference was observed between the doses of
20 and 40 kg ha™'. On the other hand, the effectiveness of ni-
trogen was strongly affected by soil moisture status. The high-
est positive and improving effect of nitrogen on the evaluated
agronomic characteristics was recorded under the full irriga-
tion conditions and two supplemental irrigations during the
reproductive period. Our findings suggest that in order to
achieve a reasonable economic performance of chickpeas, at
least two supplemental irrigations and the use of starter ni-
trogenous fertilizers with amounts of 20 or 40 kg ha should
be included in dryland chickpea production systems.
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Llesbto mcceJoBaHUM SIBUJIOCh U3yYyeHHe pa3HO06pa3usl KyJbTUBUPYEMbIX BU/IOB U COPTOB aKTUHU/WH, OLleHKa COCTOSIHUSA
Y ollpejie/ieHre TeH/JeHIIMH BO3/iesIbIBaHUS U UCTIO/Ib30BaHUS Pa3/IMYHbIX BU/I0OB aKTUHU/WUH /1/151 BbISIBJIEHUS] BO3MOXXHOCTH
ux BoIpaimnBanus B Kpeimy. [lnoasl Actinidia chinensis var. deliciosa (A. Chev.) A. Chev. (KUBU) OTHOCATCS K Hau60J1€€e [IEHHBIM
CyOTPONUYECKUM IJIOA0BBIM pacTeHUsAM. JIuZiepoM cpesii OCHOBHBIX PETHOHOB — IPOU3BOJIUTeIeH ee IJI0JI0B sIBJseTCs A3us
(54,5%), 3HaunTeIbHOE KOJIM4YecTBO Npou3BoAAT B EBpone (24,1%) u Oxeanuu (14,4%). CaMbIM KpyNHbIM IPOU3BOAUTEIEM
KUBH siBasieTcs Kurtait, B 2023 1. B aTOM cTpaHe cob6paHo 54,0% n1010B OT MUPOBOT0 IPOU3BOACTBaA. Take 3HAYUTebHOE KO-
JIMYECTBO IJIOZOB KUBU cobupatoT B Utanuu, HoBoil 3enanguu, HeckosibKo MeHblie - B Yuau, Upane, I'penuun. Jo 1999 1.
MPOM3BO/ICTBO KUBU B MHUPE COCTABJISJIO OKOJIO OAHOTO MUJLIMOHA TOHH. C 2000 1. Ha6/0AaeTCs ero CTabUIbHBINA POCT U yBe-
JudeHue miouajeit. B 2023 r. 0HO yBeJIMYMIIOCH 0 cpaBHeHUIO ¢ 1993 . B 4,9 pasa, muiowmaau Beipociu B 4,8 pasa. [lo gaH-
HbIM PAO, HabJII0jaeTCsl 3HAUUTENbHBIA POCT MPOU3BO/CTBA MJI0A0B A. chinensis var. deliciosa, a Tak»e NOSIBUJIUCh TEHEH-
MU [0 MPOMBIIIJIEHHOMY BO3/e/IbIBaHUI0 HacaxaeHul Actinidia kolomikta (Maxim. et Rupr.) Maxim., Actinidia arguta (Sie-
bold et Zucc.) Planch. ex Miq. 1 HEKOTOPBIX APyTrUX BUJ OB poja Actinidia Lindl.

B HukuTtckoM 60TaHUYECKOM cajly BefleTcsl cesleKIIMOHHAas paboTa Mo co3JaHHI0 HauboJsiee afalTHPOBAHHBIX K YCIOBUAM
Kpbima copToB A. chinensis var. deliciosa v 6611 osty4eH HOBBIM copT ‘HukuTtckas H06unerinas’. Co3gaHrue HOBbIX COPTOB aKTH-
HUJIMH, TpejHa3HAYeHHbIX /151 HauboJiee 61arONPUATHBIX pAHOHOB UX BbIpalllUBaHHUs, I03BOJIMT PAaCIIMPUTh ACCOPTUMEHT
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The objective of the research was to study the diversity of cultivated species and varieties of Actinidia Lindl., assess the status
and analyze the trends pertaining to the cultivation of various Actinidia spp. in order to find out whether it is possible to culti-
vate them in the Crimea. The fruits of Actinidia chinensis var. deliciosa (A. Chev.) A. Chev. (kiwi) are among the most valuable
subtropical fruit plants. The leader among the main kiwifruit-producing regions is Asia (54.5%), and significant amounts are
produced in Europe (24.1%) and Oceania (14.4%). The largest producer of kiwi is China; in 2023, this country harvested 54.0%
of the global production. Besides, significant harvests are collected in Italy and New Zealand, and somewhat less in Chile, Iran,
and Greece. Until 1999, the world production of kiwi was about one million tons. A steady production growth and the expan-
sion of cultivation areas have been observed since 2000. In 2023, the production increased 4.9 times compared to 1994, and the
area 4.8 times. FAO reported a significant increase in the production of A. chinensis var. deliciosa fruits, and new trends towards
the cultivation of A. kolomikta (Maxim. et Rupr.) Maxim., A. arguta (Siebold et Zucc.) Planch. ex Miq., and some other Actinidia
spp.

The breeding work in the Nikita Botanical Gardens has been aimed at the development of cultivars of A. chinensis var. deliciosa
that are most adapted to the conditions of the Crimea, and a new cultivar, ‘Nikitskaya Yubileynaya’ has been released. Produc-
ing new Actinidia cultivars acclimated to the most favorable areas for their cultivation will expand the range and increase the
production of fruits in Russia.

Keywords: Actinidia spp., cultivation areas, yield, fruit production, cultivars
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BBeaeHue

CoBpeMeHHOe CaJlOBOJCTBO JIO/DKHO 06a3upoBaTbCs Ha
3¢ eKTUBHBIX TEXHOJIOTUAX IPOU3BOACTBA MJIOA0B, Ha COp-
TaX, 06eclneyrBaOIUX CTAOUIBHOCTD IJIOZOHOIIEHUS U BbI-
COKOe KauecTBO ILJIOJ0BOM NpoAyKuuU. KoHkypeHTOCNOCO6-
HOCTb NPOU3BOJACTBA MPOJYKILUH JOCTUTAeTCs CO3JaHUeM
HacaX/leHUH MJI0JOBbIX U ATOAHBIX KYJIBTYP C y4€TOM I04-
BEHHO-K/JMMaTUYeCKUX YCJOBUM BO3/e/bIBaHUS U UX IIO-
poAHO-cOpTOBbIX 0cobeHHOCTel (Popova, 2011). /lis 6oJee
3pPeKTUBHOrO Pa3BUTUS 3TOH OTPACIU CEJbCKOTO XO35H-
CTBa HeOGXOAMMO pacliMpeHHe BUJ0BOr0 COCTaBa U COPTHU-
MeHTa IJIOA0BbIX PAaCTeHUH NyTeM UHTPOAYKIIUH, CeJleKIUU
Y BHeJI[pEHUS B IPOU3BO/CTBO HOBBIX KYJIBTYP.

[lo ganubeiM ®AO OOH, B MUpe BbIpalIUBAETCS OKOJIO
100 mpoMBbILIJIEHHBIX MJOJOBBIX, AITOAHBIX U OpPEXOMJOJ-
HBIX KyJAbTyp. CpeAiy MI0J0BbIX CAMBIMU PacIpOCTPaHeH-
HBIMHU KyJIbTypaMH SIBJISAIOTCA Kode, MacaUHa, 16J10Hs, Tpy-
ma, GuHUKoBas najnbMa, 6anad u ap. (http://www.fao.org/
faostat/ru). [lpuueM ofHOW U3 HaWbGOJee pacHpPOCTpPaHEH-
HBbIX CYHMTAEeTCsl MacJuHa eBpoIneiicKas, KOTopas IpeBOCXo-
JUT OCHOBHBIE IJIOJOBBIE KYJbTYpPbl, TaKUe Kak alesbCHH,
A6JI0Hs, Ipyla, abpUKOC, NepPCUK, HeKTAapHH, U yCTylaeT
ToJsibKO Kode (Tsiupka, 2019).

B Mupe cyuecTByeT MHOTO pa3/IMYHbIX BUAOB pacTeHUH,
HO Cpeil HUX UMeeTCsl OYeHb MoJie3Has JJisl YyesJoBeKa SAroj-
Has Ky/nbTypa - akTuHuus (Plekhanova, 1990; Sobolev, 2010;
Molkanova et al., 2014; Sedov, Gruner, 2014). AKTUHUAUS KU-
Talckast B JUKOM BU/Je pacTeT B 3anajHoM U lleHTpaibHOM
KuTae, B 6acceiiHe pexku fIH13bI. [lo BBeleHUS B KYJIbTYpPY aK-
THUHU/IMI0O KUTAHCKYI0 Ha3bIBaH «SHI-TA0», UJIU KKUTaK-
ckul KpbDkOoBHUK» (Nut-bearing and subtropical.., 2012).
Pon Axktunupus (Actinidia Lindl.) oTHocuTCs K ceMelCTBY
Axtunuguesble (Actinidiaceae Hutch.) 1 06'beguHsIET 0KOJIO
70 BUZIOB, MPOM3paCTAIOLIUX B CyOTPONUYECKUX, TPOMHUUe-
CKMX U YaCTUYHO — yMePEeHHbIX IUPOTaX MUpa.

JlpeBecHble JiMaHbl pojia Actinidia UCTIO/B3YIOT KaK JEKO-
paTUBHble U IJIOAOBble PACTEHUs, OHU JAOJIFOBEYHBI, YpO-
>KallHbl U HEeNPUXOT/IMBBL. BoJlee AecaTu BUAOB 3TOro poja
06J1ajal0T CbeJOOHBIMU IJIOJAMU U TNOJIB3YIOTCSA CIPOCOM
y HacesjieHHsl. B Mupe HanboJsiee M3BecTHa aKTUHUAUS KU-
Taickas (A. chinensis Planch.), koTopas, nonas B HoByto 3e-
JIaH/MIO, OblIa BBeJleHa B KyJbTYpPY 10/, Ha3BaHUEM «KUBU»
(green kiwi, fuzzy kiwifruit). MupoBoe npou3BOACTBO aKTH-
HUAUM (KUBU) Ha CErofHSILIHUN JeHb COCTaBJIIET OKOJIO
0,62% oT 06111er0 MPOU3BO/CTBA OCHOBHBIX IJIOA0BBIX KYJIb-
Typ (Krakhmaleva et al,, 2023).

KpynHomnofHble cOpTa KUBHU C 3eJIeHOH MAKOTbIO IJIO-
JI0B K cepe/ijiHe MPOILJIOro BeKa 6bLIM 0PHUIMaIbHO ONHCa-
Hbl 0. llleBanbe kak A. latifolia var.deliciosa A. Chev.,a mo3gHee
OH NlepecMOTpeJs TAKCOHOMHUIO U NlepeBeJI BblJeJIeHHYIO pas-
HOBU/IHOCTb var. deliciosa B pyro#i BUz — A. chinensis var. de-
liciosa (A.Chev.) A.Chev. KuTtaiickuii 6oTaHuk Yxoy PsHb
Jlsin 6bL1 He 3HAKOM c paboTamu A. llleBasibe, 103TOMY CITy-
cts1 30 JIeT OH omKcaJsl 3TY »Ke Pa3HOBU/JHOCTb M0/J] Ha3BaHU-
eM A. chinensis var. hispida C.F. Liang, Ho 6e3 yka3aHUsl HOMEH-
KJIaTYpHOTO THUIA, YTO fIBJISIeTCS HapylleHWeM NpaBu Mex-
JlYHapOAHOTO KoJleKca 60TaHUYeCKOH HOMEHKJIATyphbl U fe-
JlaeT JJaHHY0 HOMEHKJIAaTyPHY0 KOMOWHALMI0 HeBaJIUJHOM.
Eme nosaHee oH e coBMecTHO ¢ AsslaHoM Poccom Peprio-
COHOM MHCIpaBJAT HeBaJHUJHOe Ha3BaHHWe U MOBbILIAIOT
paHT Pa3HOBUJHOCTH /10 YPOBHS CAMOCTOSATENbHOTO BU/JA —
aKTUHUAUSA AenukaTtecHas A. deliciosa (A. Chev.) C.F. Liang &
AR. Ferguson (Liang, Ferguson, 1984).

Jlo HacTosI1lero BpeMeHH CyLeCTBYIOT pa3Hble B3IJIfA-
Jbl Ha 06'beM BU/AAa aKTUHUJUU KUTalckod. OHU aBTOPbI

NpPHU3HAIOT CaMOCTOATENbHOCTb BUAa A. deliciosa, ogHaKo
Bo «®yope Kutas» (http://www.efloras.org/florataxon.aspx?
flora_id=2&taxon_id=200013894) Buj A. chinensis paccmart-
pUBaeTcs B LIMPOKOM CMBICJIe: B €T0 COCTaBe, KpOMe THIIO-
BOU pa3sHOBUAHOCTH A. chinensis var. chinensis, BblAeSI0TCS
ewte aBe - A. chinensis var. setosa H.L. Li (TaliBaHbCKUI KHUBH)
u A. chinensis var. deliciosa. PazanoBugHocTb A. chinensis var.
chinensis xapakTepusyeTcs 60Jiee IVIaKON KOKULeH (IpaKTH-
YeCcKH HeolylIeHHOM), IBETOM MAKOTHU OT sIPKO-3eJIeHOT0 [0
SIPKO-’KeJITOr0 U 6oJjiee CaZKUM U apOMaTHBIM BKyCOM IJIO-
J0B. CopTa c »eJTON MAKOTBIO IJIOZ0B (30/10TOe KUBH, Zespri
Gold, SunGold) UMeIOT BBICOKYIO PBIHOYHYIO LI€HY U IPUTO/-
HBbI JIJ151 yIOTpe6/IeHus B MUILY 6e3 OYMCTKU OT KOXKUILBL

A. chinensis var. deliciosa (kuBH) cTaja IIUPOKO KYJbTH-
BUPOBATbCs BO MHOTUX CTpaHax Mupa. [110Abl KUBU - OAUH
M3 caMbIX IPOo/laBaeMbIX GPYKTOB Ha MeX/YHApPOAHOM PbIH-
Ke, 06JiaJlal0IMA BBICOKOM MHUILEBON U Jie4eOGHOU I|eHHO-
cTbi0. OHU CYMTAIOTCA MPEKPACHBIM JUeTHYeCKHUM NPOAYK-
TOM, T0JIE3HBIM [JIf1 3/l0POBbs YesJ0BeKa, 06/1aAal0T c1abu-
TeJIbHbIM JelcTBHeM, NPOTUBOJHA6ETUYECKUMH U NPOTHU-
BOBOCIA/IUTENbHBIMU CBOMCTBAMH, IPOSABJIAIOT IPOTUBOMHU-
KPOOHYI0 aKTUBHOCTb U 3alUILAIOT CepAeYHO-COCYAUCTYIO
cucteMy desioBeka (Abe et al,, 2010; Chang et al,, 2010; Gian-
grieco etal., 2016). Bce 3T0 06yc/10BJIEHO GUOJIOTUYECKHU AK-
TUBHBIMU KOMIOHEHTaMHM, NPUCYTCTBYIOIUMU B KUBHU. Ca-
MBbIM M3BECTHbIM OMOJIOTMYECKH aKTUBHBIM COeJHUHEeHHeM
B IUIOZlaX KUBU ABJseTCs BUTaMUH C, cofepkaHue KOTOPOTo
B HEKOTOPBIX copTax MoxeT gocturatb 420 mr/100 T, uTo
HaMHOTIO BhbIIE, 4YeM B APyrux Gpykrax. [Io kos1uecTBy BU-
TaMuHa C 3Ta KyJbTypa CyllecTBeHHO NPeBOCXOAUT aHaHa-
cbl, 6aHaHBbl, aneJIbCUHBI U JIUMOHBIL. [110bl KUBU cofiepXkKaT
Takxke 60JblIOe KoJM4ecTBO BUTaMUHOB E, PP 1 oco6eHHO
rpynuel B (B,, B,, B,). Kpome Toro, ol KuBM 60raThl Mo-
nrdeHosaMy, KOTopble 06/1afjal0T aHTUOKCUAAHTHOM akK-
TUBHOCTBIO U CIIOCOGCTBYIOT YKpEIJIEHUIO 3/J0pPOBbs YeJio-
Beka (Nishiyama et al., 2004; Du et al,, 2009). Takxe oHU sIB-
JISIIOTCS1 XOPOLIUM HCTOYHUKOM MMHepPasIbHbIX 3JIeMEHTOB,
Takux Kak Fe, Zn, Cu, Se u Cr (Santoni etal,2014; Latocha
etal, 2015). Kpome Toro, B IJ10oiaX KUBU COJLEPXKUTCS CIIELIU-
¢duHyeckoe BellleCTBO aKTUHU/UH, KOTOpOe el CTBYeT Ha Op-
raHM3M 4YeJIOBeKa aHAJIOTUYHO pepMeHTy NalnauHy, nojay4da-
eMOMy U3 TPONHYecKoro AblHHOTO JepeBa (Nut-bearing and
subtropical...,, 2012). [lomuMo ynoTpebJieHHs IJI0JOB KUBU
B CBeXeM BU/ie, IONYJISIPHbl MHOTOYMCJI€HHbIe TPOAYKTHI U3
KUBH, TaKHe KaK COK KHUBHU, YKCYC, CylleHble IOMTHUKH, JXKeM,
BUHO, HOT'YPT U KeJie. BbIsIBJIeHO, YTO MJI0ABI KUBY, COK, BUHO
1 YKCYC U3 ee IJ10J0B 60oraTbl BUTaMuHOM C U mosideHo1a-
MU, OHU 06J1aJAI0T BBICOKON GHMOJIOTMYECKON aKTUBHOCTDIO,
TOrJla KaK CylleHble JIOMTUKM KUBU U JKeM cojepxkaT
6oJibliIee KOJIMYeCTBO MUHepaIbHBIX 3/1eMeHTOB (Giangrieco
etal, 2016). [l10AbI KUBU OTIAUYAIOTCSA HEXHBIM NPUATHBIM
apoMaTOM, UX MOXKHO TaK»e MCII0/1b30BaTh [IJIsl 3aMOPO3KH,
CYIIKH, U3TrOTOBJIEHUS IACTUIIBI, KHCesleH, TacThl, MapMeJia-
Jla, BapeHbsl, CUPOIIOB, LIyKaTOB U T.[. Cbefo6Hble MJIOAbLI
HIMPOKO HCIOJIb3YIOTCS B Pa3/IMYHBIX OTPAC/IAX NMHUIEeBON
MPOMBIIIJIEHHOCTH, 0COGEHHO KOHCEPBHOW M BUHO/jeJbYe-
cKol. lIBeThbl U MJIOABI aKTUHUAUU TaKXKe SIBJASIOTCA Iep-
CMEeKTUBHBIM CbIpbeM JJIs1 KOCMeTH4YeCKOH MPOMBbILIIEHHO-
ctu (Zakharenko, 2010; Park et al,, 2013; Kozak et al.,, 2020;
Kim etal, 2023). Pa3nu4yHble 4acTH pacTeHUH - JIUCThS,
JI03bl, KODHU U 0COGEHHO MJIOJbI — COAEePXKAT MHOXECTBO BU-
JI0B GMOJIOTMYECKH aKTUBHBIX COeJUHEHUH, TaKUX KaK TPU-
TeplneHoUbl, MoNUPeHO0bl, BUTaMUH C, yrieBoAbl, aMHUHO-
KHUCJIOTbI U MUHEepaJIbl, I03TOMY UX UCHOJIb3yIOT B TPaAULIU-
OHHOM MeJuIMHe U B KauyeCcTBe ¢papMaleBTUYECKOT0 ChIpbs
B HapogHoi MeauuuHe (Abe etal, 2010; Chang etal., 2010;
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Ciaccietal.,, 2017; Lietal.,,2018; Ma et al., 2021; Panishcheva
etal.,, 2021). CrouMocTb lpoiaBaeMblX HA MUPOBOM pbIHKE
NJIOZIOB KMBU 3aHUMaeT IlIeCTOe MeCTO N0CJie LUTPYCOBBIX,
s6J10K, rpyul U nepcukoB (Zehra etal.,, 2020). CoyeTaHue
JleyeBHbBIX, AUETUYECKUX U BKYCOBBIX CBOUCTB Aroj A. chi-
nensis var. deliciosa cnoco6cTBOBaJIo GbICTPOMY €€ pacnpo-
CTpaHeHHUI0 B Cy6Tponnueckux pervoHax 3emsu (Kleme-
shova, 2012).

B Poccun oduumanbHO akKTUHUAUSA H3BeCcTHa ¢ 1879
B necax JlanbHero BocToka BcTpedaroTcst 4eThIpe BUJA aK-
TUHUJWN: aKTUHUANSA apryTa, UK ocTpo3y6yaTas (A. arguta
(Siebold et Zucc.) Planch. ex Miq.), akTHHUUS KOJIOMUKTA
(A. kolomikta (Maxim. et Rupr.) Maxim.), akTUHUAUS TOJIU-
raMHasi, wim Hocatas (4. polygama (Siebold et Zucc.) Maxim.),
u aktunugusa bxupansgu (A. giraldii Diels.). B XabapoBckoM
Kpae ¥ AMypcKOH 06/1aCTH JIMaHbl 3TUX PAaCTeHUN 3aHUMAIOT
mromaau 6osee 100 Thic. ra ¥ garoT ypoxxkait o 1000 T srof,.
HacesieHre 3TOro Kpasi y»xe MHOTO JIeT UCIOJIb3YeT ILJI0JbI
AKTUHUAUU AJIs1 MULLEBBIX U jieyebHbIX Lesel (Plekhanova,
Kolbasina, 1999; Vitkovsky, 2003).

B 1988 r. Ha Apnepckoit onblTHOH cTaHuuu (T. Coun)
ObLIM BblCaXKEHbI pacTeHust A. chinensis var. deliciosa Ha m0-
mWajAu 5,5 ra, KOTophble NoKa3a/Iu IepCcleKTHUBHOCTD ee BO3/e-
JbIBaHUsI Ha YepHOMOPCKOM noGepekbe U B HEKOTOPBIX, 60-
Jlee ceBepHbIX paioHax KpacHogapckoro kpas (Tarasenko,
1999).

B cBsI3M c u3MeHeHHeM KJMMaTa U yBeJWYUBAIOLMMCS
CIPOCOM Ha IJIOAbI AaKTUHHUJAHMM BO3HHKJA NOTPeGHOCTb
B aHaJIM3e COCTOSIHUS ee MPOU3BOACTBA. [loaToMy uccieno-
BaHUS, HallpaBJIeHHble Ha BbIsIBJIeHUEe COOTBETCTBUS 6H0JI0-
TMYeCcKUX 0COOeHHOCTeH JJaHHO! KYJIbTypbl METE0YCJ0BUAM
KpbIMcKOro mosiyocTpoBa, BecbMa aKTya/bHbl U paclivpe-
HUe COPTUMeHTa KuBHU AJ1s1 KpbIMa Tak)ke aKTyaJIbHO.

Llenb uccnedoganus — n3yyeHue pa3Ho06pasus KyJbTHU-
BUPYeMbIX BU/J0B U COPTOB aKTUHU/AUH, OLleHKa COCTOSIHUSA
Y onpefiesleHUe TeH/AeHI U BO3 /e IbIBaHUS U UCNI0JIb30Ba-
HUS [JJi BbISIBJIEHUs] BO3MOXXHOCTHU HX BbIpallluBaHUSA
B Kpbimy.

MeTo/A0J/10TUs MCC/IEA0BAHUS
B ucciefoBaHre BKIIIOYEHbI I0Ka3aTeJd MUPOBOTO MpPO-

M3BO/ICTBA IJIOJ0B aKTUHU/IUU (YPOXKAHHOCTh, 3aHUMaeMast
MJIOIA/Ab, 06K cO60p MI0J0B) U JUHAMUKA UX U3MEHEHUH.

Oxeannst
14,4%

Espona —
24,1%

[lpencTaByieH aHaaU3 JaHHBIX odULMaNbHbIX caliToB FAO -
Food and Agriculture Organization of the United Nations
(Statistics Division) - Otgen craTuctuku [1po0BOIBCTBEH-
HOU U CeJIbCKOXO3sIUCTBeHHOU opraHusanuu OOH, (cratu-
ctuyeckdit otyet ot 23 ampens 2025r.) (http://www.fao.
org/faostat/ru). Takxke npoaHaJM3UPOBaHbI JaHHblEe caiiTa
T'occopTkoMuccuu - l'ocynapcTBeHHBIN peecTp cesleKIMOH-
HBIX JOCTHXKEHUH, ONYIIEHHbBIX K Ucnob3oBaHuto (https://
gossortrf.ru/registry) - u craTUcTUYecKHe OTYeTHI 3a Nepu-
ox 1993-2023 rr.

Pe3ysbTaThl HCC/IEA0BAHUA U 06CYKIeHUE

Ha ocHoBaHUHU HcCIeAyeMbIX UCTOYHUKOB JIMTepPaTyphbl
OTMeYeHO, UTO HauboJlee MIMPOKOe PACIpOCTpaHeHHe B MUpe
MoJIyuynsia aKTUHUAUS JAeMKaTecHas, WK caajkas (A. chi-
nensis var. deliciosa), c KOMMepYeCKUM Ha3BaHUEM «KHBU»
(kiwi, kiwifruit). B TedeHre MHOTHX JIET KUBU Oblia JIIO6OU-
TeJbCKOM KyJIbTypoi. Y Tosibko B 30-e rofbl MpoOLLIOro CTO-
JIeTUsl OHaA CTajla MPUHOCUTD 60JIblINe NPUOBIIN U GBICTPO
pacnpocTtpanuiace no mupy (Goroshko, 1992). Bricokue
BKYCOBble KayecTBa MJIOJOB, CTabUJIbHAsl ypPOKaWHOCTb,
6GBICTpO€ BCTYIJIEHHe PaCTeHUH B NJIOJOHOLIEHHe, JOJIT0-
BEYHOCTb, YCTOMYUBOCTb UX K BpeJUTeJAM U 60JIe3HAM
CIOCOGCTBYIOT MOBBIIIEHHIO CIPOca Ha MJIOABI KUBU. JTa
KyJIbTYpa BO3/ie/IbIBAeTCsl BO MHOTHUX CTPaHaX MUpa, 0CO6eH-
HO C CyOTpPONUYECKUM KJHMMaTOM. B MpOMBIlIJIEHHBIX 06b-
eMax ee IJI0Abl BeIpalyBatoT B HoBoit 3esanauu, Kanudop-
Huu u @iaopuge (CLIA), B Kurtae, Utanuu, Yuau u Jpyrux
cTpaHax. 3BectHo 6oJiee 30 copToB 3TOM KyabTypHI (http://
www.liveinternet.ru/users/lviza_neo/post125503850). [Jasa
BbIpalllMBaHUsl KUBU He06X0JMMa CyMMa aKTHBHBIX TeMIle-
patyp oT 3500°C go 4500°C. PacTeHUs1 aKTUHUAUU JleTHKa-
TeCHOW XapaKTepHU3yITCS MHOTOJIETHUM ILJIOJOHOLIeHHEeM
(mo 40 u 6osee sieT). Ee miogpl 6oJiee TpaHcnopTaGeabHbI,
yeM y 6OJIbIIMHCTBA IJIOJOBBIX U ATOAHBIX KyJAbTyp. OHAKO
MOPO30CTONKOCTb ee pacTeHUN HeBbICOKas M HAXOJUTCH
B npefiesnax -15...-16°C, 4TO orpaHUYUBAET paclpoCTpaHe-
Hue (Goroshko, 1992; Besedina et al., 2019).

JlupepoM cpeiv OCHOBHBIX PpETMOHOB — IPOU3BOJUTeNel
IJIOAOB KUBH siBJsieTcst A3usi (54,5%), 3HaUUTeIbHOE KOJU-
YeCcTBO TaKxe MpousBofAT B EBporme (24,1%). HeGonbiune
c6opbl ocyuecTBassioTcss B Okeanuu (14,4%) u Amepuke
(7,0%) (puc. 1).

Adpnra
0%

HO:kuas u CeBepuas
Amepnka
7%

s

Aznn
54,5%

Puc. 1. 06beM NpoM3BOACTBA IJIOA0B KMBU 10 peruoHaM, 1993-2023 rr.

Fig. 1. Kiwifruit production volumes by regions, 1993-2023
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Hacax/eHrs kuBu B Mupe 3aHUMalOT 286,3 ThIC. ra, Ba-
JIOBBIY c60Dp cocTaBiseT 4,4 MJIH TOHH, HO CIPOC NPOJ0JIXKa-
eT olnepexxaTb MPOMU3BOACTBO MJ0JAO0B. [IpOU3BOJCTBO KUBU
B 2023 . yBeJIMYUJIOCH IO CpaBHEHHUIO ¢ 06beMoM 1993 .
B 4,9 pasa, niowaau yBeadyuaucs B 4,8 pas. CaMbIM Kpyn-
HbIM MNpOM3BOJUTesNEeM IJIOAOB KUBMU sABaseTcsd Kurtail.
B 2023 1. B 3TOM cTpaHe cobpaHo 54,0% ypokas mjaoAo0B OT
MHUPOBOTO NPOU3BOACTBA.

BeipamuBaHue kuBu B KuTae Hayasoch B Hadase 1980-x
roJi0B, 1 NepBOHada/bHasl IJIOIAJb MocaAKu copTa ‘Hay-
ward’ u3 HoBoi 3esnanauu coctaJisizia MeHee 1 ra. K 2020 .
IJIOLaAb HacaXAeHUN pa3IMYHbIX COPTOB KHUBH yXKe cOCTa-
BUJa 0KoJ10 290 ThIC. ra, a rof,0BOM 06'beM NMPOU3BOJCTBA —
6osiee 3,2 MJIH T. B Teuenue nociaennux 42 aet B Kurae 6b110
co3JaHo 156 HOBbIX copToB. Cpein HUX BblJleJIeHbl BOCEMb
coptoB: ‘Hongyang’, ‘Xuxiang, ‘Cuixiang’, ‘Donghong’, ‘Gui-
chang’, ‘Jinyan’, ‘Miliang 1’, ‘Jintao’, koTopble BbICaXKeHbI HA
miowaau 6osee 6,7 Teic. Ta. B Bo3AesibIBaeMbIX COPTaxX BbI-
SIBJIEHBI 06pa3Libl C 3eJIEHOH, XKeJITOH U KPaCHON MSIKOThIO.

Kpowme A. chinensis var. deliciosa B Kutae cTanu Bblpaliu-
BaTb copTa A. arguta w A. eriantha Benth. X HacaxJeHus
B HacTosilee BpeMsl 3aHUMANOT 1,77% oT o61el miouaju.
[IpakTHyecku Bce maobl (99,73%) KMUBU KUTAaWCKOTrO POU3-
BOJICTBA NMOTPEOGJAITCA BHYTPU CTPaHbl, HO U €XeroJHbIi
UxX UMIOPT B Kurtail moctosiHHO yBenuuuBaeTcs. (Zhong
etal, 2022).

Tak>ke 3HaUMTe/IbHOE KOJIMYECTBO IJIOJ0B KUBU cobupa-
10T B UTanuu, HoBo# 3esnanuu, HeCKoJIbKO MeHblIe - B Mpa-
He, Yny, penuu 1 B He6OJIbIIOM KoJMuecTBe — Bo Ppan-
uuy, Anonuy, Typuuu u CILIA (puc. 2).
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[IpousBoacTBO KUBU B HoBO#M 3esaHjuu B HacToOsllee
BpeMs HaXOAUTCA Ha TpeTbeM MecTe. Ee MoJbl co3peBaloT
B Mae, a C MI0H# 110 ieKabpb WX IKCIIOPTUPYIOT B [epMaHuIio,
Hupepnangpl, @pannuto, llIBenuio u Apyrue cTpaHsbl. Pacrte-
HHUA 06/1aAal0T Xopollel ypoxKalHOCTbIO, IIJI0Abl MOTYT Xpa-
HUTBCA B TedeHHe 5-6 MecslleB. BblpalBaloT B OCHOBHOM
copT ‘Hayward’, Ho UMelOTCsl HacaXK/JeHUs U C TAKUMU cOopTa-
My, kak ‘Abbot’, ‘Allison’, ‘Bruno’, ‘Chico’, ‘Greensill, ‘Monty’
u apyrue (Vitkovsky, 2003). U3MeHeHUe KJMMaTa MOXKET
0Kas3aTb BJMSIHUE HAa NPUTOAHOCTb TeX WM UHBIX pallOHOB
JUs BblpalliuBaHus KMBU B HoBo# 3esnanauu. Yciex ee Bo3-
JleJIbIBaHUS ONpejie/iseTcsl JOCTaTOYHOW OCeHHel U 3uMHel
NpOXJIaJo BO BpeMs LIBETEHUSs, UYTO MOXKeT ObITh OrpaHuye-
HUeM B yCJOBUSIX NOTeNJIeHUs KaruMaTa. PazpaboTtanu Moze-
JIM OLleHKH NPUTOAHOCTU MecCT AJil BO3/e/blBaHUsI JaHHOMN
KyJbTYpPBbI, 4YTO MOMOXKeT cPOPMUPOBAThL NIPOrpaMMBI 110 Ce-
JIEKLIUY KUBU B 3TOH cTpaHe (Vetharaniam et al., 2022).

Ha ceBepe MpaHa mioAbl KMBU € KPaCHOM MSIKOTbIO, BbI-
pallleHHble B pervoHe ¢ 60Jibliel BbICOTOH U NPOXJIaJHbIMU
JIETHUMHU TeMIlepaTypaMy, 06J1ajaloT 60Jiee BBICOKHM CO-
Jlep>kaHUueM B HUX aCKOPOGHHOBOM KHCJIOTBI, OGIHUM COZep-
’KaHHeM (peHOJIOB U aHTUOKCU/AAaHTHON aKTUBHOCTbI0. OTMe-
yeHo, 4yTo 1,1-fudeHUN-2-NIUKPUATHAPASUT U AHTHUOKCH-
JIaHTHasl CNOCOGHOCTb MOJIOXKUTEJNbHO KOPPEeJUPYIOT C ac-
KOp6UHOBOM KHCI0TOH B iogax (r = 0,98) u o6uum cozmep-
)kaHueM ¢eHosoB (r=094 u r=0,93 COOTBETCTBEHHO).
O61iee cofepkaHe aHTOLMAHOB MOJIOXKUTEJbHO KOPpPeu-
pyeT ¢ coJiep>kaHHeM pacTBOPHUMBIX CyxUX BelecTs (r = 0,82),
06LUM KOJIMYECTBOM PacTBOPUMBIX caxapoB (r=0,94), pH
(r=0,94), oTHOLIEHHEM PACTBOPHUMBIX CYyXUX BEI[eCTB K TUT-
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Puc. 2. OcHOBHbIe CTpaHbI - IPOU3BOAUTEIHU IJIOA0B KUBM, 1993-2023 r1.
Fig. 2. The world’s main Kkiwifruit producers, 1993-2023

B UTanuu 3Ty KyabTypy BblpaliuBaloT ¢ 1972 . B peruo-
He dMuaus-PoMaHbsi Bo3JesbiBalOT copTa ‘Abbot, ‘Bruno)
‘Hayward’, ‘Monty’. Ux myiozpl, Maccoit o 94 1, mpeKpacHo
XpaHATCA ([0 MecTH MecsleB) U 06bIYHO 3KCIIOPTUPYIOTCSA
B Aipyrue cTpaHbl. [lo mpousBoACTBY MJIOAOB KUBU WTanus
ycrynaeT Tosbko Kutaw (Vitkovsky, 2003; Costa, Testolin,
2022). B nocnegHue rofpl B Utanuu npuo6pesa nomyJssp-
HOCTb A. arguta, KOTOpYI0 Ha3bIBalOT BBIHOCJAMBBIM KUBU. Ha
ceBepe WTanuu B pernoHe [IbeMOHT BbIpAIUBAIOT MJIOAbI
A. arguta copta ‘Hortgem Rua’®, nmposaBaemMoro nof, 6peH-
oM Nergi®. Criesible 1104 bl 3TOTO BU/ia aKTUHU/J UM He Tpe-
OYIOT OUMIeHUsI OT KOXUIbl. OHU TaK)Ke XapaKTepU3yITCs
60oraTbIM XUMHYECKUM COCTABOM, IPEBOCXOASALIMM TaKOBOH
y KuBH (A. chinensis var. deliciosa) c 3eJleHOH MSIKOTbIO IJIO-
ZoB. (Brondino et al., 2022).

pyemoii kucnore (r=0,83) U OoTpULATESBHO — C KOJIMYe-
CTBOM TUTpyeMo# KucsoThI (r =-0,77) (Asadi et al,, 2024).
KuBu B PyMbIHMM fIBJIsIeTCSI HOBBIM BHJIOM QpPYKTOB,
Y BHeJI[peHHe 3MMOCTOMKHUX TeHOTHUIIOB, aJallTUPOBAaHHBIX
K MECTHOMY YMepeHHO CYpOBOMY KJIMMaTy, NpeAcTaBJIseT
co6oif npuopUTeTHYI0 3a4auy. A. arguta fiBJsieTcs 60see Mo-
po3ocToiikol, yeM A. chinensis. OHa GbL1a NEPBBIM BHUJIOM,
BKJIIOYEHHBIM B PYMbBIHCKO-UTAJIbSHCKYI0 IPOrpaMMy MO ce-
JIEKIJUU KWBY, HadaTyto B 1993 r. B UTanuu nytem ckpelu-
BaHUs TpeX pasHbIX copToB A. arguta - ‘Francesca), ‘Rosana),
‘Jumbo’ - mosyyens cessHibI (1000 wt.). [Tocse ux u3yyeHus
oTo6pay BoCceMb NepCHeKTHUBHbBIX KeHCKUX pacTeHUH. Ha
JiBa 3JIUTHBIX copTa A. arguta ‘Vip Green’ u ‘Vip Red’ mosyye-
Hbl naTeHThL Y Vip Green’ miozabl oueHb KpymnHble (6osiee
15 r), BUIMHAPUYECKHe, CJIerKa IJI0CKUe, aCHMMeTPUYHbIE,
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C 3eJIeHOU MSIKOTbIO U KoxkuLel; y ‘Vip Red’ - cpesHero pas-
Mepa (okoso 10 r), c popMoii yceueHHOT0 KOHYyca U 6oJiee y3-
KOM 4acThIO y YalledKH, C KPAaCHOW MAKOTBIO U KOXKHULeH.
06a copTa UMEIOT XOPOIIYI0 NPOAYKTUBHOCTb U YCTOHYUBBI
K KOpHeBOMY paky. [1J10/jbl MOTYT XpaHUTbCS 60siee YeThIpex
MecsiieB (Stdnicd et al., 2022).

C 1977 r. aKTUHUJAUIO [eJIMKAaTeCHYK KyJbTUBUPYIOT
B ['penjuy, rae mpoMbllljieHHble MJIOLAAW HacaXJeHUH 3a-
HUMamT A0 1,3 Teic. ra. BosgesnbiBaloT kuBU U Bo PpaHuUMU.
OCHOBHBIMH copTaMHu fIBJsAIOTCA ‘Abbot, ‘Bruno’, ‘Hayward’,
‘Monty’, onblLIUTENSAMU CAYKAT copTa ‘Matua’, “Tomury’, ‘Mal-
de Semis’. Ils10bl B OCHOBHOM 3KCHOPTUPYIOT B Besbruto,
['epmanuto, [lanuto, Hupepaiangel, Hopseruto u T. . B CIHA
A. chinensis var. deliciosa KynbTUBUpPYIOT B lTaTe Kanudop-
HUs. B HacTos1lee BpeMsl HaCaXK/JeHUSI KUBU COCPeJOTOYEHbI
B foniMHax CakpaMeHTO U CaH-X0aKHH 3TOr0 peruoHa.

B AAnonuu nepBble HacaX/jeHNs KMBH 3a/10’)KkeHbI B 1972 T.
OcHOBHBIE IJIOIIAAHN COCPEJJOTOYEHBI HAa OCTPOBaX XOHCIO
u Kirocro. BeipauiuBaioT B ocHOBHOM copTa ‘Abbot, ‘Bruno’,
‘Hayward’ (Goroshko, 1992; Vitkovsky, 2003). [loBbiieHue
TeMIepaTypbl BO3/yXa B OC/Ae[HUE TOAbl U3-3a [V106abHO-
ro U3MeHeHHUsl KJIUMaTa OTpPULATeJbHO CKasblBaeTcsl Ha
npousBoAcTBe KUBM B flnonuu. Copra rpynnsl Sanuki Ki-
wicco npejCcTaBAAOT cO60H MeXBUAOBble THOPUBI MEXAY
A. rufa (Siebold et Zucc.) Planch. ex Miq., npouspacTarwueit
B TeIJIbIX peruoHax SINoHuH, U JUIJIOUAHOU A. chinensis var.
chinensis. OnpesiesieHO, YTO YCTOUYUBOCTD A. rufa K BBICOKUM
TeMIlepaTypaM llepe/ilaeTcsi TIOTOMCTBY, U 3TOT BUJ sSIBJISIETCS
LIeHHbIM MaTepHuaJoM JJs ceJleKLIUU COPTOB KUBH, afJlallTH-
pPOBaHHBIX K 60Jiee TelJbIM KJIMMaTU4YeCKHUM YCJIOBUSIM.
B nosieBbIX yCJI0BUSAX APKUX JIETHUX NEPUOJOB JIUCTbS
KUBHU A. chinensis var. deliciosa CUJIbHO CTPaZalOT OT BBICOKUX
TeMIepaTyp Bo3Ayxa. B To ke BpeMs sucTba A. rufa He 1o-
BpEeX/JAl0TCs, a COPTa, NoJIlyYeHHble B pe3ysibTaTe MeXBU/0-
Boi rubpuausauuu (‘Kagawa UP-Ki4’ u ‘Kagawa UP-Ki 5’),
noBpexaroTcsl HesHauuTeabHO (Kataoka et al.,, 2022).

B nocnesHue rofpl KUBY MOJy4MJIa NOMY/ISPHOCTD U CTa-
Jla aKTUBHO BO3JeJsblBaTbcsl B Typuuu. OfHako MOYTH Ha
BCeX IJIaHTALUSAX MUCIOJb3YyeTcsl TOJIbKO OAWH copT A. chi-
nensis var. deliciosa - ‘Hayward’. B 2008 r. 6p171a HayaTa mnpo-
rpaMMa cejleKIU1 3TOH KyAbTypbl. OTOGpaHbI U 3apeTuCcTPU-
pOBaHbl 10 OJHOMY NepCNeKTUBHOMY KaHJWJATy B cCOpTa
MY2KCKOT0 U ’KEeHCKOT0 THIa. B HacTos1ee BpeMst NpoAoJIKa-
I0TCS IPOLleAyPbl perucTpaLuy ellle JByX KaHAUAATOB B COP-
Ta My»CKOT'0 THIIA U ABYX - xeHckoro Tuna (Kahraman et al.,
2022). B Typuuu, noMuUMO yHnoTpebJyeHUs NJ0J0B KUBHU
B CBeXeM BH/le, BO3HUKJIA HEOOXOAUMOCTb UX NepepaboTKu
Y XpaHeHUs1. Pa3paboTaH MeTOJ AJs1 UCII0/1b30BaHUsI HEKOH-
JULMOHHBIX IJIOJIOB KUBH, IPOJlaBaeMbIX B CBEXXeM BUJE T10
60Jiee HU3KUM LieHaM. [loab1 kuBU copTa ‘Hayward’ ouuina-
JIM, Hape3aJi JIOMTUKaMH (TOJIMHON 9 MM) U PONUTbIBa-
1 caxaposol. [locse 3Toro ux CymuiIu Opu TeMIepatype
42°C u yepe3 12 MecsLeB onpeJeisju CPOK FOJHOCTHU. YcTa-
HOBHWJIH, YTO JIOMTUKHU IJIOJ0B KUBU COXPAHSIIOT CBOU IPKUI
3eJIeHbI} I1BeT U KaueCTBEHHble XapaKTePUCTHUKHU B TeueHue
JIeBSATH MecsLeB M0cje CyIIKH A0 MOHMXXEeHHOTo cofeprka-
HUs BoAbl. Takre GPyKThI 6bLIM PEKOMEH/J0BaHbI K YIIOTpe6-
snenuto (Goksel etal., 2022). B 2017-2019 rr. B ycaoBusix Op-
Jyckoro paioHa TypLiuu BeIIB/IAIN 6HM00TMYecKre 0COOeH-
HOCTH YeThIpex COPTOB KUBH. /Il 3TOr0 pervoHa GblIM pe-
KoMeH/i0BaHbI copTa ‘Hayward’ u ‘Monty’, koTopble BbIAeIsI-
I0TCs KPYIHBIMU [JIOZAMHU U BLICOKOH yposkaitHOCTbIo (Islam
etal, 2022).

KuBHM cTaHOBUTCS OAHOM U3 CaMbIX BaXKHBIX KYJbTYP
B l0xHoU Adpuke. HegocTaTok 3HaHUN 06 ONTUMaJIbHOU
CTaJiUU 3pesIoCTU 0XKHOAPpPUKAHCKUX COPTOB NMPUBOAUT

K CMeIlaHHOW y6opKe ypoxkasl U MoTepe N0CAey60pOYHOro
KavecTBa IJ100B. [1710bI IBYX COPTOB 30/10ThIX KUBH (‘Y368
u ‘Copenn’) 6bL1M cobpaHbl B Puumonfge (KBasyny-Harai,
I0OxxHass Adpuka) B paHHMe, CpeJlHUe U MO3AHUE CPOKHU.
Onpenenuay, 4To BpeMs cbopa OKasalo 3HauyUTeJbHOe
BausiHue (P <0,001) Ha Bce mapaMeTpbl UX KadecTBa. U3-
BECTHO, YTO 6,2% pacTBOPUMBIX CYXUX BellecTB IO LIKaJe
BpuKkca y»xe JaBHO UCNIO/Ib3YeTCsl B UHAYCTPUM KUBH Kak I0-
KasaTeJlb OITUMaJIbHOTO 3HaYeHHUs [ c6opa ypoxkast. [1ro-
[1bl, COOpaHHble B cCpeJiHUe CPOKU npu 6-7% Brix, Takxke
MMeJIM XOpollMe M0CJAey60pOoUYHble XapaKTePUCTHUKHU U CO-
XPpaHSAJIM TBEPAOCTb B KOHIle XpaHEHUs U B TedeHHe CpoKa
rofHocTH npoaykuuu (Mahlaba et al., 2022).

B Kopee mnogp! A. eriantha Ha3biBaloT «buaaH», U OHU
SIBJISIFOTCS] IPeBOCXOAHOM QYHKIMOHAIbHOU nuel. [l1oabl
«Bbupan» yno6HbI A ynoTpebJjeHUs, TaKk KaK UX KOXHIa
JIETKO CHUMaeTCs [IPU CO3peBaHUU. YUUThIBast YPOXKAaKHHOCTh
KaueCTBEHHBIX IJIOZI0B U TPYAO3aTpaThbl Ha NMpOpeXHUBaHUe
IJIOAOB, HA KoMMepyeckoid ¢pepme B XsHame (Kopes) syuy-
LIMM OKa3aJiCsl BapUaHT C 2-KpaTHbIM onblieHueM npu 30
1 80% MoJIHOTO LiBeTeHUs paCTeHUH, KOTOPBIH 6blJ IpejIo-
»KeH JIJIs] KOMMepuecKoro Npou3BOACTBa 10408 A. eriantha
(Cho etal.,, 2022).

[llupokoe BHeJjpeHHEe B CeJIbCKOXO3SHCTBEHHOE NMPOU3-
BOJICTBO aKTHMHUJUU KaK KyJbTypbl OGYCJOBJEHO OTCYT-
CTBUEM NEePUOJUYHOCTH B IJIOFOHOIIEHUH, BBICOKUMU YpO-
»KasMH, JJIMTeJbHbIM CPOKOM NPOMBIILJIEHHON 3KCILIyaTa-
LMY HacaXkAeHUH, BBICOKUMH [JeHaMHU Ha IJI0/bl, TOCKOJIbKY
B GOJIBIIMHCTBE C/Iy4aeB OHU SIBJIAIOTCS 3KOJOTMYECKH 4U-
cTeIMU. JIo 1999 r. npor3BOACTBO IJIOAOB KUBU B MUpE CO-
CTaBJIsANI0 0KOJI0O ofgHOoro MJH T. OgHako k 2000 r. uHTepec
K 3TOH KyJbType 3HauYuTeJbHO Bo3poc. C 3TOro nepuoja u no
HacToslIllee BpeMs HabJ/I0aeTcs yBeJudeH e IIolafen moj,
HacakJleHUsIMU KHUBM, a BHeJpeHUe 06oJiee MHTEHCHUBHBIX
TEeXHOJIOTUH N0 ee BbIpalllUBaHHIO U HOBBIX COPTOB CIOCO6-
CTBOBaAJIO CTAGU/IBHOMY POCTY IPOU3BOACTBA (pHc. 3).

B pernonax Poccuu ¢ yMepeHHBIM KJIMMATOM yCIeEIIHO
BbIPAlIMBAIOTCS MeHee TelJI000UBbIe Ja1bHEBOCTOUHbIE
OoTedyeCTBEHHble BHU/bl aKTUHUJAWY, OTJHUYaAIOLIMECS He-
KpPYNHBIMU IJIOZAaMU C TOHKOU CbeJ06HOM KoxuUlei: A. ar-
guta, A. kolomikta u A. polygama. Tlo BKyCOBbIM KauecTBaM
Y MUILEBOH LeHHOCTHU IJIO/bl OTeYeCTBEHHBIX BUJOB aKTH-
HU/JHUM He YCTYNAIOT W 4aCTO MPEeBOCXOAAT KUBHU. B cocTaB
IJIOJIOB aKTUHUUN BXOJAT 6HM0JI0rMYeCcKy aKTUBHbIE Bellle-
CTBa: BUTAMHUHbI, KaTeXUHbl, 6MOPIAaBOHOUABI, MUHEPaAJIb-
Hble KOMIIOHEHTHI, M0JIMCaxXapy/ibl, AMUHOKHUCJIOTHI, AyOUIIb-
Hble BewecTB U Jp. (Kolbasina, 2000; Motyleva etal., 2018;
Vdovenko-Martynova et al., 2021).

[l1oAbl aKTUHUUM 3TUX BUAOB YIOTPEGJISAIOT B CBEXKEM
Y nepepaboTaHHOM BHJe. V3 100B pa3IMUHbIX BUJOB aK-
TUHUJUH TOTOBAT BapeHbe, MAacTUJY, UX UCIOJb3YIOT AJs
MPUTOTOBJIEHUS COKA, BUHA, KUCeJlel, MapMeJlajia, LiyKaToB.
[lnozawl cywat, BAaAT, 3aMopaxkuBawoT (Kozak etal, 2020).
B Poccry B 0CHOBHOM pacnpocTpaHeHbI COPTa U CeJIeKIIMOH-
Hble popmbl A. kolomikta v A. arguta. CenekypoHHast paboTa
C Ja/IbHEBOCTOYHBIMU BUJAMU aKTUHUAUM B Poccuu 6bLia
Hayata U. B. MuuypusbiM B 1906 r. B TaM60BCcKON 06/1aCTH.
OH oToO6pan cpeau cesHUeB A. arguta copTa ‘YpoxaiiHast,
‘PanHsas, ‘Tlo3gHsas’. B TpeTbeM U 4eTBEPTOM MOKOJEHUSIX
aukopactyueit A. kolomikta uM 6blIM BbISIBJAEHBI QOPMBI,
KOTOpble U3BECTHBbI [0 HACTOsALIero BpeMeHM Kak copTa
‘AnanacHas’ u ‘Knapa Lletkud’ Ha [laBioBCKOM OmbITHOU
cranyuu BUP, ucnonb3ys takue xke Metonnl, ®. K. TeTepes
BbIBeJI 3MMOCTOMKHe KpYNHOILIOAHbIe copTa: ‘TlaBsoBcKast,
‘Kpynnonsnognast, ‘BUP 1, Jlenunrpazackas [lo3gusas’ u ap.
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Fig. 3. Worldwide kiwi production and area under its plantations, 1993-2023

Bousbioi BK/IaZ 0 BBeJeHUIO Ja/lbHEBOCTOUYHbIX BU/I0B
aktuuaui (A. arguta, A. kolomikta, A. polygama) B KynbTypy
BHecsa J. U. Konbacuna. C 1969 r. oHa ctasa popMUpoBaTh
KOJIJIEKIIMIO Pa3/IMYHBbIX BHUJOB aKTUHUJUHA B MOCKOBCKOM
otgenenun BHUU  pactenueBoscTtBa wum. H.M. BaBusoBa
(MOBMUP). B 60-e rogs! npouwioro crosetus 3. U. Konbacu-
HOM O6bIIM COGpaHbl ceMeHa 06pasLoB AUKOpACTYLIUX GopM
B IPUPOAHBIX MecTo06UTaHUsAX [IpuMopsbs, 0. CaxanuHa, Ky-
PUJIBCKUX OCTPOBOB U OKY/JbTYpPEHHBbIX pacTeHUH B llen-
TpasibHO-YepHO3eMHOH 30He, HeuepHO3eMbe U Ha YKpauHe,
YTO NOCTYKUJI0 OCHOBOH CO3/iaHUs1 TeHOPOHA0BON KOJLJIEK-
LUK 3TOU KyJAbTYpbl B I. MUXHeBO MOCKOBCKOH 06J1acTH.
OHa sIBJIIETCS aBTOPOM TaKHX COPTOB aKTMHM/MH, Kak ‘Ba-
denbHasA, ‘MoHeTka, ‘Copoka’, Jlakomka, ‘KaBanep’ (A. kolo-
mikta); ‘Tlpumopckas’ (A. arguta); ‘A6pukocoBast’ (A. poly-
gama) u ap. (Kolbasina, 1996; Plekhanova, 2004). Briia pas-
paboTaHa MeTOAMKA COPTOM3YYeHUs aKTUHUUU. [Ipyu aToM
copTa He06X0AMMO TPYNIHUPOBATh N0 UX BUAOBOW MpPHUHAL-
JiexkHOCTH. OCHOBHbIe HAOJ/II0/IeHUs JJO/DKHBI TPOBOJUTBCS
3a 06IMM COCTOSIHHEM PacTeHUM, UX yCTOMIUBOCTBIO K HU3-
KUM OTpHULATeJbHBbIM TeMIlepaTypaM BO3JyxXa, 3acyxe,
OCHOBHBIM 60JIE3HSIM U BpeAUTeJsIM; TaKKe HeOoOX0ANMO
M3y4aTb CPOKH HACTYIJIEHUsI OCHOBHBIX (a3 BereTaluy, CTe-
NeHb CaMOMJIOJHOCTH PAacTeHUH, UX YpPOXKaHHOCTb M Kaue-
ctBo sirof, (Plekhanova, Kolbasina, 1999). Oco6oe BHUMaHUe
NpH 3aKJa/iKe HacaXk/leHUH yKa3aHHBIX Bblllle BUJJOB aKTH-
HUJAUU cJejiyeT obpallaTh Ha BbI6Op y4yacTKa: He06X0U-
MO BbIOGHMpATh y4YaCTKHU C XOpOlled OCBelleHHOCTBIO U 3a-
IUIeHHOCTBI0 OT TOCNOJACTBYIOUIUX BETPOB, C XOPOIIO
CTPYKTYPUPOBAHHOW IMJIOJOPOJHON U BJIAXKHOW MOYBOMH.
[Ipu rogoBoit cymMe ocazikoB MeHee 450 MM Heo6X0UMO
HUCKycCcTBeHHOe opoueHue pacteHud (Plekhanova, Kol-
basina, 1999). Ha I[laBsioBcko¥ omnbITHOW cTaHuuu BUP
M. H. [lnexaHoBOM 6blj1a co6paHa KOJIJIEKL U aKTUHUAWHU.
Pan copToB co3fgaH coTpyAHHKaMU /JlaJbHEBOCTOYHOMN
onblTHOU cTtannuu BUP O.T. Cio6oguukoBoit u Il. A. Yeby-
KUHBIM, a Takxke B CamapckoM HUM capoBoAacTBa U Jiekap-
CTBeHHBIX pacTeHUM «Kurynesckue cagpi» I. U. Cob6oJieBbIM.

B nHactosee Bpems B PefiepaJbHOM HAyYHOM CeJIeKIIH-
OHHO-TEXHOJIOTUYECKOM LleHTpe CaJl0BOACTBAa U NMUTOMHHU-
koBogcTBa (PHL CasoBojCTBA) CKOHLIEHTPHUpPOBaHA caMast
npescTaBUTebHAs B Poccuy KosleKust akTUHUUH, KOTO-
past HacuuThiBaeT okoJsio 200 o6pasuoB (Kozak etal., 2020).
B sToM yuypexeHuu ydeHukamu 3. M. KonbacuHol akTUBHO

HNPOBOJUTCS CeJIeKIIMOHHAsA paboTa. Bblin co3/jaHbl HOBbIE
3uMocToiikue copta A. polygama: ‘KpacHas [leBuna’ c »xeH-
CKHM THIIOM L|BETKA U COPT-ONblINTENb J06pbIii Mosioger.
OHM peKOMEHAYIOTCS JIJIs1 BbIpalllMBaHUS B CpeJHEH noJioce
Poccuu u ee 10KHBIX perdoHax. Kpome Toro, JucTbs copTa
Jlo6pblii MoJsioziely, XapakTepusyloLdecss BbICOKUM COZep-
»kaHueM xJyiopoouiios (1,8 Mr/r), kaporuHouzos (0,6 Mr/r)
Y ackop6uHoBoU kuciaotel (690 mr/100r), mpexsaraetcs
HCI0JIb30BaTh B KAYeCTBE UCTOYHMKA GMOJIOrMYECKH aKTHB-
HBIX BEIleCTB [JIs NUTaHus dyesoBeka (Kozak et al., 2018).

Cnpoc Ha HaTypaJsIbHble IPOJYKTHI, GoraTble GHOJIOTHYE-
CKHU aKTHBHBIMH BeI[eCTBAMHU, IOCTOSIHHO pacTeT. U3yyeHune
XMMHYECKOT0 COCTaBa IJIO/OB JIBYX BU/IOB aKTUHU/UH 1103-
BOJIUJIO BBIZEJIUTD JBa copTa A. kolomikta ¢ ny4miuMu noka-
3aTesaMu: YemnuoH' u JlakoMka), a Takke JiBa copTa A. po-
lygama: ‘Uene6Has’ u ‘Y3opuatasi. BeisiBleHa MOJIOXKUTEJb-
Hasl KOppeJsslus MeXJy aHTHOKCHJAHTHOM aKTHBHOCTbBIO
U coiepkaHueM mnosindeHosioB (Panishcheva etal, 2021).
C y4acTreM OTOGPaHHBIX B HOBBIX JJIs TPOM3PACTaHUS YCII0-
Buax ¢opm aktuHuguu B PHI CajoBozacTBa co3JaHbl
u BkJtoueHsl ¢ 2013 no 2023 . B [ocpeecTp 13 HOBBIX cop-
TOB, 3all{UILeHHbIX TaTeHTaMu P®: naTb coptoB A. kolomikta
(‘Hapgexpa’, ‘Tlamatu Konbacuuoit', ‘Venaga', ‘UemmnuoH’,
‘Qnna’), wectb coptoB A. arguta (launas’, ‘Hatanna’, ‘Cos-
HeyHbI, ‘TaexHbiil [lap, ‘Topsinka, ‘Tlatpunus’), ABa — A. po-
lygama ([o6pbiii Mosnogery, ‘KpacHas [leBuna’). Itu copta
HCIOJIb3YIOTCA B JIIOOUTEJIBCKUX CaJlaXx BO BCEX perrvoHax
Poccuy, oiHaKo 0 co3/1aHUY TPOU3BO/ICTBEHHBIX IIAHTALIUH
3MMOCTOMKHX aKTUHUAUHN B Halllell cTpaHe CBeJleHUH MoKa
He umeertcs (Kozak et al.,, 2020).

Bo BiakHBIX cyOTponuKax PoccHy BbIpalliMBalOT KUBU
(A. chinensis var. deliciosa) NITU COPTOB >XEHCKOr'O THIHA:
‘Abbot), ‘Allison’, ‘Bruno’, ‘Monty’, ‘Hayward’ u AByX — My>CKoO-
ro: ‘Matua’ u ‘Tomury’. YcTaHOBJIEHO, YTO B 3THUX YCJOBUSX
JUI1 aKTUHUIUY Jle/TMKaTeCHON IMMUTHPYIOLMMH dpaKTopa-
MU BO BpeMsl [IBETEHHUS ABJISAIOTCA 0CaZLKU U BJIAXKHOCTb BO3-
Jlyxa. BeisiBJIeHa KpUTHYeCKast TeMIIepaTypa, OrpaHU4YHMBalo-
uasg apeaa ee BblpaumuBaHus: -15..-18°C. dddekTruBHOE
KyJIbTUBUPOBaHME aKTUHU/MM [JIeJIMKaTECHOH BO BJIQXKHOH
cy6Tponuyeckod 30He Poccuu B HacTosilee BpeMst BO3MOXK-
HO Ha OCHOBe MHUKpOpaloOHUpOBaHHUA. B mpexaropbsax (no
200 M H.y.M.) HaubGoJiee mpucnocobsensl copra ‘Hayward),
‘Hayward K-10’, ‘Hayward K-17’ u ‘Kiwaldi’, Kk HUSKoropbsam —
‘Hayward K’ u ‘Hayward K-8’ [lsis1 pacTeHUH aKTHHUAUH Jie-
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JIMKaTeCHOUW B HccleAyeMoll 30He HeobxoauM moJsuB (Be-
sedina et al., 2016, 2019; Tutberidze et al., 2016).

B yci0BUAX BJIQXKHBIX CYGTPONMKOB YCTAaHOBJIEHA CIle-
nudUKa BIUSAHUA KJIMMaTH4eCKUX (GAaKTOPOB Ha ypokaii-
HOCTb UHTPOAYLUPOBAHHBIX COpPTOB A.chinensis var. deli-
ciosa. Pa3paboTaHHble MaTeMaTH4YeCcKHe MoJeld GOpPMUPO-
BaHUS ypoxkaeB HUCCIeAyeMbIX COPTOB MO3BOJIAIOT IMPOrHO-
3MpOBATb ypOXKail 3TOHN Ky/bTypbl. B3auMocBs3b ypoxkaliHo-
ctu coptoB ‘Hayward K, ‘Hayward K-12', ‘Hayward K-17’
C KJMMaTU4eCKUMHU paKTOpaMU BJIAXKHBIX CYyOTPONHUKOB
Poccuu cBuzeTeIbCTBYeT 06 UX alAlITUBHOCTH K YCJIOBUAM
JaHHOU 30HbI. OCHOBHBIM JIMMUTHUPYIOLIUM GaKTOPOM BO3-
JleJIbIBaHUSl KUBH, IOMHUMO CYMMBbI OCaZikOB B ¢asy IiBeTe-
HUS, SIBJISIIOTCS CPOKHU c60pa ILJIOJ0B B MEPUOJ, UX CbeMHOMN
3pesioctu (Tutberidze et al,, 2012). Xumuyeckuii coctas mio-
JI0B KMBH, BblpallleHHbIX B ycaoBUsax 0ra Poccun, noguepku-
BaeT UX BBICOKYI0O MUTATeJbHOCTb W aHTHOKCHUJAHTHbIE
cBoicTBa. JleueO6HO-NpOPUIAKTHYECKAS UX LIEHHOCTb 00Y-
CJI0BJIEHA HaJlMYMeM NeKTUHOBBIX BellleCTB, KOTOpbIe B HaU-
60JIblIEM KOJIMYECTBE HAKAIJIMBAIOT MJIOAbI cCOPpTOB ‘Abbot),
‘Hayward’, ‘Allison’. OnpeesieHbl COPTOBbIE PA3JIUYUS B CO-
JlepKaHUM PacTBOPUMBIX CYXMX BellecTB, OpraHUYecKHUxX
KHUCJIOT (IMMOHHOMU U 516J104HOM ), cCaxapoB, B YaCTHOCTH IVII0-
K03bl, QPYKTO3bI U caxapo3bl, a TakxKe BUTaMHHa C, nosnude-
HOJIOB, MUHePa/bHbIX, apOMaTHYeCKUX BellecTB, TEKTUHOB
Y aMUHOKHUCJIOT. /lJ1s1 pa3BUTHSA KOHCEPBHOTO NPOU3BOACTBA
pekoMeHayt0TCcsa copTa KuBu Abbot), ‘Allison’, ‘Monty’ (Prich-
ko etal., 2013).

HecmoTps Ha 60Jibllyl0 MOMYy/ASPHOCTb y NOTpebUTes
nyioJoB A. chinensis var. deliciosa, Hanu4ve UX ONYIIEHHO-
CTH 4acTo BocnpuHuMaerca HeraTuBHo. B HUU cesbckoro
x03s1lcTBa AkazeMuu Hayk A6xasuu ¢ 2003 r. mpoBOAAT
ceJIeKLLUOHHBbIe pabOThI 10 CO3JAAaHUI0 COPTOB aKTUHUJUU
cnajgko, uau A. chinensis var. deliciosa, oTAIM4YalOUUXCS
MeHblllel ONMyIIEeHHOCTbIO IJIOAOB WU MOJHBIM ee OTCYT-
ctBueM. B 2016 . oToGpasd HECKOJIBKO TOJIONJIOLHBIX COP-
ToB: ‘AncHbl, ‘Tlo6eautens’, Tynpunuickuit, ‘Otxapa), ‘Ciasa.
W3 Hux HauboJiee KPYNHOIUIOAHBIMU OKasdaiaucb ‘OTxapa’
(56,96 1) u ‘CnaBa’ (80,23 r), maoasl coptoB ‘[lobegutens’
Y ‘AnicHbI’ BbIJIe/ISIIOTCS HAKOTJIeHHeM nosindeHos1oB (1364,8
1 1528,6 mr/100 r cooTBeTCTBEHHO), copToB ‘CiaBa’ u ‘Tlo-
6eauTesp’ - cojlep’kaHueM acKop6UHOBOM KucaoThI (1349,0
1 1042,0 mr/100 r cooTBeTcTBeHHO). [lo KOMIJeKcy mpu-
3HAKOB HauboJjiee LeHHbIM siBjseTcs copT ‘OTxapa’ (Aiba,
2017; Aiba et al,, 2024).

B KprbiM copTa A. chinensis var. deliciosa “HTpoAyLpoBa-
a1 B 1986 1. u3 bosrapuu. B Kosl1eK11i0 M10J0BbIX KYJIBTYP
Huxurtckoro 6oTaHnuyeckoro caja Ha l0xHoM 6epery Kpbima
OblJIM BbICAXKE€HbI PACTEHUs] TPeX COPTOB C GYHKIMOHAIBHO
’)KeHCKUMU 1BeTkamu (‘Abbot, ‘Bruno’ u ‘Monty’) u copt-
onblinTenb ‘Tomury’. [lo3ke Nocafgu/iM pacTeHUs copTa
‘Hayward’, ru6puzabl ‘Monty’ x “Tomury’, cesHLbI COPTOB
‘Abbot’ u ‘Monty’, a Takxe rubpugHble ¢popmbl Ne 1 u Ne 2,
BblpallleHHble U3 CeMsH, NoJydyeHHbIX u3 lOrociaBuu. Ha-
6J110/leHH s 3a paCTEHHUSIMU OCYLIeCTBJISIIU C IePBOT0 roja Ux
nocaZiku Ha noctositHHoe MecTo (Sholokhova, Myazina, 1994).
B HukuTckoM 60TaHUYeCKOM Cafly 0c060e BHUMaHue yjeJs-
JIY PENPOAYKTUBHOU chepe pacTeHui KuBU. B 1990-1993 rr.
BbINIOJIHEHA paboTa, pe3yJbTaTOM KOTOpOM cTana Mopdo-
6uoJIoTMYecKasl XapaKTepUCTUKA Pa3BUTHUS PENpPOAYKTUB-
HOHU cdepbl YeTbIpex cOPTOB KUBHU: ‘Abbot, ‘Bruno’, ‘Monty’
C NeCTUYHBIMU LBeTKaMH U ‘Tomury’ ¢ TBIYUHOYHBIMU. BbI-
SIBJIEHO, YTO B yca0BUsX I0xHoro 6epera Kpbima cnenuanu-
3al{s THIYMHOYHBIX M NECTUYHBIX LIBETKOB HCCJeJyeMbIX
coptoB A. chinensis var. deliciosa cinepyeT nocje 06pasoBaHUs
JIUCKa THHelled. B aTOT nepuoj, B My>KCKHX LiBeTKaX MPOUC-

XOAUT PeAyKLUs I'MHelles, B })KeHCKUX — aHApolesl. lIBeTeHue
pacTeHUM KMBU OTMeva/u B IepBON-BTOPOH JeKajax UIOHSA
NpU cpefHeCyTOYHOU Temmnepatype 16,5°C U BJIQKHOCTU
Bo3ayxa 70%. HepocTaTok Bjard B epuoJ, pocTa ILJIOJOB
NPUBOAUT K UX onajaHum. [IpeApacnonokeHHOCTb KyJIbTY-
pBI K IIMPOKON BHYTPUBUA0BOM U3MEHUYMBOCTH OTKpbIBAeT
MepCcrneKTUBbI CO3JJaHHS HOBBIX 3KOTHUIIOB, TMOPUAOB U COP-
TOB, IPUCIIOCOGJIEHHBIX K MECTHBIM YCJOBUAM BO3/eJbIBa-
Hus (Kirilova, Chebotar, 2005).

B 1993 r. u3 nurtomHuka «HopaBya» (Mosasia, wraTt
OperoH, CIIIA) 6611 MHTPOAYLUPOBAH COPT KUBH ‘Saanishton’.
3a pacTeHUAMHU NPOBOJ MU HABGIIOAEHHUS, U3ydaau 0cobeH-
HOCTH X POCTa ¥ Pa3BUTHSA B YCIOBUSIX I0X)KHOTO TOGepebs
KppiMa. B HUKHTCKOM 60TaHHMYECKOM cajly Hadajlu ceJsleK-
LIHOHHYI0 paboTy M0 CO3/JaHH1I0 HanboJlee alal TUPOBAHHBIX
k ycsoBusiM KpbeiMa coptoB A. chinensis var. deliciosa. Pe-
3y/JITAaTOM TaKHX UCCJIeJOBAaHUH CTaso MOsIBJIEHHe HOBOTO
copta ‘Hukutckas I06unelinas’. ABTOpbI - cOTpyAHUKH Hu-
KMTCKOro 6oTaHuudeckoro cazga JI. ®. Mgasuna u E. JI. lllnu-
KHHa. DTOT COPT MOJIy4YeH B pe3y/bTaTe CKpelluBaHUs Cop-
Ta ‘Saanishton’ u ‘Tomury’. PacTeHusi HoBoro coprta xapak-
TepU3YI0TCs ClepXKaHHbIM POCTOM, HEBbICOKON 3UMOCTOM-
KOCTb10, ypoxkaliHocThio 100 1/ra. [lyoabpl paHHero cpoka
co3peBaHus, Maccor 60-100 1, c CUIbHBIM apOMATOM, OT/INY-
HOro BKyca. Ux nmoTpebuTesibckas 3pesioCTh Ha I0XKHOM I10-
6epexxbe KpbIMa HacTynaeT B NepBOH Jekajie AeKabps
(06.12). 3TOT copT pekoMeHAyeTCs AJisl BblpalllMBaHUS
B cy6Tponuyeckux 3oHax CeBepo-KaBkasckoro pernoHa P®
u l0xHoro 6epera Kpbima, He Bhitie 300 M H. y. M. (Shishkina,
2015; https://gossortrf.ru/registry). B Hukutckom 60TaHu-
YyecKoM cajly cobpaHa KoJlJeKLHsi copToB A. chinensis var.
deliciosa (8 coptoB), A. kolomikta (6) u A. arguta (7). B pe-
3y/IbTaTe NpPOBeJeHHbIX UCCIeJOBaHUHN B ycaoBUAX I0xHO-
ro 6epera KpbsiMa BbIsiBJIeHbl TpU HauboJjiee yporkalHBIX
copta kuBHu: ‘Abbot, ‘Bruno’ u ‘Monty’. Cpegu HUX cOpPT
‘Bruno’ BbifesnsieTcss 60slee KPYNHBIMU IJIO[AMU, MTO3AHUM
pa3BUTHEM pAacTeHUH U AJUTENbHOCThIO IjBeTeHUs (Andre-
evetal, 2025).

3ak/iloueHue

Ha ocHoBaHMM NMpOBeJEHHOTO aHa/M3a YCTAHOBJIEHO,
uyTo Actinidia chinensis var. deliciosa (kvWBHU), BBeJeHHas
B Ky/bTypy B HoBoll 3esnanauy, AB/IsSeTCS OJHUM U3 MOIY-
JISIPHBIX IJIOJJOBBIX pacTeHUH B MuUpe.

B nepuog ¢ 1993 no 2023 r. oTMe4yeHa TeH/eHI 1M 3Ha4M-
TeJbHOTO yBeJWYeHHUsl IJIOLAAU BO3JesblBAHUS KHUBU —
¢ 60,0 1o 286,3 Thic. ra. CTabUIBHO pacTET MUPOBOE MPOU3-
BOACTBO MmiofoB - ¢ 0,90manT (B19931.) 0o 44 MAHT
(82023 1.). OCHOBHBIM PErMOHOM - HNPOU3BOAUTEJIEM IJIO-
Jl0B 3TOU Ky/AbTYphl siBasieTcs A3us (54,5%), 3HauuTeIbHOE
KOJIMYEeCTBO TaKxe BblpaluBaiT B EBpome (24,1%), He-
GoJsibive c6OpbI ocyuiecTBIsAOTC B Okeanuun (14,4%)
u Amepuke (7,0%). Begyuumu cTpaHaMy - IPOXU3BOAUTEIS-
MU aKTUHUIUU aBasg0Tca Kutan, Utanus, HoBas 3enanaus.
Hanb6osee a¢pdekTBHOE NPOU3BOACTBO aKTUHUJUU OTMe-
YEHO B 3TUX U APYTUX NPOU3BOAALIUX MJIOAbI aKTUHUAUU
CTpaHax, 4TO CBSI3aHO C MCIOJIb30BaHHEM BbICOKOYpPOXKaii-
HbIX HacCaXKJleHUH WHTEeHCHUBHOTO THIA U BbIpallliBaHUEM
COBpeMeHHbIX COPTOB. OTMeueH 3HaUYUTebHbIN POCT IPOU3-
BOJCTBA IJIOAOB A. chinensis var. deliciosa. BbisiBJeHbl TEH-
NEeHIMH 110 BO3/ieIbIBaHMI0 HacaxkaeHuu A. kolomikta u A. ar-
guta. Co3jaHre HOBBIX COPTOB aKTUHUAUN U BblAeseHUe
6/1aroNpUATHBIX pPAalOHOB BbIpAlMBAaHMUA IO3BOJIAAT yBe-
Jn4uuTh B Poccuy, B yacTHOCTU B KpbIMy, acCCOPTUMEHT IJIO-
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BiMsiHME MHOKYJIALMY IITAMMAaMH PU306aKTEPUd MUKPOPACTEeHU M
3eMJISHUKM in vitro Ha ux CTpeCCOBblﬁ OTBET IIPHU KYJIbLTUBUPOBAHHUH
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AKTya/nbHOCTB. [Ipe/iBapuTe/bHAsA HHOKYIALMSA MUKPOPACTEHUH in vitro pocT-CTUMYJIMPYIOLIMMU MUKPOOPraHW3MaMHU Mo-
JKEeT MOJIOKUTEBHO BJIUATh HA UX aZlallTallUI0 K YCJI0BUSAM ex vitro. Llesb paboThl - u3ydeHue BAUSAHUSA 6aKTepU3allui MUK-
POKJIOHOB 3eMJISTHUKHU B KyJbType in vitro pusochepHbIMU WITaMMaMu Azospirillum baldaniorum Sp245 w Kocuria rosea
T1Ks19 Ha cTpeccoBbIi OTBET NPHU KYJbTUBUPOBAHUH €X Vitro B yCIOBUAX TUAPONOHUKHU.

MaTtepuaJjibl M MeTOABIL. B kauecTBe MaKpOCUMOGHOHTOB HCI0JIb30BaJIM MUKPOPACTEHUs 3eMJITHUKH cOopToB ‘Asia’ u ‘Vima
Kimberly’, B kauecTBe MUKPOCUMOUOHTOB — pU306aKTEPUHU U3 KOJIJIEKLUHU PU30CPEPHBIX MUKPOOPraHU3MoB UHCTUTYTaA 610~
XUMUU U GU3UOJIOTUH pacTEHUN U MUKpoopraHusmoB (r. CapatoB). Ko-uHOKy/siUsi 6aKTEPUSMHU IPOBOJUJIACH B YCIOBHUSAX
in vitro (10° KOE /mu1), 3aTeM 45-cyTO4YHble pacTeHHUsI BbICAXKMBAJIM B TUAPOIIOHHYIO YCTAaHOBKY (ex vitro). B JuHaMuKe aHa/Iu-
3UpoBad MOpPoMeTpUUECKHE U GUOXUMHUYECKHUE TTOKAa3aTeJl PaCTEHUN U KOJIMYECTBO OaKTepUI Ha TOBEPXHOCTU KOPHEH.
Pe3syabraThl. UHOKY/NAMA MHUKPOpPAcTEHUH 3eMJITHUKHM B YCAOBUAX in vitro mTaMMaMU pu306akTepui He MPUBOAMJIA
K KOHTaMHHALMH NUTaTeJbHOM cpefpl. 06a mITaMMa 06GHAapYyKUBAJHUCh Ha KOPHSAX B TeYeHHe BCero nepuoja ajanTalyu.
BakTepusanusa MUKpopacTeHUH npuBoua rnoce 20 cyToK afanTalMy K CHUXKEeHHIO JJIMHbI KOpHeH y 0601X COPTOB U KOJIU-
YyecTBa JILCTbeB Yy pacTeHui copta ‘Vima Kimberly’, Ho 6e3 u3meHeHust 6uomMaccel mo6eros. B npoliecce afjantanuu y 6akTepu-
30BaHHbIX PAaCTeHUH B OTJIMYME OT KOHTPOJIbHBIX JIyyllle NOJJep>KUBaJICs CTAaOUIbHbIA ypoBeHb POTOCUHTETUYECKHUX ITHT-
MeHTOB. Y 6aKTepH30BaHHBIX pacTeHUN Kk 20-M cyTKaM KOJMYeCcTBO NUTMEHTOB 3HAUMUTEJIbHO INpPEBBIIIAJ0 TaKOBOE
B KOHTPOJIbHBIX BapraHTax. OTMedyeHa copTocnenupuieckasi peakiius U3MeHeH!sI aKTHBHOCTY aHTHOKCH/IaHTHBIX GpepMeH-
TOB (epokcHAasa, KaTajasa, ackopbaT epoKcH/ia3a) U Cofiep>KaHHs MaJIOHOBOTO JiMaib/eru/a.

3aksl04eHue. YCTaHOBJIEHO, YTO HHOKYIALUSA in Vitro MUKpOPacTeHUH 3eMJISHUKY PU306aKTepUsMU IPUBOAMIIA K CHHXKe-
HUIO CTPeCcCOBOr0 OTBeTa y pacTeHul copToB ‘Asia’ 1 ‘Vima Kimberly’ Ha aTane kys1bTUBHUPOBaHUS ex Vitro.

Kamwueswie caoea: Fragaria x ananassa (Weston) Duchesne ex Rozier, pusocdepHbie 6aKTEPUU, THAPONOHUKA, KJIOHAJbHOE
MUKDPOpA3MHOXEHHUe in Vitro, aianTalus ex vitro
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The effect of in vitro inoculation of strawberry microplants

with rhizobacteria strains on their stress response during ex vitro
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Background. Preliminary inoculation of microplants in vitro with growth-promoting rhizobacteria can positively affect their
adaptation to ex vitro conditions. The aim of the work was to study the effect of inoculation of strawberry microclones in in vitro
culture with Azospirillum baldaniorum Sp245 and Kocuria rosea T1Ks19 on the stress response during ex vitro cultivation un-
der hydroponic conditions.

Materials and methods. Strawberry microplants of cvs. ‘Asia’ and ‘Vima Kimberly’ were used as macrosymbionts. The rhizobac-
teria from the collection of rhizosphere microorganisms of the Institute of Biochemistry and Physiology of Plants and
Microorganisms (Saratov) served as microsymbionts. Co-inoculation with bacteria was carried out in vitro (10° CFU/mL), then
45-day-old plants were planted in a hydroponic setup (ex vitro). The morphometric and biochemical parameters of plants and
the number of bacteria on the root surface were analyzed dynamically.

Results. In vitro inoculation of strawberry microplants with rhizobacteria strains did not lead to contamination of the nutrient
medium. Both strains were detected on the roots throughout the adaptation period. Bacterization of microplants resulted in
a decrease in the root length in both cultivars and the number of leaves in ‘Vima Kimberly’ after 20 days of adaptation, but
without changing the shoot biomass. During the adaptation process, the bacterized plants, unlike the controls, maintained
a stable level of photosynthetic pigments better. By the 20th day, the amount of pigments in bacterized plants was significantly
higher than in the control variants. A cultivar-specific reaction of the activity of antioxidant enzymes (peroxidase, catalase, and
ascorbate peroxidase) and malondialdehyde was noted.

Conclusion. It was found that in vitro inoculation of strawberry microplants with rhizobacteria resulted in a decrease in the
stress response in plants of cvs. ‘Asia’ and ‘Vima Kimberly’ at the ex vitro cultivation stage.

Keywords: Fragaria x ananassa (Weston) Duchesne ex Rozier, rhizosphere bacteria, hydroponics, in vitro clonal micropropaga-
tion, ex vitro adaptation
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BBeaeHue

KysnbTUBHpOBaHMe 3eMJISHUKU cafioBol (Fragaria x ana-
nassa (Weston) Duchesne ex Rozier) c npuMmeHeHHEM UHHO-
BallMOHHBIX arpoOTeXHOJIOTMH HPOUCXOAUT C BbICOKOH 3¢-
dexTuBHOCTBI0. OfHAKO 151 TOJIyYeHUs CTAaOUIBHBIX U BbI-
COKHX ypOxkaeB Iroji He06X0AMMO UCNO/Ib30BaTh BBICOKOKa-
YeCTBEHHbIM mnocasoyHbld MaTepuasn (Naing etal, 2019).
O3z0poB/IeHHe pacTeHU 3eMJITHUKU OT FPUOHBIX, BUPYC-
HbIX, 6aKTepHa/bHbIX 3a60/1eBaHUM U BpeauTeell MeToA0M
KyJIbTUBUPOBAHUSA [N Vitro U30JMPOBAHHBIX aNMKaJbHBIX
MepHUCTeM ¢ ocefyoliel nposrdepanyeii noyek no3BoJis-
eT MOBbICUTb Ka4eCTBO MOCaZ0YHOr0 MaTepuasa U 6bICTPO
YAOBJIETBOPUTB CIIPOC Ha HOBble BBICOKOYpPO>KalHble COpTa
(Stepanov, Moskovenko, 2016). Ycriex MeTo/ja KJIOHAJbHOTO
MHUKPOPa3MHOXeHHUH In Vitro 4acTo orpaHU4YMBaeTcs appek-
TUBHOCTBIO 3Tala aJalTallld pacTeHUH, NpousBeJeHHbIX
B KyJIbType invitro, Kk ycaoBusiM ex vitro (Hazarika etal,
2006).

I'uaponoHuka - 6eccy6CTpaTHBINA CIOCO6 BblpaliBaHUSA
pacTeHUH, KOTOPbIH B HACTOsI1ee BpeMsl YCIeIHO NPUMeHsI-
eTcsl IPY BbIpallMBaHUU 03/0POBJIEHHBIX PaCTeHUH 3eMJIsI-
HUKHU B KOHTpoJMpyeMbIx ycaoBusx (Madhavi etal., 2023).
3TOT MeTOA MO03BOJIsIeT pa3MellaTb GoJiblliee KOJUYECTBO
pacTeHUH Ha MeHblIel MJIOLA/JH, YeM B OTKPbITOM I'DYHTe,
MpY 3TOM CO3/jlaBasl UM ONTUMAaJIbHble YCJA0BUS JJIs1 KPYTJIO-
roguyHoro pocta. C ofHOM CTOPOHBI, OH MO3BOJISET MOJY-
yaTb NPOAYKLUIO U THPAXUPOBATb 340pPOBble paCTEHUs
B KOHTPOJIMPYEMBIX YCI0BUSAX, HO C APYTOH — NpeAbsBJsSeT
BbICOKHe QUTONATOJOTHYECKHEe TPebGOBaHUSA K HCXOJHOMY
MaTepuasy.

B HacTofllllee BpeMsl LIMPOKO H3y4aeTCs] BO3MOXKHOCTb
MpUMeHeHHUs] MUKPOOPTraHU3MOB JJIs1 IOBBIIIEHUS ypoXKaii-
HOCTHU Y KauecTBa CeJIbCKOXO3SMCTBeHHbIX KyabTyp (Wang
etal, 2017). lokazaHo, YTO CTUMYJIUPYIOLINE POCT paCTEHUI
MHUKPOOPraHU3Mbl, B TOM 4HCJe pU3ochepHble GaKTepuu
(PGPM u PGPR), BIUSAIOT Ha pOCT U pa3BUTHE, CMATYAIOT
abuoTHYecKUH U 6UOTUYECKUM CTpecchl, a TaKKe CTUMYJIH-
PYIOT pOCTOBBle NPOLECCHl KaK B YCJAOBUSAX in vitro, Tak
u ex vitro (Orlikowska et al,, 2017; Kha et al., 2020; Soumare
etal, 2021; Cantabella et al,, 2022). B psize pa6oT nmokasaHa
3ddeKTUBHOCTL NMpHeMa OaKTepU3al MU PACTEHUU 3eMJis-
HUKH{ B Pa3/IMYHBIX YCJOBUSX BbIpAlBaHUs, B TOM UYHCJIe
B Ky/JIbType Invitro u B TUAPONOHHBIX yCTAaHOBKaxX. YcTa-
HOBJIEHO NOJIOXKUTEJIbHOE BJIMSIHUE Ha POCT pacTeHUH 6ak-
Tepuil poga Bacillus (Dias etal., 2009; Mynett etal, 2022;
de Moura et al,, 2022). llltamm Bacillus methylotrophicus M4-
96 B yC/10BUSX In Vitro He TOJIbKO CTUMYJIMPOBaJI pOCT pacTe-
HUM 3eMJISHUKY, HO U YCUJIMBaJ GMOCUHTE3 Kasjo3bl B JIU-
CTbSIX, UTO MOBBbILIAJIO YCTOWYUBOCTb K MaTOreHy Botrytis
cinerea (Vicente-Hernandez etal, 2019). INonoxuTteabHoe
BJUsiHUe wTaMMa Azospirillum argentinense REC3 Ha pocT
pacTeHUH 3eMJITHUKU B YCJIOBUSAX FMAPONOHUKY OTMedeHa
Ha NUTaTeJbHOM pacTBope o6eHeHHOro cocTaBa (Guerrero-
Molina et al., 2014).

B npesBapuTe/NbHBIX HCCA€JOBAHUAX HaMM IOKa3aHa
MOJIOXKUTEJIbHAs POJIb Pa3/IMYHbBIX LITAMMOB PU306aKTepUit
B NOBBIIIEHUN 3PPEKTUBHOCTU KYJIbTUBUPOBAHUS MHKpPO-
KJIOHOB KapTodeJis in vitro (Burygin et al,, 2019), aganTauu-
OHHOM CMOCOGHOCTH eX Vitro, MPOAYKTUBHOCTU pPacTeHUM
kapTodesa B yca0BUAX 3alulieHHOro rpyHTa (Kargapolova
etal, 2020) u asponoHHo#i ycraHoBkU (Tkachenko etal,
2021), B TOM yYHcJe IPU KO-UHOKYJISALMUMU LITaMMaMu Azo-
spirillum baldaniorum Sp245 u Kocuria rosea T1Ks19 (Tka-
chenko et al,, 2023a). lllTamm A. baldaniorum Sp245 mupoko
HCHOJIb3yeTCs AJI UHOKY/ISALMM MHOTHUX BUJOB pacTeHUM

6s1arofiaps akTHBHOMY 6MOCUHTE3Y ayKCUHOB U POCT-CTUMY-
aupytouieit cnocobHoctu (Soumare etal, 2021). Lltamm
K. rosea T1Ks19 BblZiesieH HaMU U3 KOpHel kapTodess U sB-
JasieTcsl abopureHHbIM AJs CapaToBckoir o6JiacTu. Ko-
WHOKYJIALUS OJHOBPEMEHHO IITaMMaMH pPa3HbIX TaKCOHO-
MHYeCKHX IPYII CUUTaeTcsl 60Jiee NepCeKTUBHOM 10 cpaB-
HEHMIO C UCMO0JIb30BaHUEM OT/eJIbHbIX LITAMMOB 3a CYeT
BO3MOXKHOTO cuHepretudeckoro sapdexra (Sokolova etal,
2023).

Lleab uccnedosaHust — u3yueHue BAUSHUA pU306aKTepUi
A. baldaniorum Sp245 u K. rosea T1Ks19 Ha MHUKPOKJIOHBI
3eMJITHUKH In Vitro U NocaeAyolyo UX aJanTaluio ex vitro
B YCJIOBUSIX TH/IPOTNIOHHOM YCTaHOBKMU.

MaTepnam,I U METOAbI

06beKkTaMu UcceJ0BaHUS SABJISIUCh MUKPOKJIOHBI 3eM-
JISHUKU cafoBoil (Fragaria x ananassa (Weston) Duchesne
ex Rozier) aByx copToB (‘Asia’ u ‘Vima Kimberly’) us in-vitro-
KOJIJIEKIIUM MUKpopacTeHUHM CapaToBCKOro rocyjapcTBeH-
HOTO YHUBepCUTeTa reHeTUKH, OMOTEXHOJOTUU U UHXKeHe-
puu uMmenu H.W. BaBusiosa. Copra ‘Asia’ (NewFruits, UTanus)
u ‘VimaKimberly’ (Vissers Aardbeiplanten B.V,, Hugepsianbi)
AIBJIIOTCSL CpeIHEPAaHHUMU, HEPEMOHTAHTHBIMU U BBICOKO-
ypoxaiiHbiMu (https://gossortrf.ru/registry/). In-vitro-kos-
JIeKIUsl CO3/JaHa MyTeM KyJbTHUBUPOBAHHUS allUKa/JIbHbIX Me-
pucTeM, KyJbTUBHPYeMbIX Ha NUTaTeJbHOW cpefe Mypa-
cure - Ckyra.

J11 MTHOKY/IILMY pacTeHUH 3eMJISSHUKU HUCIO0Jb30Bau
wrtaMmMbl PGPR A. baldaniorum Sp245 (IBPPM 219) u K. rosea
T1Ks19 (IBPPM 604) u3 KoJuJIeKLUU PU30CHPEPHBIX MUKPO-
opraHusMoB MHcTUTyTa 6MOXUMHUU U QU3UOJIOTHU pacTe-
HUH U MukpoopranusmoB (UB®PM) (Capatos) (http://col-
lection.ibppm.ru).

Mukpono6eru 3eM/JSSHUKH NOMeIlaJM Ha arapu3oBaH-
HYI0 UTaTesbHY0 cpely Mypacure - Ckyra (c ¢utoropmo-
HaMu 6-6eH3uIaMuHONypuHOM - 0,5 Mr/n U UHAOJIWI-3-
ykcycHo kucjaotod (MYK)- 1mMr/n) M HHOKYJIMpPOBAIU
cycneH3usiMU 6akTepuil wrtamMMmoB A. baldaniorum Sp245
u K. rosea T1Ks19 u3 pacuera 10° KJIeTOK KaXX/JOT0 IITaMMa
Ha 1 MJI mUTaTeJbHOU cpefibl. B kauecTBe KOHTPOJIA CIYKHU-
JIW pacTeHus in vitro, Ky1bTUBUpYeMble 6e3 06aBIeHUs CyC-
NeH3UU 6aKTepUul. Ycl10BUSA KYJbTUBUPOBAHUS in Vitro: TeM-
neparypa - +24°C; BjaaxHOCTb Bo3gyxa - 60%; ocBelieHue -
3 ThIC. JIIOKC; NPOJOKUTENbHOCTh CBETOBOTO AHA — 16 ya-
COB.

[Tocsie 45 cyTOK KyJbTHBHUPOBAHUSI XOPOLIO pa3BUThble
yKOpeHeHHble MUKPOpPAcTeHUs] BbIHUMAJU U3 MPOOGUPOK
Y IEPEHOCUJIU B TUAPOoNnoHHY0 ycTaHoBKY FORTOP (Kurait).
[IuTaTenbHBIN pacTBOp AJIS BhIpAlliMBaHUs pacTeHUH cofiep-
»aJsl cosu MakpoasiemeHTos (r/100 .1): KNO, - 20; NH,NO, -
10; MgSO, x 7H,0 - 25; Ca(NO,),- 3,24; KH,PO,- 8,64;
FeSO, x 7H,0 - 1,1; 3ATA - 1,44 v conu MUKDPO3JIEMEHTOB
(r/100 n1):MnSO, x 4H,0 - 0,22;H,BO, -0,30;ZnS0, x 7H,0 -
0,02; CuSO, x 5H,0 - 0,01; Na,MoO, x 2H,0 - 0,02; KI - 0,01;
CoCl, x 6H,0 - 0,02. Yepes 2 HeJie/11 BbIpallliBaHUs KOHIIEH-
TPaLUI0 OCHOBHOrO NMUTATEJbHOI0 PacTBOpa yBeJIUYHUBaAIU
BaBoe. [lokasaTesnb pH nojjepxuBanyd Ha ypoBHe 5,7-6,0.
PacTBop LMpKy/nMpOBa/ HeNpepblBHO, KOpHeBas cHCTeMa
6blJ1a HANOJIOBUHY NOrpy:KeHa B pacTBop. MukpopacTeHUs
BbIpaliuBaiu npu Temiepatype 25°C gHeM u 20°C Houblo,
MHTEHCUBHOCTH OCBelleHUsi 3 ThIC. JIIOKC, QoTonepuoje
16 yacos. [lepuoj, KyJIbTUBUPOBaHUS B T'HJJPONOHUKE JJIUJI-
cs1 20 cyTOK.

MopdoMeTpriecKyIo OLleHKY pacTeHUH 3eMJITHUKU NPo-
BOJMJIU Ha 45-e CYTKU KyJbTUBUpOBaHUs in vitro (0 cyTok
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alanTaluu ex vitro), a Takxke Ha 10-e u 20-e cyTKU ajanTa-
LIUY B TUAPONOHHON ycTaHOBKe. Y 10 pacTeHUH U3 KaXKJ0TO
BapHMaHTA ONbITA U3MEPSIU AJUHY KOPHS, KOJUYeCTBO JIU-
CThEB, a TAKXKe CbIPYI0 U CYXyI0 MacChl T06eroB U KOpHeH.

Jlnsg OLleHKH OMOXMMHYECKHUX IOKasaTesield B KaKJIou
KOHTPOJIBHON TOYKe 3KCllepUMeHTa OTOUpasy Mo TPU pac-
TeHUs U3 KaXA0r0 BapuaHTa ONbITA. B IMCTbAX 0TOGpaHHBIX
pacTeHUH olleHUBaJIH C/leAyIollMe T0Ka3aTesu: Cojlep kaHue
MaJIOHOBOT'O AWaJbJleru/ia; akTUBHOCTb aHTHOKCH/JAHTHBIX
depMeHTOB (Nepokcy/a3sbl, KaTanlasbl, aCKOp6aTIepoKcuaa-
3bl) Mo MeToAuKe, omucaHHoi paHee (Tkachenko etal,
2023b). CopepxaHue B JIUCTbSIX QOTOCHUHTETUYECKUX IIMT-
MEHTOB POBOAUJIH NOC/Ie SKCTPAKIUU JUMETUICYIbPOKCH-
JI0M, KaK onucaHo B uctouHukax (Wellburn, 1994).

B npouecce Ky1bTUBUPOBAHUS PACTEHUH In Vitro U ex vit-
ro AJis1 KOHTPOJIsl 6aKTepuil Ha NOBEPXHOCTHU KOpHeH ompe-
JleJISlIN KOJIMYecTBO KoJloHHeo6pasyromux eauHul (KOE)
IyTeM BbiCEBAa Ha arapM30BaHHYIO NMUTaTeJbHYyI0 cpeAay LB
10-kpaTHBIX pa3BejieHUN romoreHaTta ¢parMeHTOB KOpHeH
(mo 1 cM) KaXk/Jj0ro BapuaHTa onblTa. OnpejiesieHre NPUHAJ-
JIEXXHOCTH 6GaKTepHUa/lbHBIX KOJOHHUM U KJIETOK Ha KOPHSX
IITaMMaM, UCNOJb30BaHHbIM /ISl UHOKY/ALWH, TPOBOAUIN

HbI€ O MOp(l)OJ'IOI‘I/I‘leCKl/IX, (1)1/13I/IOJ'IOI‘I/I‘1€CKI/IX U GHOXUMHUYe-
CKHX IMapaMeTpax paCTeHl/lﬁ TMOJIY4YHJIH B IBYX HE3aBUCHUMbIX
JKCIIEpUMEHTax.

Pe3y/ibTaThl U UX 06CYKAEHHE

WHoKynupoBaHHe MHUKPOpPACTeHUH 3eMJITHUKH COPTOB
‘Asia’ u 'Vima Kimberly’ wtammamu A. baldaniorum Sp245
u K. rosea T1Ks19 He oka3biBa/iO CyLeCTBEHHOTO BJIUSHUA
Ha MopdoMeTpHUUecKHe MapaMeTpbl pacTeHUH B yCJIOBHUSX
in vitro, KOHTPOJIbHbIE U ONBITHbIE PACTEHUsI 060UX COPTOB
JIOCTOBEPHO He pa3/iM4a/IuCh 10 aHAJW3UPyeMbIM NpPHU3Ha-
KaM.

[Ipy>kMBaeMOCTb pacTeHUH B yCJI0BUSX FHAPONOHHOMN
YCTAaHOBKHM BO BCeX BapHaHTaX OMNbITA NpUOIMNKAIACh
k 100% 1 gocTOBepHO He pasnyanach.

Ha 20-e cyTKM KyJbTUBUPOBAHUS B TMJPOINOHHOH ycTa-
HOBKe HabJ/lofla/l yMeHbllleHHe AJUHbI KOpHeH y 060ux
COpTOB GaKTepU30BaHHBIX pacTeHUH B cpegHeM Ha 39% mo
CpaBHEHUIO C KOHTPOJIbHBIM BapUaHTOM (Tab.uIa), 4To co-
[J1acyeTcsl C HallMMU paHee oNy6JIMKOBaHHBIMHU pe3y/ibTaTa-
mu (Tkachenko et al., 2023a).

Ta6una. MopdomeTpudecke NoKa3aTeJ I MUKPOPACTeHU# 3eM/ITHUKY copToB ‘Asia’ u ‘Vima Kimberly’
B KOHTPOJIe U IPU UHOKY/IAAUU 6aKkTepusimu Azospirillum baldaniorum Sp245 u Kocuria rosea T1Ks19
Ha 20-e CyTKHU aJanTainuu ex vitro

Table. Morphometric parameters of strawberry microplants of cvs. ‘Asia’ and ‘Vima Kimberly’
in the control variant and under inoculation with Azospirillum baldaniorum Sp245 and Kocuria rosea T1Ks19
bacteria on the 20th day of ex vitro adaptation

JlnuHa kopHA, | KosimyecrBo | Ceipast macca | Cyxasa macca | Coipasg macca | Cyxas macca
CopT BapuaHT - -
cM JIUCTBEB, IT. no6era, r noé6era, r KOpHeW, r KOpHe#, I

KoHTpoJsib 19,12c 7,25b 1,14a 0,24 1,13 0,21
‘Asia’

OnbIT 11,50ab 8,25b 1,46ab 0,44 1,14 0,25
“Vima KoHTposib 14,00b 8,25b 1,81b 0,38 1,83 0,40
Kimberly” | oppp 8,75a 5,75a 1,95b 0,41 1,55 0,34
Finer 16,67* 8,04* 3,09* 1,34 2,73 2,42
HCP 3,46 1,33 0,61 - - -

[IprMeyaHue: BApHAHTHI, JOCTOBEPHO pa3/iMyaroLirecs Ha oCHOBaHUHM TecTa JlyHkaHa Ha 95% ypoBHe 3HauuMoctH (P < 0,05), 0603HaueHbI
pasJIMYHBIMU GYKBaMH JIJATUHCKOTO asipaBUTa; ¥ ~paKTHIeCKOoe 3HaYeHUe KpuTepus Puliepa NpeBbIIIaeT TeOpETHYECKOE

Note: the variants with statistically significant differences according to Duncan’s test at 95% significance level (P < 0.05) are marked with
different Latin letters; the asterisk (*) means that the actual value of the Fisher criterion exceeds the theoretical one

C IOMOIIbI0 UMMYHOEPMEHTHOT0 aHAIM3a U UMMYHODJIyO-
pPECLIeHTHOH MHKPOCKONHUU KOpHe# Ha KOHPOKaJIbHOM MH-
kpockotne TCS SP5 (Leica Microsystems, 'epmanus). [lepBuy-
HBIMH aHTHTEJIAMU CJIYXKUJIH LITaMM-ClieipUIHbIe KPOJIU-
4YbU aHTUTEJIA IPOTUB COMaTHYECKUX aHTUTeHOB A. baldani-
orum Sp245 u K. rosea T1Ks19 (koHueHTpanus — 50 MKr/mu)
(Matora etal., 1998), BTOpUYHBIMHU AHTUTEJAaMU — KO3bH
aHTHUKPOJIMYbY aHTHUTEJIA, KOH'BIOTHPOBAHHbIE C NEPOKCUAA-
30i (Jackson ImmunoResearch, CIIA, KoHUeHTpanus -
0,8 Mr/mu1) u TeTpaMmeTuipogamuHonsotruonuanaTom (TRITC)
(Abcam, CIIIA, koHIIeHTpaus — 5 MKT/MJ1).
CTaTHUCTUYECKUH aHa/IN3 Pe3yJIbTaTOB POBOJUIH METO-
JI0M J1ByX(aKTOpPHOTO JUCIIEPCHOHHOr0 aHAIK3a CO CPaBHe-
HUEM CpeJHHUX M0 HauMeHbIIEeH CylleCTBEHHOW Pa3HOCTH
(HCP) nmo Ttecty /lynkana mpu ypoBHe 3Ha4uMoCTH 95%
(P <0,05). BTa6biunax u auarpaMMax BapHaHThI, JOCTOBEp-
HO pas/inyaroliyecs Ha OCHOBaHUHU TecTa JlyHKaHa, 0603Ha-
4YeHbl Pa3JUYHbBIMU 6YKBaMH JIATHHCKOro ajdaBuTa. JlaH-

[lo KoTM4ecTBY JIUCTHEB y pacTeHUH copTa ‘Asia’ He 06-
Hapy>KeHO pa3/IMYMi MEX/y KOHTPOJIbHBIMH U ONBITHBIMHU
BapuaHTaMH (cM. Tabsuny). Y copra ‘Vima Kimberly’ B onbiT-
HOM BapHaHTe KOJIMYECTBO JINCTbEB YMEHbIIUI0Ch Ha 30%.
Celpast ¥ cyxasi Macca no6eroB U KopHeil y 6aKTepHU30BaH-
HBIX U KOHTPOJIbHBIX PACTEHUH He pa3/inyajuch. PacTeHus
copra ‘Vima Kimberly’ B nesioMm 6blM KpyliHee pacTeHUH
copra ‘Asia’ (puc. 1), 4To moATBepKAaeTcsa GOJIbIIEeH ChIPOH
Maccoi no6era (cM. Tabsnny). OTMe4deHO MosiBIeHHE Tobe-
roB pa3MHOXXeHHsl (CTOJIOHOB) y YacTH GaKTepPU30BaHHbIX
pacTeHH# 060MX COPTOB K KOHIY MepHo/a aJanTanuu (CM.
puc. 1).

Bo Bcex BapHaHTax ONbITA Y paCTEHUH B KYJIBTYPE in Vitro
cozieprkaHKe XJIOPOPHIIIOB a, b U KAPOTHUHOU/IOB B JIUCThAX
He pa3Jinyasock. B mporecce aganranuu Ha6JIH0/[aa0Ch 06-
lee CHUXKEHHUE CofiepKaHUsI GOTOCHHTETHYECKUX MUTMeH-
TOB B JIUCTbSIX BO BceX BapuaHTax. Ha 10-e cTykH BbIpaliuBa-
HUs B TUAPOIIOHHOM yCTaHOBKe Pa3J/IMuHsl MeX/y BapUaHTa-
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BepxHuii psif — pacTeHus NepeJ| BbICAJKOHW B TH/IPOTIOHUKY, HIXKHUH psaf — Ha 20-e CYyTKH KyJIbTUBUPOBAHUS B THIPOTIOHUKE
(cTpesnikaMu yKa3aHbI pa3BHUBAIOIHECS CTOJIOHBI)

The top row shows plants before planting in hydroponics, the bottom one shows them on the 20th day of cultivation
in hydroponics (the arrows indicate the developing stolons)

Puc. 1. PacTeHns 3eMJIAHUKHU 6€3 HHOKY/IALMHU (KOHTPOJIB) (a, e - ‘Asia’; b, f - ‘Vima Kimberly’) u ¢ uHokynanmeit
6akTepusaMu Azospirillum baldaniorum Sp245 u Kocuria rosea T1Ks19 (c, g - ‘Asia’; d, h - ‘Vima Kimberly’)

Fig. 1. Strawberry plants without inoculation (control) (a, e - ‘Asia’; b, f - ‘'Vima Kimberly’) and inoculated with
Azospirillum baldaniorum Sp245 and Kocuria rosea T1Ks19 bacteria (c, g - ‘Asia’; d, h - ‘'Vima Kimberly’)

MU He HabGJI0Jaauch, a Ha 20-e CyTKH y GaKTepU30BaHHBIX
pacTeHMH KOJIMYEeCTBO IHUICMEHTOB O6bLIO 3HAYUTENbHO
BBILIE 110 CPAaBHEHUIO C KOHTPOJIbHBIMH BapHaHTaMH, B KO-
TOPBIX COJZiep’KaHHe MUTMEHTOB CYIeCTBEHHO CHMXAJIOCh
(puc. 2).

AKTHBHOCTb aHTHOKCH/JAHTHBIX GEPMEHTOB B ONBITHOM
BapHuaHTe copTa ‘Asia’ B es1oM GblJIa HAa TOM »Ke YPOBHE WJIN
HIDKe, 4eM B KOHTPOJIbHBIX pacTeHUsax (puc.3,a,b,c), uyro
MOXET CBHU/IETEJbCTBOBATbh O MeHbIIEM YpPOBHE CTpecca
y pacteHuit. ¥ copra ‘Vima Kimberly’ B onbrTHOM BapuaHTe
OTMEYeHO IOBBIIIEHWe AaKTHBHOCTHU MEPOKCHAA3bI in vitro
B 3 pasa 1o cpaBHeHHIO c KoHTpoJsieM (puc. 3,b) u Ha 57%
YPOBHSI aKTHBHOCTH KaTasasbl Ha 10-e cyTKH ajanTanuu
(puc. 3, a), 4TO yKa3bIBaeT Ha aKTUBHOE PeTyJIMpOBaHMe baK-
TepUsIMU OKUCIUTEJNBbHOIO CTpecca.

Huskuii ypoBeHb cTpecca y ONBITHBIX PacTeHUH TOA-
TBepXKJAeTcs TeM, 4To cozsepkanue MJIA cyiiecTBeHHO He
OTJINYAJIOCh B KOHTPOJIBHBIX U ONBITHBIX BApHAHTaX B yCJIO-
BMAX in vitro u Ha 10-e cyTku agantauuu. Ho y copra ‘Vima
Kimberly’ Ha 20-e cyTKH BbIpalMBaHHs B TH/IPOTIOHHUKE CO-
nepxxanue M/JIA moBbimasnock B 2,2 pasa (puc. 3, d), 4To mMo-
JKET OBITh CUTHAJIOM ITepexo/ia ONBITHBIX PACTEHUH K CIefy-
oleMy aTany GU3n0J0THYeCKOro pa3BUTHS (3aKJIaJiKe CTO-
JIOHOB U TI0YEK BEreTaTHBHOI'0 Pa3MHOXKeHHsI, KOTOPbIe, KaK
OTMEYasIoCh BBIIIE, 0GHAPYKUBAJINCh Y HEKOTOPBIX OIBIT-
HBIX PaCTeHHUH B 3TOT nepuozn) (cM. puc. 1).

Ha kopHsAX 6aKTepH30BaHHBIX PAaCTEHUH 3eMJISTHUKU
in vitro, a Taxkxe Ha 10-e u 20-e CyTKu ex vitro onpezensan
6akTepuu nyteM nogcyera KOE mraMMoB, ncnoib30BaHHBIX
JUIS MHOKY/AUU (puc. 4), ¥ UMMyHOQIyOpeCIieHTHOH MHU-
kpockonuu (puc. 5, 6). Conepkanre pusobakrepuil K. rosea
T1Ks19 Ha Bcex 3tamax 6bw10 Hke, yeM A. baldaniorum
Sp245. Bo Bcex BapuaHTax OIbITa HA6JIIOAANIOCH IJIABHOE
CHI)KeHUe KOJIMYecTBa GaKTepUaJbHBIX KJIETOK K 20-M cyT-
KaM BbIpallBaHUs.

MeTo0M HMMyHO}IyOpeCIleHTHONH MUKPOCKOIHUH C I10-
MOIbI0 (JIYOPECIeHTHO-Me4YeHbIX aHTUTEJ Ha MHUKpOIpe-
napaTtax KopHe# copToB ‘Asia’ 1 ‘Vima Kimberly’ nogrBepan-
JIOCh PUCYTCTBHE 0GOMX IITAMMOB. [IpudeM s mTaMmma
A. baldaniorum Sp245 M0XXHO OTMeTHUTb 00pa30BaHHE CKOTI-
JieHn#, Torga Kak K. rosea T1Ks19 o6HapyxrBaeTcsl B BUJe
OT/IeJIbHBIX KJIETOK WJIM HEGOJIBIINX CKOTIJIEHUH.

O6HapyKeHHBIH B JJaHHOW paboTe adpdekT GakTepu3a-
MY MUKPOpPACTeHWH 3eMJISSHUKM Ha aZlalTallMOHHBIHA IT0-
TEeHI[MaJl COIVIACYeTCs C UCC/IeJOBAaHUSIMU APYTHUX aBTOPOB,
rJle pOCT-CTUMYJINPYIOliee BIUSIHUE 3aBHCEJIO OT IITaMMOB
6aKTepUd U YCJOBUHU MHOKYIALMU. [I0 omy6JHMKOBAaHHBIM
naHHbeIM (Mynett et al., 2022), UHOKy/IALMS MUKPOPACTEHU I
3eMJISHUKY G6akTepusaMu Bacillus velezensis w Bacillus amy-
loligefaciens cTuMynupoBaJia POCT KOPHEBOW CHCTEMBI,
a UMEeHHO IUIOLIaZH, 06 beMa U uaMeTpa KopHeH. [Ipu aTom,
CyZis 10 TMPUBEJEHHBIM B CTaThe JAHHBIM, JJIMHA KOpHEH
CHW)KaJIach 1O/, BIUSHNEM 6akTepui. [loslyyeHHble B HalIeM
HCC/IeJOBAHUM Pe3y/NbTaThl TaKXKe I0Ka3bIBAIOT CHUXKEHUE
JUIMHBI KOpHEH 6e3 yMeHbLIeHHsI UX Macchl. PaHee Ha pacTe-
HUAX KapTodesist yCTAaHOBUIIH, UTO GaKTepPHH, KaK MPaBUIIO,
CHI)KAIOT POCT KOPHEH B JIJIMHY, HO CTUMYJINPYIOT UX BETB-
nenue (Tkachenko etal, 2021, 2023a). YMeHbIIeHNE JJIHUHBI
M Macchl KOpHeH 6aKTepH30BaHHBIX PACTEHUH MOXKET ObITh
CBSI3aHO C YBeJIMYEHHEM COZIepPXKaHUs IIUTOKMHHUHOB B KOP-
HAX 6akTepr3oBaHHbIX pacTeHui (Arkhipova etal., 2020).
W3BecTHO, YTO IUTOKUHUHBI HHTHGUPYIOT POCT KOPHS pac-
TsokeHueM (Liu etal, 2022).

Cozmep:xaHre GOTOCHHTETHYECKUX MUTMEHTOB YBeJH-
YHUBaeTCd B YCJIOBUAX HeJocTaTouHoro ocsemenus (Choi,
2021), 4yTo MOXXeT OGBSCHUTL IMOBBINIEHHOE COZEpPXKaHUe
xjopodua U KAPOTHHOUOB HA 3Talle KyJbTUBHPOBAHUS
pacTeHUH in vitro v CHYXKeHUe MOoCJIe BbICAZKU B TUAPOIOH-
HYI0 yCTaHOBKY. [loBbIIIEHHOE cOZlepkaHNe POTOCHHTETHYe-
CKHX IUTMEHTOB B 6AKTEPU30BaHHBIX PACTEHHUSAX 10 CPAaBHe-
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Puc. 2. CogepxaHue GOoTOCHHTETHYECKUX MUTMEHTOB B JINCThSIX MUKPOPACTeHU 3eMJITHUKHU COPTOB ‘Asia’ 1 ‘Vima
Kimberly’ B koHTpOJIe U pY MHOKY/IAMHU ITaMMaMu Azospirillum baldaniorum Sp245 u Kocuria rosea T1Ks19
(ombIT) HA pa3/IMYHBIX 3TaNaxX KyJILTUBUPOBAHUS: a — COZiepXKaHue xJopoduiia a; b - cogepkanue xjaopoduiia b;

C - cofiepXKaHKe KApOTUHOU/OB

Fig. 2. The content of photosynthetic pigments in the leaves of strawberry microplants of cvs. ‘Asia’ and ‘Vima
Kimberly’ in the control variants and under inoculation with Azospirillum baldaniorum Sp245 and Kocuria
rosea T1Ks19 strains (experiment) at different stages of cultivation: a - chlorophyll a content; b - chlorophyll b content;
c - carotenoid content

TPY/IbI 110 TPUKJIA/THOM BOTAHUKE, TEHETUKE U CEJIEKLIWH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(3):80-91



Kynukos A.A., TkadeHko 0.B., EBceeBa H.B., Kapranosiosa K.10.,
Jenucosa A.10., [lozausaxkosa H.H., Bypsirus ILJ1., llupokos A.A.

. 186 (3),2025 o

120
defl

g
100 f
ef
30 c T
60 be be [1
I a ab
‘ 40 T a T
0

1n vitro 10 20

HpO,[[OJI}KI/ITCJIBHOCTB BhIpATUBAHUA, CVT

AKTHUBHOCTB KaTranasbl,
el./Mr OeJka

a
0,14 e
ERRRY) de T
2 50,10 cde
£S o0 bed [ e
2 2 & 0.06 ab
=2 B0 ab 2 ab | .
= E(‘D 0,04 a a :
2% om L T |
2 0,00 =
= In vitro 10 20
TIpoomKUTEIEHOCTE BHIPAIUBAHUS, CYT b
12
5 1.0 f ef
€
5L R0
S ég 0,6 bed ped abc (Tl bed oy,
22504 i 2 - ab
P 8§ 502
QL g
2% 0,0
g in vitro 10 20
IIponomKUTENLHOCTE BBIPAIUBAHUS, CYT c
500 (Ti
§ S 400 - I
E & 300 b & TC be
2 2 5200 ab T ab ab i ab
R l ]
& S 0
§ = in vitro 10 20

HPO,[[OJ'DKI/ITCHBHOCTB BBIpATUBAHITA, CYT

B Aszusa korTpors O Asma omeir O Buma KumoOepan korTpons O Buma KumOepm ommeIT

d

Puc. 3. Cogep>kaHue aHTHOKCHAAHTHBIX pepMEeHTOB U MaJIOHOBOro Juaabjeruaa (MJA) y MUKpopacTeHUit
3eMJISIHUKH copToB ‘Asia’ 1 ‘Vima Kimberly’ B koHTpoJIe U py HHOKY/IAIUYU GakTepusaMmu Azospirillum
baldaniorum Sp245 u Kocuria rosea T1Ks19 Ha pa3/JIM4HbIX 3Tanax Ky/Ib-TUBUPOBAHUSA: 2 - aKTUBHOCTb KaTaJasbl;
b - aKTUBHOCTb NePOKCH/1a3bl; € — AKTUBHOCTb ackop6aTnepokcuiasel; d - cogepxkanue MJIA

Fig. 3. The content of antioxidant enzymes and malondialdehyde (MDA) in strawberry microplants of cvs. ‘Asia’
and ‘Vima Kimberly’ in the control variants and under inoculation with Azospirillum baldaniorum Sp245 and Kocuria
rosea T1Ks19 strains (experiment) at different stages of cultivation: a - catalase activity; b - activity peroxidase;

c - ascorbate peroxidase activity; d - MDA content

m TPY/IbI 110 TPUKJIAZTHOM BOTAHUKE, TEHETUKE U CEJIEKLIWH /
PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(3):80-91



Kulikov A.A., Tkachenko 0.V, Evseeva N.V,, Kargapolova K.Yu.,

. 186 (3),2025 o

Denisova A.Yu., Pozdnyakova N.N., Burygin G.L., Shirokov A.A.

1,00E+07
E 1 el
o 1,00E+06 de
- T d 4y
£ 5 1,00E+05 T =
2 3
3§ 1,00E+04 -
Q =
-s e} ~ b
2 2 1,005+03 b b
5 a 8
= 1,00E+02
Q
= 1,00E+01 |+‘

1,00E+00 —11

n vitro 10 cyTxn 20 cyTKH

ITponemKuTe IBHOCTh BBIPAIUBAHUIA, CYT
B “Azus’ A. baldaniorum Sp245 @ Azus’ K. rosea TIKs19
O ‘Buma Kumbepm® 4. baldaniorum Sp245 0O ‘Buma Kumoepin® K. rosea T1Ks19

Puc. 4. iluHaMuKa coaep:xaHus 6akrepuii Azospirillum baldaniorum Sp245 u Kocuria rosea T1Ks19 Ha kopHSX
3eMJITHUKHU copToB ‘Asia’ u ‘Vima Kimberly’ in vitro, Ha 10-e u 20-e cyTKH ex vitro

Fig. 4. Dynamics of the content of Azospirillum baldaniorum Sp245 and Kocuria rose T1Ks19 bacteria on the roots of
strawberry cvs. ‘Asia’ and ‘Vima Kimberly’ in vitro, and on the 10th and 20th days ex vitro

e f g h

Puc. 5. BoiABJIeHHe GaKTepHii Ha KOPHAX MUKPOPacTeHU 3eM/IAHUKH coOpTa ‘Asia’ ¢ ucnoJib30BaHUEM
UMMYHO}JIyopeclieHTHOH MUKPOCKONMU: A — KOHTPOJIb C aHTUTeJIaMU K Azospirillum baldaniorum Sp245; b - koHTpoJb
c antuTesnamu K Kocuria rosea T1Ks19; ¢ - onbIT, Hy/IeBble CYyTKH € aHTUTeJIaMU K A. baldaniorum Sp245; d - onbIT, Hy/1eBble

CyTKH c auTUTesnaMHu K K. rosea T1Ks19; e - onbT, 10-e cyTKH ¢ aHTUTeNaMu K A. baldaniorum Sp245; f - onbiT, 10-e cyTKH
c antuTesaMu K K. rosea T1Ks19; g - onbrT, 20-e cyTku ¢ aHTUTeNnaMu K A. baldaniorum Sp245; h - onerT, 20-e cyTKH
c aHTuTesaMu K K. rosea T1Ks19

Fig. 5. Detection of bacteria on the roots of strawberry microplants of cv. ‘Asia’ using immunofluorescence
microscopy: a - control with antibodies to Azospirillum baldaniorum Sp245;
b - control with antibodies to Kocuria rosea T1Ks19; ¢ - 0 days of the experiment with antibodies to A. baldaniorum Sp24s5;
d - 0 days of the experiment with antibodies to K. rosea T1Ks19; e - 10th day of the experiment with antibodies
to A. baldaniorum Sp245; f - 10th day of the experiment with antibodies to K. rosea T1Ks19; g - 20th day of the experiment
with antibodies to A. baldaniorum Sp245; h - 20th day of the experiment with antibodies to K. rosea T1Ks19
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Puc. 6. BoisiBjieHUe 6GaKTepHi HA KOPHSX MUKPOpacTeHHH 3eMITHUKHU copTa ‘Vima Kimberly’ c ucnosibzoBanuem
UMMYHO}JIyopeceHTHON MUKPOCKONUM: A - KOHTPOJIb C aHTUTeNaMu K Azospirillum baldaniorum Sp245;

b - koHTpOJIb c aHTUTeNaMu K Kocuria rosea T1Ks19; ¢ - onbIT, HyJIEBbIE CYTKU C aHTUTeNaMU K A. baldaniorum Sp245;
d - onbIT, HyJIEBBIE CYTKU C aHTUTeNaMU K K. rosea T1Ks19; e - onbIT, 10-e cyTKU ¢ aHTUTeNaMU K A. baldaniorum Sp245;
f - onbIT, 10-e cyTKU ¢ aHTUTeNaMHU K K. rosea T1Ks19; g - onbIT, 20-e cyTKU ¢ aHTUTenaMu K A. baldaniorum Sp245;

h - onbrT, 20-e cyTKkU ¢ aHTUTEeNaMU K K. rosea T1Ks19

Fig. 6. Detection of bacteria on the roots of strawberry microplants of cv. ‘Vima Kimberly’ using immunofluorescence
microscopy: a - control with antibodies to Azospirillum baldaniorum Sp245; b - control with antibodies to Kocuria
rosea T1Ks19; ¢ - 0 days of the experiment with antibodies to A. baldaniorum Sp245; d - 0 days of the experiment with
antibodies to K. rosea T1Ks19; e - 10th day of the experiment with antibodies to A. baldaniorum Sp245; f - 10th day of the
experiment with antibodies to K. rosea T1Ks19; g - 20th day of the experiment with antibodies to A. baldaniorum Sp245;

h - 20th day of the experiment with antibodies to K. rosea T1Ks19

HUIKO C KOHTPOJIbHBIMH COBIAZiaeT C JAaHHBIMU OAPYTUX aBTO-
poB (Paliwoda et al., 2022).

YcTaHOBJIEHO, YTO PU306AKTEPHUH MOTYT 06J1a/1aTh CBOM-
CTBAaMH, KOTOpbIe B CTPECCOBBLIX IJd paCTeHI/Iﬁ YyCI0BUAX
MO3BOJIIIOT UM 3)PEKTUBHO KOJIOHU3UPOBAThH pU30OChepy
pacTeHuid, 4TOo oGecrneyMBaeT 0OOUM CHMOMOTHYECKUM
napTHepaM BO3MOXXHOCTb NOJJEeP>KHBaTb CBOHM I'OMeocCTa3
(Papadopoulou et al., 2022). [1o HamIUM AaHHBIM, POJIb IITAM-
MOB A. baldaniorum Sp245 u K. rosea T1Ks19 3akso4anace
He CTOJIbKO B CTHUMYJIMPOBAHUU POCTOBBIX POLIECCOB, CKOJIb-
KO B peryJIMpOBaHUH PeJIOKC-CTaTyca pacTeHUH U YMeHbllle-
HUU OKHCJIUTEJNBHOr0 CTpecca B pPAaCTEHMsX, a KakK Clej-
CTBHE — JIy‘-IU_Ief/'I aJanTalluu UX K UBSMEHAKIUMCA YCJIOBUAM
Ccpeabl KYJIbTUBUPOBAHHUA.

3akJ/iloueHue

[IpoBesieHHbIE HAMH HCC/IEJOBAHUS MTOKAa3aJId, UYTO UHO-
KyJISILMSA in Vitro pacTeHUud 3eMJITHUKH KOMOUHALEeH I TaM-
MOB A. baldaniorum Sp245 u K. rosea T1Ks19 He BbI3bIBaeT
KOHTAMHWHAIMIO Cpe/ibl KYJIbTUBUPOBaHUs. boJiee Toro, 6ak-
Tepusanus nosblaeT 3GpPeKTUBHOCTb aJanTaly pacTe-
HUH K YCJIOBUSIM ex Vitro, B TOM YUCJIe CTaOUIU3UPYeT GOTO-
CUHTETUYECKYI0 aKTUBHOCTb 10 CPAaBHEHUIO C PACTEHUSIMH,
He WHOKYJIMPOBAaHHBIMU OaKTepHUsIMU. MeXaHHU3MOM IOBbI-
[IeHUs] afANTAllMOHHOW CIOCOOHOCTH OMNBITHBIX MHKpPO-

pacTeHUH B YCIOBUSX €X Vitro MOXET OBbITh CHIXKEHHE yPOB-
Hsl HAKOTIJIEHUs] MaJIOHOBOTO JIMaJIb/IeTH/Ia, @ TAKXKe Peryyiu-
pOBaHMe aKTHBHOCTH aHTHOKCH/IAHTHBLIX GpepMeHTOB KaTa-
JIa3bl ¥ NEPOKCHUAA3BI B INCTBSIX PACTEHHUH, YTO CIIOCOGCTBY-
eT IOHWKEHUIO YPOBHS OKHUCIUTENBbHOTO CTpecca.

[lepcieKTUBHBIM HalpaBJeHUEM MOBbIIeHUs 3 dek-
TUBHOCTH NPOU3BO/CTBA 03/J0POBJIEHHOr0 MaTepHaaa 3eM-
JITHUKH SIBJISIETCS NHOKYJ/IALMS MUKPOPACTeHUH 3eMISTHUKHU
in vitro mrraMMamu A. baldaniorum Sp245 u K. rosea T1Ks19
JUISl TIOBBIIIEHUs aJalTallUOHHON CIOCOOHOCTH pacTeHUM
K YCJIOBUSIM TH/IPOTIOHHOM YCTAaHOBKH, a TaKXKe pa3paboTka
6uonpenapaToB Ha OCHOBE PU306aKTePH.
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Background. Aleurone and pericarp pigments in maize grain are regulated by the content of anthocyanins, carotenoids, toco-
pherols, and their various combinations, which determines their nutraceutical and coloring properties. Searching for sources
of natural dyes to replace synthetic ones becomes increasingly popular and contributes to the development of hybrid maize
breeding for food and dye production.

Materials and methods. A comprehensive study of Azerbaijani germplasm was used to select 112 diverse maize accessions
and evaluate them for grain color. There were 5 blocks of study, conducted in two agroclimatic zones (Zaqatala in 2013, and
Baku in 2014). The grain color gamut parameters were analyzed in the CIELAB system using the luminance coordinates (L* =0
for dark, and L* = 100 for bright). The a* coordinate denoted red/green, with +a* for red, and -a* for green, and the b* coordi-
nate denoted yellow/blue, with +b* for yellow, and -b* for blue. The hue angle and color in the a*b* plane were also measured.
Results. Five clusters with a wide grain color diversity were identified during the study of local maize accessions. The color in-
tensity variation in the studied set was within the range of 42.36-66.49, the red/green values within 5.32-15.93, the blue/yel-
low values within 18.07-44.40, the color values in the a*b* plane within 18.98-46.12, and the hue angle values within 62.50-
80.14. The ranking of colors into 5 clusters showed that 96 were concentrated in the 1st cluster, with the color brightness value
of 58.16, the red/green value (a*) of 10.45, and the blue/yellow value (b*) of 32.82. Besides, the color value in the a*b* plane
was 34.48, and the hue in the a*b* plane was 72.41. Some correlations were found between grain color and morphometric char-
acters, and grain biochemistry.

Conclusion. The Azerbaijani local maize collection exhibits a wide diversity for the inbreeding of lines with various grain col-
ors, promising for hybrid maize breeding.

Keywords: Zea mays L., clustering, diversity, CIELAB color system, hybrid maize breeding
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N3MeHYUBOCTHh NIApaMeTPOB IBeTa 3epHA MECTHBIX COPTOB
KYKYpy3bl A3ep6aijKaHa

X. P. MamegoBa’, 3. B. XaTedor?, P. IkuHmKu>

THayuHo-uccaedosamenvckuil uHcmumym 3emaedenus, baky, Azep6atioscaH
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AkTyanbHOCTb. OKpacka MIUrMeHTaMH ajlelpOHa U llepUKaprs 3epPHOBKU KYKYPY3bl ONpeJeisieTCsl CO/lepiKaHUeM B HUX aH-
TOIIMAHOB, KAPOTHHOU OB, TOKO(I)epOJIOB W UX PA3JIMYHBIM COYETAHUEM, YTO ollpeaesideT KaK HYyTpUlleBTU4YeCKHe, TaK U Kpa-
cAamue cBoicTBa. [IoMCK HCTOYHUKOB HAaTYpPaJIbHbIX Kpacheﬂeﬁ AJ1d 3aMelleHUsd CHHTEeTHYEeCKUX Haﬁmpae'r NnonyJIApHOCTD,
CIOCO6GCTBYS Pa3BUTHIO CeJIeKI[MH THOPUHOHN KyKypy3bl A5 TPOM3BO/CTBA POJYKTOB MUTAHUSA U KpacuTesen.
MaTepuaJjibl U MeTOAbL. Ha 0CHOBe KOMIIJIEKCHOTO MCC/IE/J0BAaHUS B 3apO/IbIIIIeBOM M1a3Me A3epbaiimkaHa cobpanu 112 pas-
JIMYHBIX 00pa3LloB KYKYpy3bl U OLIEHWJM UX [0 MPHU3HAKy LBeTa 3epHOBKU. MccienoBaHMe NMPOBOAMIOCH B 5 6Js0Kax
B 2 arpoKJIMMaTH4YeCKUX 30Hax (3araTasa B 2013 r. 1 Baky B 2014 r.). U3y4yau napamMeTpsl IBETOBOM raMMbI 3epHa B CUCTe-
Me CIELAB B koopauHaTe sipkocTH (L* = 0 o603HavyaeT TeMHbIH, L* = 100 - spkuii): a* - Koop/juHATa KpacHOTro/3eseHoro (+a*
o603HayaeT KpacHbIH, —-a* - 3esieHbIN), b* - KoopauHaTa xesToro/cuHero (+b* o603HavaeT xkeaThIH, -b* - cuHMI), a Takxke
yToJl OTTEHKA U [[BET B IJIOCKOCTH a*b*.

PesysbraThl. [Ipu Kccie/JoBaHUU 0TOGPAHHBIX 06Pa310B M0 IPU3HAKY «I[BET 3epPHa» BbISIBJIEHO 5 KJIaCTEPOB, XapaKTepH3y-
IOIMXCsT 60JIBLIMM Pa3HOO6pa3rueM OKpaCKH 3epHOBKU. BapbrpoBaHue B BHIOOPKE MHTEHCUBHOCTH 1IBETA HAXO/UTCS B Mpe-
nenax 42,36-66,49, 3HaueHus KpacHoOro/3eneHoro - 5,32-15,93, 3HaueHus cuHero/xeatoro - 18,07-44,40, 3HaueHus 1iBeTa
B IJIOCKOCTH a*b* - 18,98-46,12, 3HaueHHe yria oTTeHKa - 62,50-80,14. PamxupoBaHue IBETHOCTH 110 5 KJ1acTepaM Mnokasa-
J10, 4TO 96 cocpeoTO4YEHbI B 1-M KJlacTepe CO 3HaYeHUEM SIPKOCTH 1BeTa 58,16, 3HaueHueM a* (KpacHblii/3eneHbii) 10,45
Y 3HayeHHeM b* (cuHMH />kenThIN) 32,82. 3HaueHMe [[BeTa B MJIOCKOCTH a*b* coctaBmiio 34,48, a 0TTEHKA B JIOCKOCTH a*b* -
72,41. BeisiBJIeHbl HEKOTOPbIe KOPPeJISAILIUY MeX/y OKpAacKol 3epHa, MOpPOMeTPHUIECKUMHU TPU3HAKAMHU U 6MOXUMUYECKHUM
COCTaBOM 3€pHOBKH.

3akmouyeHue. Kossieknusi 06pasioB MeCTHBIX COPTOB KYKypy3bl Asepb6aii/kaHa 06J1alaeT MUPOKUM Pa3HOOOpasueM AJist
MHOpeUPOBAHUS JIMHUH C PAa3JIMYHON OKPACKOM 3epHA C I[eJIbI0 UX BOBJIEYEHHSI B THOPU/IHYIO CEJIEKIINIO KYKYPY3bl.

Kawouesule ci08a: Zea mays L., knacTepusanus, pasHoo6pasue, 1jeToBast cucteMa CIELAB, rubpugHas cesekiys KyKypy3sl

BbaazodapHocmu: vicciieloBaHUE TTPOBEJIEHO B paMKaX AUCCEPTALMOHHOU pa6oThl X. P. MameioBo# «CesleKIIMOHHO-TeHEeTH-
yeckas NacnopTU3aLMsA NepCleKTUBHbIX 110 X03HCTBEHHO 1IeHHBbIM [IPU3HaKaM COPTOB U JIMHUM KYKypy3bl, alallTUPOBaH-
HBIX K yCJI0BUAM A3ep6ai/kaHa»; UCCJIeJOBAaHNs BbINOJHEHBI B paMKax TeMaTHieckoro niaHa BUP mo npoexty FGEM-2023-
0003 «Co3/aHMEe HOBBIX CEJIEKIMOHHBIX GOPM KYKYPY3bl C UCIIOJb30BaHUEM METO/J0B GMOTEXHOJIOTUH» B YACTH OIEHKHU Ka-
YyecTBa UCXOJHOI0 ceMeHHOoro Marepuasna B Poccuy, a Takxe FGEM-2022-0009 «CTpyKTypHUpOBaHUe U pacKpbITHE OTEHLU-
aJla HacJIe[CTBEHHON U3MEeHYMBOCTU MUPOBOH KOJIJIEKLUY 3€PHOBBIX U KPYNAHBIX KynbTyp BUP a1 pasBuTHa onTUMU3UPO-
BAHHOTO0 reH6aHKa U pallMOHAJbHOI0 HCII0/1b30BaHUs B CEJIEKIIMHU U PAaCTEHHEBO/[CTBE» B YaCTH PAa3MHOXEHHsI U COXPaHEHUs
CeJIEKLJMOHHOT0 MaTepuaJia KyKypy3bl.

ABTOpBI 6J1ar0ZapAT perjeH3eHTOB 3a UX BKJIaJ, B 9KCIIEPTHYIO OL[eHKY 3TOH paGoThI.

s yumupoeanus: Mamesosa X.P, Xatedos 3.5., Ixkunmpxu P. UsMeHUNBOCTb MapaMeTpoOB LiBeTa 3epHa MECTHBIX COPTOB
KYKypy3bl Azepbaiimkana. Tpydel ho npukaadHoli 6omaHuke, 2eHemuke u cesaekyuu. 2025;186(3):92-101. DOI: 10.30901/2227-
8834-2025-3-92-101
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Introduction

In terms of production area, the most cultivated cereal
plant in the world after wheat and rice in the family of Poaceae
is maize (Vartanli, Emeklier, 2007). Maize has many different
areas of utilization and serves as raw material for many sec-
tors. It is used primarily in direct human nutrition, as green
grass or silage, in the feed industry, in starch or starch-based
products, in oil production, and also constitutes the raw ma-
terial of many products (Oktem, Toprak, 2013).

World maize production was estimated to be 1,157 mil-
lion tons in the 2022/2023 marketing year, 67 million tons
below the previous period. Its total domestic use reached
1,197 million tons, and exports were 181 million tons. While
the average maize price on international markets is $ 278,9/
ton, the range of change within the marketing year is very
wide. China has the largest share in the world’s maize cultiva-
tion area (over 198 million hectares), with the cultivation
area exceeding 41 million hectares. The USA, with 33 million
hectares, has about 20% less acreage than China, but it has
become the world’s largest maize producer with its high
yields. In the last five marketing years, the global average
maize yield was between 5.6 and 6.0 t/ha, but in certain coun-
tries, such as the USA and Turkey, this figure can reach
11 t/ha. One of the nations that has raised its output in Asia
recently is India. Due to higher yields and larger area, India’s
maize output grew from about 29 million tons in 2019-2020
to 31.6 in 2020-2021. According to FAO and USDA figures,
global maize output increased by 3.7% and 8%, respectively,
making 2021/2022 the marketing year when the 1.2 billion
ton maximum was surpassed. The major contributors to this
surge were the United States, Argentina, China, Ukraine, and
the European Union (TEPGE yayin..., 2023).

With its rich assortment, versatility, and product effi-
ciency, maize is a significant agricultural plant worldwide:
27% of the world’s maize production is utilized for human
food, while 73% is used for animal feed. In developed coun-
tries, 10% of the maize produced by industrialized nations is
utilized for human consumption and industry, whereas 90%
is used for feeding animals (Oz et al., 2017). One of the major
cereal crops, maize has oil content of 3.5-5.5%. Even though
maize (Zea mays spp.) is not considered an oil crop, corn oil is
widely used in industry and human nutrition worldwide. For
this reason, increasing the oil content has become one of the
important goals of maize breeders. High-oil maize (also
known as High-0il Corn, HOC) is defined as genotypes having
grain oil content of more than 6% (Dumanovic, 1995; Wang
etal, 2012).

Negative correlations were found between oil content
and carbohydrate content, and positive correlations with
protein content in some investigations (Kahriman etal,,
2017). Therefore, it is essential to look at the changes in the
characteristics in question and track the relationships be-
tween the features in breeding research that aims to im-
prove oil content.

Maize grains’ high carbohydrate (73%), protein (9%) and
oil (4%) contents are the primary sources of their economic
and nutritional worth (Ozdemir, Sade, 2019). Maize is re-
nowned for its diverse range of grain colors. The United Na-
tions Bio-Trade Facilitation Program reports that between
1998 and 2002 the commerce in purple maize grew by around
467%. In Germany, France, Italy, and Japan, purple maize is
very commonly used as a natural colorant. Anthocyanins, the
main compound of purple maize, reduce the risk of cardiovas-
cular diseases, obesity, diabetes, cancer, and some chronic
diseases (Lao etal., 2017).

L*a*b* color values are a coordinate system where each
color is represented by a single point, just like in the geo-
graphic coordinate system (latitude, longitude, and altitude).
Therefore, three components (color coordinate values) are
required to define each color in the color space. L, a*, b* color
values are the most commonly used method for measurement
and color communication. L, a*, b* values are designed to be
close to human eye perception (Kirca, 2020).

The aim of this research was to characterize, classify and
compare maize varieties and types (genotypes) in Azerbai-
jani germplasm according to color parameters, to help in the
evaluation of corn cultivars according to their characteristics
and enable their use in plant breeding investigations.

Materials and methods

This research used the germplasm population obtained
from our previous study on the maintenance of homozygous
single-plant maize lines. The plant material of 112 genotypes
was used in the investigation; the information on the material
is given in Table 1. In 2011, the material was acquired from
the Genetic Resources Institute of the Azerbaijan National
Academy of Sciences.

The research was conducted in Azerbaijan: Zaqatala in
2013, and Baku in 2014, in two different agroecological envi-
ronments. Planting took place on April 15, 2013, in Zaqgatala,
and on April 18, 2014, in Baku. Harvesting occurred on Sep-
tember 20, 2013, in Zaqatala, and on September 25, 2014, in
Baku. Grain samples were collected from ears grown under
isolated conditions. Utilizing parchment isolators, controlled
pollination was carried out on homozygous plants to avoid
cross-contamination from foreign pollen among various ac-
cessions. The trial was conducted in 5 blocks in an extended
experimental design. The plots were arranged in 2 rows, 6 m
long, with the planting density of 70 x 20 cm (each plot was
8.4 m?). Fertilization was carried out with 18 kg of pure nitro-
gen, 8 kg of pure phosphorus, and 5 kg of potassium per de-
care (1 decare (da) = 1000 m?). The climatic data for Zaqatala
(2013) and Baku (2014) were favorable for the maize harvest.
Baku is a city located at the Caspian Sea, with four distinct
seasons. The climate is generally hot, with dry summers and
mild winters. The summer months (June, July, and August)
are the warmest: temperatures frequently rise beyond 30°C.
The weather is usually sunny and dry. The winter months
(December, January, and February) are the coldest, with mean
temperatures above 0°C. The transitional seasons, spring and
autumn, provide more precipitation and warmer tempera-
tures. Zagatala has a mild, humid climate. Summers are cool
and rainy, while winters are snowy and cold. Since the region
is located at the foot of the Caucasus Mountains, topographic
features also affect the climate. While winters are colder and
snowier at higher altitudes, the climate in lower areas is
milder. In 2013, precipitation in Zaqatala was generally quite
low, but sometimes there was a sudden high value. The
number of rainy days may have increased, especially in spring
and autumn. It can be estimated that temperatures are close
to the mean (+30°C) or slightly lower in the summer months,
and at normal levels (+2°C) in the winter months. However,
sharp temperature drops and cold waves were observed
(https://www.meteoblue.com/en/weather/historyclimate/
climatemodelled/zaqatala_azerbaijan_584596). After har-
vesting, 10 ears were randomly selected from each plot and
the following parameters were calculated. Such indicators as
the L value, a* value, b* value, chroma value, and hue angle
were analyzed in the research (Beetsma, 2024). The color
analysis was performed using a HunterLab Color Flex EZ
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Table 1. List of maize accessions used in the research

Ta6smmna 1. CHUCcoK 06pa3u0B KYKypy3bl, HCNI0/1b30BaHHBIX B UCC/IeJOBAHUM

Number of accessions /
Description of the component composition of accessions / Yucio 06pa3noB
XapaKTepUCTHKAa KOMIIOHEHTHOTO COCTaBa 06Gpa3noB
pieces / equHMIL %
Number of maize accessions studied 112 100
Accession’s subspecies/variety assignment:
Zea mays subsp. indentata: 112 100
var. vulgata
. 1 0.89
var. flavodulcis
v flavorubr 1 0.89
var. flavorubra 88 78.57
var. leukodon
o 4 3.57
var. poikilodon 2 178
var. rubropaleata ’
4 3.57
var. xantodon
var. alboapicularis 10 8.92
: p 2 1.78
Country of origin:
Azerbaijan 93 83.03
Russia 9 8.03
CIMMYT 7 6.25
Georgia 2 1.76
Yugoslavia 1 0.89
Source:
AHM 28 25.00
EHM 15 13.39
UGSH 69 61.60

spectrophotometer at the Physiology Laboratory of the Facul-
ty of Agriculture, Dicle University. Maize kernels were mea-
sured for L*a*b* values using the Color Flex EZ calibrated
with standard white and black plates. The luminance value
(L*) defines a measurement that depends on the ability of the
observed object to transmit or reflect light. When comparing
color values, they can be grouped as lighter or darker. L*, the
luminance coordinate (L*=0 means black, and L*=100
means white): a* is the red/green coordinate, +a* means red,
-a* means green; b* is the yellow/blue coordinate, +b* means
yellow, -b* means blue (Fig.2). The chroma (using equa-
tion 1) and hue angle (using equation 2) values were obtained
by calculating the a* and b* values.

The values of chroma (using Eq1l.) and hue angle (using
Eq2.) were calculated according to the formulae:

Chroma_Value = Va*? + b 2 Eql.
Hue_Angle = tan'l[s] Eq2.

Colors are categorized and named using the hue angle, which
indicates the apparent color of an item. It is defined according
to the position of a color within the color space relative to the
primary colors: red, green, and blue. Specifically, the hue an-
gle of 0° corresponds to red, 90° to yellow, 180° to green, and
270° to blue (Fig. 3).

In visual perception, chroma - also known as color inten-
sity, or clarity - denotes how pure a color is. It defines how

white / /L =100

*

yellow

green

red

blue

black AL =0

Fig. 1. CIELAB Color System in the L¥*, a* and b* plane (from Kettler et al., 2016)
Puc. 1. lIBeTtoBas cucrema CIELAB B niiockoctu L¥, a*, b* (mo: Kettler et al,, 2016)

TPY/IbI 110 TPUKJIA/THOM BOTAHUKE, TEHETUKE U CEJIEKLIWH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(3):92-101



. 186 (3),2025 o

vivid or dull a color appears and indicates the extent to which
acolor deviates from gray or aneutral tone. The distance
from the vertical (luminance) axis, which represents the col-
or’s saturation level, is how chroma is assessed in the color
space. It provides insight into changes in color saturation
without altering the direction of lightness or darkness
(Fig. 1, 2).

Descriptive statistics of the data obtained as a result of in-
vestigating color trait characteristics employed such indica-
tors as the minimum value, maximum value, and mean values,
such methods as correlation analysis, principal component

MawmegoBa X.P.,, Xaredos 3.B., Ixunxu P.

analysis, and cluster analysis (UPGMA, the Unweighted Pair
Group Method using Arithmetic Average), and a dendrogram
using the JMP Pro 17.0.0 (Copyright © 2022, Statistical Dis-
covery LLC) statistical software package (https://www.jmp.
com/en/home). The extent to which the constructed dendro-
gram represented the similarity matrix was tested with Man-
tel’s matrix correspondence test (Mantel, 1967). As a result of
this test, the cophenetic correlation coefficient (r* value) was
obtained. The same similarity matrix was used for the princi-
pal coordinate analysis, and the distributions of the geno-
types on the obtained principal coordinates were determined

]

o (@, b)

*

C*ab
hab

L-axis
perpendicular to the a*b*-plane

5 |

+d

Fig. 2. Hue angle and chroma in the a*b* plane (from Kettler et al., 2016)

Puc. 2. YroJ oTTeHKa U 11BeTa B Ij10cKkocTy a*b* (no: Kettler et al., 2016)

Component 2 (39,5 %)

0 5

Coempeonent 1 (50,8 %)

Fig. 3. Distribution obtained with PC1 and PC2
Puc. 3. Pacnpejesienue, nosyyeHHoe ¢ nomousio PC1 u PC2
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graphically. Grain nutrient content traits (oil, protein, starch,
cellulose, and ash content), yield traits (grain yield, 1000-ker-
nel weight, hectoliter weight, weight of seed per ear, and num-
ber of seeds per ear), and morphological traits (plant height,
ear height, leaf length, leaf width, leaf area, and ear length)
were analyzed using pairwise correlation analyses. The de-
scription of phenotypic characteristics is given according to
the classification of UPOV (2009),

Results and discussion

The L* value (luminance): The L values of the maize ac-
cessions varied within the range of 42.36-66.49, and the
mean value was 57.48 + 0.28. It was observed that the acces-
sions showed low variation in terms of the L value of grain
(Table 2). When researching the L* values in the grain of the
accessions, the L* values of the AHM-481, AHM-484 and EHM-
209 genotypes exceeded 65, while the L value of 95.58%
(107 pcs.) of the population was equal or higher than 50. The
L* values of the EHM-245, UGSH-167, UGSH-168, UGSH-175
and UGSH-291 genotypes were determined to be less than 50.
As aresult of the correlation analysis on the investigated ge-
notypes, a positive correlation (r = +0.27**) w0as found be-
tween the L value and the 1000-kernel weight. Statistically
significant correlations were identified between the L value
and other studied traits. While a negative correlation (r=
-0.28**) was observed between the L value and the a* value
studied, a positive correlation was found between b* (r=
+0.33**), chroma value (r=+0.22**), and hue angle (r=
+0.39**). A statistically insignificant correlation was noticed
between the L value and nutrient content in grain, and nega-
tive correlations were found among all characters, except the
starch level.

statistically significant connections were found between the
a* value and the other features that were investigated, such as
the hue angle (r=-0.94**), chroma (r =+0.46**), b* value
(r=+0.20*), and L*value (r=-0.28). The association be-
tween the a* value and the majority of grain nutritional con-
tent features was extremely weak and statistically insignifi-
cant, except for crude protein content (r = +0.17; P = 0.07) and
crude ash content (r = +0.18; P = 0.06), which were margin-
ally significant.

The b* value (blue/yellow): The b* values of the maize
lines forming the population varied between 18.07 and 44.40,
and the mean was 32.71 + 0.21. The b* values of the geno-
types in the population showed a high variation in their char-
acteristics (see Table 2). It was determined that the b* values
of all genotypes in the population were positive, that is, in the
yellow tone region. While the b* value of the UGSH-484,
UGSH-357 and UGSH-22 genotypes was greater than or equal
to 40, it was observed that the b* values of 97.35% (109 pcs.)
of the population were less than 40. As a result of the correla-
tion analysis performed with the genotypes forming the pop-
ulation, positive correlations were identified between the
b*value and 1000-kernel weight (r=+0.20%*), hectoliter
weight (r=+0.18; P=0.06), and seed weight per ear (r=
+0.19%). The b* value and the other qualities that were ana-
lyzed showed statistically significant relationships (L* value,
r = +0.33**%; a* value, r = +0.20%; chroma value, r = +0.96**).
Statistically insignificant correlations were found between
the b* value and grain nutrient content.

The chroma value: The chroma values of the maize lines
forming the population varied within 18.98-46.12, and the
mean was calculated as 34.41 + 0.22. The chroma value of the
genotypes in the population showed a great variation in their
characteristics (see Table 2). The chroma values of all geno-

Table 2. Changing values of color indicators in the studied accessions

Ta6auna 2. U3MeHeHMe 3Ha4YeHU ! IBETOBBIX IOKa3aTe/ied U3y4YeHHbIX 06pa3L0B

Chroma / IIBeT
*
Parameters / L value (re?i /v:::::l) / b* value Chroma value in Hue angle in
MapameTpbI (luminance) / 3Ha'{§}me a* (blue/yellow) / the a*b* plane / the a*b* plane /
3HayeHue L T 3HauyeHue b* 3HavYeHUE IBeTa Yroi orreHka
(sipkocTh) 3:7191-[1:1]7[) (cuHuii/>)kenThlil) | B IyIockocTu a*b* | B miockoctu a*b*

Min. 42.36 5.32 18.07 18.98 62.50

Max. 66.49 15.93 44.40 46.12 80.14
Means 57.48+0.28 10.52+0.20 32.71£0.21 34.41+0.22 72.18 £0.32

The a* value (red/green): The a* values of the maize
lines forming the population varied between 5.32 and 15.93,
and the mean was determined as 10.52 * 0.20. The values of
the genotypes in the population showed a large variation in
their characteristics (see Table 2). It was observed that the
values of all genotypes in the population were positive, that is,
in the red tone region. While the a* value of the UGSH-402 ge-
notype was greater than 15, it was determined that the values
0f 99.12% (111 pcs.) of the population were less than 15. Ac-
cording to the correlation analysis performed on the geno-
types of the population, the a* value was positively correlated
with a number of characters, including 1000-kernel weight
(r=+0.31), hectoliter weight (r = +0.24**), seed weight per
ear (r=+0.23*), crude protein content (r=+0.17; P=0.07),
and crude ash content (r=+0.18; P=0.06), Additionally,

types in the population were found to be positive. While the
chroma value of the UGSH-485, AHM-87, AHM-477, UGSH-22,
UGSH-276 and UGSH-357 genotypes were greater than or
equal to 40, it was determined that the values of 94.69%
(106 pcs.) of the population were less than 40. Positive cor-
relations between the chroma value and 1000-kernel weight
(r = +0.27**), hectoliter weight (r = +0.23%*), and seed weight
per ear (r=+0.23*) were found as a consequence of the cor-
relation study carried out with the genotypes comprised in
the population. Statistically significant correlations were de-
tected between the chroma value and other examined charac-
ters (L* value, r = +0.22%; a* value, r = +0.46**; b* value, r =
+0.96**), hue angle (r = -0.13; P = 0.18). Statistically insignifi-
cant correlations were identified between the chroma value
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Hue angle: The color quality values of the maize lines
forming the population varied between 62.50 and 80.14, and
the mean was estimated as 72.18 *+ 0.32. The genotypes in the
population did not show a great variation in the hue values
(see Table 2). It was determined that the hue values of all ge-
notypes in the population were positive. While the hue values
of the UGSH-23 and UGSH-24 genotypes were greater than or
equal to 80, the values 0f 98.23% (110 pcs.) of the population
were found to be less than 80. As a result of the correlation
analysis performed with the genotypes forming the popula-
tion, negative correlations were detected between the hue
value and 1000-kernel weight (r = -0.24%*), hectoliter weight
(r=-0.18%), and seed weight per ear (r=-0.16; P=0.09).
Statistically significant correlations were found between the
hue value and other features examined (L* value, r = +0.39*%;
a*value, r =-0.94**). Negative correlations were observed
between the hue value and crude protein ratio (r=-0.17;
P =0.07), cellulose ratio (r=-0.16; P =0.08), and crude ash
rate (r =-0.19%).

Consideration of the characters revealed that there was
no significant differences in the hue angle and L* value indica-
tors, but there were significant variations in the a* value,
b* value, and chroma value characters.

Clustering analysis: Five clusters were arranged in the
obtained model. The numbers of genotypes and mean values
for these clusters are given in Table 3.

With the classification obtained, the studied genotypes
were assembled in 5 different main clusters/classes. In addi-
tion, as a result of Mantel’s matrix correspondence test (Man-
tel, 1967) conducted to specify the extent to which the den-
drogram represents the correspondence matrix, the rate of
0.85 (very good) was found. The 1st cluster contains 98 geno-
types (AHM-60, AHM-61, AHM-76, AHM-95 W, AHM-95 Y,
AHM-160, AHM-181, AHM-191, AHM-204, AHM-213, AHM-
214, AHM-230, AHM-238, AHM-243, AHM-269, AHM-294,
AHM-340, AHM-439, AHM-455, AHM-457, AHM-458, AHM-
475, AHM-478, UGSH-481, AHM-483, AHM-484, AHM-485,
EHM-209, EHM-234, EHM-265, EHM-296, EHM-297, EHM-
298, EHM-342, EHM-343, EHM-370, EHM-407, EHM-439,
EHM-473, EHM-488, UGSH-15, UGSH-19, UGSH-24, UGSH-26,
UGSH-28, UGSH-29, UGSH-31, UGSH-50, UGSH-51, UGSH-57,
UGSH-65, UGSH-74, UGSH-78, UGSH-79, UGSH-100, UGSH-
102, UGSH-104, UGSH-106, UGSH-123, UGSH-125, UGSH-128,
UGSH-130, UGSH-131, UGSH-134, UGSH-143, UGSH-154,
UGSH-159, UGSH-160, UGSH-165, UGSH-169, UGSH-176,
UGSH-213, UGSH-241, UGSH-254, UGSH-266, UGSH-268,
UGSH-272, UGSH-274, UGSH-276, UGSH-292, UGSH-341,
UGSH-348, UGSH-349, UGSH-351, UGSH-371, UGSH-391,
UGSH-393, UGSH-407, UGSH-424, UGSH-431, UGSH-454,
UGSH-459, UGSH-470, UGSH-474, UGSH-476, UGSH-480,
UGSH-484, and UGSH-490). The 2nd cluster contained 5 of
them (AHM-87, AHM-477, UGSH-22, UGSH-357, and UGSH-

Table 3. Numbers of maize genotypes and mean values for their clusters

Ta6smmna 3. KosinyecTBO reHOTHIOB KyKypPy3bl U CpeJHUEe 3HaY€HUsI /I UX KJIACTEPOB

Chroma value Hue angle
~c® * * i *hy*
3 & Number of L* value a* value b*value L OE . in the a*b*
Z = . . (red/green) / | (blue/yellow) / plane /
 © accessions / (luminance) / * plane /
2 s e 3HayeHuMe a 3HayeHHe 3HayeHHe
% 5 KosinyectBo 3HayeHue L e — R — R — YroJ orTeHKa
Z o 06Gpa3noB (apxocTs) p . . B IVIOCKOCTH
o Z 3eJIeHbIH) »KeJIThIN) IVIOCKOCTH a*b*
a*b*

1 98 58.16 10.45 32.82 34.48 72.41

2 5 60.87 11.24 41.12 42.64 74.75

3 6 50.67 13.03 28.02 30.92 65.18

4 1 42.36 8.71 32.77 3391 75.12

5 2 43.63 5.72 20.21 21.01 74.03

R? 0.49 0.17 0.59 0.53 0.29

485); the 3rd contained 6 (EHM-245, EHM-325, UGSH-402,
UGSH-68, UGSH-173, and UGSH-167); the 4th contained one
(UGSH-168); the 5th contained two (UGSH-175, and UGSH-
291) (see Table 3) (Fig. 3, 4). The percentage of the genotypes
in cluster 1 was 87%. Clusters 2-5 were considerably weaker
than cluster 1. There is not enough evidence to speak about
a large variation in this case.

The results of the principal component analysis (PCA)
conducted within the scope of the research are presented in
Table 4. As a result of the PCA, two PC groups with eigenval-
ues above 1 were obtained (PC1 with 50.78%, and PC2 with
39.50%), and these 2 PCs accounted for 90.28% of the popu-
lation variance (see Table 4; Fig. 3). The resulting distribution
is shown in Fig. 3 and Fig. 4. Our findings are similar to those
published by B. Gouesnard et al. (1997), K. Wei etal. (2009),
J. Kumari etal. (2017), C. Nelimor etal. (2019), ]J. Goyanka
etal. (2021), and J. Kumari et al. (2024).

R? values were calculated in the cluster analysis as 0.49
for the L* value, 0.17 for the a* value, 0.59 for the b* value,
0.53 for the chroma value, and 0.29 for the hue angle. The
mean values in the 1st cluster were 58.16 for the L* value,
10.45 for the a* value, 32.82 for the b* value, 34.48 for the
chroma value, and 72.41 for the hue angle. The means in the
2nd cluster were 60.87 for the L* value, 11.24 for the a* value,
41.12 for the b* value, 42.64 for the chroma value, and 74.75
for the hue angle. The means in the 3rd cluster were 50.67 for
the L*value, 13.03 for the a* value, 28.02 for the b* value,
30.92 for the chroma value, and 65.18 for the hue angle. The
means in the 4th cluster were 42.36 for the L* value, 8.71 for
the a* value, 32.77 for the b* value, 33.91 for the chroma
value, and 75.12 for the hue angle. The means in the 5th clus-
ter were 43.63 for the L* value, 5.72 for the a* value, 20.21 for
the b* value, 21.01 for the chroma value, and 74.03 for the hue
angle.
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Component 2 (39,5 %)
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Coempeonent 1 (50,8 %)
Fig. 3. Distribution obtained with PC1 and PC2
Puc. 3. Pacnipegenienue, nosydeHHoe c nomoubio PC1 u PC2
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Fig. 4. Cluster analysis showing the distribution of the collection into groups (clusters 1, 2, 3, 4 and 5)

Puc. 4. KnacrepHblii aHa/IM3, 0TOGpaKawUIUi pacnpeaeaeHe KO/UIEKIIUU N0 rpynnam (kaacrepsl 1, 2, 3,4 u 5)
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Table 4. Principal component analysis results

Ta6smna 4. Pe3ysbTaThl aHA/1M3a IJIABHBIX KOMIIOHEHT

Cluster No. / Eigenvalue / Percentage / Accumulation percentage /
Ne kacrepa Co6CTBEHHOE 3HAYEeHUEe IIpoueHT [IpoueHT HaKOMJIEeHUA

1 2.538992 50.78 50.78

2 1.975012 39.50 90.28

3 0.481662 9.63 99.91

4 0.004048 0.081 99.99

5 0.000286 0.006 100.00

It is seen in the dendrograms based on grain color param-
eters data that the genotypes are gathered in 5 groups. Grain
color parameters of the genotypes in Azerbaijani germplasm
were assessed and genetic variation in these parameters was
revealed. Consideration of the characters showed that there
was no significant variance in the hue angle and L* value, but
the variation was statistically significant for the a* value,
b* value, and chroma value.

The information on allelic diversity obtained as a result of
this study will help to determine the parents in future maize
breeding investigations. Depending on the results, combining
individuals with the same alleles with individuals carrying
rare alleles (due to the narrowing of the gene pool), instead of
each other, will increase genetic diversity. Again, by determin-
ing genetic distances, hybridization among completely dis-
tant individuals will increase variation in hybrid plants.

In this research, the grain color characteristics of homozy-
gous maize accessions grown within the boundaries of Azer-
baijani germplasm were compared. It is recommended that
plant breeding investigations should be continued for some
maize genotypes identified as promising in terms of their
grain color parameters and that more detailed studies need to
be conducted using other molecular marker techniques in fu-
ture research efforts.

The classification methods (cluster analysis) used to-
gether with the regularization technique (PCA) applied to
multivariate data confirmed five well-defined groups of ac-
cessions. Cluster 1 contained 87% of the genotypes. Clus-
ters 2 to 5 were considerably weaker than cluster 1. There is
not enough evidence to speak about the presence of a large
variation. For this reason, no major variation in color proper-
ties was found in the examined grains.

Assessing genetic diversity also provides germplasm cu-
rators with the opportunity to identify gaps in the collection,
identify traits where useful variability is limited in the source
collection, and also maximize the diversity in the collection,
thereby demonstrating the need for trait-specific research.

Conclusion

The dendrograms based on grain color parameters data
demonstrate that the genotypes are assembled in 5 groups.
Grain color parameters of the genotypes in Azerbaijani germ-
plasm were assessed and genetic variation was revealed in
these parameters. Descriptive statistics of the findings ob-
tained from the population showed that there was alarge
variation in the variables representing the examined charac-
teristics in the population.

The information on allelic diversity obtained as a result of
this study will help to determine the parents in future maize
breeding investigations. Depending on the results, combining

individuals with the same alleles with individuals carrying
rare alleles (due to the narrowing of the gene pool), instead of
each other, will increase genetic diversity. Again, by measur-
ing genetic distances, hybridization of completely distant in-
dividuals will increase variation in hybrid plants (Aka-Kacar
etal, 2003).

In this research, homozygous maize genotypes located
within the gene center borders of Azerbaijan were compared
for some of their grain color parameters. It is recommended
that breeding-oriented research should be continued for
some maize genotypes identified as promising for their grain
color parameters and that more detailed investigations using
other molecular marker techniques need to be conducted in
future research endeavors.

The classification methods (cluster analysis) used to-
gether with the regularization technique (PCA) applied to
multivariate data confirmed five well-defined groups of ac-
cessions. In some cases, accessions originating from the same
location fall into tight groups within clusters (1, 2, 3, 4 and 5).
Assessing genetic diversity also provides germplasm curators
with the opportunity to identify gaps in the collection, iden-
tify traits where useful variability is limited in the source col-
lection, and also maximize the diversity in the collection,
thereby demonstrating the need for trait-specific research.
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HeraTuBHOe B/IMSIHME UHTPOTrpeCcCUU B XpoMocomy 5AL

MATrKOM nmeHuubl (Triticum aestivum L.) OT TeTpanjougHOU
nmweHunbl (Triticum timopheevii (Zhuk.) Zhuk. subsp. timopheevii)
Ha YCTOMYHMBOCTH K 3acyxe U NIPOAYKTUBHOCTb

C. B. OcunoBa’? A. B. [lepmsakos?, A. B. PyaukoBckuii’, M. [I. [lepmsakosa’, E. I. PyaukoBckas?, A. B. [lomopueB’,
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Aemop, omeemcmeeHHbll 3a nepenucky: CeetyiaHa BiagumuposHa OcunoBa, svetlanaosipova2@mail.ru

AKTya/IBHOCTB. UHTpOIrpecCcHBHYIO TMOPHU/IU3ALUIO UCIIONb3YIOT AJIs1 yBEeJINYeHNs TeHETUYECKOT0 Pa3HO06pa3ys U MOBbIIIIe-
HUSl yCTOWYMBOCTH K 60JIe3HAM MATKOU MineHu sl Triticum aestivum L. UHTporpeccuu oT TeTpanonAHON nieHupl Triticum
timopheevii (Zhuk.) Zhuk. subsp. timopheevii B Markyto mmenuny ‘CapatoBckas 29’ (S29) noMoriu noBbICUTb €€ YCTOHYH-
BOCTb K I'PUOHBIM 3a60sieBaHUAM. Heo6xX0ANMBI CCIe[0BaHUS BJAUSHUS HHTPOTPECCUBHOU rH6PpUAM3alMK Ha yCTOHYNUBOCTD
NIIEHUIIB] K aOUOTHUYECKUM CTPECCOPAM.

MaTepuaJjibl M METOABL. B KOHTPOJIMPYyEMBIX YCJIOBHUAX NPHU JBYX peXKUMax BOJOCHAOKEHHUS HCCIe/l0Ba/IM TapaMeTphl ra3o-
o6MeHa 1 $pJ1yopecLieHIIUU XJI0pOoUIIIA, COAEPKaHUE XJTOPOUIIJIOB d U b, KAPOTUHOUI0B, CBOGOHOTO ITPOJIMHA, aKTUBHOCTh
depMeHTOB acKOpHAT-IJIyTATUOHOBOTO [[MKJIA, KaTaJIa3bl ¥ JINITOKCUI'€HA3bI B JINCTBSIX U OMOMaccy noberay copTa MIeHHIbI
S29 u innum S29 (821 5A), Hecyuielt cerMeHT UHTporpeccuu ot T. timopheevii subsp. timopheevii B jcTaJbHOM y4acTKe Xpo-
MocoMbl 5AL. KoMIoOHeHThI TPOAYKTUBHOCTH M3y4a/Id B TUAPOIIOHHON TENJINIE B IBYX PEXKHMMaX BOJLOCHAGKEHHS.
Pe3yabraTsl. [1o cpaBHeHMIO € copToM S29 nuHus S29 (821 5A) nokasasia CH)KEHHOE KOJIMY€eCTBO IOIJIOaeMOH U TepeHo-
CHUMOU 9HEepruu Ha OAWH PeaKIHMOHHBIK LeHTp ¢poTocucTeMsl Il mpu ontuManbHOM nosiuBe. Takke y auHUN Ha 30% cHU3U-
JIach aKTUBHOCTb (GEPMEHTOB acKOpOAT-IIyTaTHOHOBOIO LMKJIA M 3HAYUTEJbHO MOBBICUJIOCH CO/lepXKaHHe MPOJIMHA B JIK-
cThsx. Y TUHUU S29 (821 5A) oTMedeHbI 0c1ab/IeHHbIE 3alMTHBIE peaKIuU Ha cTpecc oT 3acyxu. OHa ycrymnasa copty S29 no
NPOAYKTHBHOCTH IJIABHOT'O KOJIOCA, HE3aBUCHMO OT YCJIOBUH MOJIUBA.

3akmoueHue. UaTporpeccust ot T timopheevii subsp. timopheevii B jucTajibHy0 06J1aCTh XpOMOCOMBbI 5AL oTpuLIaTeNbHO
NOBJIMAJIA HA yCTOMYUBOCTD K 3acyXe U NPOAYKTUBHOCTb MATKON NIUIeHULBL. [lJ1 KOMIIJIEKCHOW OLeHKH YCTOMYUBOCTH MeEX-
BH/IOBBIX THOPH/OB K HEBJIAaronprUATHBIM paKTOpaM HE06X0AUMbl PU3H0JI0T0-6HOXUMUYECKHEe UCCIeJOBAHMUS.

Karouessle cnosa: Cl)OTOCHHTe3, AKTUBHOCTb daHTUOKCHU/IAHTHBIX Cl)epMeHTOB W JIMIIOKCUTE€HAa3bl, MIPOJINH, KOMIIOHEHTHI ITPO-
AYKTUBHOCTH, OIIyLIEHWE JINCTA

baazodapHocmu: vicciiejoBaHUE BBINOJIHEHO B paMKax peasiM3aluu rocyaapcTBeHHbIx 3aaanuil CUOUBP CO PAH Ne 0277-
2025-0006 «M3yyenue mexaHH3MOB GOPMUPOBAHUS, MOAAEPHKAHUS U PETYNALUN YCTOMUNBOTO COCTOSIHUSI PAaCTEHUH: TeHe-
THYeckre, GU3MO0I0ro-6MOXMMUYECKHe, IBOJIIOIMOHHbBIE U 3Kosorudeckre acnekTel» ¥ @HL[ ULul' CO PAH mo mpoekty
Ne FWNR-2022-0017 «['eHeTH4eCKHH KOHTPOJIb Pa3BUTHs U QOPMHUPOBAHHUS X03IMCTBEHHO-IIeHHBIX TPU3HAKOB Y CEIbCKO-
X035IHCTBEHHBIX pacTeHUW». B paboTe ncnosbzoBano o6opynosanue LKII «buoanaautuka» CUPUBP CO PAH u LIKII penpo-
aykuuu pactenui Ulul' CO PAH.
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Negative effect of an introgression into chromosome 5AL

of bread wheat (Triticum aestivum L.) from tetraploid wheat
(Triticum timopheevii (Zhuk.) Zhuk. subsp. timopheevii)

on drought tolerance and productivity
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Background. Introgressive hybridization is used to increase genetic diversity and improve disease resistance in bread wheat
Triticum aestivum L. Introgressions from tetraploid wheat Triticum timopheevii (Zhuk.) Zhuk. subsp. timopheevii into bread
wheat ‘Saratovskaya 29’ (S29) helped to increase its resistance to fungal diseases. There is a need for thorough studies into the
effect of introgressive hybridization on tolerance to abiotic stressors in wheat.

Materials and methods. Gas exchange and chlorophyll fluorescence parameters, chlorophyll a and b content, carotenoids, free
proline, ascorbate-glutathione cycle enzyme activity, catalase and lipoxygenase in leaves, and shoot biomass were analyzed in
wheat cultivar S29 and line S29 (821 5A) carrying a T timopheevii subsp. timopheevii introgression segment in the distal region
of chromosome 5AL, under controlled conditions with two water-supply regimes. Productivity components were assessed in
a hydroponic greenhouse, also under two water-supply regimes.

Results. Compared with cv. S29, line S29 (821 5A) had a reduced amount of absorbed and transferred energy per reaction
center of photosystem II under optimal watering. The line also had a 30% reduction in the activity of ascorbate-glutathione
cycle enzymes and a significantly increased proline content in leaves. Line S29 (821 5A) showed weakened defense reactions to
drought stress. It was inferior to cv. S29 in the main spike productivity, regardless of watering conditions.

Conclusion. Introgression from T. timopheevii subsp. timopheevii into the distal region of chromosome 5AL negatively affected
the drought tolerance and productivity of bread wheat. Physiological and biochemical studies are required to make a compre-
hensive assessment of interspecific hybrids for their resistance to unfavorable factors.

Keywords: photosynthesis, antioxidant enzyme and lipoxygenase activity, proline, productivity components, leaf pubescence
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Pyauxosckas E.TI., [lomopues A.B., [lmeanynukosa T.A.

BBeaeHue

lekcamionaHas niwenuua Triticum aestivum L. (2n = 42,
BBAVYAYDD) siB/isieTCsl )KU3HEHHO BaXXHbIM MCTOYHUKOM IH-
TaHUA JJis YyesioBeKa. YTOOb! yBeJUIUTb reHeTHYeCcKoe pas-
HooGpa3sue U MOBBICUTh YCTOMYMBOCTb MIIEHUIb], UCHOJIb-
3YI0T MHTPOTpeccCUBHYI0 Tubpuausanuio. TeTpaniouaHas
nuwenuna T. timopheevii (Zhuk.) Zhuk. subsp. timopheevii
(2n =28, A'A'GG) o6sazaeT 6OJBIIUM MOTEHLUAIOM s
yBeJINYeHUs TeHeTHYeCKOro pa3Ho06pa3usl MArKoH MIileHU-
L{bI 10 PA3JIMYHBIM X035IICTBEHHO LIeHHbIM IPU3HaKaM. JTOT
MOJIBU/, UCIO/Ib30BaIM B KauecTBe JJOHOpA [eHOB UMMYHHU-
TeTa JAJif YJAydlleHUsl YCTOWYMBOCTHU MSTKOM MNIIEHUIbI
K rpuGHBbIM 3a60sieBaHusIM (Leonova, Shumny, 2023), a Tak-
>Ke TeHOB OIyLIeHHUsI JINCTA U BbICOKOTO COJlepXKaHUs KJei-
KOBUHBI B3epHe (Simonov etal, 2021; Shchukina etal,
2022). Jlunus 821 - ofHa U3 CTa B KOJJIEKLIMU UHTPOrpec-
cuBHbIXIUHUM T. aestivum / T. timopheevii subsp. timopheevii,
MOJIy4eHHBIX B UHCTUTYTe LUTOJIOTUU U reHeTUKH CuUGUp-
ckoro otzesneHus Poccuiickoéi akazemuu Hayk (MLul' CO
PAH, HoBocubupck). OHa co3gaBajiack ckpewuBanueM T ti-
mopheevii subsp. timopheevii ¢ copToM MSATKOW MIIEHULbI
‘CapaToBckas 29’ (S29) u uMMesna y4yacTKM HHTPOTPECCHU
B xpoMocoMax 2A, 2B u5A (Leonova etal, 2008). [To3:xe
6bl1a co3faHa JuHUsA S29 (821 5A), Hecywas oguH dpar-
MEHT UHTPOTPeCCUU B AUCTAJbHOM y4acTKe XpOMOCOMbI
5AL (Simonov et al., 2021). 1o cpaBHeHHIO C COPTOM y JIMUHUHU
S29 (821 5A) GoJiee yeM B JiBa pa3a CHUXKaJI0Ch KOJIMYECTBO
TPUXOM Ha 06eux CTOPOHAax JIMCTa U B CPefiHEM B IMOJITOpa
pasa yBeJMYMBaJIach JJHHA TPUXOM HE3aBUCHMO OT YCJIO-
BUH MOJIMBA, YTO CBsI3bIBAJIMU C TeHOM HI", T10Ka/lM30BaHHbIM
B IJUCTAJbHOM Yy4YacTKe AJMHHOIO IlJleya XpOMOCOMBbI 5A"
nuweHunpl T timopheevii subsp. timopheevii (Simonov et al.,
2021). Cy1ecTBYIOT MpeJCTaBJEHHUS O IePEKPECTHBIX pery-
JISITOPHBIX B3aUMOJEeNCTBUAX 6e/NKOB ceTH GOPMUPOBAHUSA
TPUXOM U GaKTOPOB, KOHTPOJIMPYIOIIMUX PeaKLHI0 Ha CTpec-
cbl, pocT U pasBuTue (Kabir et al,, 2024). Kpome Toro, noka-
3aHa B3aMMOCBA3b MeX/Iy OMylleHHueM JIUCTAa U GOTOCHUHTe-
30M (Pshenichnikova et al., 2018). UnTporpeccus B AucTaib-
HBbIH y4aCTOK XpOMOCOMBbI 5AL Mor/a MOBJHUSATb He TOJbKO
Ha XapaKTepUCTUKU OMylLIeHUs JINCTA, HO Takxe Ha ¢oTo-
CUHTE3 U YCTOMYMBOCTb K aBMOTHYECKHUM CTPeCCOBBIM ¢ak-
TopaM. /Il NMpOBEpKH 3TOro MNpeJHoJIOKeHUs INpoBesr
CcpaBHUTeJIbHOE QU3HO0JI0T0-6MOXUMHUYECKoe HCcleloBaHue
YCTOUYUBOCTU copTa W iMHUU S29 (821 5A) k BogHOMY Jie-
dunury.

YcTbHYHBIE peaKlMy B 3HAUUTEJbHON CTeNeHU ONpeje-
JISIIOT BOAHBIN 6ajlaHC pacTeHUH, NO3TOMY YCTBbUYHYIO NpO-
BOJAUMOCTb, CKOPOCTb TPaHCIUpPALUU U CKOPOCTb HETTO-
doToCHHTe3a UCTIOJIB3YIOT AJIS OLleHKHU YyCTOHYUBOCTH K Je-
dunuty Bogb! (Pfliiger etal, 2024). [logpo6bHee cocTosiHUE
$OoTOCHHTETHYECKOr0 annapaTa MOXHO ONUCATh C TOMOLIbI0
MeToAa ¢uyopecueHuun xaopodusna (Chl), koropoiit sB-
JIleTCs YyBCTBUTEJIbHBIM, HaJeXKHbIM U HEHHBA3WBHBLIM
crnoco6oM oueHKH 3G PEeKTUBHOCTH MPOLECCOB CBETOBOU
dasbl oTOCHHTE3a U UCHOJIb3yeTCs [Ji1 MOHUTOPUHTA QU-
3M0JIOTMYECKOT0 COCTOSIHUSA pacTeHUH NpU pellleHUuH pa3Ho-
o6pasHbIx 3a7a4 (Goltsev etal, 2016; Osipova etal, 2024).
[ToMHUMO HemocpeACcTBEHHON OLleHKH GYHKUUNA GOTOCUHTE-
TUYECKOr0 aNnapara, BaXKHO ollpe/ieJIUTh YPOBEHb €r0 aHTH-
OKCUJAHTHOM 3alUThI IPU BOJHOM Aedunute. PepMeHTbI
ackop6aT-rJiyTaTHOHOBOIO LIMKJIA, CYNIEePOKCUAJUCMYTa3a
(SOD, K& 1.15.1.1), peruapoackopbatpenykraza (DHAR,
K® 1.8.5.1), rnyraruonpenykrasa (GR, K& 1.6.4.2) u ac-
Kopbarnepokcuasa (APX, KO 1.11.1.11), a Takke KaTajasa
(CAT, K& 1.11.1.6) 3aumuuialT pacTUTEJNbHbIE KJIETKHU

B CTPECCOBBIX YCJOBHUSAX U NOAJEPKUBAIOT KJIETOUHBIH Tro-
MeocTas, 3GPEKTUBHO MUHUMHU3UPYsI U3OBITOYHOE NPOU3-
BO/ICTBO aKTUBHbIX popM kucaopoza (Mir, Khah, 2023). Ak-
TUBHOCTH 3TUX GEPMEHTOB YCHEIIHO UCIOJIB3YIOT AJIsI CKPH-
HUHTA 3aCyX0yCTOMYUBOCTU 3epHOBBIX (Panda etal, 2021).
JlunokcureHasnsl (LOX, K® 1.13.11.12) BauSAT Ha pOCT
Y pa3BUTHE PACTEHUH, a TAK)KE HA YCTOMYUBOCTb K GUOTHYE-
CKUM U abuoTU4ecKuM ctpeccopam (Viswanath et al.,, 2020).

HakonsieHre 0CMOJIUTOB, B YaCTHOCTH CBOGOJHOTO MPO-
JIMHA, TpU 00e3BOXXKMBAHUHM U IPYTUX HeO6J/IaronpusiTHBIX
dakTopax cpefibl TAKXKe CUUTAETCS OAHUM U3 HauboJiee Bax-
HBIX 3aLIUTHBIX MEXaHU3MOB, NOCKOJIbKY POJIMH CIOCO6-
CTBYET CTaGUIM3aLUU CYOKJIETOUHBIX CTPYKTYP, yJIaBJUBa-
HHUIO CBOOO/HBIX PaJIMKaJIOB U NOAAEPKaHUI0 OKUCJIHUTEb-
HO-BOCCTAaHOBUTEJIbHOT'O NIOTEHI[MaJIa KJIETOK B CTPECCOBBIX
ycnoBusx (Chakraborty, Kumari, 2023). Takum o6pasom, Bbl-
HIernepevyrcJeHHble TapaMeTpbl MOXXHO pPaccMaTpUBAaTh
B Ka4eCTBe KPUTEPUEB OLlEHKU YCTOWYMBOCTH JIMHUM S29
(821 5A) u copra S29.

Lleab uccaedoganusi — onpeesuTb BJAUSHUE HHTPOIpec-
cuu ot T timopheevii subsp. timopheevii B AUCTaNbHBIA y4a-
CTOK XpoMocoMbl 5AL copra Msrkod nuenuns! ‘CapaTos-
ckas 29’ (S29) Ha ee YyCTOWYUBOCTD K AePUIUTY BOABL.

MaTepnanbl U MEeTOoAbI

06BbeKTOM UCCJIeJOBAaHUSA CIyKHUJa 3aMellleHHas JIUHUSA
S29 (821 5A), co3gaHue KOoTopoi onucaHo A. B. CUMOHOBBIM
U coaBTopaMu (Simonov etal., 2021). B kauecTBe KOHTPOJIs
HCI0JIb30BaJICSl POAUTENbCKUN COPT MATKOW nuieHULb ‘Ca-
patoBckas 29’ (S29). [na npoBefieHUsT PpU3HUO0JIOTO-OHUOXU-
MHUYeCKHUX 3KCIepHMeHTOB PacTeHUs BbIpalllMBaju B KOH-
TPOJIUPYyEMBIX YCJIOBUAX KJAUMaTHueckod kamepnl CLF
Plant Master (CLF Plant Climatic GMBH, 'epmanus), ycTa-
HOBJIEHHOU Ha pUTOTpOoHE CUGUPCKOTO UHCTUTYTA GU3HO-
JIOTUH U 6MoXUMUU pacTeHult Cubupckoro otaeneHus Poc-
cuickol akazeMuu Hayk (r. UpkyTck). B kamepe moazepxu-
Basicsl 16-yacoBoil $poToNnepHos C UHTEHCUBHOCTbIO CBeTa
500 mxMosib (poToH)/M2 ¢!, fHEBHOUM/HOYHOU TeMIepaTy-
poit 23/16°C ¥ OTHOCHUTENBHOU BJIAXKHOCTBIO Bo3ayxa 60%.
[To 12 3epeH BbIceBa/u B COCYAbl MUTUepIIMXa, COZepKaliue
4 Kr cy6cTpaTa, COCTOSIEro M3 NeperHos, necka u topda
B cooTHoweHUU 1 :1: 1. [lynig kax0oro reHOTUIa OJUH COCY/[L
MOAJEePKUBAJIU B YCJIOBUAX ONTUMabHOTO nosuea (60% ot
MOJIHOYM BJIarO€MKOCTH ITOYBBI), BTOPOH — B YCI0BUSAX BOJHO-
ro gedpunuta (30%). BiaxkHOCTb MOYBBI B cOCyjaX KOHTPO-
JINpOBAJIM BeCOBBIM MeToA0M. Ha cTaauu «1uBeTeHue» U3Me-
psiiu mapaMeTpbl razoobmena u ¢uyopecuennuu Chl Ha
CpeiHel YacTH pa3BepHYThIX (JIaroBbIX JUCTbeB. CKOPOCTb
TpaHcnupanuu (E), ycTbuuHyo npoBoauMocTb (GS) U CKO-
poctb accumuAnuu CO, (A) M3yvasiv C IOMOIbIO MOPTaTUB-
HOH cHUCTeMbl JiJIs1 U3MepeHust ra3oobMeHa U QJyopeclLieH-
yuu Chl GFS-3000 (Heinz Walz GmbH, l'epmanus).

dayopecuenyuio Chl oneHuBany ¢ nmomoubo GJayopu-
MeTpa PAM 2500 (Heinz Walz GmbH, I'epmanus). U3mepsiiu
Me/IJIEHHYI0 KUHETUKY UHAYKLUU $uyopecueHuu Chl, 6b1-
CTpble CBETOBble KPUBbIE U OBICTPYI0 KHHETUKY UHAYKIUU
¢dayopecuennuu Chl (kpusasi O]IP). Bcero 66110 u3MepeHo
Y paccuuTaHo 32 nokasatess ¢uyopecuenuuu Chl mo meto-
JAuKaM, onrcaHHbIM paHee (Osipova etal, 2024). I[locse u3-
MepeHUs razoobMeHa u ¢puiyopecueHyuu Chl rmaBHbIM nober
cpesasiy, U3MepsJIM ero Maccy, oT6HUpaay U HeMeJJIeHHO 3a-
MOPaXKHUBaJIU KUAKHUM a30TOM 06pa3slbl GpJ1aroBbIX JUCTbEB
JUIs1 JaJibHeHIINX 6MOXUMHUYEeCKHX aHaIn30B. 06pasibl Xpa-
HUJIY 1pu TeMnepatype —70°C. MeToAuKHU onpesiesieHUs CO-
JlepkaHusl GOTOCHHTETUYECKUX MUIMEHTOB U ¢depMeHTa-
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THUBHBIX aKTUBHOCTeH onurcaHbl paHee (Osipova et al., 2024).
CojpeprxkaHue cBO6OJHOTO IPOJIMHA U3MePSJIU CIeKTPodOTO-
metpuyecku (Hitachi U-1100, flnmoHusi) npu AJiKMHE BOJIHBI
520 HM c ucno/Jb30BaHHEM peareHTa HUHruApuHa (Bates
etal, 1973).

KoMnoHeHTb! MPOAYKTUBHOCTH M3y4yaH B I'MJIPONOHHON
Termuue B ULlul' CO PAH. PacteHusi BblpauiyuBaJuch B BaH-
Hax pasMepoM 4 x 1 x 0,35 M, 3amoJIHEHHbIX KEpPaM3UTOM.
Jlist nuTaHUsA pacTeHUH McnoJib3oBascs pactBop KHona. Io-
JApo6GHee yCJIOBHUsI 3KCIIepUMeHTa C UCNOJb30BaHHEM pas-
JIMYHBIX YCJI0BUH BOJOCHA6GXKeHUsI ONMCcaHbl paHee (Smirno-
va, Pshenichnikova, 2021). U3mepsinu ciaeapyroluiye KOMIO-
HEHTbl NPOAYKTUBHOCTU: YHUCJIO MO6GEroB, JJHUHY CTe6/a
Y K0J10Ca, YUCJI0O U Maccy 3epeH B [JIaBHOM KOJIoce U Y pacTe-
HUs B 1esoM. Macca 1000 3epeH siB/IsiIach pacyeTHOH Be-
JIMYMHOMN. [J1aBHBIM CYUTAIM KOJIOC, BHOCUBIINI Han60Jb-
KUK BKJIAJ| B IPOJYKTUBHOCTb PACTEHUS.

3a 6MO0JIOTHYECKYI0 NMOBTOPHOCTb MPUHHUMaJU OTAEJb-
Hoe pacTeHHe. Maccy no6era u3Mepsiii B BOCbMH, NapaMeT-
pbl razoo6mena u payopecueHyuu Chl - B mectu 6uosioru-
YeCKHUX MOBTOPHOCTAX. B cTaTbe 06CyxAaloTcsl TOJBKO Te
napameTpbl ¢uyopecueHunu Chl, 1158 KoTopbIX HAGIOAATN
3HAYMMYI0 Pa3HUIY ¥ TeHOTUIIOB WU U3MEeHEeHUs MO/, BJIUs-
HueM JedunuTta Bojbl. CofepkaHHe MUIMEHTOB U aKTHUB-
HOCTb (epMeHTOB OMNpefessiJd B TpeX GHOJOTUYECKUX
Y TpeX aHaJUTHYeCKUX NOBTOPHOCTAX. CofepaHue MPOJIU-
Ha onpeJessiiv TPUXK/AbI U3 00 beJUHEHHBIX NATH (JIaroBbIX
JINCTbEB KaXK/J|0T0 TeHOTHUIA. B yc/I0BUAX TH/IPONIOHHON Tel-
JIMILbI TeHOTUIBI BbIpAlUBaAIM B TeUeHUe TpeX BereTalMoH-
HBIX CE30HOB.

BiusiHMe 3acyXu olLleHMBaJM UCIOJb3ys NOKasaTeJsb
«pasmep apdekra 3acyxu» (SDE). OH ocHOBaH Ha pa3JIUuUIX
MexX/y CpeJHUMHU 3Ha4YeHUSAMU IPU3HAKOB B YCJOBUSAX 3aCy-
XU U KOHTPOJI, yYUThIBAeT pa3Mep BbIOGOPKU U 06'beJUHEH-
Hoe cTaHJapTHoe oTkJoHeHue (PerSi¢ etal, 2022). Uem
6oJiblie padMmep 3ddekTa, TeM GOJiblle YBEJUYEHUE Mapa-
MeTpa B YCJOBUAX 3aCyXH N0 CPAaBHEHHUIO € KOHTpoJsieM. OT-
puLaTesbHble 3HAaYeHUs yKa3blBalOT Ha YMeHbllIeHUe Napa-
MeTpa 10 CPaBHEHMUI0 ¢ KOHTpoJsieM. HysieBble 3HaueHus1 SDE
03HaAyYaloT OTCyTCTBUE 3dpdeKkTa.

PacueT cpejHUX 3HaYeHUH NMPU3HAKOB, CTAaHAAPTHBIX
OTKJIOHEHUH, 3HAaUUMOCTH pas3/Iuuuii no t-kpurtepuio CThbio-
JAeHTa, 3HayeHUs1 SDE u nmocTpoeHre rpaduKOB BBINOJIHS-
au B Microsoft Excel 2010. OnieHKY A0CTOBEPHOCTH pasJiv-
yuil MexJy o6pasnaMu [0 KOMIIOHEHTaM yposkasi IPOBOAU-
JIU METOZO0M [JIByX)aKTOPHOIO JUCIEePCHOHHOIO aHaIu3a
Y HauMeHbllel cyuiecTBeHHoU pasHocty (HCP ). [iByxdak-
TOPHBIN JUCHEPCUOHHBIA aHa/IU3 NPOBOAWIM B Microsoft
Excel Office Professional Plus 2016. /locToBEpHOCTb pasJiu-
YUl MeXJy AUCIepCUsMHU yCTaHaBJMBaIU No F-kpuTepuio
duiepa.

Pe3ysibTaThl U 06CYKAeHUE

B Tabsaune 1 npuBefeHbl cpefijHUe 3HaUYeHUs PU3NOJIO-
rUYeCcKUX [apaMeTpOB U CTaHJAapTHble OTKJIOHEHUS AJif
copta S29 u iuHuu S29 (821 5A) npu ONTHUMaJIbLHOM MOJIUBE
(koHTpOJIB) U IpH BogHOM Aedunute (3acyxa). Macca nobe-
ra, mapaMeTphl ra3oo06MeHa, cofiepXkaHe MUTMEeHTOB U aK-
TUBHOCTb DHAR B KOHTpOJIe He OT/IMYa/IMCh ¥ IMHUHU U COP-
Ta S29. Y IMHUM 1O CpaBHEHUIO C COPTOM S29 CHU3UJIUCH
nokasatesnu ¢uyopecuenuuu Chl, cBujeTenbcTByOLME O KO-
snndectse noromaemoi (ABS/RC), ynasausaemoit (TR /RC),
neperocumont (ET /RC) u pacceuBaemort suepruu (DI /RC)
Ha OJUH peakUUOHHbIH 1eHTp PpoTocuctemsl I (PSII). [Ipu
3TOM HeCKOJIbKO BO3pacTaJs Nnokas3aTesb 3GPeKTHUBHOCTU

RC/ABS, To ecTb NPOUCXOAUJIO yBeJUYEeHUE O aKTHUB-
HbIX peaKUOHHbIX LleHTpoB PSII B 0611eM nyJie xjaopodu-
s0B (Goltsev et al,, 2016). [logo6Has aganTanus CoCO6CTBO-
BaJla MOBbIILEHHI0 3PPEeKTUBHOCTH POTOCHHTE3A YV JUHUN
Y, IpeANOoJ0KUTENbHO, NOJAepKaHUI CKOPOCTH HETTO-
doTocunTesa. Koadpounuentol ¢poToxumuyeckoro (qP)
U HepoToxumuyeckoro Tymenus (NPQ) dayopecuenunu Chl
B KOHTpOJIE 3HAaYMMO He U3MEHSUIUCh. Y JIMHUU 110 CpaBHe-
HUIO C COPTOM ObIJIM CHHUXKEHbl YPOBHHU aKTUBHOCTHU GR
n SOD B 1,3 pa3a, APX u LOX - B 1,8 pa3a, CAT - B 2,3 pa3sa
Y no4yTy Ha 70% NOBBILIEHO COJlep>KaHue CBOGOAHOTO Mpo-
JuHa (cM. Ta6s.1). 3HAUUTE/NbHOE CHIKEHUE AHTHOKCH-
JIAaHTHOM aKTUBHOCTHU B KOHTPOJIE, T0-BUAUMOMY, IPUBOAU-
JIO K YBeJIMYEeHUI0 OKUCJIUTEbHON Harpy3ky 1 yBeJIM4eHHUI0
coZiep’KaHMs MpOJIMHA B JIMCTbSX, KOTOpOe, KaK MpaBMIJIO,
MOBBIIIAETCSA B OTBET Ha JleHCcTBUe pa3HO06pa3HbIX CTPeCCo-
poB (Chakraborty, Kumari, 2023). 3Tu faHHble YKa3bIBAIOT
Ha To, 4To JiuHus S29 (821 5A) c UHTporpeccuei B AUCTab-
HOM y4yacTKe XpoMocoMbl S5AL McIbITbIBaja CTPECC B ONTHU-
MaJIbHbIX YCJIOBUSAX NOJIUBA.

Te >ke TeHOTHUIbI BBIPACTU/IM B FUJPONOHHOMN TeIuuIie
WIul' CO PAH B AByX pexuMax BOAOCHAGXKeHUs [0 CTaZuU
MOJIHOW CIIeJIOCTH 3epHa. [lJIs OLleHKHU BJIMSIHUS TeHoTHuIa
(uHTpOrpeccuu) U cpefbl (AedULUT BOAbI) HA MPOAYKTUB-
HOCTb NMPOBOJAUIU ABYX$AaKTOPHBIN AUCIEPCHOHHBIA aHa-
JIN3 CpeJiHUX 3HaYeHUH KOMIIOHEHTOB NPOJAYKTUBHOCTH NPHU
KOHTPACTHBIX YCJOBUSIX OpolleHus y AuHUU S29 (821 5A)
u copta S29 (Tabu. 2). B koHTposie y auHuu S29 (821 5A)
CTAaTUCTUYECKU 3HAaYMMO CHM>XKaJIMCh AJIMHA CTebJd, AJMHA
KOJIOCQ, YHUCJIO0 KOJIOCKOB B KOJIOCE, YMCJIO M Macca 3epeH
B [JIJaBHOM KoJloce U oco6eHHO Macca 1000 3epeH Kak ¢ IJ1aB-
HOTIO0 K0J10Ca, TaK U C Ljesioro pacteHus. TakuM o6pa3oMm, UH-
Tporpeccus ot T timopheevii subsp. timopheevii B XxpoMoco-
My 5AL HeraTHBHO NOBJIMAJIA HA POCTOBbIE XapaKTepPUCTUKHU
Y 3ePHOBYI0 NPOAYKTUBHOCTb B ONTHUMAJbHbBIX YCJIOBUAX
MoJIMBa.

B yc/noBusAX 3acyxu pasiuuus MexAay JuHuer S29
(821 5A) u copToM S29 o $pU310I0r0-6UMOXUMHUYECKUM KPHU-
TepusM 6bLIU 60Jiee cyLecTBeHHbIMU (cM. Tab.1. 1). [1o cpaB-
HeHUI0 € S29 y IMHUM CHU3UJIKCh CKOPOCTb TpaHCIUpaLuu
Y yCTbUYHas MPOBOJUMOCTb, TOBBICUJIOCH COZePXKaHUe XJI0-
podu/I0B U KAPOTUHOUAOB, YMEHBILINIUCh KO3QQULINEHTbI
doTo- 1 HepoTOXUMUUECKOTO TylIeHUsI diyopecueHnuu (qP
1 NPQ), a Takke MakCHMaJlbHasi CKOPOCTb TPAHCIIOPTa 3J1eK-
TpoHoB (ETR ). Take y JIMHUM [0 CPaBHEHUIO C COPTOM
S29 3HauMUTe/NbHO MOHU3WJIUCh YPOBHU aKTUBHOCTHU dep-
MEHTOB acKkop6aT-riiyTaTuoHoBoro nukiaa: DHAR B 3,6 pas,
GR - B 4,7 pasza, SOD - B 1,4 pa3a u APX - B 1,8 pa3a. AKTuB-
Hoctu CAT n LOX nopziep:xuBaiuch Ha ypoBHe copTa S29.

Ha pucyHke npuBejfeH CTaTUCTHUYECKUH MOKasaTeJsb
«pasmep adpdekTta» (SDE), no3BosOLUN OLLEHUTD BIAUSHUE
3acyXu Ha U3y4YeHHble NMpPU3HAKU y JUHUU S29 (821 5A)
u copTta S29. Y o6oux renotunoB BeanyuHa SDE g ckopo-
CTH TPAHCIUPALUU U YCTBUYHON IPOBOAUMOCTH ObLIa OTPU-
LaTeJbHOM, HO Yy JIMHUY 3TH 3Ha4eHUsl IPUMePHO B JiBa pa3a
HMKe. Y copTa S29 cKopocThb HETTO-GOTOCUHTE3A IPU 3acyxe
3HAYMMO CHUKaJIach, TOTAA Kak y uHUU S29 (821 5A) usme-
HeHUs 3TOro NnapaMeTpa GbIM He3HAYUTEeJNbHBbIMU. Y copTa
S29, B oT/IMYMe OT JIMHUMY, IPU 3acyxe MOBbIIIAAACh 3P Pek-
TUBHOCTb GOTOCHHTETHUYECKOTO anlapaTa, 0 YeM MOXHO Cy-
JUTD 10 KO3PPULHEHTY GOTOXUMUUECKOTO TYyLIEHUS (IIyO-
pecuennuu Chl (qP). HedoToxumudeckoe tymeHue ¢Jyo-
pecuennuu Chl (NPQ) y copta S29 Tak:ke noBbIIIaI0Ch (pPU-
CYHOK, a), 4TO CBU/IeTebCTBYeT 00 aKTUBALMH MeXaHU3MOB
paccerBaHUs U36BITOYHON CBETOBOM 3HEPTUH U Tpeobpaso-
BaHUSA ee B TelJo. DTU NPOLECChl aKTUBUPYIOTCA NpU JAeit-
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Ta6muna 1. PoTocMHTETHYECKHE M GMOXUMUYECKNe TapaMeTphl y copTa ‘CapaTtoBckas 29’ u imauu S29 (821 5A)
B KOHTPOJIE U IIPU 3acyxe

Table 1. Photosynthetic and biochemical parameters of cv. ‘Saratovskaya 29’ and line S29 (821 5A)
in the control test and under drought

Copr ‘CapaToBckas 29’ Jiunus S29 (821 5A)

IIpusHaku

KoHTpob 3acyxa KoHTpob 3acyxa
Macca no6era 57+1,0 3,2%0,7 560,55 3,3+£0,6

IlapameTpsl ra3006MeHa
E, MMoJib M2 ¢! 1,9+0,2 1,2+0,2 2,0%0,2 0,5 £0,1%**
Gs, MMoJIb M2 ¢ 0,14+0,0 0,08+0,0 0,15%£0,0 0,03 £ 0,0%**
A, MKMoJIb M2 ¢! 11,7 +£0,7 9,7+1,0 11,6 £0,8 9,2+3,2
MMapameTps! piyopecueHuu XJ10poduia
RC/ABS 0,3+0,0 0,3+0,0 0,4 +0,0* 0,3+0,0
ABS/RC 3,1£0,1 3,0+0,2 29+0,1* 3,0+£0,3
TR,/RC 23+0,1 22+0,1 2,2+0,1* 23+0,2
ET,/RC 1,8+0,1 1,8+0,1 1,7 +0,1* 1,8+0,1
DI /RC 08+0,1 0,8+0,2 0,7+0,1* 0,7+0,1
NPQ 09+0,1 1,1+0,5 1,1+£0,2 0,9+0,1**
qP 05+0,1 0,7+0,1 05+0,1 0,5+ 0,0%*
ETR 51,8+31,7 92,1+88 65,2 10,0 70,8 £ 30,6*
Copep:xaHue GPOTOCHMHTETUYECKUX MUTMEHTOB U CBOGOHOTO NPOJIMHA
Chl g, mr/r 2,6+0,1 2,4+0,1 2,6+0,1 2,9 +0,2*
Chl b, Mr/r 1,1£0,0 1,1+0,0 1,1£0,0 1,7 £0,1**
Car, Mr/r 0,6+0,0 0,6 £0,0 0,5+0,0 0,7 +0,0*
Chla + b/Car 6,6 +0,5 6,4+0,2 7,1£0,2 6,6+0,2
Prolin, MkMoub /T 20,7 ¥1,0 11,6 +0,3 34,9 + 0,4%** 10,5 +0,1**
AxTuBHOCTbL pepMeHTOB, E/Mr Gesika

DHAR 7,8%0,6 13,1+£3,1 7,4 %37 3,6 £1,6%**
GR 18,7 +4,7 46,8 +20,4 14,4 + 6,5* 9,9 + 1,8%**
SOD 46,4+ 4,3 49,6 £2,3 36,1 + 1,9%** 36,2 + 2,2%**
APX 48,2+ 17,4 65,9 +18,0 26,8 + 5,1%** 36,8 + 9,2%**
CAT 49+1,3 3,7£1,3 2,1+0,7* 3,7+0,8
LOX 25+0,2 2,7+0,2 1,4 £0,3* 28+0,1

[Ipumeuanue: *, ** *** _p < 0,05,0,01 1 0,001, cpaBHEHHEe NPU3HAKOB Mexy JuHUel S29 (821 5A) u coptom ‘CapaToBckas 29’ B ofiuHa-
KOBBIX yCJIOBUAX BOJIOCHaGkeHus; E — ckopocTh TpaHcnupanuy, Gs - ycTbU4Has IpoBOAUMOCTb, A — ckopocTb accumuisnuu CO,; RC/ABS -
71011 aKTUBHBIX PeaKIUOHHBIX 1eHTPOB (PLI) doTocucremst II; ABS/RC - noTok sHepruwy, norsouaemMont oguum PI PSIL, TR /RC - noTok
3HEPruu BO30YK/|eHus, morJiomaeMoi ofHuM Pl B Ha4a/IbHbIA MOMEHT OCBelLleHUs a/JallTAPOBAHHOTO K TeMHoTe 06bekTa, ET /RC - no-
TOK 3JIEKTPOHOB, IEPEHOCUMbIX Yyepe3 ojuH akTuBHbIH Pl PSII, DI /RC - o61ee kosimuecTBO 3HEpruy, paccenBaeMoi ogHuM PLI B Buzie
Tella, GpyiyopecueHIMU UK NepeHoca B Jpyryto potocucteMy, NPQ - koadppunueHT HeGOoTOXUMUYECKOTr0 TylleHUs GJIyopecLieHIIUY,
qP - koadpdunuent poToxumudeckoro tyuenus duyopecuennuu, ETR - MakcumasbHas CKOpOCTb TpaHCHopTa 3JieKTpoHoB; Chl, Car,
Prolin - conepkanue xsopodusia, KApOTUHOUOB, posinHa B incThbsax; DHAR, GR, SOD, APX, CAT, LOX - akTUBHOCTb Jieruipoackop6aT-
peAyKTasbl, [JIyTaTUOHPeAyKTa3bl, CynepoKCUALUCMYTa3bl, ackopbaTIepoKCcH/asbl, kKaTala3bl U JJUIOKCUTeHa3bl

Note: *, **, *** _ p < 0.05, 0.01 and 0.001, comparison of the traits between line C29 (821 5A) and cv. ‘Saratovskaya 29’ under the same wa-
ter-supply conditions; E - transpiration rate, Gs - stomatal conductance, A - CO, assimilation rate; RC/ABS - proportion of active reaction
centers (RC) of photosystem II; ABS/RC is the energy flux absorbed by one PSII RC, TR /RC is the excitation energy flux absorbed by one RC
at the initial moment of illumination of a dark-adapted object, ET /RC is the electron flux transferred through one active PSII RC, DI /RC is
the total amount of energy dissipated by one RC as heat, fluorescence, or transfer to another photosystem, NPQ is the coefficient of non-pho-
tochemical fluorescence quenching, qP is the coefficient of photochemical fluorescence quenching, ETR _ is the maximum electron trans-
port rate; Chl, Car, Prolin - content of chlorophyll, carotenoids and proline in leaves; DHAR, GR, SOD, APX, CAT, LOX are the activities of de-
hydroascorbate reductase, glutathione reductase, superoxide dismutase, ascorbate peroxidase, catalase, and lipoxygenase
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Ta6smmuna 2. IByx$paKTOpPHBIN AUCIEPCUOHHBIN aHA/IU3 CpeJHUX 3HaYeHU KOMIOHEHTOB NPOAYKTUBHOCTH PacTeHUH

NMPHU KOHTPACTHBIX YCIOBUSX OpouieHus y JuHuM S29 (821 5A) u copra ‘CapatoBckas 29’ (yC/IOBUSA TENJINIbI)

Table 2. Two-way analysis of variance showing mean values of plant productivity components under contrasting

irrigation conditions in line S29 (821 5A) and cv. ‘Saratovskaya 29’ (greenhouse conditions)

JliMHa cTe6.is, cM Jl/iMHa KoJ10ca, cM
F'eHOTHUNIBI F, HCP,, F, HCP
KOHTPOJIb 3acyxa KOHTPOJIb 3acyxa
S29 99,0 92,6 33 7,7 7,7
19,0%** ’ H/3 H/3
S29 (821 5A) 95,3 87,4 6,6 6,8
F, 4,4* 7,8%* 72,1%%* 43,8%**
HCP 35 3,7 0,3 0,3
Yucs10 KOJIOCKOB Yuco 3epeH
fenon B KoJ10Ce F, HCP,, B IJIaBHOM KoJ10ce F, HCP,,
KOHTpPOJIb 3acyxa KOHTPOJIb 3acyxa
S29 13,6 13,9 25,8 25,4
11,9%%* 0,5 H/3 H/3
S29 (821 5A) 12,9 13,0 23,0 21,7
F, 13,0%** 21,6%** 8,5%* 17,2%**
HCP, 0,3 0,3 1,9 1,8
Macca 3epeH Macca 1000 3epeH
TeHOTUIIBI C I'JZIaBHOTI'O0 KoJ1i0oCa, r FE HCPOS rJIaBHOTrO KoJ10ca, r FE HCPOS
KOHTpPOJIb 3acyxa KOHTPOJIb 3acyxa
S29 1,12 0,82 43,2 30,9
33,0%** 0,09 119,8%** 2,1
S29 (821 5A) 0,89 0,66 38,7 27,5
F, 30,6%** 20,3%** 19,9%** 18,9%**
HCP, 0,09 0,06 2,0 1,6
Yucsio 3epeH Macca 3epeH
TeHOTHIBI EIEIEHa T E F, HCP, O F, HCP,
KOHTPOJIb 3acyxa KOHTPOJIb 3acyxa
S29 90,3 57,3 3,53 1,69
47,9%** 9,8 82 4%+ 0,34
S29 (821 5A) 87,5 51,8 2,96 1,44
F, H/3 H/3 6,9%F* 6,6%**
HCP H/3 H/3 0,3 0,19
Macca 1000 3epeH, r
TeHOTHUNBI F, HCP
KOHTPOJIb 3acyxa
S29 40,4 27,3
67,0%** 53
S29 (821 5A) 31,6 23,8
F, 20,5%** 11,3**
HCP, 2,7 2,0

[pumeuanue: F, — F-kputepuit ®uinepa st renotuna; F, - F-xputepuit @uiuepa aiis cpeant; HCP . — HavMeHbllast CyllecTBeHHasA pas-

HOCTb /IJ151 5-IIPOLEHTHOTO YPOBHS 3HAUUMOCTH; H/3 — pas3/IMuus HesHauYUMBbl; *, ** *** — p < (0,05, 0,01 1 0,001 coOTBETCTBEHHO

Note: F - Fisher’s criterion for the genotype; F, - Fisher’s criterion for the environment; LSD  — least significant difference for 5% signifi-
cance level; H/3 - differences are insignificant; *, **, and *** - p < 0.05, 0.01 and 0.001, respectively
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¥, ek Hik _p < 0,05,0,01 10,001, 3HaYMMOCTb pa3IMyUi Mexy IpU3HaKaMU B KOHTpPoJIe U Ha 3acyxe; E - ckopocThb TpaHc-
nupanuy, Gs - ycTbUYHas IPOBOAMMOCTD, A — cKopocTb accuMuJisAnuu CO,; NPQ - k03 duLueHT HepOTOXMMHUIECKOTO Tylle-
HUA QuyopecueHIuH, qP - koapduuueHT poToxumMudeckoro Tyuenus ¢ayopecuenuuu, ETR - MakcuMasibHasg CKOPOCThb
TpaHcnopTa asekTpoHoB; Chl, Car, Prolin - conepxkanue xnopoduiia, KapoTUHOM0B, NposinHa B 1UCcTbsx; DHAR, GR, SOD,
APX, CAT, LOX - aKTUBHOCTb JlerHipoackopbaTpelyKTasbl, [MyTaTUOHPEAYKTa3bl, CyIePOKCUAAUCMYTa3bl, aCKOpOATIEPOK-
cu/asbl, KaTajJa3bl U JIMIOKCUT€Ha3bl

¥, RK R _ p < 0.05,0.01 and 0.001, significance of differences between traits in the control and drought tests; E - transpira-
tion rate, Gs - stomatal conductance, A - CO, assimilation rate; NPQ is the coefficient of non-photochemical fluorescence
quenching, gP is the coefficient of photochemical fluorescence quenching, ETR _ is the maximum electron transport rate; Chl,
Car, Prolin - content of chlorophyll, carotenoids and proline in leaves; DHAR, GR, SOD, APX, CAT, LOX are the activities of dehy-
droascorbate reductase, glutathione reductase, superoxide dismutase, ascorbate peroxidase, catalase, and lipoxygenase

PucyHok. Pazmep a¢ekra 3acyxu (SDE) g1 napameTpoB razoo6meHa 1 ¢pJiyopecueHuu xjaopopusia (a),
AKTUBHOCTHM aHTHOKCH/IAHTHBIX pepMeHTOB U siunokcureHassl (b), cogep>kaHus nposiuHa ¥ GOTOCMHTETUYECKUX
NUrMeHToB () y copTta ‘CapaToBcKkasi 29’ u iuHum S29 (821 5A)

Figure. The size of the drought effect (SDE) on gas exchange parameters and chlorophyll fluorescence (a), antioxidant
enzyme and lipoxygenase activity (b), proline and photosynthetic pigment content (c) in cv. ‘Saratovskaya 29’ and
line S29 (821 5A)

CTBHUH CTPECCOBBIX GAKTOPOB U CIyKaT 3aliUTON POoTOCHH-
TETUYECKOTO anmnapara oT JAeCTPYKLHU NoJ JeHCTBHeM aK-
TUBHBIX popM Kuciaopoza (Goltsev et al., 2016).

Y copra S29 npu 3acyxe NoBbIIAIUCh YPOBHU aKTUBHO-
CTH YeTblpex GepMeHTOB acCKOp6aT-IrJiyTaTUOHOBOTO I[HKJIa
(DHAR, GR, APX u SOD), Torza kak y iunuu S29 (821 5A) -
Tosibko ofHoro (APX). Takum o6pasoMm, y S29 mpomecc
BOCCTAHOBJIEHHS OKHCJIEHHBIX MOJIEKYJI aCKOPOGUHOBOH KHC-

JIOTBI Y IJIyTaTHOHA B YCJOBUSIX 3aCyXH OblI 3HAYUTENbHO
60J/iee aKTHBHBIM, KaK U B 11eJIOM acCKOp6aT-IJIyTaTHOHOBBII
UKL JIJ1s1 IPOTUBOCTOSIHUSI CTPECCY Y JIMHUU B YCJIOBUSIX 3a-
CYXH MOBBIIIAIKCh YPOBHU aKTUBHOCTH KaTasa3bl U JIUIOK-
cureHassl (pucyHOK, b). Takke GoJsibIiNe Pas3IvYds MEXAY
reHOTHUIIaMU OGHapy»KeHbl B 3HaYeHusax SDE, paccuuraHHo-
ro JJisi CofiepKaHusi CBOGOAHOr0 NPOJIMHA U KAPOTHHOU/IOB
(pucyHoK, c). [Tockonbky copT S29 u tnHus S29 (821 5A) BbI-
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palBagrCh B KOHTPOJIUPYEMBIX yCJIOBHUSX, ONMCAHHbIE pa3-
JINYUSA B 3aIlUTHBIX PEaKIUsX Ha CTPeCcC OT 3aCyXH CBSI3aHBI,
M0-BU/INMOMY, C UHTpOrpeccreil B xpomocomy 5AL ot T ti-
mopheevii subsp. timopheevii. [Io pocTOBbIM MapaMeTpaMm
Y T0Ka3aTeJsIsIM 3epPHOBOM NMPOAYKTUBHOCTH B YCJOBUAX 3a-
CyX{ JIMHUSI TaKXe 3HAYUTeJbHO YCTymasa copTy S29
(Tabu. 2).

CopT MsArko# mmeHunbl ‘CapaToBckas 29’ oTinyaeTcs
BBICOKOH 3aCyX0yCTOHYMBOCTBIO, IPEBOCXOJHBIM Ka4eCTBOM
3epHa M UCIOJIb3yeTCs JJIs CO3JaHHUsI HOBBIX COPTOB C KOM-
IJIEKCHOHN YCTONYMBOCTBIO K a6HOTHYECKUM M GUOTHYECKUM
CTpeccoBbIM ¢GaKTopaM NyTeM TH6PUAU3ALUU C JPYTUMHU
BUZaMU. UHTporpeccuBHas rubpuusanus copta S29 v Tet-
pamiouaHou mnmeHunsl T timopheevii subsp. timopheevii
NpPUMEHSJIAch C IeJbI0 NMOBBIIIEHUS YCTOMYHUBOCTU COPTa
S29 k ¢putonarorenam. UHTporpeccuu ot T. timopheevii sub-
sp. timopheevii B pa3Hble y4acTKU TeHOMA MIIEHUIBI COPTa
S29 fanu nos10XKUTebHBIN pe3yabTaT B JOCTUXKEHUH yCTOU-
YUBOCTU K 6GuoTHYecKHM cTpeccopaM (Leonova, Shumny,
2023).

OnHaKo He BCe MOJIydeHHble HHTPOrPECCHBHBIE JIMHUU
OTBEYAIOT COBPEMEHHBIM TpPeOGOBaHUAM KOMILJIEKCHON
YCTOWYUBOCTH K He6GIaronpUATHBIM GaKTOpaM Cpebl. Y JTH-
HUU S29 (821 5A), B reHOMe KOTOPOU HHTPOTPECCHUS OT
T timopheevii subsp. timopheevii 3aTpoHysa JUCTaJbHBIA
y4acTOK XpoMOCOMBI 5AL, 3aMeTHO CHU3WJINUCH YCTOHYH-
BOCTb K 3aCyxe W HPOAYKTHBHOCTb 10 CPaBHEHHUIO C COP-
TOM-penunueHToM S29. HanboJiee cymecTBeHHbIEe HETATHB-
Hble HM3MeHeHHsl KOCHYJHCh aKTHUBHOCTH (EepMEeHTOB ac-
KOpOaT-IJyTaTHOHOBOI'O IIMKJIA ¥ MPHU3HAKOB «Macca 3epHa
¢ pacteHusi» u «Mmacca 1000 3epeH ¢ pacTeHHsI», HE3ABUCUMO
OT YCJIOBUH BeIpauiuBaHus. [IpeanosoxuTesbHO, palioH
xpoMocoMbl 5AL, Hecyuui uHTporpeccuto ot T timopheevii
subsp. timopheevii, cBsi3aH ¢ reHETUYECKUM KOHTPOJIEM pery-
JIAIUH 3aLUTHBIX peaknui Ha JedUIUT BOABI U MPOIECCOB
OHTOTeHe3a. XpOMOCOMHasA MoJudUKaLUs 3TOro parloHa
y copTa S29 HeraTUBHO MOBJIMsJIIA HA GOPMUpPOBAHME U Ha-
JIVB 3epHa IIaBHOT'0 KOJIOCA.

Pe3ysnbTaThbl 3TOr0 MCC/IEJ0OBAaHUS U JJaHHbIE O BJUSAHUU
uHTporpeccun ot T timopheevii subsp. timopheevii B Xpo-
MocoMy 5AL Ha XxapaKTepUCTHKH omyLIeHus ucTa (Simonov
etal, 2021) noATBepKAAIOT B3aHMOCBSI3b MEX/Y PA3BUTH-
€M JINCTOBBIX TPUXOM U 3aLUTHBIMU KJIETOYHBIMU peaKIHsI-
MU Ha aOHMOTHYECKHE CTPECCOPBI, 0CO6eHHO Ha 3acyxy. Kosn-
YeCTBO /I0KAa3aTeJbCTB TAaKOH B3aMMOCBSI3U Y MATKOH mile-
Huubl yBesnuynBaeTcs. Tak, H. Fan u coaBtops! (Fan etal,
2023) npeyioKUJIM HECKOJIbKO KaHAUAATHBIX I'€HOB, BJIUs-
IOIIMX HA pa3BUTHe TPUXOM, IO pe3yJIbTaTaM KapTHPOBaHUS
JIOKYCOB KOJIMYEeCTBEHHBIX MPU3HAKOB JAJIs KOJHUYeCTBa
Y IJINHBI JINCTOBBIX TPUXOM Y MuieHUIb! 1. aestivum, BeIpa-
IeHHOH B JIByX NpOBUHIUAX KuTas. Cpen HUX ObIJIN reHbl
6eJIKOB, yYaCTBYIOIIUX B PErYIALUN PeaKIMi Ha GUOTHYe-
CKHe 1 abOTHYeCKHE CTPeccopbl, TAKWe KaK KMHa3bl, Iepe-
HOCYMKH pochaTUAUINHO3UTOJIA, TIyTaTHOHIIEPOKCH/Ia3bl
U ipyrue. 3acyxa 3HAYUTEJbHO UHYLUPOBaJia 3KCIPECCHIO
3THUX reHoB. Takke 06GHApYKHU/IACh B3aMMOCBS3b MEX/Yy Xa-
pPaKTepUCTUKAMU ONYIIEeHUs JIMCTA U [ToKasaTeasiMu ¢Jiyo-
pecreHIry XJopoduJLIa y CEMU COPTOB U JIMHUH NMIIEHUI[BI,
HMMEeIOLINX TeHeTHYeCKH pas3indHoe onyuieHue aucta (Pshe-
nichnikova et al., 2019).

Hasmaye B3aMMOCBSA3M MEXAY pasBUTHEM TPHXOM M YCTOH-
YHUBOCTBIO K CTPECCOBBIM paKTOpaM HEOOXOAUMO YUUTHI-
BaTbh IIPY OLleHKE NepCHeKTHBHOCTH HOBBIX F€HOTHUIIOB IIIIe-
HULBI, CO3/IaHHBIX C IPUBJIeIeHNEM reHeTUIeCKOT0 MaTepH-
asla Ipyrux BUAOB. U3MeHeHHe XapaKTEepPHUCTHUK ONYIIEeHUs
JINCTA MIIEHUIbI TPU MEXBU/IOBON THOPUAM3AIUH MOXKET

NOBJIeYb 32 CO60Y U3MEHEHHE YCTOMYUBOCTH K CTPECCOBBIM
¢dakTopaM. YTOGHI OLIEHUTh CTENEHDb U XapaKTep 3TUX U3Me-
HEHUM, HE06X0AMMO MOJAPOOGHOEe H3yYeHHe YCTOMUYUBOCTU
HOBBIX MEXBHU/0BbIX TMOPUAOB. BAUsHUE UHTPOIPECCUH OT
T timopheevii subsp. timopheevii B xpomocomy 5AL mMoxeT
OBbITb COPTOCTELUPUIHBIM, TIOCKOJIBKY CYIECTBYET BHYTPH-
BM/I0Basl BapuabeJbHOCTh FeHOMa, 06YC/I0BJIeHHas 00LIUp-
HBIMHM CTPYKTYPHBIMH M TalVIOTUIHUYECKUMHU PA3JUYUSIMHU
Mexay copTamu Msarkoi nienunsl (Walkowiak et al,, 2020).
[ToaTOMy HeEOGXOJUMO OLEHHUTb BJIMSIHUE WHTPOIPECCUU
B 3TOT Y4aCTOK XPOMOCOMBI 5A Ha yCTOHYHMBOCTb U MPOAYK-
TUBHOCTb COPTOB MIIEHHUIbI C OTJIMYHBIMU OT coprta ‘Capa-
TOBCKas 29’ XapaKTEePUCTUKAMU ONyIIEHUs JIUCTA.

3ak/iloueHue

JlIs1 IOHMMaHMA NepCcleKTUBHOCTH JajbHEeHIIero Mc-
M0/1b30BaHUsl B CeJIEKLIUM MSITKOM MIIeHUIbl MeXBUA0BOM
rubpugHou inHUK S29 (821 5A) ¢ cerMeHTOM UHTPOTPeCcCUU
ot T timopheevii subsp. timopheevii B AUCTaJIbHOM y4yacTKe
xpoMocoMbl 5AL u3yyeH Ha6op nmokasaTesed poTOCUHTESA,
aKTUBHOCTH aHTUOKCUAAHTHBIX QepMeHTOB U JIMIIOKCHUTe-
Hasbl, COJep>KaHUs IPOJIMHA B INCTbSIX U KOMIIOHEHTOB NPO-
JAYKTUBHOCTHU. [lokasaHo, YTO MHTpPOrpeccUBHas JUHUA S29
(821 5A) 3HAYUTENBHO yCTymajaa COPTY-PELUNUEHTY MST-
Ko# nieHuLbl ‘CapaToBcKkast 29’ 10 yCTOMYUBOCTH K TOYBEH-
HOH 3acyxe U 110 NPOAYKTUBHOCTH, YTO HEOOXOJMMO YUUTHI-
BaTb IIPU ee UCN0b30BaHUU B CeJIeKIUU.

KomniekcHasi olleHKa YCTOMYHMBOCTH HOBBIX MEXBHU/JIO0-
BbIX THOPUJOB CNOMOLIBI0 (GU3HMOJIOT0-6MOXUMHUYECKUX
KpUTepreB HeoOXOAUMa [Jif1 BbISIBJEHUS HeraTUBHBIX 3¢-
$eKTOB UHTPOrpeCCUBHON rUOPUAHU3aLUH, 0COGEHHO B CI1Y-
yasx U3MeHeHHs XapaKTepPUCTHK OMylLIeHHs JIUCTa Y HOBbIX
reHOTHUIIOB.
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MeToauKa onpejesieHUs KaueCTBA BOJIOKHA JIbHA MO MaJIbIM
npo6aM C MCN0JIb30BaHUEM YHUBEPCAJIbHOM pa3pbIBHON MAalIMHbI
Instron 5943

A. B.IlaBnos, H. B. Bpay, E. A. [lopoxoBuHOBa3, E. K. XsiecTknHa

DedepaavHblii uccaedosamensckull yenmp Beepocculickuill uHcmumym 2eHemuyeckux pecypcos pacmeHutl
umeHnu H.U. Basunosa, Cankm-Ilemep6ype, Poccus

Aemop, omeemcmeeHHblil 3a nepenucky: EnusaBeta AsekcaHpoBHa [lopoxoBHHOBA, e.porohovinova@vir.nw.ru

AKTyasnbHOCTbD. /liMTeIbHOE BpeMs CesleKLMs JIbHAa-L0/TyHIa Oblla HAapaBJeHa Ha MOBbILIEHNE YPOXKaHHOCTH BOJIOKHA,
YTO MPUBEJIO K YXy/IIEHHUIO ero KadecTna. [y aHa/M3a KaueCTBEHHBIX XapaKTePHUCTHUK BOJIOKHA TPeGyeTCcsl 3HAYUTeTbHOe
€ro KOJIMYeCTBO, YTO 3aMe/I/IseT CeJeKIIMOHHbBIN nporecc. Heo6xoanMa HaZieXKHast METOAMKA OL[€HKH, O3BOJISIONAst BbISB-
JIATD [leHHbIe TEHOTHUIIBI IPY aHaJIM3e HeGOJIbIIOro KOJIMYecTBa MaTepuasa.

MartepuaJibl 1 MeToAbI. [IpoaHann3rpoBaHbl 53 06pa3ia BoJIOKHA, IPeCTaBJISIONMe INHEHKY 110 pa3pbIBHON Harpy3ke (OT
11 no 39 paH), mo fgekicTBytomed (cTaHAapTHON) M CO3JaHHON HaMU (HOBO) MeToAuKaM. Pazpa6oTaHHast MeTOAMKA MaKCH-
MaJIbHO MPUOJIMKEHA K CTaHAapTHOW. OTJIMYHSA CBA3aHbI C 3aMeHOH ycTapeBiuero npu6opa JJBK60 Ha coBpemMeHHOe 060pyz0-
BaHUe - Instron 5943, 4To M03BOJIsSIET YMEHBIIUTD HABECKY eAMHUYHON NPOOHI B 6,5 pa3. U3MeHeHHs TaKKe KOCHY/IUCh METO-
JIMKY 0T60pa BOJIOKHA /I/1S ONpesiesieHUsI TOHUHBI.

Pe3yabraThl. HoBast MeToAKa HE3HAUUTEIBHO 3aBbILIAET I0KA3aTeJN: 110 Pa3pPbIBHOM HAarpy3Ke U OTHOCUTEJIbHOH pa3phIB-
HoH Harpy3ke pacdyeTHoil (OPHp)- Ha 9%, rubkoctu - Ha 12%, ToHuHBI - Ha 13%. KoppessauoHHbINA aHAIN3 BBIABUJI
60JIbLIIOE CXOZCTBO PE3Y/IbTATOB, TOJy4YeHHBIX 10 CTAH/AAPTHONW M HOBOW MeTOAMKaM: pa3pbiBHas Harpy3ka (r = 0,88), OPHp
(r=0,83), rubkocts (r = 0,67), ToHuHa (r = 0,69). /lucriepcHOHHBIN aHAIN3 TOKA3aJl JOCTOBEPHOE BHICOKOE BJIUSIHHUE TeHOTH-
I1a Ha pe3y/bTaThl OLleHKH BOJIOKHA 10 Pa3pbIBHON Harpyske (92%), rubkoctu (75%), Tonunsl (78%) u OPHp (83%).
3aksroueHue. Pe3y/bTaThl, MOJIyYeHHbIE 10 HOBOM MeTO/MKe, COOCTAaBUMBbI C JAaHHBIMH CTAaHJAPTHOH OlleHKH. MeToanKa
MO3BOJIUT JJOCTOBEPHO OLIEHUBATh KAa4eCTBO BOJIOKHA Y CEJIEKIIMOHHOT0 MaTepHasa y»Ke Ha 1-2-i rof; pa3MHOXKeHHUs 0JHOT0
pacTeHHs], YTO yMEHBUIUT TPY03aTPAThI, yCKOPUT OTGOP [[€HHBIX TEHOTUIIOB.

Kawoueswle caoea: Linum usitatissimum, 1eH-A0JITYHeL, JIEH YeCaHbIH, OlleHKa Ha HauyaJIbHBIX 3TAllax CeJeKIUH, TPUOOopHast
oLleHKa

baazodapHocmu: paboTa BbIIIOJIHEHA B paMKax roCyZapCTBEHHOI0 33/JaHUs COIVIACHO TeMaTHudeckoMy miany BUP no mpoek-
Ty Ne FGEM-2022-0005 «PacTuTesbHBIE pecypchl MAaCJUYHBIX U MPSAAUABHBIX KyabTyp BUP kak ocHOBa TeopeTHYecKHX Hc-
CJIeJ0BaHUH U UX IPAKTUYECKOT0 UCII0Tb30BaHUSI».

ABTOpBI 6/1ar0AAPAT PeLeH3eHTOB 3a UX BKJIAJ, B 9KCIEPTHYIO OLEHKY 3TOU PaboThI.
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JIbHA 10 MaJIbIM IPO6aM C UCN0JIb30BaHUEeM YHUBePCaJIbHON pa3pbeIBHON ManHbI Instron 5943. Tpydsl no npukaadHoii 6oma-
Huke, 2zeHemuke u cesexkyuu. 2025;186(3):112-126. DOI: 10.30901/2227-8834-2025-3-112-126
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Flax fiber quality estimation technique for small samples
using the Instron 5943 universal breaking device
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Background. Fiber flax breeding was for a long time targeted at increasing the fiber yield that entailed deterioration in its qual-
ity. A significant amount of fiber is required for the analyses of its quality characteristics, which slows down the breeding pro-
cess. A reliable assessment technique is needed to select valuable genotypes by analyzing small amounts of material.
Materials and methods. Fifty-three fiber samples representing the breaking load range (from 11 to 39 daN) were analyzed
with two tools: the conventional method (standard) and the proposed (new) one. The technique we have developed is as close
as possible to the standard one. The differences are in the replacement of the outdated DVK60 device with modern equipment,
Instron 5943, which reduced the weight of a single sample 6.5 times. This substitution also affected the fiber selection proce-
dure for assessing its fineness.

Results. The new technique slightly overestimated the indicators: by 9% in breaking and rated relative breaking loads, 12% in
flexibility, and 13% in fineness. Correlation analysis revealed high similarity between the results obtained with the standard
and new methods (r = 0.88 for the breaking load, r = 0.83 for the rated relative breaking load, r = 0.67 for flexibility, and r = 0.68
for fineness). Analysis of variance showed a high significant effect of the genotype on the assessment results for the breaking
load (92%), flexibility (75%), fineness (78%), and the rated relative breaking load (83%).

Conclusion. The results obtained with the new technique are comparable with the evaluation data quantified according to
standard procedure. It will provide reliable assessment of fiber quality in breeding material as early as in the 1st or 2nd year of
seed reproduction from a single plant, which will reduce labor costs and accelerate selection of valuable genotypes.

Keywords: Linum usitatissimum, fiber flax, combed flax, assessment at initial breeding stages, instrumental assessment
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BBeaeHue

K HacTosilleMy BpeMeHHU B CeJIeKLMH JIbHA-AO0JTYHIA
JIOCTUTHYTbl 3HAYUTeJIbHble pe3y/abTaThbl: CO3JaHbl COPTa,
yCTOWYMBbIE K OCHOBHBIM 60J1€3HAM, 00/1aiatole BEICOKOH
YPOXKalHOCTbIO COJIOMBI U CeMSIH, BBICOKHMM COJepXaHUeM
BOJIOKHA B cTe6Jie, KOTOPOe, BEPOSATHO, yKe NMPUOG/IMKaeTCs
K CBOeMy GuosiorudeckoMy npegesy. OJHaKO AJIUTeJbHbIN
0T6Op Ha MOBBIIIEHHE YPOXKAaHHOCTHU He COMPOBOXKAAJICS J10-
CTATOYHBIM KOHTPOJIEM KaueCTBEHHbIX XapaKTepUCTHK BO-
JIOKHA U BblesieHHeM $OpM, codeTalLIUX B cebe Bce Hau-
Jlydlive MoKa3aTesaH. ITO MPUBEJIO K yXy[ALUIeHHI0 TOTpe6u-
TeJbCKUX CBOWCTB MPOM3BOAMMON mpoaykuuu. OfHON H3
MPUYUH JaHHOM CHUTyaluu fIBJSIETCS HEBO3MOXHOCTb 3(-
deKTUBHOroO 0T60pa CeJIeKLIMOHHbIX 00pa31l0B U3-3a OTCYT-
CTBUS1 METOAUK JOCTOBEPHOM OLIEHKU XapaKTepUCTUK Kaye-
CTBa BOJIOKHA Ha He60JIbILIOM KOJIM4YecTBe MaTepuaJa. Kave-
CTBO NPSKHU, BbIpabaTbIBaeMOM U3 JIbHSHOI'O BOJIOKHA, 3aBU-
CUT B OCHOBHOM OT TaKHUX €ro XxapakTepUCTHK, KaK pa3pblB-
Has Harpyska, FMOKOCTb ¥ TOHHHA, KOTOpble ONpeJesioT
€ero Npsi/iUJbHYI0 CIOCOGHOCTD.

B HacTos11lee BpeMs CyLeCTByeT MHOXECTBO Pa3IMUHbIX
MeTOAMK IpeJiBapUTeJbHONH OLIEeHKH KauecTBa BOJIOKHA
JibHa. Bce X MOXHO pa3/ie/IUThb Ha JiBe IPYNIbI: 6e3 BblfeJle-
HUS BOJIOKHA U C €r0 BblJleJIeHHeM U3 CTe6Is.

K nepeoii e2pynne oTHOCUTCs OLleHKa pacTeHUH 0 MOp-
dosornueckuM npusHakaM. OHa OoCHOBaHa Ha NpeANoJIOo-
>K€HUH, YTO OT6OP JIy4IINX pacTeHUH Mo NMokasaTessIM Ka-
yecTBa BOJIOKHA MOXKHO BeCTH Ha OCHOBAHUHM BHEIIHUX
MPHU3HAKOB CTPYKTYPbl pacTeHUs. K HUM OTHOCAT 0611yi0
BBICOTY pacTeHHUs] U TEXHUYECKyl JJHUHY CTeO6Js, MBbIK-
JIOCTb — OTHOIIEHH e TeEXHUYeCKO! AIUHBI CTe6JIs K ero Jua-
MeTpy, C6eKUCTOCTb — Pa3HOCTb MeXAY JJUaMeTPOM CTe6J1
y CeMsJ0JIbHOTO KOJIeHa Y AMaMeTPOM OCHOBaHHUS COliBe-
TUS1, KOJUYECTBO JIMCTbEB Ha cTebGJe U Jpyrue NpU3HaKU.
Hanpumep, cyujecTByeT MeTo[i, KOTOPBIM 6a3upyeTcss Ha
aHa/u3e cpejHel AJUHbI MeX/0y3J/I1s, LUPHUHbI JIUCTOBO-
ro cjejia v AuaMeTpa cTe6Jisl B BepLUIMHHOMN, cpeJiHel U KOM-
neBoit yactu (Pashina, Pashin, 2009). [lpyroii MeToz - aBTO-
MaTH4yecKasl KOMILJIeKCHasl OlleHKa KadecTBa, YYHUThIBAlO-
mas cpefHIO 0610 JIUHY CTebJel, MBIKJIOCTb U y/e/b-
HYI0 cO6eXUCTOCTh o ¢poTousobpaxkeHuto (Fedosova etal,
2012).

K gaHHOH rpynmne OTHOCHUTCS UM aHATOMUYeCKUH MeTo[,
OCHOBaHHBIN Ha aHaJ/U3e MONepPeYHOoro cpesa CTe6JIs JbHa.
OH JjaeT mpeJcTaBjeHHe O KOJIMUeCcTBe U KaueCTBe BOJIOKHA,
YCTOMYMBOCTH K MOJIETAHUIO, NMPOJYKTUBHOCTH paCTeHMUs.
XopomuM KauecTBOM 006/1afal0T CTe6/1M, B KOTOPBIX TEXHU-
yecKkoe BOJIOKHO COCTOUT W3 HEKPYIHBbIX Ha NONepeyHOM
cpese, POBHBIX 110 UaMeTpy 3/1eMeHTapHbIX BOJIOKOH I'paHe-
HOM GOpMBI, KOTOpBIE IIJIOTHO PACIOJIOXKEHb! B IyYKe, UMe-
I0T TOJICTble CTEeHKH, HebGOJbIIONH BHYTPEHHHUH MpOCBeT,
C MUHUMaJIbHOU cTeneHblo ofpeBecHeHusi (Duktova etal,
2014). YTosleHUe CTEHOK 3JIeMEHTAPHbBIX BOJIOKOH MPUBO-
JUT K NOBBIIIEHUIO TMOKOCTH BOJIOKHA, OJJHAKO NPU YBeJU-
YeHUH UX JHaMeTpa HabJ/AaeTcs o6paTHbIN addeKT. YBe-
JIMYeHHe THUOKOCTHM BOJIOKHA CIOCOGCTBYeT IOBBILIEHHIO
MPOYHOCTH, HO JIULIB /10 ONpesie/IeHHOTo peJeJia, JocTUras
MaKCHMyMa IpU 3HAYEeHHUsIX TMOKOCTH, paBHbIX 75-85 MM.
TakuM 06pa3oM, HaWJIy4IIUMHU [T0Ka3aTe MU 06/1aaeT BO-
JIOKHO, COCTOsI1Ilee U3 KJIeTOK, AUaMeTp KOTOPbIX HAXOAUTCS
B Juana3soHe 17-21 MKM IIpH TOJILIMHE UX CTEHOK He MeHee
7-10 mxm (Khlopov, 2018).

Ucnosnb3oBaHue MUKPOPOKYCHOM peHTreHorpaduy,
OCHOBAHHOM Ha aHa/M3e ONTHUYECKOH MJIOTHOCTH OTPE3KOB
cTebJ1el JIbHA, 103BOJISI€T IPOBOAUTD OTOOP CeJIeKLIMOHHOT0

MaTepHaJa 10 CoiepKaHHI0 BoJIoOKHA. Ha 6a3e Takux M3006-
pakeHUH MOXKHO pa3paboTaTh NPOrpaMMHOe obecreyeHue
Y IPOBO/IUTH aHA/IM3 CHUMKOB B aBTOMAaTHYECKOM PeXUMe
(Bolshakova et al., 2016).

Ko emopoii epynne oLieHKH KauyecTBa BblJI€JIEHHOT'O BO-
JIOKHA OTHOCHUTCS OpPraHOJIENTUYECKHH MeTO/, KOTOpPbIH
BKJIIOYAET CyO'bEKTHBHYI 3KCIIEPTHYIO OLEHKY IOKa3aTe-
JIEH, TAKUX KaK TsSHKeCTb, MATKOCTb, MaCJSHUCTOCTb, NPOY-
HOCTb, TOHMHA U Jp. DTOT MeTOoJ TpeGyeT MHUHHUMaJbHbIX
BPEMEHHBIX 3aTPAT W OCHOBBIBAETCS MCKJIIOYUTEJIBHO Ha
3HaHUAX U onbITe 3kcnepTa (Dyagilev et al,, 2015). K ganHoit
rpyIine OTHOCUTCS U JieHcTByowas (CTaHAApTHAs1) METOAU-
Ka OL|eHKH, UCI0JIb3yeMasi HAMU PU U3yYEHUH KOJIIEKLIUU
sabHa BUP (Arno et al,, 1961).

C pa3BUTHEM TEXHOJIOTUH MOSIBJSIOTCS U HOBbIE METO/IbI
OLIEHKH, KOTOpble 0asHpyIOTCS HAa HMCHOJb30BAaHUHU COBpeE-
MeHHOU npubopHOH 6a3bl. MeToA GJkHEN HHpPAKpPacHOU
cnektpockonuu (BUK) no3BosisieT onpefesiuThb cogepKaHue
LIeJIJI10JI03bl B BOJIOKHe. KavyecTBeHHOEe JIbHSIHOE BOJIOKHO
JOJDKHO coflepkaTb He MeHee 70-80% uesuttosiossl. BUK-
CIEKTPOCKONHUS MOXKET C/IYXKUTb aJbTEPHATUBOH KJlaccuye-
CKHUM METO/IaM ONpe/ie/IeHUs] COZePKaHUS L{eJUTI0JI03bI B BO-
JokHe ¥ KocTpe (Belopukhov et al., 2017).

TepMorpaBUMeTpPUYECKUH aHaJM3 IO3BOJISIET C BbI-
COKOH TOYHOCTBIO ONpEJENSTh COAepKaHHe OCHOBHBIX I10-
JIMMEPHBIX KOMIIOHEHTOB BOJIOKHA: LI€JIJII0JI03bI, JINTHUHA,
reMULEJJII0I03bl, IEKTHHOBBIX BEIECTB, a TAKXe BOJbI
Y 30JIbHBIX 3JIEMEHTOB, OT KOTOPBIX 3aBUCAT KauyeCTBEHHbIE
XapaKTEePUCTUKU BOJIOKHA. CKaHUpYyolas 3JIeKTPOHHAs
MHUKPOCKOIHS M03BOJISIET OLLEeHUTh MOPQOJIOrH4ecKre 0co-
GEHHOCTH MUKPOPUOPHUIIJI JTbHOBOJOKHA U CTPYKTYPHBIX
koMNoHeHTOB cTeb4 (Titok et al., 2006).

B 3apy6eXHbIX CTpaHax AJisl Olpe/ieslIeHUsl ToKa3aTeseil
KayecTBa BOJIOKHA NMPUMEHSIOT 060pPYA0BaHUE, UCIIO/b3Ye-
MO€ B TEKCTUJIbHOHM NMPOMBILLIEHHOCTH. TakK, [ onpejesie-
HUS pa3pbIBHOW Harpysku npuMeHstoT Statimatme (Fepma-
Hus), Instron (CLIA), TOHHHY ycTaHaBJMUBAOT 3TAJOHHBIM
METOJIOM U METOZOM BO3/YIIHOrO NOTOKA, [[BET BOJIOKHA —
cnektpodoToMeTpoM (Shimanskaya et al., 2020).

CyliecTByIOIe METO/bI OLEHKH BOJIOKHA XapaKTepHu-
3YI0TCS 3HAYUTEJbHOU MPOAOJIKUTENBHOCTBIO aHAJIN30B
Y HEJJOCTaTOYHON TOYHOCTbIO, OHU HE B IIOJIHOH Mepe y4u-
TBIBAIOT TAKOW I0Ka3aTeJb, KaK NpsiiUJIbHAs CHOCOGHOCTD
BOJIOKHA, Ha KOTOPYI0 OKa3bIBAET GOJIbLIOE BJIUSHHUE HEBBI-
PaBHEHHOCTb 3JIEMEHTAPHBIX BOJIOKOH B TEXHHYECKOM BO-
JIoKHe. [Ipy 3TOM yYUTBHIBAETCS U TAKOUM NIOKa3aTe b, KaK TO-
HUHA BOJIOKH3, a TakXe K03pULUEHT ee BapbUPOBaHHUs,
YTO MO3BOJISIET NOBBICUTh 3GPEKTUBHOCTb OTGOpPA B IPO-
uecce cesnekuuu (Pashin, Popova, 2024).

Bce mepeuncieHHble METO/bl UMEIOT KaK MOJIOXKUTEb-
Hble, TaK U OTPULIATe/IbHbIE CTOPOHBI: OZIHU U3 HUX JJOCTYII-
Hbl ¥ OTHOCHUTEJIbHO HETPYL0EMKH, HO CJ1aG0 JOCTOBEPHBI,
JIpyTHe — OYeHb TPYJ03aTPATHBI, TPEOYIOT CIIELHaJIbHOTO
JIOpOrOCTOSIIEr0 060PYA0BAHMS, HO TAKXKE HE FApaHTUPYIOT
JIOCTOBEPHOCTH pe3yJIbTaTa.

MeToz OLleHKH BOJIOKHA MO €ro NnpsiJUJbHOH CII0OCO6HO-
cTH, 6e3 COMHEHHUs], SIBJISeTCs HauboJiee TOUYHBIM M JJOCTO-
BEpPHBIM, HO OH HENIPUMEHUM Ha Ha4ya/IbHBIX 3TaNax ceeK-
[JUM U3-32 OTCYTCTBHUS JOCTATOYHOI'O KOJIMYECTBA BOJIOKHA.
[lo HauleMy MHEHHIO, HA BTOPOM MECTe 110 TOYHOCTU CTOUT
npubopHasi METOJMKAa OLIEHKH, KOTOpas y4YUTHIBAeT BCe
OCHOBHbIE [T0Ka3aTe/M KayecTBa BoslokHa. OZiHAKO PUGOp-
Hasi 6asa, KoTopasi 6blla MHHOBALMOHHOH Il CepeJiUHbI
XX BeKa, K HaCTOsILEMY BpEMEHH yCTapeJsia, YTO 0COGEHHO
aKTyaJIbHO NPY aHaJiM3e MeHOTUIIOB HAa HadaJsIbHbIX 3Tanax
CeJIeKIIMH, KOT/Ia UMEETCs] HeOOIIbILOe KOJIMYEeCTBO MaTepya-
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na. [pu atom I'OCT (GOST R 53484-2009, 2010), koTopbIi
pacrnpocTpaHsieTcsl Ha JJIMHHOe TPeNaHoe JIbHAHOE BOJIOK-
HO, [10JIy4aeMoe B pe3yJsibTaTe 3aBOJICKOH U He 3aBOJICKOH 06-
paboOTKHU TPeCThl, NPeANUChIBAET HCI0Ib30BATh NMPEXHION
npubopHywo 6a3y. [loaTomy yesvro Hawell pabomesl sIBUIACH
paspaboTKka HOBOW METOJMKH, KOTOpas OblLia Obl MaKCH-
MaJIbHO NpHUOGJMKEHA W He BXOAWJIA B NPOTHBOpEYHE CO
CTaH/ApPTHOH, HO M03BOJIsIa Gbl IPOBOAUTb TEXHOJIOTHYeE-
CKYIO OLI€HKY CeJIEKIIMOHHOI'0 MaTepuaJja JibHa Ha 1-2 roga
paHblile 06bIYHOI0, TI0Ka3bIBasi CONOCTABUMbIE PE3Y/IbTATHI.

Martepuaj ¥ METOAbI

Mamepuan

[To cocrosiHnio Ha 2024 r. KoJIeKUUsA JibHA-AOJTyHLA
BUP npesbimaet 2500 06pasuoB. B Hell npeacTaB/ieHO MU-
poKoe pa3HOO6pasHe 06pas1loB 10 BCeM U3ydyaeMbIM Mopo-
JIOTUYeCKUM (OKpacka BeHYHKa, CeMsH) U XO3sHCTBEHHO
LleHHbIM (BbICOTA pacTeHUs, TeXHUWYecKas JJIMHA, ypoxail
COJIOMBI, BOJIOKHA, CEMSIH, BbIXO/J| AJIMHHOTO U BCETO BOJIOK-
Ha, pas3pblBHasl Harpyska, 'rMO6KOCTb, TOHUHA, OTHOCUTEJIb-
Hasl pa3pbIBHas Harpyska pacyeTHas (OPHp), Homep BoJiok-
Ha) npusHakaM. OfiHAKO M3 HUX JIMIIb Majioe KOJU4YeCTBO
IPEeBOCXOAUT COPTa-CTAaHAAPTbl MO KOMILJIEKCHOMY coOde-
TaHUIO NI0Ka3aTeJsel KayecTBa BOJIOKHA B cTe6Je. MaTepua-
JIOM JJ151 UCCe[loBaHUN NOCAyKUIH 43 o6pasia JbHa-A0.1-
TyHIIA M3 OCHOBHOM U TreHeTHYecKOoW KoJaekuuii BUP,
pa3/IMyalolMXCcsa M0 XapaKTepUCTHKaM KadyecTBa BOJIOKHA.
KpoMe Toro, B onbITe U3y4eHbl cOpTa-CTaHAApThI: ‘CBeTOY
(k-5333) B Tpex moBTOpHOCTAX, ‘K-6' (k-6815) B JByX mO-
BTOpHOCTSAX U ‘TIpu3biB 81’ (k-7472) B NATHU NOBTOPHOCTSX.
Takum o6pa3oM, ob1iee KOJIMYECTBO NPOaHAJIU3UPOBAHHOIO
MaTepuasa cocTaBuio 53 o6pasua (tab.. 1).

B skcnepuMeHTax UCM0J/1b30BaM BOJIOKHO, Bbl/leJIeHHOe
MeTO/IOM TeIJIOBOW MOYKH M3 00paslioB, BblpallleHHbIX Ha
MoJISIX Hay4YHO-Npou3BoAcTBeHHOU 6a3bl (HIIB) «Ilymkun-
ckue u [1aBioBckue ta6opatopuu BUP» B 2010 r. /laHHOE Bo-
JIOKHO npoaHaiusupoBaiu B 2011 I. 1o cTaHJapTHOH MeTo-
nuke (Arno et al, 1961) c ucnosnbzoBaHueM ru6komepa (I'-2)
u guHamoMmeTpa ([IBK60). B ganbHelilieM Becb MaTepuas
XpaHUJU B CYXOM MOMellleHUuU 6e3 gocTymna cBeTa. B 2020 1.
13 Hero oTo6panu 53 o6pasua. Habop npeactaisia cobo
«JIMHEeMKY» 110 pa3pbIBHOM Harpy3ke BOJIOKHA OT MUHUMyMa
J0 MakcuMyMa (4epe3 paBHble HWHTepBasbl) - oT 11 go
39 naH (Electronic Supplementary Materials, Suppl.)™.

Cmandapmuasa memoduka onpedesieHUs1 KAYECmea 80/10K-
Ha
Jl/11 OLleHKU KavyecTBa BOJIOKHA MO CTAaHAApPTHOH MeTo-
JMKe NPOBOAATCSA C/eyIolye CTaHAapTHbIe NPOoLeAypbl.
= [loAroToBKa Npo6:
e U3 CpejHel 4acTH AJMHHOIO 4ecaHOro BOJIOKHA
BbIpe3aeTcs 0TPe30K 27 CM;
® 13 3TOr0 OTpe3Ka BoJIOKHA (27 cM) roToBAT 15 Ha-
BecoK 1o 420 Mr JJis1 onpefiesieHUs] FTMOKOCTH U pa3pblB-
HOM HarpyskH, a Takxe 1 HaBecky 4-5T Asa ompefese-
HUS TOHHUHBI;
® HAaBeCKM YKJ/aAblBAlOT B CllellMa/ibHble KHIKKHU
Y OMelIaloT Noj 5 Kr rpy3a Ha 10 yacoB AJ1s BeINpsIMJIe-
HUf, Ipy TeMnepaTtype Bo3ayxa 20°C u BiaaxkHoctu 60—
65%.
e ['u6kocTh BosiokHa (Flex_Old, mM) usmepsieTcs no
CcB06OIHOMY ITPOBHCAHHIO0 060MX KOHI[OB NPSJH C IOMO-

![IpunoxkeHne MpeACTaB/IeHO B OHJIaWH-popMaTe. JJIeKTPOHHAsS Bepcus
cratbu: https://doi.org/10.30901/2227-8834-2025-3-112-126 / See
Electronic Supplementary Materials, Suppl., in the online version of
this article: https://doi.org/110.30901/2227-8834-2025-3-112-126

blo Npubopa I'-2, nokaspIBaOLlero OTKJIOHEHUS OT ro-
PU30HTA/IM KOHLIOB HCIBITyeMOro o6pasLa npu cBo6oj-
HOM IIPOBHCAHUU.

e lIaMepeHHe pa3pbIBHOW Harpys3kud MOpsifoK
(Strength_Old, paH) npoBojguTca Ha [JUHaAMoOMeTpe
JKB60 mocne onpe/iesieHUs UX THOKOCTH.

e TakuM o6pasoM, AJs onpefeseHUss THUOKOCTH
Y pa3pbIBHOUM Harpysku BbINOJHAIT 795 (53 x 15) aHa-
JIN30B.
= OnpegeneHue ToHuHbl (Fin_Old) npoBozasaT no cieny-

I0lleMy aJIFCOPUTMY:

® O/ rOTOBJIEHHYIO0 MpPSAAKY BecoM 4-5T U JJIWHOU
27 cM paspe3aloT Ha 2 4aCcTHU Ha paccTOsIHUE OT cepesu-
HbI B CTOPOHY €e BepLIHHbI 1-2 cM;

e Gosiee JJIMHHYIO (KOMJIEBYIO) YaCTb MPOOBI AeaAT
Ha 3 NpajKY, KaK/yIo IPpoYechIBalOT Ha JJIMHY 4-5 €M OT
06pe3aHHOro Kpasi C HOMOIIbI0 CrellaJbHOro rpe6Hs
(10 urn Ha 1 cm);

® OTCTYNHUB 1-2 cM OT Kpas 06pe3aHHOM NpsAAKY, fAe-
JIAIOT BbIpe3Ky AJUHOM 1 M, U3 KakA0H BbIpe3KHU 6epeT-
¢ 0JlHa HaBecka BecoM 10 mr;

e B KaxkZioil HaBecke (BecoM 10 Mr) moJCYMTHIBAIOT
KOJIM4eCTBO TexHU4ecKoro BosiokHa (N_technF);

® ONpeflesISIIOT CpefiHee 3HAYeHHe YHCIa TeXHu4Ye-
CKUX BOJIOKOH [IJIsl TpeX HaBecok mo ¢opmyse [1]. ITo
3HauyeHUe [T0Ka3blBaeT CPeJHIO AJIUHY BOJIOKHA (B CM)
BecoM 10 MI, YTO COOTBETCTBYeT TOHHHe, U3MepsieMOU
BM/T:

Fin_Old = 10 mm x N_technF / 10 mr; M/  [1],

rae Fin_Old - ToHuHa BOJIOKHA, M3MepeHHas MO CTaH-
JapTHoi Metonuke; N_technF - KosuM4ecTBO BOJIOKOH;
10 MM - asiMHA HaBeckH; 10 Mr - Macca HaBeCKH.

TakuM o6paszom, AJ1s1 onpefesieHUsI TOHUHbI BbIOJIHSIOT
159 (53 x 3) aHa/KU30B.

= OTHOCUTEJIbHYI pacYeTHYI0 pPa3pbIBHYIO HarpysKy
(OPHp - Qc_0l1d) Brruucasior no ¢opmyie [2]:

Qc_0ld = 0,2 x Strength_0Old + 0,1 x Flex_Old +
0,013 x Fin_Old + 2,1 [2],

rze Qc_Old - OPHp; Strength_Old - pa3pbiBHast Harpys-
ka, 1aH; Flex_Old - ru6kocts (MM); Fin_Old - ToHuHa, uame-
PEHHbIE 110 CTAaHAAPTHOU METOAUKE.

Cmamucmuyeckas 06pabomka 0aHHbIX

CraTucTHYecKyo 06paboTKy MOJIy4YeHHbIX JAHHbIX NPO-
BO/IUJIU C UCIIOJIb30BaHUeM nporpamMm MS Excel 10.0 u Statis-
tica 7.0 (http://statsoft.ru/home/textbook/default.html). Yucno
kJaccoB (Ivanter, Korosov, 2003) npu paHXXUpPOBaHUU CPeS-
HUX 3HAYeHUH NPU3HAKOB KayecTBa BOJIOKHA BbIGOPKHU 06-
pasLoB JibHA omnpeesiau no ¢opmyJe [3]:

k=1+332xlgn) [3]

rje k - kosimyecTBO Ks1accoB; N — 06'beM BbIGOPKHU.

[Ipu n = 53 kosinyecTBO KJaaccoB (k) cocraBisieT 7.

Jl1l BBISIBJIEHUsI JOCTOBEPHOCTH Pas/MYMil 3HauYeHUH
napamMeTpoB KayecTBa BOJIOKHA, OLEHEHHBIX 0 CTaHAApT-
HOM M HOBOH MeTOJMKaM, MCII0Jb30BaIM HelapaMeTpuye-
ckuit U-kpuTepudd MaHHaA - YUTHU M NapaMeTPUYEeCKUU -
t-kputepuii CtorofenTa (Nasledov, 2012). [lis onpefeseHus
BJIMSIHUS TEHOTHUIIA U METOAMKH U3y4YeHUsl Ha IPU3HAKU Ka-
YecTBa BOJIOKHA MPOBOJUJIN JBYXDAaKTOPHBIN JUCIIEPCHOH-
Hbll aHanu3 (Nasledov, 2012).
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Ta6mna 1. CHUCOK 06pa310B JibHA, BKIYEHHBIX B aHAJIN3

Table 1. The list of flax accessions used for the analyses

Ne no kara-

aory BUP / -

VIR cata- HaszBanue / Name IIpoucxoxaenue / Origin

logue No.

«-6807" Opmasckuii 2 Benopyccus, HayuHo-npakTuieckuil neHTp HaunonanbHoM akaje-
MuM Hayk benapycu o 3emsieziennio

«7563 ‘HoBoTopikckuit’ Poccus, Topxok, MHCTUTYT JibHa ~060c06/1€HHOE MO/ipa3/ieieHre
@esepasbHOr0 HAYYHOTO [EHTPA JYOSAHBIX KYJbTYP

<7697 N p—— Benopyccus, MorusieBckast 06/1acTHasi CeJIbCKOX035CTBEHHAS
OMNBbITHAs CTAHLUS

«7801 Asexcrm’ Poccus, Topxok, MHCTUTYT JibHa ~060c06/I€HHOE MO/ipa3/ieieHre
desepasbHOr0 HAYYHOTO LEHTPA JYOSAHBIX KYJbTYP

K-8288 ‘Hermes’ ®paHiusa
Poccus, Camapckast 061acThb, [I0BOKCKUN HAydHO-

K-8409 ‘Kunenbckuii 2000’ Hccae0BaTebCKUM UHCTUTYT CeJIEKLIUU U CEMEHOBO/ICTBA
uM. [I.H. KoncrantuHoBa

K-8487 8212-9 Kuraii, Xap6us, Heilongjiang Academy of Agricultural Sciences

K-8488 8643-10 -«-

K-8491 ‘Boreal’ ®panyus, Terre de Lin

K-8493 ‘Drakkar’ -«-

K-8494 ‘Alizee’ -«-

K-8495 ‘Melina’ -«-

k-8499 k-6084 x rk-21 Poccus, CaukT-IleTep6ypr, BUP

K-8502 rk-42 x k-7356 -« -

«-8504 TloGpwins’ Poccus, IIckoB, llckoBckuit HUMCX - 060co61eHHOE oApasaesie-
Hue PeJiepajbHOTO HAYYHOIO LEHTPA JTYOSHBIX KYJIbTYP

k-8505 ‘Tnaguatop’ Ykpanna

«-8511 V51012 KI/I'I:aI/I, anLLIa,. Instlt}'lte of Bast Fiber Crops, Chinese Academy of
Agricultural Sciences

K-8519 Y51039 -«-

«-8529 Bocxoz x Anbda, JI-1 Poccus, noc. MuxaeBo MockoBcko# 06.1. (6bIBIIee MOCKOBCKOE
oTneneHue BUP)

K-8542 Popnuk x Bantyuay, JI-1 -«

k-8544 T-16 x Ycnex, JI-2 -« -

K-8546 1071/4 = Aoyagi, JI-3 -«-

K-8547 Canpgo x [1-359 -« -

K-8550 CeeTtoy 80000 P —«-

Kk-8551 I1-255 HMM 0,06%, JI-1 -«-

K-8661 Coruyacue x Anbda, J1-1 -« -

K-8665 Csetou /IMC 0, 016% -« -

«-8668 V51007 KI/I'I:aI/I, ‘{amua,' Institute of Bast Fiber Crops, Chinese Academy of
Agricultural Sciences

K-8875 Yuan 2003-51 -« -

. , Poccus, Topxok, UHCTUTYT IbHA - 060C06/IEHHOE TTO[pa3/iesieHue

k-8878 CHeXoK

desrepasbHOro HAYYHOTO LEHTPA JIYOSHBIX KYJIbTYP
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Ta6smimna 1. OKkoHYaHHe

Table 1. The end

Ne mo xaTa-
aory BUP / .
VIR cata- HasBanue / Name IIpoucxoxaenue / Origin
logue No.
rK-65, 1-3 u3 k-3178, (MecTHbIH,
k-8582 Poccns, Tsepckas ry6.)? Poccus, Cankr-IleTepbypr, renkosuieknus BUP
«-8583 rK-79, J'I-l-% 13 k-5408, e
(Mevepckuit kpsixk, Poccust)
rk-109, 1-3-2 u3 k-6099 (‘Macovi
k-8586 M.A.G., ApreHTHHa «
rk-124, 1-1 n3 x-6284 (‘Stormont
K-8588 Motley’, CeBepHast Upsangus) T
«-8595 rk-173, 1-1 u3 548145 ‘48254, e
Ottawa 2152’, [epMmanus)
«-8597 1"‘1<-39?, s1-1-2 3 k-601679 e
(‘Eyre’, ABcTpasnus)
71-1 u3 K-48 (ceneknuu.
rK-2 —«-
AnbTraysena, Poccus)
71-3-2 n3 K-562 ([IckoBCKUI KPSk,
rK-22 (-
Yepenoserikas ry6.)
rk-130 -1 u3 k-6577 (‘Medra’, YCCP) -«-
rk-146 71-1-1 n3 k-6988 (Ppanuus) -«-
J1-7 u3 K-7472 (‘[lpusbiB
81, besopyccus, Benopyccus, UHcTUTyT abHA (6b1B1LI. Besnopycckuit HUU 3emnese-
rK-269 «MorusieBckasi 06J1acTHast JIUst) - JoYepHee nozipaszesneHre HayuHo-NpaKTUYECKOro LieHTpa
CesIbCKOXO03s1iicTBeHHas1 onblTHasA | HaluoHasbHOM akasieMuu Hayk Besiapycu no semJiezienivio
CTaHLUA»)
rk-394 71-3 u3 M-595808 (‘Linola’, Poccus, Caukt-IleTep6ypr, renkosneknus BUP
Kanaza)
k420 -5 u3 u-601679 (‘Eyre’, e
ABcTpanus)
©-5333.12 T Poccus, Topxkok, MUHCTUTYT JibHa —060c06/1eHHOE NoJipas/ie/ieHue
defepasbHOro HAyYHOIO LIEHTPA JIYOAHBIX KYJIbTYP
K-5333.2 ‘CBeToy’ -« -
K-5333.3 ‘CBeTod’ -« -
R Poccus, IckoB, [IckoBckuit HUMCX - 060co61eHHOE oApasee-
K-6815.1 K-6
Hue PejlepaIbHOrO HAYYHOTO LIEHTPA JYOSAHBIX KYJbTYP
K-6815.2 ‘K-6’ -«-
«7472.1 Tipusbie 81 Benopyccusi, MorueBckast 06/1acTHasi CeJIbCKOX03sIHCTBeHHAs
OTBbITHAsA CTAaHLUS
K-7472.2 ‘TpusbiB 81’ -« -
K-7472.3 ‘Tpussis 81’ -«=
K-7472.4 ‘MpusbiB 81’ -«-
K-7472.5 ‘Mpusbis 81’ -«=

[IpuMeyaHue: ! - K- - HOMep 110 OCHOBHOMY KaTasiory BUP; K- - HoOMep o KaTaJoTy TeHeTHYeCKo# Kosiekuuu BUP; u- - HoMep no uH-
TPOAYKLHOHHOMY KaTasiory BUP; j1- - muHus U3 06pasia koutekuu BUP; B cko6kax ykazaHO IPOUCX0XK/eHUEe 06pa3ioB; 2 - «.1..5» —
HOMep NOBTOPHOCTH COpPTa-CTaHAapTa

Note: ! - k- marks the number in the main VIR catalogue; rk- marks the number in the VIR genetic collection catalogue; u- marks the
number in the VIR introduction catalogue; J1- denotes the line derived from an accession from the VIR collection; the origin of the acces-
sions is parenthesized; ? - “.1..5” denotes the repeat number of the reference cultivar
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Pe3ynbTaThl U 06CYKAEHHE

Hosas memoduka onpedeseHus Kauecmea 80/10KHA

Jls1 oLleHKH KayecTBa BOJIOKHA C IPUMeHeHHeM HOBOTO
060pyl0BaHUsI HAMH YCOBepPIIEHCTBOBaHa CTapasli MeTOAU-
ka. Hixxe mpuBoauM ee nogpo6HOe ONUCaHUe.

= [loAroToBKa Npo6:
e U3 CcpeJlHel YacTH YecaHOTO BOJIOKHA, KaK U IO
CTaHJAapTHOH MeTOJAMKe, BbIpe3aloT OTpPe30K JAJHHOU
27 cMm;
e U3 oTpeska 27 cMm GepyT 10 HaBecok mo 65 Mr
(B cTaHAApPTHOM MeTOAMKe KaKJass HaBeCcKa BECUT
420 mr);
® HAaBeCKM YKJ/aAblBAlOT B CllellMa/IbHble KHIKKHU
Y MIOMeLIaloT Moj 5 Kr rpy3a Ha 10 yacoB /151 BbIIpsIMIIe-
HUs, IpU TeMnepaTtype Bo3ayxa 20°C u BiaxxHoCcTH 60—
65%.
= Onpefgenienue ru6koctu BosiokHa (Flex_New, MM), Kak
Y TIpU CTaHAAPTHON MeTO/MKe, U3MePSIOT MO CBOGOJHOMY
MPOBHCaHHNI0 060UX KOHLIOB NPsIAY C TOMoLbIo pu6opa I'-2.

* C HCHoJb30BaHUEM YHUBepCaJbHOM MaluHbI In-
stron 5943 (CIIA) u nporpammsl Bluehill Universal onpeze-
JISIIOT Pa3pbIBHYI0 Harpy3Ky BOJIOKHA.

e PaccTosiHMe MexAy KJ1eMMaMuy Ipu6opa, Kak U Ipu
CTaHJAPTHOU MeToAuKe c ucrnosbzoBaHueM /JIBK60, co-
crasasgeT 100 MM.

e JlaHHOe 060pyAOBaHUe NO3BOJISET AesaTh 3aMephl
yepes kaxable 0,2 ceKyH/AbI (0T Havyajia A0 NOJIHOTO pas-
pbIBa BoJIOKHA) - 0K0J10 1000 Toyek.

e [loslyueHHble JaHHble 06PabaTHIBAIOTCS C UCTOJIb-
30BaHHEM MaKpoca, co3fiaHHOro HaMu B cpefie MC Excel
2010, B pe3y/abTaTe KOTOPOTO ONpe/essieTcs pa3pblBHAs
Harpyska Kak MakcuMasibHas cuja (Strength_Inst, H),
MpUKJ/IaZibIBaeMast K BOJIOKHY [i0 ero NOoJIHOTO pa3pblBa.

e [loslyueHHble JaHHble NePECYUTBIBAIOTCS 110 CTaH-
JapTHOU MeTo/uKe, o ¢opmyJe [4]:

Strength_New = Strength_Inst x 420 / 65 / 10; gaH [4],

rae Strength_New - pa3pbiBHas Harpyska (gaH) mo Ho-
BOHM MeTOAMKe, NpUBeJeHHasl K CTaHJApTHOH MeTOAMKe
oueHKU Ajs1 HaBecku B 420 mr; Strength_Inst - 3naueHue
pa3pbIBHOM Harpysku (H), mosydyeHHOe Ipu paspbiBe Npsij-
KU BecoM 65 mr; 420 - Bec HaBeCKU BOJIOKHA 110 CTaHAApT-
HOI MeTOJUKe, MT'; 65 — BeCc HaBeCKH BOJIOKHA 10 HOBOM Me-
Togauke, Mr; 10 - KoadduLMeHT AN NepeBoAa JaHHbIX
B HbloToHax (H) B fekanbtoToHsI (gaH).

= TakuM 06pa3oM, JJis1 ONpejiesleHUsl THOKOCTH BOJIOKHA
Y pa3pbIBHOM Harpysku BbeinoJHAT 530 (53 x 10) aHanu-
30B.

= Jlns1 onpe/iesieHUs TOKa3aTe sl TOHUHBI BOJIOKHA:

® LCIOJIb3YIOTCS Te XK€ HaBeCKH, y KOTOPbIX oNpeje-
Jisi1ach TMOKOCTB U pa3pblBHas Harpyska.

e C NPOTHUBONOJIOXKHBIX KOHIIOB KaXJOW HaBecKHU
(mocsie ux ucnbiTaHus Ha Instron 5943), oTcTynuB OT Kpa-
eB 1 cM, files1aloT BbIpe3Ky JJUHON 1 CM, TO eCTb C OAHOU
HaBeCKHU 6epeTcsi /iBe BbIPE3KHU.

e Brbipe3ku UCNO/B3YIOTCA LeJUKOM. [yl coxpaHe-
HUS BO3MOXXHOCTH CPAaBHEHUsI Pe3yIbTaTOB, MOJy4YeHHBIX
[0 HOBOM M CTaHAAPTHOM MeTOAMKaM, Macca BbIpe3KU
paccyuThbIBaeTCsA: MO HaBeCcKe BOJIOKHA BecoM 65 Mr
Y AJuHou 27 cM, (BMecTo 420 Mr o cTaHAApTHOU MeTO-
nuke). TakuM 06pasoM, eJUHUYHOE BOJIOKHO JAJIMHOU
10 MM GyzeT BECUTb 2,4 MT, TO €CTb IPU Mepexo/ie Ha Ho-
BYI0 METO/JUKY HaBeCKa COCTaBUT 2,4 Mmr BMecTo 10 Mr o
CTaHJApTHOM MeTOJJUKe.

e [lokasaTesb TOHUHBI ONpPEAESIOT IyTEM TO/ACYe-
Ta KOJIMYeCTBA TEXHUYECKHUX BOJIOKOH B JIByX BbIpe3Kax
KaXKJ,01 HAaBECKH C NIOC/IEYIOIUM Hax0XKAeHUEeM CpeJiHe-
ro 3Ha4eHHUs JAJ1s1 KOK/A0W HaBecKU U obpasua (u3 10 Ha-
BECOK).

e Takas MeTO/AMKa aHaJM3a MO3BOJISIET TOYHEE YUHU-
ThIBaTh KO3QPULHUEHT BapUaLl1 U OTOUPATb F€HOTHUIIBI,
60Jiee OJJHOPOJIHbIE IO JAHHOMY IT0Ka3aTeJto. [losyden-
Hble 3Ha4eHUs NPHUBOZAATCSA K apaMeTpaM, pacCuUTaH-
HbIM M0 CTaHZAPTHOU MeToAMKe o ¢opmyJte [5]:

Fin_New = N_technF x 10 / 2,4 [5],

rge Fin_New - ToHUHa, U3MepeHHasl 10 HOBOM MeToAU-
ke; N_technF - kosiMyecTBo TeXHUYECKHUX BOJIOKOH B 2,4 MT
HaBeckH; 10 - Bec HaBeCKU MO CTaHJAPTHON MeTOJ|MKe, MT;
2,4 - Bec HaBeCKHU 110 HOBOW MeTOAMKE, MT.

TakuM 06pa3oM, A1 onpe/ie/leHUs] TOHUHBI BbINOIHAIOT
1060 (53 x 20) aHa/1U30B.

= OTHocUTe/bHas pa3pbiBHas Harpy3ka (Qc_New) pac-
CUMTBIBAETCS TaK >Ke, KaK U [0 CTaHJApPTHON MeToJMKe, 110

dopmyuie [6]:

Qc_New = 0,2 x Strength_New + 0,1 x Flex_New +
0,013 x Fin_New + 2,1 [6],

rae Strength_New - paspbiBHas Harpyska, aH; Flex New -
rU6KOCTb, U3MePEHHAs 10 HOBOU MeToAuKe, MM; Fin_New -
TOHWHA, U3MepEeHHasi 10 HOBOU METO/UKE.

CpasHeHue Xxapakmepucmuk 60/10KHA, NOJY4YeHHbIX NOo
cmaHdapmHoll u Hogoll Memodukam

/1T OLleHKU MO0 CTaHJApPTHOM MEeTOJHKEe HCI0JIb30Ba-
JIOCh BOJIOKHO, MOJIYYeHHOEe C eJITHKH IJIomabio 1 M2, mo
HOBOU MeTozuKe - ¢ Aesisinku 0,2 M2 B Ta6sune 2 npuBese-
Hbl OCHOBHbIE CpPaBHUTEJIbHbIE XapaKTEPUCTUKH, MOJyYeH-
HbIE C TOMOUIbIO 3TUX METO/IUK.

B Tabsaune 2 Xopowo BUAHBI IPEMMYyIlecTBa HOBOU Me-
TOJUKHU — ITO COKpAllleHHe KOJIMYeCcTBa MaTeprasa JJis aHa-
JIN33, JIET U3y4YeHUsl U VIO esTHKY, He06X0AUMOU A5
MOJIy4YeHUs] HY>KHOW HaBeCKHU BOJIOKHA.

CoBpeMeHHOe 000pyJ0BaHUE MO3BOJISET MOJY4aThb J0-
MOJIHUTEJbHYI0 UHGOPMALMIO O KaYeCTBEHHBIX XapaKTepu-
CTHUKaX BOJIOKHA: TaK, JaHHble ¢ Instron 5943 nepegaroTcs Ha
KOMIIBIOTEDP U COXPAHSIOTCS B BU/Je Tabuul U rpa¢pukos. Ha-
JIMYKE BUJ,e0OKaMephl 103BoJIsseT GUKCUPOBATH MPOLIECC pa3-
pylieHUs1 BOJIOKHAa Ha ¢oTorpadusx u B BuJeodpopMaTax

(puc. 1).

Cxodcmeo pe3y/n1bmamos, N0/Ay4eHHbIX € UCN0/1b308aHUEM
cmaHAapmHotl u Ho80l MemoOJuK, N0 UCXOOHbIM 3HAYEHUSIM
(nepsuyHbIM daHHbIM) hoKkazameiell kKauecmad 80/10KHA JIbHA

Pazpa6oTaHHass HaMU MeTO/AMKa MpoLLIa anpobaluio Ha
paHee OLEHEHHbIX 10 CTAaHAAPTHOU MeToAuKe 53 o6pa3nax
BOJIOKHA (43 reHoTHINax) JibHA, NPEeJCTABJSIOLIUX Helpe-
PBIBHYIO «JIMHEHUKY» MOKa3aTeJsiel Mo pa3pbIBHOM HarpyskKe.

Bce nokasareJiy, nojiyyeHHble 0 HOBOM MeTOJIUKe, OKa-
3a/IMCh HE3HAYUTEJIbHO 3aBbIIIEHbI 10 CPABHEHUIO CO CTaH-
JapTtHoH. Tak, pa3pbiBHas Harpyska u OPHp yBesanyuinch
Ha 9%, ru6KocThb — Ha 12%, ToHuHa - Ha 13%. [Ipu aToM Ko-
3poULMEHT BapualUU 3TUX NMPU3HAKOB BHYTPU KaXKAOrO
0o6pasua yBeJUYUJICS B CpeJHEM B JiBa pas3a, Tak Kak [AJs
aHa/iM3a HOBOW METOAUKOW HCIO0JIb30Bajid 3HAYUTEJNbHO
MeHbIllee KOJIMYEeCTBO BoJiokHa. OJJHAKO IO IOKa3aTessM
CpeJHUX 3HAUYeHUU CYLIeCTBEHHBIX Pa3/IMYUi Mexay pe-
3yJIbTaTaMM, MOJYYEHHBIMHU C IOMOILbIO PA3HbIX METOJUK,
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Ta6smna 2. CpaBHeHHe IapaMeTPOB MaTepHaJia, aHaJIU3UPYyeMOoro 1o CTaHJapPTHOH U HOBOM MeTOJUKaM

Table 2. Comparison of the material’s parameters analyzed with the standard and new techniques

ITapameTp / Parameter

MeTtoauka / Technique

H3meHeHue /

Csl Harpyska), cMm

cTaHJapTHas / HOBas / Change
standard new
Bec npsiiku BOJIOKHA /11 OJJHOTO aHA/IM3a, MT 420 65 MeHbllle B 6,5 pa3
JlivHa npa/Ky BOJIOKHA AJ151 OJHOT0 aHa/Iu3a, CM 27 27 6€e3 U3MEeHeHU#
JIMHA NPSAKUA MEXAY KieMMaMH (Y4acTOK, Ha KOTOPbIH MPUXOUT- .
A P/ Ay 4 ! p PHXOA 10 10 6e3 U3MEeHeHU

KosmyectBo l'lp06 AJIdA aHaJIM3a OAHOI'0O reHOTHIIa

MHUHUMYM 10 MHUHUMYM 10 6e3 U3MeHeHUH!

MuHUMabHas Iiomaab AeJIAHKY JIbHA, HeO6XO/'.U/[MaH AJ1d moJiyde-

" 1m? 0,2 m? MeHbIIe
HUSI BOJIOKHA, [JOCTATOYHOTO /111 HHCTPYMEHTATbHOM OLEHKH O/{HO- (12 pankos) (1-2 pazka) 5 6-12 pas
ro reHoTHUIa P P p
KosinyecTBo jieT, HEO6XOJUMBIX /Uil Pa3MHOXKEHHUsI [IOTOMCTBA O/I- 2.3 1-2 MeHblIe
HOTO pacTeHHs1 /10 OJIyYeHUsI BOJIOKHA JOCTATOYHOTO BECa, TO/J B 1,5-2 pa3a

He HabJutofanock (puc. 2; cM. Electronic Supplementary Ma-
terials, Suppl.). Takum o6pa3om, UCTOJIb30BaHUE HOBOU Me-
TOAVKU N03BOJIUT TOYHee OTOHUpATh BbIpaBHEHHbIe 06pas-
I1bl, KOTOpble UMEIOT HaUMeHbIINH K03PPUIMEeHT BapHalluu
10 MIOKa3aTeJIsIM KaueCcTBa BOJIOKHA.

HccnesoBaHHy0 HaMU BbIGOPKY M3 53 06pa3L0B MOXKHO
pa3fe/uThb 10 U3yYeHHbIM NpU3HaKaM Ha 7 paHros (Ivanter,
Korosov, 2004). PaH>krpoBaHUe CpeIHUX JJaHHBIX, I0JyY€eH-
HBIX 10 CTAH/JJAPTHOM Y CO3/laHHOM HaMU MeTOAMKaM, IT0Ka-
3aJI0 MOJIHOE COBIA/IeHHe PAaHTOB CpeJHUX 3HAUeHUH Npu-
3HAKOB y TPeTH BBIGOPKM MO H3MepsieMbIM IOKasaTessM
pa3pbIBHOM HAarpy3kH, TMO6KOCTH U TOHUHBL. BoJlee ueM y no-
JIOBUHBI BbIOGOPKU OKa3aJMCb aHAJOTMYHBIMU PaHTH Cpej-
HUX 3Ha4eHU# AJs BolyucaseMmoir OPHp. Eciu paccmaTtpu-
BaThb MHTEepBaJ pPa3JU4YUN MO KaXKJOMy NPHU3HAKy B OAUH
padr (ot -1 o +1), To oH oxBaTbIBaeT OT 77% (110 TMOKOCTH)
710 94% (1o pa3pbIBHOM Harpyske) o6pas1ioB OT Bcel BbIGOP-
ku. Pazninuus Ha 2-3 paHra Hal/ieHbl TOJIbKO Y 6% 06pa3ioB
[0 MOKa3aTeJssiM pas3pblBHONW Harpysku, 17% - mo OPHp,
19% - no rubkoctu u 23% - [0 TOHUHE, YTO MOXKET CBHUJE-
TeJIbCTBOBATb O 60JIbIION HEOJHOPOAHOCTH BOJIOKHA Y 3TUX
06pa3noB. Hebosblre pa3inuus NPpUBOAAT K He3HAYUTE Ib-
HOMY 3aBbIIlIEHUI0 3HaYeHUH pa3pbIBHOUM Harpy3ku u OPHp,
a TaK)Ke 3aHMKEHUIO TOHUHBI, YTO UHTEPeCHO, TaK Kak Io
napaMeTpUYeCKUM JIaHHbIM 3HaueHUsl TOHUHbI OBbILIEHBI.
Paznnunsa no ru6KoCTH HOCAT CUMMETPUYHBIHN XapakTep. bo-
Jlee rpy6bIX HECOOTBETCTBUI B paHXXMPOBAaHHUH 06Pa310B 0
3HAYEeHUsIM NPU3HAKOB He 00HapyxeHo (Tabu. 3, puc. 3). Ta-
KUM 006pa3oM, HCHO0JIb30BaHME DPaHKUPOBaHUS IOKasaso,
YTO 3HA4YeHUs XapaKTePUCTHUK BOJIOKHA, 0JIy4YeHHBIX 110 Ha-
el MeTo/JMKe, CyIleCTBEHHO He OTJIMYal0TCs OT OLleHEeHHBIX
CTaHJAPTHOU METOJUKOH.

Pazauvus nokazamesell kavecmea 60./10KHA 06pa3yoe
J/IbHA, NPOAHANUIUPOBAHHBIX C NOMOWbI CMAHOAPMHOU U HO-
soli Memoduk (U-mecm MaHHa - YumHu u t-kpumeputi Cmoto-
denma)

HWcnosnb3oBaHUe paHXXKUPOBaHUS BbIGOPKH, pas/ie/leHHON
Ha KpyIHble KJIacChl, BbIIBUJIO Pa3/IM4Msa MeXAy CTaHAApT-
HOM U HOBOW MeTO/JJMKaMU, IPUBOJsIIMEe K HE3HAYUTEIbHO-
My 3aBbllIEHHI0 3HAYeHUN pa3pbIBHOM Harpysku u OPHp
Y 3aHIKEHUIO TOHUHBL. Pa3inuus mo mokasaTesssM T'MOKO-
CTH HOCUJIM CHMMeTPUYHBIN XapaKTep.

JloCTOBEPHOCTb BBISIBJIEHHBIX pas3/IMUUM  OlleHHUBaIU
c nomoibio U-kpuTepuss MaHHa - YUTHU (HemapaMeTpuye-

CcKUi) U t-kpuTepust CThiofeHTa (napaMeTpuyeckuit). Cormo-
CTaBJleHHe NPHU3HAKOB KauecTBa BOJIOKHA B Npe/JI0KeHHOMH
HaMM U CTaHAApPTHOM MeTOANKAX [0 3STUM KPUTEPUSIM NOKa-
3aJ10 CXO/Hble pe3yabTaThl (Tab.. 4). CpaBHeHHe UCXOAHBIX
JIaHHBIX BBISIBUJIO, UTO BCe MOKa3aTeJu KauecTBa BOJIOKHA
M0 IByM MeTOJMKaM J0CTOBEPHO OT/JINYAIOTCA APYT OT ApY-
ra. [lo HoBOI MeTo/jMKe 3HAa4eHUs OblJIHU BbIllIEe, UYeM 110 CTaH-
JlapTHOH.

CpaBHeHUe CpeJHUX JaHHBIX AJIs1 KaXJoro o6pasua
BbISIBUJIO JOCTOBEPHbIE Pa3JIMUMsS MO TMOKOCTH, TOHUHE
u OPHp. [lo HOBO# MeTo/jUKe JaHHbIE, KaK U B C/Iy4ae C Uc-
XOAHBIMU 3HAYeHUSIMH, ObLIU Bblllle, YeM N0 CTaHJApPTHOM.
[To pa3pbIBHOM Harpyske pasjn4us He JOCTOBEPHBI. ITO ro-
BOPHUT O TOM, YTO JaHHble 110 Pa3pbIBHOM Harpyske, MmoJy-
YeHHble C OMOIIbIO Tpe/i1araeMoi MeTOAUKH, MOXKHO Hello-
Cpe/CTBEHHO HUCI0JIb30BaTh BMECTO CTaHJAPTHOM.

[TonyyeHHBIe e JOCTOBEPHbIE Pa3/JIMYUsA MOXKHO 00bsIC-
HUTb COCTaBOM BBIGOPKM, B KOTOPOM HCXOJAHble 06pasLibl
npeJcTaBJ/leHbl He epeKPhIBAIOLIMMUCA 3HaUeHUSAMHU, Haxo-
JSIMMUCSI Ha TPUMePHO PaBHOM HHTepBaJie OTHOCUTENbHO
JPYT APYTa, a TakxKe 60JbIIUM YHUCI0M H3MepeHHUL. [loaTomy
y KakJioro obpasna (B c/iydae UCXOAHBIX JaHHBIX) U BHyTpHU
BCell BBIOOPKHU (B c/lydae cpeJJHUX 3HauYeHUH) Oblia OUYeHb
Masasi Aucnepcusi, obecrneyuBaBIlas JAOCTOBEPHOCTb JAake
He6OJIbIINX Pa3/JUYUi NPU HUCIOb30BAaHUU NMapaMeTpuye-
CKUX KpUTepueB. B ciyuae nmpuMeHeHHs HelmapaMeTpuye-
CKOT0 KPUTEepHsI HeraTUBHYIO0 POJIb ChIFPAJIo GOJIbLIOE YHCII0
HM3MepeHUH, KOToOpoe NPUBEeJIO K TOMY, YTO pa3inyue BHyTpU
paHXUPOBAHHBIX PAJ0B JaHHBIX HOCUJIO CJIyYalHbIA Xapak-
Tep, N03TOMY Jaxke HeGOJIblLINe Pa3/jUyds B KpaWHUX JAaH-
HBIX B paHrax NpUBeJHU K JOCTOBEPHOCTH pasanyui. Heko-
TOpble HCCIef0BaTeN CUUTAIOT, UTO UCII0/Ib30BaHUe Hela-
paMeTpHUUYeCKUX KpUTepHeB pu Bbi6opke n > 100 HeLesleco-
06pasHo, Jaxke eCJIU He BbIIOJHAIOTCS HEKOTOPble UCXO/JHbIe
NpeAIoJoKeHUs NpUMeHeHUs apaMeTPUUYeCKUX MeTO/|0B
(Nasledov, 2012).

Cxodcmeo pe3y/16mamos oyeHKU 2eHomunu4eckoll UsaMeH-
yygocmu nokazame.ell kavecmesa 80/10KHA 06pasyos JbHa,
nostyyeHHotl no cmaHdapmHoil u Hosoll Memodukam

Koppe/asiiMOHHBIA aHa/lU3 CpeJHUX NOKasaTesed JaH-
HBIX, TOJIy4eHHBIX C UCN0JIb30BaHUEM CTaHAAPTHOMN U HOBOM
MeTO/ MK, I0Ka3aJl BBICOKOEe CXO/ICTBO pPe3y/IbTaTOB IPH aHa-
Jl3e TeHOTUIINYeCKON MU3MeHYUBOCTH pa3pbIBHOM Harpysku
u OPHp (r=0,88 u 0,83 coorBeTcTBeHHO). KoppeasuuoH-
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Puc. 1. Pesynbrar (A, B) u rpaduyeckoe usoépaxkenue (C, D) ucnsiTaHuii JByX 06pa3L0B € XOPOIIUM U IJIOXUM
KayecTBOM BOJIOKHA Ha pa3psbiB (A, C - k-8588, BosiokHO xopoliero kadecTBa; B, D — k-8595, BOJIOKHO 1J10X0Tr0 KayecTBa)

Fig. 1. Results (A, B) and graphic images (C, D) of the fiber breaking tests on two samples with good and poor quality

(A, C - k-8588, fiber of good quality; B, D - k-8595, fiber of poor quality)
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Puc. 2. BapbypoBaHUe XapaKTepPUCTHK BOJIOKHA Y 06pa3Li0B JIbHA, U3MePEeHHbIX No crapoii (0ld)

1 HOBO#1 (New) MeTOAMKaM:

A - 1o pa3peIBHOH Harpyske, faH; B - no ru6kocty, MM; C - no ToHuHe, M/r; D - mo OPHp (* - pa3nuuus focroBepHsl; Min,
Max, Mean, SE - MUHMMa/IbHOE, MaKCHMaJIbHOE, CpeJ/iHee 3HaueHHe XapaKTepHCTHK BOJIOKHA, CTaHJapTHas OlKbKa)

Fig. 2. Variability of fiber characters in flax accessions estimated with the conventional (0ld)

and proposed (New) techniques:

A - breaking load, daN; B - flexibility, mm; C -fineness, m/g; D - Qc, rated relative breaking load (* - significant differences;
Min, Max, Mean, SE - minimum, maximum and mean values of fiber characters, and standard errors)

Ta6una 3. Yucio pa3/iMyuii paHroB paHKMPOBAHUSA 06Pa310B M0 M0Ka3aTe IsAM KauyecTBa BOJIOKHA, OlleHEHHBIX
10 CTaHJApPTHON U HOBOM MeTOJMKaM

Table 3. Number of differences in the accessions’ ranking according to the values of fiber quality characters
estimated with the standard and new techniques

Pa3zimume Mexxay paHraMy 3HaYyeHMH,
omnpejesieHHbIX CTAHAAPTHOM ¥ HOBOM
MeTOAUKaMH / PaspeisHas I'u6kocTsh / TonuHa / OPHp / .
. Harpyska / g . Rated relative
Difference between the ranks of values Breaking load Flexibility Fineness breakine load
obtained with the standard and new g g
techniques
-3 0 2 0 1
-2 0 2 2 5
-1 23 12 8 9
0 (passinuuil HET) 19 15 19 28
+1 8 16 14 7
+2 3 6 10 2
+3 0 0 0 1
[-1, +1] 50 43 41 44
[-3,-2] U [+2, +3]» 3 10 12 9
HOBOE HOBOE HOBOE HOBOE
CZBUT IO paHraM
3aBBILIEHO CUMMETPUYHO 3aHMKEHO 3aBbILIEHO
Paznuuwuii Het (0), % 36 28 36 53
6e3 pas3nuui, nian pasanyus B 1 panr (+/-1), % 94 81 77 83
passinuus Ha 2-3 panra (+/-2, +/-3),% 6 19 23 17
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, naH; B - mo ru6koctu, MM; C - mo TonuHe, M/T; D - mo OPHp

MHWHUMaJIbHOE, MAKCHUMAJIbHOE, CpeiHee 3HAYEHHUEe XaPAKTEPHUCTUK BOJIOKHA,

Accessions
CTaH/JlapTHas omn6Ka)

- 110 pa3pbIBHOH Harpyske
PROCEEDINGS ON APPLIED BOTANY,

A - breaking load, daN; B - flexibility, mm; C - fineness, m/g; D - Qc, rated relative

(New) meTogukam: A
(Accessions - o6pa3upl; Min, Max, Mean, SE -

Puc. 3. XapakTepucTUKH U3MEHYMBOCTU NapaMeTPOB BOJIOKHA 06pa3L0B JIbHA, U3MePEeHHbIX Mo cTtapoii (0ld)
Y HOBO#

Fig. 3. Variability characteristics in fiber parameters of flax accessions estimated with the conventional (0ld)

and proposed (New) techniques
breaking load-(Min, Max, Mean, SE - minimum, maximum and mean values of fiber characters, and standard errors)
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Ta6smna 4. CpaBHeHMe MOKa3aTe/ied KauyecTBa BOJIOKHA 06Pa310B JibHA, NIPOAaHAJIU3UPOBAHHBIX
MO CTaHJAPTHO! U HOBOM MEeTOAMKaM

Table 4. Comparison of fiber quality parameters in flax accessions analyzed with the standard and new techniques

XapakKkTepUCTUKA METOJMK / KpuTtepuii pasauyuii, p /
Mokasaress / Indi- Techniques used Criterion of differences, p
cator CranpgaptHas / Old HoBas / New Mann-Whitney Student’s
N Mean * Se N Mean * Se L BlEs
HcxoaHble JaHHbIE
Pa3pbiBHAs Harpy3ka 499 24,7 +0,3 532 26,5+0,4 0,0020 0,0005
'n6xocTh 500 54,7+ 0,4 532 60,2+0,5 0,0000 0,0000
TonuHa 159 238,0+5,0 533 269 +3,0 0,0000 0,0000
OPHp 159 155+0,2 530 169+0,1 0,0000 0,0000
CpeaHue JaHHbIE
PaspriBHas Harpy3ska 53 24,4+ 1,0 53 26,5+1,0 0,17* 0,14*
['ubkocTb 53 539+1,3 53 60,2+1,3 0,0020 0,0011
TonuHa 53 238,0+8,0 53 269 £8,0 0,0032 0,0051
OPHp 53 155+0,3 53 16,9+0,3 0,0021 0,0016

[Ipumeyanwue: ' - N - 4nc10 u3MepeHUH B onbiTe; Mean * Se - cpe/iHee C J0BEpUTEIbHBIM HHTEPBAJIOM (+ CTaHJApTHas OIIKOKA) BapH-
aHTa OMBbITA; P — yPOBEHb 3HAYUMOCTH; ? — pa3JINuus He JOCTOBepHBI pu p = 0,05

Note:! - N is the number of measurements in the experiment; Mean + Se is the mean with a confidence interval ( standard error) for the
experiment group; p is the significance level; 2 - the differences are not significant at p = 0.05

HbIH aHa/JIN3 THGKOCTH U TOHWHBI, U3MEPEHHBIX M0 3TUM
JIBYyM MeTO/iMKaM, 0Ka3aJ MeHbllIee CXOACTBO U3MEHYHBO-
ctu (r = 0,67 u 0,69 111 TMOKOCTU U TOHUHBI, COOTBETCTBEH-
HO) (puc. 4). C McnoJib30BaHUEM pPErpecCUOHHOI0 aHau3a
BO3MOKHO 60Jiee TOUHO ePEBECTH JaHHbIe, TOJIyYeHHbIEe 110
HOBOU MeTO/MKe, K cTaHJapTHOH. Ho MBI cuuTaeM, 4To
B 9TOM HET He0OXOZUMOCTH, TaK KaK BbIsBJIeHHas QJIYKTya-
I[MsI MOXKET OTpakaThb CJy4YalHOe BapbHpPOBaHUe BHYTPH He-
KOTOPBIX 06pa3IioB.

JucnepcuoHHblii aHaU3 NPU3HAKO8 Kauecmed 80/10KHA NO
UCXOOHBIM U CPEOHUM OaHHBIM

AHasn3 MCXOHBIX AaHHBIX OKa3as JOCTOBEPHOE BJIHS-
HUe eHOTHIA, METOAUKH H3y4YeHHs] U UX B3aUMOJeHCTBUS
Ha paspbIBHYI0 HArpysKy, ri6KocTb, TOHUHY U OPHp BoJ1OK-
Ha. OK0JIO MOJIOBHHBI OT 06Iell H3MEHYHBOCTH MPU3HAKOB
Ka4yecTBa BOJIOKHA ONpeJesisieTCsl TEHOTUIOM 06pasLja, 0Ko-
JIO TPETH — HEOO'bSICHEHHBIM GaKTOPOM, UTO MOXKET yKasbl-
BaTb Ha HEOJHOPOJHOCTb BOJIOKHA, OCOGEHHO MO TaKUM IO~
KasaTeJssIM KaK THOKOCTb ¥ TOHWHA. BKJ1aZ MeToAMKY u3y4e-
HUS B U3MEHYUBOCTb XapaKTEePUCTHUK PA3pbIBHON HarpyskH
(1%), rubkoctu (6%), ToHuHbI (5%) 1 OPHp (7%) GbLIT He-
3HAYUTEJbHBIM, HO JOCTOBEPHBIM. B3anMogelicTBre reHo-
THIA U METOAUKHU 00bsICHSIET OT 4 710 10% 00611el H3MeHYH-
BOCTH NMPHU3HAKOB KaueCTBa BOJIOKHA Y NPEBbIIIAET BKJIAJ,
MeTOAMKHY udydyeHus (puc. 5).

JlMCriepCHOHHBIN aHAJIU3 CpeJHUX AAHHBIX I0OKa3as Jo-
CTOBEPHOE BJIMsSIHME FeHOTHIA U METOAUKH U3y4YeHHUs Ha Mo~
Kas3aTeJsd pa3pbIBHOH Harpy3KH, rMGKOCTH, TOHMHBI U OPHp.
leHoTHN 06BsICHSIET GoJlee 3/4 OT 0611eil U3MEHYMBOCTH Xa-
PaKTEepPUCTHK KauecTBa — pa3pbIBHOM Harpysku (92%), ru6-
kocTH (75%), ToHuHBI (78%) u OPHp (83%). Bksaj meTosu-
KM OLleHKHU 06ycJsaBarBas oT 2% (paspbIBHasA Harpyska) /0
7-10% (ToHnHa, OPHp u ru6kocTs) 0611l U3MEHYHUBOCTU

NPU3HAKOB KadecTBa BOJIOKHA. Ciyd4aiHbIA (HeOGBbACHU-
MbIi1) paKTOp 110 TAKUM NOKa3aTeNsIM, Kak THOKOCTb U TOHU-
Ha, coctaBua 15 u 14% cOOTBETCTBEHHO, a 1O pa3pbIBHON
Harpyske u OPHp - 6 u 8% cooTBeTcTBeHHO.

TakvM 06pa3oM, MeTOAMKA M3y4eHHs He3HAYUTEsbHO
(1-10%), HO KOCTOBEPHO BJIMSET HA BCe TOKa3aTeJu Kaye-
CTBa BOJIOKHA. 3/leCb, KaK M NPU CPaBHEHWM De3yJIbTaTOB
c ucrosib30BaHueM t-kpuTepus CTbIOJEHTa, HETaTHBHYIO
POJIb ChIrpaJl COCTAB BBIGOPKM 00paslioB, B KOTOPOM Hepe-
KpbIBAJICSI BECb BAPHAIlMOHHBIN PsiJi OT MHHUMAaJIbHBIX /10
MaKCHUMaJIbHbIX 3HAa4eHWH. BbIcOKasg TOYHOCTb MeETOAMK
OLlIeHKH KayeCTBa BOJIOKHA ITPUBeJIa K 04eHb MaJIoH AucHep-
CUM TPHU3HAKOB, YTO YBEJUYUJIO 3HAYUMOCTD JlaXe He6OJIb-
LIUX Pa3IuYUH.

3ak/IouyeHue

I[IpensioxkeHHass HAMM MeTOZAMKA OLEHKH KayecTBa BO-
JIOKHA JIbHA C UCII0JIb30BaHueM Instron 5943 MakcMMaJbHO
npu6/IMKeHa K cTaHAAapTHOH. HecMoTpsi Ha TpyposaTpat-
HOCTb, 3Ta METOAMKA AaeT BO3MOXHOCTD I0JIy4aTh epBble
pe3y/bTaThl Ha GoJiee PAHHUX 3TaNax CeJeKIMOHHOro Mpo-
Iecca, 4eM cTaHZapTHas. Biarogapsi HaIW4YUIO B UHCTUTYTE
COBpeMeHHOH NpHUGOPHOH 6a3bl, HOBasi METOAMKA M03BOJIsA-
€T 3HAUMTEJbHO YMEHbUIUTb KOJMYECTBO HEOGXOJHUMOro
JJIs1 aHa/IM3a BOJIOKHA U, CJIe[J0BATEeJbHO, CHU3UTDb KOJIMYe-
CTBO CeMSsIH, YMEHbIIUTh IJIOLIA (b OCEBA, COKPATUTD BpeMsi
Ha 06paGoTKy nouBbl. Tak, )i CTAHJAPTHOH METOAMKH, IO
KOTOPOH MBI M3y4aeM MOCTYHAKlide B KOJUIEKIHI0 06pa3-
I1bl, HEOGXOAMMO BbICEBAThb 2 ThIcUM ceMsH Ha 1 m? (Kutu-
zova, Pitko, 1988). [lsis TOro 4TO6bI MOJYYUTH TAKOE KOJIUYe-
CTBO CEMSIH OT OHOT'O PAaCTeHUs JIbHA-J0JITYHIA TpeGyeTcs
JBa-Tpu rojga. HoBas MeTojuKa cOKpaljaeT KOJHUYECTBO
IepeceBOB [0 OJAHOTO-ABYX. YMeHblIeHHasl B 6,5 pasa eau-
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Puc. 4. XapaKkTepUCTHUKY BOJIOKHA 06pa310B JIbHA, U3MePEeHHbIX N0 craHAapTHo#H (0ld) u HoBoii (New) MeToAUKaM:
A - o pa3pbIBHOH Harpyske, faH; B - no ru6kocty, MM; C - o ToHuHe, M/1; D - o OPHp; r - koadduuneHT koppensnuu
MEX/ly HOBOH U CTapoi MeTOUKAMH; P — BEPOSITHOCTb OTCYTCTBUSA KOPPEJIALUHY; Y = a + bX — ypaBHEHHUE PErpeccuy /s
nepecyeTa 3Ha4€HUH IPU3HAKOB, IOJIYYeHHBIX 10 HOBOH MeTOAMKE, K cTapoi; New = Old - inHMA B cilyyae paBeHCTBA
3HaYeHUH 10 HOBOW U CTaHJapTHON MeTOAMKaM

Fig. 4. Fiber characteristics in flax accessions estimated with the standard (0ld) and proposed (New) techniques:

A - breaking load, daN; B - flexibility, mm; C - fineness, m/g; D - Qc, rated relative breaking load; r is the correlation
coefficient between the new and old techniques; p is the probability of no correlation; y = a + bx is the regression equation for
recalculating the values obtained with the new technique to the old one; New = Old is a line if the values are equal for the new

and standard techniques
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0% L
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,
He o0bacHeHO 31 40 34 28 Strength Flex
BT egoTHII*METO 4 10 9 6 He o6Bacneno 6 15 14 8
B Meton 1 [ 5 7 B MeTtop 2 10 7 9
ETeHoTHIT 64 44 52 60 B ['eHoTHIT 92 75 78 83

Puc. 5. /lo/11 BJAMSHUSA reHOTUNIA M MeTOJMKH OLleHKU Ha U3MEeHYMBOCTh IPM3HAKOB Ka4eCcTBa BOJIOKHA O
pe3y/ibTaTaM JMCIEePCUOHHOTO aHAIM3a: A — 10151 BJIUSHUS TeHOTUIIA, METOAUKY N3YYeHHUs U UX B3aUMOJeHCTBUSA
Ha paspbIBHYI0 Harpy3kKy (Strength), ru6kocts (Flex), n Tonuny (Fin) mo ncxogHbIM faHHBIM; B - 0151 BAMSIHYA reHOTHIIA
Y MeTO/IMKH U3y4YeHHs Ha pa3pbIBHYI0 Harpysky (Strength), ru6kocts (Flex), Tonuny (Fin) u OPHp (Qc) no cpegnum
JIaHHBIM

Fig. 5. The effect size of the genotype and estimation technique for the variability of fiber quality characters
according to the results of variance analyses: A - the effect size of the genotype, technique, and their interaction for the
breaking load (Strength), flexibility (Flex), fineness (Fin), and rated relative breaking load (Qc) according to the initial data;

B - the effect size of the genotype, technique, and their interaction for the breaking load (Strength), flexibility (Flex), fineness
(Fin), and rated relative breaking load (Qc) according to the mean data
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HUYHasl HaBeCKa BOJIOKHA [T03BOJISIET O0JIee TOUHO yCTaHaB-
JIUBaTh KO3UIMEHT BapbHpPOBAaHMS NMPHU3HAKOB BHYTPHU
06pasIoB, YTO JaeT BO3MOXXHOCTb OTOMpPATh HauboJsee of-
HOPOZAHBIE TeHOTHUIBI 0 PAa3pbIBHOM HArpy3ke ¥ rMOKOCTH.
W3meHeHUs1, BHECEHHbIE HAMU B CITIOCO0 MO/ITOTOBKH BOJIOK-
Ha /IJ151 OTIpe/ieJIeHHs] TOHUHBI, IOMOTAI0T TOYHEE BBISIBIATH
60Jiee OHOPO/IHbIEe 06PA3ILbl 0 3TOMY MOKa3aTeJlo.
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Background. This study aimed to explore the morphological traits associated with seed yield in garden cress and to recognize
the direct and indirect effects of agronomic characteristics. Analyzing the relationships between traits and seed yield with un-
derstanding their causal effects helps breeders choose the best combination of yield components to improve economic perfor-
mance.

Materials and methods. A total of 64 accessions, including 60 international and 4 local Iranian genotypes, were evaluated
across two locations (Ardabil and Eyvanki) using a randomized block scheme.

Results. Biomass consistently emerged as the most influential trait across both environments, followed by leaf- and pod-re-
lated characters. Categorizing traits into primary, secondary, tertiary, and quaternary orders helped reduce multicollinearity
and clarified the structure of trait interrelationships. Path analysis indicated several optimal selection pathways, such as
LB — PP — PB — BIO — SY in Ardabil, and FLO — LW — LL — SY in Eyvanki. The bootstrapped estimates confirmed the sta-
bility and reliability of the identified trait effects.

Conclusion. Finally, indirect selection based on biomass, leaf traits, and yield components can improve seed yield in garden
cress. Also, simultaneous improvement of seed and leaf yield is feasible and should be considered in future breeding programs.
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B3aumocBs3b MexKAy MOpdoIoruyecCKUMU NpU3HAKaAMH
U YPOKAWHOCTHIO CEMSAH Kpecc-cajiaTa B ByX 3KOJIOTMYeCKHUX
yCJI0BUSIX
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AKTya/JIBHOCTb. llesibl0 HacToOsALIEro MCCAef0BaHUs SBJSETCS aHAIN3 MOPQOJOTHYECKUX MPU3HAKOB, aCCOIMMPOBAHHBIX
C yPOXKaWHOCTBIO CEMAH Kpecc-calaTa, a TaKKe onpe/ieJieHre UX IPSAMOro U KOCBEHHOTO BJIUSHUSA Ha IPOAYKTUBHOCTDb pacTe-
Hus. [loHMMaHNe MPUYNHHO-CIeCTBEHHBIX CBAA3ed MeX/ly TPHU3HAKaMHU U yPOXKalHOCTBIO CIIOCOGCTBYET 60Jiee 060CHOBAH-
HOMY OTGOpY ceJIeKIIMOHepaMy ONTUMaIbHbIX KOMOWHALMHN XapaKTEePUCTHUK /151 TOBBILIEHUSI 9KOHOMHUYeCKOH 3¢ PeKTUBHO-
CTHU KYJIBTYPBHIL.

MaTepuajibl 1 METOABL. B uccieoBaHUM oneHEeHO 64 reHOTHNA Kpecc-cajarta, BKwo4ass 60 3apyOeXHbIX U 4 MeCTHBIX
HMpaHCKUX 06pasna. OnbIT MPOBOJUIICS B IBYX arpo3KOJIOTMUECKUX 30HaX, Ap/ie6u/Ib M DBaHKH, C UCIOJIb30BAaHUEM PaH/IO0-
MHU3UPOBAHHOI0 6JIOYHOIO AU3aifHa.

Pe3yabraThl. Han6osiee BaxKHBIM GaKTOPOM, ONpeessIONNM YPOXKalHOCTD, B 00eUX cpefiax CTAaOU/IbHO BBICTyTaIa Ha/[3eM-
Hasi 6uoMacca. BropocTeneHHoe 3HaYeHHe UMeJIU TPHU3HAKH, CBSI3aHHbIE C JINCThSIMU U PENPOJYKTUBHBIMHU opraHamu. Kiac-
cudurKalys NPU3HAKOB M0 YPOBHSIM HepapXuH (epBUYHbIE, BTOPUYHBIE, TDETUIHbIE U YeTBEPTHUYHBIE) T03BOJINIA CHU3UTD
3¢ deKT My/JbTUKOJJIMHEAPHOCTH U 60Jiee 4YeTKO BBIABUTb CTPYKTYpPY B3auMMOCBs3ed. AHa/IMU3 MyTel onpesenn Haubosiee
3¢ deKTUBHBIE CeJIeKI[MOHHbIE TPAeKTOPHUH, Takue Kak LB — PP — PB — BIO — SY B ycnoBusix Apae6uns u FLO - LW - LL —
SY B JiiBaHKM. Pe3ysbTaThl 6y TCTPEN-0IleHKH O TBEPAUIN YCTOMYUBOCTD U IOCTOBEPHOCTD BBISIBJIEHHBIX B3aUMOCBS3€eH.
3aksoueHne. KocBeHHBIN 0TGOp MO TaKMM NpH3HAKaM, Kak 6rMoMacca, MOp¢poJIOTHs JINCTA U KOMIIOHEHThI YPOXKalWHOCTH,
MOKeT 3P PEeKTHBHO CIIOCOGCTBOBATh YBEJIMUEHHUIO CEMEHHON MPOAYKTUBHOCTH Kpecc-casnaTa. bosiee Toro, ocTmxumo of-
HOBpEMeHHOe yJIy4llleHre KaK CEMEeHHOH, TaK U JIUCTOBOM NMPOAYKTUBHOCTH, YTO CJeJyeT YIUThIBATh B OYYLIUX IPOrpaM-
Max CeJIeKLAU.

Karouessle cnoea: KOppeJsialivi, MHOXXeCTBEeHHaA JUHeNHas perpeccusd, KOCBEHHbIe 3(l)d)eKTbI, CeJIeKI M, Kpecc-caaaT

baazodapHocmu: aBTOPBI BEIPAKAIOT UCKPEHHIO 6/1aroZlapHoCTb WHCTUTYTY reHeTUKH pacTeHUH U UCCIelOBaHUHN ceslb-
CKOX035IMCTBEeHHBIX Ky/AbTYp (['epMaHus) 3a mpesocTaBieHHe 06pas1ioB Kpecc-caaaTa, UCI0JIb30BAHHBIX B JAHHOM HCCIIe/10-
BaHUU.

ABTOpBI 6/1ar0AAPAT pereH3eHTOB 3a UX BKJIaJ, B 9KCIEPTHYIO OLeHKY 3TOW PaboThI.

s yumupoeaHnus: Cabaruusa H., Paxumu B., Moxe6oauuu M., IxxanmoxaMMau M. B3anMocBs3b Mex iy MOpdOI0THIecKU-
MU NpHU3HAKaMHU U YPOXKAHHOCTBIO CEMSIH Kpecc-casaTa B IBYX 3KOJOTHYECKUX YCI0BUAX. Tpydel no npukaadHoli 60omaHuxe,
eeHemuke u ceaexyuu. 2025;186(3):127-139. DOI: 10.30901/2227-8834-2025-3-127-139

128 TPY/IbI 110 TPUKJIAZTHOM BOTAHUKE, TEHETUKE U CEJIEKLIWH /
PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(3):127-139


mailto:sabaghnia@maragheh.ac.ir
mailto:mohebodini@uma.ac.ir

Sabaghnia N., Rahimi V., Mohebodini M., Janmohammadi M.

. 186 (3),2025 o

Introduction

As an annual vegetable crop and medicinal plant, garden
cress (Lepidium sativum L.), is produced in different areas of
the world for both food and medicinal purposes. It contains
essential oils and edible fatty acids and has potential applica-
tions in bioenergy (Adera etal.,, 2022). In regions such as
North Africa, Asia, and the UK, it is commonly consumed as
a leafy vegetable. Breeding efforts for garden cress focus on
improving seed yield, leaf yield, oil content, and tolerance to
biotic and environmental stresses (Mohammed et al., 2025).
However, the crop has relatively low production potential,
which highlights the need to identify promising genotypes to
achieve breeding goals. Seed yield is influenced by complex
interactions between morphological and physiological traits,
as well as environmental conditions. The improvement of tra-
ditional genotypes relies on the presence of genetic variation
and genetic gain, in addition to understanding the relation-
ships between yield and related traits (Nayebi-Aghbolag et al.,
2019; Demeke et al., 2023). Given the available genetic diver-
sity in the international garden cress accessions maintained
by IPK (Institut fiir Pflanzengenetik und Kulturpflanzen-
forschung), Germany (Sabaghnia et al., 2015), there is strong
potential for successful genetic improvement. Therefore, ge-
netic evaluation of garden cress for traits such as seed yield,
leaf yield, and quality is a key step in any breeding program.

Measuring correlations provides essential information
about the contribution of different traits to a target trait such
as seed yield (Saroj etal., 2021). This information is impor-
tant in plant breeding, as it helps clarify the nature of associa-
tions among traits. Understanding these associations, espe-
cially between seed yield and its related components, and
identifying their causal relationships, enables breeders to se-
lect the most beneficial traits for improving yield (Dwivedi
etal, 2021). While correlation analysis offers insight into
trait relationships, it does not reveal causality. Therefore,
path analysis is needed to uncover both directly and indi-
rectly impacts of yield components on yield performance. Un-
like simple correlation, path analysis identifies the strength
and direction of relationships between traits, offering a clear
understanding of their roles (Yoo et al., 2025). This approach
helps breeders determine the magnitude of each trait’s influ-
ence on yield, making it a valuable tool in breeding programs
(Cobb etal., 2019). By separating direct effects from indirect
ones, path analysis improves interpretation and supports
more accurate trait selection. As a result, it is widely used by
breeders to identify key traits that significantly affect yield.

Bedassa etal. (2013) studied the associations among
traits in 49 garden cress accessions and reported that seeds
per plant, flowering time, biological yield, and thousand-seed
weight had great positive impacts on yield performance. They
suggested that selecting for these traits could improve yield
performance in breeding programs. Similarly, Tadesse et al.
(2018) examined 108 garden cress accessions and found that
the harvest index and biomass had directly positive impacts
on yield performance. Rahimi et al. (2019) evaluated 35 gar-
den cress accessions and identified that thousand-seed
weight, seeds per pod on the main and lateral axes, and leaf
length had directly positive impacts on seed yield, while leaf
width had a negative direct effect. These findings emphasize
the importance of evaluating a wide range of accessions
across different environments to gather reliable data. Thus,
the objective of the current research was to analyze the inter-
relationships between yield performance and morphological
traits in garden cress accessions using correlation and path
analysis at two different experimental sites. This approach

aimed to identify both direct and indirect influences of agro-
nomic characteristics on yield and to apply this information
for indirectly selecting in genetic improvement projects of
garden cress.

Material and methods

To investigate the interrelationships among seed yield
and agronomic traits, 60 international garden cress acces-
sions (Table 1) were obtained from the IPK genebank. Addi-
tionally, four local Iranian accessions (Birjand, Tabriz, Ker-
man, and Shiraz) were included. All accessions were culti-
vated via a randomized block scheme with three replications
at two locations. The first site, Ardabil (38°15'N, 48°17’E;
1351 m altitude), had 19 hours of daylight during their
growth period, with a mean yearly temperature of 9°C and
about 300 mm of rainfall. The second site, Eyvanki (35°20°N,
52°04’E; 1075 m altitude), with 18 hours of daylight during
the growth period, has a warmer climate, with a mean yearly
temperature of 20°C and approximately 112 mm of rainfall.

Each experimental plot consisted of five rows, 2 meters in
length, spaced 15 cm apart, with a total area of 1.5 m?% Seeds
were sown densely and later thinned to maintain a uniform
plant spacing of 15 cm. Irrigation and hand weeding were ap-
plied regularly at both locations. Fertilization followed local
agricultural practices, with nitrogen applied in three stages at
rates of 120, 60, and 30 kg ha™'. Data were collected on the
emergence percentage (EMR), emergence duration (ED),
days to flowering (FLO), and flowering duration (FD), and
recorded. Also, twelve agronomic traits were measured using
ten random samples: first branch length (FBL), first pod
length (FPL), height of the main stem (HMS), lateral branches
(LB), pods per branch (PB), pods on the main stem (PMS), to-
tal pods per plant (PP), seeds in the branch pod (SBP), seeds
in the main stem pod (SMSP), leaf length (LL), flower length
(FL), and leaf width (LW). Finally, the aboveground biomass
(BIO) was harvested from the three central rows of each plot,
and both biomass and seed yield (SY) were measured in
grams per square meter (g/m?) and analyzed for further
evaluation.

The normality of trait data was assessed using the Ryan-
Joiner test in Minitab 17.0 (Minitab Inc., PA, USA). Pearson
correlation coefficients among traits were computed using
SPSS 27.0 (IBM Corp., IL, USA). To gain a deeper understand-
ing of trait relationships and recognize those with the stron-
gest impact on yield performance, path analysis was con-
ducted. Firstly, multiple linear stepwise regression was per-
formed with yield as the dependent and all other traits as in-
dependent. Path analysis was then applied to estimate the di-
rect and indirect impacts of these traits on garden cress
performance. Traits were classified into primary, secondary,
tertiary, and quaternary orders based on repeated cycles of
treating the identified key trait as the new target and using
the remaining traits as predictors. To address multicollinear-
ity, tolerance values and variance inflation factors (VIF) were
calculated. All statistical analyses were carried out using SPSS
and AMOS (IBM Corp., IL, USA). To ensure the robustness of
results, bootstrapping with 1500 resamples was employed to
estimate bias, standard deviations, and to compare boot-
strap-derived statistics with conventional estimates.

Results and discussion
In Ardabil, seed yield showed a positive correlation with

all measured traits of garden cress, except for emergence per-
centage (EMR), leaf width (LW) emergence duration (ED),
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Table 1. Name, variety and origin country of 64 garden cress accessions used in the study
across Ardabil and Eyvanki locations

Ta6suna 1. Ha3BaHue, pa3HOBH/HOCTDb U CTPaHa NPOUCX0XK/JeHusA 64 06pa310B Kpecc-cajiaTa,
HCII0/Ib30BAaHHBIX B HCC/IeJ0BAHUM B paloHaxX ApAe6u/ib U JBaHKH

Name Varieties | Origin Name Varieties | Origin Name Varieties | Origin
LEP-1 sativum Afghanistan LEP-43 latifolium | Georgia LEP-103 | sativum Austria
LEP-2 latifolium | Afghanistan LEP-44 sativum Georgia LEP-104 | sativum Belarus
LEP-4 sativum unknown LEP-45 latifolium | Georgia LEP-106 | sativum Azerbaijan
LEP-5 crispum unknown LEP-46 sativum Italy LEP-107 | sativum Russia
LEP-9 sativum unknown LEP-47 latifolium | Ukraine LEP-108 | sativum Armenia
LEP-15 crispum unknown LEP-48 sativum Georgia LEP-110 | sativum Russia
LEP-16 latifolium | Afghanistan LEP-49 latifolium | Georgia LEP-111 | sativum Georgia
LEP-19 crispum unknown LEP-51 latifolium | Georgia LEP-114 | sativum unknown
LEP-21 latifolium | Georgia LEP-53 latifolium | Georgia LEP-115 | sativum unknown
LEP-22 latifolium | Germany LEP-57 latifolium | Georgia LEP-116 | crispum unknown
LEP-23 sativum Armenia LEP-60 latifolium | Georgia LEP-117 | sativum unknown
LEP-24 latifolium | Armenia LEP-62 latifolium | Georgia LEP-118 | sativum unknown
LEP-26 latifolium | Georgia LEP-64 sativum Georgia LEP-119 | latifolium | unknown
LEP-27 latifolium | Georgia LEP-66 sativum Germany LEP-120 | Iatifolium | USSR
LEP-28 latifolium | Georgia LEP-67 sativum Germany LEP-126 | sativum USSR
LEP-30 latifolium | Georgia LEP-68 sativum Germany Birjand sativum Iran
LEP-31 latifolium | Georgia LEP-69 sativum Germany Kerman | sativum Iran
LEP-32 latifolium | Georgia LEP-70 sativum Germany Tabriz sativum Iran
LEP-33 sativum Libya LEP-72 sativum Germany Shiraz sativum Iran
LEP-34 latifolium | Georgia LEP-74 sativum Yemen LEP-73 sativum Germany
LEP-40 sativum Iraq LEP-76 latifolium | Germany

LEP-42 sativum Iraq LEP-78 sativum Germany

days to flowering (FLO), flowering duration (FD), and leaf
length (LL) (Table 2). In Eyvanki, seed yield was positively
correlated with all traits except EMR, ED, FLO, FD, and first
pod length (FPL). Aboveground biomass (BIO) in Ardabil had
positive associations with FLO, LL, LW, SY, first branch length
(FBL), height of the main stem (HMS), and seeds per pod on
the main stem (SMSP). In Eyvanki, BIO was positively cor-
related with all traits except EMR, ED, FPL, lateral branches
(LB), pods per branch (PB), and total pods per plant (PP).
These results suggest that pod and seed-related traits are
more closely linked to seed yield, while leaf characteristics
are more associated with biomass production. Similar trends
were reported by Sabaghnia et al. (2015) regarding the rela-
tion of seed yield with its main components. Therefore, the
traits identified as significantly associated with seed yield
may serve as important indicators for selection in breeding
programs. To better understand the structure of these rela-
tionships and determine hidden impacts of yield components
on yield performance, the path analysis was used, which pro-
vided a more comprehensive understanding of the complex

interactions among traits, supporting more effective decision-
making in garden cress breeding strategies.

Alinear multiple regression model was applied to evalu-
ate the significance of traits regarding yield, with multicol-
linearity indices also considered (Table 3). Traits were ini-
tially subjected as primary-order predictors of seed yield, and
their direct effects were estimated through the regression
model. Multicollinearities offered intuitions into the interde-
pendencies among traits and their donations to yield varia-
tion. High multicollinearity was observed for leaf length (LL)
and leaf width (LW) at both experimental sites, while most
other traits did not exhibit significant multicollinearity (see
Table 3). The adjusted R? values indicated that seeds per pod
on branches (SBP), aboveground biomass (BIO), and leaf
width (LW) were key primary-order traits explaining seed
yield variation in Ardabil (Table 4).

In Eyvanki (Table 5), seeds per pod on the main stem
(SMSP), BIO, leaf length (LL), and pods per branch (PB)
emerged as the primary-order explanatory variables. These
findings highlight the importance of seed-related traits, bio-
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Table 4. Direct effects (§) and coefficient of determination (R?) of path analysis for target (Y) and independent traits
(X), with t-statistic (t), significance level (Sig.), and two multicollinearity indices, tolerance (Tol.) and variance

inflection factor (VIF), in Ardabil

Ta6una 4. lipsimele 3¢ PekThl () U KoadpdunmneHT AerepmuHanuu (R?) aHaau3a nyTu A1 neseBbix (Y)
U He3aBHCHUMBIX NPU3HAKOB (X) ¢ t-cTaTUCTUKOM (), ypoBHEM 3HAYMMOCTH (Sig.) U AByMs HHAEKCAMU
MYJIBTUKOJLIMHEAPHOCTH, ToJiepaHTHOCTBIO (Tol.) u pakTropom neperuéa aucnepcuu (VIF) B Apaedusie

Y X R? B t Sig. Tol. VIF
¢ SBP 0.88 0.22 3.56 0.00 0.51 1.96
BIO 1.09 13.49 0.00 0.29 3.42
LW -0.82 -9.88 0.00 0.27 3.64
SBP SMSP 0.58 0.53 5.42 0.00 0.70 1.44
PB 0.34 3.44 0.00 0.70 1.44
BIO LL 0.78 0.96 14.72 0.00 0.84 1.19
PB 0.46 7.11 0.00 0.84 1.19
LW LL 0.85 0.93 19.22 0.00 1.00 1.00
SMSP PP 0.30 0.56 5.31 0.00 1.00 1.00
PB PP 0.97 0.99 52.44 0.00 1.00 1.00
LL FLO 0.31 0.53 4.98 0.00 0.98 1.02
EMR 0.33 3.10 0.00 0.98 1.02
PP LB 0.75 0.72 11.04 0.00 0.94 1.06
PMS 0.35 5.31 0.00 0.94 1.06
FLO LB 0.44 -0.73 -7.04 0.00 0.83 1.20
FBL 0.40 3.81 0.00 0.83 1.20
EMR PMS 0.13 -0.28 -2.42 0.02 1.00 1.00
ED -0.28 -2.36 0.02 1.00 1.00

mass, and leaf size as the most influential factors affecting
seed yield across both locations.

In Ardabil, aboveground biomass (BIO) indicated the
greatest direct impact on seed yield (1.09), followed by
a smaller positive effect from seeds per pod on branches
(SBP) (0.22) and a strong negative direct effect from leaf
width (LW) (-0.82) (Table 6). The indirect effects of SBP
through BIO and LW were relatively low (0.24 and 0.27, re-
spectively). Conversely, the indirect effect of BIO through SBP
was minimal (0.05), and its indirect effect through LW was
moderate and negative (-0.57). The indirect impact of LW via
SBP was low (-0.07), while its indirect impact via BIO was no-
tably high and positive (0.76) (see Table 6). To visually rep-
resent these relationships, a path diagram was created using
AMOS (Figure). In Eyvanki, BIO again indicated the strongest
direct impact on yield (1.02) compared to other traits, such as
seeds per pod on the main stem (SMSP), leaf length (LL), and
pods per branch (PB) (see Table 5). Notable indirect effects
were observed, including SMSP through BIO (0.60), BIO
through LL (-0.51), and LL through BIO (0.87) (Table 6).
These interactions were also illustrated using a path diagram,
generated with the default model in AMOS (IBM-SPSS 24.0,
IBM Corp., IL, USA). Model fit was confirmed by several fit in-
dices (results not shown), all indicating acceptable model
performance. These findings align with those of Tadesse et al.
(2018), who also reported a strong positive direct effect of

biomass on seed yield across diverse Ethiopian garden cress
accessions. However, unlike other studies where thousand-
seed weight was identified as a key trait, it was not found to
be influential in the current study.

When the primary-order traits were analyzed as target
variables in Ardabil, it was found that seeds per pod on the
main stem (SMSP) and pods per branch (PB) had positive ef-
fects on seeds per pod on branches (SBP), explaining over
58% of its variability (see Table 4). Leaf length (LL) and PB
also showed positive influences on aboveground biomass
(BIO), accounting for more than 78% of its variability.

Additionally, LL had a positive effect on leaf width (LW) in
Ardabil. In terms of direct and indirect effects, SMSP had
a stronger direct effect on SBP (0.53) compared to PB, which
had a lower indirect effect through PB (0.19). Conversely, PB
showed a moderate positive indirect effect through SMSP
(0.29) (see Table 6). LW exhibited a higher direct effect (0.96)
than PB, while its indirect impacts via PB were slightly nega-
tive (-0.19), and PB’s indirect effect via SMSP on LW was
moderately negative (-0.38). In Eyvanki, when SMSP, BIO, LL,
and PB were considered primary-order target traits, it was
observed that pods on the main stem (PMS) and SBP had pos-
itive effects on SMSP, explaining more than 74% of its vari-
ability (see Table 5).

Similarly, LW and height of the main stem (HMS) posi-
tively influenced BIO and explained over 73% of its variation.
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Table 5. Direct effects (8) and coefficient of determination (R?) of path analysis for target (Y) and independent traits
(X), with t-statistic (t), significance level (Sig.), and two multicollinearity indices, tolerance (Tol.) and variance
inflection factor (VIF), in Eyvanki

Ta6una 5. [Ipsamble 3¢ dpekTsl (B) u kKo3dpdunmeHT getepmuHanuu (R?) aHanusa myTu A1 neseBbix (Y)
U He3aBHCHUMBIX NpU3HAKOB (X) ¢ t-craTUCTUKOH (), ypoBHEM 3HAYMMOCTH (Sig.) U AByMSs MHAEKCAMU
MYJIBTUKO/INHEAPHOCTH, ToJiepaHTHOCTHIO (Tol.) u pakTopom nepernéa gucnepcuu (VIF), B JitBaHkHu

X Y R? B t Sig. Tol. VIF
SY SMSP 0.89 0.30 5.15 0.00 0.55 1.80
BIO 1.02 10.21 0.00 0.18 5.42
LL -0.59 -6.19 0.00 0.20 4.96
PB 0.26 4.90 0.00 0.65 1.54
SMSP PMS 0.74 0.61 8.59 0.00 0.82 1.23
SBP 0.41 5.72 0.00 0.82 1.23
BIO LW 0.73 0.61 8.21 0.00 0.77 1.30
HMS 0.38 5.17 0.00 0.77 1.30
LL LW 0.89 0.94 22.13 0.00 1.00 1.00
PB PP 0.96 0.98 37.29 0.00 1.00 1.00
PMS FL 0.54 0.49 5.58 0.00 0.95 1.06
FD 0.35 3.68 0.00 0.83 1.20
FLO 0.46 4.25 0.00 0.63 1.60
LB 0.34 3.08 0.00 0.61 1.63
SBP LB 0.29 0.38 3.53 0.00 0.98 1.03
FL 0.36 3.31 0.00 0.98 1.03
HMS FBL 0.31 0.35 2.82 0.01 0.72 1.39
FL 0.31 2.54 0.01 0.72 1.39
LW FLO 0.45 0.22 1.88 0.06 0.63 1.60
FL 0.41 428 0.00 0.95 1.06
FD 0.26 2.51 0.01 0.83 1.20
LB -0.28 -2.33 0.02 0.61 1.63
PP LB 0.66 0.72 9.09 0.00 0.85 1.17
FL 0.40 5.38 0.00 0.97 1.03
FD 0.25 3.15 0.00 0.87 1.15
FL FPL 0.11 0.35 2.91 0.00 1.00 1.00
LB FPL 0.20 0.46 4.05 0.00 1.00 1.00
FBL FPL 0.31 0.57 5.43 0.00 1.00 1.00

PMS had a stronger direct effect on SMSP (0.61) compared to
SBP, which had a low indirect effect via PMS (0.17). SBP’s in-
direct effect through PMS was also low but positive (0.26)
(see Table 6). In the case of LW, its direct effect (0.61) was
higher than that of HMS, with a small indirect effect through
HMS (0.18). These results are consistent with findings from
Mohebodini et al. (2018), who also reported the positive im-
pact of the seeds per pod and pods per plant on garden cress
yield through path analysis.

To identify tertiary-order traits, the secondary-order
traits were treated as targets. In Ardabil, total pods per plant
(PP) affected seeds per pod on the main stem (SMSP) and
pods per branch (PB), explaining approximately 30% and
97% of the variation, respectively. Additionally, days to flow-
ering (FLO) and emergence percentage (EMR) positively af-
fected leaf length (LL), accounting for about 31% of its vari-
ability (see Table 4). The indirect effects of FLO and EMR via
each other were minimal (see Table 5). In Eyvanki, the terti-
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Table 6. Indirect effects of path analysis shown beyond the diagonals in Ardabil and Eyvanki
Ta6una 6. KocBeHHblii 3¢ dpeKT aHa/IM3a NyTH, NOKAa3aHHbIN 3a Npeje/aMu AuaroHasieil B Apae6usie u JHBaHKU

Ardabil Eyvanki
SBP BIO LW SMSP BIO LL PB
SBP 0.22 0.24 0.27 SMSP 0.30 0.60 -0.25 0.10
BIO 0.05 1.09 -0.57 BIO 0.17 1.02 -0.51 0.03
LW -0.07 0.76 -0.82 LL 0.12 0.87 -0.59 -0.05
SMSP PB PB 0.11 0.11 0.10 0.26
SMSP 0.53 0.19 FL FD FLO LB
PB 0.29 0.34 FL 0.49 -0.04 0.02 0.05
LL PB FD -0.05 0.35 0.16 -0.12
LL 0.96 -0.19 FLO 0.02 0.12 0.46 -0.19
PB -0.38 0.46 LB 0.08 -0.13 -0.27 0.34
FLO EMR FLO FL FD LB
FLO 0.53 -0.05 FLO 0.22 0.01 0.09 0.16
EMR -0.08 0.33 FL 0.01 0.41 -0.03 -0.04
LB PMS FD 0.08 -0.04 0.26 0.10
LB 0.72 0.09 LB -0.13 0.06 -0.09 -0.28
PMS 0.18 0.35 LB FL FD
LB FBL LB 0.72 0.06 -0.09
LB -0.73 0.16 FL 0.11 0.40 -0.03
FBL -0.30 0.40 FD -0.26 -0.04 0.25
PMS ED PMS SBP
PMS -0.28 -0.01 PMS 0.61 0.17
ED -0.01 -0.28 SBP 0.26 0.41
LW HMS
LW 0.61 0.18
HMS 0.29 0.38
LB FL
LB 0.38 0.06
FL 0.06 0.36
FBL FL
FBL 0.35 0.17
FL 0.18 0.31

Note: the boldfaced values (diagonals) denote direct effects, while indirect effects are shown on both sides of the diagonals

[IpuMeuaHue: 3HaueHUs1 IpsIMOro 3gpdeKTa BblesIeHbl dUPHbIM LIPUGTOM (110 AUArOHANHN); KOCBEHHBIN 3G deKT MpeAcTaBeH 10 06eUM
CTOpOHaM JilHaroHazuein

ary-order traits included flower length (FL), flowering dura-  tion, respectively (see Table 5). LB and FL had moderate pos-
tion (FD), days to flowering (FLO), and lateral branches (LB), itive effects on seeds per pod on branches (SBP), while first
which influenced pods on the main stem (PMS) and leaf width ~ branch length (FBL) and FL showed moderate positive effects
(LW), explaining approximately 54% and 45% of the varia-  on the height of the main stem (HMS). Furthermore, LB, FL,
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Figure. Path diagram of garden cress traits showing the direct effects in Ardabil

PucyHok. /luarpaMmma nyTeii iaMeHeHMsl XapaKTepHCTHK Kpecc-cajiaTta,
noxasbIBaIas NpsaMoe BJIMsIHNE B Apaeousie

and FD showed positive influences on total pods per plant
(PP). Although, FL, FD, FLO, and LB had moderate direct ef-
fects on PMS, their indirect effects via one another were low
(see Table 6). Similarly, their indirect contributions to LW
were also limited. LB and FL each showed moderate direct ef-
fects on SBP, with minimal indirect effects through one an-
other (see Table 6). FBL and FL demonstrated moderate di-
rect effects on HMS, but again with low indirect effects
through each other. In particular, LB had a stronger direct ef-
fect on PP (0.72) compared to FL and FD, with low indirect ef-
fects via these traits. FL also had a moderate direct effect
(0.40), with minor indirect effects through LB and FD (see Ta-
ble 6). FD showed a moderate direct effect on PP, but its indi-
rect effect through itself was moderately negative (-0.26),
and its indirect effect via FL was low. These findings partially
correspond with those of Bedassa etal. (2013), who found
that biomass, maturation time, and seeds per pod had large
direct effects on seed yield in their study of 49 Ethiopian gar-
den cress accessions.

To identify quaternary-order traits, the tertiary-order
traits were analyzed as targets. In Ardabil, lateral branches
(LB) and pods on the main stem (PMS) influenced total pods
per plant (PP), explaining approximately 75% of its variation.
Additionally, LB and first branch length (FBL) significantly
impacted days to flowering (FLO), accounting for 44% of the
variation (see Table 4). PMS and emergence duration (ED)
had a negative effect on emergence percentage (EMR), collec-
tively explaining about 13% of its variation. The indirect ef-
fects among LB and PMS, LB and FBL, and PMS and ED were
minimal (see Table 6).

In Eyvanki, the quaternary-order trait identified was first
pod length (FPL), which influenced flower length (FL), LB,
and FBL, explaining about 11%, 20%, and 31% of the varia-
tion, respectively (see Table 5). FPL exhibited moderate posi-
tive effects on FL (0.35), LB (0.46), and FBL (0.57). Based on
the results from both locations, the following traits: BIO, FBL,
FLO, LB, LL, LW, PB, PMS, PP, SBP, and SMSP, were identified as
influential across primary to quaternary orders in determin-
ing seed yield of garden cress. In Ardabil, the most effective
pathways for increasing seed yield were: LB — PP — PB —
BIO — SY, followed by LB — FLO — LL — LW — SY, and
FBL — FLO — LL — BIO — SY according to the Figure. In Ey-
vanki, the most efficient paths were: FLO — LW — LL — SY,
followed by FPL — FL — LW — BIO — SY, FPL — LB — PP —
PB — SY, and FLO — FL — PMS — SMSP — SY.

These variations in trait interrelationships across the two
environments highlight the influence of environmental condi-
tions, while the observed similarities suggest a genetic basis
rooted in the nature of the studied accessions. Overall, traits
such as leaf length (LL), days to flowering (FLO), leaf width
(LW), lateral branches (LB), pods per branch (PB), above-
ground biomass (BI0), and total pods per plant (PP) emerged
as the most important and reliable indicators of seed yield.
Emphasizing biomass and leaf traits can thus be considered
an effective strategy for garden cress breeding programs
aimed at yield improvement.

Plant breeders commonly use both point and interval es-
timators to ensure the reliability of extracted statistics. Resa-
mpling methods such as bootstrapping are especially useful
in this regard, as they provide robust estimators character-
ized by minimal bias and low standard errors for direct ef-
fects. In the present study, the use of 1500 bootstrap resam-
ples (Table 7) yielded very small standard errors and minimal
bias, confirming the statistical robustness and reliability of
the results. Furthermore, the application of path analysis re-
duced multicollinearity, particularly in the presence of highly
correlated variables. This was made possible by employing
stepwise linear multiple regression, which helped mitigate
the negative impact of multicollinearity on the analysis. This
approach is essential because it ensures that predictor vari-
ables remain independent at each stage of analysis. The cate-
gorization of measured characteristics into primary, second-
ary, tertiary, and quaternary orders was effective in resolving
multicollinearity issues. This methodological framework was
successfully applied in previous studies, including those by
Janmohammadi et al. (2014) on wheat, Zavoshti et al. (2023)
on common sainfoin, and Sabaghnia and Janmohammadi
(2024) on chickpea. Overall, this analytical model offers a de-
tailed grasping of relationships among traits and increases
the reliable properties of findings in plant breeding research.

The presence of correlations between seed yield and mor-
phological traits is valuable for identifying factors that can be
utilized in the indirect selection process to pinpoint
high-yielding genotypes. Achieving higher seed yield remains
a central goal in genetic improvement programs. However,
yield is a complicated quantitative characteristic affected by
multiple factors, both positively and negatively. Due to its low
heritability, direct selection for yield is unsuccessful; there-
fore, indirect selection via associated characteristics is pre-
ferred. In this study, seed yield in garden cress showed signifi-
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Table 7. Bootstrapping for path analysis for target and independent traits in Ardabil and Eyvanki

Ta6iuua 7. ByTcTpen-oueHKa AJ1s aHaJIn3a My TH JJIs BieJIeBbIX U He3aBUCUMbIX IPU3HAKOB B ApJe6usie U JUBaHKH

Ardabil Eyvanki

Y X Mean Bias SD Y X Mean Bias SD
SY SBP 0.218 0.065 0.140 SY SMSP 0.297 -0.006 0.077
BIO 1.092 -0.027 0.091 BIO 1.019 -0.006 0.102
LW -0.824 0.029 0.093 LL -0.592 0.011 0.084
SBP SMSP 0.531 -0.027 0.209 PB 0.261 0.005 0.045
PB 0.337 0.010 0.066 SMSP PMS 0.610 -0.014 0.075
BIO LL 0.961 0.003 0.058 SBP 0.406 0.023 0.120
PB 0.464 0.001 0.063 BIO LW 0.609 -0.001 0.078
LW LL 0.925 0.000 0.052 HMS 0.384 0.001 0.076
SMSP PP 0.559 0.004 0.116 LL LW 0.942 0.000 0.048
PB PP 0.989 0.001 0.019 PB PP 0.978 -0.001 0.026
LL FLO 0.526 0.021 0.113 PMS FL 0.492 0.005 0.123
EMR 0.328 0.001 0.102 FD 0.346 0.004 0.089
PP LB 0.718 -0.001 0.064 FLO 0.460 -0.009 0.126
PMS 0.346 0.006 0.072 LB 0.337 0.001 0.107
FLO LB -0.730 -0.002 0.121 SBP LB 0.379 0.006 0.084
FBL 0.396 -0.008 0.102 FL 0.356 0.007 0.102
EMR PMS -0.283 0.008 0.133 HMS FBL 0.348 -0.010 0.115
ED -0.276 -0.014 0.156 FL 0.313 0.016 0.139
Lw FLO 0.224 -0.020 0.140
FL 0.414 -0.001 0.129
FD 0.259 0.031 0.151
LB -0.280 0.000 0.108
PP LB 0.720 -0.003 0.086
FL 0.399 0.003 0.068
FD 0.248 -0.007 0.081
FL FPL 0.347 0.006 0.109
LB FPL 0.458 0.005 0.130
FBL FPL 0.568 0.009 0.119

cant positive associations with key yield components com-
mon to Brassicaceae species; such as number of seeds and
pods, aboveground biomass, and leaf traits; indicating the po-
tential for simultaneous breeding for both seed and leaf yield.
Current results align with the results of Rahimi et al. (2019),
who found a positive association between leaf characteristics
and seed yield. Similarly, Sabaghnia etal. (2016) detected
a positive relationship between leaf and seed yield in spinach
and recommended the concurrent selection for these traits in
leafy vegetables. Traits associated with seed yield may be
considered predictive variables in Brassicaceae crops, such as
garden cress. The significant direct and indirect relationships
observed in this study for leaf length, days to flowering, lat-

eral branches, leaf width, pods per branch, aboveground bio-
mass, and total pods per plant suggest that these traits are not
only positively related to yield but also genetically heritable
(Kakaei, Farshadfar, 2025). Therefore, their selection is likely
to improve both seed and leaf yield. In particular, the positive
association between days to flowering and seed yield sug-
gests that late-maturing accessions may accumulate more
biomass, which in turn enhances seed yield. Thus, selection
for days to flowering can indirectly support breeding for
higher seed yield. The overall pattern of direct and indirect
impacts confirmed via path analysis highlights these traits as
key selection criteria in breeding programs. Even a modest in-
crease in any of these traits may lead to significant yield im-
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provement, making them essential components in strategies
aimed at genetic enhancement of garden cress performance.

The findings revealed that yield is significantly associated
with several other plant characteristics, many of which
demonstrated both direct and indirect effects. One of the
most consistent and influential traits across both environ-
ments was aboveground biomass, which showed the largest
direct effect on yield. This highlights biomass as a critical
trait, not only in terms of its physiological role but also as a re-
liable indicator for yield selection. Tao et al. (2024) indicated
that when more biomass was invested in shoots of Brassicac-
eae family, like rapeseed, the seed yield would decrease. In
both locations, biomass contributed substantially to yield
performance either directly or through intermediate traits,
such as pods per plant or leaf width. This suggests that en-
hancing vegetative growth may inherently support reproduc-
tive yield in garden cress, aligning with previous findings in
related species, like maize (Adak et al., 2021), cotton (Chalise
etal, 2022), and some vegetable crops (Chaudhary etal,
2022). Another key finding was the significance of leaf mor-
phological traits, particularly leaf dimensions (length and
width). Although, these traits are typically associated with
vegetative performance, their moderate to strong correla-
tions and path coefficients with seed yield indicate a dual role
in plant productivity. This dual contribution supports the idea
of simultaneous selection for leaf and seed yield, which could
be especially advantageous in leafy vegetables, like garden
cress where both traits are economically valuable. Pods per
plant and their seeds (both on the branch and main stem) also
emerged as strong contributors to seed yield. These repro-
ductive traits directly affect seed output and are commonly
targeted in breeding programs. Their consistent presence as
significant predictors across both primary and secondary
trait orders underscores their importance in yield improve-
ment strategies. Moreover, traits like lateral branches and
days to flowering were found to influence these pod- and
seed-related traits, forming effective indirect selection paths.
For instance, the best predictive paths included such se-
quences as LB — PP — PB — BIO — SY in Ardabil, and FLO —
LW — LL — SY in Eyvanki. Environmental differences also
played arole in shaping trait interrelationships, while the
same traits were influential in both sites, the strength and or-
der of their effects varied, reflecting environmental modula-
tion of genotype performance. Nonetheless, the consistency
of key traits across locations emphasizes their genetic stabil-
ity and utility in breeding (Wang et al.,, 2024). Importantly, the
stepwise regression model and trait categorization (into pri-
mary, secondary, tertiary, and quaternary orders) helped re-
duce multicollinearity and clarified complex trait interac-
tions. The use of bootstrapping further validated the robust-
ness of the path coefficients and regression outcomes, ensur-
ing the reliability of the finding.

Conclusion

This study highlighted the importance of biomass, leaf
traits, days to flowering, and yield components as key factors
of seed yield in garden cress. The path analysis revealed both
direct and indirect relationships among traits across both lo-
cations. These findings support the use of indirect selection
strategies in breeding programs, enabling simultaneous im-
provement of seed and leaf yield under diverse environmen-
tal conditions. Breeders should prioritize indirect selection
for biomass, leaf traits, and reproductive components, partic-
ularly pods and seeds per plant, to enhance both seed yield
and overall productivity in garden cress.
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CesileKMOHHas oLleHKa ruopuaoB Olea europaea L.

C. 10. Ilronka, Y. B. Bys1asuH, H. A. Tapan, A. B. CuH4eHKo, B. A. Ilronka
Hukumckuil 6omaHuyeckuli cad - HayuoHanbHwlil HayuHblll yenmp Poccutickoll akademuu Hayk, Aama, Poccus

Aemop, omeemcmeeHHbliil 3a nepenucky: Cepreii I0pbeBud Lonka, tsupkanbg@mail.ru

AKTya/ILHOCTD. CesIeKIIHs HOBBIX BBICOKOYPOXKAHHBIX COPTOB SIBJISIETCS OJHON U3 HanboJiee 3P peKTUBHBIX CTPATETH OBBI-
meHust npousBozcTia Olea europaea L. [1o ganusiM I0C (International Olive Council), MupoBoe BrlpaniBanue MacJauHbI ole-
HuBaeTcs B 10,9 MJIH ra ¥ UMeeT TeH/IeHIUIO K yBesndeHU1o0. [loBbIlIeHHE CcIpoca Ha KOHCEpPBUPOBAaHHbIE IJIOZbI U OJIUBKO-
BO€ MacJi0 CTUMYJINPYeT MPOU3BO/IUTE/IEH HapaluBaTh 06’beMbI IPOM3BO/CTBA. BHEApeHHEe HOBBIX BbICOKOIPOAYKTHUBHBIX
copToB O. europaea ¢ BBICOKUM COJiep>KaHUEM MacJia B IIJIOJ[AX SIBJISIETCS aKTyaJlbHOU 3aa4ued.

MaTepuaJjibl 1 MeTOAbI. ViccienoBanus npoBoguiuck B 2022-2024 rr. Ha 60 rTH6pHUax MaCJIUHbI cesieKITMu HUKHUTCKOTO 60-
TaHUYeCKOro casia. B kayecTBe KOHTPOJIS KCITOIB30BATHUCH [IBA MPOMBIIIJIEHHBIX COPTA UTAJIbIHCKOTO MPOUCXOXK/IeHU — ‘As-
colano’ u ‘Corregiolo’.

Pe3ynbraThl. MI3y4eHbl OCHOBHBIE X0351HCTBEHHO-6HM0IOrHYeCcKHe TPU3HAKHU y 60 mepcrneKTUBHBIX THOPUA0B (YPOXKAaHHOCTD,
Macca IJI0/a, CoJiep KaHue Macjia, COOTHOLIeHHEe MAKOTH M KOCTOYKH, CPOKU ITPOX0XAeHHUsI OCHOBHBIX peHodas 1 /ip.). Beiss-
JIeHbl 3HAYMTe/IbHbIe BapHalluy X035IHCTBEHHO IIeHHBIX TPU3HAKOB ¥ N3y4YeHHBIX TeHOTHUIIOB Mac/JIMHBI eBPOTIEHCKOH o Mac-
ce I1oJa - oT 2,2 710 9,5 T, 10 coZiep>kaHuI0 Maca B miozAax — oT 16 0 33%, o COOTHOLIEHUIO MAKOTH U KOCTOYKH — OT 68 /10
92%, o ypoxxaiiHocTH - oT 1,6 10 12,8 T/ra. [lo KOMIJIEKCY 9KOHOMUYECKU 3HAYMMBbIX TPU3HAKOB HaWGOJIbIINN HHTEPEC A1
MTPOU3BO/[CTBEHHOTO UCIBITAHUS MPeACTaBJSIOT ruopuiHble popmbl 35-6/15, 35-5/31, 35-9/5, 35-16/13, koTOopble MOTYT
OBITh MCITOJIB30BaHbI JJIs1 CO3JaHHUsI OTedeCTBEHHOT0 copTuMeHTa 0. europaea.

3aksroueHue. Boisenensl reHoTunsl 0. europaea, IpeBOCXOASAIIE O KOMILJIEKCY XO3sIHCTBEHHO I[eHHBIX IIPU3HAKOB KOM-
MepYecKHe COpTa UTAJbSHCKOU cesekuuu ‘Ascolano’ u ‘Corregiolo’. Bbicokasi ypoXKalHOCTb, COZlepKaHHe MacJa B IJIOJIax
Y KPYTHOIUIOAHOCTD JieJIaeT 3TU T'MOPU/IbI TePCIEeKTUBHBIMHU [JIS UCII0JIb30BaHUS B CeJIEKI[UH U TPOU3BO/ICTBEHHOTO HUCITbI-
TaHUs B ycioBusx ora Poccuu. [lo pedysnbpraTtam vcciefoBaHui ru6puaHas ¢opma 35-16/13 nepenaHa yis perucrpaguu
B ['ocpeecTp cOpTOB ¥ TUOPU/IOB, AOMYILIEHHBIX K UCII0JIb30BaHUIO.

Karwoueswle c/108a: macnviHa, ypoXkKaiiHOCTb, COZiepXKaHKe Macja, pa3Mep IJI0/I0B, COPT, THOPU/,

baazodapHocmu: viccienoBaHMe BBINIOJIHEHO 3a CYeT CPeZCTB TpaHTa Poccuiickoro HayyHoro ¢oHza Ne 24-26-00066
(https://rscfru/project/24-26-00066/) Ha 6a3e YHukasbHOU HaydHOU ycraHOBKU «PUTOBUOI'EH» u LKIT «Pusnosoro-
OUOXMMHUYECKHe MeTO/bl UCCJIe/JOBAHUS PACTUTEIbHBIX 00 BEKTOBY.

ABTOpBI 61ar0AAPAT PEereH3eHTOB 3a UX BKJIAJ, B 9KCIEPTHYIO OLEHKY 3TOU PaboThI.
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Background. Breeding of new high-yielding cultivars is one of the most effective strategies to increase yields of Olea euro-
paea L. According to the International Olive Council (I0C), the world’s olive cultivation is estimated at 10.9 million hectares and
tends to increase. Rising demand for canned fruits and olive oil stimulates producers to increase production. Thus, introduction
of new high-yielding cultivars with high oil content in fruits is an urgent task.

Materials and methods. Studies were conducted on 60-year-old trees planted at a distance of 5 x 5 m from each other, with
a planting density of 400 trees per ha! and southern exposure of the slope. The experiment was conducted in 2022-2024 on
the leaves of 60 olive hybrids developed at the Nikita Botanical Gardens. Two commercial Italian cultivars, ‘Ascolano’ and ‘Cor-
regiolo’, were used as a control.

Results. Main agronomic and biological traits of 60 promising hybrids were studied (yield, fruit weight, oil content, pulp/stone
ratio, timing of the main phenophases, etc.).

Significant variations of useful agronomic characters, such as fruit weight (from 2.2 to 9.5 g), fruit oil content (from 16 to 33%),
pulp to stone ratio (from 68 to 92%), and yield (from 1.6 to 12.8 t/ha), were revealed in the studied genotypes of European ol-
ives. Based on a set of important agronomic characteristics, hybrid forms most interesting for production testing were identi-
fied: 35-6/15, 35-5/31, 35-9/5, and 35-16/13. They can be used to produce a domestic assortment of O. europaea.
Conclusion. 0. europaea hybrid genotypes were selected that surpassed cvs. ‘Ascolano’ and ‘Corregiolo’ in a set of important
agronomic traits. Good yields, large fruits, and high oil content make these hybrids promising for use in breeding and produc-
tion trials in the south of Russia.

Keywords: olive, yield, oil content, fruit size, cultivar, hybrid
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BBeaeHue

MacsivHa - 0JJHO U3 CTapeHIINX BO3/e/bIBaeMbIX pacTe-
HuM B Cpesju3eMHOMOpbe U BO BceM Mupe. Buz npunapse-
KUT K ceMelcTBy Oleaceae, KoTopoe BKJIOYaeT 0K0J10 28 po-
0B 1 0koJio 700 BUZ0B. U3BeCTHBI iBe OCHOBHbIE Pa3HOBU/-
Hoctu Olea europaea L.: O. europaea var. europaea u O. euro-
paea var. sylvestris Brot. (Mnasri et al., 2025). BoipaujuBanue
OJIUBKOBBIX JlepeBbeB OCTAeTCsl OJHUM K3 BaXKHEHLIUX BU-
JI0B CeJIbCKOXO3SIHCTBEHHOU JleITeJIbHOCTH BO BCEM MHUpe,
BHOCS1 3HAUUTEJbHBIN BK/IaJ, B 3KOHOMUKY U Ky/lbTypy (An-
agnostopoulos et al., 2025).

OJIMBKOBOE MacJIo sIBJISIETCSl HeOTbeMJIeMOH 4acThlo pa-
LJUOHa HacesleHUs cTpaH CpeAu3eMHOMOPCKOTO pervoHa
Y LIeHUTCS1 BO BCEM MUpe 3a CBOM BKYCOBbl€ XapaKTepPUCTHU-
KM, coueTawllle B cebe TOHKUI apoMaT W NPUATHBIN BKyC
C BBICOKOU nuIeBo# neHHocThIo (Li et al., 2025).

Pe3ysnbTaThl NPOrHO3UPOBAHHUS IPOU3BOACTBA MAaCJUHbI
Y cIpoca Ha IJIOAbI M OJIMBKOBOE MAac/0 MpeAroJaralT Cy-
llecTBEHHOe Oyjyliee yBeJHYeHHe NPOU3BOACTBA B HOBBIX
CTpaHax-MPOU3BOJUTEAX Mapaje]bHO C Gojee MeJJIeH-
HBIM POCTOM TpPaJULMOHHBIX €BPONENHCKUX MOCTABIIHUKOB.
KpoMme Toro, oxxujaeTcss 3HauUTeJbHbIH POCT MHUPOBOTO
cIpoca Ha 0JIMBKOBOE Macj0 Ha HeTPaJULIMOHHBIX PbIHKAX,
4YTO 06yCJI0B/JIEHO GOJIbLIEN 0CBEJOMJIEHHOCTBIO O MOJIOXKHU-
TeJIbHBbIX CBOHCTBAX 3TOT0 NPOAYKTA AJIA 3[J0POBbs, a TaKxKe
HM3MeHeHUsIMU B 06pa3e *KM3HU U POCTOM J0XO/,0B HECKOJIb-
KUX MOTPeOUTEeNbCKUX CerMeHTOB. JTH pa3BHUBalolluecs
PBIHKM IpejJjaraloT MHOroob6euiamlye nepcueKTUBbl A
MeX/IlyHapOJHOM 3KCMaHCUM KOMIAHHWHM MO NPOU3BOACTBY
osiBKoBoro mMacia (Mili et al,, 2021).

HecmoTpsa Ha To yTo EBpona coxpaHsieT JHAUpYOLMe
MO3ULIUM B NPOU3BOACTBE IJIOJAOB MacC/JWHBI, 10 JaHHbIM
®AO OOH, HabsroaeTcst 3HAYUTENbHbBIN POCT IPOU3BOACTBA
B cTpaHax A¢puku u Asum (https://www.fao.org/faostat/en/
#home; http://www.internationaloliveoil.org).

B Poccuiickoii ®Pefepaniuy cxofHble MOYBEHHO-KJIUMa-
TUYeCKHe YCI0BUs KYJbTUIE€HHOT0 apeajia MacJUHbl UMeeT
KpbiM, uTo AenaeT 0. europaea nepcrneKTUBHOW MacJUYHON
KyJbTYpOH A1 I0Ta Halllero rocyapcTBa. B HacTos1ee Bpe-
Msl OHa BbIpallliBaeTcs B CyOTponnyeckodl 3oHe Kpbima
u KpacHozapckoro kpasi, ofHaKo 6s1arofapsi BbICOKOH 3Ko-
JIOTMYeCKOH IIJIACTUYHOCTH BU/ja eCTh TOTEHLHaJl JJis1 BbIpa-
LIMBAHUA eT0 U B IPYTUX I0XKHBIX pernoHax Poccumn.

B HukuTcKkoM 60TaHUYECKOM caZy CO3/jJaH YHUKaIbHbIN
reHooH/ MacJUHBI, BKJIWOYAWLUK 267 COPTOB U OKOJIO
2000 rubpupHbix GopM. ITO Xopolias 6asa AJis NOTyIeHUs
COpPTOB C ompejesieHHbIMU NpusHakamu (Slobodova etal,
2023). Ux MOXXKHO cYUTaTb GeCLieHHbIM pe3epByapoM reHe-
THUYeCKOI'0 Pa3HOO6pa3Hs, U OHU MOTYT UMeTb 60JIbILOH 1O-
TeHIMaJ A5 CO3/JaHHsI HOBBIX COPTOB C BbICOKOH ypoxkalHO-
CThI0, XOPOLIMM KaueCTBOM ILJIOJJ0B, BBICOKUM COJlep>KaHUEeM
OJIUBKOBOI'0 MacJja W APYTMMH Ba)XKHbBIMHU X035IMCTBEHHO
LleHHbIMU KayeCTBaMHU.

Lleavo Hawell pabomyl ABJANACH KOMIIJIEKCHAsA OLleHKa
HOBBIX TH6PUAHBIX GOPM MaCJHUHBI EBPONENCKON U BblJeie-
HUe HauboJiee epCrneKTUBHBIX TeHOTUIIOB /15 UCI0JIb30Ba-
HUS B CeJIEKLUU U IPOU3BO/ICTBEHHOTO BbIpalLliMBaHUS.

MaTepnamﬂ U METOoAbI

Jlist uccie0BaHUM MCIIO/Ib30BaIM MHOTOJIETHHUE pacTe-
HUus O.europaea, mpouspacTamlle Ha KOJIJIEKIMOHHBIX
ydacTkax HukuTckoro 6oTaHu4eckoro cajia — HanuonaabHo-
ro Hay4yHoro nextpa (HBC - HHL, flaTa) B 0{UHAKOBBIX KJIU-
MaTHYeCcKUX U I0YBEHHbIX yCI0BUAX. MecTa oT6opa mpo6

Y IPOBeJIeHUs SKCIIepPUMEHTOB 0603HaueHbl KOOpAUHATaMU
GPS (44°51°24"N, 34°23’94"E, 200 M H.y. M.). B aTom paiio-
He - CyOTPONUYEeCKUH KJIHMMaT C CYXUM M >KapKHUM JIeTOM
Y BJIQXKHOW 3MMOH, NPU 3TOM 0CaJIKU B OCHOBHOM KOHILIEH-
TPUPYIOTCS B OCEHHUM M 3UMHUM ce30HBL. CpejHerogoBas
NpPOJO/KUTENbHOCTb COJIHEYHOTO CHUSIHUS  COCTaBJISIET
2285 yacoB, KOJIMYECTBO 0CaAkoB - 188 MM ¢ Masg 1o ceH-
T6pb 1 595 MM 3a BeCb roJl. AGCOJIIOTHBIA MaKCHUMYyM TeMIle-
patypsl coctaBisieT 39,0°C, aGCOMOTHBIA MUHUMYM paBeH
-14,6°C, cpegHerogoBasa TeMineparypa - +12,4°C, cpegHero-
Jl0Basi BJIQXXHOCTb Bo3Aayxa — 67%. [louBa 6ypas, ciabous-
BECTKOBAsl, TSXKeJOCYIJIMHUCTAs, Ha [VIMHUCTBIX CJaHIax
u u3BecTHskax (Korsakova, Korsakov, 2020).

HccnepoBanusas mnpoBogunucb B 2022-2024rr. Ha
60-70-1eTHUX JlepeBbsix co cxeMoU nocaaku 5 x 5 m (400 ge-
peBbeB Ha TeKTap) Ha CKJIOHe I0KHOW 3kcrno3uuuu. Ko-
TpoJibHble copTa: ‘Corregiolo’ - MUpOBOM cTaHJAPT, O UH U3
HauboJsiee pacnpoCTpaHEHHBIX COPTOB MacJUYHOTO HasHa-
yeHus (http://www.internationaloliveoil.org); ‘Ascolano’ (syn.
‘Ascolana Tenera’) - npoMbILLJIEHHBIHA COPT CTOOBOTO (KOH-
CEepBHOr0) Ha3HaueHUs, MUPOBOM CTaHAAPT B 3aCyXOyCTOM-
YHUBOCTH MacauHbl eBporneiickoi (Faraloni etal, 2011; Liu
etal, 2013; http://www.internationaloliveoil.org). CtpaHa
MPOUCXOXKJEHHS 060X KOHTPOJIbHBIX COPTOB — UTasus.

OneHka NPOJYKTUBHOCTH U CPOKOB NPOXOXKAeHUs PeHo-
Jornyeckux ¢as nposefeHa no Metoguke H. C. Camurysiu-
HoH (Samigullina, 2006). ®eHodasy «Hayaso LBETEHUSI» OT-
MeyvaJsly, KOTZa pacKpblBalOTCsl NepBble LBeTKU (0 5% Io-
yek), a peHodasy «KOHel| LIBETEHUSI» — KOTAA Ha JepeBe
oCTaeTcsa B IeJIOM COCTOSSHUU 6oJiee 25% I1BETKOB,
ay OCTa/IbHBIX JIe[IeCTKU B TOW WJIM HHOH CTelleHH yxe ona-
4. /laTo# Havasa co3peBaHUsA CUUTA/H [ieHb, KOTAa HaulHa-
JIX CO3peBaThb NepBble 3[,0poBble MI0Abl. C'beMHast 3pesioCTb
OTMedaJlach, KOrja IJoAbl NpHOOGpeTaJu CBOMCTBEHHYIO
COPTY OKpPAaCKy M MSKOTb MX CTAaHOBWJIACh NPUTOAHOM A/
nepepaboTKHU.

CojieprkaHMe OJIMBKOBOI'O MacJa B IJIOJAX ONpejessin
corsiacHO MeToay S. Lavee c coaBTopamu (Lavee et al.,, 1988).
JJ11 KaXK0ro U3MepeHHs 5 T CBeXero Me30KapIus BbICYLIN-
BaJsi1 nipu TeMnepatype 80°C, u3Mesibyaaiu B TeyeHHe 2 MUH
c nomoiubio romorenusartopa Ultra Turrax (IKA, FepmaHnus)
Ha cpefiHel CKOPOCTH, akcTparuposanu 10 M 1-xnopHadra-
auHa (1-CL-N) B TedyeHue 30 MUH, ypaBHOBELIHWBAJU IMPHU
KOMHATHOM TemnepaType B TeueHue 30 MUH, NpOMycKaau
yepes ObICTPbIA GyMaxkHbId GuabTp. UHAekc pedpakyuu
onpefensad ¢ nomoupio pedppakromerpa Nar-3T (Atago,
fAnonus) npu 25°C. TemnepaTtypy o6pa3uoB (25°C) noazep-
J)KUBaJIU Ha BoJsiHOU 6aHe 60-C5 (Atago, fAnoHus). Pesynbra-
Thl BBIBOJUJIUCh Ha KaJUOGPOBOYHOM KPUBOM, MOATOTOBJIEH-
HOH C 0JIUBKOBBIM MacsioM. PakTHYeCKOe CYUTbIBaHUE KaX-
Jloro 06pasLa NoBTOPS/IN TPU pasa.

CTaTUCTHUYeCKU aHA/IN3 AaHHBIX BbIIOJIHSAIN C UCIIOJb-
30BaHHEM NaKeTa NPUKJIAJHbIX nporpamMM Microsoft Office
(Excel), rpa¢uueckyto 06pa6oTky - B Phyton-6ubinorekax
Matplotlib and Scikit-learn.

Pe3ynbTaThbl

OTMeudeHO, 4TO HauboJiee paHHee NPOXOXKAeHUe PeHo-
¢dasbl «Havaso UBeTeHUs» 3adpukcupoBaHo 19.05 y rubpuja
35-5/15 (mpofo/KUTENbHOCTb LBETeHUs 14 nAHel), a Hau-
6osiee no3gHee - 14.06 y ru6puga 35-7/31 (puc. 1).

[To cpokam npoxoxaeHus: GpeHodas «HAYaNO0 LIBETEHUS»
U «KOHel]| [|BETeHUs» NIPOBeJieHa KJacTepu3alisi MeTO/L0M
k-means u rpynnupoBKa Ha cOpTa U TMOPUABI C paHHUM,
CPeJJHUM U MO3JJHUM CPOKOM LiBeTeHus (puc. 2). BbiiesneHo
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Puc. 1. Cpoku BBeTeHUs U coO3peBaHMs THGpUAHBIX popM Olea europaea L.
Fig. 1. Flowering and ripening schedules of Olea europaea L. hybrids
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Kiiactep A - reHOTHIIbI C pAHHUM CPOKOM IIBETEHHsT; KIacTep B - reHOTUIIBI CO CpeJHUM CPOKOM I[BETEHHS;
kJ1acrep C - reHOTHIIBI C TIO3/JHUM CPOKOM [[BETeHHUS /
Cluster A - genotypes with an early flowering period; cluster B - genotypes with a medium flowering period;
cluster C - genotypes with a late flowering period

Puc. 2. Pam>kupoBKa copToB ¥ ru6puaoB Olea europaea L. no cpokaM nBeTeHuUA (KJacTepusalu MeToAoM k-means)

Fig. 2. Ranking of Olea europaea L. cultivars and hybrids according to flowering schedules
(clustering by the k-means method)

15 reHOTHNOB, LIBETEHUE KOTOPBIX MPOXOAUT B paHHHUE CPO-
KU, KOT/Jja CpeIHECyTOYHas TeMIlepaTypa Bo3Jyxa JJOCTUTraeT
20°C. B aToT nepuoz cofep:kaHre MOYBEHHOU BJIarH sSIBJSIET-
cs1 ONITUMaJIbHBIM /151 QOPMUPOBaHUs OYAYyLIero ypoxas.

denodasbl «HavYaJI0 CO3pEBAHUA» U «KOHEI] cO3peBa-
HUSI» UTPAIOT BAXKHYIO POJIb B CBSI3U CO CPOKaMHU c6opa ypo-
»kasg. Hanbosiee mepcrneKTUBHBIMHU SBJISIIOTCS T€HOTUIIbI
C paHHMMU CPOKaMU CO3peBaHUsl MJIOZ0B B CBS3U C TEM, UTO
M03/lHOCO3peBalolye TeHOTUIbl HEPeAKO MOJ|BEPXKEHBI I10-
BpeX/IeHHUI0 IJI0fl0B Mopo3oM. Hanbosiee paHHee co3peBa-
HHUE IJIOJOB OTMe4YeHOo y rubpupHodl ¢opmbr 35-15/31
(c 08.10 mo 20.10), yTo Ha MecsI, paHbllle, YeM y KOHTPOJIb-
HbIX copToB ‘Corregiolo’ (08.11-16.11) u ‘Ascolano’ (10.11-
19.11). Ilo cpokam npoxoxjeHust peHodas «HaYas0 co3pe-
BaHUSI» U KKOHEL| CO3PeBaHU» TaKXKe IPOBeJeHa KJIACTEPU-
3alMs METOOM K-means U paHXXUPOBKa COPTOB U TUGPHUJIOB
Ha FPyNIbl C paHHUM, CPeJHUM U MO03JHUM CO3peBaHueM
mionoB (puc. 3). BoiesieHo 12 reHOTUNOB, OTJIMYAIOLIUXCS
paHHUM CcO3peBaHMEM, KOTOpPble MepCIeKTUBHBI A cesleK-
LMY Ha NPU3HAK paHHeCNeJoCTH I1oA0B. KoHTpo/bHbIE
copTa Mo CpoKaM CO3peBaHUs BbljiesIeHbl B IPYIILY CO Cpe-
HHUM CPOKOM CO3peBaHus IJI0/I0B.

YpoxkallHOCTb COPTOB U F'MOPUAHBIX GOpM BapbUpoBaja
oT 1,6 10 12,8 T/ra (puc. 4). BeigesneHo 13 reHOTUIIOB, KOTO-
pble M0 YPOXKaWHOCTH NPEBOCXOJAT KOHTPOJIbHbIE COpPTa.
Jly4iiyo ypokalHOCTb MOKasaau TuopugHble Gpopmbl 35-

16/13 (12,80 t/ra), 35-5/18 (10,76 T/ra), 35-8/28 (10,28 T/
ra), 35-8/4 (10,04 t/ra). CpenHsiss Macca MJIOJOB Yy COPTOB
Y TUOpUAHBbIX GopM BapbupoBasa ot 2,0 7o 9,6 I. BeigeseHo
20 rubpuaHbIX GOpPM C KpyIHBIMU IJIOJAMHU Maccod 5 u 60-
Jiee rpaMMOB (cM. puc. 4). HauboJiee KpynHBIMU IJI0JJaMH Xa-
pPaKTepU30BaNUCh CAEAYOLMe TeHOTUIbI: ‘Ascolano’ (9,6 1),
35-7/31 (9,5r), 35-5/31 (6,4T1), 35-6/15 (6,4T1), 35-5/15
(6,1r1), 35-9/5 (6,0 T), KOTOpBIE MOKHO HCIOJIb30BaTh KaK
copTa CT0JIOBOro (KOHCEPBHOI0) HazHaueHus. CpeiHss Mac-
ca MJIOZOB Y MUPOBOI'O CTaHJapTa — cOpTa MACJWYHOrO Ha-
3HavyeHus ‘Corregiolo’ - coctaBisina 2,7 .

OJHUM M3 3KOHOMUYeCKH 3HAaYUMBbIX IPU3HAKOB sIBJISET-
Csl COOTHOLIEHHEe MSKOTH U KOCTOYKH, CJyKalllee Ba)KHbIM
KpUTepreM IpU NPOH3BOACTBE 0JMBKOBOro Macsaa. COoTHO-
LIeHHe MSKOTH U KOCTOYKH B IJIO/laX U3y4YeHHbIX TeHOTHUIIOB
BapbupoBasa oT 68 1o 92% (cM. puc.4). Y KOHTPOJIbHBIX
COpPTOB 3TOT NOKa3zaTe b cocTaBJsii 88% (‘Ascolano’) u 76%
(‘Corregiolo’).

BeigeneHo deTblpe rubpuaHeie ¢opmbl: 35-4/32, 35-
6/15,35-16/13 u 35-5/15, KOTOpbIEe XapaKTePU30BAIUCH Ca-
MbIM BBICOKMM COOTHOIIEHHEM MSKOTH U KOCTO4YkH (90-
92%).

OTMeueHO, YTO cojiepKaHUe MacJia B IJI0ZaX U3y4YeHHbIX
06pas1os kosebanock oT 16% (rubpug 35-5/1) go 33% (ru-
6pugHble opmbl 35-13/2 u 35-3/7) (cm. puc. 4). Bocemb re-
HOTHIIOB I10 COZIeP>KaHMIO0 MacJjla HaXOAATCsS Ha YPOBHe WJIU
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Kiiactep A - reHOTHIIbI C pAaHHUM CPOKOM LIBETEHHUS; KJIacTep B - reHOTUIIBI CO CPpeIHUM CPOKOM L|BETEHMUS;
kJ1actep C - reHOTHUIIBI € TO3/lHUM CPOKOM LiBETeHUS /
Cluster A - genotypes with an early flowering period; cluster B - genotypes with a medium flowering period;
cluster C - genotypes with a late flowering period

Puc. 3. PaHxkupoBKa copTOB U rTU6GpuA0B Olea europaea L. o cpokam co3peBaHUsI IJIOAOB
(ks1acTepusaiys MeETOZOM k-means)
Fig. 3. Ranking of Olea europaea L. cultivars and hybrids according to fruit ripening schedules
(clustering by the k-means method)

HNPEeBOCXOAAT OJWH U3 JIYYLIMX MACJAUYHbIX copToB Cpeju-
3eMHOMOPCKOT0 pervona - copt ‘Corregiolo’ ¢ conepkaHueM
osinBKoBOTro MacJia 30%. MacJM4YHOCTb KOHTPOJIBHOI'O COPTa
CT0JIOBOTO (KOHCEpBHOro) Ha3HavyeHHUs ‘Ascolano’ 3Hauu-
TeJIbHO yCTyIaja MpaKTUYeCKH BCEM I'€HOTHIIAM W COCTaB-
ss1a 18%.

[To KOMIJIEKCY XO3MCTBEHHO LIeHHbIX NPU3HAKOB HaH-
OOJIBIIMKA MHTEPeC JJisi NPOU3BOJCTBEHHOIO HCIbITAHHUS
npeJCcTaBasoT rubpuguele dopmel 35-6/15, 35-5/31, 35-
9/5,35-16/13 (puc. 5).

[l10ABl JaHHBIX T'MOPUJIOB MOTYT MCII0JIb30BAThCSl Kak
JUIs KOHCEPBALMY, TaK U /151 HOJIy4eHHs 0JIMBKOBOI'O Mac/a.
JlaHHbIE T€HOTHUIIbl OTJIMYAITCS KPYHOIJIOLHOCTbIO: CpeJi-
HAs Macca mofa - 5,6-6,4 . ConepkaHue MacJa B IJIOJAX
cocraBsseT 26-29%, Bblile — y rubpuga 35-16/13. CooTHo-
HeHHe MSIKOTH ¥ KOCTOYKHU BapbupyeT oT 88% (rubpup 35-
9/5) no 92% (rubpup 35-16/13). YpoxkailHOCTb cocTaBJIsIeT
9,64-9,94 t/ra pas rubpugos 35-6/15, 35-5/31, 35-9/5;
MaKCUMMasbHas - y rubpuga 35-16/13 - 12,80 T/ra.

OGcyXkAeHMe pe3y/abTaTOB

CoBpeMeHHOE CeJIbCKOX03sIHCTBEHHOE TPOU3BO/ICTBO
0. europaea npexbsBJSET BbICOKME TPeGOBaHHUS K UCIOJIb-
30BaHUI0 COPTOB, KOTOPbIe JOJ/IKHbBI OTJIMYAThCSI BBICOKOU
YCTOMYUBOCTBIO K GUOTHYECKUM KU abUOTHYeCKUM GaKTo-

paM, XOpolleld ypoXKalHOCTbIO, KPYNHOIJIOJHOCTbIO, BBICO-
KHUM COJiepXKaHUeM MacJia B IJI0JaX U JPYTHMHU BaXKHBIMHU X0O-
3IMCTBEHHO IieHHbIMU mnpusHakamu (http://www.interna-
tionaloliveoil.org).

TpaZiMLIMOHHO MAC/JIMHY BbIPAIMBAIOT JIJI1 KOHCEPBUPO-
BaHMSA IUIOAOB U OTKMMa Macja; KpoMe TOTO0, MPOAYKTHI
nepepaboTKH IJIOJ0B U JIUCTbEB MAaCJMHbI YAaCTO UCIOJb3Y-
10TCs B apMaleBTUYeCKOH U KOCMETHYECKOW POMBILIJIEH-
HOCTH, CEeJIbCKOM X0351IHCTBE NPU NPOU3BOACTBE KOPMOB AJIs
YKUBOTHBIX U T. . (Mumcu, Deliboran, 2025; Masucci etal,,
2025).

[To fanHbIM PAO OOH, cpesiHAsA YPOKaHHOCTb OCHOBHBIX
NpOM3BOJUTEEN MAaC/UHbI cOCTaBsAET 2,4 T/ra B Ucnanuw,
2,7 T/ra B Utanuy, 2,2 t/ra B 'penuu (Russo etal, 2016;
https://www.fao.org/faostat/en/#home). CTOUT OTMETHUTBH,
YTO Ha YpOKaHHOCTb caZioB 0. europaea 3Ha4YUTEJIbHOE BJINS-
HUe OKa3blBaeT CxeMa MO0Ca/IKU PacTeHUH, HaJlnyue opolie-
HUS U MexXaHu3auus npousBozcTBa (Sola-Guirado etal,
2017). BelgensoT TpaJULUOHHbIe (3KCTEHCHUBHBIE) Cajbl
CIJIOTHOCTBIO Mocajku MeHee 140 sepeBbeB Ha rekTap
U ypoKalHOCTbIO A0 3 T/ra, UHTeHcuBHble (oT 200 g0
450 fepeBbeB/ra) - € ypo:kallHOCTbIO 5-7 TOHH B 60rapHbIX
yCaI0BUAX U 8-12 TOHH B YC/IOBUSX KaleJbHOI'O OpPOLIEHHUS,
ca/ibl C BbICOKOH IJI0THOCTBIO ocaaku (450 o 800 gep./ra)
U CylnepUHTeHCUBHBIe cazabl (o 2500 mep./ra) co cpenHew
ypoxkaiiHocTbIo okosio 12 T/ra (Tous, 2011).
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Fig. 4. Agronomic characters of commercial importance in hybrids
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Puc. 5. [Li1ogpl, KOCTOYKA M JIUCT KOHTPOJIbHBIX COPTOB M IepCNeKTUBHBIX TH6pUAHbIX popm Olea europaea L.:
A - ru6pup 35-6/15; B - rubpup 35-5/31; C - rubpus 35-9/5; D - rubpupg 35-16/13; E - koHTposibHbIH copT ‘Corregiolo’;
F - KOHTpOJIbHBIN copT ‘Ascolano’

Fig. 5. Fruits, stones and leaves of the control cultivars and promising hybrids of Olea europaea L.:
A - hybrid 35-6/15; B - hybrid 35-5/31; C - hybrid 35-9/5; D - hybrid 35-16/13; E - control cv. ‘Corregiolo’;
F - control cv. ‘Ascolano’

B Hamux wucciefoBaHusX npu cxeme nocagkud 400 ge-
peBbeB Ha TeKTap YpOXKalHOCTb KOMMepYecKHX COpPTOB
coctaBisiia 9,08 T/ra y MacauuHoro coprta ‘Corregiolo’
1 6,44 T/ra y KOHCcepBHOro coprta ‘Ascolano’. BeigeseHo
13 reHOTHUINIOB, OTJMYAIOIIUXCS BbICOKOM YpOXXKaWHOCTBIO.
MakcuMasibHast ypo:KalHOCTb OTMeuyeHa y Tu6puiHoN dop-
Mbl 35-16/13 (12,8 T/ra). [lokasaHo, 4YTO OT/AEJbHbIE T€HO-
TUIIbI MaCJMHBI ceJleKIIMM HUKUTCKOro 60TaHUYeCcKoro caza,
BblpallliBaeMble B G0TapHbIX YCJOBUAX MPU UHTEHCUBHOMN
cxeMe M0Ca/IKH, IPEeBOCXOAAT M0 YPOXKaWHOCTH COPTa, BbIpa-
muBaeMble B Cpeju3eMHOMOPCKOM peruoHe.

Kak ormeuart C. Del Rio u ]. M. Caballero no pesysbTa-
TaM usydyeHusd 112 coptoB B UcnaHuy, Bec njosa Bapbupo-
Basa oT 1,1 (‘Koroneiki’) go 10,4 r (‘Ascolano’), co cpeaHum
3HayeHueM 4,0 T, a COOTHOIlIeHHe MSIKOTb/KOCTOYKa KoJie6a-
Jock oT 4,0 (‘Razzola’) 1o 13,7 (‘Manzanilla de Jaen’), co cpef-
HuM 3HaueHueM 7,2 (Del Rio, Caballero, 2008). [Togo6HbIe pe-
3yabTaThl mnoJsydyeHbl M. Dehghan-Seresht ¢ coaBTopamu
(Dehghan-Seresht etal,, 2024) npu usydyeHuu 10 copToB

0. europaea pasJIM4HOrO reorpagpuyecKoro NpoOUCXOXK/AEHUs,
BbIpalllUBaeMbIX B pailoHe Annaba/ (MpaH). B Hamux uccie-
JlOBaHUS Macca mJjoja BapbupoBasa oT 2,0 (rubpup 35-
1/31) po 9,5t (rubpup 35-7/31), B To BpeMs Kak y copTa
KOHCEpBHOro Ha3HauyeHus1 Ascolano’ oHa cocraBusia 9,6T,
ay MmaciuuHoro copta ‘Corregiolo’ - 2,7 r. Beigenerno 20 ru-
6puHbIX GOPM C KPyHHBIMH II0JaMu Maccoit 5,0 u 6osiee
rpaMMoB. HauboJsiee KpynHbIMM IJIOZAMU XapaKTepU30Ba-
JIUCh caefyromue rubpuast: 35-7/31 (9,5 ), 35-5/31 (6,4 1),
35-6/15 (6,4r), 35-5/15 (6,1 1), 35-9/5 (6,0 T), KOTOpPBIE
MOXKHO MCIO0JIb30BaTh KaK I€HOTUIIBI CTOJI0BOrO (KOHCEpB-
HOTr0) Ha3HA4YeHHUs.

Kak ormeyvatot P. Mazliak (1970) u A Morettini (1972), co-
Jlep)KaHue MacJjia B Me30KapIuK 3peJibIX IJ10/I0B OJIMBbI Ba-
pbupyeT oT 5 10 35% B cbipoM Bece u oT 20 10 70% B cyxoM
Bece B 3aBUCHMOCTH OT COPTa U YCJIOBUH CaZloBO/CTBA. B Ha-
IIMX HCCAeOBAaHUAX COZepXKaHHe Macja B IUIOAAX COpTa
‘Corregiolo’ coctassssio 30%, a copta ‘Ascolano’ - 18%. Bo-
ceMb 'eHOTHIIOB 110 COZePXKaHUI0 Mac/ia HaXoAsATCs Ha YPOB-
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He WU NPeBOCXOAAT OAWH U3 JIyYLIUX MacCJUYHbIX COPTOB
CpefuseMHOMOpPCKOTO pervoHa - copt ‘Corregiolo’. Makcu-
MaJIbHOe cojiep>KaHue Macja B IJIoZilaXx OTMe4yeHo y TMOpUA-
HbIXx ¢opM 35-13/2 u 35-3/7 (33% Ha cbIpol Bec MSAKOTH
J107a).

BoiBOABI

U3 rubpugHoro Gponpa O. europaea BblJeeHbl FeHOTHU-
Ibl, KOTOpbIE IPEBOCXOAST KOMMepUyecKue copra ‘Ascolano’
1 ‘Corregiolo’ mo KOMILJIEKCY X03MCTBEHHO LIEHHbIX MPHU3HA-
KOB. VX I/I0/ibl YHUBEPCAJbHOTO Ha3HAY€HHUs, MOTYT HC-
0JIb30BAThCS JJI1 KOHCEPBALMK U MOJIyYeHUs] OJITMBKOBOTO
MacJia. JlaHHble IeHOTHUIIbI OTJIMYAIOTCS KPYMHOIJIOAHOCTBIO
(cpenHsis Macca miaofa — 5,6-6,4 ), BBICOKUM COAEpKaHUEM
Macsa B maojax (26-29%), XopolluM COOTHOIIEHUEM MSKO-
TH U KOCTOUkHU (88-92%) M NOBBIMIEHHON YpPOXKaHHOCTBIO
(9,64-12,80 T/ra), 4TO AesaeT 3THU TUGPUJbI MEepPCHEeKTUB-
HBIMM J1JI51 UCII0JIb30BaHUS B CeJIEKIIMHU U NPOU3BO/CTBEHHO-
ro UCNIbITaHUS B YCJIOBUSX tora Poccuu.
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6uoXuMH4YecKue u MoppomMeTpruiecKUe MoKa3aTeau KapTodeis
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AKTya/IbHOCTb. YbTpadHoJieTOBOe H3JlydeH e 6/1MKHero guanasona (YP-A) saBseTcsa BaXKHbIM 3KOJIOTMYECKUM PaKTOPOM
JU1Sl pacTeHUM. B yc/10BUSX 3allULEeHHOT0 IPyHTa PacTeH!Usl MOTYT UCNIbITbIBATh HeOCTaTOK Y P-061yuyeHNs U3-3a NOIJIOLLe-
HUA ero NOKPOBHBIMU MaTepHaJaMHy TeILIUL, YTO MOXKeT HeraTUBHO CKa3aThCsl Ha GU3MOJIOTHYECKUX PoLieccax.
MaTepuaJibl ¥ MeTOAbl. B JaHHOM 3KCeprUMeHTaJbHOM UCCIe0BaHUU POaHAIU3UPOBaHO BaAUsAHUe YP-A-06/1ydyeHUs Ha
MepHUCTeMHbIE pacTeHUs KapTodess coptos ‘Ilax’ u ‘HeBckUi nocie X NepecaZiky B PYHT B YC/I0BHUSAX 3aLIULIEHHOT0 IPYH-
Ta (MJIeHOYHas Temauua). B Temnnue o60pyf0BaH CEKTOP CO CBETOJHUOAHBIMU CBETHUJIBHUKAMHU (JJMHA BOJIHBI — 380 HM).
PacTeHusi-pereHepaHThl I0/IBeprasiu exxeJHeBHOMY 60-MUHYTHOMY 06J1y4eHHUI0 B BeuepHee BpeMs B TeyeHue 10, 20 u 30 cy-
TOK (BapuaHThl onbiTa: YO1, Y2, YP3), KOHTPOIbHBIM BapUaHT He N0/ BEPrascs LOMOJHUTENbHOMY Y P-A-06/1y4eHHUI0.
PesynbraThl. B X0/ NpoBeleHHBIX HCCIe[0BaHUMN BbISIBJIE€HO BiaUssHUe YP-A-06/1ydeHUs] Ha 6MOXMMHUYeCKHe NoKa3aTeln
kapTodess: cofepkaHre GOTOCUHTETHYECKUX IUTMEHTOB B JINCTbSIX, YDOBEHb CYXOr'0 BellleCTBa, KpaxMaJia U 061ero caxapa
B KJIyOHSAX. Pe3y/bTaThl 3KCIIepUMeHTa 0Ka3aJ/ly, YTo JONoJHUTe bHoe Y P-A-06/1y4eHre cl10cO6CTBOBAJIO YBEJIUUEHUIO KO-
JINYeCTBa MUHU-KJIyOHel. Y pacTeHuil kaptodesis copta ‘HeBckuit’ obliee uncio MUHU-KIY6Hel Bo3pocsio Ha 30% B BapuaH-
Te onbiTa Y1, B To BpeMs Kak cpe/iHsisl Macca MUHU-KJIyOHsI yMeHbluuaach Ha 10%. ¥ pactenuii copra ‘Illax’ Ha6Js1104a10Ch
yBeJIMYeHHe KoJM4ecTBa MUHU-KJIy6Hel Ha 10% Bo Bcex BapuaHTax onbiTa ¢ Y®P-A-focBeTKol. Hauboibliee cogep:kaHue
CyXOT0 BellleCTBAa B MUHU-KJIY6HsX copToB ‘Illax’ u ‘HeBckui’ ormMeuanu npu 10-gHeBHOU focBeTke YO-A-06/1yueHueM. Co-
JlepkaHue KpaxMaJa B MUHU-KJIYOHAX 060MX COPTOB GbLIO BbICOKMM, HaUOO/BbIINM — B BApUAHTE ONbITa C A0cBeTKOH 30 cy-
TOK.

3akao4yeHnne. YP-o6ydyeHre CTUMYIMpyeT GOTOCHHTETHYECKHe IPOLeCChl, yBeJUUHBasl CoAepKaHHe XJ0poduLIa U Kapo-
TUHOM/IOB, a TaKXKe BJIMsIET Ha yIJIeBOAHbIM MeTab0/IM3M, YTO NPUBOAUT K IOBBILIEHHIO COJlepXKaHHUsI caXapoB M KpaxMasa
B KJIYOHSX KapTodeis, K YBeJUYEeHUI0 KoJuyecTBa CGOpMUPOBAHHBIX MUHU-KJIYOHEH.

Katoueswie caoea: Solanum tuberosum L., Y ®-A-061y4eHue, Tennua, QOTOCUHTETUYECKUE TUTMEHTb], MUHU-KJIYOHU, MepU-
CTEeMHbIe pacTeHUs

BbaazodapHocmu: pa6oTa BbIIIOJIHEHA B paMKax rocy/JapCTBEHHOT0 3aZ,aHus, HoMep peructpauud HUOKTP 122031100058
3.

KosunekTuB aBTOpoB 61arogaputT Hay4uHbl ce/leKIIMOHHO-TeXHOJ0IMYeCKUI LIeHTP B 06J1aCTU KapTodeieBOACTBa YPalbCKO-
ro HUUCX - ¢ununana Yp®PAHUL, YpO PAH 3a npegocTaByieHHble /1Sl UCC/IeL0OBAaHUSl MEPUCTEMHbIE pacTeHUsl KapTodes;
000 I'K «CBeTOBbIe 1 JyieKTpUUeckue TeXHOJ0TUM» 3a IpeJ0CTaBJIeHHbIe /11 UCCIe[J0BAaHUS CBETUIbHUKHU.
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Background. Ultraviolet (UV-A) radiation is an important environmental factor with a significant impact on plants. Plants in
greenhouses often experience a deficiency in UV-A radiation that can negatively affect their physiological processes.
Materials and methods. An experimental study was conducted to analyze the effect of UV-A irradiation on meristem plants of
potato cvs. ‘Shakh’ and ‘Nevsky’ after their transplantation to a summer greenhouse. One sector of the greenhouse was equipped
with lamps emitting light at a wavelength of 380 nm. Regenerated potato plants of both cultivars were exposed to radiation for
10, 20, and 30 days (experiment variants: UV1, UV2, and UV3) for one hour in the evening.

Results. The analysis revealed the effect of UV-A irradiation on the biochemical parameters in potato, including concentration
of photosynthetic pigments in the leaves, as well as the content of dry matter, starch, and total sugars in the tubers. Addition-
ally, morphometric characteristics were studied, such as the number and weight of minitubers. The obtained results showed
that UV-A irradiation induced an increase in the number of minitubers and reduced their weight. For cv. ‘Nevsky’, the total
number of minitubers increased by 30% in the UV1 variant, while their average weight decreased by 10%. For cv. ‘Shakh’, an
increase in the number of minitubers by 10% was observed in all variants of exposure to UV-A. The maximum content of dry
matter in minitubers of both cultivars was registered under the 10-day exposure, exceeding the control by 9.5%. The starch
content in the two cultivars was high, with a maximum observed under UV3 treatment.

Conclusion. UV irradiation stimulates photosynthetic processes, increasing the content of chlorophyll and carotenoids, and
also affects carbohydrate metabolism, which leads to an increase in the content of sugars and starch in potato tubers and an
increased number of minitubers developed on regenerated plants.
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BBeaeHue

KapTtodesnb - ofHa M3 caMbIX Ba)KHBIX CeJIbCKOXO3SH-
CTBEHHBIX KYJIbTYP, KOTOPYIO YCIELHO BO3/eJIbIBAIOT B pas-
HBIX KJMMaTHYeCKUX YCJIO0BUAX. ITO AesaeT KyJbTUBUPOBa-
HUe KapTodeJisi 3HAaUUMbIM He TOJIbKO [IJIsl CeJIbCKOT0 X0351H-
CTBa, HO U /IJIs1 3KOHOMUKH B LieJIOM, a TaKxKe 151 obecneye-
HUSA NPOJOBOJILCTBEHHON 6e30MacHOCTH HaceseHus Poccun
(Sayapova et al., 2018). Biarogapsi yHUBEpPCaIbHOCTH U MHU-
TaTeJIbHbIM CBOMCTBaM KapTodesib CTaJl OCHOBHBIM IPOAYK-
TOM NUTAHUS BO MHOTUX CTPAHaXx.

Poct u pasBuTHe kapTodesss 3aBUCAT OT MHOXeCTBA
daxTopoB, BKJOYasA KJIUMaTHUYeCKHUe yCJIOBUs, TUI MOYBBI,
JIOCTYITHOCTb BOAbI U YA0OPEHUH, a TaK:Ke arpOHOMUYecKHe
npueMbl. Y4eT 3TUX GaKTOPOB M103BOJISIeT ONTUMHU3UPOBATh
YCJIOBUS [/ JOCTHKEHUS BBICOKOTO ypoxkasl U yJIydlleHUs
kadecTBa kuy6Hed (Akkamis, Caliskan, 2024). OpHuM u3
KJII0UeBBIX GAaKTOPOB, BJIUSIOIUX HA POCT U Pa3BUTHeE Kap-
TodeJsl, AB/IsieTCs cBeT. CBETOBbIE TOTOKH C Pa3INYHOU AJH-
HOM BOJIHBI UT'PAIOT 3HAYUTENbHYIO POJIb B POTOCUHTETHYe-
CKUX MpoLieccax, 4YTO OKa3blBaeT BJUSHUE Ha POCT U pa3BU-
Tue pacTeHUM kKaptodens (Gervais etal, 2021; Smirnova,
Podolian, 2024).

CBeTOBOM CNEKTP, AOCTUTAIOLIUI MOBEPXHOCTH 3eMJiy,
BKJIIOYaeT B cebs okoJio 7% yJabTpadHuo/IeTOBOrO HU3JIyde-
HUSA, W U3yYyeHHe ero BO3JeHCTBUS Ha pacTeHUsl HMeeT
OTPOMHO€ 3HaueHHe. ITO 3HAaHUe He TOJIbKO yI/y6JisieT Hallle
MOHMMaHHe OCHOBHBIX 3aKOHOMEPHOCTel 6HO0JIoruyecKux
MPOLIeCCOB, NPOUCXOASALIMX M0J] BO3JeHCTBUEM Pa3IMYHBIX
$aKToOpoOB, HO U OTKPBIBAeT HOBbIe NepCIeKTUBDI AJIs pakK-
TUYeCKOro NprMeHeHus1. Hanpumep, vcnoJsib3oBaHue J0M0J-
HUTeJBbHOro Y®-H3/ydeHUss MOXKeT CTUMYJINPOBATh CUHTE3
OpraHMYecKUX BeleCTB B paCTeHUAX, a TaKKe U3MeHATb
MPOJIO/KUTENBHOCTb GU3HO0JIOrHYecKuX a3 UX pa3BUTHUS.
J9TO co3/AaeT BO3MOXHOCTH [iJIsl BHeJpPEeHUs] WHHOBAIMOH-
HBIX arpapHbIX TEXHOJIOTUH, KOTOpble MOTYT 3HAYUTEJbHO
MOBBICUTb NPOAYKTUBHOCTb U YCTOMYHUBOCTb CEJIbCKOTO XO-
3s1cTBa (Solovchenko, Merzlyak, 2008).

AKTya/bHO M3yYeHHe OCBEIleHHOCTH B yCJIOBUSX 3alllU-
LIIeHHOT0 TPYHTa, UCIO0Jb3yeMble NMOKPBLITUS KOTOPOro 3a-
Jlep>KMBAIOT 4acTb COJIHEYHOI'O M3JIyYeHHsl, BKJIOYas Yilb-
TpaduosieToBoe. B cOBpeMeHHBIX TEIUIMIIAX MOXHO KOHTPO-
JINPpOBaTb MHUKPOKJIMMAT, YPOBEHb BJIAXKHOCTH U TeMIepa-
TYpYy, YTO N03BOJIsIeT CO3/aTh ONTUMaJbHble yCJI0BUSA JJIs1 PO-
cTa KapTodes U Apyrux KyabTyp. OlHaKO BaXKHO YYUTHIBATD,
YTO HeAOCTAaTOK YJbTPadHUOJIETOBOTO H3JyYEeHUs MOXKeT
MPUBECTH K CHHXKeHUI0 GOTOCHHTETUYECKOH aKTUBHOCTH U,
KaK CJeJiICTBHe, K YMeHblLIeHUI0 ypoxkalhHocTu. KapTodesb
B YCJIOBHSIX 3alIUIEHHOr0 TPYHTa KYJbTUBUPYIOT Ha 3Tale
MoJly4eHUs1 MUHU-KJIyOHel U3 MepUCTeMHbBIX pacTeHUH.

JddexTUBHOE yIIpaBIeHUe CBETOM U APyTUMHU dpaKTopa-
MH, BJIUSIIOIMMU Ha pPOCT KapTodess, ABJIAETCA KJIHOYOM
K YCIIeIIHOMY €ero KyJbTHUBHPOBaHHUIO. JTO TpebGyeT KOM-
IJIEKCHOTO MOAXO0/a, BKJIIOYAIOIIero Kak Hay4Hble HUCCIe/0-
BaHUs, TaK U IpaKTUYeCcKoe NIpUMeHeHHe N0Jy4eHHbIX 3Ha-
HUM B arpoHOMUU. ONTUMU3ALUA YCIOBUH JIJIs1 pOCTa KapTo-
desiss MOXKeT 3HAUUTEJBHO YIYYIIUTb He TOJbKO ero ypo-
»)KaHOCTB, HO U KaueCTBO, 4YTO B CBOIO OUepe/ib CKaXKeTCs Ha
6/1arOCOCTOSIHUM HacesJleHUs1 U TNPOJOBOJIbCTBEHHOM 6e3-
OTNAaCHOCTH CTPaHbL

Lesvto daHHO20 uccaed08aHUS SIBJISINIOCH U3YYeHHe BIIUS-
HUs gocsBeTku Y®-A c garHoi BoHbl 380 HM B TeueHue 10,
20 u 30 cyTok Ha MOopdpoMeTpUUeCcKHe U GUOXUMUYECKUE MO-
KasaTesJu pacTeHui kapTtodess coptoB ‘llax’ u ‘HeBckuif,
MOJIy4eHHBbIX MeTOJ0M MHUKDPOKJOHA/JbHOTO PAa3MHOXEHMH,
rocJie epecajiku UxX B TPYHT B IJIEHOYHYIO TEILIULY.

MaTepnanbl U METOoAbI

HccnepoBanus nposoauau B [lepmckom HUU cenbckoro
X03dMCTBa B IIepUOJ C UIOHA 1o aBrycT 2024 r. B kayecTBe
06'beKTOB HCC/Ie0BaHUS B3sJIM JiBa COPTA KapTodeisi cpe-
HepaHHeH rpynnsl CresoCTH, BKIOYeHHble B [ocygapcTBeH-
HBII peecTp ceJIeKIIMOHHBIX AOCTHXKeHUH o Bosro-BsaTcko-
My pervony: ‘lllax’ u ‘HeBckuif.

Jns uccnefoBaHUsA ObLIM HUCNOJb30BaHbl MEpPUCTEM-
Hble pacTeHUs, KOTOpble KyJbTUBUPOBAJIH in vitro Ha ara-
pU3MpOBaHHON NUTaTeNbHOU cpesie Mypacure - Ckyra B XU-
Muyeckux npobupkax ®1,5%1,6 cm ¢ 5 My nUTaTEBHOM Cpe-
Abl. [IUTaTeNbHYI0 Cpely CTepUIM30BaJHd aBTOKJABUPO-
BaHUeM npu Temnepartype 120°C B TedyeHue 22 MUHYT N1pU
JAaBsieHuu 1,0 aTM. 3aTeM pacTeHUs NOMelaly B KJIUMaTU-
4yeCKUH 6OKC U KyJIbTUBHPOBAJIU 28 CyTOK IPU TeMIlepaType
21-24°C u 16-4yacoBoM ¢oTonepuoe.

B skcnepuMeHTe yyacTBoBasio 256 pacTeHui, no 32 pac-
TeHHUsl KaXKJ0OTO COpTa B KaX[,0M BapuaHTe omnbITa (4 Bapu-
aHTa omnbiTa). /lanee pacTeHUs H3BJeKaJd U3 NPOGUPOK
Y BbICOXKMBA/IM B NATUJIUTPOBBIE COCyAbl B Temuly. B ka-
yecTBe Cy6GCTpara UCHoJib30BaHa TopdocMech (HU3UHHBIN
Topd, BepxoBoil Topd U necok B cooTHoweHuu 2 : 2 : 1). Co-
Jlep>KaHre OCHOBHBIX MU TaTeJ IbHBIX 3J1eMEHTOB B Cy6CTpa-
Te: a3oT (3,6 Mmr/100 r) mo 'OCT 27894.4-88 (GOST 27894.4-
88..., 1989), docdop (4,1 mr/100r) mo I'OCT 27894.5-88
(GOST 27894.5-88..., 1989) u kanuii (59,0 mr/kr) no I'OCT
27894.6-88 (GOST 27894.6-88..., 1989), o611ee comepkaHue
opraHuyeckoro Bemectsa - 41,2%.

s onpefiesieHus L0J14 3aepkuBaemMoro Y ®-A-usiyye-
HUA B TeYeHHe BereTallMOHHOTO NepHo/ia NPOBOAUIH 3aMe-
pbI IJIOTHOCTH GOTOHHOTO NMOTOKA BHE Y BHYTPHU TeILIUIbI
c nomo1ubio cnektpomerpa MK350S Premium. 3ameps! mpo-
BOJAMWJIM TpH pasa B cyTku: 8:00, 14:00 u 20:00.

J11 JaHHOTO 3KCIepUMeHTa B TellJMlle 060pyAOBalIU
CEKTOP CO CBeTOAUOAHBIMU obydaTensamu ECOLED-BIO-70-
UV Fito IP65, nznyyarimiumMu cBeT JJIUHON BoJiHbI 380 HM.
Pactenusi-pereHepanTbl kaptodesns copro ‘lllax’ u ‘Hes-
CKUI' moJiBeprajiy JaHHOMY 06JiydyeHUI0 B TeuyeHue 10, 20
1 30 cyTok (BapuaHThl onbiTa Y®P1, YO2 u YP3 cooTBet-
CTBEHHO) exkeZiHEBHO 10 60 MUHYT B BeuepHee BpeMsl. PacTe-
HHSA B KOHTPOJIbHOM BapUaHTe He IOJBeprajuch JOMNOJHU-
TeJibHOMY Y P-06J1y4yeHHIO.

MuHepa/ibHOe NUTaHHe 06ecleynBaJOCh BHECEHHEM
KOMILJIEKCHOTO BbICOKOKAQ4eCTBEHHOI'0 BOJ0PACTBOPHMOTIO
ynobpenus «Solar YHuBepcan 19:19:19+M3», copepaxallero
paBHbIe JJo/11 a30Ta, pocdopa u kanus. [oaUB ocy1ecTBIsII-
csl o Mepe Heo6xoAUMOCTH. [leproA BereTanuu kaprodess
coctaBua 100 cyToK. Y4yeT MUHU-KIyOHENH TPOBOAUIU METO-
oM crtowtHod y6opku mo 'OCT 33996-2016 (GOST 33996-
2016..., 2020). MUHU-KJIyOHU IO HAUOOJIbIIEMY NOTIEPEYHO-
My AMaMeTpy pas3feIuIu Ha TpU ¢pakuuu: ot 9 o 20 MM, oT
21 o 40 MM, oT 41 MM U 6oJiee.

CopepxaHre POTOCHMHTETUYECKUX NMUTMEHTOB ONpeje-
JS1Id MeToAoM cnekTpodoromerpuu Ha 10-u, 20-#, 30-i,
40-i u 50-#1 gHU 3kcnepuMeHTa. UccieyeMble IUCTbS pac-
TeHWU B3BellMBa/{, FOMOTreHU3UPOBa/IU B 96-NIPOLleHTHOM
3TUJIOBOM cnupTe. KapoTHHOU/bI ONpefiessiid NP AJHHe
BOJIHBI 440,5 HM, Xx710podUJLIT a — IPU JIJINHE BOJIHBI 665 HM,
xJ0poduii b - npu AjavHe BoJHbI 649 HM. KOHIIEeHTpauuu
XJ10pOPUJIJIOB Y KAPOTUHOU/LO0B PAaCCUUTHIBAIU N0 GOPMY-
JiaM BuntepMmanca - e Motca (Wintermans, de Mots, 1965).
B kn1y6HAX kapTodessl onpejessay KpaxMasa U caxapa Io
I'OCT 26176-19 (GOST 26176-2019..., 2020), a Takxe cy-
xoe BewectBo no 'OCT 33977-2016 (GOST 33977-2016...,
2019). B ganbHei1eM faHHble NpeACTaBJIeHbl HA BO3AYLI-
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HO-CyXoe BellecTBO. MccieoBaHUsS NPOBOAMJIM B Tpex-
KpaTHOW NMOBTOPHOCTH. [loJly4eHHble JaHHbIE CTATUCTHYE-
CKH 06pabOTaHbl C NPUMEHEHHEM METO/0B OMHUCATESbHOU
CTAaTHUCTUKH, KPDUTEPUEB «OMera-KBaApaT» AJisl onpejesie-
HUsI HOPMaJIbHOCTH pacnpe/iesieHusi BbIGOpoK, CThloleHTa
u Kpackesa - Yosinca - 4151 onpeJie/ieHUst J0OCTOBEPHOCTH
pa3IMuMi MexAy BapuUaHTaMM (B 3aBUCHMOCTH OT HOD-
MaJIbHOCTH paclipefie/ieHUs1 BbIGOPKH), AUCIEPCHOHHOTO
aHaJsIM3a. 3HAYMMbIMU CYMTAJIN PA3/IUUUs MEX/Y CDaBHUBA-
€MbIMU BEJIMYMHAMH C J0BEPUTENBHON BEpPOSATHOCTBIO0 95%
u Boile (P <0,05).

Pe3ysbTaThl U MX 06CYKAEHHE

YcpenHeHHbIE JaHHble U3MEPEHUN YPOBHS OCBELIEHHO-
CTU NpeJcTaBJieHbl B Tabaule 1. B xone HabawoeHUl, npo-
BeJleHHbIX ¢ 3 UI0HA 110 26 aBrycTta 2024 r., yCTaHOBJIEHO, YTO
IJIEHOYHOE MOKPbITHE TEIIUIbl, B KOTOPOM OCYLeCTBJIs-
JIOCh UCCJIeIOBaHUe, NOIJIOAeT B cpefHeM 55,6% coJiHeu-
HOT'0 CBeTa B YIbTpadH0JIeTOBOM AHalla3oHe. ITOT YPOBEHb
MOTJIOIEHHUsI MOXKET OKa3bIBaTh BJAUSHUE HA GOTOCUHTETHU-
YyecKue MpOoLEecChl, NpoTeKallie B PACTEHUSX, UTO B CBOIO
ouepe/ib MOXKET CKa3aThbCs HAa UX POCTE U YPOKAUHOCTH.

CTBYsl 3axBaTy CBeTa W paclIUpsis CIeKTpP IOIJIOLeHUs
(Theeuwen et al,, 2022). KapoTuHoubl, 06/1a7jast aHTUOKCH-
JQHTHBIMU CBOMCTBaMH, MHAaKTUBUPYIOT pa3/IMyHble aKTHB-
Hble ¢opMmbl Kucaoposa (APK) uTeM caMbIM 3aLiUMUIAIOT
MOJIEKYJIbI XJI0POGUIIIA OT OKUCIUTENbHOI0 OBPEX/JeHUs
(Pradedova et al,, 2011; Golovko et al,, 2022). ®oTocuHTeTH-
YeCKHMU ammapaT pacTeHUM o06J1alaeT BbICOKOM YYBCTBH-
TeJbHOCTBIO K BHEIIHUM BO3/eHCTBUAM, BK/IOYass U3MeHe-
HUA B KauecTBe OCBelleHHUs U YPOBHe YJIbTpadHo/IeTOBOTO
n3JydeHus. YabTpaduoeT MOXKeT OKa3blBaThb HeraTUBHOE
B/IMsIHME Ha GOTOCHHTETHUYECKHEe MPOLECChl, YTO NPUBOAUT
K U3MEHEeHUI0 KOHLIeHTpaluy 3TUX NUIMeHTOB. TakuM 06-
pa3oM, MOHUTOPUHI POTOCUHTETUYECKUX MUTMEHTOB M03-
BOJIIET He TOJIbKO OLleHUBAaThb COCTOSIHME pacTeHUH, HO
Y BBISIBJIAATh UX CIOCOGHOCTH K aJlaliTalluy B YCJIOBUSAX pas-
JIMYHBIX cTpeccoBbIX akTopoB (Kolodina et al.,, 2021; Rozen-
tsvet et al.,, 2024).

OnpeseneHue cofep:kaHusi POTOCHHTETHYECKHUX IIHT-
MEHTOB, BKJII0Yast XJIOPOQUJLI a U b U KAapOTUHOU/IbI, IPOBO-
aunu Ha 10-e, 20-e, 30-e, 40-e u 50-e CyTKU 3KCIEPUMEHTA.
[TonyyeHHBIe pe3yabTaThbl CBUAETENbCTBYIOT O TOM, UTO YPO-
BeHb XJIOPOOUJIJIOB YBEJUYUBAETCS HA MPOTSHXKEHUU BCETo
nepuoja o6JiydyeHHUs], OAHAKO T0C/e NpeKpalleHus: Bo3jei-

Ta6mua 1. UIHTeHCUBHOCTB CBeTa B 06/1aCTH y/IbTpaduosieTa B nepuo/, NpoBeAeHus ONbITa

Table 1. Light intensity in the ultraviolet range during the experiment

Il;10THOCTH POTOHHOTO MOTOKA Il;10THOCTH POTOHHOIO MOTO-
BHe Temaunsl, mW/m? / Ka BHYTpPH Temaunsl, mW/m? / CHmxenue YO, % /

Mara / Photon flux density outside the Photon flux density inside the UV reduction, %
Date greenhouse, mW/m? greenhouse, mW/m?

8:00 14:00 20:00 8:00 14:00 20:00 8:00 14:00 20:00
03.06.2024 20,52 9,91 6,75 8,37 571 2,93 59 42 57
10.06.2024 38,96 82,80 7,52 13,01 25,64 3,08 67 69 59
17.06.2024 38,31 82,13 5,50 14,83 41,62 2,50 61 49 55
24.06.2024 7,39 37,31 3,45 3,22 17,20 1,61 56 54 53
01.07.2024 33,28 47,31 18,84 15,42 27,77 8,08 54 41 57
08.07.2024 7,35 80,89 14,22 3,03 26,61 5,07 59 67 64
15.07.2024 17,63 19,05 18,42 9,83 9,06 9,24 44 52 50
22.07.2024 7,41 39,20 2,07 3,29 17,76 0,98 56 55 53
29.07.2024 8,16 33,30 3,21 3,15 15,50 1,58 61 53 51
05.08.2024 21,97 34,24 2,50 10,53 15,50 1,03 52 55 60
12.08.2024 17,86 14,83 1,96 8,16 6,39 0,86 54 57 56
19.08.2024 4,96 26,55 0,88 2,17 12,13 0,37 56 54 58
26.08.2024 11,13 58,96 0,92 5,53 27,19 0,33 50 54 64
CpeznHee 18,08 43,58 6,63 7,74 19,10 2,90 56,07 54,00 56,70

B cepearHe HIOHS B MOJIZieHb 66T 3aPpUKCHPOBAH MaKCH-
MyM norsomenus - 69%. KosmmdecTBeHHOE cosiepkaHue ¢po-
TOCUHTETHUYECKHX IUTMEHTOB, TAKUX KaK XJI0POPHUIIbI d U b
M KapOTHUHOW/IbI, IIPECTaB/ISIET COO0U OZMH M3 KJIHOUYEBBIX
GUOXMMHYECKUX aClHeKTOB MX aJialTalli¥ K CTPECCOBLIM
¢daxropam (Nikonovich et al., 2018). Xnopodwun a saBasieTcs
OCHOBHBIM KOMIIOHEHTOM ¢oTocucteMm I u I, B To Bpems Kak
XJ1I0pOGUIIT b BBINOJIHSIET BCIIOMOTATEJIbHYIO POJIb, CIIOCO6-

CTBUS YAbTPadHOJIETOBOTO H3JIydYeHHUs] HabJII0fAeTcs pes-
KOe CHIKEHHe UX COJieprKaHHsl. AHAJIOrMYHble U3MeHEeHHUs
GUKCUPOBATHCH U JJI1 KAPOTHHOUAOB. CTaTUCTUYECKH 3HA-
YHMBble PA3/INYyusl B COZEPKAHUU NMUTMEHTOB BBISIBUJIH yiKe
Ha NepBOM 3Tane u3MepeHu# (puc. 1). Pactenus: o6oux cop-
TOB B 9KCIEPUMEHTA/JbHBIX BapUAaHTAX ONbITA JEMOHCTPHU-
poBasu 6oJiee BLICOKHE YPOBHU COZlePXKaHUs IUTMEHTOB 110
CpaBHEHHUIO C PaCTEHHUAMH B KOHTPOJbHOM BapHaHTe.
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Puc. 1. Cogep:xxaHue GpOTOCHHTETUYECKUX MUTMEHTOB Ha 10-if JeHb 3KcnepuMeHTa
(* - 3HaYMMBble pa3/INYMUs MeXAy BapUaHTaMH ONbITA)

Fig. 1. Content of photosynthetic pigments on the 10th day of the experiment
(* - significant differences between the experiment variants)

Ha 20-e cyTku aKcriepuMeHTa pactenus copra ‘Illax’ nmpo-
JIeMOHCTPUPOBAJIM aHAJIOTMYHYI0 JUHAMUKY, IPU 3TOM 3KC-
NepUMeHTaIbHbIH BapuaHT YP2 CylecTBEHHO OTJIHYaJICH
OT KOHTPOJIbHOU rpynnbl U Bapuanta YO1 (puc. 2). B To xe
BpeMsl pacTeHUs1 copTa ‘HeBCKMH' NpPOSIBUJIM NPOTHUBOIO-
JIOKHYIO PeaKL{Io, YTO MOXET CBU/ETEJbCTBOBATb O HaJIM-

YUH COPTOBBIX Cl'IeLU/lq)I/I'{ECKPIX XapaKTEePUCTHUK, BIUAOIIUX
Ha CIOCOGHOCTD AallTUPOBATLCA K BOBAEP‘ICTBH}O yJabTpa-
(l)I/IOJleTOBOFO H3J1Iy4YeHHUA. 3tu pe3ysibTaThbl NOA4Y€PKHUBAOT
BaXXHOCTb y4eTa pasnuqnﬁ B peaKLudax Mex/ay COopTaMy,
a TaKXXe X YHUKAJIbHbBIX aJdlITUBHbIX MEXaHU3MOB B OTBET
Ha pa3JIndHbIe YyC/JI0BHUA o6nyqe1-u/m.
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Puc. 2. CogepxaHue GOTOCHMHTETHUYECKUX MUTMEHTOB Ha 20-i1 ;eHb 3KCIepUMeHTa
(* - 3HAUMMBbIe Pa3/INYHs MeXAy BapHaHTaMH OIbITa)

Fig. 2. Content of photosynthetic pigments on the 20th day of the experiment
(* - significant differences between the experiment variants)

Ha 30-e u 40-e cyTKM 3KCIepUMeHTa y pacTeHUM, Noj-
BEpraBIUMXCA JONOJHUTEJbHOMY O006JIy4yeHHIo, HabJoja-
JIOCh CHMXKEeHHe YPOBHSA BceX GOTOCUHTETHYECKHUX IUTMEH-
TOB. JTO, BEPOSATHO, YKa3bIBAeT Ha IEPECTPONKY CBETOCOOU-
parolero KoMIJIeKca 1 aJJalTal|io XJ10POIJIACTOB K YCJIOBU-
SIM OKHCJINTEIbHOTO CTpecca.

Ha pucyHke 3 npezcTaB/ieHbl JaHHbIE, TOJyYeHHbIEe Ha
50-e cyTKH 3KCIIEPUMEHTA, KOTOPble O0Ka3bIBalOT, 4YTO pac-
TeHUsA 060UX COPTOB COXPAHSIOT JJOCTATOYHO BLICOKOE CO-

JepkaHve GOTOCUHTETUUECKUX MUTMEHTOB JaXKe B YCIOBU-
X ynbTpadroseToBoro obysydyeHus BapuaHtoM YP2. dTu
pe3y/bTaThl MOAYEPKUBAIOT YCTOHYMBOCTb PACTEHUH HC-
c/lelyeMbIX COPTOB K CTPECCOBBIM paKTopaM, a TaKXe HX
CNOCOGHOCTD aZlAITUPOBATHCS K U3MEHSIOLUMCS YCI0BUSAM
OKpY>KaroLlen cpesbl.

JT0 HabJII0JeHNe CBUETENBbCTBYET O TOM, UTO 06a copTa
crnoco6Hbl 3GpHEKTUBHO aZaNTUPOBATLCA K JAHHOMY ypOB-
HIO yJIbTPadH0JIETOBOrO BO3JI€HCTBHS, YTO B CBOIO OYepelb
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Puc. 3. CogepxaHue GOTOCMHTETUYECKUX MUTMEHTOB Ha 50-i1 ileHb 3KCIepuMeHTa
(* - 3HaYMMBIe pa3/IM4Ms MeX/ly BApHaHTaMH ONbITA)

Fig. 3. Content of photosynthetic pigments on the 50th day of the experiment
(* - significant differences between the experiment variants)

MOXEeT HOJIOKUTEJbHO CKa3aTbCAd Ha MX QOTOCHUHTETHYe-
CKOM aKTUBHOCTH.

[Ipy HauMeHblIeM cofepKaHUU (GOTOCMHTETHYECKHX
IIUIMEHTOB y pacTeHUi copra ‘HeBckui' oTMeyeHO cTaTH-
CTHUYECKHU JIOCTOBEPHOE yBeJMYeHHe KOJMYeCcTBa MHHHU-
KJyOHeld Ha pacTeHHe B BapuaHTe Y®P1 mo cpaBHeHHIO
c koHTpoJIeM (6,59 wT. u 5,06 WT. cooTBeTCTBEHHO) (pHC. 4),
YTO MOXET CBUJETEJbCTBOBATh O TOM, YTO OJWH U3 MeXa-
HH3MOB aJjalTallMi pacTeHui KapTodesnsa k YP-06syyeHUI0

OCYIILECTBJIETCS 3a CYET CHMXKEHUS CyMMapHOTO COZepKa-
HUA GOTOCHHTETHYECKUX IUTMEHTOB.

[To o61eMy KOJIM4eCTBY MUHU-KJIyOHeH oTMe4yeHa TeH-
JIeHIUs yBeJIMYEHUs UX KOJIMYecTBa IPU JONOJIHUTETbHOM
Y®-A-06syyeHnn y KapTodesisi 060ux cCOpToB (TabI. 2).

[Ipu fomosHUTENBEHOM BO3zAedcTBUM YP-A-06/1ydeHus
Ha pacTeHUs KapTodesss 0TMeYaJoch JOCTOBEPHOE YMEHb-
IeHue cpeHeld MacChl MUHHU-KJIy6Held ¢pakuuu 21-40 MM
y coptoB ‘lllax’ u ‘HeBckuii’ B BapuaHTax ocBeleHus YP2
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Fig. 4. Number of minitubers in cvs. ‘Shakh’ and ‘NevsKky’: a - average number of minitubers per plant, pcs.;
b - number of minitubers per plant within the fractions (* - significant differences between the experiment variants)

Ta6una 2. O61iee KOJIM4eCTBO MUHH-K/IYyGHel Ha BApMaHT ONbITa (B BapuaHTe 32 pacTeHMs), IIT.

Table 2. Total number of minitubers per variant (with 32 plants in each variant), pcs.

Coprt / Cultivar KonTpos / Control yYo1 /UV1 Y®2 /UV2 Y®3 /UV3
‘Iax’ / ‘Shakh’ 211 232 230 230
‘HeBckuit’ / ‘Nevsky’ 162 210 172 176

u Y®1 cooTBeTcTBEeHHO (pHuc.5). Y copra ‘HeBckuit’ B Bapu-
aHTe o6sydyeHus Y®P1 mpousousio ymMeHblleHUe cpefHel
Maccbl MUHU-KJIy6Hel Ha 10%, B To BpeMs KaK KOJUYeCTBO
MUHU-KIY6HeH Bo3pocso Ha 30% (Tab.t. 3).

Takoe yMeHbIlIeHHEe MacChl KAYyOHEH B yCJIOBUAX JOMOJ-
HUTeNbHOTOo Y®-061yuyeHUs 110 CPAaBHEHUIO C KOHTPOJIbHOMN
IpyINoy MOXET yKa3blBaThb Ha lepepacnpejiesieHue pecyp-
COB BHYTpPH pacTeHHs1. B JaHHOM ci1yyae pacTeHUs, HOABEPT-
HMecs JONOJIHUTEJbHOMY BO3JEeUCTBUIO yiabTpaduoseTo-
BbIX JIy4y€H, MOTYT COCPEJJOTOYMBATh CBOIO 3HEPTHI0 He Ha

YBEeJIMYEHUH MacChl KJIyOHeH, a Ha GOpMUPOBAHUU GOJIbLIE-
ro UX KOJIMYECTBA, YTO JKeJaTeJbHO HAa 3TOM 3Tale CEMEHO-
BO/ICTBA.

OCHOBHBIMM KOMIIOHEHTAMH, COZEpPXALUMUCA B KJIyO-
HAX KapTodeJis, ABJISAITCS KpaxMall, caxapa, KJeT4aTKa, a30-
THUCTbIE COEMHEHMS, )KUPbI U 30JIbHbIE 3JIeMeHTHI (Serderov
etal, 2019; Shanina et al.,, 2024). Cogep:kaHre 3TUX BELIECTB
MOXKeT 3HAUMUTeJIbHO BapbUPOBATh B 3aBUCHMOCTH OT MHO-
»ecTBa $aKTOPOB. Bo-epBbIX, COPTOBbIE XapaKTEPUCTUKHU
KapTodesisi UrPAIOT KJIKYEBYIO POJIb, ONPe/esisisi FeHeTHYe-
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Puc. 5. CpesHsist Macca MMHM-KJIYyGHeEH, I: a - copT ‘1llax’; b - copT ‘HeBckuit’
(* - 3HaYMMble pa3/In4Yus MeXAY BapUaHTaMH OIbITa)

Fig. 5. Average weight of minitubers, g: a - cv. ‘Shakh’; b - cv. ‘Nevsky’
(* - significant differences between variants of the experiment)

CKYI0 IIPe/IPacIioIOKEHHOCTh K HAKOIJIEHUIO OTIpe/ie/IEHHBIX
BelecTB. Bo-BTOPbIX, yC/I0BHsI BbIpall[BaHUsI, BKJIIOYast THII
cy6cTpara, ypoBeHb y06pEeHUH, PeXXHUM M0JIMBA U arpOTeX-
HUYECKHe PUEeMbl, a TaK)Ke, YTO 0COOEHHO BaXKHO, OCBellle-
HUe, OKa3bIBalOT 3HAYMTE/JbHOE BJIMSIHME HAa OGUOXHUMHUYe-
CKMH coCTaB KJIyOHEH. ITO CBSI3aHO C TEM, UYTO KapTodesb sB-
JISIeTCSl CBETOJTIOOMBBIM pacTEHUEM U HEZIOCTAaTOK CBETa MO-
JKeT HeraTHBHO CKa3aThCs Ha €ro Pa3BUTHHU M HAKOILJIEHHUU
NMUTATeJbHBIX BelllecTB (Serderov et al., 2019; Qi et al., 2020).

B paMKax uccie/joBaHHs MPOaHAJU3UPOBAHO COJleprKa-
HHe CyXOH MacChl, KpaxMaJjia U CaxapoB B MHUHHU-KJYGHSX
KapTodesisi. PeaysibTaThl 3TUX UCC/IEL0BaHUM TPe/iCTaBIeHbI
B TabJsuie 4.

Hau6ousibliee coziep’kaHue CyXoro BeleCTBa B MHHHU-
KJIyOHAX Habuwogaetcsa npu 10-cyTouHod Y®P-mocBeTke
y copra ‘lllax’ - 25,15%. OTMedeHa TeHAEHIHS ero YBeJnye-
HHSI 110 CPAaBHEHHUIO C KOHTPOJIbHBIM BapuaHTOM Ha 9,4%.
AHanoruyHble pe3ysibTaThl HAGJIOAAIN Y PaCTeHUH copTa
‘HeBckuit. B BapuanTax Y®1 u YP3 yBesnnueHue cojepxa-
HHSI CyXOr0 BeIecTBa [0 CPaBHEHUIO C KOHTPOJIbHBIM BapH-
aHToM coctaBusio 10,1% u 10,8% coOTBETCTBEHHO.

OCHOBHYI0 4acTb CYXOTr0 BEIECTBa KJIyGHsI KapTodes
COCTaBJISIIOT YIVIEBO/bI, KOTOPble HUTPAIOT KJIOYEBYH POJib
B ero GUOJIOTHH U ONPEeJesSIOT NMUTATEeJbHYH LEHHOCTb.
YriieBoAbl SIBJASIIOTCS [VIABHBIM HPOAYKTOM (POTOCHHTE3a,
obecrneynBasl pacTeHUsi HEO6XOAUMOMN 3HEPTHEN /s pocTa
U pa3BuTHs. OHU C/IyKAT OCHOBHBIM CYy6CTPaTOM JiJIsl [ibIXa-
TeJIbHBIX IPOLIECCOB, @ TAK)KE BBICTYNAIOT B KauecTBe GpopMbl
3amacaHusi ¥ TPaHCIIOPTUPOBKH yIyiepoJa B pacTeHuH (Ser-
geeva et al., 2022; Ahmad et al., 2024).

Yr/ieBo/ibl CIIOCOGCTBYIOT MOBBINIEHUID YCTOWYHUBOCTH
KapTodesisi K HU3KUM TeMIlepaTypaM U JpyruM He6Jsaro-
HNPUSTHBIM YCJOBHUSIM OKpYKaloled cpejbl. ITH BellecTBa
TaKXKe SIBJISIOTCS BaXKHBIMM I10Ka3aTeJIsIMU NPOJYKTUBHO-
cTH KapTodeJis, TaK KaK UX CoZiepKaHue HAMpsSIMYI0 BJIHsIET
Ha ypOXKaHWHOCTb U Ka4yeCTBO KJIy6Hel. B ki1y6He kapTodess
YIJIEBO/JbI B OCHOBHOM Ipe/iCTaB/ieHbl B ¢popMe Kpaxmasia
(Voronkova, 2012; Kurdziel et al., 2022).

CofieprkaHye KpaxMasia B MUHH-KJIYOHSX 000X COPTOB
kapTodesisi GbLJIO JAOCTATOYHO BBICOKMM. IIpH JOCBeTKe
30 cytok (Y®3) 3adpuKCUPOBAHO 3HAYUMOE YBEJUYEHHE CO-
JlepkaHusl Kpaxmana jgo 19,45% y MuHuU-kIy6HeH copTa
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Ta6smmua 3. CpegHAS Macca 061ero KOJIM4ecTBa MUHHU-K/IYyGHe Ha BADUAHT ONBITA
(B BapuaHTe onbiTa 32 pacTeHus), r

Table 3. Average weight of the total number of minitubers per variant
(with 32 plants in each variant), g

Copr / Cultivar KoHTpos / Control Y®1 /UV1 Y®2 /UV2 Y®3 /UV3
‘llax’ / ‘Shakh’ 27,68 30,16 27,24 30,86
‘HeBckuit’ / ‘Nevsky’ 34,23 30,63 35,24 36,45

Ta6smua 4. CogeprkaHue Cyxoro BellleCTBa, KpaxMaJia U 0611ero caxapa B MUHU-KIYGHAX, %

Table 4. Content of dry matter, starch, and total sugars in minitubers, %

Copt / Bapuanr / Cyxoe BelmecTBO / Kpaxman / O6umii caxap /
Cultivar Variant Dry matter Starch Total sugars
KonTposb / Control 22,98 + 3,25 17,39 +1,02 0,6+0,12
yo1/UvV1 25,15+2,14 16,56 £ 0,87 0,9+0,25
‘lax’ / ‘Shakh’
Yo2/UV2 23,07 £ 2,56 17,33 +0,59 0,7+0,10
y®3/UV3 21,36 £2,34 19,45 + 0,98* 1,1+0,19*
KonTpousb / Control 19,58 + 2,81 16,59 + 0,85 0,8+0,27
Yy®1/0vV1 21,56 + 1,67 16,87 + 0,50 0,6 +0,16
‘HeBckuit’ / ‘Nevsky’
Y®2/UV2 19,77 £ 2,09 16,55+ 0,73 1,1 £0,19
Yo3/UV3 21,69 +1,48 15,19 + 0,69 1,3+ 0,20*

HpuMeanMe: * — 3HaYUMble passnviudg Mexy BapuaHTOM OIIbITA U KOHTPOJIbHBIM BApHAHTOM

Note: * - significant differences between the experiment and the control variants

‘Ilax’. B MuHU-KIyOHSAX copTa ‘HeBckuil' cTaTHCTHYECKHUX
3HAYMMBIX Pa3/JIM4M{ MO COJlePKaHUI0 KpaxMasa Mexy Ba-
pHAHTAMH OINbITA He BBISIBJIEHO.

[lpy ucnonb3oBaHuM BapuaHTa Y®P3 B MUHHU-KJIYGHSX
060UX HCCJIe[OBAaHHBIX COPTOB MPOUCXOAMJIO YBeJUYeHUe
coJlepKaHHsl caxapoB MO CPAaBHEHHIO ¢ KOHTpoJsieM Ha 0,5%.
doToCHHTEeTHYECKHE NPOLECCh] U HAKOIJIEHHE CaxapoB B3a-
uMocBs3aHbl. Caxapa CIyKaT OCHOBHBIM HCTOYHHUKOM JHep-
TMU [l pacTeHUH, oGecrnedrBas HEOOXOAUMbIE YCJIOBHUS
JLJ1s1 IpolieccoB GOTOCHHTE3A U AbIXaHHUs. B yacTHOCTH, IUTio-

K03a U QPYKTO3a, ABJSASACH NPOCTHIMHU CaxapaMH, UCIOJIb3Y-
I0TCs1 B KayeCcTBe CyGCTPATOB JJIsl CHHTe3a GoJiee CI0XKHBIX
YIJIEBOJOB, TAKUX KaK KpaxMaJs, KOTOPbIH HaKaIlJIMBaeTCsl
B KJIYOHSIX U CIYXKUT 3allacoOM NMUTATeJbHBIX BemecTB (Hai-
der et al,, 2023; Fleming, Morris, 2024).

JucrepcHOHHBIA aHa/IU3 MOJYYEeHHBIX AAHHBIX M03BO-
JIUJ CAeJIaTh BBIBOJABI O BeJIMYMHE BKJIAJA B OCILYI0 U3MEH-
YUBOCTb M3y4aeMbIX Nl0Ka3aTesell GpakTopa JocBeTKH YP-A
U bakTopa reHoTHNa (copTa), a TAKXKe UX COBMECTHOM BKJIa-
ze (Ta6us. 5).

Ta6smmna 5. OneHKa BK/Iaja uccjieyeMbiX GaKTOPOB B OGLIYI0 H3MeHYNBOCTh U3y4YaeMbIX MoKa3aTesiei, %

Table 5. Evaluation of the contribution of the studied factors to the total variability of the examined indicators, %

Hccnepyemblii nokasareJsb / Indicator examined
® F ]:z:n::eg;zoﬁn:;— CpejHsAA Macca CorenKanme Copep:kaHue
asropaAHactors y MHUHH-KJIyGHeH / 06mumii caxap / Aep xyopodunos /
OJHO pacTeHue / . KpaxmaJsa /
.. Average weight Total sugars Chlorophyll
Number of mini- i Starch content
of minitubers content
tubers per plant
dakTop Hac/leACTBEHHOCTH
(renotun, copt) / Genetic 40,2 15,2 17,8 35,8 21,1
factor (genotype, cultivar)
CD?KTOp ocellenus / Radi- 25,0 33,6 12,7 35 12,2
ation factor
Bsanmoaencmne daxkTo- 51 124 56,5 55,8 43,7
poB / Interaction of factors
[Tpoune ¢pakTopsl / Other 29,7 38,7 13,0 4,9 22,9
factors
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B3aumogeiicTBUe (GAKTOPOB OCBEIEHHS M TEeHOTHIA
Hau6oJiee 3HAYUMO /IS TIOKa3aTeJel CofiepXKaHusl 06Iero
caxapa, KpaxMaJja H xjopodusioB. Ha kosumdectBo cdop-
MHUPOBAaHHBIX MUHHU-KJyOHEH BJIMSIET NPEUMYLIECTBEHHO
dakTop HacneacTBeHHOCTH (reHoTuI / copt). Ha cpegHioro
Maccy MMHU-KJIyGHEH BIUSIOT MHOTHE poyre GpaKTopbl, HO
dakTop YP-A-10CBETKH BHOCHUT CYLECTBEHHBIN BKJIAJ.

3ak/iloueHue

Y®-A-06/1y4eHre CIOCOGHO aKTUBUPOBATh GOTOCHUHTE-
TUYeCKHe MPOLecChl, YTO B CBOIO o4epesb IPUBOAUT K yBe-
JINYEHUIO COZlepP>KaHUs xJ10poduia U KApOTUHOU/OB B pac-
TeHUsAX. Y P-A-06/1yueHre MOXKeT CIOCOGCTBOBATh yBenye-
HUIO KOJINYeCTBa MUHHU-K/IyOHEeH, IPU 3TOM BO3MO>KHO CHU-
»KeHUe UX Macchl. Y pacTeHuil copta ‘HeBckuil’ o61ee KoJu-
4YeCTBO MUHU-KJIYyOHeN yBesnuuaoch Ha 30% mpu UCHOJb-
30BaHUM BapuaHTa Y®1, B To BpeMs Kak CpeJHss Macca
KJ1yO6Hel cHU3MuIach Ha 10%. 3To MoXeT yKa3blBaTb Ha TO,
yTo Y®-A-06/yueHUe CTUMYJIUPYeT KJyOHEoOpa3oBaHHUE,
HO NPYU 3TOM MOXeT NPUBECTU K yMEeHbLIEHUIO CpeJHero
pa3Mepa KJy6Hs, 4TO TpebyeT AaibHelllero usydeHus Me-
XaHU3MOB, JIeXKalllUX B OCHOBe 3TUX U3MeHeHUH. YUuThIBas,
YTO NPHU MOJy4eHUU CEeMEHHOro MO0CaJJouHOro MaTepuaja
Ba’XHO UMEHHO KOJINYeCTBO CPOPMUPOBAHHBIX MUHU-KJIY0-
Hell, To YO-A-focBeTKa MOXKET ObITb PEKOMEH/I0OBaHA AJIs
HCI0JIb30BaHUSA B IPOU3BOACTBE MUHU-KJIyOHEH B IJIeHOY-
HbIX TeIJIMIaX, IOKPOBHbIe MaTepHuaJ/ibl KOTOPbIX 3a/jePKHU-
BaloT YP-A.

Kpome Toro, Y®P-A-06/1y4eHre MOXKeT OKa3blBaTb BJIUS-
HUe Ha YIJIeBOJHbIH MeTab0JIM3M, YTO CIOCOOCTBYeT MOBBI-
LIEHUI0 YPOBHSI CaxapoB M KpaxMaJia B KJIyOHAX KapTodes.
Copep:kaHMe KpaxMaJla B MUHU-KJYOHSX 060MX COPTOB
6blJI0 BBICOKUM, IIPY 3TOM HaKW6OJIbIlIMe 3HAYeHUs] OTMeue-
Hbl NPU JONOJHUTeNbHOM Y®-A-06/1yueHUH B TeuyeHUe
30 cyToK. ITO yKa3blBaeT Ha TO, YTO Y P-A-061yyeHHE MOXKET
He TOJIbKO MOBBIIIATh KOJIMYECTBO KJAyOHeH, HO U yIy4llaThb
HX KaueCTBEeHHble XapaKTePUCTUKH, YTO SABJISETCS Ba>KHbIM
acneKkTOM A5 CeJIeKLIMM U arPOHOMUYECKOHN MPaKTHUKHU.

Bnusinue ¢akrtopa YP-A-06/1y4eHuss AJisi KyJbTUBUPO-
BaHUSA pacTeHUN KapTodess in vitro siBasieTcsl 3HAYUMbIM
dakTopoM AJ11 HEKOTOPBIX MOKasaTesel: cpefHss Macca
MUHU-KJIyOHEN, KOJIMYECTBO MUHU-K/Iy6HEN Ha OZJHO pacTe-
Hue. [l1s nokasaTesiel cofep:kaHUs 06lLero caxapa, Kpax-
MaJjla U XJ0pOPUJLIOB UrpaeT GOJbIIYI0 POJIb B3aUMOeM-
ctBUue paktopa YP-A-06syueHUs] U 0OCOOEHHOCTEN [€HOTH-
na (copta).

Takum o6pa3oM, pe3ybTaThl HALIUX UCCIeJOBAaHUH MOJ-
YepKHUBAIOT MOTEHLHaJ HCHosb30BaHUs Y®P-A-061ydyeHus
KaK 3(QQeKTUBHOrOo TEXHOJOTMYEeCKOro IMpHeMa, CI0C06-
CTBYIOILIEr0 NMOBbILIEHUI0 KaK KOJIMYeCTBEHHBIX, TaK U Kaye-
CTBEHHBIX NOKa3aTeseld KiayoHel kapTodess. OfHAKO A
ONTHMHU3ALUU 3TOrO Mpollecca ¥ MUHUMM3ALUM HeraTHB-
HbIX 3¢ PEKTOB, TAKUX KaK CHIXKEHUE MacChl KJIyOHS, HEO6-
XOJMMBbI JlaJibHellllMe UCC/e/JOBaHUS, HallpaBJeHHble Ha
H“3y4yeHHe PA3/JIMYHBbIX PEeXUMOB 00JyuYeHUs] U UX BJIUSAHUA
Ha KOHKpeTHbIe copTa KapTodes.
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KOJIVIEKODUU MUPOBBIX TEHETUYECKHUX PECYPCOB
KYJIGTYPHBIX PACTEHHWH JJ11 PA3BUTHSA MNPUOPUTETHBIX
HANPABJIEHUH CEJIEKIIUU
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CeJIeKIIMOHHBIH NOTEHIIMAJI 06Pa30B ryapa u3 KosieKuuu BUP
MPH OLleHKe B yca0BUAX Poccuiickoid Peaepanuu

M. A. Bumnasakoga’, P. A. Illayxapogs?, H. B. Kouepuna?, C. B. Apxumangapurosal, E. A. /I3i06eHKo!

1 @edepanvHulii uccaedosamensckuil yenmp Beepoccutickutl uHcmumym 2eHemuyeckux pecypcoe pacmenutl
umeHnu H.U. Basusoea, Caukm-Ilemep6ype, Poccus

2 @edepasbHulii uccaedosamenvckuli yenmp Bcepoccutickuii uncmumym 2eHemuyeckux pecypcog pacmenutl
umeHu H.H. Basusoea, Boazozpadckas onbimHasi cmanyusi — puauaa BUR KpacHocao60dck, Poccus

Aemop, omeemcmeeHHblil 3a nepenucky: Mapraputa ApaHacbeBHa BuiHsakoBa, m.vishnyakova.vir@gmail.com

AxTtyanbHOCTB. ['yap (Cyamopsis tetragonoloba (L.) Taub.) - 3epH06060B0O€e KYJIbTypHOE pacTeHHEe TPOMUYECKOT0 MPOUCXO-
KZ,eHUs, NoJIydMBIlee B NOCJe[HHe oAbl Oecrpele/leHTHYI0 NONy/AspHOCTb 6/1arojaps HaJU4YHIO B €ero ceMeHax KaMeJu.
HUcnonb3oBaHue ryapoBoil kKaMeu B 06b14e HedTH U rasa NpujaeT KyJlbType cTpaTeruieckoe sHa4eHHe. ITO MOCIYKHUIIO0
MIOBOJIOM J1/1s ero MHTpoAyKuuu B Poccuiickyto ®enepanuio (PP) B Hayane XXI Beka M aKTUBHOM CeJIeKIIUH OTe4eCTBEHHBIX
copToB. BocTpe60BaHHOCTb KOJIJIEKIIMH I'yapa Pe3KO BO3POCIIa, YTO MOCTYKUJI0 UMITYJIbCOM [I/151 €e aKTUBHOI'0 U3y4YeHHs.
Martepuasbl ¥ MeTobl. O6'bEKTOM HCCIeL0BAHUS MOCTYKUJIN BBIGOPKH M3 KoJuiekiuu ryapa BUP: 50 o6pasnos B 2023 .
1 30 HanboJiee MPOAYKTHUBHBIX U3 HUX B 2024 1. Ha Bosrorpasackoit oneiTHOM cTannuu BUP npoBoanin ¢peHoTunupoBaHue
06pas1oB 1o 13 ceJleKMOHHO 3HAaYMMbIM NPHU3HaKaM. [IpU3HaK CKOPOCIEeI0CTH Olpesiesifii KOCBEeHHbIMU MeToAaMu. CTa-
THCTUYECKYI0 06paboTKy pe3y/bTaTOB UCC/Ie0BaHUI BBINOJIHSJ/IN C UCIIOJIb30BaHHe TaKeTa nporpaMm Statistica 13.3.
PesysbraThl. [IpoBe/ieH aHa/IM3 CeMEeHHOM NPOJYKTUBHOCTH I'yapa — ee CTPyKTYPbl M B3aUMOCBsA3eH ollpe/ie/IAI0LINX ee IpH-
3HakoB. Onpe/iesieHbl HauboJiee MPOAYKTUBHbIE 06pa3Lpl. Ha ocHOBe aHanu3a paHee NoJiy4eHHble JAHHBIX 00 OTHOLIEHUH
06pas10B KOJJIEKLUH T'yapa K $OTONeprHosy npejioxeH MoJudUIMPOBAHHBIA alrOPUTM ompefeseHus GoTonepruoaunye-
CKOW YyBCTBUTEJbHOCTH 00pa3Il0B KaK KOCBEHHOTI'0 ITOKa3aTeJIsl UX CKOPOCIENOCTH.

3akuo4yeHue. [losydyeHHble JaHHBIEe 06 06pa3nax KoJJIEKL MY repMonia3Mel ryapa BUP npu usydyenunu B ycnoBusx PO nos-
BOJIAT Pe3y/JIbTAaTUBHO MCII0JIb30BaTh ee B KaueCTBe UCXOAHOr0 MaTepraJa JJisl CO3JJaHus 0Te4eCTBEHHbBIX COPTOB.

Kawouesule cs108a: ryap, KOJUIEKINS, MHTPOAYKLNS, peHOTUIHUPOBaHHE, U3MEHINBOCTD, CeJIeKI[Hsl, KaMeb
BaazodapHocmu: viccyie[JoBaHUe BBINOJIHEHO NTpU GUHAHCOBOU nogaepkke PH® B pamkax HayyHoro npoekTa 23-16-00195
ot 15 mas 2023 r.

ABTOpBI 6J1ar0AapAT perjeH3eHTOB 3a UX BKJIaJ, B 9KCIEPTHYIO OLIEHKY 3TOH paGoThI.

Jns yumupoeaHnus: BumHsikoBa M.A., lllayxapos P.A., Kouepuna H.B.,, Apxumanppurtosa C.B., /I3t06enko E.A. CesleKIIMOHHBIN

MOTeHIMa 06pasnoB ryapa us kosutekunu BUP npu onenke B ycioBusax Poccuiickoit ®@enepanuu. Tpydsl no npukaadHotl 60-
maHuke, ceHemuke u cesexkyuu. 2025;186(3):163-172. DOI: 10.30901/2227-8834-2025-3-163-172
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Background. Guar (Cyamopsis tetragonoloba (L.) Taub.) is a leguminous crop plant of tropical origin that has gained unprece-
dented popularity in recent years due to the presence of gum in its seeds. The use of guar gum in the oil and gas industry gives
the crop strategic importance. This was the reason for its introduction to the Russian Federation (RF) at the beginning of the
21st century and for the active breeding of domestic cultivars. The demand for the guar collection has increased dramatically,
serving as an impetus for its active study.

Materials and methods. The materials of the study were guar accessions from the VIR collection: 50 accessions in 2023, and
30 most productive of them in 2024. The accessions were phenotyped for 13 traits important for breeding at Volgograd Expe-
riment Station of VIR. The indicator of early maturity was assessed by indirect methods. Statistical processing of the research
results was performed using the Statistica 13.3 software package.

Results. Seed productivity of guar accessions was analyzed, its structure and interrelations among its defining characteristics.
Differentiation of the guar gene pool for the studied traits was revealed. The most productive accessions were identified. Previ-
ously obtained data on the relationship of guar collection accessions to the photoperiod served as a basis for proposing a mod-
ified algorithm for determining the photoperiod sensitivity of accessions as an indirect indicator of their earliness.
Conclusion. The data obtained for guar accessions from the VIR collection under the conditions of the Russian Federation will
make it possible to use this germplasm effectively as source material for breeding domestic cultivars.

Keywords: guar, collection, introduction, phenotyping, variability, breeding, gum
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BBeaeHue

I'yap (Cyamopsis tetragonoloba (L.) Taub.) - npezacTtaBu-
Tesib ceM. Fabaceae Lindl. 3To opHoseTHee Ky/AbTypHOe
caMoOoNbLIsAOLIeecsl pacTeHUe B MeCTaX MPOUCXO0XKeHUs
Y TPaAMLMOHHOTO BbIpaliMBaHus B UHAuK u [lakucTtaHe
B TeyeHUe CTOJIETUH HCI0J/Ib30BaIM KaK KOPMOBOe U OT4a-
ctu ynotpe6ssiemoe B nuuty (Thombare et al.,, 2016). Oxnako
0Ka3aJIoCh, YTO KYJIbTYPHOE pacTeHUe Iyap, Kak MHOTHe 3ep-
HO6060Bble KYJbTYPhl, K KOTOPbBIM OH OTHOCHUTCS, UMeeT
MHOTOQYHKLHOHAJbHOE 3HaUeHHe U MOXKeT ObITh UCN0JIb30-
BaH BO MHOTHX OTPac/IsIX HAPOJHOTO X035 cTBa. ITO ONpeje-
JIleTcsl KaMeJblo Tyapa — IoJiicaXapuJoM rajaKTOMaHHa-
HOM, COZlepKalliMCcs B 3HJ0criepMe ceMsiH pacTeHUs. OTKpbI-
THe NPUKJIAJHOTO 3HaYeHHUs I'yapoBOH KaMe/i1 OblIO cfeJla-
HO B YHUBepcUTeTe lITaTa ApU30HbI B cepesuHe XX Beka.
BbL1 pO/IeMOHCTPUPOBAH ee IKMPOKUM oTeHIal AJ1s pas-
JIMYHBIX OTpacjied HapoAHOTr0 X035MCTBa U PeKOMeH/J0BaHa
MaciTabHas UHTpoAykuus ryapa B CIIA B kauecTBe Ipo-
MBILUIJIEHHOW CeNbCKOX03s1HcTBeHHON KyabTypbl (Whistler,
1948; Whistler, Hymowitz, 1979). B Hauu fHU ryapoBasi Ka-
MeJb, 6yarofapsi yHUKaJbHBIM CBOMCTBAM CBOUX BOJHBIX
pacTBOPOB U OTCYTCTBUIO TOKCHUYHOCTH, U3BECTHa Kak ca-
Mbli 9$PEeKTUBHBINA HATypabHbIN 3aryCTUTE b, UCIIOJIb3ye-
MbIl B nuuy. lllupokoe mpuMeHeHHe OHa HAXOJUT TaKxke
B MeJiMIIMHe U KOCMeTOJIOTMYeCcKol NMpoMbliieHHOCTH. Ho
CTpaTernyeckoe 3HaueHUe KyJbType MpujaeT HUCIO0JIb30Ba-
HUe KaMeJU B HedTe- U ra3o406bI4ue s NOBBIIIEHUS Hed-
TeoTAauy, ruApopaspbiBa MJacTa U AJs yaydlleHusl BA3KO-
ctu 6ypoBoro pactBopa (Kuravadi et al,, 2013; Sindhuja et al.,
2022).

[Tocsie OTKPBITHSA 3HAaUEHUS I'yapOBO KaMeu JJ15 3KO-
HOMHUKM NPOAYKIHSA U3 Iyapa cTajla KpynHelel cTaTbel
CeJIbCKOX03IMCTBEHHOr0 3KcnopTa MHAMHK, KOTOpo# npu-
HaJnexuT 72-80% MUpPOBOro NPOU3BOACTBA U IIOCTABOK
ryapa Ha MUPOBOH pbIHOK. 15% MHUPOBOro 3kcmopTa Io-
craBJisieT [lakucTaH U HeCKoJIbKO nponeHToB - CILIA (Sind-
huja etal. 2022). Hama cTpaHa 3aHUMaeT BTOPOE MECTO
B MUpe o uMnopTty kameau mnocse CIHIA (https://www.
maximizemarketresearch.com/market-report/global-
guar-gum-market/17787).

[TonynsspHOCTb I'yapa 3HAYUTEJbHO pacllMpu/ia arpoHo-
MUYeCKHH apeas Ky/JbTYyphl: ee CTajJ{ BblpauiuBaTh B Hx-
Hoi Adpuke, 0:xHolt EBpone, Cynane, ABctpanuu, Upane,
llpu-Jlanke, Kutae u Taunange (Vishnyakova et al., 2025).

B cuny moHMMaHHUSA cTpaTeruyecKo BaXKHOCTH r'yapa
B PO npu pgearenbHoM yvacTuu koMnaHuu «[lasmpom
HedTb» B 2010-X I'T. npeIPUHATHI NONBITKU UHTPOAYK-
LMY BHUJA U3 CTPaH I0XKHOU U 10ro-3amnajHoil A3UU B HEKO-
Topble palionsl l0xHoro dpepepanbHoro okpyra. Ha psage
depMepckux noJiel noyyeHbl He6OIbIIYE IPOU3BOACTBEH-
Hble napTuu ceMsiH ryapa (Lebed et al,, 2017; Voloshin et al.,
2019). B Te ke roAbl HayaJach CeJeKIUs OTe4YeCTBEHHBIX
COpPTOB Ir'yapa, YACJI0 KOTOPBIX K HACTOSALLeMy BpeMeHH J10-
ctruryo 18 (https://gossortrf.ru/registry/gosudarstvennyy-
reestr-selektsionnykh-dostizheniy-dopushchennykh-k-
ispolzovaniyu-tom-1-sorta-rasteni). 3To HpUBJIEKJIO BHHU-
MaHHe K KoJl1leKuu BUP kak K MICTOYHHUKY UCXOJHOTO Ma-
TepuaJa.

Kosnekuusi reHeTu4yeckux pecypcoB ryapa BUP cyme-
cTByeT ¢ 1956 r. MHOTHe rojibl KoJIJIeKIUsl Obljla HE BOCTpe-
6oBaHa, a ryap B CCCP u P® oTHocuau K paspsay Maso-
pacnpocTpaHeHHBIX KYJIbTYpP, KOTOpble B aHIJIOSA3bIYHOM
Hay4yHOU JiuTepaType HasbiBawT ‘underutilizied” (Hegouc-
noJjb30BaHHbIe), “neglected” (3abpoluieHHble) U Jaxe “or-
phan” (cupoTsl). BocTpe60BaHHOCTb KOJIJIEKIIUU TOCIYKUIA

HMIyJIbCOM MOOGHWJIM3ALMU HOBOTO MaTepHasa U HHUIU-
HpoBaJia UCCAe[0BaHUsl KyJbTYPbl POCCUHCKUMU YIeHbIMHU.
K HacTosillleMy BpeMeHHM HaKOILJIeH ONpefeseHHbIH Garax
CBeJIeHUH 0 pa3/IMYHbIX aclleKTaxX 6M0/I0THH BUAA IPU BbIpa-
LIMBAaHUM 06pa3LoB ryapa u3 kosuiekuuu BUP B pasHbIx reo-
rpaduyecKux TOUKax 1ora eBpomneickoi yactu P® u B Tensu-
nax B I. [lymkuHe (CaHkT-IleTep6ypr) (Bulyntsev etal, 2017;
Kruchina-Bogdanov et al., 2019; Radchenko, Sokolova, 2019;
Teplyakova et al,, 2019; Dzyubenko, 2021; Vishnyakova et al.,
2025).

Ilenb danHoll cmambu - NI0Ka3aThb BbISBJIEHHYI0 Audde-
peHLHanMIo0 reHopoHAa ryapa U3 KoJuiekuuu BUP mo npu-
3HaKaM, ONpeJieIIIUM CeJeKLIUOHHbIA MOTeHUal KyJlb-
TYphI U OLleHEHHBIM Y 06pa3lioB KOJIJIEKIUH, BbIpallleHHbIX
BycnoBusX PP - B caMbIX BBICOKMX J[JS BHJA LIHMPOTax
B MUpe - Ha Bosirorpajckoil onbITHOM cTaHuu BUP.

MaTtepuaJ U METOABI

MaTepuasioM NOCAYKUJIH 06pasibl r'yapa U3 KOJJIeKLUU
BUP. Ux ucnosb3oBaid AJs1 CO3aHHUs BbIOOPOK, pa3Mephl
KOTOPBIX IPHBeJleHbl HUKe, peJiHa3HAa4eHHbIX JJ15 OLeHKHU
ceJIeKIIMOHHO 3HaYMMbIX IPU3HAKOB.

Memodu! nosnesozo peHomunupogaHus

[ToneBoe peHoTunupoBaHue 50 06pa3L0B KONJIEKLUU
BUP B 2023 . u 30 HaubGosiee MPOAYKTUBHBIX U3 HUX B 2024 T.
npoBoAuaU Ha Bosrorpazackoit onbiTHOM cTanuuu (0C) BUP
B I. KpacHocno6oacke (48°42’ c. u1., 44°34’ B. .) 0 NpUHS-
TbIM B BUP metogukam (Vishnyakova etal., 2018). Knumat
peruoHa yMepeHHO KOHTHHEHTAJIbHbIH, C YMepEHHO XOJI0/-
HOM 3MMOM U KapKUM JieTOM. [I04BBI — YepHO3eMbI C aJl/Iio-
BUAJIbHBIMU CyTJIMHKaMHU.

O6pa3sibl OLleHWBa/IMU B [10Jle IPU KOHTPOJHUPYEMOM II0-
auBe - 51/pacteHue B Hegento B 2023 1. u 2,5 s1/pacTeHue
B Heziento B 2024 1. PexxuM nosivBa 2023 T. 6bL OLleHEH HaMU
KaK U36bITOYHbIH, M0JUB B 2024 I. 661 IPUHAT ONTUMAaJb-
HbIM AJ151 KyabTyphl (Vishnyakova et al.,, 2025). [TosTomy gaH-
Hble 0 CTPYKType CeMeHHOM NMPOAYKTHBHOCTU NpPUBEJE€HbI
ans 30 o6pasuoB B 2024 1. B BbIGOpKY BowIu 4 copTa poc-
cuiickoit cenekuuy, 1 copT 13 CIIA u o6pasiubl pa3Horo cra-
Tyca: 2 U3 ABCTpasuy, o ofHoMy U3 [lakucraHa u Benuko-
6puTaHuy, 21 us Uuauu.

[Ipy3Haky, N0 KOTOPbIM GBI MPOBeJieH aHalU3 CTPYK-
TYpbl CEMEHHOUN NPOAYKTUBHOCTH (110 6-7 pacTeHUH KaxJ0-
ro o6pasua): AJuHa CcTe6Jisl, CM; YUCI0 BETBEH, IIT.; YUCIIO
Y3JI0B, WIT.: @) YUCJIO Y3JI0B C CO3pEeBUIMMHU 606aMHu, 6) YHUCJIO
y3JI0B C HEBBI3PEBILUMHU 606aMU; YUCJA0 6GOGOB B y3Jie, IUT;
Macca 3peJsiblx 6060B € pacTeHuUs, I; % y3J/10B C BbI3peBLUIMMU
606aMU - OTHOILEHHE YUCJIA Y3JI0B C CO3PEBIIUMH 606aMuU
K 0011leMy YU CIY Y3JI0B; AJIMHA 6064, CM; YUCJI0 CEMSIH B 606e€,
LIT.; Macca ceMsH ¢ pacteHus, r; macca 1000 cemsan. [Ipusnak
«IpUKpeNJieHue HUXKHETo y3J/a» He MoJBeprajy CTaTUCTU-
yeckoll o6pa6oTke. CKOPOCIEJNOCTb OLleHUBAJU KOCBEHHBI-
MU MeTOAAMH, AJs1 OAHOTO U3 KOTOPbIX HAMU NpeAJoxeHa
MoAuUKALUSL.

Onpedeserue ckopocnesocmu 06pasyos

Jl/1s1 BBISIBJIEHUSI CKOPOCIIeJIbIX 06pa3L0B Mbl NpejJiara-
eM KOCBEeHHble NapaMeTpbl, TaK KaK B CUJy TPONHUYECKOTO
MPOUCXOXKJEHHS GOJIBIIMHCTBA 00pa3LioB KOJIJIEKIMU I'yapa
MPOJO/KUTENbHOCTb UX BereTallMOHHOI0 Nepruo/a yCTaHo-
BUTb HEBO3MOXKHO. [lJIs1 3TOr0 BbIOPaHbI [iBa KPUTEPHUS: BbI-
3peBaeMOCTb — OTHOIIeHHe NPOAYKTUBHBIX Y3/I0B C BbI3pEB-
WUMU 606aMU K 06111eMy YHUCIY Y3J10B € 3aBI3aBLIMMUCS 60-
6amu. [IpU3HaK 3aMMCTBOBAH M3 MeTOAWYECKUX yKa3aHWH
no apaxucy (Vakhrusheva, 1995), B koTopbIx 06pasipl C Io-
KasaTeJieM Bblllle 69% NpesJIoKeHO CYUTATh CKOPOCIEJIbI-
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MHU. [l BTOpOTO NokKasaTessi — GOTONepruojuyecKoil 4yyB-
CTBUTEJIbHOCTH — HaMU IIpeJJioXkeHa MoAUPUKaLUA NPUHS-
Toro B BUP crioco6a onpepeneHus aToro npusHaka. Mcrnosb-
30BaJIM JaHHble O peaKLUHU ryapa Ha ¢oTomepuoj AJs
192 reHOTHUINIOB - MOTOMCTB pacTeHui 41 o6pasuya ryapa
(Teplyakova et al., 2019), nosiyyeHHbIe paHee 32 paMKaMU Ha-
CTOSAIIIET0 UCCIefl0BaHUSA C y4aCTHEM aBTOPOB JJAHHOM CTa-
TbU E. A./I3106eHko0 U C.b. ApxumangpuTtoBoi (Tenssko-
Bo#). B aToit pabote (Teplyakova etal., 2019) o6pa3sybl
OlleHeHbl KaK paHO- U MO3JHOLBeTylHe. Mbl NpeJI0oXKUuIN
paHXUpPOBaThb UX B COOTBETCTBUU C KoadpPuiueHToM ¢oTo-
nepuojuyeckoil yyBctBuTesbHOCTH (Koshkin, 2012), BbI-
YHUCAsieMbIM 110 popMmyJie Ko = T1/T2,rpe T1 - yucno gHel
OT BCXOZ,0B J10 HavyaJia LiBeTeHUs Ha KopoTkoM aHe (KJ), T2 -
Ha aauHHOM AHe (A/). TpaAULMOHHO ero onpeJessoT Ha
doTonepuogudeckoit miowagke B T.IlymkuHe (CaHKT-
[letep6ypr, 59°53’ c. u1.) (Koshkin, 2012), yTo B JaHHOM cJ1y-
yae GbIJI0 HeNpHUeMJIeMO, TaK KaK TeIlJIOBble peCcypchbl peruo-
Ha 3HAYUTeJbHO MeHblle TpebyeMbIX AJs ryapa. [losTomy
MpeAJIoXKeHO 3a KOPOTKUHM JeHb NMPUHATb MPOJOIKUTENb-
HocTb QoTtonepuosa Kybanckoit OC BUP (KpacHonapckuii
Kpal, 45°12’ c. 11.) - B cpeZjHeM 3a nepuoj usydeHus 15,4 y,
rjie 3TH 06paslbl BbIpalliMBasy B 0JIe psiiKaMU Mo 2 MOTOH-
HbIX MeTpa, no 50 ceMsIH Ha FeHOTHI, a 3a JJUHHBIN - Npo-
JIOJDKUTEJIbHOCTb CBeTOBOrO AHA B I. [lymukune - 18,2-18,9 y,
rJle UX BbIpallluBaJv B TeIJIMIe IPU eCTeCTBEHHOM OCBellle-
HUMU B COCYZax 10 8 pacTeHUM KaxA0ro reHoTuna. /lata noce-
Ba B 000UX pervoHax - 12 mas 2018 r. OTMevasnu JaThl Havya-
Jla 1iBeTeHUs (6yTOHM3ALMHU), IOJHOTO LBeTeHUs. B Teru-
1e PUKCUPOBaIU JHEBHbIE U HOUHbIE TeMIlepaTyphbl, TeMIIe-
patypbl Ha Ky6aHckoit OC BUP mpuBeseHbl MO JaHHBIM
MeCTHOM MeTeocTaHUMH. CpefHecyTouHass TeMIlepaTypa
B TeIlJIMLle B IIepHO/| LIBeTeHUsl PaHOLBETYILIUX F'eHOTHUIIOB
(koHel HIOHS — UI0JIb) paBHsIach 25,0°C, ¢ JHEBHBIM MaKCH-
myMmoM 35°C, c HoyHbIM MUHUMYMOM 16°C. Ha Ky6aHnckoii OC
BUP B nepuoj Havyasa LBETeHUs] 06pasnoB (KOHEL, HIOHS —
NepBas M0JIOBUHA UI0J151) 6blIa aHOMaJIbHO apKas Moroja:
cpeflHecyTO4YHasi TeMIlepaTypa Bo3JAyxXa paBHsiachk 25,4°C,
yTo Ha 2,3°C Bblllle MHOTroJIeTHEH, ¢ MakcumymoM 38,7°C,
C HOYHbIM MUHUMYyMOM 15°C.

Cmamucmuka. 115 Bcex MOpHOMeTPpHUYECKUX TPU3HAKOB
KaXKJI0To 06pasla onpeje/say cpeJJHAe 3Ha4eHUs NpPHU3Ha-
KOB CO CBOEW CTaHJApPTHOM ouubKou cpenHelt X + SE. [lns
aHa/iM3a BapuabeJbHOCTH BbIGOPOK Ompezessau Kodaddu-
LIMeHThI BapHalluy U HavMeHbllIMe CyllleCTBeHHbIe Pa3HUILIbI
HCP,, ¢ ucnonp3oBaHueM AUCIEPCHOHHOrO aHanusa. Jlis
YCTAaHOBJIEHHUS] XapaKTepa CBSI3M MOMNApHO MeXAY KaKAbIM
M3 KOJINYeCTBEHHbIX NPU3HAKOB PacTeHUH N0 KaXKJOMYy Ba-
pPUAHTY BBICYUTBHIBAIU KO3PPUIMEHTBl KOPPEJSLUY I, KPU-
TepueM IPOBEPKU 3HAYMMOCTH KOTOPbIX SIBJISIJIOCH OTHOLIe-
HUe I K CBoel omn6Ke NocpeACcTBOM t-KpuTepus CTbIOJeHTa.
B 6uoMeTpHUyecKUX pacyeTax cuuTaeTcs, 4To r < 0,3 - cnabas
koppenauus, ecau r=0,3-0,69 - cpennss, r 20,7 - cuabHaa
B3aUMOCBA3b IPU3HAKOB.

Pe3ysnbTaThl U 06CYKAEHHE

H3meHvugocms npusHakos cemeHHOU npodyKmueHoCcmu.
CrielyeT OTMETHTb, YTO B U3y4aeMOU BbIGOPKe, KaK U B I'eHO-
¢doHze ryapa B IleJIoM, OTMEYAeTCsl ONpeJie/IeHHOE Pa3Ho-
o6pasuve MOpdOJIOTHYECKUX MPU3HAKOB. CHCTeMaTHU3aLMs
3TOro pasHoo6pasus € GOJIBLION CTENEHbIO JeTalu3aluu
caenana panee (Dzyubenko, 2021). OTMeueH pa3Hblil rabu-
TYC PacTEeHUH, BKJIIOYAIOIMI Pa3HYI0 CTeNeHb BETBUCTOCTH
Y 0GJIMCTBEHHOCTH, pa3HbId XapaKTep pocTa CTebJs - Je-
TEPMUHAHTHBIA U WHJETEPMUHAHTHBIN, pa3Hyl0 CTeleHb

ONyIIeHHOCTH JIUCTbeB U 6060B, BapbUpyHOlHe pa3Mepbl
u dopma 606a u Ap.

B naHHOM HcceJ0BaHUY MBI IPUBOJMM aHAIN3 OLlEHKU
06pa3loB KOJJIEKLMH T'yapa [0 NpU3HaKaM, HauboJjiee 3Ha-
YUMBIM [/ CeJIeKIIY, B TOM YK CJIe U 4acTH IlepeurCIeHHbIX
Bbllle. /laHHbIE OLeHKU 3THUX NPHU3HAKOB, NOJyYeHHble Ha
Bousrorpazckoit OC BUP, npuBeieHb! B TabauLe 1.

Bvicoma pacmenuti. TlpusHak AeMOHCTPUPOBAJ Cpej-
Hiolo n3MeHuyuBoCcTb (CV =13,34%), Bapbupysa oT 66,6 n0
116,0 cM npu cpegHeM 92,95 cM. XapaKTepHO, YTO MPU TaKOU
3HAYUTEJbHOU BBICOTE He OTMevaeTCs 10JIeraeMOCTH pacTe-
HUM 3a CYeT OYeHb NMPOYHOro CTe6JIsA, UMeIollero AuaMeTp
He MeHee 1 cM.

Bemegucmocme. [lo xapakTepy BeTBJIEHUS HCCIel0BaH-
Hble 06pasIibl e IsITCS Ha TPYNIbl: HeBeTBsALMecs (YCI0B-
HO Ha3bIBaeMble 0HOCTebebHbIMU) (pUC. 1); paBHOMEPHO
BETBUCThbIe (3aKJajKa No6eroB 2-ro nopsijika Ha BceM INpo-
TSX)KEHUU OCHOBHOTO CTe6JIs1); 6a3a/IbHO BETBUCThIE (M06Geru
TOJIbKO B HUKHEH 4acTu 0CHOBHOTrO cTeb6.isA) (cM. puc. 1). [To-
CAeJHUN TUN HeyLoOeH [AJs1 MeXaHU3UPOBAHHOU yOGOPKH.
OTMeueHO CUJIbHOe BapbrMpoBaHue npu3Haka: 0-12,20 npu
cpeaHeM 3HayeHuu 7,0 wT. u CV =51,72%.

PacnososxceHue HuxcHe20 606a. ITOT NPU3HAK (JlaHHble He
NPUBOAATCSA) — OAHO U3 CaMbIX YSI3BUMBIX CBOMCTB Iryapa Kak
CeJIbCKOX035IMCTBEHHOMN KyJIbTYPBI, IPENATCTBYIOLINX MeXa-
HU3UPOBAHHOU Y6OPKe, TaK KaK HIKHUHU 606 HaXOAUTCS Ha
BbIcOoTe OT 1 10 8 cM. OcO6eHHO SIBHO 3TOT HeI0CTAaTOK NPO-
SIBJIIeTCS Yy 06pas3Li0B ¢ 6a3a/bHbIM BeTBJIeHUEM. Y OJJHOCTe-
6eJIbHBIX 06pa3L0B PACHOI0KEHUE HUXKHETO y3J1a ¢ 606aMH,
KaK IpaBUJIo, 60Jiee BbICOKOE 10 CPAaBHEHUIO C BETBUCTBIMU
obpasiaMu ryapa.

Yucso Y3108 Ha pacmeHUU — CUJIbHO BapbUPYOLIUI NIPU-
3Hak (CV =40,72). B HameM ucciefoBaHUU €ro U3MEHYHU-
BOCTb y OT/IeJIbHBIX pacTeHUI pa3HbIX 06pa3LoB onpejeis-
Jlach B TpaHULlax 7-48 IIT., MeXCcOpTOBas (MeXIOMyIsLMOH-
Hasi) M13MEHYUBOCTb BapbupoBasa oT 16,2 fo 39,0 T, cpea-
Hee 110 BbIOOpKe — 28,18 wT.

Yucso 60608 8 y3sae. Cpenu 3epHOGO6OBBIX KYJIBTYp YHC-
J1o 6060B B y3Jie (KJacTepe) y ryapa — 0JJHO U3 CaMbIX BbICO-
KUX. B HallleM onbITe ero MUHUMaJIbHOE 3HaYeHHe ObLIO 2,5,
MaKCHMaJsibHOE - 6,5, cpesiHee 1o BbIGOpKe - 4,24 T, CV =
25,48%. OnpegesnieHa Takxe AuddepeHnnanus BbI60pKHU 10
YHCJy y3JI0B C BbI3PEBIIMMH U HeBbI3peBLIMMU 60o6aMu.
CpeaHue 1o BbIGOpPKe 3HAUYEHUs JJIS Y3J10B C BbI3pEBLUIMMU
606amu - 15,81, ¢ HeBbI3peBIUMU - 10,77. KoadduueHTsl
BapbUpOBaHUs ¥ 060MX MOKa3aTesel MOYTH paBHbI: 56,01
1 56,15% CcoOTBETCTBEHHO.

Buvi3pesaemocmb (Koauvecmaeo y3/108 ¢ gbi3peswumu 60-
6amu no omHoweHur Ko 8cem y3nam Ha pacmenuu), %. lpu-
3HaK B Halllel BbIGOpKe UMeJl CpeJJHIOI0 CTelleHb BapbUPOBa-
Hus - CV =22,87%. 3MeHYNBOCTb NpU3HAKa HaxoJuJjach
B npejesax 25,7-95,5% npu cpegHeM 3HayeHuu 60,3%.

Macca 3pesavix 60608 ¢ pacmeHusl BapbupoBasa CUJIBHO:
ot 10,40 no 70,80 r npu cpenHeM 3HayeHuu 37,46r. CV =
44.91%.

/JlnuHa 606a. Bo6bl BBEpX CTOSIME, B 3pEJIOM COCTOSTHUU
BapbUPYIOT M0 OKpacke (Meco4yHble, cepble, UepHble) U He-
3HAUYUTEJIbHO MO0 JJuHe: oT 4,42 fo 6,62 cM Npu cpefjHEM
5,52 cmu CV=10,89%.

Yucno cemsaH e 6o6e. B HalleM omnbITe NMPU3HAK HUMeJ
cpesHee BapbupoBaHue: oT 4,80 no 8,20 co cpegHuM 3Haue-
HueM 6,77 T, CV = 12,24%.

Macca cemsiH ¢ pacmeHusi — CUJIbBHO BapbUPYIOLIUHN NpPU-
3HaK, B 60JIbLION CTelNeHU 3aBUCAIIMH OT cpeAbl. B Hamem
HCC/lelOBaHUM pa3Max M3MEHYMBOCTHU NpPU3HAKa OblI AJs
oTAe/bHbIX pacTeHuit oT 3,0 r o 50,8 r/pacTeHue; cpegHUX
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Ta6auna 1. 3HayeHUA NPU3HAKOB CTPYKTYPbl CEMEHHOI npogyKTuBHOCTH 30 06pa31oB ryapa us kosuiekuuu BUP
(Boarorpaackas onbiTHas ctaHuus BUP, mosus, 2024 1.)

Table 1. Variability of seed productivity structure traits in 30 guar accessions from the VIR collection
(Volgograd Experiment Station of VIR, irrigation, 2024)

MuHUMyM MakcumyMm
Ipu3sHak (Ne o6pa3ua mo (N2 o6pa3ua no CpeanHee CV, %
KaTtasiory BUP) KaTasiory BUP)

BbIcoTa pacTeHus, CM 6(6:502%;'26)3 1(1;?502?34%0 92,95 + 2,26 13,34
Yucso BeTBei, . - 572; 52906) 1(2};?;)2);;;}7)7 7,0 0,66 51,72
Yucsio y3JioB, LIT. 1(3_25;5272)1 3(2'_(;21819’;5 28,18 + 0,88 40,72.
Uncio 60608 /y3es, mr. (2}5512 gi)so) (6:51; 85020) 424+ 0,20 25,48
Y3J10B co 3pesibiMu 606aMH, IIT. (3};'_45128'28(’)7) ?2'_%21952’3)6 15,81 +0.72 56,01
Y3/10B c HEBBI3PEBIIUMH 606aMHU, HIT. (1};(-)54;8?85) 2(1221923239 10,77 £ 0,49 56,15
BrispeBaeMocTb, % 2(5};_75322365)7 g(i'_sszigg’g;; 58,9 £ 4.20 22,87
Macca 3peJibix 6060B C pacTeHus, T 1(0:_}50233215)1 7(2‘1?-(;;82597‘?0 37,46 + 3.07 44,91
Jnsa 6o6a, cm ‘tﬁ;;soz'é? ?ﬁé;‘){é? 552+0,11 10,81
Yucsio ceMaH B 606e, LLT. 4(’123_0512-;2293 ?’}f_gzig%’g;g 6,77 + 0,15 12,24
Macca ceMsiH ¢ pacTeHus], T ?E’:252i902’¢2})3 38;152%676639 16,14 + 1,41 47,79
Macca 1000 cemsaH, T (KEZZBOOQ (K_525§Z;452934) 42,04 +0,68 8,81

Puc. 1. Ta6uTyc pacTeHuii ryapa u3 kosiekuuu BUP: cieBa - ogHoCcTe6e/IbHBIN HeBeTBALIMICS copT ‘BekTop),
P® (x-52574); cipaBa - 6a3aybHO BeTBsAmuica copt ‘Kinman', CIIA (k-52585)

Fig. 1. Habitus of guar plants from the VIR collection: on the left - single-stemmed non-branching cv. ‘Vector,
Russian Federation (k-52574); on the right - basally branching cv. ‘Kinman’, USA (x-52585)
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no o6pasuam - ot 3,42 no 30,18 r/pacrt., cpefHee 1o BbIGOP-
ke - 16,14 r/pacrt., CV =47.79%.

Macca 1000 cemsaH - HE3HAYUTEJNBHO BAPbUPYIOLIUN IPHU-
3Hak (CV = 8,81%). U3MeHYHBOCTb CPeAHUX 3HAYEHUH 110 06-
pasuam - ot 37,0r go 48,2r mpu cpefHEM IO BbIGOpKe
42,04 r.

CooTBeTCTBYylIOLIME CBeJIeHUS] UMEITCA JJs KaX/Joro
M3 U3y4YeHHBIX 06pa3L0B, YTO SABJISAETCS OCHOBAaHHUEM JJif
MoJib30BaTesiell 3aka3blBaTb MaTepuasJ M3 KOJIJIEeKLUHU
¢ TpebyeMbIMU XapaKTepucTukaMu. O6pasiibl ¢ MUHUMAJIb-
HbIM U MaKCHMaJbHbIM 3HaYeHUsIMU IPU3HAKOB NpUBe/je-
HbI B TabJuie 1.

Hanb6osiee 3HauMMBbIY IPU3HAK AJI5 TOJIyYeHUsI KaMeAU —
ceMeHHasl NPOAYKTUBHOCTb pacTeHUH. B Haueill BbiGOpke
MaKCUMaJlbHOe 3HaueHHe NpU3HaKa — Bblllle 25 r/pacTeHue -
nokasanu 5 o6pasuos: k-52584 (CIIA), k-52857, k-52860,
K-52910, k-52918, k-52935 (Uuzaus).

[IpoBefieHHBIN KOPpeJISIIUOHHBIN aHa/IN3 B3aUMOCBs3el
MPU3HAKOB NOKa3aJ C/leAylollre J0CTOBepHble kK03ddUuu-
eHTBl Koppessauuu (Tabs. 2). BeicoTa pacTeHUs1 yMepeHHO
B3aKMMOCBsI3aHa C YUCJIOM ceMsH B 606e (r = 0,38), koTopoe
B CBOIO OYepe/ib 3HAYHMMO CBSI3aHO C MacCOH 3pesiblx 6060B
(r=10,40) u co3peBIUX ceMsH ¢ pacTeHusd (r = 0,55), a Takxke
“MeeT OTPULIATENbHYI0 Koppessauuio ¢ Maccoi 1000 cemMsiH
(r=-0,56). Macca co3peBILUX CEMSIH C PAaCTEHUSI C IPU3HaKa-
MH «4HUCJIO y3JIOB», «YUCJIO y3JI0B CO 3peJbIMH OG0obGaMu»
U «JJIMHa 606a» MMeeT cpeJHUM xapakTep cBs3u (r= 0,50,
0,64 u 0,42 cOOTBETCTBEHHO), a TaKXe BBICOKYIO CBSI3b
€ Maccol 3pesiblx 6060B ¢ pacteHus (r = 0,87).

Macca 3pesibix 6060B € pacTeHUsI TaKXKe UMeeT BbICOKUI
yPOBeHb KOppeJIALIMU C YUCJIOM Y3JI0B C CO3PEBIIUMU 606a-
mu (r=0,71). O4eBUAHO, YTO YUCJIO Y3JI0B BEICOKO KOPpEH-
pyeT C YUCJIOM Y3/10B 060MX KJIACCOB — C CO3PEBIIUMHU U He-
BbI3peBWIMMU 606amMu (r=0,90 u 0,71 COOTBETCTBEHHO).
Tak>ke 4HCJI0 Y3JI0B AOCTOBEPHO CpefiHE CBA3AHO C YHCJIOM
BeTBel (r=0,54). B cBolO ovepejb, YUCIO BETBEH TaKkKe
HMeeT CPeHIOI XapaKTePUCTUKY CBSI3U C YUCJIOM Y3JI0B CO
3peJsibIMU Y HeBbI3peBWIKUMU 606amMu (r= 0,45 u 0,46 cooT-
BETCTBEHHO).

Oxpacka cemsiH. Okpacka ceMsiH y 06pa3ioB KOJIJIeKIUU
BUP He oxBaTbIBaeT BCIO raMMy, IPUCYILYI0 ceMeHaM 6060-
BBIX: OT 6eJio 0 YepHOM. OTMeueHO YeThIpe IVIaBHbIX BapU-
aHTa OKpacKH, B pa3HOM cTeNneHU NpUCYLUX o6pa3raM KoJ-
JIeKL|MHU: cepasi, OTTEHKH O0JINBKOBOM, CBETJ/IO- U TEMHO-6exe-
Basl, KOpDUUHeBasl Pa3HOW CTelleHU MHTEHCUBHOCTH (puc. 2).
Cepo-o/1IMBKOBas U 6exkeBasi OKPACKH XapaKTePHBI AJ151 60J1b-
LIMHCTBA 06pa31ioB.

Cxopocnesnocmb. 3Ta XapaKTepUCTHKa o6pasla CHUJIbHO
3aBUCUT OT NMOTOAHBIX YCJOBUH. YHUBepca/lbHas NMpPUBs3Ka
CPOKOB CO3peBaHMs K OIpejieJleHHOW Tpylie CHeJoCTH
KpaiiHe 3aTpyjHeHa AJis1 pa3HbIX reorpaduyecKux JOKaLHH,
K IpUMepy [JJid ora eBponerickoil yactu P® u Uuauu. Us-
BECTHO, 4YTO B UH/JMU CKOpOCIeJible COPTa co3peBaroT 3a 60-
90 cyT, no3gHecnesble UMEIOT BereTallMOHHBIN Nepuoj A0
150 cyT. (Pathak, 2015). B roxkHo# UTannu camMmblie ckopocrie-
Jible copTa co3peBasu 3a 155-163 cyT. (Gresta etal., 2018).
B ycioBusx PO Takoil meproj BereTallud HEeBO3MOXXEH.
[ToaToMy 0 cKOpocCIesocTH 06pa3LoB KoJieKuu ryapa BUP,
OlleHHMBaeMbIX Ha TeppUTOpUU PP, MBI cyAUM KOCBEHHO IO
JIBYM XapaKTepUCTHKaM:

1. Beispesaemocms. OTHOILIEHHe 4YHUC/IA Y3JI0B C CO3PEB-
WUMH 606aMHU K 06LIEMY YUCY Y3JI0B — KOCBEHHBIH, HO BaX-
HbIH NOKa3aTeJb JJUTEJbHOCTH BereTallMOHHOIO Mepuoja
06pa3LoB. YeM Bblllle 3TOT OKa3aTe b, TEM CKOpOCIesiee re-
HOTHII. B HallleM sKcnepuMeHTe OH BapbHUpoBas oT 25,7 A0
95,5% npu cpeaneMm mno Bbeibopke 60,3%. K coxasnenuto,

JleCKpUIITOpa AJI OMMCAaHUS Y PAaHXXUPOBAHUA NMPU3HAKOB
ryapa HeT. AJITOPUTM OLIEHKH CTelleHU BbI3peBaeMOCTH Mbl
HallIU B MeTOJUYEeCKUX yKasaHUAX Ajs apaxuca (Vakhru-
sheva, 1995). UHTepecHO, 4YTO B HUX 3TOT NPU3HAK [IO3UIUO-
HUPYETCs Mo pyopuKoi «['pynna ckopocnesocTu (1o % BbI-
3peBarolUX 6060B)». Ec/IM UCXOAUTH U3 paHXXUPOBAHHUS re-
HOPOHJA apaxuca Ha OCHOBe 3HAYeHWH 3TOro nokasaTesis,
K CKOPOCIeJIbIM OTHOCATCSI TeHOTUIIBI C IPOLLeHTOM BbI3peB-
KX 6060B Bblllle 69. B HallleM onbITe KOJMYECTBO TaKUX 00-
pa3LoB B U3y4eHHOU BbIGOpKe cocTaBusio 37,5%. [lo cpen-
HeMy 3Ha4yeHUI0 06CyK/JjaeMoro HaMmu nokasatess (60,3%)
MOXHO C GOJIbIION CTeNeHbl0 YBEPEHHOCTH CyAUTh elle 06
OJJHOH Ba)XHOM XapaKTepUCTHKe H3y4YeHHBIX 006pasLoB -
0 pea/iM3aluy UX NOTEeHIUaIbHON CeMeHHOU NPOAYKTHUBHO-
cTH. B Hauelt BbI6opKe OHa peasn3oBasack 60siee 4eM Halo-
JIOBUHY.

TakuM 06pa3oM, KpUTepUH «BbI3PeBAeMOCTb» BIIOJIHE
MO>XHO HCI0JIb30BaTh B KauecTBe [T0Ka3aTeJsisl CKOPOCIeJIo-
CTH 06pa3l0B, BereTalMOHHbIN epuo/ Y KOTOPbIX MPOJ0JI-
JKUTeJIbHee, 4YeM Ilepuo/ Beretayuu B PO.

2. @omonepuoduyeckas yyscmeumeabHocms. I'yap - pac-
TEeHUEe KOpOoTKoro JAHsA. B pa6ore C.B. ApxuMaHApPUTOBOU
(TennsikoBo#) ¢ coaBTopamu (Teplyakova et al,, 2019) BbisiB-
JleH nosuMop¢u3sM o6pasuos kosiekuuu BUP no peaxnuu
Ha ¢oTonepuo/ 1 onpejiesieHbl KOHTPACTHbIE 0 3TOMY IPU-
3HAaKy - PaHO W MO3JHO LBeTyliue eHOTUNBI. 3/eCb Mbl
npejJjiaraeM aJropuTM MpUBeeHUs NOJy4eHHbIX B HEM pe-
3yJIbTATOB K NpUHATOMY B BUP onpefenenuto koapduiyen-
Ta QOTONEPUOAUYECKON UYBCTBUTEIbHOCTH Ko (Koshkin,
2012), koTOpbIH, KaK CKa3aHO Bbllle, HEBO3MOXKHO OLLEHUTh
TPaAULIMOHHBIM METOAO0M Ha GOoTOoNeproAuieckoi mioLas-
ke B I. [lymikuHe.

3a KOpOTKUH JileHb TPUHSAIN NPOAOLKUTENBHOCTD GOTO-
nepuoga Ky6anckoit OC (B cpefHeM 3a MEPUOJ U3YYEHUS
15,4 4), rie 06pasibl BbIpallMBaaU B [0JI€, a 3a AJUHHBIN —
MPOJOJDKUTENbHOCTh CBETOBOrO AHA B I.[lymkuHe - 18,2-
18,94, re Te ke reHOTUIb] BbIpAlUBAIN B TeIIULE NPHU
€CTeCTBEHHOM OCBellleHHH. Beruncienuslid K B usyyenHoi
BbIGOpKe BapbupoBas oT 0,72 no 3,94. B MexxAyHapOgHbBIX
KJ1accudUKaTopax pasHbIX KyJbTYp peakuus Ha AJUHY JHSA
(Anamason usmenunBocty K, ) pamxupyercs Ha 3 (HU3Kasi,
Cpe/iHssl, BbICOKAs) WM Ha 5 KJ1accoB (f06aB/eHbl 3HaUYeHUS
«OYeHb HHU3Kas» U «0YeHb BbICOKas»). B cooTBeTcTBUM CO
BTOPOH rpajianueil Mbl OTHEC/IM TeHOTUIIBI Tyapa, UMemoliue
qu MeHee 1,4 1 1,9, K 04eHb HU3KO- U HU3KOPOTOUYBCTBU-
TeJIbHBIM COOTBETCTBEHHO, UTO CBU/I€TEbCTBYET O BO3MOX-
HOCTH UX BbI3peBaHMS B CPABHUTENbHO BBICOKHMX LIMPOTaX
Y N03BOJIsIeT CYUTATh UX CcKopocneabIMU. O6liee Kosude-
CTBO TaKHUX €HOTUIOB cocTaBuo 38,4% oT uccienyeMou
BBIGOPKH.

TakuM o6pa3oM, N0 MOKa3aTe/0 BbI3pEBAEMOCTH K CKO-
pocnesipiM reHoTunaM oTHocuTcs 37,5% BbIGOPKU U IO
$OTOYYBCTBUTENBHOCTH, U3yYEHHOHN Ha APyToi BbIGOPKe U3
koJutekuuy, - 38,4%. [lokazaTesin UMEKT O4YeHb OJIM3KHE
3HavyeHUs1. [[03TOMy MBI CUMTaeM BO3MOXHBIM U 00'beKTHUB-
HBIM CyX/leHHe 0 CKOPOCIeJIOCTH 06pasLoB N0 3TUM JBYM
KPUTEPUSM.

CurTaeM yMeCTHBIM JJ06aBUTb KOMMeHTapui 0 peaKLUu
pacTeHUH I0XKHOTO MPOUCXOXKAeHUs Ha POTONepuos BbICO-
KHUX IIHPOT. U3BecTHO, YTO OHa cpabaTbiBaeT B COYETAHUU
¢ ApyruMH ¢paKTopaMU OKpy»Kalolllell cpebl, HauboJee pac-
NpPOCTPaHEeHHBIN U3 KOTOPBIX — TeMIlepaTypa BO3AyXa, YTO
onpejeisieT ee Kak $poToTepManbHylo peakuuto (Vishnya-
kova et al,, 2014; Novikova et al., 2022). AHanu3 TeMneparyp-
HBIX PEKMMOB Iepro/ia Nepexo/ia paHo 3aliBeTalolUX [eHO-
TUIIOB I'yapa K [iBeTeHHIO B IBYX Pa3HbIX [0 JJIMHe JHS reo-
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Puc. 2. OKkpacka ceMsH y 06pa3LoB ryapa kosuiekuuu BUP

Fig. 2. Seed coloration in guar accessions from the VIR collection

rpapuyeckux TOYKaX M3y4yeHMUs IoKasaJl HX CONOCTaBU-
MOCTb, I09TOMY MBI COY/IM KOPPEKTHBIM onpejenenue K, |
npezJjaraeMbIM CIIocO60M. BrlsiBleHa reHOTUNMYecKasl U3-
MEHYHMBOCTb 3TOT0 NoKa3aTeJis U AuddepeHaIus U3yyeH-
HbIX 06pa31|0B Ha HU3KO- U BBICOKOYYBCTBUTE/bHbIE K GOTO-
nepuojy. [lepBble 3alBeTalT, pa3BUBAIOTCA U CO3pEBAIOT
3HauuTeJbHO paHblie (Teplyakova et al.,, 2019) u noTomMy oT-
HeceHbl HAMU B KaTerop1Io CKOpocIebIX. MeTof onpejeie-
Hus K| O/IHOBpEMEHHO B Pa3HBIX reorpaguyeckux TOYKax
C KOHTPACTHBIM GOTONEPUOJ0M KaKeTCsl HaM NpreMJIeMbIM
JUISL KyJIbTYP € Tpe6GOBAaHUAMU K TellsIoo6ecredeHuIo BhIIIe,
4yeM B yCJOBUAX QoTomepuoguveckod msomagku BUP
BT [lylkuHe, eciu Apyrue, B YaCTHOCTH TeMIlepaTypHbIe,
napameTphl cpefibl B 3TUX MeCTax CONOCTaBHUMBI.

Kak ckazaHo BbllIIE, leCKpUIITOP (KIaccupuKaTop) ryapa
noka He co3zaH. [losiaraeM, 4yTo moJiydeHHble B HalleM MC-
cJ1e/lJOBaHUH JJaHHble MOTYT ObITh M0JIO’KEeHbI B OCHOBY paH-
»)KUPOBaHUS 3HAYEeHUH MPU3HAKOB s ycaoBud P®, uTto om-
TUMHU3UPYET CO3/laHue NMPU3HAKOBBIX KOJIJIEKIUN U CTPYK-
TypHU3al{Io KOJJIEKIIMOHHOT0 MaTepHasa.

Heo6x0oAMMO OTMETHUTb, UTO B KOJUIEKIUU ryapa BUP
Y B UI3Y4YEHHOU BBIOOpKE NpPeo6JaflaloT MeCTHble WHIUU-
CKMe cOpTa, YTO MOXKHO IPUHUMATh Kak CBOEro poJia rapaH-
TUIO 3HAYUTEJbHOI0 reHeTHUYeCKOro pa3Hoo6pasvs U BO3-
MOXKHOCTH TOMCKAa OPWUTHMHAJbHBIX M€HOMHBIX BapHaHTOB.
ITO BbITEKAET, BO-NEPBBIX, U3 U3BECTHOTO NpaBU/Ia «6yThI-
JIOYHOTO ropJia» Ha ATalle «0MECTUKALUS — CEeJIEKL[UsI» — 110-
TepU 4YacTH FeHeTHYecKOoro pasHoob6pasvs NP CO3AaHUU
coptoB Hay4yHOU cesiekuuu (Tanksley, 1997). A Bo-BTOpBIX,
M0Ka3aHO, YTO B 3apO/bIIIEBOU IJIa3Me UHAUKCKOTO ryapa
60Jiee BbICOKHUU YPOBEHb FeHETUUECKOTO pa3HO0Gpa3us, 1o
cpaBHeHMIO ¢ reHoQoHJ0M ryapa CIIA u Ilakucrana, no-
CKOJIbKY UHJWUCKUHN reHOOH/[ COCTOUT U3 MHOTHX Hpej-
KoBbIX rpynn (Malani, 2024).

WHTepecHO, YTO pe3y/bTaThl 10JIEBOr0 U3y4yeHUs ryapa
B Unauu (Pathak, 2015; Balakumbahan et al, 2020), CILIA
(Garcia etal,, 2023), Utanuu (Gresta etal., 2018) 3avactyto
CpaBHUMBI C NOJIyYeHHbIMU HaMH JaHHBIMU 110 psAy Hapa-
MeTpPOB CTPYKTYPbl CEMEHHOM NMPOAYKTUBHOCTH. [Ipu aToM
BoJsirorpazckasi 06/1acTh, IZie MoJiydeHa 6oJbliasi YacThb Ha-
IIMUX JAHHBIX [0 OLleHKe KOJIJIEKIIUM B OTKPBITOM I'PYHTe, —
camasl ceBepHas TOYKa BbIpalllMBaHUs U U3y4yeHUs Tyapa
B MUDe.

Hasnnuyue co3jfaHHBIX OTedyeCTBEHHBIX COPTOB TIyapa -
CKOPOCIEJIbIX U CPABHUTENbHO NPOAYKTUBHBIX — CBU/IETE/b-
CTBO TOTO, YTO ¥ KYJbTYPbI €CTb NepCIeKTHUBbl NMPOU3BOJ-
ctBa B P®, a kossekuusi BUP comepxuT elne A0CTaTOUYHO
60JIbIIOE HEHWCIIO0JIb30BAHHOE pa3HooGpa3ue, OLleHEHHOoe
Y pPaHXXHPOBAHHOE M0 LieJIOMY sy CeJIeKIIMOHHO 3HAaYUMBbIX
MPU3HAKOB, KOTOPOE MOCTY>KUT UCXOAHBIM MaTepuaaoM /s
aIpecHOU cesieKLIMU KyJAbTypbl. [anbHellllee pa3BUTHE UC-
c/1e/loBaHUM He TOJIbKO MOMOJHUT 3HAHUS 0 XapaKTepUCTHU-
Kax reHoQOH/]a, HO U MO3BOJIUT NOHATb MeXaHU3Mbl ajal-
TUBHOCTH U UX FTeHeTHYeCKHe OCHOBBI.

3akJ/iloueHue

[[poaHanu3npoBaHa M3MEHYUBOCTb 13 ceJIeKLMOHHO
3HAYMMBbIX MPHU3HAKOB Yy 06paslioB KOJLIEKLIUHU ryapa Npu
BhIpaluBaHuu Ha Bosrorpazackoit OC BUP. [IpuBeaeHs! rpa-
HULbI U3MEHYUBOCTH U3yYeHHBIX NMPU3HAKOB, UX CpefHUe
3HauyeHUs M0 BbIGOPKe U KO3PPULIMEHTHI BapbUpoBaHuUsl. [1o
3THUM IOKa3aTeJsIM MOXHO CYyJUTb O CeJIeKI[MOHHOM IOTEeH-
nuase o6pasnoB KoJsuieknuu BUP pnsg ucnonb3oBaHus
B PerMoHa/JIbHOM cesIeKIIMU B KaueCcTBe UCXOJAHOI0 MaTepHa-
sa. [IpeiokeH MoAMUIIMPOBAHHBIN CIIOCOG AJis OTIpesiesie-
HUS peakluy o6pa3loB ryapa Ha GOTONEPUO/ U UX PAHKU-
pOBaHUsS B COOTBETCTBUU € K03)PUIIUEHTOM POTONEPUOAU-
YeCKON 4YyBCTBHUTEJbHOCTH [JIsi KOCBEHHOTO OINpe/iesleHusI
CKOPOCIEJ0CTH TeHOTUIIOB.
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BbuosiornyecKky akTUBHbIE BellleCTBA B KJAYOHSIX 00pa3L0B
TonuHamMmoypa (Helianthus tuberosus L.) u3 koasiekuuu BUP

H. B. Jle6eaenal, A. B. /Iin64eHko?, A. E. CosroBeeBa’, U. B. Bapranosa’, E. B. Poro3una'

1 @edepanvHulii uccaedosamensckuil yenmp Beepoccutickutl uHcmumym 2eHemuyeckux pecypcoe pacmenutl
umeHnu H.U. Basusoea, Caukm-Ilemep6ype, Poccus
2@edepasvHolil uccaedosamenvckull yenmp BcepocculicKull uHcmumym 2zeHemuyecKux pecypcos pacmeHull
umeHu H.HU. Basusosa, UUIKONCKAsi onbIMHAs CMAaHyus — puauan D tikonckutl patioH, Poccus

eHu H.U. Ba a, Matikoncka a a asn BUE Matikonck a P

Aemop, omeemcmeeHnHblil 3a nepenucky: Anna EBrenbeBHa CoJioBbeBa, a.solovyeva@vir.nw.ru

AKTyasibHOCTB. Pa3HOOGpasye MpUpOHO-KJIUMaTHYeCKUX yciaoBui CeBepHoro KaBkasa o6yc/iaBivBaeT BaXKHOCTD H3y4e-
HUS COPTOBBIX peaKIuil ToMMHAMOypa Ha BO3/ie/IbIBaHNE B OTIpe/ieJIEHHBIX 9K0JI0ro-reorpadpuyeckux 3oHax. OneHka o6pas-
IIOB KOJUIEKLIUU TolmMHaMbypa BUP, coxpaHseMoil B pernoHe, akTyaJbHa [/ BbIICHEHHS] U3MEHYMUBOCTHU KYJBTYPHI 10 NPO-
JYKTUBHOCTH ¥ GMOXMMHYECKOMY COCTaBYy KJIyGHEH 1 MPU BbIGOPE COPTa, MEPCIEKTUBHOTIO /s BhIpaluBaHusl. Llesb nccie-
JIOBAHUS: U3yYUTh GHOXUMHUYECKHUN COCTaB KJIyOHel TonuHaM6ypa, oA Aep>KUBaeMbIX B I10JIeBOM reH6aHKe Ha MalKONCKO#
ONBITHOM cTaHUuU — dunnane BUP (Pecniy6sivka Afpires).

Martepuasbl U MeTOABI. MaTepuasoM HCCIe[0BaHUs MOCTYyXUanu 19 06pa3noB TonnHaMb6ypa U3 KoJJIeKIMH MaWKonCKor
ONBITHOW cTaHIMU. TonuHaM6yp BbIpallMBaJU KaK OZHOJIETHIO KyJbTYPY — KJYOHU Nepe3uMOBBLIBAJIM B I0JIe, 2 BECHOH
BBICQ)XKMBAJIMCh HA HOBBIA YYaCTOK. AHA/IN3 TPOAYKTHBHOCTH MPOBeZieH st 06pa3oB ypoxas 2021, 2022 r. AHa/u3 6U0XH-
MHYECKOTO COCTaBa KJIyGHeH mpoBeJieH AJ1s1 06pa3noB ypoxkast 2021-2023 rr. B oTAesie GUOXMMUU U MOJIEKY/IIPHON GHO0JI0-
run BUP c ucnosib3oBaHMeM cTaHapPTHBIX METOZO0B.

Pe3ynbraThl. Bricokas mpoAyKTHBHOCTh KJIyOHeH TonmuMHaMOypa B Te4eHHe JBYX JIeT oTMedeHa y o6pa3na ‘CaxaJuHCKUN
Kpacubiit’ (2,2 kr/pact.). BeisiBjieHbI 06pa3iibl C BBICOKUM COJlepKaHHEeM OHOJIOTHYeCKH aKTUBHBIX BeLeCTB: MHYJIMHA — ‘AB-
crpanuiickuit’ (14,10 + 1,41%), Ylona’ (13,73 £ 1,28%), ‘Topianka’ (13,43 * 2,06%), ‘Waldspiendel’ (13,32 +1,60%), ‘3opu
KaBkaza’ (13,22 + 0,93%); cyxux BewecTB - ‘Tam6oBckuii KpacHbiit’ (27,66 + 0,60%); cymMbl caxapoB - Jlosa’ (19,02 + 3,48%);
6enka - ‘ABcTpanuiickuit’ (3,65 + 0,67%). CopTt ‘Haxogka' coxpaHsieT BLICOKHMU MOTEHIMAJ MPOLYKTUBHOCTH (2,68 Kr/pacT.)
pH 6J1arONpPHUATHBIX YCJIOBUSAX NEPUO/A BEreTALUH.

3akuo4yeHue. B kosekiun BUP BoifiesieHbl 06pasiibl ¢ BBICOKOH U CTAaOU/IBHOHN NPOAYKTUBHOCTBIO KIYOHEH, IeHHBIM GHO-
XUMHUYECKHM COCTAaBOM (BBICOKOE COZlepKaHHe MHYJIMHA, aCKOPOMHOBOW KHCJIOTHI), BBICOKUM COJlep>KaHUEM NUTATeIbHbIX
BellecTB (6esKa).

Knawuessle caosa: HWHYJIVH, Caxapa, aCKOp6I/IHOBaH KHUCJIOTQ, aHTOLMAHBbI, 06H.laH KHCJIOTHOCTD, CyX0e BeliecCTBo, 68}'[01(, 6uo-
XHMHUYECKUH aHaIn3, NPOAYKTUBHOCTD, KJIy6HI/I

BbaazodapHocmu: viccnesoBaHUE BBINOJHEHO B paMKaX IoCyAapcTBeHHOTO 3ajaHus PesepasbHOr0 MCC/IE0BATENBCKOTO
IeHTpa Bcepoccuiickoro MHCTUTYTA reHeTHYEeCKUX pecypcoB pacTeHUH nMenu H.M. BaBunosa (BUP) «CoBepuieHcTBOBaHME
MOJIX0/I0OB U METO/IOB €X Situ COXpaHeHHUs UJeHTUPHUIMPOBAHHOTO reHOPOH 1A KJIYOHEIIOAHBIX KyAbTYpP (KapTodesb, TONH-
HaM6yp) U UX JUKHUX poJUYel, pa3paboTKa TEXHOJOTHH UX 3¢ PeKTUBHOTO HCI0Ib30BaHusA B ceseknun» (FGEM-2025-0005).
ABTOpBI 6s1aroAapAT GBIBLIETO COTPYAHHUKA MalKOIICKON ONBITHOH cTaHI MU — dunana BUP , BHeECIIEero OrpoM-
HBIH BKJIaZ B OpMUpOBaHME U MIONOJHEHHE KOJIJIEKIIUH TONHHAMOGypa.

ABTOpBI 6J1ar0AapsAT perjeH3eHTOB 3a UX BKJIaJ, B 9KCIEPTHYIO OLIEHKY 3TOH paGoThI.

s yumupoeaHus: Jle6enesa H.B., Jlio64yeHko A.B., CosoBreBa A.E., Bapranosa U.B., PorosuHa E.B. Buosiorniecku akTUBHBIE

Bell[eCTBA B KJIyOHAX TonuHaMmb6ypa (Helianthus tuberosus L.) xonnexknuu BUP. Tpyder no npukaadnoli 6omaHuke, ceHemuke
u cesexkyuu. 2025;186(3):173-186. DOI: 10.30901/2227-8834-2025-3-173-186
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Bioactive compounds in Jerusalem artichoke (Helianthus tuberosus L.)
tubers from the VIR collection

Natalia V. Lebedeva?, Alexandr V. Lyubchenko?, Alla E. Solovyeva’, Irina V. Varganova!, Elena V. Rogozina'
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Corresponding author: Alla E. Solovyeva, a.solovyeva@virnw.ru

Background. Diverse nature and climate conditions in the North Caucasus invoke the importance of studying cultivar-specific
responses of Jerusalem artichoke to cultivation in certain ecogeographic areas. Evaluation of Jerusalem artichoke accessions
preserved at VIR is relevant for disclosing the crop’s variability in productivity and biochemical composition of its tubers and
choosing cultivars promising for cultivation. The objective was to examine the biochemical composition of Jerusalem artichoke
tubers maintained in the field gene bank at Maikop Experiment Station of VIR (Adygea, Russia).

Materials and methods. Nineteen Jerusalem artichoke accessions from Maikop Experiment Station served as the material for
the study. They were grown as an annual crop: the tubers overwintered in the field, and were transplanted to new plots in the
following spring. Tuber productivity was assessed in the plants harvested in 2021 and 2022. Biochemical composition was an-
alyzed in the reproductions of the 2021-2023 harvests at the Biochemistry and Molecular Biology Department of VIR using
conventional techniques.

Results. High productivity over two years was recorded for ‘Sakhalinskiy Krasny’ (2.2 kg/plant). Accessions with high content
of bioactive compounds were identified: for inulin, ‘Australian’ (14.10 +1.41%), ‘Lola’ (13.73 +1.28%), ‘Topianka’
(13.43 £ 2.06%), ‘Waldspiendel’ (13.32 + 1.60%) and “Zori Kavkaza’ (13.22 + 0.93 %); for dry matter, “Tambovskiy Krasny’
(27.66 = 0.60%); for total sugars, ‘Lola’ (19.02 + 3.48%); for protein, ‘Avstraliyskiy’ (3.65 * 0.67%). Cv. ‘Nakhodka’ maintained
its potential for high productivity (2.68 kg/plant) under favorable growing season conditions.

Conclusion. Screening of VIR’s Jerusalem artichoke collection resulted in identifying accessions with high and stable tuber pro-
ductivity, valuable biochemical composition, and high content of bioactive compounds (inulin, and ascorbic acid) and nutrients
(protein).

Keywords: inulin, sugars, ascorbic acid, anthocyanins, total acidity, dry matter, protein, biochemical analysis, productivity, tu-
bers
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BBeaeHue

TonuHamM6yp, UK MOJLCOTHEYHUK KAyOHeHOCHbIH (Heli-
anthus tuberosus L.), - MHOTOJIeTHee TPABAHUCTOE KJIy6He-
HOCHOe pacTeHue ceM. Asteraceae Dumort. pogom us Ce-
BepHOM AMepHKH. ITO O[jHA U3 YHUBEPCAJbHbIX CEJbCKO-
X03SIMCTBEHHBIX KYJbTYp, IPUroAHas /151 UCN0JIb30BaHUSA
Ha NulleBble, KOPMOBBIE, GUOpeCypCHbIE, MeJULUHCKHUE,
JleKopaTHBHble U TeXHUYeCcKHe Leau. boraTblil 6MOXUMHU-
YeCKUU COCTaB BCeX YacTel pacTeHUs (KAyOHEH, IUCThEB
Y cTebJiell) ycTaHOBJIEH MHOTUMU HccjefoBaTeassMu (Sa-
wickaetal., 2020; Liava et al., 2021; Manokhina et al., 2022).
Bblcokast ypoxkalHOCTb U OTHOCUTeJIbHasl HeTpebGoBaTe b-
HOCTb K YXOAY, CIOCOGHOCTb K €KeroJJHOMy BO30OHOBJIe-
HUIO U YCTONYMBOCTD K He61aronprUsATHBIM paKTopaM cpe-
Jbl ONIpeJieIII0T IpeuMyLiecTBa TONMHAM6ypa KaK UCTOY-
HUKa ChIpbs JJIs1 CO3JaHUs BbICOKO3()EKTUBHBIX MHUIle-
BbIX IPOAYKTOB.

KynbTypa TonnHamM6ypa npro6peTaeT Bce GoJlblliee 3Ha-
YyeHHe Ha MUPOBOM DPbIHKe CeJIbCKOX0351MCTBEHHON MPOAYK-
nuy 6Jsarojapsi BbICOKOM NMPOAYKTHUBHOCTH, MUTATeJIbHON
LIeHHOCTU W aJalTHUBHOCTHU K YCJOBUSIM BbIpallluBaHUS
(Hanci, 2023). TonuHaM6yp BO3/ie/IbIBAIOT B 25 cTpaHax Ha
Bcex KOHTUHeHTax (Liava etal.,, 2021). B Poccuu npombiii-
JIEHHBIM CITIOCO60M TONMHAMOYp BbIpAlIMBAIOT Ha MJIOIA/ U
3000 ra (Manokhina et al., 2022). [Ipu Bo3ae/IbIBaHUU TOMHU-
HaMb6ypa 6o0Jibllloe 3HAaYeHHe HMeeT MPaABUJIbHBIM BBIOOP
copTa. HecMOTps Ha BbICOKYIO alallTUBHOCTD KYJILTYPbI, A/
obecriedeHus] MaKCUMaJbHOW (OTOCUHTETHYECKOM aKTHUB-
HOCTH pacTeHUH U MoJy4YeHUs XOPOILIero ypoast U BbICOKO-
ro KayecTBa NPOAYKLUHU HEOOXOJUMO YUYUTbIBATb GHOJIOTH-
yecKHe OCOOEHHOCTH COpTa, reorpadpryeckoe IMoJOKeHUE
Y KJINMaTH4eCcKue YCI0BUSl MECTHOCTH, COCTAB U CTPYKTYPY
MOYBBI, arpOTexXHUKY Bo3jesbiBaHus (Kosaric etal, 1984;
Kiru, Nasenko, 2010; Liava etal., 2021; Manokhina etal.,,
2022). B TocynapcTBEHHOM peecTpe COPTOB U CeJIeKLHOH-
HBIX JOCTIKeHUH P® npecTaBieHbl N9Th COPTOB TONHMHAM-
oypa: ‘Uutepec, ‘Omckuii Benblit, ‘Tlacbko’, ‘Ckopocnesnka’
U ‘CosHeYHBIH, ONyIlleHHble K UCIIO0Jb30BaHUIO BO BCEX 30-
Hax Bo3JesbIBaHUs KyabTypbl (https://reestr.gossortrf.ru).
BBujy upe3BblyaiHOr0 pa3HO06pa3Us NPUPOAHO-KIUMATH-
YeCKHX yCJOBHUM Ha TeppUTOpUU Poccuu usydeHue copro-
BbIX peaKLU} TonuHaM6ypa B ONpejesIeHHbIX 3K0JIOT0-Ieo-
rpapuyecKux 30HaX, OlleHKa NMPOAYKTUBHOCTH U GMOXHMHU-
YeCcKOTo cocTaBa KJyOHeH akTyaslbHbl U MO3BOJISIIOT BbI-
6paTh COPT, HanboJiee NepPCNeKTUBHbIN A5 BblpalllUBaHUSA
Ha MUILEeBbIe [leJIM B KOHKPETHOM peruoHe.

Kny6Hu u Hajj3eMHass Macca TONMHaMbypa cofepaT
60JIbLIIOe KOJIMYECTBO MEKTHHA, MHUIIEBbIX BOJIOKOH, GeJka,
aMMHOKHUCJIOT, B TOM 4MCJle He3aMeHHMbIX, )KU3HEHHO BaX-
HBIX MaKpo- U MHUKPO3JIEMEHTOB, a TaKXe OpraHMYeCcKHUX
Y )KUPHBIX KHUCJIOT, 06/1aal0lUX CUJIbHBIM aHTHOKCHUJAHT-
HBbIM JelicTBueM. [lo comepkaHUI0 MarHus, »kejesa, KpeM-
HUs, [UHKA, a TakKe BUTaMUHOB B1, B2 u C TonuHambyp
NpPeBOCXOAUT KapTodesb, MOPKOBb, CTOJIOBYI CBEKJY
(Khristich et al.,, 2015). Kny6Hu TonuHaM6ypa He cofep:KaT
aJIKaJIOUJ, COJIOHUH, 06pa3syloluiics Ha CBETYy B CbIpOM
kapTodese. TonuHamMObyp 06/1aZaeT YHUKAJBbHON CIOCOGHO-
CThIO HaKallJIMBaTb BbICOKOE COJep:KaHUe MHY/IMHA. BMecTe
C TeM KJIyOHM U Haj3eMHasl Macca TONMHaM6ypa He Hakar-
JIUBAIOT TsKeJible MeTaJl/bl (CBUHEL, PTYThb, MBILIBSK U AD.)
u paguonykauzel (Lebedeva et al,, 2019). YHuUKanbHBIN 6HO-
XUMHYEeCKHUH COCTaB TONMHAMOypa MO3BOJIMJI pPEeKOMEeH[0-
BaTb €ro B KauecTBe CbIpbs AJI1 CO3/laHUsl U IPOU3BOACTBA
byHKIMOHANBHBIX NPOAYKTOB nuTaHus (Manokhina etal,
2022).

[lo manubiM PAO, B 2009 1. 468 06pasuoB H. tuberosus
COXPaHsIJIOCh B MUPOBBIX TeHHbIX 6aHKaX; caMble NpeJiCTaBU-
TeJIbHbIe KoJleKuuu (6osiee yem 100 06pasuoB) CyliecTBO-
Basiu B Kanaze, Cep6uu, l'epmanuy, CLIA, @pannuu u Poccuu
(Diederichsen, 2010). B cBsi3u ¢ TpyJHOCTbIO NOAAEPKAHUS
oJieBoi KoJisieKuu B reH6anke CIIA o6pasibl TOmHHAMOY-
pa nepeBe/siM B CEMEHHYI0 KOJLJIEKIHIO, HECKOJIBKO YMeHb-
LIMJICS COCTaB KoJuleKLui lepmanuu u Cepbuu, npogoska-
I0T COXpaHATb B BUJe KJ0oHOB 180 06pa3ioB TonuHaMb6ypa
Bo ®panuuu (Terzi¢ etal., 2020). Ha Maiikonckoil onbITHON
ctaHuuu BUP cobpaHa u moajep:kuBaeTcsl BKUBOM BHU/Je
oJlHa U3 HauboJiee NpeACTAaBUTENbHBIX KOJUJIEKLUH TOMU-
HaMbypa B MHUpe: OHa BKJto4daeT 6oJiee 400 06pasuos, co-
6paHHbIX B TeyeHue 80 sieT (Lebedeva et al,, 2019). Uccaepno-
BaHMe 06pa3lloB TONHHAMOypa U3 MUPOBBIX KOJLIEKLUH NPo-
BOJAUTCS 10 Pa3HbIM HanpasJseHUsAM. [IpoBeieHO arpo6uoJio-
rudeckoe U3ydyeHue 1o 23 AeCKpUNTOpPaM KOJIJIEKIIUU TOIH-
HaMmb6ypa B KaHaze (Diederichsen, 2010). [IpoAyKTUBHOCTb,
CKOPOCIEJIOCTb U YCTOMUYUBOCTb K 60JIe3HAM U3y4eHbl ¥ 00-
pasLoB TonuHaM6ypa B kosiekuuu ®@pannuu (Serieys et al.,
2010), mpoAYKTHUBHOCTb, MOpQoJIOTHYEeCKHe MpPU3HAKHU
KJyOHel U couBeTUH - y 06pa3L0B TOMMHAMOypa B KOJLJIEK-
uuu BUP (Kiru, Nasenko, 2010; Smekalova et al,, 2019). 06-
LIMPHble BEIGOPKU 06pa31l0B TOMHMHAM6ypa U3 pasHbIX KOJI-
JIeKIJU 0XapaKTepr30BaHbl 10 IPOAYKTUBHOCTH U COZlepKa-
Hulo uHynuHa (Puttha et al,, 2012), reHeTHYeCKOM CTPYKType
U reHeTu4eckoMy pofctBy (Wangsomnuk et al,, 2011).

PasHy10 NpOAYKTUBHOCTb U OGHOXMMHUYECKHUH cocTaB
KJy6Hel UMelT copTa TomMHaMbypa B cTpaHax EBpomnbl
(Rossini etal, 2019; Sawicka etal, 2021), o6pa3ubl Tonu-
HaMOypa, Bo3jesbiBaeMble B 24 nmpoBuHuusAx Kurtas (Liu
etal, 2011), copta u o6pa3ubl TonuHaMm6ypa B benapycy,
LentpanbHoM U CeBepo-3anajHoM pervoHax Poccuy, B 3a-
naano#t Cubupu (Kiru, Nasenko, 2010; Leontiev et al,, 2014;
Khristich etal., 2015; Manokhina et al., 2022). OTeuecTBeH-
Hble U 3apybekHble COPTa TONMHHAMOypa, coXpaHsieMble AJH-
TeJibHOe BpeMsi Ha MalKomnckodl onbITHOM cTaHuuu BUP
(Maiikonckas OC), npeZcTaB/ieHbl pa3HOO6pa3ueM COPTOTH-
OB, KJ1accuduKalua KoTopbix npoegeHa H. M. [lacbko no
psaay Mmopdosiorndyeckux npusHakoB (Lebedeva et al.,, 2019).
H3ydyeHrHe GUOXHMHUYECKOr'O COCTaBa KJIyOHEeH y o6pasLoB
TONHMHaMOypa, aJalTUPOBaHHBIX K yciaoBussM CeBepo-Kas-
Ka3CKOTr'o peruoHa, NpeJiCTaBJseT 0COObIM HHTEpeC U BaXKHO
JUIs1 6oJlee TTOJTHOM XapaKTepU3al MU pa3HOOOpasUs KyJAbTy-
pbl 1 0T6Opa MaTepuaa, LleHHOro AJIs ceJleKLUU UIH Hello-
CpeAICTBEHHOI0 BbIpalljBaHUs B IPOU3BO/CTBE.

I]enb danHotUl pabombl - OLleHKa 110 6UOXUMHUYECKOMY CO-
cTaBy KJy6HeN 19 06pa3oB TonuHaM6ypa B ycioBusix CeBe-
po-KaBka3ckoro peruvoHa. HoBusHa McciefoBaHuUs 3aKJII0-
yaeTcsl B ONpe/ieJIeHUH KOMIIJIeKca 6MOXMMHUYeCKHUX IT0Ka3a-
TeJiel KJIyOHeld TonmuHaMOypa: COJep:KaHHUs CyXoro Belle-
CTBa, yIVIEBOJOB C y4eTOM HHYJMHA, 6esiKa, OPraHUYeCcKUX
KHUCJIOT, aCKOPOMHOBOW KMCJIOTBI, aHTOLIMAHOB U OLleHKe UX
M3MEeHYUBOCTH 10/, BAUSHUEM KJIUMaTUYeCKUX YCI0BUH.

MaTtepuaJjibl U METOAbI

U3ydens! B TeyeHue 2021-2023 rr. 19 o6pasuoB Tomu-
HaMb6ypa u3 KoJutekuuu BUP, nogepkuBaemoii Ha Malikon-
ckoii OC BUP (pernon - CeBepHbiii KaBkas, Pecny6uinka
Appiresi, oOKpecTHOCTH I. Maiikomn).

HUccnenoBaHbl 06pasubl TOMUMHaAMOypa MHOCTPAaHHOM
Y POCCUMCKON CesIeKLUH, pa3HbIX TPy CHEeJ0CTH, aJallTH-
pOBaHHbIE K YCJI0BUSAM pervoHa (tabu. 1). Copt ‘OMckuii be-
JIBII, BKJIIOUEHHBbINH B [ocpeecTp COPTOB U CeJIeKLIMOHHBIX
JocTikeHud B 2014 1., UCNIOJIb30BaH B KaueCcTBe CTaHAApTa.
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Ta6suna 1. U3yyeHHble 06pa3nubl TONUHAMOGYpa U3 KoJ/IeKuU MaiiKonckoi onbITHOU ctaHimu BUP

Table 1. The studied Jerusalem artichoke accessions from Maikop Experiment Station of VIR

Ne mo %
HWHTEHCHBHOCTh aHTOLLMAaHOBOM
KaTtaso- | HasBaHue IIpoucxoxaeHune s I'pynna cnenoctu
OKPAaCKHM KOXYyPbI KJIyGHeH
ry BUP
1 ‘Béloslupké’ YexocsoBakus OTCYTCTBYET UJIU O4eHb caabast o3Hecnesbli
3 ‘KueBckuii benbrit’ YkpauHa OTCYTCTBYET WJIM OUeHb caabast o3/Hecnesbld
. . N cusbHas (OTCYyTCTBYeT UIN .
4 CaxanuHckui KpacHbiit Anonus (oTcy Y o3/ Hecnesbli
O4eHb c1abas)
6 ‘Benrepckuit’ Benrpusa OTCYTCTBYET WJIM OYeHb c1abast CpesHecIe bl
. . OY€eHb CUJIbHAsA (OTCYTCTBYeET .
10 ‘Tam60BcKu KpacHbIi Poccus (oTey y CpeJiHecCIesTbIid
WJIU OYeHb c1abast)
N OYeHb CUJIbHAA (OTCYTCTBYeET .
14 ‘TopHo-AnTaiickuit’ Poccus (oTey y paHHecIebIi
WJIM O4YeHb c1abast
25 ‘Benbiit YpoxkalHbINH Poccusa OTCYTCTBYET HJIM OUeHb caabast 03/ Hecnesbld
26 ‘ABcTpanniickuit’ ABcTpanusa OTCYTCTBYET HJIM OUYeHb caabast cpeAHecIeslbli
68 ‘Waldspindel’ F'epMaHus cuabHasa (cpeaHssn) cpe/iHecIebI i
70 ‘Topianka’ l'epmanus cuJibHas (cpeHss) cpeAHecIesbli
; ) .
78 Ton6yxux Bosrapus OTCYTCTBYET MJIM O4€Hb cJ1abast cpeJHecIeJIbIi
84 ‘Haxopka’ Poccua OTCYTCTBYET HJIM OUeHb caabast cpeJHecIeslbli
] . cpesiHss (OTCYTCTBYET WM OYeHb .
85 Amerikan’ CIIIA pea (oTcy y MO3HECIeJIbII
cnabas)
193 ‘Violet de Rennes’ Opanius o4eHb CUJIbHasA (cpeHsis) Mo3AHeCHe bl
194 ‘Progress’ ®dpanyusa OTCYTCTBYET UJIU O4eHb caabast cpeAHecIesbli
313 ‘3opu KaBkaza’ Poccus O4eHb CUJIbHAsA No3/Hecnesbld
314 ‘Omckuit besbiit’ (ctanmapt) | Poccus OTCYTCTBYET HJIM OUeHb caabast M03HeCHe bl
326 ‘Jlona’ Poccus cubHasa (cpeaHss) MO3/{HeCHesbli
354 2051 CIIA OYeHb CUJIbHas (CUJIbHAs) Mo3AHecnesbli

[TpuMeuaHue: * - B CKOGKaxX NpUBeJieHa MHTEHCHUBHOCTb aHTOIIMAHOBOM OKPACKH KJIy6Hel TonnHaMOypa, U3y4yeHHbIX B 2021-2023 rr.

Note: * - parenthesized is the intensity of anthocyanin coloration in Jerusalem artichoke tubers studied in 2021-2023

TonuHaM6yp BbIpalMBaJd KaK OJHOJIETHION KYJbTYpY:
KJ1IyOHHU NTepe3rMOBbIBAJIH B 110J1e, @ BO BTOPOH JieKa/ie anpe-
JIs 06pa3Lbl lepecakuBaId Ha HOBbIK yyacTok. KakbIi 06-
pasel] B IMTOMHHKe 3aHUMaJl OJJHOPS/AKOBYIO JIe/IAHKY I1JI0-
ma/bto 3,92 M% ¢ pa3MellieHreM Ha Hell BOCbMHU FHE3/ 10 CXe-
Mme 0,70 x 0,70 M. PacTeHus BbICaXXUBaJIU B 60PO3/bl, TITyOH-
Ha nocajku 8-10 cm. [ocsie nosiBJIeHNA MAcCOBBIX BCXOJ0B
(He MeHee LIECTH B JleJITHKE) MEX/AYPA/ibsA HA HOBOM y4acTKe
KyJIbTUBUPOBAJIMCh B OJHOM HalpaB/eHUU. B fanbHeiem,
ocJjie NepBoOd PyYHO! MPOIIOJIKH, TPOBOJM/IACH TOJKOPMKaA
aMMMAYHOH ceJUTPoH B KosindecTBe 250 Kr/ra c nocieayto-
el KyJbTHBaLKed. JIopoXKKH MexJy sApycaMHu Ha y4yacTKe
MePUOANYECKH JIMCKOBAJIHCh.

YueT arpoMeTe0ycs0BUH (TeMIiepaTypa BO3/[yxa U KOJIU-
YeCcTBO 0CaZIKOB) BBINOJIHEH Ha NpU6opax MeTeonocTa Mai-
korckor OC. /lnst 6oJiee MOTHOW XapaKTEPUCTUKU pexuMa
YBJIQ)KHEHUS ONpeJessii IMAPOTePMUYecKU Koapduru-

eHT [ T. CenssnuHoBa (I'TK), Belpaxaromuii OTHOLIEHHE CyM-
MBI OCaZIKOB K CyMMe CpeJJHUX TeMIlepaTyp, YMeHbIIeHHOH
B 10 pas.

Ksnumart Pecny6/iMKyu AfbIred CpPaBHUTEJBHO TeIJIbIH,
BJIaXKHBIH. [lo MHOT0JIETHUM ZJaHHBIM METEOIOCTA, B CPeJi-
HeM 3adUKCHPOBAaHbl MaJIOCHEXKHbIE 3UMbl, YMEPEHHO-XO0-
JIOZIHBlE, MATKHE, C YaCTbIM YepeJOBAaHUEM MOPO3HBIX Ile-
PHO/IOB U OTTeMNeJIeH, 4TO MOXKET NPUBOJUTD K OAMep3a-
HUIO KYJbTYpPBl TONMHAMOypa. B anpesie BeposaTHOCTD 3a-
CYLJIMBBIX YCJOBHUH A0OCTAaTOYHO BbICOKAa. OcaZiKU B JeT-
HUe Mecsllbl BbINAJAIT KpaliHe HEPaBHOMEPHO W 4acTO
HMeIOT KpaTKOBPEMEHHbIH, INBHEBBIA XapakTep. Bo BTO-
PO MoJIoBHHE JIeTa MOYTH KaKAbIH roji HabJ/I0Aal0TCA 3a-
CYILIJIMBBIE ePUO/bI. 3anachl BOAbI B I0YBE HEPEJKO CHU-
JKAITCA [0 HEeJOCTYNHBIX ypOBHEH, o6pasys riybokue
TpPelHHBL. B oTenbHbIE AHU HI0JIS U aBTyCTa TeMIlepaTy-
pa Bo3zayxa MoxeT JocTuratb +45°C, a Ha MOBEPXHOCTHU
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no4Bbl — 10 +64°C. CyxoBeu oTMedalTCcs oKoJsio 60 fHeH
BTOJAY.

[IpoayKTUBHOCTb oueHUBaM B 2022-2023 rr. paHHel
BECHOH MocJle CTavBaHUs cHera. /Iyl yyeTa NPOAYKTHUBHO-
CTU KJyOHEW BbIOUpAIM TPU pacTeHUs (Mpobbl) KaxKJOro
obpasna. BeikanbiBasu KJAyOHU PYYHBIM CHOCO60M, B KaX-
ol npobe MOACYUTHIBAIMA UYKUCJI0 OOPA30BABIIUXCS KJYO-
Hell, 3aTeM B3BelllUBa/IM UX Ha 3JIeKTPOHHBIX Becax U MoJy-
YyeHHble JJaHHble 3alMChIBAIM B Tab/uLy. Bce yuyeTsl npoBo-
JUJIU B T10JIEBBIX YCIOBUSAX.

Jlisi 6MOXMMHYECKOTO aHa/M3a eXerojHOo MPOBOAWIN
crelyanbHbli 0T60p KAy6HeH (8-10 WT. c 0HOr0 TUIUYHO-
ro pacTeHHs1) y 06pasLoB B NoJjie B MocaefHeN JeKaje OK-
TAGPSL.

Bruoxumuyeckoe uccieoBaHMe KIyOHeH TomMHaM6ypa
npoBoAuU exerofHo B 2021-2023 rr. Onpefensinu cofep-
>)KaHHe CYXOTO0 BellecTBa, YIJIeBOJHOT0 KOMILIeKca (MHYJIUH,
peAyLupyloliye caxapa, caxaposa), 6eJika, opraHuyecKHux
KHCJIOT, aCKOPOUHOBOW KUC/I0THI (BUTaMKHA C), TUTMEHTOB
(aHTOLMAHOB). AHa/IM3bl NPOBeJeHbl B OTAese GUOXUMUU
u MoJsiekynsipHoi 6uosiorud BUP (Cankrt-IleTep6ypr). Jan-
Hble 6MOXMMHUYEeCKOr0 aHa/IN3a Npe/CTaBAeHbl HA CbIpOe Be-
111eCTBO 110 BCEM NIOKa3aTeJsIM, KpOMe CoZep>KaHUs aHTOoLha-
HOB, KOTOpble BblpakaJd Ha abCOJIIOTHO CyXoe BeLlecTBO.
Onpefensiu cpejiHee 3HaYeHMe MoOKa3aTess (X) U OLIKOKY
cpeAHero 3HayeHus (* Sx).

06pa3sypbl KI1yOHEeH MpoMbIBald BOJOIPOBOAHON BOLOH,
B3BeIllMBa/M U CyLIMJM Ha Bo3Aayxe. M3 0TOOGpaHHBIX A/
aHaJM3a KJy6Hel dopMUpOBasU 06beJUHEHHYIO MPOGY.
Kiny6Hu npomblBaiy, NpocyuIMBalyu U uaMesbdanu. O6pas-
bl 6bIIM 06pabOTaHbl ¥ MPOAHAIU3UPOBaHbI, KaK ONHCAHO
panee, o Mmetoguke A. U. EpmakoBa u coaBTopoB (Ermakov
etal, 1987).

CojieprkaHMe CyXOro BellleCTBa OIpejessiu TepMorpa-
BUMETPUUYECKHM MeTOAOM, IyTeM BbICYLIMBaHUS 06pa3loB
J10 TOCTOSIHHOTO Beca npu Temnepatype 105°C (GOST 33977-
2016..., 2019). ComepkaHue caxapa OLEHUBAIM CTaHJAPT-
HBIM MeT0/j0M BepTpaHa, KOTOPbI OCHOBaH Ha BOCCTAHOBHU-
TeJIbHOM JIeMCTBHUU caxapa Ha lieJI04HOH pacTBOp TapTparT-
HOTO KOMIIJIEKCa C MOHOM MeAY; 06pa30BaBILYIOCs 3aKUCh
MeJy pacTBOPSIN B TEIJIOM KHCJIOM PacTBOPe KeJIe3UCThIX
KBacuoB. TpexBaJieHTHble KBacllbl BOCCTaHaBJUBaJIU [0
FeSO,, KOTOpBIM TUTPOBA/M MO CTaHAAPTU3UPOBAHHOMY
KMnO,; Cu-sKBMBaJIEeHT COOTHOCHJIM C TabJIMLEeH [ 0y~
YeHUsl KOJIMYecTBa peayuupytomero caxapa (GOST 26176-
2019...,2020). ConeprkaHue UHYJIMHA U3MEPSJIU 10 pa3HULEe
Mex/ly 06LIUM KOJIMYeCcTBOM YIJIeBOJOB, HallleHHbIX MocjIe
ropsiue aKCTpaKLMU BOJON U 82-NPOLIEHTHLIM 3TUJIOBBIM
cnuptoM (Ermakov et al,, 1952). Cozepxkanue 6eka onpeje-
1511 o MeToAy Kbesbjjans: cpejHIOI0 IPO6Y BHICYLIEHHOT'O
(mpu 60°C) mMaTepuasia MUHEpPAJU3UPOBAIU MpPU HarpeBa-
HUM C KOHLEHTPHUPOBAHHOW cepHOM Kucaotod mpu 420°C
B TeyeHHe MoJiyTopa yacoB. OnpejesieHre a30Ta NIPOBOAUIN
Ha aBToMaTHU4yeckoM aHasuuzaTtope Kjeltec 2200 (FOSS, LBe-
1us) c nocaeAyomuM TuTpoBanueM 0,1 H pacTBopoM cep-
HOH kucoThl. O61iee cofepkaHue 6eslKka pacCYUThIBAIU 110
asoTy ¢ koapounuentom 6,25 (GOST 13496.4-2019...,,2019).
0611yt0 (TUTPYEMYIO) KHUCJIOTHOCTD ONpe/ieIsIv IyTeM TUT-
poBaHus s3KkcTpakTa 0,1 H 1les104bl0 B epecyeTe Ha s16/104-
HYI0 KHCJIOTY; aCKOPOUHOBYIO KUCJIOTY ONpejessiu MyTeM
NpPsSIMOM 3KCTPAKLUU U3 pacTeHUH 1-mpOLEHTHOM COJISTHON
KHUCJIOTOH ¢ moc/elylIoluM TUTPOBAHUEM 2,6-JUXIOPUHJ0-
¢denosiom (GOST 24556-89..., 1989). AHTOLMAHBI U3BJIEKAIN
3KCTPaKLHel pacTBOPOM 1-IpOLeHTHOHN COJITHON KUCJIOTBI,
C HOCJIeAYIOUM CIeKTPoPOTOMETPUPOBAHUEM NIPU AJIMHE
BOJIHBI 510 HM, B nepecyeTe Ha LIUAHUAUH-3,5-AUTJTUKO3U/,.

CojieprxaHue 061ero KoJIM4ecTBa aHTOLIMAHOB pacCYUThIBa-
Jau o GopMysie ¢ UCNOJb30BaHUEM Y/leJIbHOTO MTOKa3aTess
MOIVIOUIeHUs] LIMaHU/IMH-3,5-JUIJINKO3U/I-XJI0prjia B 1-nipo-
LIeHTHOM BOJJHOM pacCTBOpe COJITHON KUCJIOTHL [l BHece-
HUA TONpPaBKU Ha COJepiKaHHe 3eJIeHbIX NMUTMEHTOB Of-
HOBPEMEHHO ONpefessJyd ONTUYECKYI MJIOTHOCTb IOJIy-
YeHHBIX 3KCTPAKTOB NpH JJyinHe BoaHbI 657 HM (Chupakhina,
Maslennikov, 2004).

CTaTUCTUYeCKUH aHA/IU3 AaHHBIX OLleHKH COPTOB TOMHU-
HaM6ypa Mo NpoAYKTUBHOCTH U GMOXMMHUYECKHMM MOKa3aTe-
JISIM KJIyOHeH BbINIOJIHEH B IporpaMMe Statistica 13. Onpege-
JISIIM CpefiHee 3HadyeHHUe, OMIMOKY, AUCIEpPCHI0, MeAHaHy
Y K03QPUIMeHT BapHallMU KaXKJ0ro nokasaTeJist. cnosib3o-
BaHbl MeTO/bl MapaMeTpHUYeCKOH U HemapaMeTpHuYeCKOon
CTAaTUCTUKU B 3aBUCHMOCTH OT BHJIA paclipejie/ieHUs MOoKa-
3aTeJiell, pa3/IMuMs CTaTUCTUUYECKH 3HaYMMBbI 1IpH p < 0,05.

Pe3ynbTaThl

Azpomemeoposo2uyeckue yca08us

ArpoMeTeopoJsioruyeckre ycJ0BUsl BereTallMOHHBIX Ce-
30HOB 2021-2023 rr. 6bLJIM KOHTPACTHBIMU 110 06ecreyeH-
HOCTH TeIJOM M Bjaroi. CpefHssl MecsiuyHasi TeMIlepaTypa
BO3/lyXa BereTalMOHHbIX nepuogoB 2021, 2022 u 2023 r. co-
craBua 16,2°C, 15,3°C u 16,5°C cOOTBETCTBEHHO, IPU HOP-
Me 14,9°C (puc. 1). CpeHee MecSTYHOE KOJIMYECTBO OCAIKOB
B 2021,2022u 2023 r.coctaBuio 84,3 MM, 68,1 MM u 83,6 MM
COOTBETCTBEHHO, IpU HOpMe B 75,6 MM (puc. 2).

B 2021r, no cpaBHEHUIO CO CPeJJHUMU MHOIOJIETHUMU
JIaHHBIMU HabJII0[leHUH, /iBa NepBbIX BECEHHUX Mecsla OT-
JIMYaJUCh MOHUXKEHHON TeMIlepaTypoH; B JaJjibHellleM,
cMasli M0 CeHTA6pb, TeMIepaTypa MHpeBblllaja CpejHUe
MHOroJIeTHHe 3HadeHus (cM. puc. 1). O6U/IbHbIe 0CafAKHU CTa-
JI1 PUYMHOM NepHoAa U36bITOYHOIO YBJIAXKHEHUS] BECHOM
Y B HauaJle JIeTa, KOTOPbIM CMeHWJICs MepuofioM AedULiUTa
BJIard BJIeTHe-OCEHHUEe Mecslbl (CM. puc.2; TabJL. 2).
B 2022 r. oTMe4eHbI NOBbILIEHHbIE TEMIIEPATYPHI B allpeie,
HIOHe, aBTyCTe U CeHTA6pe, MOHMW)XKEeHHbIe - B MapTe U Mae.
OcaZikoB BO BCe MecsiIlbl, KpOMe CeHTsAOps1, BbINa0 MeHbIIIE,
YyeM CpejJiHMe MHOTOJIETHHE 3HaueHHUs, M03TOMY B JIeTHUE
Mecsibl OTMe4eH AedUuuuT Biaaru (cMm. taba. 2). B 2023 r. oT-
MeueHbI 60Jiee TellJible MapT U aBr'YCT, B OCTaJIbHble MeCsLbl
TeMIepaTypa 6bla 6/1M3Ka K HOpMe; U36bITOYHOE KOoJInye-
CTBO 0C3/IKOB BECHOM U B HauaJle JieTa CMEHMJIOCh 3acyXoM
B JIETHE-0CeHHUe MecsLbl (CM. puc. 2, TabJ1. 2). B Kax bl rof
HabJIl0oleHUui 0TMeuYeHbl 3aCylLJIMBbIe YCJI0OBUS B HI0JIe — aB-
rycte (cM. TabJ1. 2).

IIpodykmueHocmb

O6pa3siub! TONMHAMOYpa pa3/InYyarTCs 10 MPOAYKTUBHO-
CTH, NIOKa3aTeJd KOTOPOH BapbUPOBAJIM B r'OJbl UCCJIEL0BA-
HUSl B 3aBUCUMOCTH OT TeHOTHUNa (0COGEeHHOCTed copTa)
U cpenbl (ycI0BUHM epuojia Beretanuu) (puc. 3).

Pas/inuus o npoyKTUBHOCTH (CM. pUC. 3) MeX/y CopTa-
MU TONHMHAM6ypa B ro/ibl UCCIEOBAaHUS JJOCTOBEPHBI: KPU-
Tepuil Puiiepa F=4,94 (p <0,001). BausaHue pakropa «rog»
TakXe 3HauuMmo: Kputepuit ®umepa F=40,7 (p<0,001).
B uesioM 60Jiee BbICOKasi NPOAYKTUBHOCTb HCCJIEL0BaHHOU
BBIOOPKH COPTOB TONMMUHAMOypa moJsydyeHa B 2022 r. (2,4 kr
KJybHel Ha ofHO pacTeHue), yeM B 2023 1. (1,4 kr/pact.),
YTO, OYEBU/IHO, CBS3aHO C 60Jiee 6/1aronpUsTHBIM PEXXUMOM
BJIaroo6ecne4yeHHocTH (CM. TabJ. 2). Boicokass NpOAyKTHUB-
HOCTb (6oJiee 2 KT KJyOHEN Ha pacTeHUU B CpeHEM 3a JBa
roja) oTMe4yeHa y cpeJHecnesibiXx copToB: ‘TaMOGOBCKUI
Kpacubiit', ‘ABcTpanuiickuit’, ‘Ton6yxun’, ‘Haxoaxa’; mosaHe-
cnesibix copToB: ‘Béloslupké’, ‘Kueckuit Benbiit, ‘CaxanuH-
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Fig. 1. Mean monthly air temperatures, °C (Maikop Experiment Station of VIR, 2021-2023)
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Fig. 2. Mean monthly precipitation, mm (Maikop Experiment Station of VIR, 2021-2023)

Ta6una 2. XapaKkTepuCTUKA YPOBHS BJIaroo6ecne4eHHOCTH TeppUTOprH MalKONCKOM ONbITHOM ctaHuuu BUP
(mo ko3¢ punuenty I. T. CesisinnHOBa) B 2021-2023 rr.

Table 2. Moisture supply levels at Maikop Experiment Station of VIR
(according to G. T. Selyaninov coefficient) in 2021-2023

Mecs,
Top
v A VI VII VIII IX X
2021 3,4 2,3 29 0,5 1 09 1,2
2022 1,4 1,8 1 1 1 2,5 1,7
2023 4,3 2,4 2,1 0,7 0,3 0,2 1,7
CpeZiHee MHOTOJIETHEE 2 2,0 1,8 1,2 1,2 1,4 2,6

[Ipumeuanue: rpaganusa ['TK: go 0,5 - 3acyxa; 0,6-1,0 - 3acyuiuBo; 1,1-1,4 - ymepeHHoe yBaaxHeHue; 1,5-2,0 - xopoluiee yBiaKHEHUE;
Bollle 2,0 - U36LITOYHOE YBJIAXKHEHHE

Note: HTC gradation: up to 0.5 = drought; 0.6-1.0 = arid; 1.1-1.4 = moderate moisture; 1.5-2.0 = good moisture; above 2.0 = excessive moisture
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Puc. 3. IpoaAyKTUBHOCTb (Macca KJIyGHel C 0AHOro pacTeHus) 06pa3noB TONMHaAMGypa
Ha Maiikoncko# onbITHOM craHuu BUP B 2022-2023 rr:
1 - ‘Béloslupké’, 2 - ‘KueBckuii Besnbiit, 3 - ‘CaxanuHckuit Kpachblit, 4 — ‘BeHrepckuit, 5 - ‘“Tam6oBckuit KpacHblit,
6 - TopHo-AnTtalickuit, 7 - ‘ABctpanuiickuit, 8 - ‘Waldspindel’, 9 - “Topianka’, 10 - ‘“Ton6yxun’, 11 - ‘Besibiii YpoxalHbI),
12 - ‘Haxopxka), 13 - ‘Amerikan’, 14 - ‘Violet de Rennes’, 15 - ‘Progress’, 16 - ‘3opu KaBkasa’, 17 - Jlosa,
18 - 2051, St - ‘Omckuii Benbiit’ (cranzapT)

Fig. 3. Productivity (yield of tubers per plant) of Jerusalem artichoke accessions
at Maikop Experiment Station of VIR in 2022-2023:
1 - ‘Béloslupké’, 2 - ‘Kievskiy Bely’, 3 - ‘Sakhalinskiy Krasny’, 4 - ‘Vengersky’, 5 - ‘Tambovskiy Krasny’, 6 - ‘Gorno-Altayskiy’,
7 - ‘Avstraliyskiy’, 8 - ‘Waldspindel’, 9 - ‘Topianka’, 10 - ‘“Tolbukhin’, 11 - ‘Bely Urozhayny’, 12 - ‘Nakhodka’, 13 - ‘Amerikan’,
14 - ‘Violet de Rennes’, 15 - ‘Progress’, 16 - ‘Zori Kavkaza), 17 - ‘Lola’, 18 - 2051, St - ‘Omsky Bely’ (reference)

ckuit Kpacubit, ‘Amerikan’, ‘Violet de Rennes’ u cranzapta
‘Omckuil Besblif. OJHaKO MeTeOyC/J0BHSI B 3HAUUTEJbHOU
CTeNeHU BJIMSJM Ha NPOJYKTUBHOCTb KJyOHeH y 60Jb-
MIMHCTBA 06pasuoB. KoadpduuueHT Bapuayuu mo sToMy
NI0Ka3aTeJl0 Y UCCIeJOBAaHHOW BbIGOPKH COPTOB TONHMHAM-
6ypa cocraBus1 60%. CpeAn BHICOKONPOAYKTUBHBIX COPTOB
TOJIbKO y copTa ‘Caxa/JMHCKUU KpacHbIA NPOAYKTUBHOCTb
(2,2 xr/pact.) 6bL71a CTAOUJIbHA B TEYEHUE [IBYX JIET, Y OCTAJIb-
HBIX COPTOB 3TOT [0Ka3aTeJ/ib BApbUPOBaJl B 3HAYUTEJbHOH
creneHu (cM. puc. 3). He BbISIBJIEHO CBSI3U MEX/JY NPOAYK-
TUBHOCTBIO U IPYINIIOH CIEJOCTH COPTOB TONMHAM6GYypa. Pe-
aKUMs Ha INOro/HblE YC/IOBUs 0oJiee BbIpa)KEHa Yy COPTOB
C BBICOKOM NMPOJYKTUBHOCTbIO, HE3aBUCUMO OT T'PYIIIbI Clie-
JIOCTH, HEXKEJIM YEM PeaKLUsl COPTOB C HU3KOH NMPOAYKTHUB-
HOCTbI0. EAMHCTBEHHBIN paHHecneblid copT ‘TopHo-AnTaii-
CKU' OKasaJICsi MaJIOYyBCTBUTENbHBIM K HECTAOMJIBHOCTH
PEXHMMOB TeIUIa U BJIard: ero NMpoAyKTUBHOCTb CHU3UJIACh
He3HauuTesbHO, ¢ 1,8 kr/pact. B 2022r. fo 1,5 kr/pact.
B 2023 r. (cMm. puc. 3).

BuoxuMmn4yecKuii coCcTaB KJIyGHel TonMHaMGypa

XapakTepUCTUKHU GMOXMMHUYECKOTO COCTaBa KJIyOHeH To-
NrMHaM6ypa B 3HAUUTeJIbHOMN CTelleH! 3aBUCeJIU OT YCJA0BUM
nepuoja Beretauuu (puc.4). Pasniuuusa no copeprkaHHUIO
VHYJIMHA, aCKOPOGUHOBON KHCJIOThI, aHTOLIMAHOB, CYMMBI Ca-
XapoB, 0611ell KHUCIOTHOCTH U COJlepKaHUI0 GeJsika B HCCIle-
JIOBAaHHOM BbI6OPKE COPTOB B 3aBUCUMOCTH OT I'0/ja UCCJIe[|0-
BaHUs JOCTOBepHbl: KpuTepuih dumepa F=11,7, F=33,1,
F=273,F=6,6F=283,F=13,4 coorBeTcTBeHHO (p < 0,01).
He BbIsIBJIeHA CyleCTBEHHOCTb Pas/JMYUi 10 TOKa3aTeJo
«coZiep>KaHMe Cyxoro BelljecTBa» (CM. puc. 4, a).

B 2023 r. no cpaBHeHuU1o ¢ 2021 r. copepkaHue UHYJIMHA
B KJIyOHSX pacTeHUI TONMHAMOypa yMeHbUIUI0Ch TOYTH Ha
30%, caxapoB - no4TH Ha 20% (cM. puc. 4, 6, r). Copepxranue
AHTOLMAHOB, HANPOTUB, 6bIJIO HAUGOJIBIINM B ypoxKae K1yo-
Hell 2023 1., yBeJIMUUBLIKCH B NSTh pa3 0 CPaBHEHMUIO C I10-
kazarensamu 20211 (cMm. puc.4, n). O6mass KUCJIOTHOCTb
B 2023 . no cpaBHeHuwo c 2021 u 2022 r. yBesiMuuIach Ha

TPY/IbI 110 TPUKJIA/THOM BOTAHUKE, TEHETUKE U CEJIEKLIWH /

179

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(3):173-186



. 186 (3),2025 o

Jle6eaena H.B., /llo64yeHko A.B., CosioBbeBa A.E., Bapranosa U.B., Poro3una E.B.

245

240

cyxoi Bec, %

235

230

220

2

2021

2022

5 Cpegree
2023 0O Cpeatee £ Cow
T Cpepree £ 1,96°C om

20

ackopBiHosan k-Ta, 100 ©

2021

2022

o Cpepriee
2023 O Cpearee £ C.ow.
T Cpepries £ 1,96°C.ow

anToumare, mr/100r
H

2021

2022

o Cpepriee
2023 O Cpegriee £ C.ow
T Cpepries £ 1,96°C.ow

28

Benok, %

26

24

22

20

2021

2022

@ Cpegnee
2023 O Cpepree £ C.ow
T Cpeariee £ 1,96*C.ow.

YR, %

o Cpegree
2021 2022 2023 O Cpeariee £ C.ow
ron T Cpenree + 1,96°C ow
18
17
16
=
g 15
2
g
8
ER)
@
13
12
11 o Cpepree
2021 2022 2023 D Cpeanee £ C.ow.
ron I Cpenriee + 1,96C ow
T
052
050
048
046
044
042
= 040
703
£ 03
3
S0
032
030
028
026
024
022 o Cpepree
2021 2022 2023 O Cpeguee £ C.ow
ron I Cpenriee + 1,96C ow

Puc. 4. U3MeHYUBOCTb GMOXMMHYECKOT'0 COCTAaBa 06pa3LoB TonuHAMGypa B 2021-2023 IT. 10 cofepKaHUIo:
a - CyX0ro BelllecTBa; 6 ~MHY/IMHA; B — aCKOPOMHOBOM KUCJIOTBI; T — CYMMbI CaXxapoB; /, — aHTOIIMAHOB;
e - 061IeH KUCJIOTHOCTH; 3K — 6esika
Fig. 4. Variability of biochemical composition in Jerusalem artichoke in 2021-2023 according to:
a - dry matter; 6 - inulin; B - ascorbic acid; r - total sugars; x - anthocyanins; e - total acidity; » - protein
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64%, TorAa Kak cofiepkaHrle aCKOpOUHOBOM KUC/IOTbI GbII0
B 2022 r. 6osb11e Ha 35% 1o cpaBHeHUIo ¢ 2021 1. M Ha 53%
no cpaBHeHUIo ¢ 2023 1. (cM. puc. 4, B, €). CofepkaHue Geska
B 2023 r. o cpaBHeHH0 ¢ 2021 r. yBesinuusioch Ha 58% (cm.
puc. 4, k).

Cpeau M3yyeHHbIX 06pa3L0B TONMHAMOYpa pas3inyus 1o
COZleP>KaHUI0 CYXOTo0 BelllecTBa J0CTOBEPHBI, KpuTepui du-
mepa F=29 (p<0,01), BausHue dakrtopa «copT» 25%.
Kny6uu coptoB ‘Tamb6oBckuil KpacHblif, ‘ABcTpanuiickuil’
(puc. 5), Jlona’ (cm. puc. 5, e) u o6pasuya 2051 copepxkat 60-
Jee 26% cyxoro BelllecTBa. Bbicokoe cofiep:kaHHe MHYJIMHA
(13,2-14,1%) BrisiBneHo y coptoB ‘Topianka’ (cM. puc.5),
‘Waldspindel, ‘ABctpanuiickuit, ‘3opu KaBkasa’' u Jlosa) ac-
Kop6uHoBoU kucaotel (18,03 mr/100r) - y copta ‘Tosnby-
XUH', cyMMbI caxapoB (17,14-19,02%) - y copToB ‘Tam60B-
ckuit Kpacuseiit’ u Jlosa, MoHocaxapos (2,20-2,32%) -y cop-
ToB ‘OMcku# besbiit’ (cM. puc. 5) 1 ‘KueBckuit besbiit’. ¥ cop-
Ta ‘ABCTpasuiickuil’ 06HapyKeHO caMoe BbICOKOEe CoJieprKa-
Hue Gesnka - 3,66% (Ta6u.3). OTIMuMa MO cofepKaHHUI0
cyxoro BelecTBa y copTa ‘Tam6oBckuil KpacHblit, nHy/1MHA
y coptoB ‘Topianka, ‘Waldspindel’, ‘ABcTpanuiickuit, ‘3opu
KaBkaza’' u Jlosia, cymMbl caxapoB y copTa Jlosa” u 6esika
y copTa ‘ABCTpaMUCKUM CTAaTUCTUYECKH 3HAYUMBI (CM.
Tab6J1. 3). Kinybuu coprta-ctanzapra ‘OmMmckuil benblid’ no xu-
MHYEeCKOMY COCTaBY He UMEIOT CyLeCTBEHHbIX OTVIMYUH OT
CpeJiHUX 3HAaUeHUH 3THX T0Ka3aTesiel y uccjieJOBaHHOM Bbl-
60pKU 06pasLoB TonuHaMOypa. CiielyeT OTMETUTh 06pasel;
‘Amerikan’ (cM. puc, 5), KOTOPBIH 0 TPOLYKTUBHOCTH U GHO-
XUMHYEeCKOMY COCTaBY KJyOHel He ycTynas COpTy-CTaHAap-
Ty ‘OMcKUH Besiblil’ 1 KOTOPBIA MOXKET NPeACTaBIATh IOTEH-
LMaJbHbIM MHTepec [Js MPOMBIIIJIEHHOI0 BO3/e/blBaHUSA
B Per1oHe.

061asi KUCJAOTHOCTh Y 06pasLoB TONMMHAMOypa BapbH-
poBaua (0,22-0,43%), caMbl{i 60/1bIION AUANA30H 110 3TOMY
MoKasaTeJo ycTaHoBJieH y copTa ‘Toabyxun ot 0,22%
B2022r. g0 0,81% B 2023 1. Y 06pasuoB ‘CaxajJUHCKUU
Kpacubiit, ‘Progress’, ‘3opu KaBkasa, Jlosa’ u ‘Omckuit be-
JbIA’ MOKasaTesb 00Lied KUCJIOTHOCTHM MaJio U3MEeHSJICS
B roAnl ucciaegoBanus u cocrasu 0,22-0,35%.

CopTa TonrHaM6ypa 3aMeTHO Pa3/IMYal0TCs 110 COAepKa-
HUIO aHTOLIMAHOB B KOXKype KJIyOGHel: cpefiHee 3HaYeHUe I10-
KasaTesisl 1O JaHHBIM Tpex JieT BapbupyeT oT 3,72 [0
16,82 mr/100 r. Boicokasi ©3MEHYMBOCTb 3TOTO MOKa3aTeJss
B rozibl vuccnepoBanus (V= 74%) ykasblBaeT Ha HEOJHOPOJ-
HOCTb P06 KJ1yOHeH, B3AThIX [ aHanu3a. HaMu oTMedeHa
HeCTabU/IBHOCTb MpOsIBJIEHHWS aHTOLMAHOBOM OKpacKu
KJIyOHEel Yy HEKOTOPbIX 06pa3L0B B UCCAeJ0BAaHHON BbIGOD-
ke. CorslacHO MOpdoJIOTUYECKUM ONMHUCAaHUSAM 06pa3L 0B TO-
nrHaMbypa B koJutekuuu BUP cpeau ncciefoBaHHBIX HAaMU
COpPTOB y AeBATH aHTOLMAHOBasl OKpacka KJyOHel oTcyT-
CTBYeT WJIM CJabo BBIPAXKEHA, Y OJJHOTO — CpeJiHell UHTeH-
CUBHOCTH U y OCTa/IbHBIX IeBATHU — CUJIbHAs UJIU OUeHb CHJIb-
Had (cM. Ta6.. 1). B HameMm uccaegoBanuu B 2021-2023 rr.
oTMeueHa 6oJiee cabasi oKpacka KJay6Hel y 06pa3noB Am-
erikan’, ‘Topianka, ‘Violet de Rennes’, ‘Waldspindel, ‘Top-
Ho-Antalickuit, Jlosa, ‘CaxanuHckuit KpacHbiit’ u ‘Tam-
6oBckuil Kpachselit’. ¥ copra ‘Violet de Rennes’ exxerogHo ot-
Meya/li UHTEHCHBHYIO OKpacKy KJy6HeH, HO Majloe cofep-
»KaHue aHTouuaHoB (4,35 mr/100 r.) HaiijeHo B 2021 I. ¥ BbI-
cokoe (22,2-23,9mr/100r)- BABa MNOCAEAYIOLUIMX ToJa.
Y copra ‘3opu KaBkaza' copep:kaHue aHTOLHUAHOB B 2022
u 2023 r. coctaBusio 12,5 mr/100 r u 28,5 mr/100 r ki1y6Hel
COOTBETCTBEHHO. Y copTa Jlosia’ ¢ MHTEHCUBHOW OKpacKou
KJIyOHel cojepkaHHe aHTOLIMAaHOB B I'0Jibl U3yYeHHUs ObLIO

o

‘ABCTpaTMUCKul’ /
‘Avstraliyskiy’

‘Haxopnka’' / ‘Nakhodka’

-85

—
s

>
s

‘Amerikan’

‘Omckuii benpit’ /
‘Omsky Bely’

‘Jloa’ / ‘Lola’

Puc. 5. Kiiy6HU copTOB TONHHAMGypa ¢ HoMmepaMu KaTtasiora BUP (doto H. B. Jle6eeBoit)

Fig. 5. Tubers of Jerusalem artichoke cultivars with VIR catalogue numbers (photos by N. V. Lebedeva)
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Ta6smmna 3. BuoxuMu4ecKkuii COCTaB 06pa3L,0B TONUHAMGYpa Ha MalKONCKOM OoNbITHOM ctaHuuu BUP
B2021-2023 rr.

Table 3. Biochemical composition of Jerusalem artichoke accessions at Maikop Experiment Station of VIR
in2021-2023

. Al AHTOIHaHbl, | CyMMa caxa-
O6paser, Cyxoii Bec, % | HHyauH, % | Bas KHUCJIOTA, Mr/100 r T Besok, %
mr/100r
gzr::;;‘p%e"”ﬁ’ 23,69+1,46 | 1245+1,65 | 1604+249 | 7,63+4,60 | 1469+143 | 275+043
‘Amerikan’ 2463+1,42 | 1095+0,91 | 1537+1,12 | 847+116 | 1481£105 | 3,06%0,55
‘Béloslupké’ 22,10+0,66 | 10,02+1,08 | 13,50+4,27 | 1511+583 | 12,53+0,77° | 2,43+045
‘Progress’ 2386+234 | 11,10+261 | 1513+238 | 927+504 | 14,08+1,84° | 256+0,33
“Topianka’ 2330+1,42 | 13,43+2,06° | 1426+087 | 11,84+444 | 1521+213 | 323+134
“Violet de Rennes’ 21,57+0,76° | 7,78+1,83° | 1440+166 | 1682626 | 12,32+1,795 | 2,45+0,49
‘Waldspindel’ 2590054 | 13,32+1,60° | 1507+127 | 12,88+522 | 1617+084 | 298+0,49
‘ABCTpaHiCKuil’ 2612+0,59 | 14,10+1,41° | 17,71+3,36 | 7,02+283 | 1524+177 | 3,65+0,67°
‘Beblit Ypoxaitubiit' | 22,09+0,67 | 11,29+213 | 159+3,05 | 929+659 | 1426+1,52° | 2,11+ 0,24
‘Benrepckuit’ 2436061 | 1210+0,73 | 1227+134 | 372+191 | 14,600,795 | 3,50+ 0,45
‘TopHo-AnTaiickuit’ 2530+21 | 1040%3,62 | 1394+1,83 | 1206+738 | 1506+197 | 3,09+0,81
‘30pu Kaskasa’ 24,08+0,64 | 13,22+0,93* | 12,46+1,15 | 1351826 | 1510+1,02 | 292+0,22
‘Kuesckuii Benblit’ 2377+0,30 | 11,92+0,65 | 1429+3,10 | 959+281 | 14,68+0,55 | 2,03+0,31°
‘Jlona’ 26,62+0,37 | 13,73+1,28° | 1569+3,74 | 7,77+113 | 19,02+3,48* | 2,09+ 0,125
‘Haxozxa’ 20,93+0,63° | 10,43+097 | 17,33+134 | 11,53+579 | 12,13+0,895 | 2,16+0,03°
f;;‘z‘:;“ﬁ,c*‘”ﬁ 2254+0,17 | 11,70£0,57 | 13,35:224 | 813+3,46 | 13740845 | 227%0,11
gs;‘cii‘fgf‘“ﬁ 27,66+0,60° | 12,06+161 | 1605+3,04 | 1053£4,89 | 17,13+0,08 | 3,14%051
“TonGyxun’ 2586+1,77 | 889+262 | 1803+198 | 1040+6,13 | 11,95+1,16° | 3,46+0,09
2051 2644+040 | 12,02+266 | 1498+1,88 | 13,16+2,35 | 13,88+1,83° | 245%0,33

[pumevaHue: *° — oTMe4eHbI IPYIIbI, PA3/IM4Msl MEX/AY KOTOPBIMH [0 Cpe/iHEMY 3Ha4Y€HHIO0 [I0Ka3aTesis 3a TPY rojia naydenus (2021-
2023 rr.) cTaTUCTUYEeCKH 3HAaYUMBI TpH p < 0,05

Note: *and ® marks mean that the differences between the groups in the average value of the indicator for three years of study (2021~
2023) are statistically significant at p < 0.05

HeBeJsnKo (6,04-9,89 Mr/100 r). Y copta ‘Béloslupké’ conep-
»KaHWe aHTOIIMaHOB CUJIbHO BapbMpPOBaJIO 3a TPHU rojja Mc-
cJle[loBaHUsL.

06cyxaenne

H3ydeHue oTo6paHHbIX 19 06pasnoB TonruHaMGOypa ycTa-
HOBHUJIO COPTOBBIE PA3JIUYHs 10 MPOAYKTUBHOCTH U OUOXU-
MHYECKOMY COCTaBy KJyOHell. PaHee mpu Hccie 0BaHUH
KOJIJIEKIIMM TonmMHaM6ypa BUP Takyke GblJ10 BBISIBJIEHO 3HA-
YHTeJbHOE BapbUPOBaHUeE 110 NPOAYKTUBHOCTH KJIyOHEH: OT
0,63 o 2,08 kr/pacrt. (Kiru, Nasenko, 2010). B Hamux ombi-
TaX NPOAYKTHUBHOCTb copTa ‘Haxogka' (cM. puc.5) B 2022,
kak uB2010r, 6bLIAa CpefHel, coctaBuia 1,74 kr/pacr,
B 2023 1. - BBICOKOMH, cocTaBuja 2,68 kr/pact. TonuHaMGyp

‘Haxonka' Ha Matikonickoit OC Bo3/1e/IbIBAIOT Ha MPOTSKEHU U
6o0Jiee TOJIyBeKa, U B 6JIarONPUATHBIX YCIOBUAX IPOAYKTHB-
HOCTb 06pas3siia no-npeHeMy BbICOKasi, COOTBETCTBYET NPO-
JYKTUBHOCTH 2,4-2,8 Kr/KycT, oTMedeHHOU B 1970-e rozbl
(Pasko, 1974). OHako B HAIIKX OIBITAX, 10 CPABHEHHIO C pa-
Hee MOJIyYeHHbIMU pe3yJibTaTaMu, y 06pa3noB ‘TaMGOBCKUT
Kpachueplit, ‘TopHo-AnTalickuil’ u ‘BeHrepckuil’ MeHblie co-
JlepkaHue oOIMX caxapoB B kiaybHax: 17,13%, 15,06%
1 14,6% CcOOTBETCTBEHHO, 10 CPAaBHEHUIO C JJAaHHBIMHU OIleH-
kH B 70-e roap! npouutoro crosaetust: 20,1%, 19,9% u 20,5%
(Pasko, 1974). Tem He MeHee 06pasIbl TOMUHAMOYPA, AJIU-
TeJIbHBIA TepUofi BO3JesblBaeMble NMyTeM BereTaTUBHOTO
BOCMPOM3BOACTBA 6€3 CyIeCTBEHHOIO CHIKEHUS MPOAYK-
TUBHOCTH (‘Haxogka'), ¢ BBICOKHMM cofiepKaHHUEM CYXOTO Be-
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mectBa (‘Tam6oBckuil KpacHbIil'), 1jes1eco006pa3HO UCMOJIb-
30BaThb B CeJIeKLIMOHHOM paboTe.

CopTa TonuMHaMb6ypa, KyJbTUBUPYeMble Ha ONbITHOM
nosie HY «llenTpanbHblil 60TaHnyeckuit cag HAH Benapy-
CH», 10 IPOJYKTUBHOCTH YCTYMAIOT 06pasLiaM U3 KOJLJIEKIIUU
BUP. B namux onsiTax y coptoB ‘Violet de Rennes’ u ‘Kues-
ckuil besplit’ mosydyeHo ¢ ogHoro pacteHus 2,20-2,67 kr
KJy6HeH, Torga kak B besnapycu - 0,45 u 2,14 kr/pact. cooT-
BeTcTBeHHO (Leontiev et al,, 2014). [IpoAyKTUBHOCTb COPTOB
TONUHaAMOypa NpH BO3/ieJbIBAaHUU B A/ibIree Bbllle, YeM
B ycaoBuUsix 3anagHoi Cubupy, rae y coptoB ‘Haxoaka' u ‘Ku-
eBCKUH Besbli’ mosiyueHo ¢ OJHOTO pacTeHUs JIUIIb 11O
0,78 Kr KJay6HeH, y copta ‘OMckuit Besbiit’ - 1,20 Kr kay6Hei
(Khristich etal,, 2015). BoaM0>HO, 4TO NPUYMHONU HU3KOHU
NPOAYKTUBHOCTU TonMHaM6ypa B Besapycu u 3anagHoi Cu-
6UpH fABJsAeTCA O6oJiee KOPOTKUM Mepuoj BereTaluu. Y4eT
NPOAYKTHBHOCTH B HAIUX ONbITAX CAeJaH paHHeH BeCHOH,
TOr/ja KaK Apyrye HccefoBaTe/ M IPOBOAUIIN YUETbl B OKTSI-
6pe. BeposiTHO, B ycoBUsX MArkux 3uM CeBepo-KaBka3cko-
ro peruoHay pacTeHUH TonuHaMbypa npojo/nKaeTcs HoCTe-
NeHHbIH OTTOK IJIaCTUYeCKUX BellleCTB U3 Ha3eMHOH 4acTu
pacTeHUH B KJIyOHM, obeclieynBasl MOCTelleHHOe HaKoOILIe-
HUe ypoxasi.

B Hawux onbITax 0T60p KAyOGHEN AJisi 6UOXUMUYECKOT0
aHa/IM3a NPOU3BOAUJICS, KaK U IPYTUMU HCCIel0BaTeNsIMH,
B OKTsI6pe. buoxumuyeckuil coctaB kJay6Hel y copToB ‘OM-
ckuit benbiii’ u ‘Haxofika’ npu Bo3/ie/IbIBaHUU B AJibIree 6bL1
Jydule, 4yeM B 3anajHoll Cubupwy, rje cojepkaHue UHYJIHUHA
Yy 3TUX cOpTOB cocTaBuso 3,9 u 7,95 % (B HalIKUX ONbITAX —
12,11 1 10,43%), cogepxaHue 6eska - 1,6% (B HaAILUX OMNbI-
Tax - 2,75 u 2,16%) u caxapoB - 4,3 u 8,8% (B HaILIUX OMNBbI-
Tax -14,6 u 12,13%) (Khristich et al,, 2015). OueBuHO, 4TO
NPUYMHON BbISIBJIEHHBIX pa3/IM4Mi B COAEPKaHUU XUMUYe-
CKHUX KOMIIOHEHTOB fIBJISIeTCSl COPTOBAs peaKlysi TONMHAM-
6ypa Ha yCJIOBHUsI IPOU3pacTaHuUsl. 3aMeTHOe BJIUSHUE yCJIO0-
BUH rojia Ha cofiep>kaHHe XMMHUYeCKUX BellecTB B KJIYOHSX
TolMHaMbypa ycTaHOBJeHO MHOruMH aBTopaMu (Kahana,
Arasimovich, 1974; Kosaric et al., 1984; Sawicka et al., 2021).
OTMeueHO, 4TO cojlepKaHUe UHYJIMHA U CYMMBbI BCEX CaXapoB
MOXET U3MEHATBHCS ¥ OAHOTO U TOTO e COpPTa B 3aBUCUMO-
CTU OT rojia B /iBa U 6oJiee pas (Kosaric et al., 1984). Hau pe-
3yJIbTAThl 0KAa3bIBAIOT, UTO €JUHCTBEHHbIN I0Ka3aTeJlb, KO-
TOpBIN MaJslo MOoJABepXKeH BIUSHUIO Cpefibl U ONpejieseTcs
COPTOBBIMU OCOGEHHOCTSIMH, — 3TO COZiep>KaHMe CYyXOro Be-
mectBa. CojepkaHUe OCTaJbHBIX COeJMHEHUH: caxapos,
WHYJIMHA, OPTaHUYeCKUX KHUCJIOT, aCKOPOGHHOBON KHUCJIOTHI,
aQHTOLIMAHOB BapbUpyeT B LUIMPOKHUX Npejesax. Heo6xoanumo
IpojoJ/KeHUe UCcleJ0BaHUH /151 YCTAaHOBJIEHUS ONTUMAJlb-
HBIX yCJOBUM HaAKOIUJIEHUsI MHYJWHA U JPyrux GuoJsorude-
CKH aKTHBHBIX BellleCTB y ToNMHaM6ypa. Haiu pesynbraThl,
B YaCTHOCTH, NPOTHUBOpeYaT paHee CJesJaHHbIM BbIBOJAM
0 6J1aronNpUsATHOM BJIMSIHUM Ha HaKOIJIeHHe WHYJMHA U 06-
11lero KoJIMuecTBa CyXUX BeleCTB apKOro U CyxXoro nepuo-
Jla BO BTOpPYI0 MoJI0BUHY JjieTa B MosigaBuu (Kahana, Arasi-
movich, 1974). B Hamux onbITax caMbli )KapKUH U CyXoH me-
pUoj BTOPOM MOJIOBUHBI JieTa 6611 B 2023 T, U TOTJa XKe OT-
MeYeHO caMoe HU3KOoe cojJieprKaHue HHYJINHA.

Bo/ablIMHCTBO HcclefoBaTe/led aHAJIU3UPOBAINd XUMHU-
YeCKHUi cOCTaB KJIyOHel ToNMHaMOypa 1o HeGOIbLIOMY YHC-
Jly mOoKa3aTeJsiel: CofepKaHHI0 CyXUX BellleCTB, MHYJIMHA, ca-
xapoB u BuTamuHa C (Liu et al,, 2011; Manokhina et al., 2022;
Dima et al,, 2023). JIuib AJ1s OrpaHUYEHHOr0 YUCJIa COPTOB
TONMHaMOypa ONyO6JMKOBaHbl pe3yabTaTbl JeTaJbHOI0
6MOXMMHYECKOr0 aHa/IM3a KJIy6Hel 0 CoAep>KaHUI0 CYXOT0
BellleCTBa, KJETYaTKH, >KUPOB, NPOTEUHA, WHY/JIWHA, ac-
KOPOUHOBOM KHCJIOTBI, OPTaHUYEeCKHUX KHUCJIOT, 0 aMHHO-

KHCJIOTHOMY COCTaBY, Makpo- U MUKpo3ieMeHTaM (Rupasova
etal, 2015; Sawicka et al., 2020; Sawicka et al., 2021). Cpas-
HeHMe HalllUX pe3y/IbTaTOB C JJAHHBIMU JIUTepaTyphl 103BO-
JISIeT cJieJIaThb BbIBOJ, O TOM, UTO COpTa TONMHAM6ypa, Bo3/e-
JibIBaeMble B KoJl1ekuu BUP B u3yyeHHOM pervoxe, no 6uo-
XMMHYEeCKOMY COCTaBy He yCTyHaloT cOpTaM TONHHaMOypa,
BO3/e/IbIBaeMbIM B eBpONeNCcKUX cTpaHax. [lo cofepxaHuUI0
cyxoro BellecTBa (6osiee 26%) o6pasubl TonMHAMOypa
(‘Tam6oBCckuit Kpacubiit, ‘ABcTpanuiickuii’, Jlosa’ u 2051)
Ha Maiikonckoit OC He yCcTymnaloT, a 10 COJleP>KaHUI0 caXxapoB
(mo 19%, ‘Tam6oBckuit Kpacubiit’ u Jlosa’) 1 ackop6UHOBOM
kucaoThl (fo 17-18 mr/100r, ‘TonbyxuH’) mpeBOCXOAST
COpTa, KOTOpble BO3esbIBalOT B JIuTBe U [losbuie — ‘Albik’
U ‘Rubik’ (Danilcenko etal, 2017; Sawicka etal, 2020;
Sawicka etal, 2021). BbixoA rjaBHOrO GHOXHMHYECKOTO
KOMIIOHEHTa — UHYJ/IMHA, a TaKXKe cofiepxKaHHe 6eJIKa, CyXoro
BellleCTBa, CyMMbI CaxapoB JOCTAaTOYHO BBICOKM U CBHJe-
TeJbCTBYIOT O MUILEBOH LIeHHOCTH Bbl/leJIEHHbIX COPTOB TO-
nuHaM6ypa.

OpraHuyeckue KUC/I0ThbI COAepaTcsl HOYTH BO BCEX CBe-
KUX IJI0AAX U oBollax. OHYU UIPalOT BaXKHYIO POJIb B 0OMeHe
BellleCTB PACTeHUH, SABJAIOTCS B OCHOBHOM INPOAYKTaMU
npeBpalleHUs] caXxapoB, IPUHUMAIOT y4yacTHe B GHOCUHTe3e
aJIKaJIOU/I0B, TJTMKO3U/,0B, aMUHOKHUCJIOT U APYTUX GU0JIOTH-
YeCKHU aKTUBHBIX COeAUHEHUH, CIy>KaT CBA3YIOLIUM 3BEHOM
MeX/ly OT/e/IbHbIMU CTaUsIMU 06MeHa XKUPOB, 6eJIKOB U yT-
J1IeBOJOB. B kyy6HAX TonnHaMb6ypa cojep>kaHue opraHuye-
CKHX KHCJIOT COOTBETCTBYET 3TOMY [TOKa3aTeJII0 y OBOLIHBIX
Ky/JbTYp — KallyCTa, JIyK pemyaTbli, Oryplbl CBexHe, meper
cnagkuii cogepxkat ot 0,1 10 0,3 r Ha 100 r cbe06HOM YacTu
(Metlitsky, 1970). B cpegHeM 3a Tpu rofia u3yyeHus nokasa-
HO, YTO KJIYOHU U3y4YeHHbIX 06pa3noB cogepxkaT 0,3% cBo-
6OAHBIX OPraHUYeCKUX KUCJIOT.

AHTOLMaHbl NPeACTaBJIAIT 0601 MoMpeHOIbHbIE CO-
e/IMHEeHUs], KOTOpble MPUJAIOT Pa3/IMYHYI0 OKPACKy reHepa-
TUBHBIM U BereTaTUBHbIM OpraHaM pacTeHui. OCHOBHas UX
GyHKLMA y pacTeHUM - NMOBbILIEHHe YCTOMYHUBOCTHU K BO3-
JleCTBUI0 He6JIaroNnpUsTHBIX NPUPOAHBIX PaKTOpPOB, MHU-
KPOOPraHU3MOB, BbI3bIBAIOLIUX 00JIE3HU pAaCTeHUH, U Bpe-
AuTesedl. B JaHHON cTaTbe He NMPOBOAUTCSA CONOCTaBJIeHUE
MOJIyYeHHbIX HAaMU JJaHHBIX C paHee ONyGJMKOBaHHBIMU pe-
3y/JIbTaTaMM JAPYTUX UCCIe[0BaHUM, MOCKOJbKY TaKue HC-
c/1eloBaHUsl MaJIOYUCIeHHbI U IPOBOAMINCH HA MaJlbIX BbI-
60opKax UJU Ha APYTUX Ky/JbTypax. Tak, B paboTe KOpeHCKUX
uccaefoBatesneit (Jung etal, 2016) cofepkaHue aHTOLMA-
HOB Ol|eHHUBaJIU B BbIGOPKE U3 Tpex 06pa31ioB TONMHAMOYpa,
YTO He M03BOJIsIeT KOPPEKTHO NPONU3BECTU CPAaBHEHHUE C Ha-
WKUMHU pe3ynbTaTaMU. CpejiHee cofiepXaHHe aHTOLIMAHOB
B KJIyOHAX TONMMHaMOypa 3a TPpU rojia U3y4eHusl COCTAaBUJIO
10,46 mr/100r. B cratbe A.E.Cosi0BbeBOH C coaBTOpaMH
(Solovyeva et al., 2024) oL,eHHMBaIOCh COlep>KaHUE aHTOIMA-
HOB B KJIyOHSX KapTodeJis nocse c60pa ypoxas: OHO COCTaB-
Js10 B cpeaneM 19,75 Mr/100 1, 4To MOYTH BABOE BBIIIE, YEM
B KJIyOHAX TONMHaMOypa, COIVIAaCHO pe3y/ibTaTaM Hallero
Hccle/J0BaHUs.

3ak/iloueHue

BriepBble 06pa3ibl KoJUIEeKLUU TonuHamo6ypa BUP one-
HeHbl 110 KOMILJIEKCY N0Ka3aTeJlel, XapaKTepU3yILUX 61o-
XMUMHUYeCKUH cOCTaB KayOHeH U cofiep>kaHue B HUX 6M0JI0TU-
YeCKU aKTUBHBIX BelllecTB. B pesysbTaTe cpaBHUTEJIBHOTO
ucciaejoBaHus kJaybHed 19 o6pasnoB TomuHamb6ypa (ypo-
a1 2021-2023 rr.) no NpoAyKTUBHOCTH, COAEPKAHUIO CYyXO-
ro BellleCTBa, YIJIEBOAOB C Y4eTOM UHY/IHNHA, 6esIKa, OpraHu-
YeCKUX KUCJIOT, aCKOPOMHOBOW KUCJIOThI, aHTOLIMAHOB MOKa-
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3aHa U3MEHYUBOCTb IPU3HAKOB B 3aBUCUMOCTH OT COPTOBOM
MPUHA/JIEXXHOCTH pacTeHUH U MeTeoyCJI0BUH lTlepro/ia Bere-
Talluu. YCTaHOBJIEHO, YTO T€HOTHUII ONpejieisieT cojleprkaHue
CyXOro BellleCTBa B KJYyOHAX U 3TOT [IOKasaTesb Y U3y4eH-
HbIX 06pa3loB ToNMHaMOypa cjabo BapbuUpyeT B TOAbI,
KOHTPACTHbIE 110 TeIJIO0- U BiaroobecnedeHHocTH. Cofepixa-
HMe WHYJIMHA, CyMMBbl CaXapoB U 6Gejika onpejesiseTcs Kak
COPTOBBIMU 0COGEHHOCTSIMY, TaK U YCJIOBUAMU IIepUo/ia Be-
retauuu. CojepkaHue acKOPOGMHOBOW KHCJIOTBI, aHTOLMA-
HOB U OpraHUYecKHUX KHUCJOT B OCHOBHOM 3aBHCEJIO OT
MeTeoyca0BuH. [IpeAcTaBisieT 60/bllioe UHTepeC JajlbHel-
Llee M3yyeHHe BJIMSHUS BHEIIHUX GaKTOpPOB (MeTeoycJo-
BUH U NPOJOJKUTENbHOCTH NMepuoja BereTalMu) Ha Npo-
JYKTUBHOCTb U Ka4ecTBO KJIyOHel TonuHaM6ypa B YCI0BU-
sax CeBepHoro KaBkasa.

[To uToraMm 6MOXMMHUYECKOT0 U3Y4YEHUS] KJIyOHEH TOMU-
HaM6ypa MOXHO peKOMeHJ0BaThb UX B KaueCTBe ChIPbs AJs
CO3/JJaHUA MPOAYKTOB QYHKIMOHAJIbHOTO Ha3HavyeHUs (1o
COZlep’)KaHUI0 CYXMX BellecTB, CBOOGOAHBIX OPraHUYeCcKUX
1 acKOpP6GHMHOBOM KHUCJIOT, PaCTBOPUMBIX CaxapoB, UHYJIMHA,
QHTOLMAHOB), KOTOpbIe cojepkaT GU3NO0JOTUYECKU aKTUB-
Hble, LleHHble U 6e30MacHble UHTPeJJUeHThl C U3BECTHBIMU
GUBUKO-XMMUYECKUMHU XapaKTepPUCTUKAMHU, C BbISIBJIEHHBI-
MH U Hay4YHO 060CHOBAHHbBIMHU I0JIE3HBIMU CBOMCTBAMH A1
COXpaHeHUs U yJaydllleHUs 340pOBbs. B kosneknuu Tomu-
Ham6ypa BUP BbijiesieHbI 06pasiibl C BBICOKOW U CTAOUIBHON
MPOJYKTUBHOCTBIO KJIyOGHEH, LileHHbIM GMOXMMHUYECKUM CO-
CTaBOM, BBICOKUM COJiep>KaHHeM GHOJIOrMYeCKH aKTHBHBIX
coelMHEeHUN (MHYJMHA, aCKOPO6UHOBOW KHUCJIOTHI) U MHUTa-
TeJIbHBIX BellecTB (6esika). CpegHecnenbld copT ‘ABcTpa-
JIMACKUU OTJIM4aeTCs BbICOKOM MPOAYKTHUBHOCTBIO (Ha
YPOBHE cOpTa-CTaHJapTa) U MaKCUMaJbHbIM COJepXaHUeM
HMHyJIMHA U 6eJsIKa B KJYyOHAX M0 CPaBHEHUIO C OCTAJIbHBIMU
HU3y4eHHbIMU 06pasLiaMy ToNUHaM6ypa. [l1s1 Bo3/je/IbIBaHUsA
Ha NHUILEeBBIE IeJIM NepcneKTUBeH o6pasel ‘Amerikan’, koTo-
pbIi 10 IPOAYKTUBHOCTHU U GMOXMMUYECKOMY COCTaBY KJy6-
Hell COOTBETCTBYeT COPTy-CTaHAApTy. Kak ucxXoAHbIN MaTe-
puas B cCeJleKLUM Ha NPOAYKTHUBHOCTb CJeAyeT HCIOJIb30-
BaTb o6pasel ‘Haxojka’, B cesleKIJUM Ha BBICOKOE COJep-
»)KaHUe cyxoro BeuectBa - ‘Tam6oBckuit Kpacueiit'. Illosny-
YeHHble XapaKTepuCTUKU 19 o6pasuoB TomMHaMbypa H3
koJi1ekuuu BUP BakHbl 151 noBellieHUs] 3G GEeKTUBHOCTH
CeJIEKLIUOHHOUM pa6oThl € TOMMHAMOYPOM, UMEIOT GOJIbLIOe
MpaKTHYecKoe 3HaYeHUe JJIs pacliupeHus Iouajeld Bo3-
JAesabiBaHUus B Poccuiickoil ®esepanuu M NpousBOACTBA
YHKLMOHA/NbHBIX NPOAYKTOB 3TOH MUILEBOH KYJbTYPBbI.
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OPUT'MHAJIBHAA C

TEHETHUKA KYJIbTYPHBIX PACTEHUH U UX IUKUX POJIUYEN
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3akoH BaBuJioBa B IIOXY CEKBEHHUPOBAHUA HOBOT'O ITIOKOJICHUA:
OTBETHI, 3arakKy, mNoJACKa3Ku

E. K. Xs1ecTkuHa

DedepaavHblii uccaedosamensckull yenmp Beepocculickuil uHcmumym 2eHemuyeckux pecypcos pacmenutl
umeHnu H.H. Basusoea, Cankm-Ilemep6ype, Poccus

Aemop, omeemcmeeHHblil 3a nepenucky: Enena KoncrantuaoBHa XsecTkuHa, director@virnw.ru

C momeHTa poksaza H. V. BaBusioBa B CapaTtoBe 4 ntoHs 1920 1. 3aK0OH rOMOJIOTUYECKHX PSJI0OB B HACJeICTBEHHOW U3MEHYH-
BOCTH He TOJIBKO HalleJsl BOIJIOLIEHHE B CeJIEKIIMOHHOM NPaKTUKe NPHU IieJleHalpaBJIeHHOM IOUCKe HOBBIX HCTOYHUKOB, HO
Y CbITpaJl BAXKHYIO POJIb B Pa3BUTHU CO3/1aBaeMOU KOJIJIEKLIUM MUPOBbIX TeHeTHYECKUX PeCyPCOB pPacTeHU. MexaHU3MBl, Jie-
JKalllyie B OCHOBE BBISIBJIEHHBIX PAJIOB, PAaCKPBIBAJINCh C Pa3BUTHEM TOJX0/[0B GYHAAMEHTAJIbHOW HAyKU: CiepBa B UCCIE/0-
BaHMUU LIUTOreHETUYEeCKMMU MeTOJaMH, 3aTeM B X0/ie MOJIEKY/IIPHO-IeHETUYeCKOr0 KapTUPOBaHUSA IeHOB U, HAaKOHel, C 110-
MOI[bIO CPABHUTEIBHON reHOMUKH B a1oxy NGS (ceKBeHMpOBaHHS HOBOTO MOKoJieHUs ). OueBUAHBIM 00'bsICHEHHEM 3aKOHA,
chopmMysupoBaHHOTO BaBHJIOBBIM, Ka)KeTCsl TeHEeTHYEeCKOe CXOJCTBO OPTaHM3MOB, UX 00lee MpPOUCXOXKAeHHe. [Ipy aTom,
B CBETE NT0/IPO6HO 33/J0KyMEeHTHPOBAaHHOM Ha CETOAHALTHUHN leHb CHHTEHHY F'eHOMOB, 3aKOH BaBHJI0Ba MMPOKO UCIOJIb3YeT-
csl B UCCJIEIOBAHUSAX B 06JIaCTH YaCTHOW reHETUKHU KyJIbTYPHBIX PACTEHHH, a TaK)XKe MPH CO3/IaHUU IOHOPOB LEHHBIX JJIf Ce-
JIEKLIMY IPU3HAKOB. [IpuMeHseT s 3aKOH U IIPU y/Iy4lleHUH TeHOTUIIOB PaCTeHUH IPY IOMOLIY HallpaBJIeHHOT' 0 MyTareHesa.
B cTaTbe MpUBOAATCA KOHKpPETHBIE MPUMEPBI TAaKUX PaboT, a TaKKe NPUMEPHI, TOATBEPK/AAION[HEe CBA3b FOMOJOTHYECKUX
PSAOB B HAC/IeICTBEHHON U3MEHYMBOCTH C CHHTeHHeH reHoMoB. O6CyaloTcsl pellleHHble (MJIM T0Ka ellje He pelleHHbIe)
3araZiKy «Ipo06esioB» B TOMOJIOTHYECKUX PsAZiaX UM X HEOXKU/IAHHOTO «IIPepbIBaHUsI» B Yepe/ie OTHOCUTENTbHO BJIM3KHUX TaK-
coHOB. C HaKoIJIeHUMEeM pe3y/IbTaTOB 3TUX UCCJIe0BAaHUH BBIABUIJIOCH, YTO HEPEJIKO B OCHOBE FOMOJIOTMYECKUX PAJLIOB JIEXKUT
KOHBEPreHIUs, a He CUHTeHUs. EcTecTBeHHBIH 0T6OP 4aCcTO UCIIO/Ib3yeT pa3Hble TeHbl U pa3Hble MyTaLUU AJS «L0CTHXKe-
HUS» OZHOTO U TOTO e pe3y/IbTaTa y PasHbIX BU/0B. Takoe «BbICTpPOe pellleHre» 0COGEHHO LeHHO /Js BBDKMBAHUS BH/JA
B PE3KO MEHSIOLIUXCS YCI0BUAX OKpY»Kalolel cpeibl. KOoHBepreHnus siBJseTcs pe3y/bTaTOM aJalTallHi K HeOGJIaronpusT-
HBIM YCJIOBHSIM, KOT/Ia €CTECTBEHHBIN 0T6OP «HUCMOIb3yeT» paHee HEUTPaJbHble MyTALUH, KOTOPbIe CTAHOBSITCH BAXKHBIMU
JIIS aflalTalliy B M3MeHHUBILelcst cpefie. CerofHs, CTaJKHUBAsICh C BI30BAaMU MEHSIOIErocs KJMMaTa U HeCTaGUIbHBIX TOTO/1-
HBIX YCIOBUH, BAXKHO IPUMEHHUTD 3TH IO CKA3KK IPUPO/IbI U aaITUPOBATh JAHHBIN MeXaHU3M AJ1s cesieKIuu. O6cyxaarTcs
BO3MOXHOCTH ITPMMEHEHHs HallpaBJeHHOT0 MyTareHes3a /ijisi CO3/[aHus pa3HO00pa3usi MyTaHTHBIX $OpPM Ha OCHOBE MHOTO-
YUC/IeHHBIX HEAaKTUBHBIX AYIUIMKAIIMH FeHOB B TeHOMAXx KyJbTYPHBIX PACTEHUH JJIs JaJIbHEeHIIero TeCTUPOBAHUS B Pa3/iny-
HBIX CTPECCOBBIX YC/I0BUAX. BO3MOXHO U Ile/ieHanpaB/eHHOe IepenporpaMMUpOBaHye AYIJIALMPOBAHHBIX KO IPYU ITOMO-
M peJJaKTHPOBAHMUS 10 OyAyIIKe yCI0BUs OKpyKakoliei cpeapl. OJHaKO 3Ta CTpaTerus TpebyeT NpeABapUTENbHOrO aHa-
132 GOJIBIIMX JAHHBIX, HAKOMJIEHHBIX 110 TEeHHBIM 1 META60JMYECKUM CETSM, a TaKKe GeHOTHUIINYECKUX JJAHHBIX B Pa3JjIny-
HBIX YCJIOBUSAX CpeJibl. YaCTUYHO TaKue JaHHbIEe y)Ke HAKOIJIEHbI IPU MHOTOJIETHEM U3y4eHUH KoJliekiuy BUP B pa3nyHbIX
3KoJioro-reorpaduueckux ycaoBusax. COBMECTHbIE YCUJIUS CeIeKIIHOHEPOB, TeHETHKOB, GMOMHPOPMATHKOB, FeHHBIX HHXXe-
HEepOB, CNeIMAJIMCTOB 10 reHeTHYEeCKUM pecypcaM pacTeHUH MOTyT 06eCedYnTh peaqru3aliio IPUHIUIIHAIBHO HOBOH CTpa-
TEerUH 110 yJIy4llIeHUI0 BO3/lesIbIBaeMbIX pAaCTEHUH IOCPeACTBOM MO/€JINPOBAaHUS eCTeCTBEHHBIX IPOLEeCCOB alaNTalluy U Le-
JIeHaNpaBJIEHHOTO UCN0J1b30BaHUSA AYTJIMKAL MK FeHOB.

Kawouesule caoea: 6onbiive ganuble, H. Y. BaBuios, reHeTrnKa pacTeHUH, reHETUYECKHE PeCypChbl PaCTeHUH, FeHOM, JIYTIJIN-
Kall1 T€eHOB, U3ME€HEHHE KJIMMAaTa, KOJJIEKIIMU, KOHBEPreHuus, HaHpaBJIeHHbII‘/JI MyTareHe3, CCKBEHHPOBaHHWE HOBOT'O IMOKO-
JIeHUS1, CHHTEHHS], TEXHOJIOTHYeCKOoe JTUAEPCTBO, IBOJIIOIHUS

BbsaazodapHocmu: paboTa BbINIOJIHEHA B paMKax roc3aganus BUP (FGEM-2025-0009).

ABTOp 6s1aroapuT AOKTOpa GHOJIOrMYecKuX Hayk AHMCUMOBY MpuHy HukosaeBHY 3a IjeHHble 3aMe4aHUsl U 06CyK/IeHne
B X0OJle TO/ITOTOBKH Pa6GOTHI.

ABTOp 6GJy1aroJapuT peleH3eHTOB 3a UX BKJIaJ B 9KCIIEPTHYIO OL[EHKY 3TOU paGoThI.

A yumupoeanusa: XnecrtkuHa E.K. 3akoH BaBu/sioBa B 310Xy CEKBEHUPOBAHUSI HOBOTO IMOKOJIEHHS: OTBETHI, 3arajiki,

nozckasku. Tpydel no npukaadHoll 6omaHuke, 2zeHemuke u ceaekyuu. 2025;186(3):187-198. DOI: 10.30901/2227-8834-2025-
3-187-198
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Since N. L. Vavilov’s report in Saratov on June 4, 1920, the Law of Homologous Series in Hereditary Variation has not only found
practical application in the targeted search for new sources for breeding, but also played an important role in the development
of the global plant genetic resources collection. Mechanisms underlying the series observed were progressively revealed with
the development of approaches in fundamental science: first in research with cytogenetic methods, then in the course of molec-
ular genetic mapping of genes, and finally with the help of comparative genomics in the era of Next-Generation Sequencing
(NGS). The obvious explanation for the Law formulated by Vavilov seems to be the genetic similarity of organisms, their com-
mon origin. At the same time, in light of the currently well-documented synteny of genomes, Vavilov’s law is widely used both
in special genetics and for creation of donors of traits valuable for breeding. The Law is also applied for improving plant geno-
types using targeted mutagenesis. The article provides specific examples of such research, as well as examples confirming the
connection between homologous series in hereditary variation and the synteny of genomes. The solved (or not yet solved)
puzzles of “gaps” in homologous series or their unexpected “interruption” in a series of relatively close taxa are discussed. It
became clear with the accumulation of results of these studies that convergence, not only synteny, often underlies homologous
series. Natural selection often uses different genes and different mutations to “achieve” the same result in different species.
Such a “quick solution” is especially valuable for species surviving in rapidly changing environmental conditions. Convergence
is the result of adaptation to unfavorable conditions, when natural selection “uses” previously neutral mutations that become
important for adaptation in a changed environment. Today, faced with the challenges of changing climate and unstable weather
conditions, it is important to apply these Nature’s hints and adapt this mechanism for breeding. The possibilities of using tar-
geted mutagenesis to make a diversity of mutant forms based on numerous inactive gene duplications in the crop genomes for
further testing under various stress conditions are discussed. The editing-based targeted reprogramming of duplicated copies
for future environmental conditions is also possible. However, this strategy requires preliminary analysis of big data accumu-
lated on gene and metabolic networks, as well as phenotypic data under various environmental conditions. Some of such data
have already been accumulated through long-term studies of the VIR collection under various ecogeographic conditions. Joint
efforts of breeders, geneticists, bioinformaticians, genetic engineers, and plant genetic resources experts can ensure the imple-
mentation of a fundamentally new strategy for improving cultivated plants by modeling natural adaptation processes and tar-
geted use of gene duplications.

Keywords: big data, N. L. Vavilov, plant genetics, plant genetic resources, genome, gene duplications, climate change, collections,
convergence, targeted mutagenesis, next-generation sequencing, synteny, technological leadership, evolution
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4 uoHa 1920r. B CapaTtoBe, B Bosibuiod ¢usnyeckoi
ayautopuu CapaToBckoro yHuBepcuTeTa (HbiHe — CapaToB-
CKUM HalMOHAJIbHBIA HCCIe[0BaTeJbCKUNA TOCyJapCTBEH-
Hblil yHUBepcuTeT uMeHH H. I. YepHbieBckoro, CI'Y) cocTo-
S1JIOCh 3HAYMMOe JIJ1s1 MUPOBOM reHeTUKHU cob6bITHe. Hukonai
MBaHoBHY BaBuJOB npejcTaBu/1 CHOPMYJHPOBAHHBIN UM
3aKOH rOMOJIOIMYECKHUX PAJI0B B HAac/le,CTBEHHON U3MeHYH-
BoctH (Vavilov, 1920, 1922). 3akoH B KpaTyalliue CPOKH Ha-
1lleJ1 BOIJIOIleHHe B NMPAaKTHUKe NpH LieJleHalpaBJeHHOM I0-
HCKe HOBBIX UCTOYHUKOB /IJ151 CeJIeKIIUH (M MONOJHeHUsI UMU
MHPOBOM KOJIJIEKLIUM TeHeTHUYeCKUX PecypcoB pacTeHUH),
a3aTeM NOCTyNaTeJbHO PAaCKPbIBAJICS C pa3BUTHEM IOAXO-
0B pyHIaMEHTATbHON HayKH.

JlornyeckuM o6bsiCHEHHEM HabJIloflaeMbIX cepui OblI0
reHeTUYeCcKoe CXOACTBO OpPraHM3MOB, HUX 0O0lllee NPOUC-
X0X/JeHue. Bckope cBUJeTe/NbCTBAaMU 3TOMY CTaJjH pe-
3y/JIbTaTbl MHOTOYMCJIEHHBIX LUTOJOTMYECKUX MCCIefloBa-
HUH, yKasblBaBlIMe Ha CXOJHOE€ WJU KpaTHOe YHCJIO0 XPOo-
MocoM y 6sn3kux TakcoHoB (Levitsky, Kuzmina, 1927; Le-
vitsky, 1929; Lewitsky, 1931; Lewitzky, 1940). 3aTem npuuuia
1opa LIUTOTeHeTHYeCKUX HCCeJ0BAaHUH, NOABUINCh METO-
Abl JuddepeHIMaJbHOTO OKpaLIMBAaHUS XPOMOCOM, KOTO-
pble BMecTe CAPYTMMM NOAXOAAMH H3YyYeHHUS] XPOMOCOM
JlaJIi KapTUHY HEKOTOPBIX XPOMOCOMHBIX IEPeCTPOeK U J10-
MOJIHUJIM KapTHUHY OGILIHOCTH HNPOUCXOXKJEHUs TeX WU
HHBIX Y4aCTKOB XPOMOCOM 6JIM3KUX BU/JIOB U UX OTJIMUHE OT
6o0Jsiee yaaaeHHbix TakcoHoB (Koller, Zeller, 1976; Naranjo
etal, 1987; Naranjo, Ferndndez-Rueda, 1991).

B 1990-e rogpl, nocsie nosiBienus nepsbix JJHK-mapke-
poB (a umeHHO RFLP - Restriction Fragment Length Polymor-
phism) 1 mocTpoeHusl NMepBBIX MOJIEKYJSPHBIX TeHeTHYe-
CKHX KapT, 6bLIM yXKe B JieTaJsIX ONHCaHbl U epecTPOHKH,
Y KOJIMHEapHOCTb XPOMOCOM pa3HbIX BUAOB. Ha pucyHke 1
cxeMaTU4YeCKU U300pakeH reHoM pxu (Secale cereale L.)
B CPAaBHEHHUM C TeHOMOM reKcamjJouAaHou mmeHunsl (Triti-
cum aestivum L.). KpynHble TpaHcJ0KaLMu Ha6Jl0jal0TCsA
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B xpoMmocoMax 4R, 5R, 6R, 7R, oTHOcHUTe/NbHO KPYIHbIE —
B xpoMocoMax 2R u 3R (cm. puc. 1). Xpomocoma 1R He cozep-
KUT NepecTpoeK B CPaBHEHHUM C XPOMOCOMaMU NepBOH ro-
MeOJIOTUYHOM TpyINbl MIIEHUIb], TOTAa KaK B Ipefesax
Ka»/IoT0 NepecTPOEeHHOr0 y4yacTKa 0CTaJbHbIX XPOMOCOM
P>KU BbIsSIBJIEHA KOJIMHEAPHOCTh C COOTBETCTBYIOIIUM paiio-
HOM (y4yacTkoM) reHoma nuieHunsl (Devos et al., 1993).

AHa/JIorM4HbIM 06pa3oM NPH MOMOIM CPAaBHUTEJIBHOTO
MOJIEKY/ISIPHO-T€eHEeTUYeCKOro KapTUPOBAaHUS XPOMOCOM
OTMCaHbl, HAIPUMeD, epPecTPORKHU U KOJIMHeapHOCThb Iepe-
CTPOEHHBIX yYacTKOB MeXJy OTAeJbHbIMH XPOMOCOMaMU
KyKypy3bl (Zea mays L.) u puca (Oryza sativa L.) (Ahn, Tank-
sley, 1993).

Tak>ke NMpY MOMOLIY MOJIEKYJIIPHO-TeHETUYEeCKUX MeTO-
Jl0B, HaUMHadA ¢ cepefuHbl 1990-X IT.,, aKTUBHO BeJIOCb Kap-
THpOBaHHUe reHoB (Hanpumep, Paterson, Wing, 1993; Shibai-
ke, 1998; Borner, 2002; Gostimsky etal.,, 2005; Khlestkina
etal, 2009). CpaBHeHHe XPOMOCOMHBIX KapT POACTBEHHbIX
BU/I0B, HECYIIIUX T'eHbl, KOHTPOJIUPYIOILHe OAUHAKOBbIE TIPU-
3HAKH, I03BOJIWJIO BbISIBUTb F€HbI-0PTOJIOTH, KOHTPOJIUPYIO-
1IMe OAMH U TOT e NPU3HAaK y pa3HbIX BU0B. Ha prucyHke 2
npeJcTaB/eHbl CXeMbl XPOMOCOMHBIX KapT HiueHusl (Triti-
cum L. sp.), pxxu u stumens (Hordeum vulgare L.), BK/to4ato-
LIUX OT/eJIbHble I'eHbl YYBCTBUTEJbHOCTH K SIpOBU3aLUU
(Vrn), xoTopble onpeensiioT TUNl Pa3BUTUS (IpOBOH / 03U-
MbIi) U CPOKM IiBeTeHHsl. [eHbI-OpTOJIOrM OBbIIM COOTBET-
CTBYIOIUM 06pa3oM IeperMeHOBaHbl, YTOObI MOAYEPKHYTh
MPUHA/JIEXHOCTb K 0JJHOMY OpTOJIoruyeckoMy psiay. Ha pu-
CyHKe 2 HOBble Ha3BaHUA NIpe/CTaBJeHbl 0/, NEPBUYHBIMU
0603HauYeHUsIMU TreHOB. Takue psibl OPTOJIOTUUYHBIX [€HOB
OuYeHb XOPOIIO O6bACHAIOT peHOMeH HabJlofAaeMblX Napas-
JIeJIbHBIX PSAJI0B U3MEHUYUBOCTH.

B psze ciydyaeB 3al0KyMeHTUPOBAaHHbIe PsJibl T€HOB,
CBsI3aHHbIE B MPOUCXOXJEHUU C OAHUM NPeJKOBBIM TeHOM
(4ToO MOATBEPXK/,EHO KOJMHEeapHOCTbI0O XPOMOCOM B paiioHe
MX JIOKaJM3alUY, a 3aTeM U JaHHBIMH, NOJYyYeHHbIMU NpU
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Puc. 1. [lepecTpoiika XpoMOCOM p>KM B CPaBHEHHMH € XpOMOcoOMaMHM nieHuns! (o Devos et al.,, 1993, c usMeHeHUsIMU)

Fig. 1. Rearrangement of rye chromosomes in comparison with wheat chromosomes
(from Devos et al.,, 1993, with modifications)
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Puc. 2. CxeMbI XPOMOCOMHBIX KapT NIIEHULbI, P>KU U TYMeHs ¢ 0603HayeHUeM RFLP-MapkepoB (cnpaBa),
XpPOMOCOM (BHHM3y PUCYHKA) U F€HOB YYBCTBUTE/IbHOCTH K APOBU3aLUM (BBEPXY B paMKax - NepBUYHbIE
0603HaY€eHNs, N0/, HUMH - NI03Ke NPHCBOEHHbIE CHHOHUMBI).

H306pakeHo Ha ocHOBe Borner, 2002 (c u3MeHeHUsIMH)

u http://www.shigen.nig.ac.jp/wheat/komugi/genes/symbolClassList.jsp

Fig. 2. Schemes of wheat, rye and barley chromosome maps with designations of RFLP markers (on the right),
chromosomes (in the bottom) and genes for vernalization response (the original names are within the frames
in the upper part, the later assigned synonyms are underneath).

The image is based on Borner, 2002 (with alterations),
and http://www.shigen.nig.ac.jp/wheat/komugi/genes/symbolClassList.jsp

KJIOHUPOBaHUM U CEKBEHUPOBAHUH T€HOB), BLIXOJAT 3a Ipe-
Jesibl TpU6BL. OMH U3 TaKUX IPUMEPOB — FeHbl, KOHTPOJIU-
pyloliye HaKoOIJIeHWe aHTOLMAHOBBIX MUIMEHTOB B IepH-
Kapnuu 3epHOBKH (y nuieHuus! - Pp3, Purple pericarp, y puca
Y KYKypy3bl - TeHOB U3 ceMeiicTBa R: Ra puca, R(Lc) Kykypy-
3b1). Ha pucyHke 3 npuBeZieHbl XPOMOCOMHBIE KapThbl Mlle-
HUIBI, pHCa U KyKypy3bl C FeHAaMH, OTHOCSALUMUCS K OAHOMY
pAAY.

[Tocne 2000 r. HacTynu/Ia peajy3alnusl KPyMnHbIX IpOeEK-
TOB, KaK IIPAaBUJI0, BBINOJHABLINXCA MeXAYHAPOJHbIMU KOH-
coplLyMaMHy, 110 CEKBEHUPOBAHUIO U COOPKe MOJIHBIX FeHO-
MOB BBICIIMX pacTeHHH. Oco60e BHUMaHHUe y/esleHO CeKBe-
HUPOBAHUIO BaXKHEHILIUX CeJIbCKOXO3SHUCTBEHHBIX KyJbTYD.
PacmudpoBka NoJHbIX TeHOMOB YCKOPHUJIACh C BHEAPEHHU-
eM MeTO/J0B BbICOKONIPOM3BOAUTENBHOI0 CEKBEHUPOBaHHUSA
(cexBeHUpOBaHUs HOBOro nokoJsieHus, NGS - Next-Genera-
tion Sequencing) (puc. 4; Glagoleva etal., 2016), garomux
BO3MOXHOCTb OBICTPOr0 U MacCIITabHOIO ONpe/ie/IeHUs HyK-
JIEOTUAHBIX NTOCJIe/J0BaTeJbHOCTEN 110 CpPaBHEHHUIO C KJiac-
CHYeCKUM MeTOJO0M ceKBeHHMpoBaHUs no CaHrepy. Ciox-
HbIM TeHOM aJlJloreKkcansionfHou numeHuusl T. aestivum L.
6blJ1 CEKBEHHPOBaH M03e 60JIbIIMHCTBA JAPYTUX KyJAbTYP
(IWGSC etal, 2018). OTHOCUTE/IPHO HeJJaBHO 6blya Mpej-
CcTaBJIeHa U [ToJIHas c6opka reHoMa pku (Rabanus-Wallace
etal,, 2021).

CpaBHeHHe reHOMOB BBICLIMX PACTeHUH Ha OCHOBe JiaH-
HBbIX CEKBEHHPOBAHMUA HOBOTO MOKOJIEHUS U JaJbHEHIINX
c60pOK, BO-TIePBbIX, T03BOJIMJIO HAIVISAJHO MPOUJIIIOCTPHUPO-
BaTh 06lljee NPOUCX0X/AeHHe TeHOMOB BCeX BBICLIMX pacTe-
HUH. Bo-BTOpBIX, 4eTKO 0603HAYMJIMCh ITAllbI, KOrja obuiue
npeAiKU TOTO WM MHOTO KPYMHOTO TaKCOHA NMPOXOAUJIH MO-

JINTIJIOUAU3ALUIo, @ 3aTeM CHOBA 3BOJIIOIIMOHUPOBA/IH B AU-
IJIOW/IHble OpraHM3Mbl MyTeM KpPYIHBIX NepecTpoeK Xpo-
MOCOM C Nocaeaywoueid HeopyHKIIMOHAIU3aluel (mosBie-
HHeM HOBON QYHKIUHU y OAHOIO U3 AYIJIMIUPOBAHHBIX IoO-
MOJIOTUUHBIX T'€HOB), NceBJoreHU3anueid (norepeit ¢yHK-
LUW TeHa) U/UJU NOJHOW yTpaTou AyNJIULHMPOBaHHBIX
konui. Cpeau BUAOB KYJIbTYPHBIX PacTe€HUH, OTHOCSLIUXCS
K ceMelicTBy 3s1akoBble (Poaceae), kykypysa (Tpuba May-
deae) OTHOCHUTCS K YUC/IYy CPAaBHUTEJbHO HeJaBHO BO3HUK-
LIMX NaJ1e0NOoUIJION/I0B — HeC/Iy4aliHO y Hee /10 CUX IOp Ha-
6J110/]al0TCsl AYIIMLMPOBaHHbIe KONIUU TeX FeHOB, KOTOpbIe
y ee pojuyell BCTpeyaroTcs B eIMHCTBEHHOM uucie. Tpuba
[Mmenunessle (Triticeae) npejacraB/ieHa HeJaBHO BO3HUK-
MKMMH aJJIONOJIUIJIONJAMU C YBOEHHBIM YUCJOM KONMHUHI
TeHOB Yy TeTPaMJOU/0B U yTPOEHHBIM y reKcarionzos (Salse
etal., 2009; Abrouk et al,, 2010; Pont et al., 2011).

CHHTeHHs TeHOMOB NpeJicTaBUTeJled ceMelcTBa 3Ja-
KOBble HaIIsiJHO NPOUJIJIIOCTPUPOBAHA IPU MOMOILM KPYTo-
BOM CpaBHUTEJILHOU JjUarpaMMbl, IpejcTaB/JeHHON B pa6o-
Te S.Sun etal. (2017). OpgHako, KaK 0Ka3ajoCh, CUHTEHUS
00'bACHAET OTHIOJb He BCe CJydYad NMapaJjesiusMa B Ha-
cleACTBEHHON U3MeHYUBOCTU. OTYACTH UCKJIIOUEHUS BO3-
HUKAIOT UMEHHO B CBSI3Y C HAJINYKMEM B reHOMax AyIJIMLHUPO-
BaHHBIX KOMUH — KaK OCHOBHOT'O MaTepuaJia A/ BO3HUKHO-
BEHUS «HOBOW» HM3MEHYMBOCTH U JlajibHelllero orbopa.
CnepBa «1po6Gesibl» B FOMOJIOTHYECKUX psijiaX (pepbiBaHHe
TOMOJIOTUYECKUX pPSAOB TeHOB B 4epeje OTHOCUTEJIbHO
6JIM3KHMX TAaKCOHOB) pacCcMaTpPUBAIUCh KaK TOJIOBOJIOMKH.
3aTeM pacmiMPppoBKa NocCae0BaTeTbHOCTEN FeHOB N0Ka3a-
JIa, YTO HEKOTOpble T'eHbl NMPUOGPENH CXOJHYI QYHKIHIO
B pe3yJsibTaTe KOHBePreHLUY, a He CHUHTeHUU. ITH UCKJII0Ye-
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Puc. 3. CxeMbI XPOMOCOMHBIX KapT TeTPANIOUAHOMH MIIIEHUIIbI, PUCA U KYKYPY3bl C 0603HAYE€HUSIMHU JIOKATU3ALMHU
reHOB, KOHTPOJIMPYIOIMX CUHTE3 aHTOLMAHOB B IepUKapNUH 3€PHOBKHM U CLEeN/IEHHbIX C HUMH MapKepoB.
OuHaKOBbIe MapKePHBIE JIOKYChI COeANHEHbI MYHKTUPHBIMU JTUHUAMU.

CxeMbl cocTaB/IeHbI Ha ocHOBe JaHHBIX Khlestkina et al., 2010; Hu et al., 1996; Wang, Shu, 2007
Fig. 3. Schemes of tetraploid wheat, rice and maize chromosome maps with designations of genes for anthocyanin
synthesis in the pericarp and the linked markers. Identical marker loci are connected with dashed lines.

The schemes are based on the data by Khlestkina et al., 2010; Hu et al., 1996; Wang, Shu, 2007
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Fig. 4. Chronology of sequencing and whole genome assembly for a number of crops
(from Glagoleva et al., 2016, with modifications)
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HUsl U3 NPaBWI HAMISZAHO JIEMOHCTPUPYIOTCS Ha NpHUMepe
reHoB «3eJIeHOH PeBOJIIOLMU» — TeHOB HU3KOPOCJIOCTH 3J1a-
koB. C M3MeHeHHeM arpoTeXHOJIOTHH B cepejuHe XX Beka
JIIs5 MacCOBOTO MPOM3BOJCTBA MOTPe6GOBANINCh pPaACTEHUS
C KOPOTKHM NPOYHBIM CTe6JieM. UCTOUHUKH I'€HOB HU3KO-
pocnoctu (Reduced height) st cesieKUUM ObLIM HaWJEHbI
cpefu sanoHckux coptoB. Umu ctanu ‘Norin 10° (rensr Rhtl
u Rht2) u ‘Akakomugi’ (ren Rht8). lllupokoe U3yyeHHe reHOB
KOPOTKOCTEGEJbHOCTH BbISIBUJIO CPEAU HUX rMO6GEpesInH-
4yBCTBUTEJIbHbIE U HEUYBCTBUTE/IbHbIE, YTO YKa3blBaJloO Ha
JiBa 0’KHM/1aeMbIX TOMOJIOTMYECKUX Psijia B HACJe[CTBEHHOU
n3MeH4YMBOCTH 1o 3ToMy npusHaky (Khlestkina et al,, 2020).
OzHaKo nocje pacindpoBKU NMOCAEL0BATETBHOCTEN I'EHOB
00HAPY>KEHO, YTO TAKUX PSLOB KaK MUHUMYM TpH (puc. 5).
CpaBHHUM psi/ibl T€HOB, KOTOPble 06eCNeYuBaloT ru66epe-
JIMH-3aBUCHMYI0 HU3KOPOCJIOCTD. Y MIIEHUIb, SUMEHS, KU
Y puca reHbl, KOHTPOJIUPYIOIME CUHTE3 OAHOIO U TOTO K€
coeJMHEHUs — TMO6EepesJIMHA, MyTalluu 110 KOTOPBbIM 06ec-
[EeYUBAIOT HU3KOPOCJIOCTD, AeJSTCS Ha JiBe IPYMNIIbL. Y miie-
HUIbI U PXKU 3TU I'eHbl, 0603HaYeHHble Rht12 u Ddw1, BbI3bI-
BAIOT NOBBIIIEHHE 3KCIIPECCUU pepMeHTa 2-0KCUAA3bI TUb-
6epessioBod kucaoTel (I'K), 4To NpUBOAUT K HHU3KOPOCJIO-
CTH, TIOCKOJIbKY B KauecTBe CyGCTpaTa 3TOT pepMeHT HC-
nosb3yeT akTuBHyl ¢opmy TI'K, pacxonys ee (puc.6).
B pe3ysbrare ru66epessiiHa He XBaTaeT AJs 00ecreyeHus
HOPMaJILHOTO pocTa cTe6sis. Y pyca v sYMeHsi reHbl, 0003Ha-
yeHHble Sd1 v Denso/Sdw1, kogupytoT pepmeHT 20-0Kcuza-
3y rub6epessioBOM KUCIAOThl - $epMeHTa, HEOOGXOAUMOr0
JIJIsl CHHTEe3a rub6epesyinHa. B mpucyTCTBUM MyTaHTHBIX aJl-
nenent sd1 u denso/sdwl ropMOH He CUHTEe3UpyeTCs (CM.
puc. 6).

WTak, reHbl pasHble, TUI MyTalMid pasHbId (B HEpBOM
cayyae gain-of-function, Bo BTopoM - loss-of-function), a pe-
3y/JbTaT Ha YpPOBHe (EHOTHNA OJUHAKOB — HU3KOPOCJ/bIE
$OpMBL. ITO TUNHUYHBIM NpUMep KOHBepreHuuu. Ilo-Buau-
MOMY, y IIIEHULbI HE 3aKPENUJICA TAKOW e MeXaHU3M, KaK
y pUca U siUMEHS, U3-3a HAIMYHUS JYIIMIUPOBAHHBIX KOMTUN
B T€HOMe TeKCaIlJIOWJHOr0 BHU/JA. BeposiTHOCTb BCTPETUTH

FeHbl

MYTaHT NLIEHULB], ¥ KOTOPOro 6bl BCe KONUU IeHa, KOAU-
pytouero ¢pepmeHT 20-0KCcH1a3y ru66epesioBOM KUCIOTHI,
HecJM MyTaluu no tuny loss-of-function, HUYTOXKHa.

Eme oguH npuMep NpU3HAKOB, KOHTPOJUPYEMbBIX OPTO-
JIOTUYHBIMU TeHaMH, — YepHas U KOpU4YHeBask OKpacka KoJio-
ca y3saakoB. B npegenax popa Triticum, a Takxe y poja
Aegilops L. (arusiornc) HabJ/II0Jal0TCs OPTOJIOTMYHBIE TeHbl Bg
(Black glume) u Rg (Red glume), onpefensitoliye 4YepHYO
Y KpacHyt okpacky koJioca. B 2010 r. (Khlestkina, 2010) Ha
OCHOBe 3KCIIePUMEeHTa/JbHOT0 aHa/lM3a (M3y4eHHUs IKCIpec-
CUU CTPYKTYPHBIX T€HOB GMOCUHTe3a $JIaBOHOUZ0B) OBLIO
BbICKa3aHO Npe/0JI0KeHNe: TeHbl Bg U Rg peryupyoT CUH-
Te3 peHOJIbHBIX coejuHeHU N ¢pio6adeHoB. [103ke 3TO GbLIO
MO/ TBEPXK/AEHO [l OAHOI'0 U3 OPTOJIOTOB U MOKa3aHO, YTO
pery/isTOpHbIN reH OTHOCUTCS K CeMeHCTBY TeHOB, KOAUPY-
IOLIMX TpPaHCKpUNLUOHHble dakTopbl R2R3-MYB (Abrouk
etal, 2021).

Ha pucyHke 7 n3obpaxeHbl CXeMbl XPOMOCOMHBIX KapT
pa3/IMYHbBIX BUJOB MIIEHULbI U TYMeHs, 0003HAYaIOIUX JIO-
Ka/IM3all1I0 TeHOB, KOHTPOJIMPYIOIIUX YePHYI0 OKPACKY KO-
Jioca (y NieHUIbI 3a CYeT YePHOM OKPaCKH KOJIOCKOBBIX Ye-
wy# - Bg, Black glume; y siuMeHs 3a c4eT 4YepHOU OKpacKu
LBETKOBOW 4Yellyd W mepukapnus - Blp, Black lemma and
pericarp). BugHo, 4T0 y 4eThIpeX BU/OB IIIEHUIbI — reKca-
maougHoro Triticum aestivum, aunjouaHoro T monococ-
cum L. u Tterpamnougubix T timopheevii Zhuk. u T durum
Desf. - renbl Bg cOCTaB/ISIOT OPTOJOTUYHbBIN P,

XpoMocoMHbIe KapThl suMeHs: Hordeum vulgare, oTHOCS-
merocst k TpubGe [lieHuIeBble, UMEIOT OYTH MTOJHYIO KOJIU-
HeapHOCTb C TAKOBBIMU MIIEHHUIbI. [eHbl SUMeHs U NIIeHU-
L[l YaCTO COCTaBJISIOT 06IHe PsAAbl OPTOJOTHUUYHbIX '€HOB.
TeM He MeHee reH Blp, onpefefloLMH YepPHYIO OKPACKY KO-
Jloca ;YMeHs], KApTUPOBAH He B KOPOTKOM, a B IJTUHHOM IlJle-
ye xpoMocoMbl 1H (cM. puc. 7). Jlokyc Blp pojro ocraBajcs
HepacmnppoBaHHbIM. Ha OCHOBe CpaBHUTEJNbHOTO TPaHC-
KPUITOMHOTO aHa/lM3a U30TeHHBIX JIMHUHN SYMeHs, pasJiu-
YaloLIUXCsl 110 a/lJleisiM JIoKyca Blp, 661710 BbIJBUHYTO NpeJ-
M0JIOXKEeHUE, UTO TeH Blp cBsi3aH ¢ HaKOIJIEHHeM U OKHCJIe-
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Puc. 5. T'pynnbl reHOB HU3KOPOCJIOCTH Y 3/1aK0B. CXeMa cocTaB/ieHa Ha OCHOBe aHaJ/iu3a JaHHbIx Ashikari et al,, 2002;
Jia et al., 2009; Ford et al., 2018; Sun L. et al., 2019

Fig. 5. Groups of dwarfing genes in cereals crops. The scheme is based on the data analysis by Ashikari et al., 2002; Jia
etal, 2009; Ford et al., 2018; Sun L. et al., 2019
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Puc. 6. Cxema cuHTe3a ru66epe/uTMHOB. OCHOBHbIE p)epMEHThI U U3MEHEHUsI, KOTOpPble MPUBOJAT K HU3KOPOCJIOCTH,
OTMe4YeHbI 3Be3104K0ii. CxeMa cocTaB/ieHa Ha OCHOBe aHa/iM3a JaHHbIx Ashikari et al.,, 2002; Jia et al., 2009;
Ford et al., 2018; Sun L. et al., 2019

Fig. 6. Scheme of gibberellin biosynthesis. Major enzymes and alterations leading to dwarfism are marked with an
asterisk. The scheme is based on the data analysis by Ashikari et al., 2002; Jia et al., 2009; Ford et al., 2018;
Sun L. etal., 2019
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Puc. 7. CxeMbl XpOMOCOMHBIX KapT pa3/IMYHbIX BUJA0B NIIEHUIIbI U AUMEHS C 0603HAYEeHUSIMU JIOKA/IU3aliM FeHOB,
KOHTPOJIMPYIOIIMX YePHYI0 OKPACKy KoJsioca. OfMHaKOBble MapKepHbIe JIOKYChbl COeAUHEHbI IYHKTUPHBIMU
JIMHUAMH. 1AS - KOpOTKOe IJIe40 XpoMOocOMbI 1A y pasHbIX BUAOB nueHunsl; 1HL - gimHHOe ny1e4o xpomocomsl 1H
Aa4YMeHs. CxeMa cocTaB/ieHa Ha OCHOBe aHasiu3a gaHHbIX Khlestkina et al., 2009; Van Deynze et al., 1995;
Ganal, Roder, 2007; Salina et al., 2006; Korzun et al., 1999; Blanco et al., 1998; Glagoleva et al., 2017

Fig. 7. Schemes of genetic linkage maps for wheat species and barley with designations of genes for black ear.
Identical marker loci are connected with dashed lines. 1AS is the short arm of chromosome 1A in wheat species;
1HL is the long arm of chromosome 1H in barley. The scheme is based on the data analysis by Khlestkina et al., 2009;
Van Deynze et al., 1995; Ganal, Réder, 2007; Salina et al., 2006; Korzun et al., 1999; Blanco et al., 1998;

Glagoleva et al., 2017
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HueM peHoIbHBIX coeauHeHul (Glagoleva et al,, 2017). OHo
COIJIaCOBBIBAJIOCH C pe3y/ibTaTaMH aHa/M3a MUIMEHTOB, KO-
TOpPBIH, KpoMe NOATBepPkAeHNUs GpeHOJIbHON NPUPObI OKpa-
LIMBAIOLUX KOJIOC BellleCTB, 03BOJIMJ ellle U YCTaHOBHUT,
YTO 3TOT YePHbIH NMUTMeHT OTHOCUTCS K MeslaHMHaM (Sho-
eva et al,, 2020). Bbl1M OTKPBITHI HOBbIE KJIETOYHbIE CTPYK-
TYpBbl, Ha3BaHHbIE MeJIaHOIJIACTaMU, KOTOPble MPUCYTCTBY-
10T TOJIKO B KJIeTKaX TKaHel pacTeHHWH, HaKalJIMBaIOLIUX
MenaHuHbl (Shoeva etal, 2020). U, HakoHen, B.Li etal
(2024) nokasanu, 4to reH Blp sumensi (HvBlp) xopupyeT
TpaHCIOpPTep TUPO3UHA (YTO COrIacyeTcsl C JAHHBIMU O Me-
JIAHUHOBOU IpUpOJie U3y4aeMoro NUrMeHTa) U roMoJIOTH-
yeH reHy OsBh4 puca, UMeOLIeMy TaKyl e (QYHKIHUIO
(uepHast okpacka mepukapnus u yewyi). OgHako HvBIp
u OsBh4 - He opTosioru. HvBlp npousouien U3 TaHAEMHOU
AyIUIMKaLWKM, He BeTpedatoileiics y puca (Li B. etal., 2024).
TakuM 06pa3oM, yuepHasi OKpacka KoJioca MIIeHUIbl U TuMe-
HS1 06'bSICHSIETCS] KOHBEPTeHTHBIM CXOACTBOM, UepHasi OKpac-
Ka lepUKapnus 1 Yellly ss’uMeHs ¥ pHUca — ToXe IPUMep KOH-
BEPreHTHOTO CXO/CTBA.

[IpuMmepsl, Korga ecTeCTBEHHBIN 0T60P UCIIO/Ib3YeT pas-
Hble TeHbl U pa3Hble MyTalUU A/ «JOCTHXKEHHUSI» OJHOTO
1 TOTO e pe3y/ibTaTa y Pa3HbIX BUJ OB, BCTpeyaeTCcs LHPO-
Ko. OIUH U3 IPKHX NIPUMEpPOB — TeHbl, KOAUPYIOlLle aHTHU-
¢pusHble GenKU. ITH GEJIKU CAYKaT YCTOWYUBOCTU Opra-
HM3MOB K 3aMep3aHMUI0O. MHorue opraHusMbl Ipuobpenn
3TO NpucnocobjeHne B X0Ze 3BOJIIOLUU He3aBUcUMO. bei-
KU-aHTHPU3bl 3BOJIOLMOHUPOBAIN ¥ HUX U3 Pa3HBIX HC-
XOAHBIX TE€HOB, HO B pe3yJibTaTe BCe OHU UMEIOT CXOJ|Hble
CBOMCTBAa M CXOAHBIM MNPUHLMI OpraHU3aluu: 3TO He-
6oJibllIMe GeJIKH C IJI0CKOM TOBEPXHOCTbIO, 60raToi aMMHO-
KHUCJIOTON TPEeOHUHOM. «TpeOHHUHOBbIe» GEeJIKU HYXKHBI JJ151
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CBSI3bIBAHUS C NOBEPXHOCTbIO KpUcTawioB jbja (Goodsell,
2009).

KoHBepreHuus sBJseTCS pe3yJbTaTOM aJanTalUuu
K HE0J1aroNnpUsTHBIM YCJIOBUSIM, KOT/Ja €CTECTBEHHBIH OT-
60p «HUCIIOJIb3yeT» paHee HeUTpasibHble My TallUH, CTAHO-
BHUBIIMECS BaXXHbIMU JiJIsl afalTalldd B U3MeHMBIIEHCS
cpefe. ViaMeHeHUe yCIOBUN TPeOYeT «ObICTPhIX PELIEHU I »,
KOTOpbIE BO3MOXKHBI IPU HAJTUYUHU BbIOOPA TOTOBOrO MaTe-
puaJia B BU/Jie AYIJIMKAL UK M€HOB, C1y4YalHO HAaKONUBIIHUX
MyTallM{, OKa3aBLIMECS IOJIE3HBIMH B HOBBIX YCJOBUSX
(puc. 8).

CeroziHsl, CTaJIKUBAsICh C BbI30BAMHU MEHSIOLIETOCS KJIH-
MaTa U HeCTaGUJIbHBIX MOTOAHBIX YCJIOBHUH, BAXXKHO NMpHUMe-
HUTb 3TH NOACKA3KH NIPUPO/Ibl U aJJANITUPOBATh JAaHHBIA Me-
XaHM3M JJIs1 ceJleKIUHU. [Ipy 3TOM B CBeTe MoApO6HO 33/J0KY-
MEHTHPOBAHHOW Ha CETOJHSALIHUH JleHb CHHTEHUH I€HOMOB
3aKOH BaBHJIOBa LIMPOKO MCIIOJIBb3YETCS B YACTHOM IeHeTH-
Ke, JIJI1 CO3JlaHUs JJOHOPOB LIeHHBIX I'€HOB, NPEJOCTaBJIse-
MBIX 3aTeM U3 KOJUIeKLMH (HanpuMep, U3 Kosiekuuu BUP)
N0 3asiBKaM CeJIEKLHOHEepPOB. [IpUMeHsieTcs 3aKOH W INPHU
YJIy4IIEHUW TeHOTHUIIOB PACTEHUH NPU NOMOLIY HaNpaBJIeH-
HOro MyTtareHe3a. IMeHHO 6Jiarofaps sIBJI€HHUI0 CUHTEHUH
MHOX€eCTBO paboT GasupylOTCs Ha JAHHBIX, paHee IOoJy-
YeHHBIX Ha yZJ00HBIX MOJe/IbHBIX 00'bEKTAX, KAKUM JJIs pac-
TeHUH siBasietcs Arabidopsis thaliana (L.) Heynh. co cBoum
MaJleHbKMM TI'€HOMOM U KOPOTKHUM >KU3HEHHBIM LUKJIOM.
BbICTpO NOJIy4eHHbIE HA MOJI€JIbHOM O0'beKTe 3HaHUS IPHU-
MEHSIIOTCS AJ1s1 Pa3BUTHS UCC/IeJ0BAHUH Ha CJIOXKHBIX 00bEK-
Tax, B YaCTHOCTH XO3sMCTBEHHO 3HAYMMBbIX BHAax. Ha ocHo-
Be CHHTEHUH OCYLIeCTBIISIETCS U TIOUCK TeHOB-MULIEHeH s
pesakTHpoBaHus. [IpuMep NpaKTHYECKOTO IPUMEHEHUS 3a-
KOHa BaBuJIOBa B HAllM JIHU — 3TO PacTEHUs1, OTPEAAKTHUPO-
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Puc. 8. CxemaTnyeckoe u306pa>l(emle MeXaHHU3Ma aJanTallii B MEHALIIUXCA YCJI0BUAX CpeAbl 3a cCYeT ,El,yl'l.lllfll(al.llfli/ll
T€HOB U HAKOIMMUBUIIUXCA B HUX HeﬁTpaJlebIX MyTal.lPlﬁ, HEKOTOpbI€ U3 KOTOPbIX CTAHOBATCA aJaITUBHBIMU B HOBbIX
yci1oBUAX (I‘HHOTETH‘{ECKaH aJalITUBHasA MyTanuAa 0603HaYeHa 3eJIeHbIM I.lBeTOM)

Fig. 8. Schematic representation of the mechanism of adaptation to changing environmental conditions due to gene
duplications and neutral mutations accumulated in them, some of which become adaptive under new conditions (the
hypothetical adaptive mutation is highlighted in green)
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BaHHbIe 0 ofHOMY U ToMy ke reHy (Korotkova etal., 2017,
2019; Kuluev et al.,, 2022; Ukhatova et al., 2023).

HuTepecen npumep c reHoM Mlo (Mildew locus 0), HokayT
KOTOpOro obecrneyrBaeT YCTOMYMBOCTb K MyYHUCTOH poce.
MyTauusa mlo y JUIIOUAHBIX BUJOB, HAIPUMeD y SYMeHs,
6blyla OmMcaHa AOBOJIbHO AaBHO (Jgrgensen, 1992). Iocie
[0JIy4YeHUs] MyTaHTa TYMeHs 10 ;JAHHOMY TFeHy IyTeM HUHAY-
LIUPOBAHHOTO MyTareHe3a NbITAJNCb TaKUM e CIOCO60M
MOJIyYUTb U MyTaHT MIIeHUIbl MArKoi. [lozxe cTaso sicHo,
[OoYeMy MOMNBITKU MOJYYUTh MyTaHT MIIEHUIb! ObLIN Hey-
Ja4HBIMU. Y a/lJIoreKCcalJIOuAHOH MIeHUIbl TPY KOMKHU reHa
Mlo. BeposITHOCTb NOJIyYUTh OAHOBPEMEHHO B OJHOM U TOM
>Ke paCcTeHHWU MyTallUU cpa3y B Tpex Konusx reHa Mlo 6blia
HUYTOXKHA. TeM He MeHee NpPHY NOMOLIY HAallPpaBJeHHOI'0 My-
TareHesa C UCNOJIb30BaHUEM T'€HOMHOIO peJJaKTUPOBAaHUSA
yJaJI0Cb HOKAayTUPOBaTh BCe KOIMUU 3TOr0 reHa y MIEeHUIIbI
MATKOM M MOJIyYUTb FeHOTHUIl C MOBBIIIEHHOHW YCTOHYMBO-
CTbI0 K My4yHHUCTOHU poce (Wang et al.,, 2014). Bnocneacteuu
mlo-MyTaHTb! GbLIM MOJy4YeHbl IPU NOMOIIM peAaKTHPOBa-
Hus y tomara (Nekrasov etal, 2017), BuHorpaza (Malnoy
etal, 2016) u Apyrux BUAOB.

Emme oanH npuMep - Lie/ieHallpaBeHHasl 3aMeHa onpe/e-
JIEHHBIX aMHUHOKHCJIOTHBIX OCTaTKOB B NPOAyKTe reHa ALS
(kogupyeT ¢epMeHT aneToJlaKTaTCUHTasy) puca (Sun.
etal, 2016), cou (LiZ. etal, 2015), kykypy3s! (Svitashev
etal, 2015), xaprodensa (Butler etal, 2016) nosbiuana
YCTOWYUBOCTD K TepOULIUAY XI0PCYyAbPYPOHY. ITO TOXKE PSAL
MyTalui, UCKYCCTBEHHO CO3JJaHHbIX MapasjebHO y He-
CKOJIbKUX BU/IOB.

[Touck HOBBIX MHIIEHeH [AJs1 HU3KOPOCJOCTH 3J1aKOB
TaK)Xe NpHUBeEJ K co3ZaHuI0 MyTauui no reny DEP1 (DENSE
and ERECT PANICLE) napaJ/uieJibHO y NIIEHUIbl U pUca NpU
nomoiu texHosoruu CRISPR/Cas9 (Li M. et al., 2016; Zhang
etal, 2016; Zheng et al., 2016).

TakuM 06pa3oM, ceroAHs OYeBHU/HBIH U y>Ke NMpHUMeHse-
MBbIH NyTh NPaKTHYECKON peasn3allii BaBUJIOBCKOIO 3aKO-
Ha - 3T0 paboTa C TeHaMU-OPTOJIOraMHU [iJisl CO3JjaHUs [IyTeM
reHeTUYeCKOro peJlakTUPOBAHUS HYXKHBIX M0JIE3HbIX MyTa-
LIUH, KOTOpbIe Mbl HA6J110/jJaeM y OJJHOTO BU/Ia U MOXKEM CIlJIa-
HUPOBATb U MOJYYUTh OJ06HBIEe MyTaLUU Y APYTUX BUJOB.
TeMm He MeHee HAabOp TaKHUX NMOTEHLUA/JbHbIX T€HOB-MHUIIIe-
Hell Bce ewe orpanuyeH (Ukhatova et al,, 2023). 1o kpalinei
Mepe, OH HeJOCTaTo4YeH AJs1 KapAUHaJIbHbIX HW3MeHeHUH
CBOMCTB, CBSI3aHHBIX CaJanTalyeldl K pe3Ko MeHSIOLIUMCS
YCJIOBUSAM cpefibl. B M3MeHUBIIMXCA YCI0BUAX afaNlTaluu
HepeJKO COeHCTBYIOT reHbl, HeUTpasbHble MyTallUU B KO-
TOPBIX HAKallJIMBAJIUCh B TeYeHHe ONTHUMAJbHOI0 Nepuoja.
WX UCTOYHUK - AYTJIMKALUU.

Oco6eHHO LieHeH YKa3aHHbIH Bblllle MeXaHU3M /JJ1s1 opra-
HU3MOB, Be[yIIIUX IPUKpPeN/IeHHbI 06pa3 *KU3HHU, — AJ14 pac-
TeHUH. IMeHHO X reHOMBbI H306UIYIOT AYIJIMKALUAMHU re-
HOB 6J1arofaps MOJMIJIOUAU3aLMU. Bo3MOXHO JIM NpH MO-
MOILM HaNpaBJeHHOI'0 MyTareHe3a cO03/aTb Ha OCHOBe
MHOTOYMCJIEeHHbIX QYHKIMOHANIbHO HEAaKTUBHBIX JYMJINLHU-
pPOBAHHBIX F'€HOB B TeHOMax KYJIbTYPHBIX pacTeHHUH pasHo-
obpasue MyTaHTHbIX GOpM JJis JajbHelllero TeCTUpOBa-
HUS B Pa3/IMYHBIX CTPECCOBBIX yCa10BUAX? Wiu faxe Lese-
HallpaBJIeHHO MepenporpaMMHpoBaTh AYMJIUIUPOBaHHbIE
KONMHU NpU NMOMOLIM pefaKTUPOBAaHUA MoJ OyAyliHe ycJio-
BUs OKpyxawouei cpenbl? IlociefHee, ofHaKo, TpebGyeT
npe/iBapUTeNbHOTO aHa/lM3a G0JIbLIMX JAaHHBIX, HAKOMJIEH-
HBIX [10 TeHHbIM U MeTab0JIMYeCKUM CeTAM, a TaKKe QeHOTHU-
NUYeCKUX JAHHBIX B pa3/IMYHbIX YCJIOBUSAX CpeAbl (HampHu-
Mep, JaHHBIX, HAKOIJIEHHbIX [IPU MHOT0JIETHEM H3y4YeHUH
koJuiekuuu BHP B pasnnyHbIX 3K0JIOTO-reorpadUyuecKux
yCJIOBUSIX). WHCTpyMeHTbl pefaKTUPOBaHHUs MO3BOJIAIOT

CeroJiHsi BHOCUTb MyTallH, He 3aTparuBas reHbl, UMeIOLIHe
NOYTH IOJIHYI0 WJAEHTHUYHOCTb. /Jleslo 3a pasBUTHEM
KOMIIJIEKCHOTO aHa/IM3a GOJIbIIUX JaHHbIX, BKJIIOYasl «UCTO-
puyecKre» JaHHble. [eHeTUYECKUE TEXHOJIOTUU O3BOJSIOT
pacuipoBbIBaTh reHbl CEJbCKOX03MCTBEHHBIX pACTEHHH,
HCIOJIb3yeMbIX B IIEPUO/Ib], KOT/Ja KJIMMAT MEHSJICS B CTOPO-
Hy pe3koro notemnseHus (Semilet et al., 2023, 2024).

[TosiaraeM, 4yTo B OyAylL€eM, C BO3pacTaHHEM BbI30BOB, KO-
TOpble MPUHOCAT KJIUMATHYeCKHEe U3MEHEHHs], COBMECTHbIE
YCUJIUSI CeJIEKIJMOHEPOB, T'eHETHUKOB, GHOMHPOPMATHKOB,
TeHHbIX UH)XXEHEPOB, CMELHUaJHCTOB M0 eHEeTHYEeCKUM pe-
cypcaM pacTeHHUH CMOTYT 06€eCeYUThb pealnu3aliio NPUHIH-
NUaJbHO HOBOW CTPATETHHU K YJIYYILIEHUIO BO3/e/bIBaeMbIX
pacTeHMH NOCPEJCTBOM MOJEJHPOBAHUS €CTEeCTBEHHBIX
NPOLECCOB aJJaNTAllMU U LieJleHallpaBJeHHOr0 HUCI0JIb30Ba-
HUS AYIJIMKALUHI FeHOB.
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Ucnosib30BaHMeE JOHOPOB PAaHHECIEJJIOCTHU B CeJIEKILUM KYKYPY3bl
B YCJIOBUSX CTenHOM 30HBI CeBepo-KaBKa3ckoro ¢peaepasibHOro
okpyra Poccun

T. B. Bostomenko?, A. JI. YTkun?, 3. B. Xatedon?
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AKTya/IbHOCTb. B yC/I0BHSIX KOPOTKOT0 BereTallMOHHOTrO Neproja U AedULUTa CYMMbI aKTUBHBIX TEMIEPATyp B perHoHax
P® o 55° ceBepHOI WIKUPOTHI BO3/e/IbIBaHHE THOPU0B KyKypy3bl C TPYNION criesiocTH mo kiaaccupukanuu A0 100-300
CTaHOBUTCS BaXXKHBIM HallpaBJieHHEM B 06ecrieyeHHH KOPMOBOM 6a3bl ®KMBOTHOBO/CTBA. COPTHUMEHT U pa3HO06pasue rubpu-
JI0B KyKYpYy3bl yIbTPapaHHEeH U paHHeH TPy CIIeJIOCTH OY€eHb Y30K U3-3a OTCYTCTBHUSA JOCTATOYHOTO Pa3HOO6pa3us B UCXO/J -
HOM CeJIEKILUOHHOM MaTepHaJie paHHecIebIX JUHUN. Co3/laHre UCXOJHOT0 CeJeKLIHOHHOI0 MaTepHaa Ais rM6puHOH ce-
JIEKIIUM KYyKYPY3bl, alallTHPOBAaHHON K arpoOKJIMMaTHYECKUM YCI0BUAM /10 55° ceBepHOM KMPOThI PP, akTyabHO.
MaTepuasnbl U MeTOAbI. VccienoBaHUs NMpOBesieHbl B YCI0BUAX cTenHOW 30HBI (KaGapauno-Bankapus, r. [IpoxsiagHbIi)
B 2021-2024 rr. B pa6oTe ucnosb3oBanbl 250 06pasnos nonyasanuu S,BC,, nosy4eHHOH Ha OCHOBEe TMOPUAN3AIUH JIECATH
nuHuM - 3akpenuTtesneil IMC kykypy3sl cesnekiun 000 CCLL «OTBOP» c ynbTpapaHHecnenblM cOpTOM KyKypy3sbl ‘Besosipoe
[Mmeno’ (k-5240) us xosnexknuu BUP. MeTozbl BKIIOYaIU HHIYXT, TecT-Kpocchl ¢ IMC-nuHusaMu (M- u C-Tunsi), peHostorude-
CKUH 1 MOPPOMETPUYECKUH aHA/IN3bI, TECTHPOBAHKE IPOPOCTKOB Ha X0JI0J0CTONKOCTD B JIaG0PAaTOPHBIX YCI0BHUSAX.
PesysibTaThl. B pesysbTaTe npoBe/jeHHbIX HACHIAKIMX CKPEeLMBAHUN U HHOPHU/AMHTA Ya/]10Ch BbIENNUTb U3 pacllensio-
mekcs nonynsauuu S,BC, 7 ynbTpapaHHuX, 57 paHHUX U 3 cCpe/jHepaHHUE IMHUH, U3 KOTOPBIX 5 M0Ka3a/IM yCTORYMBOCTb NMPO-
POCTKOB K BO3/]eHICTBHUIO IOHMKEHHBIX TeMnepaTyp. PeHosiornyeckre Hab/II0eHUA OKa3ald, 4YTO Y PEKOMOMHAHTHBIX JIU-
HUH CMellleHHe CPOKOB LIBETEHHUS B CTOPOHY PaHHECIIEJIOCTH HaxX04ATCS B iMana3oHe oT 4 10 16 JHeH, 4TO O3BOJIMIIO YIyy-
IIUTb UHOpPeAUPYyEeMBIH MaTepyuaJsl OT CpeJiHENO3/JHEeH 10 y/bTpapaHHel U paHHeH TPy CIeJ0CTH 0 KJacCuPUKaLUU
DAO.

3akJnl04eHHe. Pe3y/ibTaThl OATBEPXKAAIOT BO3MOXKHOCTb CO3/JaHUS MCXOAHOI'O PAHHECIIENOro CeJeKIIHOHHOI0 MaTeprasa
I/ CeJIEKL[MM PaHHeH W yJbTpapaHHe# ru6puHON KyKypysbl C KCIIO/Ib30BaHHeM S, BC, y/ibTpapaHHeCnenoro CKopocneaoro
copTa KyKypy3bl ‘bestosipoe [liieHO’ B KayecTBe JOHOPA NPHU3HAKa PAHHECHEOCTH.

Kiouesule caoea: KyKypysa, 6eKKpOCChI, aialiTALlHsl, pAHHECIIEJIOCTD, IPOJYKTUBHOCTb, YCTOWYMBOCTb K MOPO3y

baazodapHocmu: vicciefoBaHUsI BBIITOJIHEHBI B paMKax MCHOJIHEHHs roc3ajanus no teMe Ne FGEM-2022-0009 «Ctpyk-
TypUpOBaHHE M PACKpbITHE INOTEeHLMaja Hac/leJCTBEHHOH M3MEHYMBOCTH MHUPOBOW KOJIJIEKLIMM 3€PHOBBIX U KPYHSAHBIX
KyabTyp BUP nie pa3BUTHA ONTHMMHM3MPOBAHHOIO reHOAHKA M PallMOHAJBHOIO MCIOJb30BaHUS B CeJEKIMM M pacTe-
HUEBO/ICTBEY.

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

Jas yumupoeaHus: Bosowenko T.B., YTkun A./l., Xatedos 3.5. Miciosib30BaHNe JOHOPOB PaHHECIIETOCTH B CEJIEKIIUU KYKY-

py3bl B yC/I0BUAX cTeNHOH 30HbI CeBepo-KaBkasckoro desepanbHoro okpyra Poccun. Tpydel no npukaadroil 6omaHuke, 2eHe-
muke u cesexyuu. 2025;186(3):199-208. DOI: 10.30901/2227-8834-2025-3-199-208
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Using donors of earliness in maize breeding in the steppe zone
of the North Caucasus Federal District of Russia
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Background. Cultivation of maize hybrids belonging to the FAO 100-300 maturity groups up to the 55th parallel north be-
comes an important area in providing feed for livestock. The range of maize hybrids of the ultra-early and early maturity groups
is very narrow due to the lack of sufficient diversity in the initial breeding material. Development of new sources for breeding
hybrid maize cultivars adapted to the agroclimatic conditions of 50-55°N is relevant.

Materials and methods. The studies were conducted in the steppe zone of the North Caucasus Federal District (Prokhladny,
Kabardino-Balkaria) in 2021-2024. The work involved 250 samples of the S, BC, population obtained by hybridizing ten maize
lines - CMS maintainers developed by OTBOR Ltd. - with the ultra-early maize cultivar ‘Beloyaroye Psheno’ (k-5240) from the
N.L Vavilov All-Russian Institute of Plant Genetic Resources (VIR). The methods included inbreeding, test crosses with CMS
lines (M and C types), phenological and morphometric analyses, and testing of seedlings for cold resistance under laboratory
conditions.

Results. As a result of saturating crosses and inbreeding, it was possible to isolate 7 ultra-early, 57 early and 3 mid-early lines
from the splitting S BC, population, 5 of which showed seedling resistance to low temperatures. Phenological observations
showed that the recombinant lines shifted the flowering dates towards early maturity in the range from 4 to 16 days, which
made it possible to shift the maturity groups of the inbred material from mid-late to ultra-early and early according to the FAO
classification.

Conclusion. The results confirm the possibility of creating early-maturing source material for breeding early and ultra-early
hybrid maize using S,BC, of the ultra-early maize cv. ‘Beloyaroye Psheno’ as a donor of earliness.

Keywords: maize, backcrosses, adaptation, earliness, productivity, resistance to frosts
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BBeaeHue

Bosiee KOpoTKU BereTalMOHHbIN nepuos, Haba0ae-
MBI} P NPOJIBUXKEHUHU NI0CEBOB KYKYPYy3bl Ha CeBeP, Tpe-
O6yeT UCNOJb30BaHUsA 6oJiee paHHecNeJbIX TMOPUAOB 1O
CpaBHEHMIO C TMOPUAAMHU, UCIOJb3yeMbIMU B LleHTpaJb-
HOM U 10°KHOH 30HaxX P®. BcyiegcTBue 60s1e€ KOPOTKOTO Be-
reTallUOHHOTO Iepuoja M JePUIUTa CYMMbl aKTHUBHBIX
TeMIlepaTyp B CEBEPHBIX pPerdoHax M0 CPaBHEHUIO C I0XK-
HbIMU 30HaMU ypOXKANHOCTb paHHeCHeablX THOPUAOB CY-
LIeCTBEHHO HUXe ypoxkailHocTU cpefHecmebix (PAO 301-
400), cpepgneno3nHux (PAO 401-500) u mo3gHecmesbIX
(®A0 501-600) rpynm cnesocTH KYKypy3sl o Kjaaccudpu-
kanuu ®AO (Ugenheimer, 1979). [IpenmyiiecTBOM paHHe-
CrHeJibIX TMOPU/0B, BO3/le/IbIBAEMbIX B CEBEPHBIX pETHOHAX,
AIBJISIETCS CIOCOGHOCTL GOPMUPOBATH MOJIHOLEHHOE, Clle-
Jloe 3epHO C ObICTPOM BJIAarooTjavedl NpU co3peBaHUU
B CPaBHEHUHU C OCTAJIbHBIMH, 60Jlee 03HeCNeJbIMU I'PyII-
namu cnesnoctu (Panfilov etal.,, 2021). C skoHOMUYECKOH
TOYKU 3pEeHUs 3TU NpeuMyliecTBa N03BOJAIT NOJAy4aThb
3epHO KYKYpy3bl XOTb U C MeHbllel ypoxalHOCTbIO, HO
B HEMocpe,CTBeHHON 6JU30CTU K MeCTy ee HUCNO0JIb30Ba-
HUs. Takol mojxoJ, mo3BoJisieT U36exaThb JONOJHUTEb-
HBIX 3aTpaT Ha NepeBO3KYy U CYIIKY 3epHa, ob6ecrneyuBaeT
60Jiee paHHIOW Y60pPKY U OCBOOOXJEHUE IMJIOILalel Moj
o3umble KyabTypsl (Khoroshilov et al.,, 2006; Kravtsov, Shi-
mansky, 2020). KpoMe Toro, Bo3e/ibiBaHUE paHHECHENON
KyKypy3bl B 30Hax A0 50-55° ceBepHON IUPOTHI CHUXKAET
pPHUCK NOBpeX/AeHHUs 3epHa OT 3apaKeHHus1 MUKOTOKCUHAMH,
YTO yallle BCTpeyaeTcsl y TM6pU/i0B 60Jiee MO3JHUX IPYyIN
CHeJIOCTH 3a CYeT yAJMHEeHUs BereTallMOHHOTO Nepuo/ja,
a Tak)Xe MOTepPU yporkas BCJeJCTBHe 3aCyXH B cepeJjUHe
U KOHIle JeTa. KyKkypysa sBjsieTcs O4HON M3 HauboJsee
LleHHBIX 3/1aKOBBIX KYJbTYpP BO BCEM MUpe, U JJ15l YA 0BJIe-
TBOpPEHUS PacTYIUX 3alIPOCOB HacesJleHUs 3eMJIM Bo3pac-
TaeT NOTPeOGHOCTb pacClIMPeHUsl 30HbI BO3/e/IbIBaHUSA KY-
KypYy3bl B yMepeHHBbIX U laXke CeBePHbIX LIMPOTAX.

CoBpeMeHHbIe COpPTa KyKypy3bl 6epyT Haya/0 OT H0KHO-
aMepHUKaHCKUX NPeAKOBbIX 3/1aK0B, pOPMUPYIOLIUX YpOXKah
npu Temnepatype 25-30°C, He NpUCIIOCOGIEHHBIX K HU3KUM
MOJIOKUTE/IbHBIM TeMIlepaTypaM, U 3aMe/i/ISII0T POCT U pas-
BUTHE yke npu 8-10°C, ofHaKO HEKOTOpbIe TUOPUALI U JIU-
HUU CIIOCOOHBI aKKJIMMATU3UPOBAThCSl K TeMIlepaType po-
CTa ¥ pa3BUTHA B AuanaszoHe 14-20°C, moBblliasg X0J1070-
croiikoctb (Khoroshilov et al.,, 2006). Kykypy3a siBisieTcs of-
HOH 13 HauboJlee [JeHHbIX 3JIaKOBBIX KYJIbTYP BO BCEM MUDe,
U J1/151 Y0BJIeTBOPEHUS PACTYIMX 3aIPOCOB HaceJIeHHUs 3eM-
JI1 BO3pacTaeT NOTPe6GHOCTb paclIMpeHUsl 30Hbl KyKypy30-
CesiHUSl B yMepeHHbIX U JjaXke CeBepHBbIX LIMpoTax. B aToi
CBSI3M BO3HUKaeT 3alPOC Ha 0JIyuyeHHe HOBbIX, 60J1ee X0J10-
JOCTOMKHX GOpM, 4TO BO3MOXKHO JIMIIb NIPU JeTaJlbHOM I0-
HUMaHUU KJIETOYHBIX MEXaHU3MOB YCTOMUHUBOCTH K HU3KUM
TeMIlepaTypaM KaK HellocpeJCTBeHHO Zea mays L., Tak 1 ero
6JIM3KOPOJCTBEHHBIX BUJOB (COPro, pyc, MIeHULa).

[eHeTHYeckoe pa3HOOOpa3ve MUPOBBIX PECYPCOB KYKY-
py3bl, UCIIO/Ib3yeMBIX B TMOPHU/IHOM CeJleKIUH, O4eHb y3Koe
Y CBOAUTCS K JIMHUAM, IOJlyYeHHbIM U3 5-6 COPTOB MUPOBOM
cesekyuu (lowa Dent, Lancaster, Stiff Stalk Synthetic, Lacon
u ap.) (Shcherbak et al, 1983), ay panHecnenbix ¢popMm ele
y?Ke U3-3a UCII0JIb30BaHUsI MaJIOT0 YK CJa JOHOPOB MPU3HaKa
paHHecmesocTH. [103TOMy MOUCK HOBBIX UCTOYHHUKOB TeHe-
TUYeCKOH I1JIa3Mbl, He POACTBEHHBIX TPAAULMOHHBIM JIMHU-
SIM MUPOBOH CeJIeKL|UH, aKTyasleH JJif U36eraHusi BO3MOX-
HbIX 3NUPUTOTUH, UMEBIIUX MeCTO B MUPOBOM MpaKTHKe,
CBSI3aHHBIX C MOpaKeHUEM H0XKHBIM TeJIbMUHTOCIOPHO30M
Kykypy3bl (Helminthosporium maydis Y. Nisik. & C. Miyake.)

Ha T-tune IUMC B cepepguHe 70-X roZJoB NpOILJOrO Beka
(Agrios, 2004). AKTyaJIbHOCTb 3TON Np06JIEMbI BO3pacTaeT
Cy4eToM JAWHAMUK{ IJI06QJIbHOTO MNOTeIJIeHUsl KJIMMaTa,
YTO CYLIeCTBEHHO yCUJIMBaeT NOTPeGHOCTh B pAaHHECIEebIX
copTax U rubpujax KyKypysbl IpU NPOABHKEHHUU NOCEBOB
ceBepHee 50-# mapasiesid ceBepHOU IUPOTHI, 06ecrneyeHust
JIOKaJIbHBIMM KOPMOBBIMHM pecypcaMM OTpacaH KUBOTHO-
BO/ICTBA U NTULIEBOJCTBA B 3TUX PerHOHax.

Llento uccnedosaHus 6bLIO0 yaydllleHUE POAUTENbCKUX
$opM KyKypy3bl C MCIIOJIb30BaHHEM JJOHOpA yJbTpapaHHe-
cnesiocty ‘benosipoe [iieHo’ AJ1 rTUOGPUHON CENIEKIUU.

MaTtepuaJjibl U METOAbI

OnbiTel npoBoAUaM B iepuoj ¢ 2021 no 2024 r. B arpo-
KJMMaTHU4YeCKUX YCJOBUAX CTenHOM 30HBI KabapauHo-
Bankapckoit Pecny6/MKY, HA TEPPUTOPUU CeJIEKL[MOHHO-
cemeHoBoaveckoro yvactka CCL «OTBOP» (r.Ilpoxnaj-
HbI). [louBa yyacTka nmpejcTaBjeHa CpeJHEMOIHbIM Kap-
60HAaTHBIM YyepHO3eMOM. [lo MexaHUYeCKOMY COCTaBYy — Ts-
KeJIOCyTJIMHUCTasA, MajoryMmycHas. Cofep:xaHue ryMmyca
Huskoe - 3%. Conepxanue azora (NO,) cpennee - 13,2 Mr/kr;
noaswxHoro ¢ocdopa (P,0,) nosbimienHoe - 33 Mr/Kr; 06-
MenHoro kaius (K,0) cpeanee - 220 mr/kr. KucioTHOCTb
MoYB GJIM3Ka K HeUTpasbHOMY 3HaueHUIo — 7,4. B kauecTBe
HMCTOYHUKA PaHHEeCNeJOCTH UCNOJb30Balu COPT KyKypy3bl
‘Benosipoe IMeno’ (k-5240, K0xHbIN Ypai), xapaKTepUsyto-
muics Kak yabTpapaHHecneablid o6pasen (PAO 130). Kiac-
cudukanusa PAO (Jugenheimer, 1979; Kukekov, 1977) wuc-
M0J1b3yeTCs [JIs1 ONpeJie/ieHHUsl CIIeJIOCTH TUOPUJI0B KYKypy-
3bl, TAe uHjekc PAO ykasbplBaeT Ha CyMMapHOe KOJIUYeCTBO
Tellsla, Heo6xoJuMoe JJis1 TOJIHOTO co3peBaHUsl. UeM Hibke
3HayeHue PAOQ, TeM paHbllle KyJbTypa JOCTUTAeT CIeJ0CTH.
YnydilaeMbIMU JIMHUSIMU 110 IPU3HAKY PaHHECHEeJ0CTH CI1y-
KUIU UHOpeHble TuHUU cesekiuu CCLL «OTEOP», ncnosib-
3yeMble KaK 3aKpenuTeu cTepuabHOCTH M- 1 C-tunos [IMC.
Bcero 6b110 ucnoab30BaHo 10 UHOpeJHBIX JTUHUNA, OTHOCS-
LIMXCS K CpeJIHeNo3/Hel Tpylile CNeJoCTH Mo kjaaccudu-
kanuu FAO: A 6793M, OL1613CMB, UKB983C, Rf73C,
P11 4202 3C, PH 53 3C, OL 3104 3M, OL 3407 3M, P 3463M,
Kp 643 3M.

JlJ1s1 coBMellleHUs] CPOKOB L|BeTeHUs] UHOpeJHbIX JTUHUHI
Y UCTOYHUKA YJIbTPACKOPOCIENOCTH cOpTa KyKypy3bl ‘Beto-
spoe [MmeHo’ (k-5240) B 2021 1 2022 r. moceB NpOBOJUIU
B pa3Hble cpoku. Cpoku moceBa copTa ‘Besosipoe [lmeHo’
OCYLeCTBJISLIN C UHTepBaJioM B 7-10 AHel c nepBo# AeKaabl
Masi [io epBoy Jekabl utojs. [loceB 10 yiay4iiaeMbIX HH-
OpeAHbIX JUHUH - 3akpenuTeseit LUMC - nmpoBesu B OAUH
CpPOK B IepBOH Jekafe Mas. B ru6pujHbIX KOMOMHALHUAX
U MX 6EKKPOCCax UCTOYHUKOM MbLIbIbI () ABJISAIICA COPT Ky-
Kypy3bl ‘Besiosipoe IuieHo’, a MaTepuHckumu popmamu (9) -
UHOpeaHble TUHUU - 3akpenuTesd [IMC. [Tocne noayyeHus
BC, mozceBbl copTa KyKypysbl ‘Besospoe Iimeno’ k unépes-
HbIM JIMHUAM W HacblleHUs Ha TUOGPUJ, He HPOBOAMJIM.
B panpHeHlux uccleOBaHUAX B KaueCTBe HCXOJHOrO ce-
JIEKLJMOHHOT0 MaTepHraJsia Ji/isl Bbl/JleJIeHUs paHHeCIeJ/IbIX JIU-
HUM MCIIO/Ib30Ba/IM MOTOMCTBO pacliensouieicsa nomnyJs-
uuu S BC,, npesacTaBienHol 250 o6pasuamu.

B kauecTBe KOHTPOJIbHOM TPYIIIbI UCNOJIb30BaHbI paiio-
HUPOBaHHble paHHecHeJ/ble U yJIbTpapaHHecIeJble THOpU-
Jibl OTe4YeCTBEHHOH ceJsleKLMH, BHeceHHble B [ocpeecTp ce-
JIEKLJUOHHBIX JOCTIKeHUHM PP U fonylueHHbIe K UCMOJIb30-
BaHu1o (https://gossortrf.ru/publication/reestry.php): ‘Ky-
6aHckuit 102MB’, ‘Ky6anckuit 103MB’, ‘Ky6anckas 101CB’,
‘O6ckuit 150CB’, ‘Opucceit 230CB’, ‘Kybanckuit 390MB’ ce-
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[loceB, rubpuausanuio, caMoonblieHHe U y6OpKy ypo-
»Kasl MPOBOAMJIM BpyuyHylo. CxeMa moceBa ru6pHU0B U Gek-
KpoccoB - 70 x 35cM, IWIKUPOKOPSALHASA, MIOIAAb JESTHKU —
4,9 M?, TIOBTOPHOCTb JBYKpaTHas, PpaHJOMHU3UPOBaHHas,
15-nyHo4yHas, Mo 2 3epHa B JIYHKY. B TeyeHue BereTanuu
MPOBOJIUJIM arpoTeXHUYeCKHe MePOIPUSTHS COTJIaCHO TeX-
HOJIOTHYeCKOH KapTe 10 BO3Je/IbIBAaHUI0 KyKypy3bl (Guide-

(Khatefov, Matveeva, 2018) ¢ MoguduKkanueii, B AIByKpaTHOH
HOBTOPHOCTH.

PocT ¥ pa3BUTHe pPAcCTEHHH KyKypy3bl NPOXOJUJIH MPHU
HeJZ0CTaTKe eCTECTBEHHbIX OCAZKOB, MOBBIIIEHHOH HOpMe
CpeJJHECYTOYHBIX TeMIepaTyp W COJHEYHOH HWHCOJSALUU
B $asy 1BeTeHUs U Ha/MBa 3epHa (TabJ. 1), YTo He Melano
$OpPMHUPOBAHUIO MOJTHOLEHHOTO yPO’Kasi 3epHa.

Ta6smmna 1. KommyecTBo ocagKoB 3a ce30H B 2021-2024 rr,, MM
(mo panHbpIM MeTeonyHkTa CCLL «OT6op», KBP, c. Komcomouibckoe)

Table 1. Amount of precipitation per season in 2021-2024, mm
(according to the meteorological station of OTBOR Ltd., village of Komsomolskoye, Kabardino-Balkaria)

Jdexkaapl / CpepHee
Mecsupt / 10-day 2021 2022 2023 2024 MHOro/eTHEE /
Months .
periods Long-term mean
I 3,1 45,7 15,3 23,9 22,0
Mait / 11 3,3 6,8 11,1 19,9 10,2
May 11 71,7 11,5 2,4 0 21,4
Bcero 78,1 64 28,8 43,8 53,6
I 58,5 42 27,5 2,3 32,5
Hiomb / 11 40 0 112,7 4,3 39,2
June 111 78,7 24,6 15,2 8,4 31,7
Bcero 177 66,6 155,4 15,0 103,5
I 9,3 0 49,9 0 14,8
Wiosb / 11 9,6 0 10,1 0 4,9
July 1 32,8 17,6 52 2,7 26,2
Bcero 51,7 17,6 112 2,7 46,0
I 7,8 13,6 17,4 25,2 16,0
11 13,9 0 0 0,8 3,6
111 5,5 0 0 2,9 2,1
Arycr / Bcero 27,2 13,6 17,4 28,9 21,7
August
11 4,5 15,8 14,3 2 9,1
111 3,5 1,2 1,8 2,6 2,2
Bcero 12,1 27,7 27,1 10,0 19,2
Bcero 3arog / Total per year 612,0 369,3 534,3 270,0 446,4
lines for conducting..., 1980). CTaTu4yeckyto o6paboTKy AaH- Pe3ynbTaThl

HbIX poBojuu 1o B. A. locnexoBy (Dospekhov, 2011) npu
nmoMouiy maketra mporpamm Statistica 10.0 (https://1soft.
space/en/statsoft-statisica). ®eHosornueckre Ha6IIOJeHUS
U y4eT ypoxkasi 3epHa NpoBoJuu no Metoguke BUP (Shma-
raev, Matveeva, 1985). Onucanue 6MOMeTPUIECKUX TTOKa3a-
TeJsiel TpUBeJieHbl coriacHo «llupokoMy yHHUGHUIMPOBaH-
HoMy kuaccupukatopy CIB Buga Zea maysL.» (Kukekov,
1977). Y60po4YHyI0 BJIQXKXHOCTb 3epHA ONpPeAessJv C MOMO-
mblo Baaromepa « PAYHA-M».

Tect Ha xos0f0cTOMKOCTB TPpOpOCTKOB (S,BC,) npoBosu-
su B 2023/2024 1. B 0T/iesie TeHETHYECKUX PECYPCOB KpyTisi-
HbIX Ky/1bTyp BUP cornacHo MeTonnuyecknm ykazanusam BUP

B 2022 r. 6p11a npoBe/ieHa pa6oTa 110 NoJIy4YeHUI0 TH6PU-
Jla MexxJly paHHecrniesielM coptoM ‘Benosipoe IleHo’ u uH-
O6peHBIMU JIMHUSAMU KYKypy3bl — 3aKpenuTeasiMu M- u C-tu-
noB [IMC. I'u6puu3anus npoxouia B yCI0OBUSIX 0OUIBHOTO
1BeTeHUs MeTe 0k copTta ‘Besnospoe [limeHo’ 1 MakcuMasb-
HOTO BBIXOJ]a Pblel] MaTePUHCKUX GOPM U3 0GEpPTKOB IO-
yaTKa. Bce ru6puiHble 3epPHOBKH 110CJIEe CO3PEBAHUSA XapaK-
TepU30Ba/IUCh BUIIHEBO-KPACHOW OKpacKo# 3epHOBOK F,
NOJIy4eHHOH KaK JOMHHAHTHBIH NPHU3HAaK OT OTLLOBCKOH
¢dopwmel (puc. 1). B KOHTpOJILHOM BapHUaHTe MoceBa 6e3 cMe-
1eHUs1 cpokoB copT ‘Besosipoe IureHo’ Bctynui B ¢asy LBe-

202

TPY/IbI 110 TPUKJIAZTHOM BOTAHUKE, TEHETUKE U CEJIEKLIWH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(3):199-208


https://1soft.space/en/statsoft-statisica
https://1soft.space/en/statsoft-statisica

Voloshchenko T.V,, Utkin A.D., Khatefov E.B.

Puc. 1. lloyaTku KyKypy3bl copTa ‘Besiosspoe IlmeHo’ (c1esa) u ero ruépuza F,
c MHGpeAHO¥ kesrTo3epHOM inHuel Rf 7 3C (cnpaBa)

Fig. 1. Maize ears of cv. ‘Beloyaroye Psheno’ (left) and its F, hybrid with the inbred yellow-grained line Rf 7 zC (right)

TEHUs B IEPUOZ ¢ 25 UIoHA 1o 2 vioJs. UHbpeHble IMHUU
3alBeJIM 1033Ke, U pasbl LIBeTeHHUsI IPOJ0KAINCE ¥ Pa3HbIX
auHu# ot 13 utosia (OL 161 3C MB) no 27 utonsa (A 679 3M,
Kp 643 3M).

BekkpoccupoBanue rubpuoB F, Ha copT KyKypy3bl
‘Benosipoe ImeHo’ B 2023 r. 1pOBOAUIIHN IPU COBMELEHUU
CPOKOB I1BeTEHHUS yKe C MEHBIIUM pa3pblBOM. Bce rubpua-
Hble pacTeHUs MO0Ka3a/u CMellleHHe CPOKOB BCTYIJIEHUS
B $asy LiBeTeHUs paHblle HCXOJHOH yly4llaeMOl JUHUU Ha
5-8 cytok. CopT kykypy3s! ‘Besosipoe IiieHo’ xapakTepH3o-
BaJIcsl HU3KOU BbicOTOM cTebs (40-60 cM) U MasibIM pas-
MepoM noyaTka (6-10 cM), JOMKOCTbIO U T0JIETaHUEM CTe6-
J151. Bce rubpubl MMesu cpefjHIO YCTOMYMBOCTD K 10JIera-
HUIO, KpoMe rubpuga Ha auHuio MKB 98 3C, nokasaBiiero
100-nponeHTHOE NoJieraHue. Takod pe3y/bTaT NOKa3bIBa-
eT, YTO HcIosb30BaHue copTa ‘Besnosipoe [ieHo’ B rubpua-
HOM ceJleKLMU KaK MaTepuHCKOU popMbl HeadpPeKTHUBHO

13-3a HeyCTOWUYMBOCTH K MOJIETaHUIO0 B KOMOWHALUU C U3Y-
YeHHbIMU HHOpeAHBIMU JTUHUAMMU. [103TOMY COPT KyKypy3bl
‘Bestosipoe IliIeHO' MOXET CJIYXKUTb JOHOPOM paHHECIEJO-
CTU [Jifl yAy4lleHUsl 3TUX JUHUN TOJBKO B KauyeCcTBe OT-
oBcKoH popMbl. Bce rubpujHble KOMOUHALUN YCIEIIHO
MPOIIJIYN 3Tal 6eKKPOCCUPOBAHUA U 3aBsI3a/IM JJOCTaTOUYHOE
4YHCJ10 TUGPUJHBIX 3epeH Ha MovaTke JJisl JaJbHelIel ce-
JIEKLMH.

B 2023 r. nosiyyennbie BC, 6b11M CaMOOTIbIIEHBI U CTAJIH
OCHOBOM JJIf1 JlaJibHelIlIel ce/leKIMM MpU3HaKa paHHecIe-
JIOCTU W APYTUX XO03IMCTBEHHO L|eHHBbIX MPU3HAKOB B UH-
6pe/HbIX JIMHUSAX — 3akpenuTeax [IMC, uTo npu 3ToM nos-
BOJIMJIO COKPATUTb CPOKH CIIeJIOCTH HHOpeaupyeMoro MaTe-
puasa oT cpefiHENO3/JHEro Ji0 yJbTPAapaHHero U paHHero 1o
kaaccudukanuu PAO (Kukekov, 1977). Pa3pbiB B 1jBETEHUHU
C UCXOAHBIMM MaTepUHCKUMHM (OpMaMH NpHUBeJleH B Tab-
auie 2.

Ta6mua 2. IuHaMUKa CMelleHUs NPOJ0/DKMTEbHOCTH ¢peHopasbl «BCXOAbI - IBeTeHUE MeTeIKu» y BC,-TecTrepos
NPHU HacbIeHNU Ha copT ‘Bestospoe Nmeno’ (r. [poxaaaueii, 2023 1.)

Table 2. Dynamics of the changes in the duration of the phenophase from sprouting to panicle flowering in BC,
testers from saturating crosses between cv. ‘Beloyaroye Psheno’ and maternal lines (town of Prokhladny, 2023)

HauMeHoBaHHe CpeJHee 3HaYeHHe NPU3HAKA «BCXO/bI - [IBETEHHE

parepmco -y e
NETE atite meierTel] flowering in the experiment, days

line a0 / before noce / after Cytku / Days C, %
OL 161 3CMB 62 49 13 1,30
P 4202 3C 59 48 11 1,50
MKB 98 3C 64 48 16 1.68
PH 533C 64 49 15 1.50
OL 3104 3sM 62 51 11 1.44
OL 3407 3sM 65 49 16 2,00
Rf7 3C 65 52 13 1,88
P 346 3M 56 52 4 1,20
A 679 3M 67 60 7 1,33
Kp 643 3M 67 53 14 1,71
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PesysnbTaT aHa/iu3a JUHAMMUKHU CMeIleHUs HPOJOJIKU-
TeJIbHOCTU ¢eHoda3bl «BCXOAbl — LBETEHUE MeTeJKH»
y BC,-TectepoB Ha copT ‘Besiosipoe IMmeno’ no U-KpuTepuio
ManHa - YUTHHU oKa3aJicsl paBeH 2, a KpUTHUYeCcKoe 3HaueHue
U-kpuTepuss MaHHa - YUTHMU NpU 3aJaHHOU YUCIEHHOCTU
CpaBHMBaeMbIX rpynn coctaBujo 23. CiefoBaTesbHO, IpU
2 < 23 pasnuyus ypoBHA NPU3HAKa B CPaBHUBAEMBbIX IDyII-
Max CTaTUCTUYeCcKU 3HaYuMbl (p < 0,05).

Haunbosiee 3HauMMoe cokpalleHre IPOJA0KUTENTbHOCTH
neproja MeXJy HacTyljeHUeM ¢asbl LBETEHUS MeTesKU
Y AaTOM moceBa MOKa3aqd MNOTOMCTBA GEKKPOCCOB JIMHUM
WKB 98 3C, PH 53 3C, OL 3407 3M, Kp 643 3M, a HauMeHb-
mee - JUHUA P 346 3M u A 679 3M. CiiefyeT OTMETHUTD, UTO
HapaBHe CO CMellleHHeM CPOKOB LIBeTeHUs B 60Jiee paHHIO0
IpyIIIy CHeJOCTH B CaMOOMNbLIEHHOM noToMcTBe S, BC Bnep-
Bble BBILENUINUCh MOYATKU C APKO-KPACHBIMHU U XKeJTbIMU
3epHOBKaMU (puc. 2).

Jl1s1 BbISIBJIEHUSI B UCXOJJHOM CeJIeKIJMOHHOM MaTepuaJe
HCTOYHUKOB U JOHOPOB X0JIOLOCTOMKOCTH, NepejaHHbIX OT

copTa Kykypy3bl ‘Besnosipoe [lieHo’ HH6peAHBIM JIUHUAM —
3akpenuTessaM LIMC, npoBeJieHO JoNOJHUTeIbHOE Jabopa-
TOpPHOE HCcC/efloBaHMe IO ONpeJieIeHUI0 X0JI0A40CTONKOCTH
JINHUH NpU BO3/JJeHCTBUU HA IPOPOCTKU KYKYPY3bl, HAX0/s-
1leiica B pase Tpex HACTOSAIIUX JIUCTbEB, KPATKOBPEMEHHOT 0
MOJIOKUTEJBHOTO TeMIepaTypHOro cTpecca. Pe3ynbTaTbl
MO0Ka3aJ/Iy Pas/IMYHYI0 YCTOMUYHUBOCTb IPOPOCTKOB KYKYPY3bl
K NOHM>KeHHOMY TeMIlepaTypHOMY BO3/leCTBUIO B TeueHue
12 4 (Tabs. 3).

AHasu3 BBDKMBAEeMOCTH NPOPOCTKOB KYKypy3bl HoOCJIe
BO3/leMCTBUSI NOHMKEHHBIMU TeMIlepaTypamu oT 0 go +4°C
B TedyeHHUe 12 4 nmokasaJ, 4To 3Ha4yeHUe U-kpuTepusa MaHHa -
YutHu 6sm3k0 Kk 0, a KpUTHYeckoe 3HayeHue U-KpuTepus
MaHHa - YUTHHU NpY 3aJaHHON YU CJIEHHOCTH CPaBHUBaEMbIX
rpynn coctabisieT 30. Ecau 0 < 30, To pa3inuus ypoBHS IpU-
3HaKa B CpaBHUBaeMbIX I'pyNNaxX CTaTUCTUYECKU 3HAUYUMbl
(p < 0,05). BoigesieHo 5 JIMHUM, KOTOPBIE MO X0JI0J0CTONHKO-
CTH OBbLIM paBHbl WJM Bbllle CTAaHJAPTHBIX T'MOPUJOB:
P/1 4202 3C x Benosipoe Ilmeno-17, P/] 4202 3C x benospoe

Puc. 2. TloyaTku BC, (c;ieBa) u S BC, (cipaBa) ¢ KpacHOI M 3KeJITOM OKpacKoi 3epHa

Fig. 2. Experimental ears of BC, (left) and S,BC, (right) with red and yellow grain color

Ta6smmna 3. BbKMBaeMOCTb IPOPOCTKOB KYKYpy3bl IOC/IE BO34elCTBUA NOHMKEHHbIMY TeMinepaTypami ot 0 g0 +4°C
B TeyeHMe 12 4,2023/2024 .

Table 3. Survivability of maize sprouts after exposure to low temperatures from 0 to +4°C for 12 hours, 2023/2024

YmucJio xxuBbIX NpopocTKoB / Number of live sprouts
I'u6pup / Hybrid
A0 o6pa6oTku / before the exposure | mocsie 06pa6oTku / after the exposure

‘Kyb6anckuii 102MB’ (koHTpoJIb) 99,0 47,7
‘Kybanckuit 103MB’ (KOHTpOJIb) 97,2 49,4
‘Kyb6anckast 101CB’ (KOHTpOJIb) 97,0 55,8
‘O6ckuii 150CB’ (koHTpOJIB) 99,3 50,1
‘Opucceit 230CB’ (KOHTpPOJIb) 100 50,5
‘Kybanckuit 390MB’ (koHTpOJIb) 100 43,3
P/1 4202 3C x Besnosipoe ITeno-17* 98,1 46,7
P/1 4202 3C x Benosipoe [eno-35* 100 48,4
PH 53 3C x Benosipoe ITmeHo-7* 100 57,2
P 346 3M x Benosipoe [lmeHo-11* 98,5 61,2
A 679 3M x Benosipoe [eno-26* 100 47,0

[IpumeuaHnue: * - nuédpa B KOHIe THOPUAHON KOMOHUHAIIMK 0603HAYAET CeJIeKLHOHHBIA HOMEp JJUHUU

Note: * - the number in the end of the hybrid combination means the breeding number of the line
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[MueHo-35, A 679 3M x Benosipoe [Meno-26, PH 53 3C x be-
nosipoe [lmweno-7, P 346 3M x Benosipoe IlmeHo-11 (cMm.
Tab6J1. 3).

Cpenu moromctBa S,BC, BblJeseHbl 06pasubl ¢ Audde-
peHLUPOBAaHHOM YCTOMYMBOCTBIO K IOHWKEHHBIM TeMIlepa-
TypaM. Ho cpefjy aTux 06pasLioB BbIIENUINCh eJUHUYHbIE
IPOPOCTKU C YCTOMUMBOCTbIO K IOHMXKEHHBIM TeMIepaTy-
paM, oTpacTast Ha 15-e cyTKHU nocJe rubesy Ha/l3eMHOH Ya-
CTU MPOPOCTKA, y uHUM: P 346 3M-15; PH-53 3C-2. Brlen-
JieHue B 1oToMcTBe S,BC, TaKMX eJMAHMIHbIX TEHOTHUIIOB CBU-
JleTeJIbCTBYeT 0 He06X0MMOCTH NPOAOKEHUST UHOPUANH-
ra ¥ Bbl/leJIeHUH MOJIHOCTbIO YCTOMYMBBIX IMHUH K BO3/el-
CTBUIO NIOHIKEHHBIX TEMIIEPATyp B COYETAHUU C IPU3HAKOM
paHHecCIeJIOCTH U ybTpapaHHecnea0cTH (puc. 3). Yke nep-

Bble HCCJIeJJOBAHUA B 3TOM HallpaBJeHUHU IOKasaJu Iep-
CIeKTUBHOCTb HCHOJb30BaHUs copTa ‘Besnosipoe [lmeHo’
B KaueCTBe JI0HOPa PAaHHECNEeJ0CTH U X0JIOJOCTOMKOCTH Ofi-
HOBpPEMEHHO.

Bcero no onbiTy 2024 r. yaasnoch BblAEJNATb 7 YJIbTpa-
paHHUX, 58 paHHUX U 3 cpefilHepaHHUe JIUHUU. Bce BbleseH-
Hble JIMHUW B TeYeHUU BereTallUM ObLIM MHLYXTHPOBAHbI
A1 nosydenus S,BC, -penpoayKuuu, 4TOObI IPOBECTH 0Ye-
pefHOM LMK UHOpeAupoBaHUS U oT6opa (Tabus. 4). Us
68 BblZle/IeHHbIX JIMHUH, T0Ka3aBILUX MOJ0XKUTEIBHYIO J1-
HaMHUKy B CMelleHHUH CIeJOCTH B CTOPOHY 6oJsiee paHHeM
rpynnbl (puc. 4), 40 1MHUNA MOKa3aau Cca1aby U CpeSHION
M0JIeraeMocCTb IPU CO3peBaHUM NoyaTKa. Bce ncxoaHble Ma-
TepuHCKUe GOpMbl - 3aKpelnuTesNH CTepPUIbHOCTH, 3a HC-

Puc. 3. Peakus IpOpOCTKOB KyKypy3bl Ha 7-€ CyTKHU IOCJIe BO3/AelCTBHS NOHM»KEHHOH TeMniepaTypoH (ci1eBa)
U OTPACTaHHE OTJEe/IbHBIX IPOPOCTKOB KYKYPY3bl, yCTOWYMBBIX K IOHMKEHHOMH TeMnepaType Ha ¢poHe NOruGLIuX,
Ha 15-e cyTku (cmpaBa)

Fig. 3. Reaction of maize sprouts on the 7th day after the exposure to low temperature (left) and regrowth
of individual maize sprouts resistant to low temperature versus those that died on the 15th day (right)

Ta6smua 4. InHaMUKa CPOKOB IBETEHUs METEJIKHU U 0YaTKa JIMHMIA S BC, KyKypy3bl C HacbhlleHneM
Ha coprt ‘Besiosipoe IMmeno’, 2024 r.

Table 4. Dynamics of the panicle and ear flowering schedule in S, BC, of maize lines from saturating crosses
with cv. ‘Beloyaroye Psheno’, 2024

R Tpynna cnenoctu Yucs10 MaTepUHCKHUX JIl/{HMl'fl: y.lly‘l].l.le}l.l-lblx no rpyrlm? CIeJIOCTH (I)f\O /

RS MaTepHHCKOIi JTH- Number of maternal lines improved in terms of their FAO maturity
p Hum o ®AO / FAO group

HuM / Name of the . f

rretETrEl e e ®AO0 100-150 / ®A0 151-160 / ®A0 201-300 /

the maternal line FAO 100-150 FAO 151-160 FAO 201-300

OL 1613C MB 170 1 5 -

P/l 4202 3C 170 1 10 -

UKB 98 3C 180 3 3 -

PH 53 3C 200 1 12 -

OL 3104 3M 250 - 3 -

OL 3407 3M 250 1 11 -

P 346 3M 300 - 5 -

A 6793M 400 - - 1

Kp 643 3M 380 - 6 1

Rf 7 3C 550 - 3 1

Bcero - 7 58 3
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OJIOLLEHKO

Puc. 4. Pannee nBetrenne 6ekkpoccos S BC, c yuactuem copra ‘Besiosipoe [leHo’ Ha poHe HCXOAHBIX MATEPHUHCKUX
(KOHTpPOJIb) UHOGPEAHDbIX TUHUI

Fig. 4. Early flowering of S, BC, backcrosses with the participation of cv. ‘Beloyaroye Psheno’ versus the original
maternal (control) inbred lines

kiarodenueM yuHuu MKB 98 3C, xapakTepu3oBaluCch BbICO-
KOUW YCTOWYHMBOCTBIO K MOJIETAHUIO U TMEPECTOI Ha KOPHIO
nocse co3peBanus. Copt ‘Benosipoe Ilimeno’ 6u1 HeycTON-
YUB K [10JIETAaHUIO U [IePECTOI0 Ha KOPHIO MoCcJIe CO3peBaHus
Y NepeJiaJl 3TOT NPU3HAK MoJy4eHHbIM 6ekkpoccaM. [IpoBe-
JeHHbIH UHIYXT BC1 [I03BOJIMJI UHAYLIMPOBATh paclierie-
Hue B noToMcTBe S,BC, ¥ BbIIE/IUTD OT/(e/IbHbIE yCTOUYUBbIE
K IoJIeraHUI0 IMHUU. Han6o1bI1yo ycTOWIHMBOCTS K IT0JIera-
HUIO0 B 6eKkpoccax c copToM ‘Besosipoe [eHo’ nokasasa Jin-
HUA P 346 3M. Bce nuHMY, NOJIy4YeHHbIE C yYacTUeM MaTe-
puHckoit ¢opmbl UKB 98 3C u coptom ‘Benosipoe Iimeno’,
XapakTepusoBaaucb 100-IpoLeHTHBIM NOJIeTaHUeM pacTe-
HUM.

AHanv3 Npofo/HKUTEIBHOCTH BereTallMOHHOTO lepuoja
JvHui S BC, KYKypysbl, BHICESHHBIX PAZIOM C UCXOAHBIMU
MaTepUHCKUMU PacTeHHUsSMH, NOKa3as CyleCTBEHHOe CMe-
IleHHe CPOKOB 1IBeTeHus ovyaTka U MeTesiku. Habofanocs
cMellleHUe TpPyINNbl CHeJOCTH BBIIENUBIIMXCA JUHUN U3
cpeAiHeNo3/JHel B paHHIOIO U YJIbTPAapaHHIOI0 TPYIIILI CIIeJI0-
ctu 1o kiaaccudpukanuu PAO (cMm. puc. 4). BaxkHO OTMETHUTB,
YTO HapaBHe C Nepefayeld NPU3HAKa paHHECHEJOCTH COPT
‘Benosipoe IieHo’ nepeiaeT ¥ oTpULATEIbHbIE /151 KYKYPY-
3bl IPM3HAKY, TaKUe Kak [oJleraHue pacTeHUH noce co3pe-
BaHMS$I, HU3KYI0 BBICOTY PAaCTEHHUS U MPUKpPeNJeHNs oJaT-
Ka. B npouecce ceseknmoHHOro otT6opa, HalnpaBJeHHOTO
Ha yJajeHue W3 paclielJIsAollerocs MOTOMCTBA HeXeJsa-
TeJIbHbIX IPU3HAKOB, lepe/jJaBaeMblIX YIy4lllaeMbIM JIMHUAM,
ceJIeKIIMOHEP MOXKeT COXPaHUThb IIPU3HAK PaHHECHEeJN0CTH,
He HapyIlIMB OCTa/bHble KaueCTBEHHbIE NPHU3HAKH yJIy4llae-
MOW JIMHUH.

3ak/loueHue

HWcnosib30BaHue B CKpelLMBaHUAX copTa ‘besnosipoe IMite-
HO' B KaueCcTBe MCTOYHHMKA MpPHU3HAKa PaHHECNeJOCTH [Jis
CMellleHUs1 B CTOPOHY 6oJiee paHHUH TPYMNIbl CIEJ0CTH
y CpeIHeNO3JHUX JIMHUN KyKypy3bl OKa3ajocb 3¢QPeKTHB-
HBbIM. B pe3sysbTaTe HachlaOLUIMX CKpeliMBaHUNA U UHOPHU-
JIUHTA YAAJI0Ch BBIAEIUTD 7 yabTpapanHecnebix (PAO 100-
150), 58 panHecnesnbix (PAO 151-160) u 3 cpefHepaHHUX
(PAO 201-300) inHUKM. AHAJIU3 NTOKa3aJl, YTO Y yIydllaeMbIX
JIMHUH, HapaBHe C IpHo6peTeHHWeM NpU3HaKa paHHecIeJo-
CTH, OT JIOHOpA NepeJlaloTcsl APYyrre LieHHble B X035HCTBeH-
HOM OTHOIIEHUHM NpHU3HaKU. [IpU3HAK X0JOAOCTONKOCTH,
nepefilaHHbIN OT copTa ‘Besospoe [ieHo’, mpocexuBaeTcs
y 5 IMHUH, BeIJleieHHbIX Ha 3Tane S, BC,. [IpucyTcTBue cpe-

U CpefiHe- U C1ab0yCTOMYUBBIX K X0JIO/ly OTJIeJIbHBIX pac-
TeHUH C BbIpa)KeHHON YCTOMYMBOCTBIO K CTpeccy MoKa3bIBa-
€T, YTO B pacllenisoueMcs noromcrse S,BC, MOKHO Bbije-
JIUTb JONOJIHUTE/JbHO X0JI0AO0CTOUKHE JIMHUHU, HECMOTPA Ha
ru6esib 60JIblIed YacTH NPOPOCTKOB. HapaBHe € MoJie3HbIMU
NpHU3HaKaMu, copT KyKypy3sl ‘Besospoe [meHo’ nepegan
HEKOTOPbIM JIMHHUAM NPU3HAK [0JIETaeMOCTHU paCTEHI/Iﬁ Ha
KOPHIO [T0CJIe CO3peBaHUsI 3epHa. BbICOKOM CTENMEHbIO yCTOM-
YUBOCTH K ITOJIETAHUIO XapaKTEPHU30BaJIUCh JIMHUHU U3 cemen
P 346 3M u PH 53 3C,a 100-npouieHTHOU I10J1IeTaeMOCThIO Xa-
pakTepusoBaiuch 1MHUU A 679 3M u UKB 98 3C. B nponecce
CeJIeKIIMOHHOT0 0T60pa U NMoC/IeyI0LUX CECTPUHCKUX (CHO-
CoB) ckpemuBaHui B S,BC, ¢ yCTONYMBBIMU paCTEHUAMU
B IpeJiesiax CeMbHU MOXHO MOJIYIUTH PAHHECIeJIble JIMHUU
C BBICOKOU YyCTOMYUBOCTBIO K MOJIETAHUIO.

Kosunekuus paHHecnesbIX JUHUNA KYKypy3bl, BblJeJeH-
Has u3 nonysnanuu S,BC, ¢ yqactuem copra ‘Besospoe Ilme-
HO,, 6y/JIeT UCI0JIb30BaHa /JIs1 pacliupeHus moauMopdusMma
HCXOJJHOTO CeJIeKIIHOHHOTO MaTepuasa U CO3/JaHUs paHHe-
CresblX TMOPUAOB KYKYypy3bl, afalTHPOBAaHHBIX K arpo-
KJIMMAaTUY€CKHM YCJIOBUAM CEBEPHbIX PEruoHOB CTEMmHOM
30Hbl CeBepo-KaBkasckoro ¢ezaepasbHoro okpyra Poccuu
Jlo 55° ceBepHOU IMIHPOTHI, U yBeJUYEHHUS] KOPMOBOH 6a3bl
AJIAd Pa3BUTUA XUBOTHOBO/JACTBA U NTHUILEBOACTBA. Ucnosb-
30BaHMue copTa ‘Besnosipoe IlmeHo' kak JoHOpa NMpH3HaKa
PaHHEeCIeJ0CTH KyKYpy3bl CIOCOGCTBYeT 3P PeKTUBHOMY CO-
KpallleHUI0 MPOJJ0/KUTENbHOCTH BereTalMOHHOTO Neproja
y CpeJHeNno3HUX JIMHUHA KYKYypy3bl B CTOPOHY PaHHUX
U yJIbTPApaHHUX I'PYIII CIEJ0CTH.
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‘Qapobimickasa KpacaBuua' - HoBbIM copT naussl (Echinochloa
frumentacea Link) kopMoBoro HanpasJjieHus AJisl 3anagHov Cuoupu

A.T1l. Ye6aTapes’? M. B. Ye6arapena’ 3, C. B. ’KapkoBa? A. B. Bosiogun*

1 @edepanvblii Anmatickutl Hay4Hblll yeHmp azpobuomexmoozutl, bapnaya, Poccus
2 Anmaiickuli 2zocydapcmeelHbill azpapHuiii ynugepcumem, bapHays, Poccus
3 Anmatickuil 2ocydapcmaennblii yHusepcumem, bapnaya, Poccusi

*Cesepo-Kaskasckuli gpedepavHbiil HayuHblll azpapHblil yenmp, Muxatinosck, Poccus

Aemop, omeemcmaeeHHblll 3a nepenucky: Auatosvii [laBnoBud Yeb6atapes, admiral160697 @mail.ru

B pe3Ko KOHTHHEHTA/IbHbIX YCI0BUSX 3anafHoi CUOUPH, T/ie )KapKoe U JJOCTATOYHO CyXO€e JIETO NPeANOYTHUTENbHO JJIs1 BO3-
JleJIbIBaHUS1 HETUIIMYHBIX /IJIsI MECTHOU GJIOPBI KYJIBTYpP, ONTHMHU3ALMs Pa3BUTHS XKUBOTHOBO/ICTBA MYTEM pacIIMpeHUs He-
3HAYUTEJBHOTO aCCOPTHUMEHTA MaJIopaclpoOCTPaHEHHBIX KOPMOBBIX TPaB M yCOBEPLIEHCTBOBAHHME UX COCTAaBa HOBBIMHU Ce-
JIEKIIMOHHBIMU COPTAMU SIBJISIIOTCS aKTYaJbHOU 3a/1a4eil.

Lesib vccaeoBaHUs - ONpefie/IeHUE IPOAYKTUBHOTO U KOPMOBOI'0 OTEHIIMaa HOBOTo copTanaussl (Echinochloa frumentacea
Link). B kauecTBe cTaHmapTa ucnoJib3oBajacs copT ‘ToTuka. JKcepuMeHTa/lbHAsl YacTb paboThl MPOBOAUIACH B TEYEHUE
2022-2024 rr. Ha onbITHbIX NossAx PenepasbHOTO AJNITAlCKOTO HAYYHOTO LEHTpPA arpo6UOTEXHOJIOTUH, PACIOJI0KEeHHbIX
B JiecocTenHo! 30He [Ipro6bs 3anagHoit Cuoupu. CopT U3ydyaau nyTeM NPOBeJeHUs MOJIEBbIX U JTaO0PATOPHBIX OMBITOB. 3a
nepuoj uccae0BaHuN B KOHKYpcHOM copToucnbiTanuu (KCH) copt ‘Yapeiuickas KpacaBuna’ nokasas oCTOBEPHOE IPEUMY-
IeCTBO MepeJi CTaHAAPTOM MO PsAY X03sIWUCTBEHHO-6UoornYecKkux (+35% mo ypokallHOCTH cyxod Macchl, +27% 1o ypo-
>)KalHOCTH 3eJleHOH Macchl, —~6% 1o cpokaM co3peBaHus, +13% 1o BbicoTe pacTeHUH, +13% 1o cTeneHU 06JIMCTBEHHOCTH)
Y KaueCTBEeHHbIX Npu3HakoB (+40% mo kopMmoBoil eguHuIEe, +11% M0 mepeBapuBaeMOMYy NMPOTeUHY, +56% MO KapOTHUHY,
+66% 1o kpaxmauy). B 2024 r. copt Hapsiuckas KpacaBuna' nepejian Ha rocyfapctBeHHoe copToucneiTanue (I'CH) B CeBe-
po-3anazubiii (2) u 3anagHo-Cubupckuii (10) peruoHsl.

Kaiouesble cn1oea: npocoBUHAs KYJIbTYPa, 3eJIeHasi Macca, yCTOMYMBOCTD K 3aCyXe, IPOAYKTUBHOCTb, KA4eCTBO
BaazodapHocmu: vicciieJoBaHNE BbINOJIHEHO B paMKax JJOr0OBOpa 0 HAyYHOM COTPYAHUYECTBE C KOMMEPUYECKOH OpraHu3aru-
et 000 «Arpo Cu6 CepBucC».

ABTOpBI 6J1aroapsIT pelleH3eHTOB 32 UX BKJIaJ, B 3KCIEPTHYIO OLEHKY 3TOU paGOThI.

Jna yumupoeaHus: Yebatapes A.Il., UebaTapesa M.B., ’Kapkosa C.B., Bosiogun A.B. ‘Uapsiiickass KpacaBuna' - HOBBIN copT

naisel (Echinochloa frumentacea Link) kopMoBoro HanpaBJsieHUs AJs 3anagHoi Cubupu. Tpydsl no npukadHoli 6omaHuke,
eeHemuke u cesekyuu. 2025;186(3):209-217. DOI: 10.30901/2227-8834-2025-3-209-217
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‘Charyshskaya Krasavitsa’ is a new fodder cultivar of barnyard millet
(Echinochloa frumentacea Link) for Western Siberia

Anatoly P. Chebatarev'?, Maria V. Chebatareva® 3, Stalina V. Zharkova?, Aleksandr B. Volodin*

1 Federal Altai Scientific Center of Agro-Biotechnologies, Barnaul, Russia
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3 Altai State University, Barnaul, Russia

*North-Caucasian Federal Scientific Agrarian Center, Mikhailovsk, Russia
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Under the extreme continental conditions of Western Siberia, where hot and rather dry summers are preferable for the cultiva-
tion of crops atypical for the local flora, optimizing the development of animal husbandry by expanding a small range of sparsely
distributed forage grasses and improving their composition with new cultivars is an urgent task.

The objective of the study was to assess the productive and feeding potential of a new barnyard millet (Echinochloa frumentacea
Link) cultivar. Cv. ‘Gotika’ served as the reference. The experimental part of the work was carried out in 2022-2024 in the ex-
perimental fields of the Federal Altai Scientific Center of Agro-Biotechnologies located in the forest-steppe zone of the Ob re-
gion, Western Siberia. The studies were conducted in the framework of open-field and laboratory experiments. Competitive
variety tests showed that cv. ‘Charyshskaya Krasavitsa’ had statistically significant advantages vs. the reference in a number of
agronomic and biological aspects (+35% in dry matter yield, +27% in green biomass yield, -6% in maturation time, +13% in
plant height, and +13% in foliage percentage), as well as in qualitative characteristics (+40% in feed unit, +11% in digestible
protein content, +56% in carotene content, and +66% in starch content). In 2024, ‘Charyshskaya Krasavitsa’ was submitted to
the State Variety Trials in the Northwestern (2) and West Siberian (10) Regions.

Keywords: millet crop, green biomass, resistance to drought, productivity, quality
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BBeaeHue

[Mait3a (Echinochloa frumentacea Link) kak ofiHa U3 yHU-
KaJIbHBbIX IPOCOBUAHBIX KyabTyp (Panicoideae) oTinuyaetcsa
PSAAOM N0JIe3HBIX MOPPO6HOI0rHIeCKHUX CBOUCTB U IPU3Ha-
KoB (Avetisyan et al., 2020). 3To camoonbLisAeMoe, ¢ C,-TUIIOM
doTocHHTe3a, 0OlHOJIETHEe pacTeHUe, apeas KOTOPOro MpHu-
ypoueH K 6oJiee TeIJbIM U yMepeHHbIM MosicaM 06erx Io-
aymapuit (Nickolaychenko, Zhuzhukin, 2016; Zotikov et al,,
2018). OTnuyaeTcs WHUPOKON aZaITUBHOM COCOGHOCTHIO,
6GbICTPO MPUCIOCAGJINBAETCS K YCJOBUSAM 3aCOJIEHHBIX U 11le-
JIOYHBIX MOYB, yJAyullaeT UX GUOJIOTMYECKOe COCTOSIHUeE.
CIy>UT OJHUM M3 LIeHHBbIX BBICOKOPOCJBIX BHUJOB MPOCO-
BU/JIHBIX KYJIbTYD, XapaKTePU3YIOIIHUXCSl BbICOKON pereHepu-
pyolleil cnoco6HOCTbIO Mo6era, HaJM4MeM ONTUMaJbHOIO
CaxaponpoTEeMHOBOTO COOTHOLIEHHUsI U GOJIbIIEro CoJepiKa-
HUs [lepeBapUBaeMoro NpoTerHa Ha 1 KOPMOBYIO eJUHUILY
(85 r mn/KE). [Taii3a ycToiynBa K 60JI€3HSIM U BPESUTENSAM,
Y B CDaBHEHUHU C OCHOBHBIMU 3€pPHOBBIMHU KyJbTypaMu ee
dusnosoruyeckass NOTpe6GHOCTb B 3JIeMeHTaxX MUTAHUsA [0-
BOJILHO HU3Kas. BelpaluBaeTcs B ocHoBHOM B MHauy, Hena-
ne, Kutae, LleHTpanbHON AQpHKe, Ije UCIIOIb3YyeTCs B Kave-
CTBE KopMa AJist ckoTa U ntul, (Serekpaev et al.,, 2016; Cheng
etal, 2023). B nueBbIX Le/isX IPUMEHEHHEe BU/A OrpaHU-
yeHo (Kaur, Sharma, 2020).

CTO/Ib HEIIMPOKUH, HO 3HAYUMBIH CEKTp NpeJCTaB/eH-
HBbIX 3HaHUH O TaKOM MaJIOpacIpOCTPAaHEHHOM BHJe 3Ja-
KOBBIX TpaB B HaCTosllee BpeMs M03BOJIsIET 06G0CHOBAHHO
ONpeJleJIUTh JajbHellllMe NepCcHeKTHBbl HCIOJb30BaHUSA
Nai3bl B Ka4yeCTBe LieHHOH NMUILEeBON, KOPMOBOH U cUEpaib-
HOH KyJbTypbl Ha pOHe KPUTUUECKOTO COCTOSIHUSA 3KOJI0r0-
3KOHOMHYECKON 06CTaHOBKM U MPOJOBOJLCTBEHHON 6e3-
ONACHOCTH B HEKOTOPBIX Pa3BUBAIOLIMX CTPAHAX.

W3BecTHO, YTO GOJIBIIMHCTBO BUAOB TPAJULMOHHO HC-
[0J1b3yeMbIX TPaB B CTPYKTYpe KOPMONPOU3BO/CTBA He BCe-
rja JUAUPYIOT MO NMUTATeJbHOCTH U He MOTYT B IOJHOHN
Mepe y0BJeTBOPUTh NOTPeGHOCTH >KUBOTHBIX B 3eJIeHOH
Macce 3a BblnacHou ce30H (Shkodina, Balun, 2023). [Ipoayk-
TUBHOCTb BeTeTUPYIOIIUX pAacTeHUH ycyrybuiseTcsa HebJa-
TONpPHUATHBIM BJIMSIHMEM KJIUMaTa (3acyxa) M yxyjlleHueM
COCTOSIHUA TNOYB (3p03Hs), 0COGEHHO B IMO0JIy3aCyLIJHUBBIX
U 3acylIMBbIX 30Hax KasaxcraHa, UHAMY, B TOM YKMCIle U B OT-
JeJbHbIX pervoHax Hawed ctpanbl (Khusainov, 2013; Ba-
rashkova, Ustinova, 2021; Nduku et al,, 2021). B aTom cay4ae
0co60e BHUMaHHUe B [10J1IeBOM KOPMONPOU3BOACTBE YAeseT-
sl yCOBeplIeHCTBOBAHUIO HAaBbIKOB BO3/le/IbIBAHUS He TOJIb-
KO TpaZULIMOHHBIX MHOT'0JIETHUX, HO U OJHOJIETHUX KYJIbTYD,
HCKJIIOYEHHBIX NPOU3BOJCTBEHHUKAMU U3 NTOCEBOB KOPMO-
BbIX CEBOOOOPOTOB KaK 3HeprosaTpaTHbIe, UTO NpesycMaT-
pUBaeT CMsrYeHHWe HEraTHBHOTO BJIMSIHUS 3acyXu U Aedu-
LMTa BJaru B BeretaunoHHbid nepuoy (Kalyada, Shubskaya,
2019). [IpaBu/IbHO MOA0GPAHHBIE /151 KOHKPETHbIX TOYBEH-
HO-KJIMMaTUYeCKUX YCJOBUM OAHOJIETHHE 3J1aKOBO-6060-
Bble TPaBbl, peJiCTaBJeHHble B OAHO- JIM60 MOJHUBUJOBBIX
[leHO3aX, He TOJIbKO obecleyaT MOJIyYeHHe BbICOKOKaue-
CTBEHHBIX U 06BbEMHUCTBIX KOPMOB [Jis1 CKOTa B TedyeHUe
BCEero BeCeHHe-JIeTHe-0CeHHero Nepro/ia, Ho U CMOTYT MOBbI-
CUTb 9KOHOMHUeCKY0 3G PeKTUBHOCTb UCNIOb30BaHUS TPa-
BocTos (Tolmashova, 2009). IlosiBneHue u6o paclipeHue
B CTPYKType MOCeBOB TaKOH MHOroQyHKIHOHa/JIbHOM B HC-
[0JIb30BaHUU KYJIbTYpPBI, KakK Nai3a, BbICTyNaeT OAHUM H3
nyTell ONTUMU3alLUU M0JIeBOro KopMonpousBozcTBa (Pet-
ruk, 2014; Reheul etal, 2017; Idrisov, 2023; Zotikov et al.,
2023).

Ha Tepputopuu Poccuiickoit ®esepanuu neppas uHdop-
Manus o naise nosiBusack B Havase XX Beka (Khazov, 2019).

B 3amagHoit Cu6UpPU NpOABUKEHUE KYNbTYPhl 3aTPyJHEHO
BBU/AY MaJIOl OCBEeJOMJIEHHOCTH O ee MOpP)OJOTUYeCKUX
0COOGEHHOCTSIX U GMO0JIOTMYeCKOM OT3bIBUMBOCTH Ha NpeAJia-
raemble yCJI0BUS A/ JajbHel1lero onpesesaeHust COOTBET-
CTBYWOILUX NpUeMoB arpotexHosioruu (Bankrutenko, 2013;
Avetisyan et al,, 2020). C yyeToM arpo3KoJ0rH4ecKUx U 3KO-
HOMUYECKHX yCJOBUH 30HbI B pa3/IMYHbIX HAyYHO-UCCIE[0-
BaTeJbCKUX WUHCTUTyTax U LeHTpax Cubupu (Cubupckuit
Hay4YHO-UCCIe0BaTeNbCKUI UHCTUTYT KopMoB PACXH, ®e-
JlepaZibHbI ANTalCKUN HAy4YHBIN LIEHTP arpoGHOTEXHOJIO-
rUi) les1aloTcsl ONpe/iesIeHHble MONbITKY MOBBIIIEHUS ee ce-
JIEKLIUOHHOM LIeHHOCTHU B MecTHOH ¢uiope (Lebedev, Khazov,
2015; Chebotarev, 2023; Chebatarev et al., 2023). Ha 2024 r.
B [ocyfapcTBeHHBIN peecTp COPTOB M F'HOPUAOB CEIbCKOXO-
31ICTBEHHBIX paCTeHUH BKJIIOYeHO 13 copTOB Mai3el, Jomy-
LIleHHBIX K BO3/le/IbIBaHUIO 10 Pa3JIMYHBIM pernoHaM Poccuu
(State Register..., 2024). B cBsI3U €O CJIOKUBLIENCS CUTYyalH-
el Ha3peJsia HE06X0JMMOCTb CO3/laHUsl COBPEMEHHOTO coOpTa
nai3bl KOpMOBOTO HaNpaBJleHUsl, pPEKOMEeH/[yeMoro [iJisi BO3-
JleJIbIBaHUS B JlecOCTeNTHOM 30He Antaiickoro [Ipro6bs.

Ilesnbto pabombl ABASIOCH ONpeJie/ieHre NPOAYKTUBHOTO
Y KOPMOBOI'0 MOTeHIMajJa HOBOro copTa naissl (E. frumen-
tacea) ‘Yapsiickas KpacaBuua'

MaTepnanbl U METOJbI UCC/TIEJOBAHUSA

KoukypcHoe coptoucneiTanue (KCH) Ha cTanuoHap-
HOM ONBITHOM noJie PeslepabHOTO AJITalCKOTr0 HAYYHOTO
LleHTpa arpobUOTEXHOJIOTUH NPOBOAUIM B mepuon 2022-
2024 rr. B yCJIOBUSIX JIECOCTENHOM 30HBI AJTalicKOro Kpas.
[ToceB ocymectBaaau B Il fekaly Masi Ha YepHO3€MHBIX BbI-
IeJIOYEHHBIX MTOYBaxX. Y4YeTHas MJIOWAAb JeJSHOK — 10 Mm%,
MOBTOPHOCTb — 4-KpaTHasl. Pa3MellleHre BapuaHTOB U II0-
BTOPHOCTeH cHUCTeMaTH4YecKoe, OAHOSPYCHbIM MeTOAOM.
Hopwma BeiceBa - 10 r Ha 10 M% [ToceB npou3Be/ieH CeIeKIIU-
oHHOU cesiikoil CCOK-7, mpeAliecTBEHHUK — YUCTBIM map.
ArpoTexHuKa IpOBeJeHHUS OIBITOB OOLleNpUHATas A
3anagHo-CUOGUPCKOro pervoHa. YKOC 3eJleHOM MacChl BBbI-
MOJIHAJIM B ¢pa3y BbIMeTbIBaHUS B ABa cpoka (I ykoc- 18-
22.07, llykoc - 15-17.08), Bpy4Hyto. PeHosOorHYeCKHE Ha-
6JII0[JeHHUS, OLleHKH U Y4YeTbl OCYILeCTBJISJIN COIJIAaCHO MeTO-
auke 'CH (Fedin, 1985). Ypo:xalHOCTb mai3bl onpeaessiu
MeTO/IOM CILJIOIIHOTO MOAeJSIHOYHOIOo ydyeTa, GHOXUMUYe-
CKMU aHa/IN3 3eJIeHON Macchl CAeslaH B 1abopaTOPUM aHA/IU-
TUYEeCKUX HCCIeJ0BaHUN MO OOIIEeNpPUHATBIM MeTOJHKaM.
CTaTUCTUYeCKyl0 06paboTKy pe3y/bTaTUBHOTO MaTepuaja
BBINOJIHSJIM C WCMOJb30BaHUEM JIUCIEPCUOHHOIO aHa/au3a
(Dospekhov, 2012).

[Maitza (E. frumentacea) MeHee Tpe6GoBaTeJbHA K IJI0J0-
POJIMIO ITOYB, UeM K TeIlsly U BJiare. [lepBble BCXO/ bl O HOJIET-
HUKa oTMe4datoTcs Ha 10-12-e cyTKkM npu TeMnepaType no4-
BbI 0T +10°C u X0opollel yBaaXKHEHHOCTH. B HayasbHbIN Ne-
puoJ pa3BUTHS HeOKpeIIlre BCXObl PaCTeHUH CTPaJaloT OT
COPHSIKOB, HO NI03Xe 06UJIbHOE KYLlleHHe U LINPOKUE JIUCThs
MOJPOCUINX N06EroB IJylIaT HeKeJlaTesJbHble BUJAbI TPaB.
Tpe6oBaTe/IbHOCTb TAN3bI K BJIare BO3pacTaeT B IEPUOJ Ky-
LIeHUs U BbIXOJa B TPYOKY, YTO MPUXOJUTCS Ha KOHell HIOHSA
Y 10 KOHLA Hioss. UeanbHbIN TeMIepaTypHbIH AHaNa3oH
IJig mau3bl coctaBisgeT +18-25°C agueM u +15-22°C HoYbIO,
MpY KOTOPOM PacTeHUsl eMOHCTPUPYIOT OGUIbHBIH BereTa-
TUBHBIM POCT, XapaKTepU3yIOIUHCA BbICOKOM OTaBHOCTBIO
(Zotikov etal., 2018). [lepBbIil YKOC KYJAbTYpPbl NPOBOAST
B $a3y BbIMETbIBAaHUSI MeTeJIKH, [I0CJle Yero naisa MHTeH-
CHUBHO OTpacTaeT, jaBasi 3a JieTo ele 2-3 ykoca (lalovik et al.,
2021). 3esieHas mMacca Mai3bl B JAHHBIA MOMEHT COZAEPXKUT
ONTHMAaJIbHOE KOJIMuecTBO npoTenHa (12-15%), xupa (3%),
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caxapa (11%) u cyxoro BeiectBa (28-32%) (Popkov, 2006).
B ycnoBusax Cubupu, rae neppas oJ0BHHA JleTa XapaKTepHu-
3yeTcst AedULUTOM BJIaru, OHa MOXeT 6bICTPO BOCCTAHABJIU-
BaTbCsl C HACTYIJIEHHEM BJIQXKHOTO Iepuoja, 4TO BecbMa
BaXXHO IIPU BBIpAlllMBaHUU ee B pekoMeHAyeMol 3oHe (Tol-
mashova, 2009). Ypoxaii 3eseHo Macchl gocturaet 300-
760 1 /ra (Zotikov et al., 2018; lalovik et al., 2021).

[lepexos oT BereTaTUBHOU dasbl K PeNpoAYKTHBHOU
MPOUCXOJUT BbICTPO, MeHee yeM uepe3 40 cyToK nocJie no-
SIBJIEHUS BCX010B. BosiblinHCTBO BUA0B Echinochloa P. Beauv.
pacTyT U OGMJIBHO LBETYT B IIMPOKOM Auana3oHe ¢poTole-
pUOZ0OB: pacTeHUs: KOpoTKoro (8-13 4) u gyauHHOrO (16 4)
AHsa (Bhinda etal., 2023). I1a#i3a - KyJbTypa KOpPOTKOIro
nHs. B Il fekaze aBrycra no [ gekazy ceHT6psl IpOBOAST
y6OPKY CO3pEBILINX CEMSH, YPO’KaHHOCTb KOTOPbIX COCTAB-
nasieT 12-37 1 /ra. BereTayuOHHBIN epUo/, pa3JIUYHbIX COP-
TOB Mai3bl BapbupyeT oT 75 go 120 cyTtok (lalovik etal,,
2021).

18,2

[\
@
3 —

Hionb

Kanumar siecoctenHoi 30HbI [IpM06bsl yMEpEHHO KOHTH-
HEHTaJIbHBIH, JIETO )KapKoe U cyxoe. Cpe/JHEr010BOe KoJIMye-
CTBO 0CaIkOB - 550 MM, CyMMa aKTHUBHBIX TeMIlepaTyp —
Boiile 3300-3600°C. TuaporepMuveckuil Ko3dpPULUEHT
yeaaxHeHus (['TK) - 0,9-1,1 (Maksimova et al,, 2016; Rota-
nova et al,, 2018).

[ToroaHeble yci0BUs B yepTe I. bBapHaysia ¢ Masi 110 aBrycT
Kaxgoro roja (2022-2024) ci0XKuJIMCb Pa3HOO6PA3HBIMH,
HO BIIOJIHE GJIarONpUSATHBIMU /IS POCTA U PA3BUTHS TAU3bI:
cpefHel TeMnepaTypbl Bo3JyXa GbLJIO JOCTAaTOYHO, HAU-
60sbLIMI JeULIUT BJIard, OTMeYeHHbIN B Mae, KOMIIEHCHPO-
BaJICS BBINABIIMMU OCaZiIKaMU B CEpe/IMHE U KOHIle Bererta-
LUOHHBIX epuosoB 2022-2024 rr. (puc. 1, 2).

06'bEKTOM UCCJIeLOBAHUH BbICTYIIAJ] HOBBIM COPT Mai3sbl
‘Yapslickast KpacaBuua. B kauecTBe cTaHzjapTa MCIOJb30-
BaJIcsl palOHUpPOBaHHbBIN copT Totuka’ (puc. 3).

Copt nai3el ‘Yapsbliickast KpacaBuua' cosjjaH COBMECTHO
®enepasbHbIM AJITaHCKUM HayYHBbIM LIEHTPOM arpoOHoTeX-
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Puc. 1. CpeaHss Temneparypa Bo3ayxa (°C) BereTaMOHHbIX epuojoB ¢ 2022 no 2024 r., Bapuayn

Fig. 1. Mean air temperatures (°C) of the growing seasons from 2022 to 2024, Barnaul
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Puc. 2. CpeaHsisi cyMMa 0caJKOB (MM) BereTanMOHHbIX epuogoB ¢ 2022 no 2024 r., bBapHayn

Fig. 2. Mean precipitation amounts (mm) of the growing seasons from 2022 to 2024, Barnaul
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Puc. 3. Coprta nai3sl ‘Yapeimckas KpacaBuna’' (A) u ‘Toruka’ (B)

Fig. 3. Barnyard millet cvs. ‘Charyshskaya Krasavitsa’ (A) and ‘Gotika’ (B)

Hostorui 1 000 «Arpo Cu6 CepBHUC» METOZ,0M UH/AUBHU/YaJb-
HOTO ¥ CEMeHHO0-MacCcoBOro 0T60pa MopdoIoruyecKy 6Imu3-
kux GopMm u3 rubpumHoi nomyasnuu (‘Cramaits’ x K-100).
PacTteHusi copra MMelT ciaefylouide Mopdosoruieckue
NpPU3HAKH: CTaOWJIBHO BBICOKHE TEMIIbl HayaJbHOI'O0 POCTa
06EeroB, CPe/IHIOI0 CTeNeHb 3eJIeHOM OKpacKH JIMCTA, Mpsi-
MOCTOsTUyI0 GOpMy KycTa CpefHed KYCTHCTOCTH, BBICOKHH
cTebesib C MeTeJKOW CpefHEH TOJIIWHBI, HAKJIOHEHHYIO
METEJIKY CO CJIaGbIM aHTOI[MAaHOBBIM OKPAacOM U C KOPOTKOH
e KOH, KOHYCOBUIHYIO GOPMY METEeJIKH CpefHeH MJIOTHO-
CTH, CBETJIO-GYpble KOJIOCKOBBIE YelllyH CO C/1abbIM aHTOL[HA-
HOBBIM OKPacoM, OTCYTCTBHE OCTeH, cepylo SHIeBUJHO-
OKPYTJIy10 3epHOBKY co cpesHel Maccor 1000 cemsH u cpen-
HIOKO JIJINTEJIbHOCTD $a3bl BBIMETbIBaHUSA (pUC. 4).

B kadecTBe cTaHAapTa McnoJb3oBascsa copT ‘ToTuka’
(‘Torysax’ x ‘Omckuit 88’) cesexkniuu Poccuiickoro Hay4yHo-
HCCJIe0BATEIBCKOTO HHCTUTYTA COPTo U KyKypy3bl u Capa-
TOBCKOTO T'OCYJapCTBEHHOTO arpapHOT0 yHHUBEpPCHUTETA.
CopT MMeeT XOPOILYI0 3aCyX0YCTOHYUBOCTD, SIBJISIETCS CPeJi-

A

HecleJIbIM, BeTeTalMOHHbIN nepuof ao | ykoca gautes 57-
78 pHel, 1o cospeBanuda - 101-126 aueil. XapakTepusyeTcsa
CpeJHUMH TOKa3aTessIMU YPOXKaWHOCTH CyXOro BellecTBa
(64,7 u/ra) u cemsH (26,4 1/ra). UaeT npeuMyuiecTBEHHO
Ha 3epHOKOpMOBbIe 1eau. Copt ‘ToTuka' BkJovyeH B ['oc-
peectp no 12 pernonam (mateHT N2 45649, 3apeructpupo-
BaH B ['ocylapcTBEHHOM peecTpe CeJIeKIMOHHBIX J0CTHKe-
Hut P@ 11.10.2006).

Pe3y/bTaThl M 06CyK/eHHe

3a BeretauuoHHble nepuozbl 2022-2024 rr. ¢ y4yeToM
denosnornveckux ¢pas maiizel B KCU npoBeseHa KoMIieKc-
Hasl OLleHKa HOBOTO COPTa 10 X03sHCTBEHHO-OHOJIOrHYe-
CKHMM U Ka4eCTBEHHbBIM TapaMeTpaM. [lepBbie BCX0/bI pacTe-
HUH oTMeueHbl Ha 11-12-e cyTku. [Ipu focTHKeHUH pacTe-
HUAMH $a3bl BBIMETBIBaHHUA | yKOC COPTOB Mal3bl MPOBOAU-
JIM BO BTOpY!o noJsioBuHy Jjieta (15-20 urons), Il ykoc (uepes
35-40 cyTok) - B Havasie oceHH (1-4 ceHTAOpA). Bereranu-

b

Puc. 4. Copt ‘Yapbimickast KpacaBuna’: A - pacreHnue; b - meTesika u ceMeHa

Fig. 4. Cv. ‘Charyshskaya Krasavitsa’: A - plant; b - panicle and seeds
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OHHBIN NepUOJ COPTOB OT NOSBJIEHUS BCXOAOB [0 MOJHOTO
BbIMETBIBAaHUA U /10 CO3peBaHUs 3epHa COCTaBUJ npH | ykoce
noceBa 52 u 62 cyTOK cooTBeTCcTBeHHO; npu Il ykoce - 47
1 39 CyTOK COOTBETCTBEHHO.

[Ipu goctrxeHun ¢asbl BbIXoJa B TPYyOKy copT ‘Hapblwi-
ckas KpacaBuua' cdopMupoBas Cpe/iHIO ypoKalHOCTD 3e-
JIEHO! Macchl Bbllle CTaHAapTHoro copta ‘ToTuka, obecre-
4yuBasi JOCTOBepHYyt npubaBky 1,5 T/ra (tab6s. 1). CopT fo-
CTOBEPHO OTJIMYAJICA OT CTaHJApTa MO COAEP>KaHUI0 CyXOro
BewlecTBa Kak B | (2,0 mpoTtuB 1,2 T/ra), Tak u Bo Il ykoce (0,7
npotuB 0,5 T/ra). Kak no ypoxaiiHoctu 3epHa (‘Yapsbliickas
KpacaBuna’' - 1,8 /ra, Totuka’ - 1,3 T/ra), Tak 4 mo macce
1000 cemsn (‘Yapoimickasa KpacaBuna' - 3,21, ToTtuka -
3,3r) oba copTa AOCTOBEPHO He pasynyaiucb. HoBblil copT
nansbl cGOPMUPOBAJ BBICOKYIO CTeleHb OGJMCTBEHHOCTHU
B OTVIMYME OT copTa-cTaHjapra: 44,0 npotus 38,2%. BeicoTa
pacTeHUM JaHHOTO cOpTa HAa MOMEHT CKallMBaHMUsA 6bLia
NpUMepHO BbIpaBHeHa ¢ copToM ToTuka) a B mepuo/| MoJHOK
CIeJIOCTH NMPUPOCT AJHUHBI Mo6era NpeBbICUJ CTaHAAPT Ha
50,8 cm. CopT ‘Yapnimickass KpacaBuna' umesn 6oJsiee Ko-
potkuit nepuog Beretayuu (109 cyt.), uem copt ‘ToTuka’
(116 cyT.). YCTOMYMBOCTD K MOJIETAHHIO HOBOT'O COPTA COOT-
BETCTBYET CTaHAApPTY (1o 5 6asioB).

B dasy nosHoro BeIMeThIBAaHUS MeTeJIKU Nai3bl ompe-
JesieH GUOXUMHUYECKUH COCTaB ee CyxXodW Macchl (TabJ. 2).
B cpesHeM 3a rozbl Mccje0BaHUHM B aGCOJMIOTHO CyXOM Be-
LlecTBe MOYTH BO BCeX FeHOTUINAX HaKaIJIMBaJOCh 3HA4M-
TeJIbHOe KOJIMYeCTBO MUTATeJbHbIX Bell|eCTB COOTBETCTBY-
olleil KOpMOBOM LIeHHOCTH, 32 HMCKJIIOYEeHHEeM HEeKOTOPBIX
nokasaresiel (BoAbl, KJeTYaTKH). YCTAaHOBJIEHb! JOCTOBEP-
Hble pasnuua Mexay copTtamu Yapslickasa KpacaBuna'
u ToTuka' no cieAyrOIMM KaueCTBEHHbIM NIPHU3HAKaM: KOp-
moBoi eguHune (0,7 u coorBetcTBeHHo 0,5 K. el.), epeBa-
puBaemomy nporteuny (51,3 u 46,3r), kaporuny (73,0

1 46,8 mr), kpaxmasny (20,5 u 7,7 r). HoBbI# COPT BblAeTUIICSA
HaWOOJIBIIMMY 3HAYEHUSMU U 110 APYTUM GHOXMMHUYECKUM
nokasaTeJsisiM (cofepkaHuto npoterHa - 8,7%, xupy - 1,5%,
6€3a30TUCTBIX IKCTPAKTUBHbIX BellecTB (B3B) - 46,5%,
3osie - 7,0%, caxapy - 18,5 I, nepeBapuBaeMoOMy HNPOTEUHY
B 1Kk.en. - 76,51, sHepreTuyeckoMy o6mMeHy - 7,3 M/Ix/Kr),
YTO yKasblBaeT Ha INPUTOAHOCTb HCIOJIb30BAaHUs COPTA
B KOPMOBBIX LIeJIsIX.

BhIsIB/IEHBI OCHOBHbIE JJOCTOMHCTBA HOBOT'O COPTA NMaK3bI
‘Yapsbiuickasg KpacaBuua' B cpaBHeHUM ¢ copToM ‘ToTuka':
ycKopeHHOe co3peBaHHe (109 cyTok), BBICOKOPOCJIOCTb Ha
MOMEHT MOJIHOM 3pesiocTu ceMsiH (167 cM), BbIcokasi 06-
JINCTBEHHOCTb (44%), HauGoJIbLIasA YPOXKaUHOCTb 3eJIeHOH
U cyXo¥ Mmaccel B o6a ykoca (8,2 T/ra u 2,6 T/ra COOTBET-
CTBEHHO), BbICOKasi KopMoBas eguHuna (0,7 k. es1.), nepeBa-
puBaeMblil npoTeuH (51,3 r) u kapoTuH (73,0 Mr).

3ak/iloueHue

3a nepuon ucciaenoBaHuil (2022-2024 rr.), npoBeseH-
HBIX B YCJIOBUSIX JIeCOCTENHON 30HbI [Ipro6bs 3anagHoi Cu-
61pH, HOBBIM copT maii3el ‘Yapeiuickasa KpacaBuna' gan fo-
CTOBEpHYIO MPUGABKY HaJ| CTaHAAPTHBIM copToM ToTHKa 110
PAAY BRXKHBIX [t KYJIbTYPbl X03HCTBEHHO-MOPdoJIoruye-
CKUX IPU3HAKOB. [IpeBbllleHHe IOKasaTesJeld COpTa-CTaH-
Japta ToTuka mo ypoXkallHOCTH CYyXOHW MacChbl COCTaBUJIO
35%, ypoxalHOCTH 3eJieHOH Macchl — 27%, BbICOTE pacTe-
HuM - 13%, creneHu ob6aucTBeHHOocTH - 13%. [lokasaTesnu
KayecTBa 3esleHOHM Macchl copra ‘Yapbluickas KpacaBuna'
NpPEBBICUJIN YPOBEHb CTAH/APTA 110 KOPMOBOH eIMHUILE Ha
40%, no nepeBapuBaeMoMy npoTenHy Ha 11%, no KapoTUHY
Ha 56%, Mo cofep>kaHUI0 KpaxMasa Ha 66%. COpT MOXKET
ObITb PEKOMEH/I0BaH AJs BbIpauiuBaHus B CeBepo-3anaj-
HoM (2) u 3anagHo-CubupckoM (10) pervoHax.

Ta6smmna 1. X031l cTBEHHO-6GU0/IOTUYECKHEe TOKa3aTeJ IU 3eJIeHOI Macchl COPTOB NMaM3bl,
cpegHee 3a 2022-2024 rr., BapHayn

Table 1. Agronomic and biological indicators of green biomass in the barnyard millet cultivars,
average for 2022-2024, Barnaul

CopT ‘ToTuka’, ‘QapbILIcKasa

Ipu3Hak craHjgaprt* KpacaBupa’ Pasnocts oISt

. 3eJIeHOHM Macchl X *s_, T/Ta 4,7+ 21,5 6,2+ 16,0 -14,2%* +24

a

E CYXOTO BEIeCTB X *5 _, T/ra 1,2+3,9 2,0+1,8 -7, 7%* +40
>

% 3eJIEHOM Macchl X 15 _, T/ra 1,4+49 2,0+4,4 =7** +30
> CYXOTO BEleCTB X £S5 _, T/ra 0,5+3,8 0,7+3,3 —2,2%* +29
BeicoTa ykoca X s _, cM 106 + 22,7 130 + 38,7 -24 +18
BereTauuoHHBIA IEPUOJ X *S _, CYyTKH 116 +2,0 109+2,1 7H* -6
YpoxalHOCTDb 3epHa X s _, T/Ta 1,3+0,4 1,8+0,2 -0,5 +28
BricoTa Ha ceMeHa X s _, CM 145 +5,1 167 +£5,9 -21,6** +13
Macca 1000 cemsn X s _, T 3,308 3,2%0,3 0,1 -3
06/IMCTBEHHOCTD X %5 _, % 38,2+0,7 44,0+0,8 -5,8%* +13
YCcTOWYMBOCTb K NOJIeraHHUIo, 6asll 50 5,0 Fr < Fk -

[IpuMedanue: * - copT cTaHAapT; ** - pasMuusa MeX/y cCopTaMu 3Ha4YMMbI mpu p = 0,05

Note: * - reference cultivar; ** - differences between the cultivars are significant at p = 0.05
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Ta6auna 2. BHUoXuMU4eCcKUil cocTaB CyX0i MacChl COPTOOGpPa3LoB Naii3el, cpejHee 3a 2022-2024 rr.,, BapHayn

Table 2. Biochemical composition of dry matter in the barnyard millet cultivars, average for 2022-2024, Barnaul

CopT ‘ToTuka’, cran- ‘Yapsimickasa o

IpusHak mapt* KpacaBupa’ Paswocrs LA
BOJIbI 95+1,6 9,1+0,5 -0,4 -4
é MpOTEeNHA 6,4 +0,5 8,7+1,7 2,3 +35
= 5 | wrervain 31,6+ 0,2 30,0£5,2 1,6 -4
§ A | xnpa 1,4+0,4 1,5+0,2 0,1 +7
g B3B 409+1,0 46,5 +3,5 5,6 +14
~ 30J1bI 6,9 +0,6 7,0+£0,8 0,1 +1
5 KOPMOBOY eUMHULIBI (K. e]1.) 0,5+0,1 0,7+0,1 0,2** +40
; NepeBapyBaeMoOTro MPOTenHA 46,3 +10,5 51,3+10,6 5 +11
g = | KapoTHHa, MI 46,8+ 12,7 73,0 £19,2 26,2%* +56
é K‘ix caxapa 16,7 £6,7 18,5+2,5 1,8 +11
? - KpaxMasa 7,7 £4,2 20,577 12,8** +66
E :elpf:g“‘?’ae“om fipoTenHa 74,8+ 538 76,5+ 9,9 1,7 +2
03, X *s_, M/lx/xr 6,8+0,7 7,3+0,4 0,5 +7

[IprmMeyaHue: * - copT cTaHAAPT; ** — pa3/IM4YUsA MeXAY COPTaMH 3Ha4YMMbI Ipu p = 0,05

Note: * - reference cultivar; ** - differences between the cultivars are significant at p = 0.05
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AxTyanbHOCTb. U3yuenue Triticum ispahanicum Heslot (mon6a ncdaxanckas) gus ynyquwenus Triticum aestivum L. akTyanb-
HO U NepCIeKTUBHO, TaK KakK 110J16a ucdaxaHcKast pe/IKo UCII0Ib3yeTCs B IPOrpaMMax 10 yBeJIMYeHNI0 FTeHeTHYeCKOro pa3Ho-
06pa3us reHo$poH/1a MATKON MIIEHUIIBI.

MartepuaJjibl 1 MeTOABI. M3ydyeHa inHus spoBoi Msarkod mueHnnbl GEN2021-512, mosryyeHHast B pe3yJibTaTe CKpeLuBaHUs
copTa Jlo6peiHsa’ u o6pasna T ispahanicum var. ispahanorufum Udachin. [IpoBeseHb! reHeTHYeckue, peHONIOTHIECKHE, GUTO-
MaTOJIOTUYECKHE U TEXHOJIOTMYeCKHe aHAIU3bI, BHIIOJIHSIBIIHECS COTJIACHO OOIEeNPHUHATHIM METOJUKAM.

Pe3yabratsl. Jlunusa GEN2021-512, ycToiiunBas K JUCTOBOM pKaBYMHeE 3a CieT KOMOWHAMU reHa Lrl9 u HenzieHTHOUIIMPO-
BaHHOTO Lr-rena ot T ispahanicum, npeBocxoaut Jlo6peinio’ u T ispahanicum 1o MpoAyKTUBHOCTH KOJIOCA, JJIMHE K0JIoCca
u Macce 1000 3epeH. [lepros «BCxXo/ibl — KOJIOIIEHHE» HA TPU JHA 6oJblie, yeM y Jlo6pbiHK. [IpOAYKTHBHOCTD, KA4ECTBO Te-
cTa 1 XJieba Ha ypoBHe copTa-perunuenTa J{o6pbIHS, a O cofiepKaHHIo 6eJiKa U KJIeKOBUHBI 3HAYMMO BhIle ero. Uccreno-
BaHUeE JIeMOHCTPUPYET BO3MOXKHOCTb PaCIINPEeHUs TeHeTHYeCKOW N3MEHYMBOCTH MSATKOU MIIEHUIIBI 33 CYET UCI0JIb30BAHUS
MoJIGbI HChaxaHCKOM.

3aksoueHue. B pe3ysbraTe KOM6HMHALMK reHHOTr0 MaTepuasna ot T, ispahanicum var. ispahanorufum v SpoBo¥ MATKOH miie-
HULbI copTa Jlo6pbiHda’ co3gana inausa GEN2021-512, koTopas 6J1arozapsi CoueTaHHIO YCTOMYUBOCTH K BO36YAUTEJIIO JIUCTO-
BOHM PXXKaBYMHBI U BBICOKMM IT0Ka3aTessIM KayecTBa Oy/eT MCI0Ib30BaThCA B CEJEKIIMOHHO-TeHETUIECKHUX HCCJIeJOBAHUSIX
KaK UCTOYHUK [JIs1 YIY4LIEHNs COPTOB IPOBOM MSATKOH MIIEHUIIBL.

Kawueswle caoea: Msrkas nileHU11a, nosi6a PIC(baXElHCKaH, HHTpOrpeccHud redHos, YCTOI‘/JI‘{I/IBOCTb K 60J1€3HSIM, X03ICTBEHHO
IoJie3Hble€ IPU3HAKH

baazodapHocmu: pa6oTa BBINOJIHEHA B pAMKax roCyJapCTBeHHOro 3azaHus mo TeMe N2 1021060407759-2-4.1.6 «Co3anue
Y COBEpIIEHCTBOBAHNE CUCTEMBI BUJIOB U COPTOB (THOPH/I0B) CEIbCKOX03IMCTBEHHBIX KYJIBTYP, aIalITUBHBIX K a6HOCTPecco-
PaM M YCTOMUYMBBIX K OCHOBHBIM ITATOT€HAM, COYETAIOLINX BBICOKYIO NOTEHIIMAJbHYI0 MPOAYKTUBHOCTD C KAUeCTBOM ypoKas,
C L[eJIbI0 CHIDKEHHS] 9KOHOMHMYECKHUX PHCKOB B pAaCTEHHUEBO/ICTBE U MOBBIIIEHHs 6Mopa3Hoo6pa3us B pernoHe» (FNWF-2022-
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Background. Studying Triticum ispahanicum Heslot (Ispahan emmer wheat) to improve Triticum aestivum L. is relevant and
promising, since Ispahan emmer is rarely used in programs to increase the genetic diversity of the bread wheat gene pool.
Materials and methods. As part of the study, the GEN2021-512 spring bread wheat line was studied. This line was obtained by
crossing cv. ‘Dobrynya’ with an accession of T. ispahanicum var. ispahanorufum Udachin. Genetic, phenological, phytopathologi-
cal and breadmaking analyses were performed using conventional methods.

Results. The GEN2021-512 line is resistant to leaf rust due to a combination of the Lr19 gene and an unidentified Lr gene from
T ispahanicum and surpasses ‘Dobrynya’ and T ispahanicum in ear productivity, ear length, and 1000-grain weight. The line’s
duration of the period from germination to ear emergence is 3 days longer than that of ‘Dobrynya’. Its grain productivity is at
the level of the recipient cultivar, but the line has higher protein and gluten content. Dough and bread quality is not lower than
in the recipient cultivar. The study demonstrated that the genetic variability of bread wheat might be expanded through Ispa-
han emmer.

Conclusion. Combining the genetic material of T ispahanicum var. ispahanorufum with spring bread wheat cv. ‘Dobrynya’ re-
sulted in the GEN2021-512 line. This line demonstrated a combination of resistance to the leaf rust pathogen and high bread-
making quality. It is promising for breeding and genetic research as a genetic resource to improve spring bread wheat cultivars.

Keywords: bread wheat, Ispahan emmer, gene introgression, resistance to diseases, useful agronomic traits
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HApeeBa JI.B.

BBeaeHue

Triticum ispahanicum Heslot (nosn6a ucdaxaHckasi) siB-
JIleTCsl aJlJIOTEeTpaIIonioM (2n = 4x = 28) ¢ TeHOMHBIM CO-
ctaBoM BBA'A". BeicoTa pacTeHUI [JaHHOrO BHJA COCTaB-
asieT 90-100 cM. Kosiochbsi HeomyuieHHble, AJUHON 7-11 cM,
0/IHOOCTble, KOJIOCKU JIBy3epHble, pacnajalTcs Mocje co-
3peBaHUs. BHelllHMe yellyu LIBETKOB M KOJIOCKOB JIQHILETO-
BUJHO-YAJMHEHHbIe, BHYTPEHHSAS LIBETKOBAs Yellysl YKOpo-
YyeHHasl, KOJIOCKH B KOJIOCE paCIHOJIOKeHbl aCHMMeTPUYHO,
3epHO yAJMHeHHoe. By 6611 06Hapy»«eH B ipaHe B HECKOJIb-
KHUX CeJIeHUsX JaxecTaHa Basak, pacrnoJ/iodkeHHOTO B OKpyTe
®apujay, B npoBuHLMNU McdaxaH (3anagHblit MpaH), Ha BbI-
cote ot 2000 g0 2500 MeTpoB Haj ypoBHEeM Mopsi. O6pasibl
JIaHHOT'0 BU/ja COGpaHbl TpeMsl He3aBUCUMbIMU 3KCIIeJULUsI-
mu (Chen et al,, 2022).

T ispahanicum no psjy nNpu3HakoB (MopdoJsoruyeckue
0COOEHHOCTH BereTaTHBHBLIX OPraHOB, CTPOEHHe KO0J/10Ca,
TPYAHBIA 06MoJIOT U Ap.) moxoxk Ha T dicoccum (Schrank)
Schuebl. (Dorofeev et al., 1979; Miller, 1987), Ho uMeeT cxoz-
ctBo U ¢ T polonicum L.: ynIMHeHHble BHELIHHE YellyH I[|BeT-
KOB U KOJIOCKOB, YKOpOU€HHasl BHYTPEHHssl 1IBeTKOBasl ye-
1ysl, yAJIMHEHHbIe 3epHa U 0JJHOCTOPOHHSIS1 OpUeHTalus KO-
sockoB B Kosioce (Mac Key, 1963; Zhukovsky, Migushova,
1969; Dorofeev et al,, 1979). Kak ciieficTBHe, HEKOTOpbIE UC-
cinefoBateny, Takue Kak H. Kihara et al. (1965) u H. Kuckuck
(1956), Brutounnu T ispahanicum B Bup T polonicum kak
M0/IBU/I, OCHOBBIBASICb UCKJIIOYUTENbHO HAa XapaKTepUCTHUKe
€ero JIJIMHHOM KO0JIOCKOBOM YellyH.

[locnenHue ucciaepoBaHusi kapuoruna T.ispahanicum
MoKasaju 6JIM3Koe CXOACTBO B XPOMOCOMHBIX XapaKTepHc-
TUKaxX ¢ asuaTckuMu popmamu T dicoccum (Badaeva etal,
2015), 4To, BEPOSATHO, NOSIBUJIOCh BCJEACTBUE MYyTallUH,
BJMSIOLIEN HA JJIMHY KOJIOCKOBOM demiyu (reH P2 Ha Xpo-
MocoMe 6A) (Chen etal., 2022). Ho TakcOHOMHUY€eCKOE M0JI0-
>KeHHe U PaHT 3TOro BU/JA BCe ellle OCTAIOTCSA He onpesieseH-
HbiMU (Khoshbakht, 2009).

W3y4yeHue ycTOWYUBOCTH 3TOr0 BHUJA K Py NaTOr€HOB
MoKasaJjo, YTO B LieJIOM OH cJlabo Iopa)kaeTcsl JIUCTOBOM
pkaBUMHOM (Bo36YyauTeNb Puccinia triticina Erikss.), Ho ume-
eT AIBHO pacocnelnupuiecKylo, BO3pacCTHYI0 YCTOHYMBOCTb
K 3ToMy naTtoreHy (Migushova, Zhukovsky, 1969; Grigorieva,
1975), o6saajzaeT pacocneyuduueckod YCTOUYHUBOCTbHIO
K IbLJIBHOU ToJioBHE (Bo36yauTtenb Ustilago tritici (Pers.)
C.N. Jensen, Kellerm. & Swingle.), ycTol4uB K TBepZ01 roJioB-
He (Bo36yautensp Tilletia caries (DC.) Tul.) (Dorofeev etal,
1979). PacTeHnus 3Toro BU/a B cpeJiHel CTENEHU OPAXKAIOT-
cs1 MYYHUCTOU pocoit (Bo36ypuTens Blumeria graminis (DC.)
Speer f. sp. tritici Marchal), npakTHU4ecKd YCTOMYUBEI K CTEO-
JIeBOH prkaBYMHe (B0o36yauTenb Puccinia graminis Pers. f. sp.
tritici Erikss. et Hen.) u umeroT pacocnequpuyeckyro ycTou-
YUBOCTb KJKeJTOW pkaBuuHe (Bo36yauTenb Puccinia strii-
formis West. f. sp. tritici Erikss. et Henn.) (Migushova, Zhukov-
sky, 1969). Ilo apyrum paHHbM, T ispahanicum JOBOJIbHO
CUJIBHO TOpa)kaeTcsl BO36yAUTesieM CTe6JIeBOH pXKaBUMHbI
(Dorofeev et al.,, 1979), 4To TakXe yKa3bIBaeT HA pacoCIe -
duyecKyro yCTOMYMBOCTb 3TOT0 BU/a K JJAHHOMY IIaTOTEHY.

HcdaxaHckas mosi6a B M0JIEBBIX YCJIOBUSX CUJIbHO NOpa-
»kaeTcsl centopuo3oM (Shaimyardyanov, 1989). IllpeacraBu-
TeJib 3Toro Buja (k-43064) ca6o nopakaeTcsi BUPYCOM IO-
JiocaTtoit Mo3auku nuenunsl (BIIMIT) (Belyanchikova, 1969).
[ToMUMoO 3TOro0, yCTaHOBJIEHO, YTO TMOPU/ABI MATKOM MILIEHU-
ubl U T ispahanicum var. ispahanicum (k-43064) 6oJsiee ycTou-
YUBBI K BO3/1eICTBHUIO TSXKeJIbIX MeTa/lJIoB (KaZMUIO U HUKe-
JII0), U 3TO OAMH U3 HEMHOTUX BUJOB, 06/1alal0LUX TaKUM
LleHHbIM Ipu3HakKoM (Barsukova, 1993).

K oTpunaTe/sbHbIM NpHU3HAKaM MOXHO OTHECTH JIOM-
KOCTb KOJIOCOBOTO CTepKHs, TPYAHbIM 06MOJIOT U TpopacTa-
HYe 3epHa Ha KOPHIO. M3 0J10)kMTe/IbHBIX TPU3HAKOB CeAy-
eT Bbl/IeJIUTb BBICOKYI0 CTEKJIOBHU/HOCTb 3epHA U cojepixa-
HHUe GeJika B 3epHe 10 25%, a Takke 06'beM XJie6a Ha ypOBHe
cunbHbIX niieHur (Dorofeev et al., 1987).

T ispahanicum obnajaeT YaCTUYHOU TeHETUYECKON COB-
MeCTHMOCTBIO C FeKCallIOWJHbIMUA BHJAMU MIIEHUIb] C re-
HoMmoM BA'D. B xozie akcniepuMeHTOB, IpoBeJieHHbIX B BUP,
MpY CKpeLIMBaHUU Ha6J1I0a/10Ch 06pasoBaHue 10 46,2% ru-
6pugHbix ceMsiH (Dorofeev etal.,, 1987). Ilpu ckpelinBaHuu
nchaxaHckoi mosbbl ¢ BuAgoM T. aestivum 3aBs3bIBAa€MOCTb
rUGPUHBIX 3epeH KoJsebanack oT 4 g0 33,5% (Migushova,
Zhukovsky, 1969; Chelak, 1978).

JlaHHBIM BUJ, JOBOJIBHO NMOAPOGHO M3y4ascs MO BOMNPO-
caM MopdoreHesa U CTPYKTYPHOH OpraHusaluy pacTeHUi
(Murashev, Morozova, 2018), a Takxe IBJIsIICSI 00 BEKTOM HC-
clefloBaHUM MO UAeHTHUPUKALMU U JoKaau3aluuu reHa P2,
KOHTPOJIMpPYIOLLEero JyinHHble yeliyu (Watanabe et al., 2002;
Chen etal.,, 2022).

B kaTaJsiore reHHbIX CHUMBOJIOB IIIeHUIIbl 3a 2024 T.
(https://wheat.pw.usda.gov/GG3/Wheat_Gene_Catalog_
Documents) OTCYTCTBYIOT HWJeHTUPULUPOBAHHbIE TeHbI
YCTOWYUBOCTH, UHTPOTrpeccupoBaHHble oT Buja T. ispahani-
cum, HeCMOTPS Ha TO YTO 3TOT BUJ, U3y4yaeTcs Ha YCTONYU-
BOCTb K KOMILJIEKCY 3a60/1eBaHUH, UYTO yKa3blBaeT Ha CJ1abyIo
BOBJIEUEHHOCTb 3TOT0 BHJA B CeJIeKLHOHHO-TeHeTHYecKue
pa6oThI.

Ilenb pabomul - ¥3yyeHue BIHSHUS FeHeTUYECKOT0 Ma-
Tepuasna ot T ispahanicum B reHodoHfe T aestivum L. Ha Xo0-
3sMCTBEHHO MOJIe3Hble IPU3HAKU Ha NpUMepe JIMHUU Spo-
BOU MSATKOM MIEHHULbl, CO3JLaHHOM C y4acTHeM MoJiobl ucda-
XaHCKOM.

MaTepnanbl U METOoAbI

Uccnepnoanus nposoguau B 2011-2024rr. B Pepe-
paJibHOM arpapHoM Hay4yHoM LieHTpe l0ro-Boctoka (PAHL]
I0ro-BocToka, r. CapaToB). OHM BKJIOYAJHd HECKOJIBKO 3Ta-
MOB.

Ha nepBoM sTamne BBINOJIHSJIOCH CKpelllMBaHHe COpTa
spoBoi MArkod mnieHunbl Jlo6peiHsa’ (Anbougym 28/Jo-
TecueHnc401//CapaTtosckas55/3/J1 503, ®AHILL HOro-Bocro-
ka) u o6pasua T ispahanicum var. ispahanorufum Udachin (k-
51762), npenocTaBjeHHOro J-poM 6UOJ. HayK, mpodecco-
poM CapaTOBCKOI'O HalMOHAJBHOI'O HCCJIEe0BATEIbCKOTO
rocyAapcTBeHHOro yHuBepcuteTa uM. H.I. YepHblleBCcKOro
C. A. CrenaHoBbIM!. [IpoBe/ieH aHaAIU3 PACTEHUH TOKOJIEHUS
F, 110 yCTOWYHMBOCTH K BO36GYAMTEJIIO JIMCTOBOM PHKaBYMHbI.
Tak>ke BBINOJHEHO GEKKPOCCUPOBaHUE C COPTOM-PELUINHU-
enToM Jlo6peinsa’. U3 monynauuu F BC, BblZeIeHO pacTeHue,
KOTOpOE CTaJI0 poloHaYaibHUKOM JuHUU GEN2021-512.

Ha BTOpOM 3Tame MHUA U poAUTEbCKHE GOPMBI OLlEHU-
Ba/IM Ha YyCTOMYMBOCTb K KOMILJIEKCYy 3a60JieBaHUM B MoJle-
BbIX YCJOBHUAX Ha eCTeCTBEHHOM HH}eKLHOHHOM ¢oHe
u nposoauau I[P-ananus c ucnonbzoBanveM /JJHK-mapke-
pOB JJis1 UeHTUUKaAL U Lr-TeHOB.

[MopcyeT xpomocoM y auHuu GEN2021-512 mpoBenu
B KOHYMKaX KOPeIllKOB B MUTO3e B MeTadase. Kopeuku puk-
CUpOBa/IM B cMecu 96-NPOLEHTHOr0 3TaHOJa U JeAssHOH
YKCYCHOM KUca0ThI (3 : 1). B kauecTBe KpacuTeJist HCHOJIb30-
Basiu peakTtuB llludda (Pausheva, 1988).

Jns paHHOM sinHUU u3yuyusau 50 npenapatoB MeTadas-
HBIX IIJIACTUHOK. AHAJIM3 06pa31[0B NPOBOAMJICS C UCNOJIB30-

1 C. A. CrenaHoB nmoJsiyuus obpaser Triticum ispahanicum var. ispaha-
norufum Udachin (k-51762) us BUP.
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BaHUeM MUKpockona Axio Scope A 1 (Carl Zeiss) ¢ 06bekTU-
BoM N-ACHROPLAN 40x/0,65.

TpeTuil sTan 3akjw4ascs BoueHke JuHud GEN2021-
512 Ha X03HCTBEHHO TOJIe3Hble NPU3HAKU B CpPaBHEHUU
C COPTOM-peLUnieHToOM. HcciejoBaHUS NPOBOJUIINCH B IIO-
JIEBBIX OMbITAaX B TeyeHUe nATU J1eT (2020-2024 rr.) Ha aKc-
nepuMeHTasbHOM nosie AHI] H0ro-BocToka (KoopUHATHI:
51.599° c. u1.,, 46.043° B. A.). [loyBa - BBIIEJOYEHHBINA Yep-
HO3eM, NpeJlleCTBEHHUK — YyepHbIX nap. B 2020-2021 rr.
M3y4yaeMblil MaTepuaJl BbICEBAaJM BPYYHYIO Ha JeJSHKHU
CHsATBhIO pAAKaAMM pacTeHUd. Hopma BbiceBa cocTaBMJa
400 3epeH/mM?% YGOpKY MPOBOJUJIN BPYYHYIO C IOCTEAYIO-
UMM aHa/Ju30M CTPYKTypbl NnpoAayKTuBHOCTU. C 2022 mo
2024 r. MmaTepuaa BbiceBasu C¢ nomouipio cesaku CCPK-7
B KOHKYPCHOM COPTOHUCIBITAHUHY, HA 7-PAAKOBBIX JeJsTHKaX
IJI01a/bIo0 7 M?, B 3-KpaTHOM IOBTOPHOCTH, C HOPMO# BbICe-
Ba 400 3epeH/M% YGOPKY Ae/IsTHOK OCYIECTBJISJIA C IOMO-
mbi0 koM6aiiHa Hege 125 B. BereTtanuoHHble ce30HbI 3a
rojibl U3yUeHUs 3HAYUTEJbHO pa3jhyainch. Hannyumue
yCJIOBUSA MO yBJAXXHEHUIO U TeMIlepaType HabJI0[auCh
B 2022 u 2023 r,; 2020 u 2021 r. XapaKTepu30BaJUCh yMe-
peHHO# 3acyuinBocThbio. B 2024 r. 3adukcupoBaHa 3acyxa
(Taba. 1).

[LP-ananusa, ucnoabsysa JAHK-mapkeps:: WR003 F/R rena
Lr1; SCS5renaLr9; F1.2245/Lr10-6/r2 rena Lr10; Gb SCS265
reHa Lr19; STS638 rena Lr20; Sr24#50, Sr24+#12 reHa Lr24;
iag 95 rena Lr26; SCS421 reHa Lr28; Lr29F24 rena Lr29,
SCM9, csLV34, L34DINTOF: L34MINUSL34PLUS rena Lr34,
Sr39#22r reHa Lr35; Ventriup/LN2 rena Lr37, GDM35 rena
Lr41 (=39), PS10 rena Lr47, S13-R16 rena Lr66. Xapaktepu-
ctuka JJHK-MapkepoB U yc/10BUH MX HCIOJIb30BaHUS paHee
ony6/inkoBaHa (Gultyaeva, 2012).

Hszyuenue nuHuu GEN2021-512 u pogutenbckux Gpopm
[0 CeJIeKLIMOHHO I1eHHbIM NpU3HaKaM npoBoguau B 2020-
2024 rr. no Metoauke ['occoprkomuccuu PP (Fedin, 1989).
J1a olleHKH MOp¢OoJIoruiyecKux NpU3HAKOB UCNOJIb30BaIU
MeTOAMKY, NPUHATYI0 s [occopTkomuccuu PP, ocHoBaH-
Hyto Ha Metoguke UPOV (https://gossortrf.ru/publication/
metodiki-ispytaniy-na-oos.php).

JJyileMeHThl NPOAYKTUBHOCTH KOJIOCA OLleHUBAJIH MO Me-
Tonuke BUP (Merezhko et al,, 1999).

OueHKy kadecTBa 3epHa nposozauan B ®PAHL H0ro-BocTto-
ka (r. CapaToB) no npunsaTo# ajs loccoptkomuccuu PO me-
topuke (Fedin, 1989). Cogep:xkaHue Gesika W KIeHKOBUHBI
B 3epHe onpejeisiv Ha npubope Infratec TM 1241 ([lanus),
KaueCcTBO U KOJIMYEeCTBO CbIPOM KJeHKOBUHBI — Ha Npubope

Ta6una 1. [loroaHble ycaoBus skcnepumenTa (Caparos, 2020-2024 rr.)
Table 1. Weather conditions of the experiment (Saratov, 2020-2024)

a— 2020 2021 2022 2023 2024

8 — — — — —

2160 || ™| €0 | @m| | €0 | mm| T €0 |mm| | (0 |mmm| ™
\Y 14,9 48 0,5 18,7 38,2 0,7 11,7 31 0,8 16,2 38 0,8 13,8 6 0,1
VI 20,1 81 0,7 21,8 75 1,1 21,0 35 0,55 18,3 60 1,1 23,2 55 0,8
VII 24,4 5 0,6 24,4 45,3 0,6 21,7 74 1,1 22,0 42 0,6 25,0 9 0,1
VIII 19,7 68 0,2 24,5 3,3 0,04 24,1 13 0,2 22,7 26 0,4 21,5 12 0,2

[lpuMeyaHue: X — CpejHECYTOYHAsI TeMIIepaTypa BO3/yXa; Y, — CyMMa 0Ca/JKOB B MeCsI]

Note: X — mean daily temperature; Y — precipitation amount

OneHKy MaTepua/a M0 YCTOMYHMBOCTHU K 3a60/1€BaHUAM
(1ucToBas U cTeb/eBas pkaBYMHA, MyYHHUCTas poca) IPoBoO-
JIUJIM Ha eCTeCTBEeHHOM MHPeKIMoHHOM ¢oHe B nosie (PAHL]
FOro-BocToka, 1. CapaToB, 2020-2024 rr.; ¢uTOy4acToK, JlbI-
coropckuil paiioH, CapartoBckasg 06J., 2020) ¥ Ha HCKyC-
CTBeHHOM (QOHe B yCJI0BUAX QUTOTPOHA (JIUCTOBAs p>KaBUU-
Ha) (Bcepoccuiickuii Hay4yHO-UCCIeL0BaTEbCKUNA UHCTUTYT
3awuThl pacteHuit - BU3P, r. CankT-IleTepbypr).

OueHka pe3uCTeHTHOCTU K Puccinia triticina npoBoau-
Jack no wkase Mains - Jackson (1926). [lns onpefeseHus
peakuuu Ha 3apaxkeHue Blumeria graminis f.sp. tritici vc-
noJbp30BaiM Kany Mains - Dietz (1930). YcTrodyuBOCTb
K nonyssiuuu Puccinia graminis f. sp. tritici oueHuBaIach 1o
MoauunupoBaHHoH kane Ko66a (Roelfs et al.,, 1992).

HckyccTBeHHOe 3apaxkeHue Puccinia triticina npoBOAWIN
no metoauke BU3P (Gultyaeva etal, 2020) capaToBckoi
(I1C) u omcko#t (I10) momynsiuusSIMH, a TAaKKe TpeMsl TeCT-
KJIOHaMH, BbIJieJIeHHbIMU U3 MOMNyJAALUN, pa3INyaroLiuXcs
MPOUCXOXK/JEHUEM U BUPYJIEHTHOCTbIO: TecT-kJ0oH TK1 (Ye-
nsi6uHCcKas 0641, 2019 r.); Tect-ki0oH TK2 (Tam60Bckas 0611,
2016 r.); Tect-k10H TK3 (KpacHomapckuit kpaii, 2017 r.); [1C
(CaparoBckast 0641, 2020 r.); [10 (OMckast 0641, 2019 1).

WUpenTudukauuw Lr-reHOB YCTOWYMBOCTHU K JIMCTOBOU
pxaBunHe y iuHuM GEN2021-512 mpoBou/U C HOMOLIbIO

W/JIK-3 (Poccus). Ha anbBeorpade Chopin (Ppannus) onpe-
JleJIslIM peoJloruyecKre CBOMCTBaA TecTa: P — ynpyrocTsb Te-
cta; P/L - oTHoOlLleHue yNpyrocTu TecTa K pacTsSKUMOCTH;
W - cuny myku. Kpome Toro, BelleKaau 3KCIepUMeHTallb-
Hble XJIe61bI ¥ OlleHWBa/IM 06'beM Xj1e6a U [jBeT MsAKHULIa. [To-
JlydyeHHble JJaHHble 06pabaThIBaJy C NOMOIIbIO NaKeTa ce-
JIEKLJUOHHO-TeHeTU4YeCKUx nporpamMm Agros-2.10, ucnoJib-
3ysl AMCIEPCUOHHBIM aHA/IW3 C MHOXEeCTBEHHbIMU CpaBHe-
HUAMHU 110 KpuTepHuio JlyHKaHa.

Pe3yabTaThl U 06CyXKAeHUE

Co3paHMe U oNMCcaHUeE JIUHUU SIPOBOM MATKOW miue-
HULbI GEN2021-512

Jlunus GEN2021-512 nosiydyeHa OT CKpellMBaHUs copTa
SIpOBOM MsATKOM miueHubl JlobpbiHs’ W obpasua Triticum
ispahanicum var. ispahanorufum. CopT J06pbIHSI" OTHOCUTCS
K pa3HOBUJHOCTHU lutescens Alef. 1 6GbL1 B3SIT B KauecTBe Ma-
TepUHCKOH GpopMbl. OH UMeeT NMOJIyNPAMOCTOSTYUH KycT. Co-
JIOMMHA BBIIIOJIHEHA /1260, BOCKOBOM HaJleT c1abbiil. dyiaro-
BBIH JIUCT CO €/1a6bIM BOCKOBBIM HaJIETOM U CJ1ab0i aHTOLU-
aHOBOM okpackoi yuiek. Kosoc nuinHapudecKkul, cpegHen
IJIOTHOCTH, Gesiblit (puc. 1). 3epHO yAJMHEHHOE, KpacHoe.
Macca 1000 3epeHn - 30-37 r. COpT COZeP>KUT TPaHCJI0KALUIO
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Jpy>KuH A.

u6ukeeB C.H., I'ynbraeBa E.U., Putniesa 3.E., AHgpeeBa JI.B.

Puc. 1. Kosiochsi ¥ 3epHOBKH: 1 - cOPT ApOBOii Msrkoi mumeHunub! JAo6psis’ (R); 2 - munust GEN2021-512;
3 - Triticum ispahanicum Heslot var. ispahanorufum Udachin (&)

Fig. 1. Ears and grains: 1 - spring bread wheat cv. ‘Dobrynya’ (); 2 - the GEN2021-512 line;
3 - Triticum ispahanicum Heslot var. ispahanorufum Udachin (3)

T7DSe7DL-7Ae#1L ot Thinopyrum ponticum (Podp.) Bark-
worth etD.R. Dewey (= Agropyron elongatum (Host) P. Beauv.),
KOTOpasi HeCceT reH YCTOWYMBOCTU K JIMCTOBOH pKaBYMHE
Lr19 (Gultyaeva et al., 2020). CopT ToJiepaHTeH K KOMILJIEKCY
BHUPYCOB, 0COGEHHO K BUPYCY K€JTOH KapJMKOBOCTH sUMe-
Hl.

B kauecTBe OTLOBCKOH GOPMBI HCIOJIb30BAJICSA 0Opaser
Triticum ispahanicum var. ispahanorufum. BeicoTa pacTeHUH
3a rozibl U3ydyeHus 6bu1a oT 70 o 95 cM, KOJIOC OCTHUCTBIH,
JUIMHOM /10 9 CM, KOJIOCKOBBIE YelllyH KpacHble, He ONyILIeH-
Hble, YIJIMHEHHBIE, YHCJI0 3epPeH B KoJsloce KoJsiebanoch oT 10
no 15wt 3epHo yasuHeHHOe, KpacHoe (cM. puc. 1). Macca
1000 3epen - no 31T.

Ananusz ycrowuuBoctu o6pasua T ispahanicum var.
ispahanorufum K MeCTHBIM NONYJISAALMAM NAaTOTEHOB B YCJIO-
BHSIX eCTECTBEHHOI0 HHPEKIIMOHHOTr0 GoHa N0Ka3aJ, 4YTO OH
uMeet Tun peaknuu (IT) Ha MecTHyI0 monynsiuuio Puccinia
triticina - 3 Tak e, KaK U cOpT-pelunueHT J[o6pbIHA’. ITOT
o6pasel, Kak U copT Jlo6pBIHS, OKa3ascs BOCHPUUMYUB
K capaToBckoi nomnynsiuuu P. graminis (IT =3) u cpejHe-
BOCIIPUMMUUB K CAapaTOBCKOU nomny/siuuu Blumeria graminis
(IT = 2) (Ta6us. 2).

B 2010 1. B moJieBbIX yCJOBUSX OCYLLECTBUJIM TMOPUAU-
3anuio copra Jlo6peins’ u Triticum ispahanicum var. ispaha-
norufum. Iony4yeHo 17 rubpUAHBIX 3ePeH, 3aBsI3bIBAEMOCTb
3epeH cocTaBuiaa 39%. B2011r. B TeMJIUWYHBIX YCJOBHUAX
TNpoBe/IM aHa/Iu3 TMGPUAHOro noKosieHus F . BcxoxecTs ce-
MsIH rH6pUJ0B cocTaBuIa 55%. PacTeHusl mepBoro noxoJe-
nudA (F)) ZeMOHCTpupoBa/iu NPOMEKYyTOYHbIE XapaKTepu-
CTUKU: KOJIOC 6e3 oCTel, HO C HeGOJIBIIMMH OCTEBU/IHBIMU
oTpocTKaMu (0 5 MM). OT/IMYUTEILHON YePTOH, 110 CpaBHe-
HHUI c copToM Jlo6pBIHS, 6blJa KpacHas OKpacka KOJIoC-
KOBBIX YelllyH. 3epHO UMeJIO YJIMHEHHYI0 GOpPMY U KpPaCHBIH
npeT. OLleHKa yCTOHYMBOCTH pacTeHul F, k BosGyauTesro
Oypoii pxkaBuMHBI (Puccinia triticina) mokasasa uX BbICOKYIO
pe3ucrteHTHOCTD (TUN peakuuu IT = 0). B gasbHeHIeM npo-

BeJIM BO3BPAaTHOE CKpelldBaHHe (6eKKpOCCHUpOBaHHUE) TH-
6pugos F, c coprom Jlo6pbIns.

B 2011 r. Ha MCKyCCTBEHHOM WHQ)EKIHOHHOM (OHe U3
nonyasanuu F,BC, oTo6paHo pacTeHue, JeMOHCTpHUpYIollee
XapaKTepPUCTUKHU, CBoMcTBeHHble Triticum aestivum, Takue
KaK HeJIOMKHH KO0JIOC, JIETKUH 0OMOJIOT U CpeJiHsAs MJIOT-
HOCTb K0JI0Ca. ITO pacTeHHe 06.1a/ja/10 YCTOWYHUBOCTBIO K Puc-
cinia triticina v cTajo pofoHadyaJbHUKOM JUHUU GEN2021-
512 (Jo6pbius/T ispahanicum/ /oGpbIHs).

[luToreHeTu4yeckoe uccaegoBanue JuHuu GEN2021-512
NoKa3aJio Haju4ue y Hee 42 xpoMocoM (puc. 2).

[Io cBoMM MOpOJIOTUYECKUM INpU3HAKaM 3Ta JIMHUSA
kJaaccuunupyeTcs Kak var. albidum Koérn. PacreHue umeet
HOJIyIPSIMOCTOSIYMH THI KycTa. CoJIOMHHA €/1a60 BBINOJIHE-
Ha, C He6OJIBLIMM BOCKOBBIM HajieToM. PJ1aroBbIi JIMCT Tak-
JKe XapaKTepHu3yeTcs cJJabbIM BOCKOBBIM HasleToM. KoJtoc Be-
pEeTEeHOBUHBIH, Cpe/iHEH IJIOTHOCTH, 6€J10r0 1IBETa, HEJIOM-
KHUH 1 6e30CTbId. O6MOJIOT HPOUCXOJUT JIETKO. 3€pPHO UMeeT
yIJIMHeHHYI0 dopMy U Gesblii nBet (cM. puc.1). Macca
1000 3epeH - oT 30 go 36 1. [IpoucxoxaeHne 6eJ10i OKpacKu
3epHa yJIMHUM O6YyC/IOBJeHa HeaJlJleJIbHbIM B3aUMOJei-
CTBHEM TeHOB, OTBEYAIOUIMX 3a KPACHbIH IIBET 3€pHA y UC-
XOJIHbIX 00PA3L0B, YTO AOBOJIBHO 4acTO HabJII0/1aeTcs B Ha-
el NpaKTHUKe NPU CKpeluBaHuu T, aestivum c TeTpanions-
HBIMH BUJJAMH.

FeHeTH4YeCKHII KOHTPOJIb YCTOMYUBOCTH JIMHUU
GEN2021-512 K P. triticina

Ha rcKyccTBEHHO co3ZaHHOM HHGEKIMOHHOM (oHe Bce
pacTeHus TOKoJeHUA F,, MOoJy4eHHOro OT CKpelldBaHHMs
Jo6pbiHs/T ispahanicum, [eMOHCTPUPOBAIN YCTOHYUBOCTD
K Puccinia triticina, npoaBJAS0OILYIOCA KaK THUI peaKLUu
IT = 0. Ba)KHO OTMETHUTD, YTO UCXOJHbIE POAUTENIbCKHE HOP-
MbI GbLJIM BOCIPUUMYHUBEI K 3ToMy natoreny (IT = 3). ®uro-
NaTOJIOTUYeCKUH aHa/IU3 yKa3blBaeT Ha UHTPOIPECCHUIO TeH-
HOTrO MaTepuasa OoT o6pa3sua Triticum ispahanicum var.
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Ta6auna 2. Xapakrepuctuka JUuHUU GEN2021-512 u ee poauTeibcKuX GOpPM N0 YCTOMYMBOCTU K NAaTOreHaM
Table 2. Characterization of the GEN2021-512 line and its parent forms according to their resistance to pathogens

O6pasern, / Tun peakuuy Ha 3apakeHUe U30JIATaMM U NONYJIALUAMU /
Accession Type of the reaction to the infection caused by isolates and populations

Puccinia triticina

[1019*/P019 TK1 pp9 TK3 pp26 TK2 pp19 [1C09/PS09 [1C20/PS20
2019r. 2009T. 2020r.
‘Jlo6pbIHA’ 0 0 0 3 3 3
GEN2021-512 0 0 0 0 - 0
Triticum ispahanicum
- - - - 3 3

var. Ispahanorufum

Puccinia graminis

CapaToBckas nonyaauus /

JIbicoropckas nonyasuus /

Saratov population Lysye Gory population
2009. 2020r. 2020r.

‘lo6pbIHA’ 3 3 4
GEN2021-512 - 3 4
Triticum ispahanicum

; 3 3 -
var. ispahanorufum

Blumeria graminis

CaparoBckas nomyJisinus / Saratov population

2009r. 2022r.
‘lo6pbIHS’ 2 2
GEN2021-512 - 2
Triticum ispahanicum 2 2

var. ispahanorufum

[Tpumeyanue: [1019 - omckas nonysinus 2019 r.; [1C09, [1C20 - capaToBckas nonysasanusa 2009 u 2020 r.; TK1 - Tect-kiioH, YensabuHckas
061, 2019 r.; TK2 - TecT-kJ10H, TamGoBcKas 061, 2016 r.; TK3 - TecT-ki10H, KpacHomapckuii kpai, 2017 .

Note: PO19 - Omsk population, 2019; PS09 and PS20 - Saratov population, 2009 and 2020; TK1 - test clone, Chelyabinsk Province, 2019;

TK2 - test clone, Tambov Province, 2016; TK3 - test clone, Krasnodar Territory, 2017

Puc. 2. Kapuorun imaum GEN2021-512
Fig. 2. Karyotype of the GEN2021-512 line
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JpyxuH A.E., Cu6ukees C.H., l'ynbrsieBa E.W., ®Putniena 3.E

HApeeBa JI.B.

ispahanorufum B copt Jlo6pbIHS’ ¥ BEPOSITHYIO0 KOMOUHAL[HIO
reHa WM FeHOB YCTOMYMBOCTH, YHACIeA0BaHHBIX OT 3TOTO
o06pasua, c reHoM Lrl9 ot copra /lo6pbIHS.

B 2012 r. Ha UCKyCCTBEHHOM UHPEKIIMOHHOM $OHE BbI-
NOJIHMJIM Te€HeTHYeCKUM aHa/u3 rubpuzios F,, mosydyeH-
HbIX OT koM6uHauuu Jlo6psius/T. ispahanicum///lo6pbiHs.
Ha6sronaeMoe (pakTHUeCcKOe) paclenseHrde pacTeHUH 1o
NpU3HAKY YCTOWYUBOCTU K Puccinia triticina cocTaBuJO
132 ycToiyuBbIX ¥ 89 BOCOPUUMUUBBIX, UTO GJIM3KO K TEO-
peTuyecKu OXujaeMoMy cooTHolieHH0 9R: 7S. Kpurtepuit
COOTBETCTBHUS MeXJY TeOpeTHUUYeCKUMHU U paKTUUEeCKUMU
JaHHbIMU (2 = 1,087) He npeBblllag Ta6JIUYHOTO 3HAUYEHUS
X2 puis df1l = 3,84. Ha ocHOBaHU Y 3TUX AaHHBIX MOXHO YTBEp-
KJaTh, YTO YCTOMYMBOCTb JMHUM GEN2021-512 o6yc/ioBJie-
Ha B3aUMO/|eiCTBUEM [IByX KOMILJIeMeHTapHbIX reHoB: Lr19
oT copTa Jlo6pblHA’ U HeuJeHTUPUIMPOBAHHOIO Lr-reHa
(wm renoB) ot Triticum ispahanicum var. ispahanorufum.
W eHTUYHbIe pe3yabTaThbl 10 KOMIIJIEMEHTAPHOMY B3aUMO-
JelcTBUIO reHa Lr19 c fpyruMu Lr-reHaMu, B TOM 4YHUCJe
Y HeWJeHTUPULMPOBAHHBIMY, BCTPeYaJUCh B HAlUX Mpe-
AbIAyIUX ucciaenoBanusx (Gultyaeva etal, 2020). durtona-
TOJIOTUYEeCKHe HCCJIeJOBAaHUSA NMOATBEPAU/IHN, YTO YCTONYU-
BocTb JIMHUU GEN2021-512 sddexTuBHA NPOTUB NaTOreHa
Ha BCeX CTaJusX pa3BUTHsA pPacTeHUH, Kak B ¢pase NpopocT-
KOB, TaK U Y B3POCJ/IbIX PaCTeHHUH.

HUaenTndukanus reHoB yCTOMYUBOCTH K Puccinia tri-
ticina u P. graminis

Jlist noTBepKAeHUs U UAeHTUPUKALUU Lr-TeHOB y JIU-
Huu GEN2021-512 npoBepeH [1L[P-aHanu3 c ucnosib30BaHu-
em 17 JHK-mapkepoB Lr-reHOB. ITOT MOJIEKY/ISPHBIN CKPU-
HUHT T03BOJIMJI BBIIBUTH Ha/M4Me reHa Lrl9, ynacnesnoBaH-
HOro oT copTa /lo6pbIHA’. MyKa, oJlydyeHHasl U3 3epHa 3TOH
JINHUH, UMeeT KeJITbIY [[BeT, YTO CAYKUT JONOJHUTESbHbIM
MOATBepPXAeHWeM NPUCYTCTBUsA Lrl9, MocKo/bKy TeHBbI,
onpeie/A0lINe 3TOT NMPU3HAK, HAXOAATCSA B TeCHOM CBA3U
credoM Lr19 (Prins etal, 1996). HecMoTpsa Ha TO 4YTO reH
Lr19 ytpatua cBor 3¢deKTUBHOCTb NPOTUB Puccinia triti-
cina B CapaToBCKOH 06s1acTH elle B 1994 ., MOHUTOPUHT I10-
ceiHUX JeCATUIeTUH MOKa3bIBaeT, YTO YacTOTa MaTOoTHNa
ppl9 B capaTOBCKOM MNOMyJISLIMM MaToreHa BapbUpyeTCs
B AuanasoHe oT 0 1o 20% (Gultyaeva et al,, 2020). K coxaue-
HUIO, UAeHTUPUIHUPOBATh APyTrHe reHbl yCTOMYUBOCTH K JIH-
CTOBOM p>kaBUMHe, oJy4YeHHble oT Triticum ispahanicum var.
ispahanorufum, c noMo1bio uMerolerocst Haopa JHK-map-
KepoB He y[aJioCh, YTO, BEPOATHO, CBA3aHO C TeM, YTO 3TH
TeHbI ellle He UJeHTUPULMPOBAHBI.

[lapanienbHoO ¢ 3TUM y U3y4yaeMOH JIMHUU NIPOBOJUJIACH
njeHTUGUKaLUs Sr-reHoB c UcnoJsb3oBaHueM /IHK-mapke-
pOB, peKOMeH/J0BaHHBIX /ISl MapKep-BCIIOMOraTe/bHOM ce-
snekuuu (MAS) u cienudUUHBIX [/l TeHOB Sr2, Sr25, Sr26,
Sr28,5r31, Sr32, 8r35, Sr36, 5r38, Sr57. AHanus BbIIBUJ IPU-
CYTCTBUE TOJIBKO TeHa Sr25, KOTOpPbIM TeCHO ClLieNJieH C re-
HOM Lr19. Pa6oTa no ugeHTuduKauuu Lr- v Sr-reHoB y JlaH-
HOH JIMHUY NpOBeJieHa B XO/ie BbINOJIHEHUsI UCCleJOBaHUI
no rpanty PO®OU Ne 18-016-00170A.

Onenka siuHuu GEN2021-512 no ycTOMYMBOCTH K 3a-
60JIeBAHUAM

YcrotuuBocTb inHUM GEN2021-512 k Bo36yUTeI0 JIK-
CTOBOH pKaBYMHBI GblIa MOATBEPXKJEHA U MPU OLEHKe Ha
UCKYCCTBEHHOM UHPEKIMOHHOM pOoHe C TPUMEHEHUEM TeCT-
kioHoB (TK1, TK2, TK3) u nonynsuuii nmatoreHa (I1019,
[1C20), passunvalmuxcss mo reHaMm BupyiaeHTHocTd (Gul-
tyaeva et al,, 2020). YcTaHOBJIEHO MOJIHOE OTCYTCTBUE CUMII-
ToMoB nopakeHus (IT = 0) y IMHUHU NpU 3apa’KeHUH BCEMU

HCIOJIb30BaHHBIMH TECT-KJOHAMHU U NOMY/ALUSAMY [aTore-
Ha, B oinude oT copta Jlo6peinga’ (IT =3 na TK2 uI1C20)
(cm. Tabu1. 2).

HccienoBaHye yCTOMYMBOCTH JIMHUH K IBYM NONYJISALU-
sIM B036yzAuTesIs1 cTe6eBOi prkaBuUMHBI (Puccinia graminis)
(capaTOBCKOM U JIBICOTOPCKOW) MOKa3aJo ee BOCIPUHUMYU-
BOCTb K 06euM nonyssanusaM. CopT Job6pbiHs’ (c reHoM Sr25)
NpPO/IEMOHCTPHUPOBa/I AHAJOTHYHYI0 peakluio. [IpuBesieH-
Hble BbIlle JaHHble MO HJEHTUUKAUUMU Sr-TeHOB IOJA-
TBEpPAW/IM Ha/luW4yuMe TeHa YCTOWYMBOCTU Sr25 y JIMHUU
GEN2021-512, koTOopbIl 9Ta JIMHUSA YHACJAeL0Bajla OT COpTa-
penunuenTa J[o6pbIHS.

[To ycTOMYUBOCTH K BO3OYAUTENII0 MyYHUCTON POCHI JIU-
Hust GEN2021-512 6bL1a Ha ypoBHe copTa-penunueHTa 1o6-
pBIHS.

BiinsiHue reHHoro martepuasna Triticum ispahanicum
Ha X03AHCTBEHHO M0JIe3Hble NpU3HaKu y JuHuu GEN2021-
512

[ToMUMO yCTOMYMBOCTH K MaTOTeHaM, BaXKHO TaK e U3y-
YUTB BJIUsSIHHE TeHHOTO MaTepuasa ot Triticum ispahanicum
var. ispahanorufum y nuanu GEN2021-512 Ha X0351iiCTBEHHO
noJiesHble NpU3HaKU. M3yueHMe IMHUM [TOKA3aJ10, YTO Cpef-
HSASl IPOJIOJDKUTEIBHOCTD NIEPHUO/ia «BCXO/bI — KOJIOLIEHHE»
y iuHud GEN2021-512 coctaBusa 45 fHel 3a TpU rojia Ha-
6J1I0/leHNH, YTO Ha TPU AHSA NpeBbIIIaeT NMOKasaTesab copTa
Jlo6pbIHA’ U Ha JiBa AHA MeHblue, yeM y T ispahanicum var.
ispahanorufum. Ilo 3TOMy NpU3HAKY JIMHUSA 3aHUMaeT Npo-
MeXXyTOYHOe IMO0JIO)KeHHe, 3HAaYUMO OTJIMYasAChb OT 06enux
poauTenbckux ¢opm (Ta6u. 3). BoicoTa pacTeHUU JTUHUU
GEN2021-512 B cpesiHeM 6b11a 87 ¢M, IPaKTUYECKU He OT/IU-
yaJsiachb OT BbICOTHI copTa ‘Jo6pbiHs’ (86,6 cM), HO cylie-
cTBeHHO npeBocxoauaa T. ispahanicum var. ispahanorufum
(81,6 cm).

YTo kacaeTcs yCTOMYMBOCTH K MOJIETaHUIO, JIMHUS
GEN2021-512 nposiBJisieT 60JIb1IYI0 YCTOHYUBOCTD, yeM T, is-
pahanicum var. ispahanorufum, u HAX0JUTCS HA OJJHOM ypPOB-
He c copToM /floOpbiHs’ (cM. Ta6J1. 3). AHANWU3 BJIUSAHUS UH-
Tporpeccuu ot T ispahanicum var. ispahanorufum B copT
Jlo6pbiHsA’ Ha npuMepe JuHUKU GEN2021-512 BbIABUI 3Ha-
YHUMOe U3MeHeHHe TOJIbKO B NMPOJOJKATEbHOCTH epuoja
«BCXOJblI — KOJIOLLIEHHE», B TO BpeMs KaK BbICOTa pacTeHUH
Y yCTOWYMBOCTD K I0OJIETAaHHIO He MpeTeplesy CyLieCTBeH-
HBIX U3MEeHeHUH 110 CpPaBHEHHIO C peLIUNIUEeHTOM.

AHayiu3 3/1eMeHTOB NPOAYKTUBHOCTH KoJloCca MOKasal,
YTO HEKOTOpBIe IOKa3aTe/u 0O4eHb CUJIbHO 3aBUCAT OT yCJIO-
BUH BereTalMOHHOro ce30oHa (Tab.. 4). Tak, AJMHA KoJioca
y iuHud GEN2021-512 B 3aBUCMMOCTH OT rojia KoJiebasacb
oT 9,6 710 12,1 cM, HO €XeroJHO 3Ha4YMMO MPeBOCXOuJIa 10
aToMy mnokasateJito copT Jo6pbiHs’ (8,4-10,6 cM) u oGpaser
T ispahanicum var. ispahanorufum (6,9-8,1 cM) (cM. Ta6.1. 4).

Yucsio KoJ10CKOB B Kosioce y inHUU GEN2021-512 Bapbu-
poBasio oT 16,6 10 18,9 u exxeroZHo 6b1J10 HA YPOBHE COpTa-
pelMIIMeHTa, HO 3HAaYUMO BbIllle, ueM y obpasua T ispahani-
cum var. ispahanorufum (9,5-10,4). Ilo 4ucy 3epeH B KoJioce
HabJIloflanach CX0Kash KapTHHA, YTO U MO YUCIY KOJIOCKOB
B KoJioce. [lo npu3HaKy MJIOTHOCTH KoJioca inHus GEN2021-
512 3HaYMMO yCTynaja eXerojHO COPTY-peLUNHEHTY, HO
3HAYMMO TNPeBOCXOJMJIa N0 3TOMYy IOKasaTesro obpaser
T. ispahanicum var. ispahanorufum. Ilo 03epHEHHOCTHU KOJIOC-
ka JuHusA GEN2021-512 3HayMMo He OTyIMYasach OT COpTa
Jlo6pbIHA’ kKak B 2023, Tak ¥ B 2024 1., HO 3HaYUMO IPEBOCXO-
nauna obpasen, T ispahanicum var. ispahanorufum. Macca 3ep-
Ha c kosioca y iuHuM GEN2021-512 B 2023 1. 6b1y1a 3HAUUMO
Bbllle, 4YeM y COpTa-penunueHTa u obpasua T ispahanicum
var. ispahanorufum, Ho B 2024 r. uHus U copt JloOpbIHS
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Ta6auna 3. Xapaktepuctuka JuHuu GEN2021-512 u ee poauteibckux ¢opm no mop¢o10ruyecKkum
u $eHOoJIOrMYeCKUM NapaMeTpaM, a TaKxKe N0 NPOoAYKTUBHOCTH 3epHa (CapaTos, 2021-2024 rr.)

Table 3. Characterization of the GEN2021-512 line and its parent forms according to morphological /phenological
parameters and grain productivity (Saratov, 2021-2024)

O6paszen / 2021 2022 2023 2024 cpeaHee
Accession . . q c
min-max min-max min-max min-max
BricoTa pacrenuii, cm / Plant height, cm
‘lo6pbIH’ 79,5b 76-84 94,8b 89-98 98,2b 95-105 73,8b 69-77 86,6b

Triticum ispahanicum

; 70,2a 67-72 91,0a 87-93 95,0a 90-100 70,0a 65-72 81,6a
var. ispahanorufum

GEN2021-512 78,0b 76-82 96,0b 90-101 98,5b 96-106 75,5b 70-81 87,0b

HCP 2,503 2,021 1,871 2,865 2,583

YcToituuBocTb K noJsieranuio, 6asi / Resistance to lodging, score

‘lo6pbIHS’ 4,5¢ 4,0-4,8 4,8b 4,3-5,0 4,2b 4,0-4,5 4,5b 4,0-4,9 4,50b

Triticum ispahanicum

; 3,9a 3,3-4,0 3,9a 3,5-4,0 3,7a 3,5-4,0 3,8a 3,5-4,0 3,83a
var. ispahanorufum

GEN2021-512 4,2b 4,0-4,7 4,8b 4,4-5,0 4,3b 4,1-4,6 4,3b 4,1-4,7 4,40b

HCP 0,261 0,316 0,271 0,260 0,250

IIpoA0/KUTEIbHOCTD IEPHO/A «BCXO/bI — KOJIOLIEHHUe», AHel /
Duration of the period from germination to ear emergence, days

‘lo6pbIHS’ 38a 38-38 444 43-44 45a 45-45 41a 41-41 42,0a

Triticum ispahanicum

; 44b 43-45 49c 48-50 50c 49-51 46c 45-47 47,3c
var. ispahanorufum

GEN2021-512 43b 42-44 47b 46-48 48b 47-49 43b 43-43 45,3b

HCP 2,012 1,506 1,712 1,051 1,117

05

Macca 1000 3epeH, r / 1000-grain weight, g

‘lo6pbIHS’ 28,2a 26-30 34,0b 32-37 36,3b 35-40 31,1a 30-35 32,40a

Triticum ispahanicum

; 30,0ab 29-32 31,6a 30-33 32,3a 30-35 31,2a 30-33 31,27a
var. ispahanorufum

GEN2021-512 31,9c¢ 29-33 36,4c 34-39 36,5b 35-40 34,9b 32-36 34,93b

HCP 2,125 2,250 2,512 2,451 2,366

05

IIpoaykTHBHOCTB 3epHa, r/M? / Grain yield, g/m?

‘lo6pbIHS’ - - 317,4ns 279,0a 222,3b 272,9ns
GEN2021-512 - - 324,4ns 295,6b 188,8a 269,6ns
HCP - - NS 15,6 33,1 NS

05

[IpuMedaHKe: YUC/IA B KOJIOHKAX, CONPOBOX/aeMble PA3/IMYHbIMK GYKBAaMHU, pa3/IM4aloTcsl pH ypoBHe 3HayuMoctH 0,05, corsiacHo
MHOKeCTBEHHBIM CpaBHEHHUM 110 JlyHKaHy; [im - BepXHHUH 1 HIOKHUH nTpeaes

Note: the numbers accompanied by different letters in the columns differ at a significance level of 0.05, according to Duncan’s multiple
comparisons; lim - upper and lower limits
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Ta6smua 4. Xapakrepuctuka iuHUuU GEN2021-512, copra ‘1o6pbiHa’ u o6pa3ua Triticum ispahanicum Heslot
var. ispahanorufum Udachin no ssieMeHTaM NpOAYKTUBHOCTH KoJioca (CapaTtos, 2023-2024 rr.)

Table 4. Characterization of the GEN2021-512 line, cv. ‘Dobrynya’, and the accession of Triticum ispahanicum Heslot
var. ispahanorufum Udachin according to ear productivity components (Saratov, 2023-2024)
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2023r.
‘lo6pbIHs’ 10,63 b 18,29 b 53,0b 1,71c 1,97 b 2,89 b 37,70b
GEN2021-512 12,15¢ 18,92 b 53,43 b 1,51b 2,17 ¢ 2,82 b 40,80c
Triticum ispahanicum var. ispahanorufum 8,11a 10,4 a 13,2a 1,20a 0,43 a 1,26 a 31,80a
HCP, 1,284 1,034 2,326 0,081 0,137 0,862 2,820
2024r.
‘lo6pbIHs 8,44 b 16,06 b 37,86 b 1,89 ¢ 1,42b 2,36 b 37,58b
GEN2021-512 9,62 ¢ 16,64 b 36,07 b 1,72b 1,32b 2,17 b 36,52b
Triticum ispahanicum var. ispahanorufum 6,95a 9,5a 11,1a 1,35a 0,34a 1,16 a 30,00a
HCP, 1,140 2,023 3,064 0,102 0,151 0,821 2,174

le/lMe‘{aHl/le: 4HcCJia B KOJIOHKAX, COIIPOBOX/AaeMble PA3JIUYHBIMU 6yKBaMl/l, passM4arTCAd IpU YPOBHE 3HAYHUMOCTHU 0,05, corsiacHO MHO-

KEeCTBEHHBbIM CDAaBHEHHUAM I10 ﬂyHKaHy

Note: the numbers accompanied by different letters in the columns differ at a significance level of 0.05, according to Duncan’s multiple com-

parisons

Mex/ly cO601 3HaYUMO He Pas3JIMyaJuCh, a ¢ o6pasuom T is-
pahanicum var. ispahanorufum uMeny 3Ha4MMble pa3JIUYUsA
He B Mo0Jib3y mnocjaefHero. PacyetHas Macca 1000 sepeH
y U3y4yaeMoM JIMHUM GblIa 3HAYMMO BBbILIE, YeM Y o6pasua
T ispahanicum var. ispahanorufum, HO Ha OJHOM YypOBHe
(2024 r.) unu 3nauumo Boiue (2023 1), yeM y coprta /lo6-
PBIHS.

Tak>ke 6b1J10 OTMeUeHO, 4To pakTHIeckast Macca 1000 3e-
peH y iuHuu GEN2021-512 B cpeiHeM 3a yeThIpe roja 6bL1a
3HA4YMMO BbILIE, 4eM y copTa Jlo6pbiHsa’ u o6pa3ua T ispaha-
nicum var. ispahanorufum (cM. Ta6.1. 3). Bosiee Bbicokasi Mac-
ca 1000 3epen y siuauu GEN2021-512 no cpaBHeHHUIO C ee
pOAUTENBCKUMHU (OpMaMHM OTMevaslach €XerofiHo, KpoMme
2023 r, KorAa no 3TOMy MoKasaTeJsIlo 3Ta JIMHUSA U copT Jo-
OpbIHA' IPAKTHUYECKU He Pa3In4alnch.

[IpoayxtuBHOCTh TMHUK GEN2021-512 u copTa Zlo6pbI-
HfA' U3y4Ya/M B KOHKYPCHOM COPTOUCIBITAHUM B YCIOBHUSAX,
NpUOGJIMPKEHHBIX K IPOU3BO/CTBEHHBIM NOceBaM, 6e3 cpas-
HeHus ¢ o6pasuoM T ispahanicum var. ispahanorufum, Tak
KaK 3apaHee 6blJI0 U3BECTHO, YTO OH MeHee MPOAYKTUBHBIMH.
OCHOBHO 11eJ1bI0 JJAaHHOM OLIEHKH SIBJISJIOCH CPAaBHEHHE HH-
TPOTPECCUBHOM JIMHUU C COPTOM-PELUITUEHTOM JJIs1 BbISAB-
nenus 3¢pdektToB uHTporpeccuu ot T ispahanicum var. ispa-
hanorufum v onpejiesieHUs CeJeKIMOHHOH [IeHHOCTH JIMHUU
GEN2021-512 (cm. Tab6s. 3). AHanu3 NpoAYKTUBHOCTH MPO-
BOJIMJICA B TeYEHHE TPeX JIET, U B CPeJHEM 3a 3TOT MEPHOJ,
auaust GEN2021-512 u copt /lo6pbIHS’ 3HAYMMO He pasJiu-
YaJIMCh, HO IPYU U3Y4YEHHUH 3TOr0 [T0Ka3aTesid M0 rofiaM OTMe-
YeHO, YTO B HauboJiee 61aronpusATHBIE 10 KOJIUYECTBY 0Ca/]-

KOB U TEMIIepaTypHOMY pexXuMy roasl suHus GEN2021-512
10 NMPOAYKTUBHOCTH OblJa Ha ypPOBHE COpTa-peluIMeHTa
(2022 r.) niu 3HaunMo Bbllle ero (2023 1.), HO B YCJIOBHUAX
2024 ., KorAa oTMeYalluch 3acyllJIMBble IBJIeHUs B IEPUOJ,
Ha/IMBa 3€pHa, 3Ta JIMHUA 3HA4YMMO ycTynuua copty Jlo-
OpbIHS.

HM3BecTHO, 4yTO cofepkaHue Geska B 3epHe y T ispahani-
cum var. ispahanorufum foxogut 110 25%, a mo o6’beMy xse6a
COOTBETCTBYeT IOKa3aTessIM CUJIbHbIX nuleHul (Dorofeev
etal., 1987). UccieoBaHu# 0 BJIHSHUIO 3TOTO BU/A HA XJle-
6oneKapHOe KayecTBO FeHOTHUIIOB, MOJIyYE€HHBIX OT CKpELIH-
BaHu# T aestivum/T ispahanicum, Mbl, K coXXaJIeHHIO, He Ha-
IIJIM B IOCTYITHOM HaM JiuTepaType. B aToii cBsA3u pe3ynbra-
ThI, IOJIyYeHHble HaMU 110 olleHKe JuHuu GEN2021-512 mo
NoKa3aTessAM KayecTBa, MOTYT B HEKOTOPOH CTeneHH pac-
KpBITb 3TOT Bonpoc. CjieiyeT OTMETHUTB, YTO JIMHUS CPAaBHU-
BaJIaCh C COPTOM-pelunueHToM JI06pbIHSA, KOTOPBIM MO I0-
KasaTeJssAM KaueCcTBa MyKH U xse6a [occopTkomuccueir PO
OTHECEH K CUJIbHBIM NleHunam (ta6Jr. 5).

Onenka sinHun GEN2021-512 mo copepxaHuio Geska
B 3epHe U NPOLeHT-KJIeHKOBHUHBI 10Ka3aJia, YTO OHA 3HAYHU-
MO NpeBbILIaeT MO 3TUM NoKazaresnsaM copT Jlo6peiHs’. Ka-
4YeCcTBO KJIeHKOBUHBI ¥y TuHUM GEN2021-512 B cpesjHeM 3a
ro/ibl U3y4eHHUs GbLJIO HAa YPOBHE CHJIBbHBIX NueHuL, (75 ex.
U/JK 3), B To 3xe BpeMs y copTa /lo6pbIHS’ 9TOT OKa3aTesb
HaxoZuJICSl HAa YpoBHe xopouero ¢usuepa (80 ex. UJIK 3).
He BBIIBJIEHO CTAaTUCTHYECKH 3HAYUMBIX Pa3IMuUN MeXAy
JINHWEHN W COPTOM-pelMNnueHToOM no ynpyroctu tecta (P)
Y OTHOILIEHHIO ynpyrocTH K pactskumoctu (P/L). ITo noka-
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Ta6suua 5. Xapaktepuctuka JuHUU GEN2021-512 u copTa I06pbIHA’ APOBOM MATKOM MIIEHULIBI
Mo XJIe60NneKapHbIM KayecTBaM, B cpeAHeM 3a 2022-2024 rr.

Table 5. Characterization of the GEN2021-512 line and spring bread wheat cv. ‘Dobrynya’
according to their breadmaking qualities, average for 2022-2024

., Iloka3aHue anbBeorpada /

Kneg:(otnmla / Physical properties of dough IigeT
O6pasern, / En Benok, % / (alveograph) V,em3 / | mMakuma /
Accession Protein, % V, cm? Crumb

Content, HUAK-3/ P,mm /P, P/L W,e.a./ color

% Strength mm W, a. u.
‘Jlo6pbIHS’ 37,12a* 79,60b 16,26a 84,70 ns 1,17 ns 265 ns 810 ns YKeJIThIN
GEN2021-512 44,06b 74,60a 18,08b 84,13 ns 0,99 ns 293 ns 795 ns YKEJIThIN
X 40,59 77,10 17,17 84,42 1,08 279,0 797,5
HCP, 4,575 3,448 1,819 NS NS NS NS

[IpuMedaHHe: 4ucIa B KOJIOHKAX, CONPOBOX/jaeMble pa3/IMYHbIMU 6yKBaMH, pa3/IM4YaloTCsl TPHU ypoBHe 3HauuMocTtH 0,05; P - ynpyrocTtb
TecTa; P/L - oTHOIEeHHe ynpyrocTy TecTa K pacTshxkuMocTty; W - cusia Myky; V - 06'beM xJ1e6a; e. a. — eAMHUIBI asibBeorpada

Note: the numbers accompanied by different letters in the columns differ at a significance level of 0.05; P - dough elasticity; P/L - dough
elasticity/extensibility ratio; W - flour strength; V - bread volume; a. u. - alveograph units

3aTesisIM «CUJIbI» MYKHU U 06beMa xseba auHus GEN2021-
512 u copT-penunueHT MeXAy co60¥ 3HaYMMO He pasjnya-
JIUCh, HO 110 «CHJIE» MYKH JIMHUIO MOKHO OTHECTH K IpyIie
CUJIbHBIX TIIEHUI, a copT Jlo6pbIHSA - K rpymnmne IeHHBIX
(cM. Tab6.. 5). MlosyyeHHble JaHHBIE MO BJAWSHUIO UHTPO-
rpeccun ot T ispahanicum var. ispahanorufum Ha xne6orne-
KapHble KayecTBa Ha npuMepe suHuU GEN2021-512 noka-
3aJIH, UTO MPU HUCII0JIb30BaHUU copTa /[oGpbIHA’ B KA4YeCcTBe
peLUnueHTa He NMPOUCXOJUT YXy/LIeHUsT OCHOBHBIX MOKa-
3aTeJsiel Ka4ecTBa, a 10 HEKOTOPBIM MPOU30ILJIO Jaxe yayd-
HeHHe.

Takxe OTMedeHbl HEKOTOpPble OCOGEHHOCTH JIMHUHU
GEN2021-512. B yacTHOCTH, T€CTO U3 MYKH 3TOU JIMHUU 00-
Jlaziasio GoJIbIIEed 3JIACTUYHOCTBIO MPH 3aMece, a XJieb, Io-
JIyYUBIIUH OIIEHKY 5, NMeJl XKeJTYI0 OKpacKy MsAKHILIA, Kak
uy copTa Jlo6pbIHS, ¥ 10 OPraHOJIENTHYECKHUM U BKyCOBBIM
0COO6EHHOCTAM TaK»Ke ObIJI BbICOKO OljeHeH, 00J1a/a/l TOHKUM
Y IPUATHBIM apoMartoM (puc. 3).

3ak/l0oueHue

B pesysibraTe MHOroJieTHeH pa6oThl CO3/aHA JIMHUSA
GEN2021-512 ot ckpeuiuBaHus ob6pasua Buza T. ispahani-
cum var. ispahanorufum u copTa SIpOBOH MSTKOH MIIEHUIbI
Jlo6pbIHsA. JIMHUA 06J1alaeT PSAAOM CeJEKIIMOHHO LIeHHBIX
MIPU3HAKOB: YCTOMYHMBOCTBHIO K BO36GYAUTEIO JIUCTOBOM prkaB-
YHHBI, 60JiIe€ KOPOTKHUM IEPHUO/I0OM «BCXO/bI — KOJIOLIEHHE,
noBbIlieHHOU Maccoil 1000 3epeH (B OTAeJIbHbIE TOJbI),
a TaK)Ke BBICOKMMH TEXHOJIOTHYECKHM IOKa3aTessaM Kade-
CTBa MyKH U xyieba (6esok - 18%, kieiikoBuHa - 44,1%),
a Ka4eCTBO KJIEHKOBUHBI Y 3TOU JIMHUU B CpeZiHEM 3a TO/bl
M3y4yeHHUsd ObLJI0 Ha ypOBHe cU/bHBIX ueHu (75 ex. UJK 3).

Bkiroyenue auHuu GEN2021-512 B ceJieKIJMOHHO-TE€He-
THYeCKHe HCCJeJOBaHUSA B YCJ0BUAX HUXHEBOJKCKOTO
CeJIbCKOXO3sIMCTBEHHOr0 pervoHa Poccuu MO3BOJHUT HC-
[10JIb30BaTh NOTEHI[HAJ 3TOH JIUHUM JAJIs YAYULIEHUS COp-
TOB SIPOBOM MSTKOM MIIIEHUIIBI.

Puc. 3. Xne6en;: 1 - copT spoBOi MATKOH niueHunbl Jlo6pbiHA’; 2 - 1uHUA GEN2021-512

Fig. 3. Experimental small loaf: 1 - spring bread wheat cv. ‘Dobrynya’; 2 - the GEN2021-512 line
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AKTyanbHOCTB. CoflepaHue KOJIJIEKLIMH MJIOJOBBIX KyJbTYp HajJexallluM 06pa3oM NpejnoJaraeT UCI0Ib30BaHUe 3HAUU-
TeJIbHbIX MaTepHabHbIX pecypcoB. O/lHa U3 BaxKHeHIIMX 3a/la4 — HAaX0X/JeHHe U yJjajleHre Ay6IUpyoLMX 06pa3LoB. Llenbto
JlaHHOM paboThl SABJsJIACh OLleHKa KOJIEKLIMOHHBIX 06pa3l0oB IPyLIM Ha NpeAMeT YHUKAJbHOCTH WJIM TOXJEeCTBEHHOCTH
TOMY WJIM MHOMY 'eHOTHUIIY, a TaKXe OlleHKa pab0TOCIOCOGHOCTY MapKepHOH cucTeMbl, pekoMeHgoBaHHOM ECPGR.
MaTtepuaJjibl M1 MeToAbL. O6'beKTOM UCCIe[0BaHUs ObLIN 1eBSATh 06pa3loB IPYIIH, NOJydyeHHble U3 KcIeAuL i o Pecy6-
Jvke Besnapych, 1 AT COPTOB-KOHTPOJIEN U3 ceJIeKIIMOHHbBIX CTAaHLMK U HAyYHO-HUCCIe0BaTe/IbCKUX HHCTUTYTOB. U1eHTH-
duKkanus JaHHBIX 00bEKTOB NIPOBe/ileHa MeToloM SSR-aHa/IM3a ¢ HcnoJib30BaHUEM 12 MapkepoB.

Pe3ynbTaThl. YcTaHOB/IEHA IPUHAANIEKHOCTD psiia 06pa3lioB KOJIEKIMH Ipylid MHCTUTyTa MJI0J0BOACTBA, MOCTYMHUBIINX
13 pa3HbIX UCTOYHUKOB, K copTaM ‘Tanrapckas Kpacasuua), ‘Clapp Favorite’, ‘Doyenné du Comice’ u ‘Vasarine Sviestine’ u onpe-
JleJleHa yHUKalbHOCTb copToB ‘[logapok KpacHokyTckui' u ‘CeMeHoBckas’ [Ipy npoBeieHUN MOJIEKY/IIPHO-TeHETUYEeCKOT0
aHasM3a npuopuTeTHble Mapkepbl EMPc117, EMPc11, CHO4e03, CH01f07a, CH01d08, CH01d09, GD147, CH05c06 u CH03d12
MoKa3aJ/ii BbICOKYI0 3¢ PeKTUBHOCTb. YPOBEHbD ajliejibHOTO nosuMopdusma (He) BapbupoBas B npesenax ot 0,52 go 0,89,
B cpefHeM 3To cocTaBuiio 0,77 eauHul,. 3HaueHre UHPOPMATUBHBIX ajliesield — 5,44, 0611 ee YK CI0 BbISIBJIEHHBIX — 96, CO cpeji-
HUM 3HayeHHeM Ha MapKep — 8. PaccuuTaHHble napaMeTphl 0 AaHHBIM MapKepaM y U3y4eHHbIX COPTOB COIVIACYIOTCH C pe-
3yJIbTaTaMM aHa/iM3a Apyrux aBTopoB U3 llIBenny, lfepMaHuu, AHIJINY, UTO KpaliHe Ba>KHO IPU CPaBHEHUU KOJIJIEKLIUH pacTe-
HUH U3 pa3/IMYHbIX 623 JJAHHBIX.

Kamoueswle caosa: rpyuia, copT, ueHTudukanus, SSR-MapkupoBaHue, K1acTepHbld aHanus, benapycb

BaazodapHocmu: pa6oTa BblNoJIHeHa B paMKax ['ocygapcTBeHHON nporpaMMbl «HayuHO-MHHOBaLMOHHAs AesATesbHOCTb Ha-
LMOHA/JIbHOU aKkaZieMuu Hayk Besnapycu» Ha 2021-2025 rr., nognporpammsbl 03 «M3yyeHnue, uaeHTUPUKaALUS U palUOHAb-
HOe HCI0JIb30BaHUe KOJLJIeKIMH reHeTHYeCKUX PeCypCoB paCTeHUM».
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Background. According to international requirements, maintenance of a fruit crop collection involves the use of significant ma-
terial resources. One of the most important tasks is to prevent duplicate samples from entering the collection. The genetic
uniqueness and identity of pear accessions preserved at the Institute for Fruit Growing were studied with SSR markers recom-
mended by the ECPGR.

Materials and methods. The material of the study included 9 pear accessions obtained from expeditions in the Republic of Be-
larus and 5 control cultivars from breeding stations and research institutes. Their identification was carried out with the SSR
analysis method, using 12 markers.

Results. This analysis ascertained that a number of accessions received from other institutions and from amateurs, with differ-
ent names, were in fact cvs. ‘Talgarskaya Krasavitsa’, ‘Clapp Favorite’, ‘Doyenné du Comice’, and ‘Vasarine Sviestine’. Besides, the
uniqueness was proved for cvs. ‘Podarok Krasnokutsky’ and ‘Semenovskaya’ Priority markers (EMPc117, EMPc11, CH04e03,
CH01f07a, CH01d08, CH01d09, GD147, CH05c06 and CH03d12) showed a high level of efficiency during the molecular genetic
analysis. As a result, a total of 96 alleles were identified with the mean number of 8.0 alleles per marker; the mean number of
informative alleles was 5.44. Based on the results obtained by mathematical calculations (He, EMR, and MI), the EMPc117
primer was found to be more effective. The He for the 12 SSR primers varied between 0,52-0,89, averaging 0,77 units. The cal-
culated parameters for these markers in the studied cultivars were found to be consistent with the analysis results of other au-
thors from Sweden, Germany, and England, which is extremely important when comparing plant collections from different da-
tabases.

Keywords: pear, cultivar, identification, SSR markers, cluster analysis, Belarus
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BBeaeHue

[eHeTHYeCKHe pecypchl B CTpaHax-JepiKaTessix sBJIS-
IOTCSI OCHOBHBIM HCTOYHHMKOM Ka4eCTBEHHOI'O0 HCXOJHOTO
MaTepHasa JJis CO3/laHHs BBICOKONPOJYKTUBHBIX COPTOB,
CMOCOGHBIX YCIEIHO NPOTUBOCTOSATh MEHSIOLIUMCS YCI0BHU-
M (M3MeHeHUe KJIMMaTa, pacnpocTpaHeHHe HOBbIX 60Jie3-
HeH U BpeAuTesel) U B TO XKe BpeMs COOTBETCTBOBATh 0XKHU-
JlaHUsM NOTpebUuTeNei.

Kosiiekuusi MI0J0BbIX, SITOAHBIX, OPEXOMJIOJHBIX KYJIb-
TYp ¥ BUHOTpaZa MHCTUTYTA NJI0L0BO/CTBA SIBJISETCS KPYIl-
Hellell B Pecniy6/1mke Besapych u npusHaHa 06beKkToM Ha-
[IMOHAJILHOTO JJOCTOSIHUSA. B HacTos1ee BpeMst 06U reHo-
GOH/L HACUUTBHIBAET NATH C OJOBUHOM ThICSY 06pasLioB, U3
HUX Nopsifika ceMucoT coptoB rpyuu (Kazlouskaya, Yakimo-
vich, 2019).

[lorno/iHEHHe TeHEeTUYECKUX PeCYpCOB B HallleH CTpaHe,
KaK U BO MHOTHX APYTHUX, TECHO CBSI3aHO C Npo6J1eMOM Ay6-
JIMPOBAaHMs 00pa3l0B W HENPaBUJbHBIX Ha3BaHWH, BO3HU-
Karoulel no pasHbiM npudnHaM (Sehic et al,, 2012). B Bena-
PYCH 3TO CBSI3aHO C TEM, YTO KOJIIEKIIUH YaCTUYHO MOIOJIHS-
I0TCSl 00pa3liaMM C HEU3BECTHBIMU WJIM OLIMGOYHBIMHM Ha-
3BaHUSAMMU OT Ca/l0BOJOB-JIOOHUTEEH, IO pe3ybTaTaM 3KC-
HneAMLIMOHHBIX 06caen0BaHui. B BocHuu u l'eplieroBuHe sta
npo6JieMa CyllecTByeT M3-3a YaCTOH MUTpALMM HacCeseHHUs
BaJIkaHCKOTO M0JIyOCTPOBAa HAa NPOTSKEHUH BCEH HCTOPHH,
KOTOpbIE CONPOBOXKAANNUCH lepeMelljeHeM reHeTHYeCKUX
pPEeCypcoB, YaCTO C U3MEHEHHBIMU HA3BAHUSIMU OT/EJbHbBIX
coptoB (Puri¢ etal,, 2009; Zeljkovi¢ etal,, 2019). Pe3ynbra-
TOM TaKOI'0 MOJIOKEHUS Jie) siBsieTcsl HeaddeKTHBHAS T'H-
Opu/M3anus, NycTas TpaTa pecypcoB U B L[eJIOM CHIKEHHE
YPOBHsI TeHETHYECKOT0 Pa3HO00pa3usl.

Jl1st McKiIIoYeHUs npo6JieMbl 1y6IMPOBaHUS U COAepkKa-
HUSl KOJUIEKLMM Ha/JexaliuM o06pa3oM, BKJIOYas Kaue-
CTBEHHOE 006C/Iel0BaHUE, MHBEHTApU3aL U0, BeJleHUE JI0KY-
MEHTALMU COIVIACHO MEeXAyHapOJHbIM TpPeOGOBAaHMSM, HH-
dopMupoBaHMe 00LIECTBEHHOCTH, HEOOXOAUMO MCIOJIb30-
BaTb HauboJsiee 0ObEKTUBHbIE METOJbI U3Y4YEHUs KOJIJIEK-
[IMOHHOT0 MaTepuasa. B mpoiioM 3Ty po/ib BBIIOJIHSIH
MopOJIOTHYECKHE METO/bI, CEYac He3aMeHUMbIM HHCTPY-
MEHTOM B BbIIIOJIHEHUH TIOCTABJIEHHbBIX 33/ja4 SIBJISIOTCS Me-
TOZBI MOJIEKYJIIPHOW IeHETHUKH, @ UMEHHO HCII0JIb30BaHUE
MoJieKyIsIpHbIX MapkepoB (De Andres etal, 2007; Nybom,
Weising, 2010).

BHeipeHHe MOJIEKY/ISIPHBIX MapKepoB MO3BOJIMJIO Cle-
JIaThb ONpeJiesieHre CBOMCTB reHodoH/1a 6oJiee LieJieHanpaB-
JIEHHBIM, MEeHee 3aBUCUMbIM OT OKpY>Kalollel cpe/bl U 60Jiee
MHGOPMaTHUBHBIM. MoJIEKY/ISIPHBIE HCCJIEA0BAHUS 103BOJISA-
I0T U3y4aThb 3BOJIIOLMIO, IPOUCXOXK/EHHUE, IJIOUIHOCTb pas-
JINYHBIX BUJIOB U KYJIbTYPHBIX COPTOB, OLleHUBATb reHETHYe-
CKOe pa3Hoo6pasre U NOHHUMAThb [IPOUCXOXK/JEHUE MECTHOTO
Y UHTPOJYLMPOBAHHOI'O COPTHMeHTa IIoAoBbIX (Nadeem
etal, 2018).

OZHMMH M3 HauboJiee PACNpOCTPAHEHHBIX W MOMyJsp-
HBIX MOJIEKYJIIPHBIX MapKepoB MpPH OL€HKe FeHeTHUYECKUX
pecypcoB SIBJISIIOTCS NPOCTbIe MOBTOPHI NOC/IEJ0BATEIbHO-
cteit (SSR) 6s1aroapsi MHOTUM LI€HHBIM CBOMCTBAM — BbICO-
KOH 4aCTOTe MyTaluH, JIOKyCOCHEeUPpUUYHOCTH, BBICOKOMY
noJUMOpGU3MY U BOCIIPOU3BOJUMOCTH; OHU MHOTOAJIJIe/b-
HbI Y UCNOJIb3YIOTCS [ aHA/IN3a POACTBEHHBIX TAKCOHOB
(Yamamoto et al.,, 2002; Taheri et al., 2018).

MousiekynsipHble MCCIeL0BaHUs AJIs1 OLEHKU reHeTH4e-
CKOro pa3Hoo6pasusi reHoQOHJa IPylId MPOBOAMJIUCH BO
MHOT'UX cTpaHaxX Mupa: besnapycu (Urbanovich etal, 2011),
Bocuuu u TepueroBune (Gasi etal, 2013; Zeljkovi¢ etal,
2021), 'py3uu (Asanidze et al.,, 2014), lepmanuu (Reim et al.,

2016), Utanuu (Ferradini et al., 2017), AAnouuwu (Nishio et al,,
2016), loabuwe (Wolko etal., 2014), [Toptyranuu (Kocsisné
etal, 2020), Ucnanuu (Alonso Segura et al,, 2021) u TyHuce
(Ouni etal., 2020). OcHOBHO¥ TeMaTUKOHN JaHHbIX UCCJIEN0-
BaHMM ObLIO U3y4YeHHe MEeCTHBIX COPTOB, CPABHEHHE JIUKUX
POZICTBEHHUKOB, MEPCIEKTUBHBIX COPTOB U APYTMX BUJIOB
Pyrus L., a Takxe U3y4eHUe Npo6JieM, CBI3aHHBIX C GUOJIOT -
YEeCKUM Pa3HO0Opa3rueM KaKJ0W CTPaHBI.

06mmuit Ha6op SSR-MapkepoB, onpezeeHHbId EBponeit-
CKOM mporpaMMoH COTpyJHHYECTBAa B 06JIaCTHU I'eHeTH4Ye-
ckux pecypcoB pactenuid (ECPGR) a5 cKkprHUHra cOpTOB
rpywu (Evans etal., 2009; Sehic etal., 2012), faeT Bo3MOX-
HOCTb CPaBHUTD IOJIyYE€HHbIE TeHETHYECKHEe TPODUIIU COP-
TOO6PA3L0B C aHAJIOTUYHBIMHU, MOJYYEHHBIMU B J1abopaTo-
PHSIX APYTUX CTPaH, U 00yCAOBUJI UX BbIGOP /JIsl HALIETO UC-
C/le[J0BaHUs, Ye/blo KOTOPOTO SIBJISJIACh OLleHKA KOJIJIEKIIH-
OHHBIX 00pPA310B I'PyLIX HA NpeJMET YHUKAJbHOCTH UJIU
TOX/IECTBEHHOCTH, a TaK)Xe OlLeHKa paGoTOCIOCO6HOCTH
JlaHHOM MapKepPHOM CUCTEMBI.

MaTtepuaJjibl U METO/AbI

06bekToM jus JAHK-mapkupoBaHusi 66114 9 06pasuoB
Ipy1lIH, NOJy4yeHHble U3 sKcneAunui no Pecny6iuke Besa-
pych (Kazlouskaya et al., 2021), KOHTPOJISIMH BbIOpAIU HATh
COpPTOB U3 CeJIeKLJMOHHBIX CTAHLUN M Hay4yHO-HUCC/Ie0Ba-
TeJbCKUX UHCTUTYTOB. /laHHble 06 UCTOYHUKe MOJy4yeHUs
06pasLoB NpeJcTaB/eHbl B Tabsule 1.

JHK skcTparupoBasu U3 CBeXXHUX MOJIOABIX JIUCTbEB (Ha-
Becka 100 mr). PacTuTesbHBI MaTepuas 3aMOpaKHBad
B ’KM/IKOM a30Te, ToMoreHU3upoBaau U Bbigessau JHK c mo-
Molbio Habopa Genomic DNA Purification Kit (Fermentas)
COIJIACHO PEKOMEeH/J0BAaHHOMY IIPOM3BOAUTENEM IPOTOKOIY.
KavectBo u koHuenTpanuto /IHK onpenensiiu metogom
asekTpodopesa B 1,5-IpoLeHTHOM arapo3HoM TeJie NMyTeM
CpaBHEHUS CO CTaHJapTaMH C M3BeCTHOM KOHLEeHTpaluei
(50 ng, 100 ng, 200 ng, 400 ng). Pukcauuio pe3yabTaToB Ipo-
BOJUJIU C moMolbio cucteMbl Imagine ChemiDocXRS (Bio-
Rad Laboratories, CILA). [leTekiusi pe3y/JbTaTOB 3KCTpaK-
LMY TMIOKa3bIBaJia BbIcoKoe cofepxanue JJHK B npobax.

B pa6oTe ucnosib3oBaHO 12 MUKpOCaTe/UTMTHBIX MapKe-
POB, CTPYIIIMPOBAHHBIX B MATh MYJbTUIJIIEKCHBIX HAGOPOB,
cojepxamux no 2 wuiau 3 Mapkepa. B kaxjaom Ha6ope
SSR-Mapkepb! 6bLIM CIPYyNNUPOBaHbI C YY€TOM Auana3oHa
pasMepoB aMIIMGUIUMPOBAHHBIX GpPAarMeHTOB U HMeJHU
pasHble ¢uyopecuenTHble MeTKU (By5, By5,5): 1-i Ha6op:
A(CHO1c06), B(CHO02c02b); 2-it HaGop: E(CH03d12),
F(SdSSR); 3-#t Ha6op: G(CHO05c06), H(EMPc11); 4-i1 Ha6op:
J(EMPc117), K(CH01d09), L(CHO04e03); 5-ii Hab6op:
M(GD147), N(CH01f07a), O(CH01d08). BoceMb U3 yucJa uc-
c/leflyeMbIX MapKepoB B3fITbl HAMU U3 Habopa NMpPUOPUTET-
Hbix (ECPGR) u 4 SSR Mapkepa - 13 yucia peKOMeH/J0BaH-
HbIX 6€JI0PyCCKUMHU HCCleloBaTeIIMU AJIS COPTOB U TMOPU-
zoB rpywu (Urbanovich et al., 2011).

[TocsieoBaTeNIbHOCTH MpaiMepoB [Js1 MOJIEKYJISPHBIX
MapKepoB, UCII0Jb30BaHHBIX B HallleM HCCJIeJOBAaHUH, NIPU-
BeJleHbl B Tabsule 2.

st mpoBeseHUs peaKU UK aMIIMQUKALMU KaOKAbIM 06-
pasern 6pasnu B kKoHeHTpanuu 50 ng/pl. PeakunonHasi cmech
o6bemMoM 25 pl cozeprkasa TrOTOBBIM HpeMUKC 2x ArtMix
Color - 12,5 pl, 1 pl mpa#imepa (10 pmol/ul), AHK (50 ng/ul) -
2,5 pl. YenoBus npoBeieHHsa aMILIMQUKALUY: HavyaIbHas Je-
HaTypauus npu 95°C B TeueHHe 2 MUH, 3aTeM 45 UKJIOB:
95°C B TedeHHe 5, TeMIepaTypa OTXKUra B 3aBUCHUMOCTH
OTHUCIIOJIb3yeMoro npaiimepa - 10 ¢, cunTes npu 72°C B Teve-
Hue 10 c. Peaknua npoBoausack B Tepmouukiaepe C 1000
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Ta6mnna 1. 06bEKTHI MCCIeJOBaHUS

Table 1. Objects of research

Tox nocTynieHus
Copr, o6pazer / B KOJUIEKLIHIO / HWcTouHuK nosydeHust o6pasna /
Cultivar or accession Year of entering the | Pear germplasm supplier
collection
KonTposbHbie copta / Control cultivars
‘/lexanka f1o0 Komuc’ Maiikonckas onblTHasA ctaHius — puuan BUP (Poccus, Pecny6siika
) S 1959 .

(‘Doyenne du Comice”) Apnpires, Maiikon)
. , JloHe1Kasl ONBITHO-CeJIEKLMOHHAs CTaHLus, celyac ApTeMOBCKUM
JIro6umuia Knamnna .
. ., 1949 Hay4yHO-UCCle0BaTeJbCKUM HeHTp UHcTuTyTa cafoBosacTBa YAAH
(‘Clapp Favorite’)

(Yxpauna, ApTEMOBCK)

1965 BuTeHckas 1m0/10BooBoIHAsA onbITHasA cTaHus (Vytény bandymy
‘Macasuncras JeTrsis’ t<;totlsv)., c_evmac.HIfII/I I-IJIOL[OOBOH.leBOI[CTBa:’ (Sodininkystés
(‘Vasarine Sviestine’) irdarzininkystés instituta) (Jlutea, babtai);
1997 noBTopHO u3 Plire Horticultural Research Centre (Ptre HRC) (JlaTBus,

lype)
‘Tlogapok 1984 ['poiHeHCKUI 30HaIbHBIN UHCTUTYT pacTeHueBocTBa HAH Benapycu
KpacHokyTckuit’ (Benapycs, lyuuH)
Tanrapcxa,ﬂ 1997 Plire Horticultural Research Centre (Plire HRC) (JlaTBus, Ilype).
Kpacasuna

HUccnepyemblie o6pa3usbl / Studied accessions

ApaMnasb 2017 CutHuk B. U., I'pogHeHcKas 06.1.
Bepe Ciynkas 2018 Ymakos, MuHckas 06.1., Konblib
['pyira ABAMTOBCKOTO 2017 ABpuToBckUH, ['po/iHeHCKas 061
I'pywa [llymckoro 2017 llymckuii Y. I1., Morunesckas 06.1., Exnszoso
AHxenelic 2014 Konromuk A. U., Bpect
MapuanHa 2013 ['omesibckast 06.1.
Harnma 2018 Kaszaxckuit HUM nuiogoBoacTBa M BUHOTrpajapcTBa, KasaxcraH,

AnMatbl
CeMeHOBCKas 2014 CemenoBa 3. A. MuHckui p-H., CaMOXBaJIOBUUU
JHUCMaHTBI 2017 ['posHeHCKast 061, IUCMaHTBI

Touch CFX96 (Applied Biosystems, USA). [IpoayKTbI aMIIH-
¢dukauuu paszensad B 1,5-NpoleHTHOM arapo3HoOM reJe
B TpUcC-aLeTaTHOM 6ydepe. PparmMeHTHbIN aHAIM3 NPOBOHU-
JIM Ha reHeTH4YecKoM aHasnu3arope GenomeLab GEXP - Beck-
man Coulter (CHIA) cornacHO pekoMeHJALUAM GUPMBI-
npousBoguTessa. JlaHHble o6pabaTbiBajJd B Iporpamme
GeneMarker V.2.7 4.

JIJ1s1 OLleHKY U3MEHYMBOCTH U3y4YaeMbIX JIOKYCOB U I'eHe-
TUYECKOI'0 Pa3HOO06pPa3usi reHOTUIIOB IPYIIHd NPOBEJH CTa-
TUCTUYECKHH aHa/IM3 psi/ia TapaMeTpPOB, B UX YUCJIE: KOJINYe-
CTBO BBISIBJIEHHBIX ayliesied (number of detected alleles, Na),
Hab6Jto1aeMasi reTepo3uroTHocTh (observed heterozygosity,
Ho), xoninyecTBO 3pPeKTUBHBIX ayened (number of effec-
tive alleles, Ne) u oxxuzjaemasi reTepo3uroTHocTh (expected
heterozygosity, He), paccuuTbIBaeMble 10 ONyGJIMKOBAaHHBIM
dopmynam (Nei, Roychoudhury, 1974) ¢ noMmoubio nakera
nporpamm Excel:

He=1-3 (p,)%

Ne=1/5 ()"

e p, —49aCToTa BCTPE4aeMOCTHU i-oro aseJs.

Jns aHann3a MHGOPMATUBHOCTH MAapKEPHOH CHUCTEMBbI
B 11€JIOM HUCI0JIb30Ba/lIN 3QPEKTUBHOE MYJIBTUIIJIEKCHOE OT-
HoweHue (effective multiplex ratio, EMR) v MapKepHBIH HH-
nekc (marker index, MI), paccuuTbIBasi JaHHbIE BeJUYMUHbI
JUJIS1 KXK/10T0 NpaiiMepa B OTAE/JbHOCTH.

[locne omnpeseseHUst AJMHBI CUHTE3UPOBAaHHBIX ¢par-
MEHTOB U YHCJIA aJIIesIel B KaXK/[0M JIOKYCe, BbIOpaB GUHap-
HYI0 HyMepaluio, HaInyue ajiesis B o6pasiie oTMeydanu «1»,
oTCcyTCcTBHE — «0».

OueHKa reHeTHYeCKOH GJIM30CTH 06GPA3L0B M IIOCTpOE-
HUe JleH/iporpaMMbl NIPOBOJMJIMCh HA OCHOBAaHHWU HHJEKCca
reHeTHYecKoro cxozcrsa JKakkapza, KJacTepHbIH aHau3
BbInosiHEH MeToaoM UPGMA - c Hcno/sib30BaHHEM IaKeTa
nporpamm MolMarker.

Pe3ynbTaThl
B xoze uccnenoBanus y 14 06pasnos rpyy ¢ HOMOLLbIO

Ha6opa SSR-mMapkepoB wuaeHTHUPHUIUMPOBaHO 96 PpparMeH-
TOB, U3 HUX 67 (70%) - nosumMopdHBbIe, 29 - MOHOMOpPdHbIE
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Ta6auna 2. CeT npaiiMepoB, MCN01b30BaHHbIN 414 [IHK-naeHTHPHUKauK COPTOB rpyin

Table 2. The set of primers used for DNA identification of pear cultivars

Pasmep
Ne / | Ipaiimepsl / | [locnexoBaTe/ILHOCTh OJTUTOHYKI€0TUAOB (F+R) / MeTka / annenen Telvmtipa-
. . BIH / Typa, °C /
No. | Markers Sequence of oligonucleotides (F+R) Label ? o
Allele size, Tm, °C
bp
5-TTCCCCATCGATCTCTC-3'
A | CHO1cO06 5-AAACTGAAGCCATGAGGGC-3’ By5,5 150-166 47
5" -TGCATGCATGGAAACGAC-3’
B | CHO2c02b 5" -TGGAAAAAGTCACACTGCTCC-3’ By5 103-133 48
5'-GCCCAGAAGCAATAAGTAAACC-3’
E | CHO3d12 5-ATTGCTCCATGCATAAAGGG-3’ By5,5 109-125 >3
5'-GAATTCTCGTCCCTTCATCTC-3’
F | SASSR 5'-GTTCCTTAGCCTCCCATTCTG-3' By5 159-211 52
5-ATTGGAACTCTCCGTATTGTGC-3’
G | CHO5c06 5'-ATCAACAGTAGTGGTAGCCGGT-3’ By> 88-118 55
5'-GCGATTAAAGATCAATAAACCCATA-3'
H | EMPcll 5'-AAGCAGCTGGTTGGTGAAAT-3’ By5,5 140-55 51
5'-GTTCTATCTACCAAGCCACGCT-3’
J | EMPcl17 5-CGTTTGTGTGTTTTACGTGTTG-3' By5 99-119 53
5'-GCCATCTGAACAGAATGTGC-3'
K | CHO1d09 5'-CCCTTCATTCACATTTCCAG-3’ By5,5 133-156 >1
5 - TTGAAGATGTTTGGCTGTGC-3’
L | CHO403 5 -TGCATGTCTGTCTCCTCCAT-3’ By5 179-205 45
5"-TCCCGCCATTTCTCTGC-3’
M | GD147 5'-AAACCGCTGCTGCTGAAC-3’ By> 118-124 55
5'-CCCTACACAGTTTCTCAACCC-3'
N | CHO1f07a 5-CGTTTTTGGAGCGTAGGAAC-3’ By5,5 177-195 55
5'-CTCCGCCGCTATAACACTTC-3'
0 | CHO1d08 5-TACTCTGGAGGGTATGTCAAAG-3’ By> 278-283 55

(30%). KostmuecTBO BbIsABJIEHHBIX ajieneld (Na) Ha Mapkep
KoJsie6asiochb oT 3 1o 12. B cpeHeM 0JHUM MapKepOM CHHTe-
3upoBasiock 8 ¢parMeHTOB. Uncjao ¢parMeHTOB B OJHOM
JIOKyCe COCTaBJIAJO 1-2, [JIMHA MOJyYeHHbIX GparMeHTOB
MeHsJach B npegesax 90-280 Hyk/aeoTHAHBIX nap. Hau-
GoJiblllee KOJIMYECTBO aMIIJINKOHOB MOJIY4Y€HO C TOMOILbIO
mapkepoB CHO02c02b, CH03d12, EMPc117, MunumaabHoe
KoJsimyecTBo — Mapkepamu CH04e03, CHO1D08 (Tab.. 3).

[Io faHHBIM TaGIUIBI 3, CAMBIA BBICOKHMH YpOBEHb aJ-
JlesibHOTO ToJsuMopduama (He) Habuomancs B JIOKycax
CH03d12 u EMPc117 u coctasun 0,89. HanMeHbL1ee 3Haye-
HUe mojuMopduaMa oTMedeHO s MapkepoB CHO04e03,
GD147 - 0,52 u CHO1DO08 - 0,64. 3¢ deKkTUBHOE YUCIIO aslie-
seit (Ne) 6b1710 MaKCMMaJIbHBIM B 3TUX ke JIokycax CH03d12,
EMPc117 u munumanbHbiM B CH04e03, GD147. Tak Kak JaH-
Hble BeJIMYMHBI y PAaCCMOTPEHHBIX JIOKYCOB GbLIM NPOMOP-
[IMOHAJIbHBI, 3TO J0Ka3aJI0 XOpOIy HHPOPMATUBHOCTb
MapKepoB M BBICOKMH ypOBeHb NOJUMOpPHU3Ma MHUKpOCa-
TeJJIMTHBIX 10CJIe/0BATENBbHOCTEN B reHOMe IPyILH.

Ha6ronaeMblil ypoBeHb retepo3urotHoctu (Ho) y uc-
c/lelyeMbIX COPTOB I'PYLIH XapaKTepHU30BaJsCs OTHOCHUTEJIb-
HO BbICOKMM YpoBHeM U Bapbuposas oT 0,14 po 1. Makcu-
MaJIbHOe 3Ha4yeHHue NoJiydyeHo AJjs jokyca EMPc117 - 1. Mu-
HuMasbHoe - y CH04e03, GD147, CHO1F07a. Ho g siokyca

CHO1DO08 sToT nokasaTeJib UMeJl HyJleBOe 3HaUYeHUE, YTO
O0TPasuJIOCh Ha cpeJHeM 3HayeHUU Ho no BceMy HabGopy
u coctaBuisio 0,29. Takoe cpefHee MOKa3aHUe HabJIOZae-
MOTO YPOBHS TeTePO3UI'OTHOCTH MOXKeT ObITb CBSA3AHO C Ma-
JIOH BBIGOPKON 06paslioB MJIM C HAJIMYHMEM HyJIEBBIX aJlje-
Jiel, KoTopble BO3HUKAIOT U3-3a MyTalUi Ha caliTax npaiime-
POB U, COOTBETCTBEHHO, He MOTYT GBITb aMILJIMPUIIUPOBAHBI
(Hynb-as1es11), YTO IPUBOAUT K JIOKHBIM roMo3uroram (Ga-
linskaya et al., 2019).

Mapxkepubiii uHzAekc MI u 3¢ deKT MyJbTUIIEKCHOTO
koapdunenta EMR SIBASIIOTCS CTAaTUCTUYECKUMH Be-
JIMYUHAMU, UCMIOJIb3yeMbIMHU AJIfl OLleHKHU CYyMMapHOM NpPH-
FOAHOCTH MapKepHO# cucTeMbl. M yeM Bbille 3Ha4eHUsA MI
u EMR pyia MeTOLMKH, TeM OHa Jjydile. [lapametp MI me-
HsJcA B npefenax oT 0,13-7,18, a EMR - B npezeJax 0,26-
8,16, cpeiHME UX MOKa3aTeJu 6bIJIIM COOTBETCTBEHHO 1,17
u 1,37. MakcumanbHble 3HadeHuss MI n EMR oTMedeHBbI
y npaiimepa EMPc117, MuHuMMaJibHbBlE — 10 MapKepHOMY
nngekcy y GD147, no adpdekTy My/nbTHUNJIEKCHOTO KO3¢-
éunuenTta y GD147 u CHO04e03. B nesom Mexay KoJude-
CTBOM CHHTe3UpyeMbIXx ¢pparmeHToB (Na) u mapameTpamMu
KoJIn4ecTBa noauMopoHbIX pparmenToB (EMR), (MI) na-
6J1t0/1a/1ach IMOJIOKUTE/IbHAsA KOPpeJALus, YTO CBUJETe/Ib-
CTBOBAJIO O XOPOIIed NPUTOAHOCTH CUCTEMBI.
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Ta6auna 3. CraTUCTUYECKUEe NapaMeTphbl 06pa31oB rpyuiy, nojyyeHHble SSR-mapkepaMu

Table 3. Statistical parameters of pear accessions obtained with SSR markers

INapameTps! /

Hpativeps: Index Na Ne Ho He EMR MI
Markers

CHO1c06 7 438 0,28 0,78 0,88 0,68
CHO02c02b 12 7,53 0,5 0,86 2,33 2,00
CHO03d12 12 9,53 0,28 0,89 0,88 0,78
SASSR 7 5,14 0,14 0,81 0,33 0,26
CHO5c06 8 4,74 0,14 0,79 0,25 0,19
EMPc11 11 7,04 0,28 0,86 0,88 0,75
EMPc117 12 8,47 1 0,89 8,16 7,18
CH01d09 10 6,75 0,42 0,85 1,99 1,69
CHO04e03 3 2,08 0,14 0,52 0,26 0,14
GD147 5 2,1 0,14 0,52 0,26 0,13
CHO1F07a 6 479 0,14 0,79 0,28 0,20
CHO1D08 3 2,78 0 0,64 0 0
Bcero / Total 96 65,33 3,46 9,19 16,5 14,05
&iii“f;i:“e“”e / 8,00 5,44 0,29 0,77 1,37 1,17

[IpuMeyaHue: Na - KOJIM4eCTBO BblsIBJIeHHBIX ajleied; Ne - a¢pdeKTUBHOe 4Mc/I0 aliesell; Ho - Hab/1ojaeMast reTepO3UTOTHOCTb;
EMR - 3¢ deKTUBHOE MyJIbTUIIEKCHOE OTHOLIeHUe; M] - MapKepHbI HH/IeKC

Note: Na is the number of detected alleles; Ne is the number of effective alleles; Ho is the observed heterozygosity; He is the expected het-
erozygosity; EMR is the effective multiplex ratio; MI is the marker index

PaccunTaHHble TapaMeTpbl MO3BOJIMJIM CPABHUTD I0JIY-
YeHHble HAaMH JIJaHHbIE 10 HECKOJIbKHUM O6IIMM MapKepaM
(ECPGR) y M3y4eHHBIX COPTOB C UCIOJIb3YEMBIMH B JIPYTHX
UCCJIe/IOBAHUSX aBTOPAMHM /Il aHA/IM3a CBOMX KOJUIEKIUH:
u3 lIBenuu - J. Sehic c coaBropamu (Sehic etal,, 2012); An-
i - K. M. Evans ¢ coaBropamu (Evans et al., 2009); Tepma-
Huu - H. Xuan c coaBTopamu (Xuan et al,, 2010).

Tak, B uccienoBaHusx J.Sehic 6bw10 9 SSR-MapkepoB:
EMPc117, EMPc11, CH04e03, CH01f07a, CH01d08, CH01d09,
GD147, CHO5c06 u CHO03d12, xoTopble paccMaTpUBaIUCh
Y B Haulel pa6oTe. B ctarbe (Sehic et al,, 2012) as1s1 aHanm3a
BbI6OpKU K3 50 06pa3noB no Mmapkepam CH04e03 u CH01d08
BbISIBJIEHO 6 U 7 ajljleJled COOTBETCTBEHHO — 3TO HaWMeHb-
IIMe 3HAYeHUsS M3 HCCIe[OBAaHHBIX UMM SSR-MapKepoB Io
IIBEJICKOM KOJUIEKIIMU. B HalleM uccieloBaHUH M0 3TUM Ke
JIOKyCaM TaKXKe OTMe4eH HauboJsiee HU3KUH YPOBEHb MOJIH-
Mop¢u3Ma, aMIJIMPHUIIMPOBAJIOCH TOJbKO 3 aiess. Mapke-
pbt EMPc117, CH01d09, CHO1f07a u CH03d12, ananoru4sno
NaBaBlliMe caMble BbICOKWe 3HayeHus1 — 12, 15, 14 u 9 anne-
JIedl Ha JIOKYC, MOKa3aJd HJEeHTUYHO BBICOKUH pe3ysbTaT
Y B Hallel paboTe.

TakuM o6pa3oM, JaHHBIH HAGOp NMPUOPUTETHBIX MapKe-
poB ECPGR pelicTBUTE/NBHO JaeT BO3MOXXHOCTb COIOCTa-
BUTb PE3YJIbTAThl W, CJ1€/J0OBATEJbHO, 00bEAUHUTD JJaHHbIE
0 KOJIJIEKL[MSIM U3 Pa3HbIX PETHOHOB MUpa.

[Ipu NpoBeJleHUH TeHOTUIIMPOBAHHUS ONTUMaJbHOE 06'b-
eaHeHHe SSR-MapKepoB B MyJIBTHUILJIEKCHBIX HaGopax Mos-
BOJIMJIO HaM 3QPeKTUBHO HAEHTHOUIMPOBATH LieJieBble
¢dparMeHTbI IPY BBINIOJIHEHUH GParMeHTHOT O aHa/IN3a; IaH-
Hble IpUBeJieHbl B Tabsuie 4. Ha pucyHke 11 2 npezacrasiie-
HBbI B KaueCTBe IpUMepa ajiyieJIbHble TPodUIN 06pa3IioB.

[lo pe3ysnbTaTaM NOJy4YEeHHBIX JAHHBIX SSR-reHOTUIIHPO-
BaHUA BBINOJIHEH KJIACTEPHBIH aHa/NM3 U COCTaBJIEHA JI€H-
Jnporpamma (puc. 3).

AHa/u3 nosiyyeHHOM JIeHJporpaMMbl I0Ka3aJl, 4YTO B BbI-
6opKe HccaeayeMblX 06pa3iioB Bbl/leJEHO 4 OCHOBHBIX KJla-
cTepa. B mepBbIil KJacTep Bolues KOHTPOJIbHBIA copT ‘Tas-
rapckas Kpacasumna’ (puc. 4, I) u o6pasen; Haruma (puc. 4, I1).

Copt ‘Tanrapckast KpacaBuua' moJiydeH ceJeKLIHOHEPOM
A. H. Kaneiiko oT cBO60HOT0 OMblIeHUS 6e/IbIMHCKOTr0 Cop-
Ta JlecHas KpacaBupa (‘Fondante des Bois’) (Katseyko,
1956). B kosunekuuto copt noctynuia us Plre Horticultural
Research Centre (Plire HRC) (JIaTBus, [Type) B 1997 r. B Bena-
pycH pacnpocTpaHeH TaKxKe M0/, Ha3BaHUEM «AJIMaaTHHKay.

PanHMe Hccej0BaHUSA NTOKa3aIH, YTO U3y4yaeMbli COpPT
HaXOJUTCS B OJJHOM KJIacTepe C aMEPUKAaHCKHUM COPTOM
‘Xonu [Ipwo’ (‘Honey Dew’) (Urbanovich et al.,, 2011), mpous-
BOJZIHBIM T'DYLIM TPYIIEJUCTHOH ¢ KUTalCcKUM ‘TIuHro-11’
(‘Pingo-1i"), MeIOIMM C/10’KHOE THOPH/IHOE POUCKOXKIEHHE
MeX/y rpyluel siineBUHOM U rpyiieaucTHou. [lo mopdouio-
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Puc. 1. AnnenbHbI npoduas copta Doyenne du Comice
Fig. 1. Allele profile for the SSR marker set Doyenne du Comice
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Puc. 2. AnnenbHblil npoduab o6pasua Angelys
Fig. 2. Allele profile for the SSR marker set Angelys
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Talgarskaya_krasavitsa

Nagima

Angelys
_: Doyenne_du_comise

_I_ Bere_slutskaya
grusha_Shumskogo

Maslyanistaya_letnyaya

Adampol

_I_ Clapp_Favorite
Princess_Marianna

grusha_Avditovskogo
Eismanty

Semenovskaya

Podarok_Krasnokytski

Puc. 3. leHaporpaMma, noKa3bIBalolas reHeTHYeCKOe POACTBO MeXK/y HU3Yy4YeHHBIMHU 06pa3aMH Py

Fig 3. Dendrogram showing the genetic relationship among the studied pear accessions

II

Puc. 4. ‘Tanrapckas kpacaBuna’ (I) u Haruma (II) - 1-i kiacrep

Fig. 4. ‘Talgarskaya Krasavitsa’ (I), and Nagima (II): 1st cluster

rUYeCKHUM MPU3HAKAM JIMCTOBOH IJIaCTUHKH, XapaKTePUCTH-
Ke moja (onajamomias Yalleyka, IIOTHAsg XPycTAas Ms-
KOTb IJIOZjA) ¥ TEeHETUYECKOMY aHaJ/IN3Y ObLJIO J0Ka3aHO, YTO
copt ‘Tanrapckas KpacaBunma' mo cBoeMy HpPOHCXOXIEHHIO
MPUHA/JIEKUT K Ipylle TPYLIETUCTHOH, UK necyaHou (Py-
rus pyrifolia (Burm.) Nakai) (Martsynkevich et al., 2017; Yaki-
movich, 2019).

O6paser 1o/ Ha3BaHHWEeM «Harnma» nmocTymnusI B KoJIIEK-
nuio B 2018 1. n3 Kasaxckoro Hay4HoO-HUCCJI€[J0BaTEIbCKOIO
MHCTUTYTa IJIOZ0BOACTBA U BUHOTpaZapcTea. MHbopmanuu
0 ero NPoMCXOXAeHUH HeT. [Io pe3ysbTaTaM HaMX HAGJIIO-
JIeHWH# 110 Mepe BCTYIJIEHUA JlepeBa B IJIO0OHOLIEHHE YCTa-
HOBJIEHO, YTO MOPdO/IOrMyecKoe ONMCAaHKE IJIOJ0B AaHHOTO
o6pasna coorBeTcTBOBaNO copty ‘Tanrapckas KpacaBuna)
HO o6pasern oTinyaJcs 6oJiee TPOAOKUTENbHBIM MEePHO-
JloM co3peBaHus (IJIOAbI COXPAHAIN CBOM BKYCOBble Kaye-
cTBa /10 ¢peBpasis), B TO BpeMs KaK KOHTPOJBHBIA o6paser
XPaHUJICA 10 ieKabpsi, YTO 06yCJIOBUIIO HEOOXOAUMOCTE 60-
Jlee TOYHOH HAeHTHUKAUUU. [IpoBefileHHBIA MOJIEKY/IAP-
HO-TeHeTHYeCKUH aHa/IM3 IoKasas, YTO JaHHble 06pasiibl
rpymy uMeroT uaeatTndHble JJHK-npodunu mo cocraBy SSR-
asnesied, To ectb ‘Tanrapckas KpacaBuna' u Harnma us nHa-

el KOJJIEKLUU — OJJMH U TOT Ke CopT, 1n60o Haruma siBnsiet-
cs1 ksioHOM ‘Tanrapckoit KpacaBunpr’ (cMm. Ta61. 4).

Bropoit knactep cocraBusn copT flekanka awo Komuc
(puc. 5, ) m o6pazen; Anmpxeneiic (puc. 5, I1).

Coprt rpyun /Jlekanka gt Komuc' (‘Doyenné du Comice’,
‘lekanka O6mecTBeHHas') nmosayyeH B cepenuHe XIX Beka
B I. Amxe (PpanHnus), B caZly MECTHOTO 06111eCTBa CaZj0BO/[0B
(Comice Horticole) u3 cMemaHHOro mnoceBa ceMsiH pa3HbIX
copToB. CopT 6BICTPO pacmpocTpaHusics no Bced Opannumy,
3aBe3eH B AMepUKy, N103Ke nosBuica B AHinM, ['epmManuu
1 Ha YkpauHe (Simirenko, 1972).

O6pasel, NOCTYNUBLINHI OT JIIO6UTEJS B KOJJIEKIUIO MO/
Ha3BaHHEM «AHJ/KeJeliC», He COOTBETCTBOBAJI JINTEPATYp-
HOMY OIMCAHMIO OPUTHMHAJBHOrO copTa. [lo HamuM HabJo-
JleHUAM, OH 06.1a/1aJ1 CXOKUMHU MOPPOJI0rHYeCKUMHU NpU3Ha-
kamu ¢ Jlekankoit g Komuc. B pesysnbraTe Mosekysasp-
HO-TEeHEeTHYeCKOr0 aHaJiM3a yCTAHOBJIEHO MX IOJIHOE TeHe-
THYECKOe CXOZCTBO.

[lo gaHHBIM AeHApoOrpaMMel (cM. puc. 3), TpeTUH Kia-
cTep coctaBuIH copT ‘MacassHucTas JleTHAsA' (KOHTPOTbHBIN
copt) (puc.6,1) mobpasusl Agamnans (puc. 6,11), I'pyma
lllymckoro (puc. 6, I11), Bepe Cnynkas (puc. 6, IV).
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II

Puc. 5. lekanka g10 Komuc’ (I) u Augxkeseric (II) - 2-i kiacrep
Fig. 5. ‘Doyenné du Comice’ (I), and Angelys (II): 2nd cluster

I 11

Bepe cnyukan (Ywaxkos,Konbins)

I v

Puc. 6. ‘Macnsauucras Jlerusas’ (I), Azamnass (II), 'pyma Ilymckoro (III) u Bepe Cayukas (IV) - 3-i1 ki1actep
Fig. 6. ‘Vasarine Sviestine’ (I), Adampal (II), Grusha Shumskogo (III), and Bere Slutskaya (IV): 3rd cluster

‘Macnsinucrtas Jletusas’ (‘Vasarine Sviestine’, JleTHsis
MacasHucTasi’, ‘Becapune CBuecTUHE') - TUTOBCKUH COPT
HapO/IHOM CeJIEKIIMH, TPOUCXO0XKAeHHUE KOTOPOI'0 HEU3BECT-
Ho. COpT IMPOKO pacnpocTpaHeH B cTpaHax basatuu u be-
JIapycH.

[To faHHBIM Ta6ULBI 4, a/jeJbHBIA cOCTaB 06paslLoB
TPEeThEero KJacTepa UeHTUYeH. ITO NOCIYKHUJI0 HAM OCHOBa-
HUEM CYUTATb, 4YTO 00pa3iubl bepe Cayikas, I'pyma [lymcko-
ro u Ajamnanb B JIeHCTBUTEJBHOCTH — COPT ‘MacassHUCTast
Jletnsst’. K Tomy »xe Mopdosiornyeckoe onvcanue, popma Jiu-
CTOBOM IJIACTUHKH, ONyLIEHHe C HUXKHEH CTOpOHBI, popMa
IJIO/I0B M BKYC y JAHHOH I'PyMIIbl 06pa31ioB 0/JMHAKOBBIL.

YeTBepThIM KsacTep BKJIIOYAJ KOHTPOJIbHBIA copT Jlto-
6umMuna Knanna’ (puc. 7, 1) u 06pasipl, Hoy4eHHbIe OT 6eJ10-
PYCCKHX CaZl0BO/IOB-JII00UTENEH, NOALep)KUBaeMble B KOJI-
JIeKL[MU ToZ, Ha3BaHusiMU «MapuanHa» (puc. 7, 1), «'pyua
AspnuToBckoro» (puc. 7, III) u «3iicmanTbI» (puc. 7, IV).

TMooumuna Knanna’ (‘Clapp Favorite, ‘Clapp’s Favorite’,
‘Favorytka’) nosnyuen Tageyuem Kinannom (CIIA) ot cBoGoA-
HOTro omnblLIeHUs: Gesbruiickoro copra Jlecnas KpacaBuna’
(syn. 1 ‘Fondante des Bois’) B 1860 r. (Simirenko, 1972) uiu
SIBJISIETCS TUGPUAOM MexAy copTamu ‘Busbsamc’ (‘Bartlett’)
u JlecHas KpacaBuna’ (syn. 2 ‘Flemish Beauty’) (Sammarco,
2009). 3To oAUH M3 HauboJiee PacHPOCTPAHEHHBIX JETHUX
coptoB rpymd B CeBepo-KaBkasckoM M HMKHEBOJIKCKOM
peruoHax P®, a Takke Ha YkpauHe, B MosiioBe, JlaTBuwy, JIUT-
Be, IcToHuU U CpesHel A3uu.

O6pasybl MapuaHHa, ['pyma ABAUTOBCKOTO U JiCMaH-
Thl NOCTYIHJIM B KOJIJIEKLMIO OT Jito6uTesel. [lo HamuMm
HabJIIJIeHUSIM, JlaHHble 06pa3lbl JeMOHCTPUPOBAJIH SIB-
Hble cXojcTBa ¢ copTtoM Jlro6uMuna Kisanma', a uMeHHO
HMMeJIM TUIIMYHYI0 TOJICTYI0 U30THYTYIO MJIOJOHOXKKY. MbI
NpeJIoJIOKUAY, YTO TaK Kak Jlro6umuna Kinanna’ - cra-
PBIH COPT M pacnpocTpaHeH NOBCEMECTHO, OH MOT HEO/IHO-
KpaTHO MONaZaTh B KOJIJIEKIHIO N0/, Pa3HbIMU Ha3BaHUS-
MU. [IpoBe/ieHHBIN MOJIEKYJsIpHBIA aHAJM3 [OKasaJ, 4YTO
JlaHHble 06pa3ibl UMelT oguHaKoBbIH JIHK-npodub u co-
CTaBJISIIOT OJIMH KJIACTED, YTO U NIOATBEPMJIO HALK NIPeJ-
MOJIOKEHUS.

Coprt ‘Tlopapok KpacnokyTckuit’ (puc. 8, 1) u o6pazern Ce-
MeHOBcKas (puc. 8, II) BbIZIeIMINCE B OT/I€/IbHBIE BETBH JI€H-
JipUTa.

‘Tlogapok KpacHOKYTCKHI — KOHTPOJIbHBIA COPT, MOJIy-
yeH Ha KpacHOKYTCKOH ONMBITHO-CEJIEKIIMOHHON CTaHIIUU
(nrt. KpacHokyTck) A.U. BepenjieeMm ot coprta ‘/lekaHka
KpacHokyTckasi’ cBO60/JHbIM OonblIeHHEeM B 1953 T

O6pa3el noJ Ha3BaHUeM «CeMeHOBCKasi», MOCTYNUBILUMI
B KOJIJIEKLIUIO OT Jito6uTessl B 2014 ., mo Mopdosioruyeckum
NpU3HaKaM, BHELIHEMY BHU/JY, BKYCY IUIO/IOB, CPOKY XpaHe-
Husl cxoxk ¢ coptoM ‘[logapok KpacHokyTtckuil. Ho mo pe-
3y/bTaTaM MUKPOCATE/UIMTHOI'O aHa/IN3a BbISICHUJIOCH, UTO
HccielyeMble COpTa UMeJIM pa3inyHble reHeTHYeCKHe Mpo-
duu (cM. Tabs. 4), To ecTb o6pa3el; CeMeHOBCKasl He fIB-
JIIeTCsl BOMHUKOM KOHTPOJIBHOT'O COPTA.
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MapnanHa
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‘ - rpyLia ABAMTOBCKOro

SDWCcMaHTbI

II1 v

Puc. 7. lw6umuna Knanna’ (I), Mapuasnsa (1I), I'pyma Asautosckoro (11I) u diicmanTsl (IV) - 4-#1 k1actep
Fig. 7. ‘Clapp Favorite’ (I), Marianna (II), Grusha Avditovskogo (III), and Eismanty (IV): 4th cluster

CemMeHoBcKad

11

Puc. 8. ‘Mlogapok KpacHokyTtckuii’ (I) u CemeHoBckas (II) - 5-i 1 6-# ki1actepsl
Fig. 8. ‘Podarok Krasnokutsky’ (I), and Semenovskaya (II): 5th and 6th clusters

3akiwyeHue

[IpuoputetHbie Mapkepbl EMPc117, EMPc11, CHO04e03,
CH01f07a, CH01d08, CH01d09, GD147, CH0O5c06 1 CHO3d12
IIpU NpPOBeZleHUH MOJIEKYJISPHO-TeHETHYeCKOro aHasu3a
M0Ka3a/i BbICOKYI0 3$GEKTUBHOCTb. YPOBEHb aJIIEJbHOTO
nosmuMopousma (He) BapbupoBan B mpegesnax 0.52-0.89,
B cpefiHeM 3To cocTtaBuio 0,77 eguHul,. 3Ha4eHre MHPOpMa-
THUBHBIX aJljiesiel — 5.44, o611ee Y110 BbIIBJIEHHBIX — 96, €O
CpeJJHMM 3HaYeHHeM Ha Mapkep - 8. [losiyuyeHHbIe B HcCIle-
JIOBAaHUM pe3y/lbTaThl COIVIACYIOTCA (MO0 O6GIMM MapKepaM
ECPGR y u3y4eHHBIX COPTOB) C /JIaHHBIMHU aHaJIM3a JAPYTUX
aBTopoB u3 llIBenuu, l'epManun, Auriuy, Poccuu, 4To MOXKeT
CMoco6CTBOBATh CO3/IaHMI0 0011eH 6a3bl JAHHBIX 10 TEHETH-
YEeCKHM pecypcaM.

WpenTudukanus, ocHoBaHHas Ha aHasM3e cocTaBa SSR-
aJulesield, TO3BOJIMJIA BBIABUTD AyOJIHpPYIOLIHE COPTA B KOJI-
JleknuM rpymu MHctutyTa miozsoBoscTBa Pecny6sinku Be-
JIapych, ONpeJie/IuB MPUHA/JIEXHOCTh pAfa 06pasLoB, Mo-
CTYNUBLIMX W3 APYTUX y4YpeXJeHUH U COOpaHHBIX B pe-
3y/bTaTe 3KCHEeAUIMOHHBIX 06c/iejoBaHUH, K copTtaM ‘Tas-
rapckasgs KpacaBupa' (Haruma), Ylio6umuna Koanna’
(Mapuanna, 'pyma ABAUTOBCKOTO U JWcMaHThI), JlekaHka
no Komuc (Anmxenedic) u ‘Maciasnucras jetHsas’ (Bepe
Cnyukas, I'pyma Illymckoro u AjaMnoJis), a Take ycTaHo-
BUTb YHHKalbHOCTb copToB ‘[logapok KpacHOKyTCKHM
1 ‘CeMeHOBCKas.
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Release of two hexaploid oat (Avena sativa L.) cultivars with high
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Moroccan oat breeding has traditionally targeted forage yield, yet the wild tetraploid oat species Avena murphyi Ladiz. pos-
sesses protein- and f-glucan-enhancing alleles largely absent from cultivated germplasm.

The two decades of research, exploiting the wild tetraploid oat species A. murphyi through backcross introgression led to the re-
lease of the first Moroccan improved hexaploid oats cultivars, ‘Al Fawze’ and ‘Abtah’, developed for human consumption.
Peer-reviewed papers, institutional reports and breeder datasets were screened for local Avena L. diversity and conservation,
interspecific hybridization procedures, multi-environment performance under rainfed Mediterranean conditions, and nutri-
tional and techno-functional traits relevant to food, feed and industrial use.

Introgressed lines achieved 17% groat protein content, 5% groat -glucan content and 38 g thousand-kernel weight while sus-
taining 34-43 q ha™* grain yield in addition to broad resistance to crown rust, powdery mildew, and BYDV. A 20% substitution
of bread-wheat flour with ‘Al Fawze’ flour increased loaf protein by 14% without altering dough rheology, signaling immediate
value for bakery and cereal products.

Leveraging endemic wild germplasm fast-tracked the creation of climate-adapted, nutrient-dense oats for human consumption.
Next steps include certified-seed scale-up, processor partnerships, and consumer-focused validation of sensory quality, sus-
tainability, and health benefits.
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Co3JaHue JBYX reKcanJIouJHbIX COPpTOB oBca (Avena sativa L.)
MHUILEBOr0 HA3HAYEHU A C BBICOKOM MUTATE/TbHOMU IEHHOCTHIO KPYbI:
HaIlMOHAa/IbHAsI MHHOBAaN KA MapoKKoO
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THayuoHaabHbIl UHCMUMym cebCKOX03aUcmeeHHbIX uccaedosanull, PecuoHanbHulll yeHmp
cesbeKoxo3sticmeeHHbIX uccaedogaHuli Pabama, Pabam, Mapokko

2Ynueepcumem Xacana I, Cemmam, Mapokko
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CesieK1Msi MApOKKaHCKOI0 OBCa TPAAHUIIMOHHO HallesleHa Ha YPOXKalHOCTb KOPMOBOTO 3epHa, 0JHAKO JJUKUH TeTPaIIOnJHbIHA
BUJ oBca Avena murphyi Ladiz. o61afjaeT aJiiesisiMy, MOBBIIAKIIUMUI COZlepkaHue GeJiKa U 3-TJIIOKAaHOB B 3epHe, KOTOPOe 3Ha-
YUTEJIbHO MPEBOCXOAUT ITOKa3aTeJIu BO3/JieJibIBaeMbIX COPTOB.

ﬂBa AECATHUIeTUA U3YYEHUA UHTPOTPEeCCUU BO3BPATHOI'O CKPpEIIMBAHHWA C UCITOJIb30OBAHUEM HOHyJIHLIPIfI AWKOI'O TeTpalJionua-
HOTO BH/ja 0Bca A. murphyi IpUBeJIY K CO3JaHUI0 IIePBbIX MAPOKKAHCKHUX YIy4llleHHbIX FeKCcalJouHbIX COPTOB oBca ‘Al Fawze’
1 ‘Abtah’ nuieBoro Ha3Ha4YeHUsI.

PerieH3upyeMble cTaTbH, HAyYHble OTYETHI U 6a3bl JAHHBIX CeJIeKIHOHEPOB POAHAJIU3UPOBAJIN Ha IIpeMET MeCTHOI0 pas-
HOOODa3us U COXpaHeHUsI reHeTHYeCKUX pecypcoB poza Avena L. [IpoBesin MeXBH/I0BbIe CKPEIMBAHUSA U [T0JIeBbIe UCTIBITA-
HUsI THOPU/I0B B HECKOJIbKUX ITOYBEHHO-KJINMaTHYeCKUX 30HaxX CpeiN3eMHOMODBsI C 60TapHbIM 3eMJIe/ie/IeM, U3yYnIn GHo-
XMUMUYECKHEe U TEXHOJIOTHYEeCKH e TIPU3HAKH, 3HAYHMMble [JId ITUIEeBOro, KOPpMOBOI'o U TEXHUYECKOTr 0 HaHpaBJIeHPIfI HCII0JIb30-
BaHUA KYJIbTYPHI.

Kpyna HHTporpeccuBHBIX IMHUH 0Bca cofieprkasa o 17% 6enka u 1o 5% B-riokaHoB, Macca 1000 sepHOBOK gocTHrana 38,
YPOXXaMHOCTh 3epHa COXpaHsJach Ha YpoBHe 34-43 11/Ta, BbIsBJIeHA KOMIJIEKCHAS! YCTOMYUBOCTb K KOPOHYATOH PrKaBYHHE,
MY4YHUCTOH poce U BUPYCY KeJITOU KapJMKOBOCTU A4uMeHs. [Ipu 3amewmenun 20% MyKy MATKOH NILIEHULbI MyKOH copTa 0Bca
‘Al Fawze’ copepkaHue 6esKa B OJy4eHHOM XJiebe cocTaBisiio 14% 6e3 n3MeHeHUs Pe0JIOTHH TeCTa, YTO CBUAETENbCTBYET
0 MOBBIIIEHUH KauecTBa X/1e6006yJI0YHBIX U APYTHUX MHUILEBBIX U3 eJTUN U3 3TOU MyKH.

HMcnosib3oBaHMe 3H/AEMUYHOM AUKOH 3apO/bILIeBOH MJ1a3Mbl YCKOPUJIO CO3/IaHUE XOPOLIO aZlalTHPOBAHHbIX, 60TaThIX MUTa-
TeJIbHBIMU Bell[eCTBAMU HOBBIX COPTOB OBCa AJid IMUIIEBOTr0 UCITIOJIb30BAHUA. Cne;(y}oumMn maraMy CTaHyT MacuTabHoe yBe-
JIM4eHre MPOU3BOJCTBA CepTUPUIIMPOBAHHBIX CEMSH, 3aKJ/II0UeHHEe MAaPTHEPCKUX COTVIALIEHUH C epepaboTYMKaMH, Ipo-
Be€pKa BKYCOBBIX Ka4eCTB IIPOAYKIHWH, ee 3KO0JIOTHUYECKON YUCTOTHI U MOJIb3bI AJIA 3J0POBbA YeJIOBEKa.

Kamoueaswle caos8a: kopMoBasi KyabTypa, Avena murphyi, rubpuaunsanus, 6M0aKTUBHBIE BELECTBA, 3-IJIIOKAHbI, COJlep>KaHue
0eJiKa, MECTHbIE F'eHeTUYeCKHEe PECYPCHI, IUKUE BUJbI

BbaazodapHocmu: paboTta yaocToeHa IJlaBHOU npeMuu XacaHa I, mpucy»x1aeMol 3a 1300peTeHUs U UCCIeJOBaHHUs B 06J1aCTH
CeJIbCKOT0 X035IMCTBa B KJlacce Mepe/oBbIX HAYK U TEXHOJIOTUH, B 12-11 pegakuuu 2021 r. UccieoBaHMe 4acTUYHO NPOodu-
HaHcupoBaHo AreHTcTBoM CIIIA no mMexayHapoaHoMy pasButuio (USAID) B pamkax mpoekta Ne TAMOU 97-053 mog pyko-
BO/ICTBOM IJIaBHOI'0 MCCJIe[joBaTe s mpoekTa npod. 'naeoHa JlagusuHCKoOTO.

JI-p Hexxa Canu xoTes1a 6bl BIPa3UTh MPU3HATENBHOCTD BCEM KOJIJIeraM, KOTOPbIe BHEC/IM CBOU BKJIAa/J| B BBINIOJTHEHHE 3TOU
pa6oTel, a uMeHHO A. Cyuxke, A. Canuxy Uapuccu, M. Kcube, M. Amepe, nokoitHomy A. A6Taxy, X. Benapau, A. bBaammu, M. He-
Xayy, a TaKXKe CTyZileHTaM 6aKaJaBpuaTa ¥ MarucTpaTyphl.

ABTOpBI 6/1ar0AAPAT PelleH3eHTOB 3a UX BKJIA/| B 9KCIIEPTHYIO OLIEHKY 3TOH paboThlI.

Aas yumupoeanusa: Caupau H., llaiimu H.,, Tarytu M., Benasau A, Mansanu P, Tyuan C., lyauk A., l'abyHn @., Bykcaum M.,
Anp ®aus 1., Jlagusunckuii . Co3paHue BYX reKCcalioOuAHbBIX COPTOB 0Bca (Avena sativa L.) nuieBoro Ha3HaueHUs C BbICO-
KOU MUTaTeJbHOHU LIeHHOCTbIO KPYIbl: HAllMOHA/IbHAsA MHHOBALKMSA Mapokko. Tpydsl no npuk/a1adHoli 60maHuke, 2eHemuke u ce-
sekyuu. 2025;186(3):245-259. DOI: 10.30901/2227-8834-2025-3-245-259
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Introduction

Global and national production context

Agriculture remains central to livelihoods and develop-
ment in many regions, and cereals underpin human and an-
imal nutrition because of their energy density and versatil-
ity. Within this group, oats have attracted renewed atten-
tion for both resilience and food-grade value. According to
FAOSTAT, oat ranks as the seventh most economically im-
portant cereal worldwide, after maize, rice, wheat, barley,
sorghum, and millet. In 2023, global oat production was
projected to decline markedly to ~23.1 million tons, the low-
est in 11 years, mainly due to reduced planted areas and
yields in Canada, the European Union, and the United States.
Over the same horizon, total coarse grains were expected at
~1,511 million tons, with maize at arecord ~1,215 million
tons; total cereals near ~2,815 million tons (https://www.
fao.org/worldfoodsituation/csdb/en).

In Morocco, FAOSTAT time series also show fluctuations:
~15,009 ha and ~5,551t in 2020; 17,845 ha and 6,390t in
2021; 13,040 haand 3,740 tin 2022, reflecting the rainfall de-
pendence of rainfed systems (https://www.fao.org/faostat/
en/#data/QCL).

Importance and utilization of oats

Oats have long been important as livestock feed (grain,
green fodder, silage, and hay) and are valued for their high
fodder nutritional value and dry matter digestibility exceed-
ing 75%. Oat straw also exhibits more digestible organic mat-
ter than other cereal straws, which is appreciated by livestock
(Stevens etal., 2004). In parallel, oats remain an important
grain for populations in marginal areas in emerging coun-
tries. Oat seeds combine proteins of high nutritional value,
oils, and health-promoting constituents such as avenanthra-
mides and tocols (Peterson, Mannerstedt Fogelfors, 2004; Al-
rahmany, Tsopmo, 2012). Classic work highlighted that oat
groat proteins have a favorable amino acid balance that re-
mains stable even when total protein increases through ge-
netic progress (Clamot, 1979; Welch etal, 2000). Higher
groat oil (unsaturated fatty acids) increases energy density
and has potential for industrial extraction (e.g., biofuel).
(1—3),(1—4)-p-D-glucans are amajor component impli-
cated in lowering plasma cholesterol; groat protein and oil re-
main key grain quality traits (Zhu et al., 2004). Medical stud-
ies favoring whole-grain fiber intake to reduce blood choles-
terol and intestinal/colon cancer risk underpinned the 1990s
resurgence of interest in oats for human health (Harlan,
1992). Bran and caryopsis residues also enable furfural pro-
duction for solvent and pharmaceutical applications (Harlan,
1992; Saidi, 2015).

Oat cultivation in Morocco

Oats are grown as a winter crop in favorable and interme-
diate rainfed regions, either as a pure stand or mixed with
vetch (notably in the Sais), for hay, green fodder, and grain.
Oats contribute significantly to dairy systems in northwest-
ern Morocco, while barley dominates in the middle and lower
semi-arid zones; fodder yield depends on the cutting stage
and cutting x genotype x environment interactions (Al Faiz
etal, 1997). Cultivated area has often exceeded 100,000 ha
(70,000 ha pure, and 50,000 ha vetch-oat), making oats the
third fodder crop after alfalfa and barley and contributing
~36% of total fodder production (Al Faiz et al., 2004; Saidi,
Al Faiz, 2008). The 2020-2022 FAOSTAT figures cited above
confirm the recent volatility in area and output (https://
www.fao.org/faostat/en/#data/QCL).

Oat genetic resources in Morocco

Morocco is a center of diversification for Avena, with
~30 wild species (Saidi, Ladizinsky, 2005). Endemic taxa in-
cludeA. atlantica B.R. Baum. & Fedak. (2n = 2x = 14),A. agadir-
iana B.R.Baum. & Fedak. and A. magna Murphy & Terrell
(2n = 4x = 28), while A. murphyi Ladiz. (2n=4x=28) and
A. prostrata Ladiz. (2n = 2x = 14) are found in limited north-
ern regions (Leggett, 1992). Although hexaploid cultivated
oat (4. sativa L.) is important for feed and food, limited efforts
have historically targeted conservation and use of wild rela-
tives to enrich the cultivated gene pool narrowed by selection
(Leggett, 1992). From the mid-1960s, breeders undertook in-
trogression from wild oats to improve groat nutritive value,
leading to protein-rich cultivars (Moser, Frey, 1994). Founda-
tional cytogenetic studies clarified affinities among wild and
cultivated Avena, suggesting tetraploids (e.g., A. murphyi) un-
derpinned hexaploid evolution (Ladizinsky, 1969; Thomas,
Bhatti, 1975). Tetraploids with AADD genomes share mor-
phological traits with AACCDD hexaploids, facilitating hybrid-
ization owing to chromosome similarity (Rajhathy, Sadasiva-
iah, 1969; Thomas et al., 1980). This rationale supported in-
terspecific crosses to transfer desirable alleles from wild to
cultivated backgrounds (Ladizinsky, Johnson, 1972; Ladizin-
sky, Fainstein, 1977a; Loskutov, 2001b; Loskutov, Rines,
2011; Manzali et al,, 2023, 2025).

Why broadening the genetic base of A. sativa matters
now?

Modern hexaploid oats have a relatively narrow genetic
base, constraining progress in agronomic performance (yield
stability, disease resistance) and techno-functional quality
(kernel geometry, groat recovery, protein, oil, f-glucans) un-
der rainfed Mediterranean conditions. In contrast, the te-
traploids A. magna and A. murphyi endemic and edapho-cli-
matically adapted to Morocco carry very high groat protein
(up to ~30%), elevated oil, large kernels (1000-kernel weight
~ 35 g), strong tillering, and resistance to powdery mildew
and crown rust (Ladizinsky, Fainstein, 1977a; Leggett, 1992;
Loskutov, 2001a). Their strong meiotic affinity with culti-
vated oats (AADD < AACCDD) enables efficient allele trans-
fer; the homoeology of major loci for groat protein further fa-
vors backcrossing (Rajhathy, Sadasivaiah, 1969; Thomas,
Bhati, 1975; Marshall et al.,, 1992; Welch etal,, 2000; Zhu
etal, 2004).

Moroccan breeding program redirected toward food-
grade oats

Since the early 1980s, INRA-Morocco has released hexa-
ploid cultivars adapted to contrasting agroclimates (Al Faiz,
1990). The first-wave 21 hulled and two naked oats, derived
from temperate North-American introductions, focused on
forage biomass and rust tolerance. However, shared pedi-
grees eroded resistance durability (crown rust, BYDV, smut)
and limited physiological plasticity under recurrent drought.
Anticipated climate-change pressures in North Africa rein-
force the need for novel alleles to stabilize yield while raising
grain quality endpoints. Morocco’s secondary diversification
center provides such variability, notably tetraploids A. mur-
phyi and A. magna (Leggett, 1992; Saidi, Ladizinsky, 2005).
Building on this evidence, INRA redirected its program in the
2000s toward food-grade oats. One pipeline implemented in-
terspecific introgression via repeated backcrosses between
the Moroccan hexaploid cultivar ‘Amlal’ and a wild A. murphyi
accession from northern Morocco, followed by pedigree se-
lection to genetic stability (Saidi etal., 2016). Subsequent
multilocation trials under rainfed and irrigated conditions
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have evaluated advanced lines for agronomy and food-rele-
vant grain quality (Saidi et al.,, 2020, 2025).

Study gap, hypothesis, and objectives

Despite strong biological and historical reasons to lever-
age Moroccan tetraploids for broadening A. sativa, there is
still a shortage of integrated evidence linking introgression to
the combined response of (i) agronomic performance (yield,
disease resistance) and (ii) techno-functional grain traits
(thousand-kernel weight, groat recovery, groat protein, S-glu-
cans) under rainfed Mediterranean conditions. This study re-
ports the development and multi-environment testing of two
hexaploid oat lines derived from repeated backcrosses be-
tween ‘Amlal’ and A. murphyi, documents ploidy stabilization
and phenotypic segregation through eight generations of pe-
digree selection, and evaluates agronomic performance and
grain quality gains relative to commercial checks, with an em-
phasis on food-grade applications. We hypothesized that in-
trogression from A. murphyi would increase the mean and
variance for targeted quality and processing traits while
maintaining or improving yield and disease resistance,
thereby broadening the effective genetic base of A. sativa for
Mediterranean breeding programs (Ladizinsky, Fainstein,
1977a; Loskutov, 2001a; Welch et al., 2000; Zhu et al., 2004;
Saidi etal., 2016, 2020, 2025).

Material and methods

Plant material

The study used two parental materials. The wild te-
traploid donor was Avena murphyi accession P45-55 (2n =
4x =28) collected in the Tangier region, described with
23.7 g 100 g~* DM of groat protein and tolerance to BYDV. The
recurrent parent was A. sativa cv. Amlal’ (2n = 6x = 42), regis-
tered in 1996 in the Moroccan national catalogue; semi-early,
adapted to rainfed zones of northwestern Morocco, with typi-
cal yield/quality traits as stated in the original manuscript.
Program descendants used as benchmarks in advanced trials:
‘Amlal’ (conventional control) and the released introgression
descendants ‘Al Fawze’ and ‘Abtah’ from the same pipeline.

Methods

Interspecific crosses and backcrossing

The first crossing cycle was realized under greenhouse
conditions in the early 2000s. The hexaploid parent A. sativa
cv. Amlal’ (2n = 6x = 42), used as a female parent after manual
emasculation, was manually pollinated by the pollen collected
from the tetraploid parent plants of A. murphyi (P45-55)
(Fig. 1). Collected hybrid seeds were backcrossed to their
hexaploid parent in the field, at the INRA-Morocco Experi-
ment Station in Marchouch, located 65 km southeast of Rabat
(longitude 6°71 600 W, latitude 33°60 499 N, 410 masl).

(A. sativa (6x) X
(2Zn=6x=42) l

F1 (2n=5x=35) «x

Ploidy determination

Ploidy of the hybrid seeds derivative from the undertaken
crosses was determined using the conventional method in or-
der to select hybrids having the hexaploid ploidy level
(2n = 6x = 42). The determination of chromosome number
was checked in root tips of the pregerminated hybrid seeds in
Petri dishes after being treated according to R. ]. Singh’s meth-
odology (2016). Chromosomes were visualized and counted
using an optical microscope.

Morphological characterization

In order to analyze the segregation of the spikelet pheno-
typic characters of the hexaploid hybrid seeds, the progeny
was characterized for wild morphological characters such as
absence/presence of awns, awn vigor, seed color, and lemma
hairiness.

Pedigree selection

F, progenies were grown at INRA-Marchouch (33° 47'N,
06° 71’ W) and advanced to F, by pedigree selection to reach
genetic stability prior to quantitative evaluation.

Crop establishment and site conditions

At the Marchouch Experiment Station, average annual
precipitation during the seed-increase period was = 374 mm
(mean of 571, 296 and 255 mm reported by the station), with
a mean annual temperature ~23.79°C; soils are described as
rich black, crumbling and well-drained. Plots at the station
were managed in RCBD, 4 rows x 1 m (4 m?), 3 replications,
with manual weeding and no chemical herbicides or N fertil-
izer applied.

Field establishment for the performance trials followed
the national guidance for oats: late October to late November
sowing, row spacing 15-20 cm, depth 2-5 cm, and post-sow-
ing rolling when needed (rate adjusted to thousand-kernel
weight), with trials conducted under rainfed conditions.

Assessment of agronomic performance

Preyield (behavior) trials

Location and design. Eighth-generation, true-breeding
progenies were grown for two consecutive seasons (2020/21
and 2021/22) at the INRA-Marchouch Experiment Station
(33°47" N, 06°71" W, 410 masl) in a randomized complete-
block design (RCBD) with four replications, following the
layout principles of K. A. Gomez and A. A. Gomez (1984).
Each plot contained six 5m rows spaced 0.20 m apart
(6 m?).

Traits recorded. Days to heading and physiological matu-
rity were noted when 50 % of spikes reached the target stage;
early vigor was rated 1-9 at tillering (Oelke et al., 1992). Plant
height and lodging (%) were measured at the milk stage.
Grain yield was obtained by combine-harvesting the central
four rows, cleaning, and adjusting to 120 g kg™! seed moisture
(International Seed Testing Association, 2018). Aboveground
biomass was cut at the milk stage, oven-dried (65°C, 48 h),
and expressed as dry-matter yield (t ha™).

A. murphyi (4x))

(2n=4x=28)

A, sativa (6x)
l (2n=6x=42)

BC1

Fig. 1. Crossing pattern

Puc. 2. Cxema cKpelmyuBaHHus
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Advanced multilocation trials

Sites and seasons. The three best preyield performers plus
two commercial checks (‘Amlal’ and ‘Al Fawze’) were evalu-
ated for three seasons (2022/23-2024/25) at five rainfed
sites: Marchouch, Meknes, Tassaout, Tangier, and Sidi Allal
Tazi (300-650 mm of annual rainfall) representing Morocco’s
principal oat zones (Al Faiz et al., 1997).

Experimental layout. Trials followed an RCBD with four
replications; plot size and management matched the preyield
stage. Basal fertilizer (60 kg N + 60 kg P,05 ha™!) was applied
according to the national oat guidelines (ONSSA, 2020);
weeds were hoed manually to avoid herbicide x genotype in-
teractions.

Disease and pest assessment.

Crown rust (Puccinia coronata f. sp. avenae P. Syd. & Syd.)
and powdery mildew (Blumeria graminis (DC) Speer) were
rated twice (booting and soft-dough) on the modified Saari-
Prescott 0-100 severity scale; on each date, severity (%) was
estimated on 20 tillers per plot taken from the central rows
(edge rows excluded) to avoid border effects. No foliar fungi-
cides or insecticides were applied, and infection relied on nat-
ural field pressure (Saari, Prescott, 1975).

Barley yellow dwarf virus (BYDV) symptoms were scored
atlate tillering on a 0-5 ordinal scale where 0 = no reddening,
and 5 = severe stunting with leaf reddening; scores were
recorded on 20 tillers per plot from central rows (Comeau,
Haber, 1986).

Insect pests. Natural infestations of oat aphid (Rhopalosi-
phum padi L.) and armyworm (Mythimna unipuncta Haworth)
were monitored weekly from stem elongation to early grain
fill on 10 randomly selected tillers per plot (central rows). Re-
sistance was indexed as the area under the pest progress
curve (AUPPC), computed by the trapezoidal method from
consecutive weekly counts as described by M.].]Jeger and
S.L. H. Viljanen-Rollinson (2001); higher AUPPC indicates
greater pest pressure. (Jeger, Viljanen-Rollinson, 2001)

Assessment of grain quality parameters

Weight of one thousand seeds (WTS)

The weight of one thousand seeds was determined ac-
cording to the ISTA rules (International Seed Testing Associa-
tion, 1985). A sample of 1000 seeds per line in three replica-
tions was weighted. The WTS is the average of the weights of
the three samples expressed in grams.

Determination of groat and husk proportions

Groat and husk proportions were calculated according to
the methodology described by (Doehlert et al., 1999) and (Hall
etal, 2003). This method consists of counting and weighing
100 grains in three replications per line and carrying out the
husking and weighing of groat and husks separately. Propor-
tions (%) are calculated by:

(Groat or husk weight / 100-seed weight) / 100

Determination of groat protein content

Whole oat groats were first ground in an IKA MF-10 basic
impact mill equipped with a 0.5 mm stainless-steel screen to
obtain a uniform flour. Crude protein was then measured by
the Kjeldahl procedure (AOAC 979.09): after digestion, distil-
lation and capture of the liberated ammonia in boric acid, the
distillate was back-titrated with 0.1 N HCl. Protein content on
a dry-matter basis was calculated as:

. (V-V0)X1000XNX14XFx100
Protein (%DM) = x
PXDM%

where V and Vj are the titrant volumes for sample and
blank (mL); N is acid normality (0.1); 14 is the atomic mass of

nitrogen; F is the nitrogen-to-protein factor (6.25 for oat flour,
or 5.7 for wheat flour); P is the test portion (g); DM % is the
sample dry-matter content.

Determination of groat f3-glucan content

The content of soluble f3-glucans in groat was measured
through an enzymatic method according to AACC (32-23),
AOAC (995-16), and ICC (168), using a kit of mixed f3-glucans
(Megazyme International Ltd., Wicklow, Ireland) suggested
by B. V. McCleary et al. (2006).

Analysis of the nutritional quality and preliminary tests
of flour mixtures’ rheological behavior

Mixtures of flours were made from bread wheat cv. ‘Kenz’
and different proportions of hexaploid oat flour from
cv. ‘Al Fawze’, selected from the hybrid lines resulting from the
interspecific crosses realized between hexaploid oat cv. Am-
lal’ and the wild tetraploid oat accession of A. murphyi P45-55,
selected for its high groat nutritional value, registered in the
INRA-Morocco official catalogue, and used here as an initia-
tive test for industrial uses. All flour mixtures were analyzed
for the ability to form bread with good technological and nu-
tritional characteristics. Mixtures with different oat incorpo-
ration proportions of flour in wheat flour at the rates of 10%,
15%, 20%, 25% and 30% were baked and subjected to gas-
tronomic tests.

Dough formulation (baker’s % on total flour): 1% of salt,
1.5% of baker’s yeast, and 53% of water.

The sedimentation index of wheat-oat composite flours
was measured using the Zeleny sedimentation test following
AACCI Method 56-61.02 and ICC Standard 116/1; results
were expressed in milliliters, with readings corrected for
flour moisture as specified in the method. Triplicate determi-
nations were performed per formulation.

Loaf volume was determined within 30 min of baking by
the rapeseed displacement method (AACCI 10-05.01); each
value is the mean of at least three loaves per treatment. Spe-
cific volume was calculated as loaf volume divided by loaf
weight (cm® g™), and crumb density as loaf weight divided by
loaf volume (g cm™3).

Registration in the Moroccan official catalogue

The registration in the INRA—Morocco official catalogue of
the selected lines as new cultivars was done according to
UPOV standards of distinction, homogeneity and stability
(DHS), and agronomic and technological value tests (ATV).

Chemicals and reagents

All chemicals and reagents (acids, bases, salts, buffers,
and organic solvents used for sample preparation, Kjeldahl
digestion/distillation, and f-glucan extraction) were analyti-
cal grade and purchased from Sigma-Aldrich/Merck (Merck
KGaA, Darmstadt, Germany; distributed by Sigma-Aldrich,
St. Louis, MO, USA). The mixed-linkage f-glucan assay kit was
obtained from Megazyme (Wicklow, Ireland).

Statistical analysis

The obtained results were statistically processed with
SAS 9.3 (SAS Institute, Cary NC), using ANOVA analysis of vari-
ance (Proc Glmprocedure) and a posteriori multiple compa-
rison of means by Duncan’s test. P < 0.05 values were consid-
ered as significant.

Results and discussion

Interspecific crosses

The first crossing cycle generated pentaploid hybrids
(2n = 5x = 35) with a very low fertility rate. In order to re-
store their fertility, pentaploid hybrids were backcrossed
to their hexaploid parent and 30 hybrids were thus ob-
tained.
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Ploidy analysis of hybrid seeds

Ploidy examination of the backcrossed hybrid seeds re-
vealed that their chromosome number varied from 34 to 45;
with 72% of the hybrids having a hexaploid ploidy level. This
confirms that most fertile female gametes of the first hybrid-
ization cycle had 20 to 21 chromosomes. In addition, analysis
of pollen fertility showed that 28% hybrid plants had pollen
fertility above 50%. We noticed that even plants with an ane-
uploid chromosome number had good fertility, which trans-
lated into good grain yield (Fig. 2). The study of the correlation
of pollen fertility to the other parameters, using the Pearson co-
efficient, showed that the correlation of pollen fertility with
chromosome number was not significant (r = 0.19, P < 0.05),
but on the other hand it was highly significant with grain yield
(r=0.61***P<0.001).According to G. Ladizinsky and R. Fain-
stein (1977a), the number of chromosomes does not have
a very influencing effect on the viability of the gametes, and it
is rather their constitution and their compatibility that are
the most important.

Aub ®aus III., JTagusuHckuii I

other and this correlation is influenced by the effect of the ge-
notype. Thus, each morphological character is controlled by
a single gene, but these genes are closely linked to each other
(Ladizinsky, Fainstein, 1977a).

Selection

Derivative hybrids from the interspecific cross (A. sativa x
A. murphyi) x A. sativa were subjected to field pedigree selec-
tion during eight years, starting from the F, generation to the
F, generation. Among the thirty tested lines, ten achieved ge-
netic stability and showed good resistance/tolerance to dis-
eases, such as powdery mildew, Helminthosporium, crown
rust, and barley yellow dwarf virus.

Assessment of agronomic performance

The ten selected lines were tested for agronomic perfor-
mance during two years in the field (Fig. 4). The annual rain-
fall for the two growing seasons was 530 and 570 mm, respec-
tively. Plant vigor of the assessed lines was similar or even su-
perior to that of the hexaploid parent ‘Amlal’. The height of hy-
brid plants exceeded that of their parent ‘Amlal’ (145 cm) by
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Fig. 2. Distribution of BC, plants from [A. sativa (cv. Amlal’) x A. murphyi P45-55] x A. sativa by chromosome number
and by classes of pollen fertility and seed yield per plant
Puc. 2. Pacnpepesienue pactennii BC, ot [A. sativa (cv. Amlal’) x A. murphyi P45-55] x A. sativa no 4yucjiy XpoMocom
M 110 KJ1accaM G epTUILHOCTH NbLIBLbI U YPOXKAWHOCTU CEMSIH Ha pacTeHue

Morphological characterization of hybrid seeds

Morphological characterization of the backcrossed seeds
showed the existence of great morphological variability
within the hybrid seeds, due to the segregation of their mor-
phological characters (Fig. 3). Analysis of the resulting quan-
titative variables using the independence x? test highlighted
the existence of a highly significant effect of the genotype on
lemma hairiness (x* = 73.75**) and awn vigor (x*=92.01**).
As for the number of awns per spikelet, the genotype had
a non-significant effect on this character (x*=12.55ns). In
general, morphological characters are correlated with each

<

':"\': v
“

2 to 6 cm. The average grain yields of the hybrid lines over the
two years were 34.8 g ha™ and 35.10 q ha™, respectively. On
average, the lines’ grain yield by 3 to 12 q ha™ exceeded that
of the hexaploid parent ‘Amlal’ (31 q ha™). Therefore, the hy-
bridization work allowed the derivative lines to have a grain
yield gain of 9.68% to 38.7% (see Fig.5). The average dry
matter yields of the hybrid lines were 9.8tDM/ha and
10.2tDM/ha respectively, exceeding that of cv. Amlal’
(10 t DM/ha) (Fig. 6). According to the obtained results, four
hybrid lines, F09-01 (genotype A07-13), F09-02 (genotype
A07-20), F09-03 (genotype A07-32), and F09-04 (genotype

4 =

Fig. 3. Morphological characterization of hybrid seeds’ spikelets

Puc. 3. Mopdosioruyeckasi XapaKTepUCTHKA KOJIOCKOB FrHGPUAHBIX 3epeH
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Fig. 4. Assessment of agronomic performance of derivative hybrid lines in the field
Puc. 4. OneHKa arpoHOMHY€ECKHX NOKa3aTe/1eil THGPHUAHBIX IMHUI B N0JIEBBIX YCJAOBUAX
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Fig. 5. Hybrid line grain yield assessed over two years at the Marchouch Experiment Station
Puc. 5. YpoxkaiiHOCTb 3epHa ri6pUAHBIX IMHUH, OLleHEeHHas 3a JiBa roJa Ha MapiymcKoi onbITHOM CTAaHIMU
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Fig. 6. Hybrid line dry matter yield assessed over two years at the Marchouch Experiment Station
Puc. 6. YpoxxaliHOCTb CyX0i MacChbl TMGPUAHBIX JIMHUM, OLleHEHHAs 3a JBa roja Ha MapiyncKoi onbITHOM CTAaHLIUU
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A07-36), were selected for further assessment for nutritional
and technological quality traits.

Assessment of the hybrid lines’ technological quality

Weight of one thousand seeds (WTS) of hybrid lines

The hybrid lines varied in WTS from 36 to 39 g, exceeding
their hexaploid parent A. sativa cv. Amlal’ (33.33 g)by2to5 g.
Thus, this trait was improved through interspecific crosses to
the tetraploid parent A. murphyi (P45-55).

Groat and husk proportions in hybrid lines

Analysis of groat proportions for the hybrid lines re-
vealed that it ranged from 68% to 74%, higher than that of
both the tetraploid parent A. murphyi P45-55 (58%) and the
hexaploid parent ‘Amlal’ (66%) (see Fig. 7). Husk propor-
tions of the derived lines varied between 26% and 32%,
lower than in both the tetraploid parent A. murphyi P45-55
(42%) and the hexaploid parent A. sativa cv. ‘Amlal’ (34%)

(Fig. 7).

Aub ®aus III., JTagusuHckuii I

Line A07-13 delivered the most compelling improvement,
raising groat recovery to 74%, about 12 percentage points
above the cultivated parent ‘Amlal’ and 16 points above the
wild donor A. murphyi P45-55, while A07-36 (70%) and A07-
20 (68%) also outperformed the check at P < 0.05. Because
groat percentage is a reliable proxy for milling yield (Doehlert
etal, 1999; Hall etal., 2003), these gains translate directly
into higher flour output and lower dehulling waste, showing
that the backcross strategy retained the high-protein alleles
of A. murphyi, yet eliminated its thick-hull penalty. The PPSD
results show a clear milling-quality gain after one backcross:
all BC, lines carry < 33% husk, while A07-13 combines the
lowest husk (25.96%) with the highest groat (74.04%), out-
performing both the donor P45-55 (42.39% husk; 57.61%
groat) and the recurrent parent ‘Amlal’ (33.75%; 66.25%),
with differences supported by P=0.0001, CV <5.24 %, and
LSD =3.177 (Table 1). Higher groat percentage is a direct

proportions (%)
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Fig. 7. Groat and husk proportions in the derivative lines of
[A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Puc. 7. CooTHOILIEeHMe 3epHA U IJIEHOK JIMHUI [A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Table 1. PPSD analysis for groat and husk proportions in the progeny of the cross
[A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Ta6una 1. AHau3 PPSD /151 COOTHOIIEHHUS 3€PHA U IVIEHOK Y MOTOMCTBA CKpeIMBaHUS
[A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Lines/parents Groat % Husk % /
A07-13 74.04 a 25.96d
A07-20 67.80 bc 32.20 bc
A07-32 67.50 bc 32.50 bc
A07-36 70.08 b 2992 c
Amlal 66.25 c 33.75b
P45-55 57.61d 42.39a
ns 0.0001** 0.0001**
C.V (%) 2.71 5.24
LSD 3.177 3.177

Note: the means in a column sharing the same letter do not differ at P < 0.05 (Fisher’s protected LSD); ** indicates significance at P < 0.01; CV is

the coefficient of variation of the ANOVA residual

[IpuMedaHue: cpeiHYEe 3HAUEHUS B CTOJIOIE, IMEIOIIME O/IHY U TY »Ke 6YKBY, He pa3inyatorcs npu P < 0,05 (HCP no kpurteputo ®umepa); **
yKasbIBaeT Ha 3HaYUMOCTb 1pH P < 0,01; CV - koadpduIpieHT Bapuanuu octaTka
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proxy for milling/dehulling yield and an explicit breeding tar-
get in modern oat programs: recent work using multitrait ge-
nomic selection treats groat % as a core quality trait, because
it predicts recoverable edible kernel and lowers processing
losses (Ardayfio et al.,, 2025).

In parallel, genome-scale studies now map the loci for
kernel and nutritional traits underpinning food-grade oats,
supporting the feasibility of decoupling hull burden from
end-use composition — consistent with the pattern observed
here (Dhakal et al., 2024).

Groat protein content in hybrid lines

Groat protein content for the selected lines exceeded that
of the hexaploid parent Amlal’ (10.46%) by 1 to 7%. The high-
est protein content of 17.29% was recorded for line (F09-01)
A07-13 (Fig. 8). Multiple comparison of PPSD means revealed
the existence of a highly significant difference between the
studied lines and their parents (0.0001**, P < 0.05). Thus, the
hybridization work made possible a genetic gain from 12% to
65% in the progeny for this trait.

. 186 (3),2025 o

Combining all the above results, line A07-13 was selected
for its good agronomic performance in addition to its nutri-
tional features. This line was registered in the INRA-Morocco
national catalogue under the name of cv. ‘Al Fawze’. This culti-
var was subjected to further nutritional quality tests and pre-
liminary tests of rheological behavior. Adding different pro-
portions of ‘Al Fawze’ flour to that of the widely used Moroc-
can cultivar of bread wheat ‘Kenz’ improved the nutritional
quality of the produced bread. Protein content in the mixture
of 30% of oat and 70% of bread wheat flours was increased
by 14% and the dry matter content by 16.02%, compared to
that of bread wheat flour from cv. ‘Kenz'.

Incorporation of 30% of oat flour into 70% of bread wheat
flour improved the f-glucan content of the mixture by up to
1.20%. On the other hand, both color and rheological behavior
of the flour mixture were affected, acting particularly on the
water absorption rate and paste stability (Fig. 10). Across
wheat-oat blends with the use of ‘Al Fawze’, protein rose
steadily with substitution (14.20% at 0% to 16.02% at
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Fig. 8. Groat protein content in the derivative lines of [A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Puc. 8. CogepxaHue GeJiKa B Kpyne JUHUM OT CKpeLBaHUA
[A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Groat f3-glucan content in hybrid lines

Analysis of the f-glucan content in the groat of the se-
lected lines showed that it ranged from 2.94 to 4.29%, realiz-
ing an improvement of this trait by 0.18 to 1.53% in compari-
son to the hexaploid parent Amlal’ (2.76%). The highest rates
were scored for lines A07-13 and A07-32: 4.29% and 4.1%,
respectively (Fig. 9). Hence, through hybridization work, we
were able to achieve a genetic gain of 2.44 to 54.28% in the
derivative lines for groat f3-glucan content.

Nutritional quality and preliminary rheological behavior
tests of flour mixtures
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30% — 17.14% at 100%), and fS-glucans increased sharply
from 15 to 30% of the oat share (0.18 to 1.20 g/100 g), as ex-
pected for oat fortification. Gluten dilution lowered the sedi-
mentation index with higher oat levels (34.00 at 0% to 17.67
at 30%), a well-documented effect in wheat-oat composites.
Technologically, the best balance occurred at 20% of oat,
where specific volume peaked (13.36 cm®g!) and crumb
density was minimal (0.075 g cm-%); at 25-30%, nutritional
gains continued but loaf structure started to decline. This pat-
tern agrees with recent studies showing that moderate oat in-
clusion (= 10-20%), with proper water/yeast optimization,

4.10

Lines/parent

Fig. 9. Groat f-glucan content in the derivative lines of [A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)

Puc. 9. CogepxaHue 3-IJIIOKaHOB B KpyIie JIMHUI OT CKpeluBaHUsI
[A. sativa (‘Amlal’) x A. murphyi (P45-55)] x A. sativa (‘Amlal’)
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C

Fig. 10. Bread samples: A - baked from 100% ‘Kenz’ bread wheat flour; B - baked from 100% ‘Al Fawze’ oat flour;
C - baked from a mixture of ‘Kenz’ (80%) and ‘Al Fawze’ (20%) flours
Puc. 10. O6pa3nml x/1e6a, U3roTOBJIEHHOT0 u3: A - 100% nmeHu4yHoM MykH copTta ‘Kenz’; B -100% 0oBcAHOM MyKH
copra ‘Al Fawze’; C - my4Hoii cmecu copToB ‘Kenz’ (80%) u ‘Al Fawze’ (20%)

can retain or maximize loaf volume while boosting fiber,
whereas higher levels typically reduce volume and increase
firmness due to gluten dilution and f-glucan viscosity effects
(Rashed etal.,, 2024). It markedly improved the nutritional
quality without influencing too much the technological qual-
ity required by the bakery industries and recommended
bread bakeries (Table 2).

(Fig. 11), meaning more saleable flour per ton of grain. Even
more striking are the compositional gains: protein rises from
10% to 17% and 13%, while -glucan content increases from
3% to 5% and 4%. These levels meet or exceed the thresholds
associated with cholesterol-lowering and low-glycemic prop-
erties in human diets (Welch et al., 2000; Zhu et al.,, 2004) (see
Table 3, 4).

Table 2. Physicochemical composition and bread-quality attributes of wheat breads
incorporating different levels of ‘Al Fawze’ oat flour

Ta6mua 2. PU3UKO-XUMHUYECKHI COCTaB U KayeCTBEHHbIE N0Ka3aTe I MIeHUYHOro XJj1e6a
C pa3/IMYHBIM cOJepKaHHeM OBCAHOU MykH copTa ‘Al Fawze’

‘Al Fawze’ oat | Wheat flour, Protein, B-glucans, Sedimentation Specific Density,
flour, % % % g/100 g index volume, cm?/g g/cm3
0 100 14.20d 0.12d 34.002 = =
10 90 14.85¢ 0.10¢ 20.67¢ - -
15 85 15.19¢ 0.18¢ 22.33b 11.04d 0.0902b
20 80 15.27¢ 0.99¢b 20.67¢ 13.36b 0.075d
25 75 15.93b 1.19b 19.33¢ - -
30 70 16.02b 1.200 17.674 11.72dc 0.085abc
100 0 17.14a 4.042 12.33e 12.08bed 0.082bcd

Note: the means with different letters a, b, ¢, etc. indicate significant differences according to Duncan’s test, P < 0.05

[IprMeyaHue: cpe/jHIe 3HAUYEHUSA C Pa3HbIMHU OYKBaMH a, b, ¢ ¥ Ap. yKa3bIBalOT HAa 3HAUYUMBble Pa3/IM4YMs CorJlacHO TecTy JlyHkaHa, P < 0,05

Cultivar registration in the official national register

‘Al Fawze’ and ‘Abtah’ outperform their parent ‘Amlal’ in
every key trait shown in Tables 3 and 4. Grain yield rises by
~10% in ‘Al Fawze’ and by > 35% in ‘Abtah’, confirming that
the introgressed germplasm confers a genuine productivity
advantage rather than a mere quality trade-off. Both retain
full field resistance to crown rust and powdery mildew and
show only moderate barley-yellow-dwarf symptoms, a dis-
ease-control profile that typically safeguards 15-20% of yield
otherwise lost to infection (Saari, Prescott, 1975).

Technologically, thousand-kernel weight climbs from 32 g
in ‘Amlal’ to 38 g and 34 g, a range associated with superior
milling efficiency and reduced broken groats during dehulling
(Doehlert etal.,, 1999; Hall et al,, 2003). Groat recovery itself
improves from 66% to 74% (‘Al Fawze’) and 68% (‘Abtah’)

Conclusion

Interspecific introgression from the endemic tetraploid
Avena murphyi (P45-55) into hexaploid A. sativa (‘Amlal’) pro-
duced fertile backcross derivatives (72% hexaploid), in which
pollen fertility correlated with grain yield (P < 0.001). After
F,-F, pedigree selection, ten stable lines combined higher
field performance (mean 34.8-35.1 qha™ vs. 31 qha™ for
‘Amlal’) with robust disease profiles. Milling traits improved
markedly: < 33% of husk and 68-74% of groat in all BC, lines,
with A07-13 at 74.04% of groat / 25.96% of husk and TKW
36-39 g. Composition also advanced (groat protein up to
17.29%, B-glucans up to 4.29%). In bread prototypes, 20% of
‘Al Fawze’ flour maximized the specific volume (13.36 cm3 g™%)
and minimized the crumb density (0.075 g cm™), while in-
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Fig. 11. Kernels of new released hexaploid Avena sativa cvs. ‘Al Fawze’ and ‘Abtah’

Puc. 11. 3epHOBKHU HOBBIX BbIB€J€HHBIX reKCallJIOUAHBIX COPTOB Avena sativa ‘Al Fawze’ u ‘Abtah’

Table 3. Agronomic traits of the registered cvs. ‘Al Fawze’ and ‘Abtah’ compared to their hexaploid parent ‘Amlal’

Ta6una 3. X03siCTBEeHHO IleHHbIe IPU3HAKH 3aperucTpupoBaHHbIX copToB ‘Al Fawze’ u ‘Abtah’ B cpaBHeHUM ¢ Ux
reKcamJougHbIM poguTesaeM - copToM ‘Amlal’

Disease resistance assessment
Cultivars Plant cycle Powdery Helmintho. | Barleyyellow | Graimyield,
Crown rust mildew sporium dwarf virus qha
p (BYDV)
‘Amlal’ Semi-early Resistant Mod.eljately Resistant Mod.eljately 31
sensitive sensitive
‘Al Fawze’ Semi-early Resistant Resistant MoFlerately Resistant 34
resistant
‘Abtah’ Semi-early Resistant Resistant MOfierately Resistant 43
resistant

Table 4. Selected technological parameters of the registered cvs. ‘Al Fawze’ and ‘Abtah’ compared
to their hexaploid parent ‘Amlal’

Ta6suna 4. OTAeIbHbIE TEXHOJIOTUYECKUEe MapaMeTphl 3aperucTPUPOBaHHBIX copToB ‘Al Fawze’ u ‘Abtah’
B CpPaBHEHHH C UX reKCalIOUAHbIM poguTesaeM - copToM ‘Amlal’

Selected technological parameters
Cultivars Weight of 1000 seeds, Husk proportion, Groat protein content, Groat f3-glucan
g % % content, %
‘Amlal’ 32.33£1.35¢ 66.25 + 1.04°¢ 10.46 + 0.03°¢ 2.76 £3.03¢
‘Al Fawze’ 38.20+1.522 74.03 £0.152 17.29+0.292 4.29 £0.032
‘Abtah’ 34.40 £ 0.03" 67.80 £ 0.96" 13.09 £ 0.40° 3.50 +1.04°

Note: the means with different letters a, b, ¢, etc. indicate significant differences according to Duncan’s test, P < 0.05

anMe‘{aHHEZ CcpefHre 3Ha4Y€HUdA C pa3HbIMU 6yKBaMH a, b, CH p. YKa3bIBAOT Ha 3HAYUMbI€ Pa3JIN4HA COIVIACHO TECTY ,ﬂyHKaHa,

P <0,05

creasing protein and p-glucans. On this basis, A07-13
(‘Al Fawze") and A07-36 (‘Abtah’) were registered, delivering
higher yield, groat recovery and nutritional value than ‘Amlal’.
The results broaden the genetic base of Moroccan oats and
provide a practical route to food-grade, climate-adapted culti-
vars. Industrial scale-up of milling and baking trials is the
next step.

Recommended fields of application

Oats have a rich and diverse composition of proteins, un-
saturated fatty acids, fibers and antioxidants, such as polyphe-
nols and tocopherols. This particular composition supplies
this crop with beneficial properties that could be converted
into antioxidant effects, preventing against diabetes, obesity,
cancer, and cardiovascular diseases. In Morocco, however, oat
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cultivation for human consumption has not yet been devel-
oped compared to that for animal feed. This research sup-
ported the release of new and original cultivars from Moroc-
can wild oat germplasm. The exploitation of new cultivars as
beneficial food for human health opens up new prospects for
both farmers and industrials (flourmills, biscuit factories,
breakfast cereals, etc.).

High levels of quality parameters of these cultivars, de-
rived from interspecific crosses, provide an optimistic tool
for improving groat nutritional value, especially in regions
of the world where deficiency of minerals and other major
nutritional compounds affects populations. The existence of
essential nutrients in the grain of the newly released culti-
vars can remedy the problems of malnutrition by acting as
supplements in the daily diet, thus making it possible to
cover our daily needs in proteins, soluble fibers, essential
minerals, etc.

The results of this research showed for the first time the
relevance and usefulness of combining both breeding work
and technological assessment. It should be noted in this re-
gard that the evaluation of essentially nutritional parameters,
namely proteins and f-glucans in groat, was carried out for
the first time in Morocco. The obtained results made it possi-
ble not only to distinguish oats from other cereals, but also to
differentiate the new hexalpoid cultivars from those com-
monly produced in the world, as reported in the literature.

Furthermore, the results of this research could further en-
courage the use of oats in industrial preparations, where
wheat holds exclusive rights. Moreover, the flour from the se-
lected lines could be a source of valuable nutrients for human
consumption and can therefore be used in the formulation of
typical foods, nutritious and beneficial to health, of those com-
monly elaborated with wheat flour.

Thus, the development of new cultivars with high nutri-
tional value, conceived for human consumption, can contrib-
ute to increasing the socio-economic impact of oat cultivation,
mainly in North Africa where oats are still mainly used as fod-
der.

Estimation of socio-economic benefits

The demand for healthy and multifunctional products is
increasing day after day with the societies’ evolution and the
awareness of everyone’s well-being. In this context, we offer
two new oat cultivars, already recognized for their beneficial
effects on health, which also have even higher nutritional
qualities. All oat trade value chain branches would benefit
from this new developed material. Farmers could ensure
good commercialization of their production due to the good
grain yield and the excellent performance of the cultivars. The
manufacturer could add value to its products by including
oats in the recommended proportions. The consumer would
gain from a quality product beneficial for his health, espe-
cially that the number of diabetics requiring a healthy and
safe diet is rapidly increasing worldwide.

The adoption of these cultivars with good productivity
and excellent agronomic, technological and nutritional per-
formance by farmers will certainly ensure a good margin of
profitability. Seed growers will also benefit from these culti-
vars, due to their grain quality and the guaranteed good yield
levels, which will make up for the lack of certified seeds pro-
duced by the formal sector.

Morocco could even consider exporting seeds of these
two cultivars to major oat consumer countries, because of
their exceptionally good groat protein content, compared to
that of other cultivars grown elsewhere and released without
using wild germplasm available in our rich flora.
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YcToiyuBOCTb 06pa3LoB iYMeHA U3 BoCTOYHOA3MaTCKOro eHTpa
pa3Ho06pa3us KyJbTYPhI K net- u spot-popmMam Bo3GyAUTES
CeTYaToi NATHUCTOCTH
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AKTya/IbHOCTb. luMeHb — OCHOBHAsl KOPMOBAsi KYJIbTypa U [ileHHOe CbIpbe [1JIsi TMBOBApEeHHON IPOMBIIIJIEHHOCTH. BpesoHoc-
HOM 00JIe3HbID STYMEHs SIBJISIETCS CeT4yaTas MSATHUCTOCTh, BbI3blBaeMasi reMUOUMOTPOGHBIM rpubom Pyrenophora teres
Drechsler, koTopslii cyniecTByeT B AByX GopMax, pasMyaloliuxcs 1o CHMITOMaM Ha ssuMeHe: net-dopma P, teres f. teres u spot-
dopma P, teres f. maculata Smed.-Pet. PacminpeHre KoJlJIeKIIMHM UICTOYHUKOB U JOHOPOB YCTOWYHUBOCTH /151 CEJIEKIIUU SIBJISIET-
Cs1 aKTyaJIbHOU 3a/jauei.

MaTtepwuaJjibl 1 MeTOABL. MaTepurasioM Il HCCIeJ0BaHUA MOCTYKHUIa KOJLIeKI s U3 53 06pa3ioB suMeHs U3 BocTouHoasu-
aTCKOTO0 FeHIIeHTPa, OTVINYAIOIINXCS Pa3/IMYHbIM YPOBHEM YCTOHYMBOCTH K BO3OYAUTEII0 CETYATON NATHUCTOCTH. B uccie-
JIOBAaHUM UCII0/Ib30BaJ/IM pas3udHble naToTuIbl P, teres f. teres u P. teres f. maculata. YcTOM4UBOCTb MPOPOCTKOB STUMEHS OlLie-
HUBaJ/IM B KOHTPOJIMPYEMBIX YCI0BUSAX KIMMATHUYECKON KOMHATBI 10 MexAyHapogHoH 10-6a/1bHOM LIKaJle.

Pe3ysbTaThl M BBIBOABL. BoisiBiieHo 18 o6pasnos (30,2%) c pacocnennpuieckoi yCTONYMBOCTBIO K 6OBIIMHCTBY MaTOTH-
noB P, teres f. teres (Ptt) u 14 06pa3yoB (26,4%) ¢ ycTOMUUBOCTBIO K IBYM usosisitaM P, teres f. maculata (Ptm).Y 60/bIIMHCTBA
06pa3sloB YCTOUUUBOCTDb K Ptt KOHTPOJIUPYETCSA HECKOJbKUMHU MaJIbIMUA FeHaMU. YCTOWYHUBOCTBIO K AABYyM dopmam Ptt u Ptm
OTVIMYaJIMCh 06pa3ibl K-3945, k-11011 u k-20497.

Kawouesuie cioea: Pyrenophora teres f. teres, P. teres f. maculata, BUpy/eHTHOCTb, I0BeHUJ/IbHAsl YCTOMYHUBOCTh

baazodapHocmu: vicciefioBaHue BBINOJHEHO NpH noAAepxke rpanta PHO Ne 24-26-00072.
ABTOpBI 6/1ar0AapAT perieH3eHTOB 3a UX BKJIaJ, B 9KCIEPTHYIO OL[eHKY 3TOU paboThI.

Jaa yumuposanus: Jlammua H.M., Apanacenko O.C., JlockytoB WU.I. YcToluuBOCTh 00pas1ioB suMeHsl U3 BocToyHoasuaT-

CKOT0 IIeHTpa pa3Hoo06pasus KyJbTyphl K net- U spot-popmMaM Bo36GYAUTENS CETYATON NATHUCTOCTU. Tpydsl no npukaadHoll
6omaHuke, ceHemuke u ceaexyuu. 2025;186(3):260-269. DOI: 10.30901/2227-8834-2025-3-260-269
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Resistance of barley accessions from the East Asian Center
of crop diversity to the net and spot forms of the net blotch pathogen
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Background. Barley is a major fodder crop and valuable raw material for the brewing industry. A harmful disease of barley is
net blotch, caused by the hemibiotrophic fungus Pyrenophora teres Drechsler, which exists in two forms that differ in symptoms
on barley: the net form, P, teres f. teres, and the spot form, P. teres f. maculata Smed.-Pet. Thus, one of the crucial tasks is to ex-
pand the collection of resistance sources and donors for breeding.

Materials and methods. A set of 53 barley accessions from the East Asian Center of diversity, with various levels of resistance
to P, teres, served as the material for the study. Different pathotypes of P. teres f. teres (Ptt) and P, teres f. maculata (Ptm) were
employed. Barley seedlings were assessed for resistance under controlled laboratory conditions using the international
0-10 score scale.

Results and conclusions. Race-specific resistance to a majority of the studied Ptt pathotypes was ascertained for 18 barley ac-
cessions (30.2%), while 14 accessions proved resistant to two Ptm isolates (26.4%). In most accessions, resistance to Ptt is con-
trolled by a few minor genes. Accessions k-3945, k-11011 and k-20497 were identified as resistant to both Ptt and Ptm.

Keywords: Pyrenophora teres f. teres, P. teres f. maculata, virulence, seedling resistance
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BBeaeHue

Aumens (Hordeum vulgare L.) iBasieTcst OHOM U3 HaU60-
Jlee BaXKHBIX 3epHOBBIX KyJIbTYp. Kak ckopocnesnas, 3acyxo-
yCTOMYMBAsA U COJIEBbIHOCIMBAs KYJIbTypa TYMeHb BO3/jeJIbl-
BaeTcsl MPaKTUYeCKH BO BCeX PerMOHaxX CTPaHBbI, JIeTKO MpU-
Crocab/IMBasiCb K KOHTPACTHBIM YCJI0BUSM KJIUMaTa U pas-
HooGpasuto noyB (Zlotina et al., 2013). OgHuM U3 paKTOpoB
CHWXKeHUS ypoxkas JaHHOU KyJIbTYpbl IBASETCS YA3BUMOCTb
ee K 60Jie3HAAM. B CBfI3M ¢ M3MeHeHHEM KJHMMaTHUYeCKUX
YCJIOBUH B CTOPOHY NOTEINJIeHUs YBeJIUYUIACh YACTOTA 3MHU-
duTOTUI NMCTOCTEOENbHBIX 60/1e3HeH, B TOM 4HC/e ceTya-
TOU NATHUCTOCTU sTUMeHs. Bo3byauTeseM 60/1e3HU sBJSAET-
cs1 rpub Pyrenophora teres Drechsler, KoTopbld cyliecTByeT
B ZiByX popMax. ITU GpOpMbl UMEIOT OJUHAKOBYI0 MOPPOJIO0-
TUI0 KOHU/MAJbHOTO U CyMYaTOro CIOPOHOLIEHHs], HO pas-
JINYAIOTCS 10 CUMIITOMAaM Ha pacTeHUHU-X03s1MHe: net-popMa
(ceTyaTas) - P, teres f. teres (Ptt) u spot-¢opma (okpyruas) -
P, teres f. maculata Smed.-Pet. (Ptm). [eHeTU4YecKas JeTepMU-
HalMs yCTOMYMBOCTH STUMEHs K 3TUM ABYM ¢popMaM pasiny-
Ha (Manninen et al,, 2006; Grewal et al,, 2008; McLean et al,,
2009). Haubosbliee pacupocTpaHeHue B Poccuu mosydusa
net-¢opMa, oJHako MocJie MepBOro o6GHapy»keHus Ptm
B KpacHozapckoM kpae (Anisimova et al.,, 2011) ecTb ocHOBa-
HUe INpejIoJsaraTh ee JajJbHellllee pacnpocTpaHeHUe, Tak
KaKk BO MHOTHX peruoHax Mupa 3Ta ¢opmMa npepajupyeT
B moceBax fiuMeHns (Liu etal., 2011; McLean et al., 2016). ITo-
Tepu ypoxKasi NPy NOPaXKeHUU suMeHs1 Ptt 1 Ptm coCTaBJSIOT
oT 10 10 50%, BIJIOTH /10 MOJIHOM r'M6GEe/IN CUIbHO BOCIIPUUM-
YUBBIX COPTOB NMPH 6JIAarONPUATHBIX AJs pa3BUTHUs 6oJie3-
Hell ycoBusix (Mathre, 1997; McLean et al., 2014; Clare et al,,
2020).

3nuUTOTUH ceTYaTON MATHUCTOCTU B JIeHUHIpaACKON
006J1aCTU NPOUCXOAAT € YaCTOTOU ofUH pa3 B 3-4 roza (Afa-
nasenko, 2010; Lashina, Afanasenko, 2019).

Jl1sl reHeTUYECKOH 3allUThl TYMEHS OT 3TUX NAaTOreHOB
HeoOXOAUMO 06ecrevyuTh CeJeKIUI0 UCTOYHUKAMHU U I0HO-
paMu ycToMuMBOCTH. TpaAULIMOHHO MOUCK 3P EeKTUBHBIX
HCTOYHUKOB YCTOWYHUBOCTH 3€PHOBBIX KYJIBTYP K 60/1€3HAM
MPOBOJSAT Cpeiu 06pa3L0B U3 LleHTPOB reHeTUYeCKOro pas-
Hoo6pasus. H. U. BaBusos (Vavilov, 1926) onpezenna ogHUM
U3 Takux 1eHTpoB l0ro-BocTounyto Asuto. B aToM pernone
cocpefioTOYeHO 60JIbLIIoe pa3HOOOpasHe MeCTUPAJHbIX S4-
MeHell. XapakTepHbIMU YepTaMu siuMeHell BocTouHoasuar-
CKOTO IeHLeHTPa SABJAITCS HU3KOPOCIOCTh, IJIOTHBIH KO-
pOUYeHHBbIH KoJIOoC, 6J1M3K0e K chepruyeckoMy 3epHO, KOpPOT-
KOOCTUCTOCTb U 6e3octocThb (Repko, 2015; Suchinina etal,
2016). MHorue 06pasubl u3 fAnonuu u Kutas 3aciyKUBaroT
BHHMaHMS CBOEHM CKOPOCHEJOCTbI0, a sUMeHH MoHroauu
BBIJIe/ISIIOTCS YCTOMYUBOCTBIO K 3acyxaM (Lukyanova etal,
1990). CoveTaHUe TMOJIE3HbIX XO3SWCTBEHHbIX Ka4yeCTB
1 YCTOMYMBOCTH K 60JIe3HAM ONpeJieIIoT LiIeHHOCTb UCXO/-
HOro MaTepuaJa JiJIsl HCI0JIb30BaHUS B CeJIeKIUU.

Llesnvto daHHO20 uccaedosaHusl IBASIIACh XapaKTePUCTHU-
Ka I0BEHUJIbHON YCTOMYUBOCTH K ABYM popmMaM BO3OyAUTe-
JIsl ceT4aTON NATHUCTOCTU 06pa3LoB suMeHs U3 BocTouHo-
a3MaTCKOro LieHTpa reHeTUYeCKOro pa3Hoo6pasus KyJbTy-

pBL

MaTepnam,I U MEeTOoAbI

PacmumenbHblli Mamepuan

MarepurasioM 4151 U3yYeHHUst MOCAyKuau 53 o6pasua sy-
MeHs1 U3 BocrouHoasuarckoro reHueHtpa (Monrosus, Ku-
Tal 1 SnoHMs), NOJIy4eHHbIX U3 Bcepoccuiickoro MHCTUTYTA
reHeTU4YeCKUX pecypcoB pacTeHud uMenu H.U. BaBusioBa

(BUP). Cpenu usyyaeMbix 06pa3L0B SsUMEHS TOJbKO ABa (K-
10931 u k-18267) sABAAOTCA ABYPSAHBIMY, BCE OCTAJbHbIE
OTHOCSITCA K LIECTUPSAIHbIM.

Hszoasimwi Pyrenophora teres f. teres u P, teres f. maculata

B ucciefoBaHUM UCNOJIB30BaIM 8 MOHOKOHUUAIBHBIX
nU30J19TOB rpuba P, teres f. teres (Ptt) u 2 - P. teres f. maculata
(Ptm) pas/anyHOro reorpaguieckoro MpoOMCXOX/eHUs, BU-
PY/ZIEHTHOCTb KOTOPBIX M3ydasjach Ha MeX/yHapoAHOM Ha-
6ope coptoB-aAuddepeHHaTOpoB (Tab.. 1, 2). MOHOKOHHU-
JliaJIbHble U30JIIThl KyJbTUBUPOBAIN Ha MOAUGHULIUPOBAH-
HoH cpesie Yaneka (YJIM), copepxaeit KCl, K,H,PO,, MgSO,
no 0,5 1, MoyeBUHY - 1,2 1, 1akTO3y - 20 r U arap-arap Kobe [
(ROTH) -17 rHa 1 a1 fUCTUAIUPOBAHHOM BOAbI, o Y ©-naM-
namMu ¢ 16-4yacoBbiM $OTONEPUOJOM NPU TeMIepatype 18-
20°C B Teuenue 10-14 gHei.

Yenosus evipawyuganust pacmerutl

O6pasibl AYMeHs BbiCeBaJM B KOHTeHHepbl pa3MepoM
18 x 13 x 6 cM c oboraljeHHbIM MUTaTeJbHbIMHM BelleCcTBa-
Mu nouBorpyHToM Terra Vita® mo 24 3epHa KaxA0ro o6pas-
1a. B kauecTBe KOHTPOJISA BbICEBA/IM B KaXkAblH KOHTelHep
BOCIIPUUMYMBbBIE copTa: wecTupsaanbid ‘Pirkka” u nBypsz-
HblM ‘Harrington’, a Tak»ke yCTOMYMUBBIN WIECTUPSALHBIN COPT
‘Canadian Lake Shore’. JxcnepuMeHTa/ibHblE pacTeHUS
KyJIbTUBUPOBA/IU B KOHTPOJIMPYEMbIX YCJOBUAX KJIUMATU-
4yeCcKOol KOMHaTbl Bcepoccuiickoro Hay4HO-UCCIe[0BaTe lb-
CKOr'0 MHCTUTYTA 3allUThl pacTeHuit (BU3P) B Teyenue 10-
14 nueii npu TeMnepatype 20-22°C u 16-4acoBOM CBETOBOM
doTonepuoze U TaM e NPOBOJUIN UHOKY/IALHUIO.

HHokyasiyus pacmenutl

B ycnoBusx n1a6opaTOpUM WHOKY/ISLMIO pAacTeHUH Y-
MeHs IpoBOJUIU B $ase ABYX-TPexX JIUCTbeB MyTeM ONpbIC-
KUBaHUs CycreH3uel MOHOKOHHU/MAJbHBIX U30JATOB C II0-
MOIbI0 MyJbBepHusaTopa M3 pacyeta 0,2 MJ1 Ha pacTeHUe.
TuTp KoHUAUHN B cycnieH3uu coctassia 6000 Ha 1 mu. [Toce
WHOKYJISIIUY PacTeHUsl HaKpblBa/u MOJU3TUIEHOBbIMY Ma-
KEeTaMU U OCTaBJISIU Ha 48 4 npu TemnepaTtype 20-22°C 6e3
cBeTa. Yepe3 /Boe CyTOK MHOKY/JIMPOBaHHbIE pacTeHUs IO-
Mellla/Ii Ha CBETOYCTaHOBKHU, OCHAllleHHble CBETOAUOAHBIMU
cBetusnbHUKaMu cepuu TL-FITO VR, ¢ 16-yacoBbiM doTomne-
PHUOZOM U NOAJIeP>KUBAJIU BJAXKHOCTb Bo3ayxa 60-70%. Bel-
paliMBaJy pacTeHUsl O NMpOsIBJIeHUs TUIUYHBIX AJIs net-
U spot-opM CUMNTOMOB 60JIe3HU. JKCIIEPUMEHT NPOBOAU-
JIA B TPeX NOBTOPHOCTSIX.

Yuem munos peakyuu

Tunsl peaklMii NPOPOCTKOB OLleHWBAJIM Ha BTOPOM JIU-
cteyepe3 10-12 fHell nocsie UHOKYASALUH 110 10-6a/1/1bHON
mkase A. Tekauz (1985), koTopass npuMeHUMa [JJjis1 06eux
¢dopm natorena (Ptt u Ptm), rie 3HaueHus1 oT 1 1o 3 6a/110B
XapaKTepu30BaJu BbICOKYI0 YCTOHYUBOCTb o6pa3ua (HR);
6aJsbl oT 3,1 o 5,0 cBUleTEILCTBOBAJIU O TOM, YTO 06pa-
3en, cpefgHeyctouuB (MR); 5,1-6,9 - cooTBeTCTBOBa U
cyaboit BocnpuumyuBocTtu (MS); 7,0-10,0 - BocnpuuMuu-
BOCTH (S).

Pe3ysbTaThl U 06CYKAEHUE

Bce MoHOKOHMAMA/NBHbIE W30/IIThbl, HCIOJb30BaHHbIE
JIJIs1 OLleHKH I0BEHUJIbHOW yCTOWYMBOCTH 06pa3L0B sSUMeHs
K Ptt u Ptm, npoTecTUPOBaJIX 0 BUPYJEHTHOCTH Ha MEXAY-
HapoJHOM Habope copToB-AudPepeHunaTopoB (Tab. 1, 2).

B Tabaune 3 npuBeZeHbl K03QPULHUEHTbl KOpPpeasUU
(r) BUpY/JIEeHTHOCTH H30JATOB Ptt K ucciefyeMoMy Habopy
reHOTHUIOB TUMeHs. BoisiByieHa cy1abast MoJI0XKUTeIbHas KOp-
pensilua NPU CpaBHEHUU TUIIOB peakLUd K u3oJATaM Ptt
B uHTepBaJie oT 0,16 Mexay usondaramu u3 Poccuu u bena-
pycu go 0,57 Mexay usonsatamu us Yexuu u Kanagpt. [losio-
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Ta6smmna 1. XapakTepucTUKA BUPYJIEHTHOCTH U30J4TOB Pyrenophora teres f. teres
K Ha6opy u3 9 coproB-auddepeHINaTOPOB

Table 1. Virulence of Pyrenophora teres f. teres isolates to a set of 9 differentials

Tun peaknyu Ha 3apakeHHe MOHOKOHHMAUA/IbHBIMU H30/1ATaMHu P. teres f. teres, 6ann /
Type of seedling response to infection with P. teres f. teres isolates, score
~ = ~ ~
g = 2| &% £ s 3| ¢ )
g ~ E 3 = == % = E g ~ g =
S ® = ’g ; - ° g 2 == = E‘ =8 c .8
S a = < o & = A Y o~~~ S B g2
TeHOTHII TYMEHST [ 5¢ 8D | = g5 s 2 25 'gaﬁ £ s S35
Barley genotype QA& ':Eg 5 E\g‘{ §_°é S8 = %E 48 §'°:_
2 S = ) X B
g8 S8 | 28§ ¢ 9 gf.“: E8s| RS % .5
88 | 88| 32| T3 55 | 885| £5 g2
S o z 2 1 9 g - o =z 2 (=9 S 2
Es | T 2| 5&5| “g | S22 | Z9%| &2 g &
© > N K| ST g =B = S o N o
- ) = Q> F‘| < 7 @ [=<]
| -9 o 2 - = % | -, -
> S 8 ] =5 )
‘Harrington’ 7,0 10,0 7,0 9,3 9,7 8,8 10,0 9,0
‘Skiff’ 8,8 10,0 8,5 10,0 7,0 10,0 10,0 10,0
‘Prior’ 7,8 4,5 7,3 3,8 6,0 58 3,0 3,5
C.I.9825 2,1 8,7 53 6,8 53 7,0 35 4,5
‘Harbin’ qPttCLS 2,1 4,3 7,0 1,8 2,5 2,3 3,0 55
k-20019 2,5 2,5 3,0 33 5,0 4,6 35 50
C.I.5791 6H RPt5 5,0 3,0 2,3 2,5 2,0 1,8 2,0 1,5
‘Canadian Lake Shore’ qPttCLS 33 32 55 1,3 2,5 2,3 1,0 4,5
k-8755 3HL 33 4,5 55 2,7 2,3 2,4 3,0 55

Ta6auna 2. XapakTepuCTUKa BUPYJIEHTHOCTH U30J11TOB Pyrenophora teres f. maculata Smed.-Pet.

Table 2. Virulence of Pyrenophora teres f. maculata Smed.-Pet. isolates

o = Tun peaknuy Ha 3apaxkeHue usosatamu P. teres f. maculata
=e = Ha copTax-guddepeHuuaTopax, 6amn /
= § 5 E Type of seedling response to infection with P. teres f. maculata isolates
2 - é‘ g 3 in a set of differentials, score
Se 5 © 'y
= =
5 E = g E s %
= S © v T o n - o -
SES g = £ 28| & | | x| Q8| E| 2|2 |z 8
o ] S ® o ) ) : 5] x 2 = > s 5 ~
k) = o > G = Z = =N = S n S O =
g B £S5 s o £ Z = — < Q | T < ,
= = 5© o 3 s : 3 = b g g &
& 2 ) ) = <
= &
Benapycs, copT
11.3 PYEp, COPT | 31 | 85 | 65 | 75 | 76 | 21 | 75 | 55 | 1,5 | 54 | 43
aymeHns ‘Kangoo
Poccus, copT stuMeHs1
48.2 ‘Escape" p 51 7,2 7,5 6,2 52 1,2 6,1 8,2 3,0 2,0 31

»KUTesbHasA koppessanus (r = 0,39) oTMedeHa U IpU cpaBHe-
HUM THUIIOB peakLUM K usosnaTtaM Ptm. OTcyTcTBOBasa KOp-
pesfanua MeXxAy CpeJHAMHU 3HaYeHUSMU BUPYJEHTHOCTH
nuzonAToB Ptt u Ptm (r = 0,005).

Ha pucynke nokasaHo pacnpezie/ieHie TeHOTUIIOB 4Me-
Hsl 110 YCTOHYMBOCTH K n3ossAtaM Ptt. Hanbosbliuee qucio
CpeIHeyCTOWYMBBIX TeHOTHNOB suMeHs (49,1% oT uucia

M3Y4YEHHBIX) BbIJIeJINJIOCH NIPY 3apaXKeHUH U30saToM u3 be-
snapycu (F_18) u 34,1% - npu 3apaxeHuu uzosnsgtom Can_11
n3 Kanazpl. Yucs10 BBICOKOYCTOWYMBBIX 06Pa3IoB K KaXK/[0-
My U3y4eHHOMY U3ossTy Ptt npeBbicuio 10%, HanGosbiee
KOJINYECTBO YCTOMYMBBIX 06pa3noB ssuMeHs (24,5%) Boize-
JINJIOCH TPU 3apaXKEHNH pacTeHUH U309TOM U3 JIeHHHrpaz-
ckoit o6sactu (V_18).
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Ta6smuna 3. Koppesisinus (r) BUpyJIEHTHOCTU U30JIITOB Pyrenophora teres f. teres k Ha60py U3 53 reHOTUIIOB STYMEHA
Table 3. Virulence correlation values for Pyrenophora teres f. teres isolates in a set of 53 barley genotypes

c}\

Q7 Q‘/C’é/z&/c}o/ %?'/ R

EEITITENTOREIENET | o o Pr. 2 Ger7 | Chech 11 | Can 11 SA_7 F 18
P. teres f. teres
Pr 2 0,52
Ger_7 0,40 0,38
Chech_11 0,51 0,44 0,32
Can_11 0,48 0,53 0,48 0,57
SA 7 0,26 0,43 0,37 0,44 0,31
F 18 0,16 0,43 0,37 0,42 0,51 0,51
S 18 0,38 0,37 0,34 0,39 0,37 0,39 0,34
§ 60
S 50
S 40
= o~
g 30
25 20 - ® HR
SE 10 -
[<P] = | MR
AN
5 S YA D N A e EMS
= Y

HN3oasarel P. teres f. teres

PHCYHOK. Pacnpeaenel—me nmo YCTOﬁqﬂBOCTﬂ K U30JIATaM Pyrenophora teres f. teres reHOTUNOB AYMEHS
3 BocToyHoa3uaTckoro T€HIEHTPA HAa CTAAUHU NIPOPOCTKOB: HR - Bl:lCOKOYCTOﬁ‘{PIB]:lE T€HOTHIIbI,;
MR - CpeAHeyCTOﬁ‘l]/lele reéHOTHIIbI,; MS - CpeJHEeBOCIIPUHUMYUNBLbIE T€HOTHUIIbI

Figure. Frequency distribution of responses to inoculations with Pyrenophora teres f. teres isolates in seedlings
of barley genotypes from the East Asian Center of diversity: HR - highly resistant genotypes;
MR - moderately resistant genotypes; MS - moderately susceptible genotypes

JlaHHBIE 10 YCTOWYHUBOCTH NMPOPOCTKOB K BO3GYAUTEIIO
ceTyaToH NMATHUCTOCTH, KaK K net-, Tak U spot-popme, mpea-
cTaBJieHbI B Tabuuie 4. Cpeau 53 06pasioB suMeHsl 7 OKa3a-
JINCb BOCHPUUMYHMBLIMU KO BCEM M3Y4YeHHBIM U30JATaM Ptt.
K aBym wu3osaTaMm Ptm BOCHPUUMYMBOCTBIO OTJIWYAIUCh
23 o6pasna sumeHs. OcranbHble o6Jsafjany pacocnenudu-
YeCKOH YCTOMYMBOCTbIO. BOCMPUHMMYMBBIMU KO BCEM H30JIsI-
TaM Ptt okasanuch 4 ob6pasna: k-11653, k-15849, k-17819,
k-30353, ogHako k nzonary us benapycu (F_18) onu nokasa-
JIM THUII peaknuu «5». /laHHbIe YeTbIpe 06pa3na Mbl OTHECIH
K KJIacCy BOCHpUUMYHUBBIX. O6pasnbl k-3945, k-11011
1 K-20497 ycToN4uBBI K ceMU U30sATaM Ptt, HO K O fHOMY
W30JIATY TOKa3ald THUN peakuuw 5 6ayjoB, YTO COOT-
BETCTBOBAJIO cpefHeld ycTowuuBocTu. 06pasnbl K-2959
1 K-15811 ycToHuMBEI K ceMH H30saTaM Ptt, HO BOCTIPUUM-
YHBBI K OJHOMY, IO3TOMY OXapaKTepPHU30BaHbI KaK yCTONYH-
Bble. YCTOWYMBOCTBIO K GOJIBITUHCTBY U30JTOB Ptt oT/IM4a-
JIUCh TaKXe o6pasnbl K-11162, k-15812, k-17820, k-18269
U K-21472.

14 06pasuoB ssYMeHs GbLIM YCTOWYUBBI K ABYM H30JIs-
TaM Ptm (cM. Ta6u1. 4).

U3onaTt u3 lepmanun Ger_7 Obl1 BUPYJIEHTEH K COp-
TaM-auddepennuaropam ‘Canadian Lack Shore’ u ‘Harbin
YCTONYMBOCTb KOTOPBIX JeTepMUHUpPOBaHa reHoM qPttCLS
Ha KOPOTKOM Is1eye xpoMocoMbl suMeHs 3H (Dinglasan et al.,
2019; Afanasenko etal, 2022). CiemoBaTesJbHO, MOXXHO
HPeANOoJIOXKHUTD, YTO IPOMEKYTOUHBIN TUI peaKIUH K 3TOMY
H30JIATy y 06pa3na suMeHs K-15812, ycToHYMBOTO K OCTab-
HBIM H30JITaM, CBU/IETE/IbCTBYET O HAJIMYMHU JAHHOTO reHa.
Peakijus BOCIpUUMYMBOCTH 3TOro o6pasua Takxke K U30JIA-
Ty S_18 MOXeT CBU/IeTe/NIbCTBOBATb O HAJUUYUU Y HETO ellje
OJJHOTO TeHa Ha JUJIMHHOM Illede XpoMocoMbl 3H, Tak Kak
copt-nuddepeHpaTop K-8755, HOCUTENb 3TOr0 r'eHa, Mpo-
SIBUJI PeaKI1I0 BOCTIPUUMYMBOCTH TOJIBKO K U30JATaM Ger_7
nS_18. [lo HamMM JaHHBIM, BUPYJEHTHOCTb K 06pasmy
k-8755 B momynsauusax Ptt Bctpedaercs peako (Mironenko
etal., 2016; Novakazi etal., 2019). Ilo ganusiMm GWAS (No-
vakazi et al.,, 2019), SNP-ransioTuns! BblZeMBUINXCS 06pas3-
OB SAYMEHS aCCOLMHUPOBAHBI C JIOKyCaMH YCTOHYHMBOCTH
6H-2 (52-52,3 cM) u 6H-3 (54,0 cM) Ha xpomocome 6H, 3H-1
(47-49 cM) u 3H-2 (52-54,2 cM) Ha xpomocome 3H 1 Ha xpo-
mocome 7H (1,0 cM) (Ta6.r. 5).
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Ta6smmua 4. Pe3ybTaThl OLleHKH DBEHU/ILHON YCTOMYUBOCTH 06pa3LoB ss;uMeHs u3 BocTouHoa3uaTrckoro
reHeTU4eCcKOro HeHTpa K net- u spot- ¢opmam Bo36yaUTe N CETYATON NATHUCTOCTHA

Table 4. Results of assessing seedling resistance in barley accessions from the East Asian Center of crop diversity
to the net and spot forms of the net blotch pathogen

Tun peakuyuy Ha 3apakeHHe U30/19TaMH, 6aJL1 /
Ne 1o KaTa- Type of seedling response to infection with isolates, score
nory BUP / IIpoucxox-
VIR cata- ,aeﬂlufa / Pyrenophora Pyrenophora
logue No. Origin teres f. teres teres f. maculata
V_18 Pr 2 | Ger_7 [Chech_11|Can_11| SA7 | F_18 S_18 11.3 48.2
2959 MoHroJust 2,1 2,3 4,0 7,1 4,0 2,0 4,0 4,0 8,2 4,0
3904 —»— 7,4 8,0 9,2 8,0 7,0 7,2 4,1 8,2 8,3 2,2
3917 —»— 7,2 91 8,1 8,3 8,3 7,1 6,2 6,4 6,3 31
3952 —»— 8,4 7,2 8,0 7,3 8,4 3.1 51 9,3 6,3 6,1
4059 —»— 7,0 7,1 4,0 7,2 5,0 51 7,1 7,2 6,1 3,0
4070 —»— 7,0 7,3 51 9,2 7,3 4,0 7,2 7,1 51 5,0
4071 —»— 8,4 10,0 8,2 8,1 7,3 6,1 4,0 8,2 2,0 4,1
3945 Kurait 2,1 4,1 4,0 3,2 5,0 3,0 3,1 3,0 51 3,2
11653 —»— 7,2 6,2 7,0 9,2 6,3 8,3 5,0 7,1 6,0 5,0
12291 —»— 8,1 7,2 6,0 7,3 8,2 7,0 9,3 7,2 5,0 51
15811 —»— 2,2 4,0 2,1 1,3 2,0 4,1 2,0 6,1 6,3 7,1
15812 —»— 2,1 3,4 5,0 2,2 2,1 4,0 2,1 52 6,4 31
15823 —»— 6,3 9,2 8,0 9,0 9,3 2,0 6,3 9,1 7,2 5,0
15849 —»— 7,1 7,0 6,0 8,1 8,1 9,2 5,0 8,3 41 6,2
16114 —»— 8,2 7,0 8,2 7,3 4,1 4,0 4,1 7,4 4,0 3,1
16134 —»— 4,0 7,0 8,1 9,4 6,1 7,1 7,3 5,0 4,0 4,1
16164 —»— 31 1,2 7,3 8,1 3,2 7,3 4,0 7,2 5,0 5,2
16165 —»— 7,2 4,0 7,2 4,1 6,3 8,4 5,0 8,1 2,0 2,1
16293 —»— 7,3 7,0 7,0 52 4,0 4,1 5,0 6,1 3,2 5,0
16320 —»— 7,1 8,2 91 7,0 7,0 7,3 4,1 8,2 6,2 7,3
16340 —»— 4,0 4,1 8,3 7,0 6,2 5,0 6,2 6,3 4,1 7,0
17819 —»— 7,1 7,3 9,0 8,1 6,1 6,0 5,0 9,2 5,0 51
17820 —»— 4,0 4,2 9,3 5,0 51 2,1 4,2 5,0 7,0 6,3
18267* —»— 8,2 8,0 10 7,1 9,3 10 10 7,1 6,2 4,0
18268 —»— 2,1 2,2 71 2,0 1,2 4,0 51 8,2 7,1 5,0
18269 —»— 3,0 4,1 7,0 2,1 4,1 5,0 6,2 5,0 6,2 4,0
18523b —»— 6,2 6,3 3,0 8,1 7,0 8,1 7,1 9,2 6,0 5,0
18973 —»— 8,1 9,2 7,0 7,1 6,0 7,0 7,2 9,4 2,0 31
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Ta6una 4. OKOHYaHHe
Table 4. The end

Tun peakuyy Ha 3apakeHHe U30JIATaMH, 6aJ11 /
ﬁi : ; l;( ;; a/- R Type of seedling response to infection with isolates, score
VIR cata- AeHue / Pyrenophora Pyrenophora
logue No. Origin teres f. teres teres f. maculata
V_18 Pr.2 | Ger_7 [Chech_11|Can_11| SA_7 F_18 S_18 11.3 48.2
10161 fAnonus 6,2 7,1 9,0 8,2 6,2 8,2 9,1 8,3 6,3 7,1
10931* —»— 7,3 8,3 9,0 10 7,1 9,1 4,2 7,0 7,2 5,0
10975 —»— 6,1 8,0 91 9,1 7,2 10 9,0 10 7,4 6,0
10984 —»— 8,3 8,0 7,2 10 3,0 10 7,1 91 51 5,0
11011 —»— 2,0 4,1 2,0 5,0 4,1 4,1 3,0 2,0 3,0 2,2
11025 —»— 51 7,3 7,0 6,3 4,0 6,0 4,2 5,0 3,0 2,1
11031 —»— 8,1 7,1 7,0 9,2 7,2 7,2 5,0 1,2 3,1 2,0
11139 —»— 8,4 3,0 7,2 7,2 4,1 8,0 2,1 7,1 4,3 2,0
11162 —»— 1,2 3,2 2,1 7,1 1,2 7,2 4,0 7,1 4,1 2,2
11169 —»— 2,0 83 7,3 6,0 4,0 8,0 9,1 2,1 2,1 5,0
11188 —»— 5,0 8,1 6,0 7,2 5,0 7,2 5,0 9,0 5,0 51
11189 —»— 5,0 4,0 2,2 7,2 4,2 7,2 4,1 6,1 53 5,0
11198b —»— 8,2 6,2 7,0 7,1 4,0 51 5,0 6,0 5,0 6,2
11210 —»— 7,3 7,0 7,1 9,3 7,2 7,0 10 8,1 5,0 53
19275 —»— 3,0 7,2 8,1 4,0 6,1 6,2 4,1 7,2 6,0 6,2
20249 —»— 7,1 2,2 5,0 7,1 4,3 11 3,2 3,0 2,1 2,2
20277a —»— 5,0 2,0 5,0 8,0 7,3 3,2 5,0 8,2 31 5,0
20277b —»— 9,3 8,0 2,0 7,2 4,0 1,0 2,2 7,1 51 2,2
20333 —»— 4,0 4,0 7,3 7,1 7,0 5,0 6,3 5,0 6,1 5,0
20497 —»— 31 5,0 4,2 2,0 1,2 1,2 3,0 31 2,1 2,0
21413 —»— 1,2 2,1 5,0 7,0 6,3 2,0 5,0 6,3 2,0 3,2
21462 —»— 9,3 3,0 10 8,2 51 5,0 4,0 8,1 7,2 5,0
21472 —»— 8,1 2,0 6,1 32 4,0 2,2 2,1 3,0 2,1 5,0
22093 —»— 51 6,3 8,2 7,1 7,2 6,2 9,3 10 2,2 31
30353 —»— 7,0 8,2 8,0 7,0 7,0 7,2 5,0 9 4,0 5,0
‘Pirkka’ 9,0 10 6,0 8,1 9,2 10 9,0 10 5,0 7,1
‘Harrinton’ 7,0 10 7,0 9,3 10 8,8 10 9,0 6,5 7,5
owmpon L;’:‘:gﬁ‘;"r‘; 3,3 3,2 55 1,3 25 23 1,0 45 5,4 2,0
‘Harbin’ 2,1 4,3 7,0 1,8 2,5 2,3 3,0 55 7,5 6,1

[IpumeuaHue: * - [BypsIAHBINA TYMEHD

Note: * - two-row barley
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Ta6smua 5. Jlokaausanusa QTL, accoquMpoBaHHBIX C YCTOMYUBOCTBIO K Pyrenophora teres f. teres y 06pa3inoB sumMeHs
(o manneiM GWAS, Novakazi et al.,, 2019)

Table 5. Localization of resistance-associated QTLs for Pyrenophora teres f. teres in barley accessions
(based on GWAS data, Novakazi et al.,, 2019)

e YcroituuBocTh AeTepMuHUpoBaHa QTL
Ne no katasiory BUP / q"B;:_ c:; l:el;?_ ?:;J;’I/TaM Ha XpOMOCOMax siYMeHs /
VIR catalogue No. Mean score of resistance to Resistance determined by QTLs
8 isolates of P. teres f. teres on barley chromosomes
2959 3,6 6H-2, 6H-3, 3H-1
3945 34 6H-2, 6H-3, 3H-1
11011 3,3 6H-2, 6H-3, 3H-1
11162 4,0 6H-2, 6H-3, 3H-1
11189 4,9 6H-2, 6H-3, 3H-1
15811 2,9 6H-2, 6H-3, 3H-1, 3H-2
15812 31 6H-2, 6H-3
16164 50 6H-3, 3H-1
17820 4,8 6H-2, 6H-3, 3H-1, 3H-2, 7H
18268 39 6H-2, 6H-3, 3H-1
18269 4,5 6H-2, 6H-3, 3H-1, 3H-2
20249 4,0 6H-2, 6H-3, 3H-1
20277b 5,0 6H-2
20497 2,8 6H-2, 6H-3, 3H-1
21413 4,3 6H-2, 6H-3, 3H-1
21472 3,8 6H-2, 6H-3,3H-1, 7H
KoHTpoasb ycToiiuuBOCTH:
‘Canadian Lack Shore’ 3,0 3H-1, 3H-2
‘Harbin’ 3,3 3H-1, 3H-2
KoHTpoJ/1Ib BOCHPpUMMYHUBOCTH:
‘Pirkka’ 9,0 -
‘Harrinton’ 8,9 -
3akjyeHue Afanasenko O.S. Problems to create grades of agricultural

TakuM 06pa3oM, cpeAu H3y4YeHHbIX 53 06pa3LoB U3
BoCTO4YHOA3MAaTCKOr0 TeHIeHTpa BblsiBJIeHO 16 06pa3rioB
(30,2%) c pacocnenuduyeckod yCTOHUYUBOCTBIO K Ptt
U 14 06pasuoB ¢ yCTOUYUBOCTBIO K Ptm (26,4%).

YcToituuBocThIo K 06euM popmam P. teres f. teres u P. te-
res f. maculata otnuyanuch o6pasubl K-3945, k-11011 u k-
20497, xoTOpble MOTYT NPEJCTAB/IATb HHTEPEC AJIs CesleK-
IIMM SYMEHs] Ha YCTOHYMBOCTb K ABYM (GOpMaM CeTYaTOH
HATHUCTOCTH.
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AKTya/NBHOCTb. []J151 32U ThI COPTOB MATKOU nuieHULbI (Triticum aestivum L.) OT p»KaBYMHHBIX 60J1e3HEeH aKTyaIbHO PaCIIn-
peHHe reHeTUYeCKOH 6a3bl CesIeKIMH 3a CUeT POJCTBEHHBIX BU/IOB.

MaTepuaJjibl 1 MeTOJIbl. MaTepHraaoM /s UCCe,0BaHUH NOCAYKUIH 39 06pa31[oB SpOBOM MATKOH MIIEHUIIBI C UAeHTUPU-
LMPOBAaHHBIMU U HEU3BECTHBIMU reHaMH1 YCTOWYMBOCTHU K OypOH U cTe61eBol pkaBuyuHaM (Lr u Sr) BuzmoB pogoB Triticum L.
u Aegilops L. O1ieHKY yCTOWYHUBOCTH 06pPa31[0B K PXKaBYMHHBIM 60J1e3HAM TpoBoAuIu B 2020-2024 IT. B [T0JIEBLIX YCIOBHUAX
3anagHoi Cubupu (r. OMCK) WM B 1abOPATOPHBIX YCAOBHUAX HA CTaAUHU IPOPOCTKOB. [Ipu snuduToTHH 6ypoit U cTebieBon
pkaBYMHBI B 2024 I. 06pa3iibl 0XapaKTEePHU30BaIM C IOMOIIbI0 TMOKasaTesel «[liomaab mos KpUBOH pasBUTHS 6OJIE3HU»
(ITKPB) u «Mupekc ycroduuBocTu» (UY).

Pe3ynbTaThl M 3aK/1l09eHue. OCHOBHAs YacTh 00pa31i0B Oblj1a BBICOKOYCTOWYHBA K Oypoi U cTe61eBoH prkaBurHaM B 2020-
2022 rr. Ha ¢one anucdutornm 2024 r. BBICOKYI0 YCTOWYMBOCTb K ABYM 60sIe3HSAM NposBUAM o6pasubl Jyat’ (Lr9),
KS90WGRC10 (Lr39), nuauu copra ‘Thatcher’ (Tc) c ugenTudunmpoBanusiMu renamu Lr18, Lr28, Lr35/5r39, Lr37/5r38, Lr50,
Lr51, ataxxke ‘Pavon’ (Lr47), TA5602 (Lr57), Allard 52-1-1-17-1 (x-45165), ‘Yektay 406’, AHK-40. K cTe6eBoil p>kaBunHe
6b1u ycronyuBsl TcLr21, TcLr22a, W2691 SR36TT1, ‘Buposka, Allard 52-1-1-17-1, ‘Gouritz, ‘Livanjka, W2691 SR37TT2,
‘Taptyc 598, Wb. 58633, Jltotecuenc 849-81, JI-592, ‘QnemenT 22" B o6pasnax Allard 52-1-1-17-1, ‘Gouritz’ u ‘Livanjka’ c mo-
moubio [1l[P-ananusa naeHTudUIMpoBaH reH Sr36. YcToW4yuBble K 60JIe3HAM 06pa3lbl UMeJTH HU3KYI0 YPOXKAWHOCTD, 4TO
HeOoOXOAMMO YIUTHIBATh MPU UX UCII0JIb30BaHUH B CEJIEKIIMOHHBIX MPOrpaMMax.
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Background. Protection of bread wheat (Triticum aestivum L.) cultivars from rust diseases strongly requires expanding the
genetic base of breeding with relative species.

Materials and methods. The research material included 39 accessions of spring bread wheat with identified or unknown re-
sistance genes (Lr and Sr) against leaf and stem rusts transferred from Triticum spp. or Aegilops spp. The leaf and stem rust
development was estimated in 2020-2024 in the fields of Western Siberia (Omsk) and, at the seedling stage, under laboratory
conditions. Under rust epidemics in 2024, the accessions’ resistance was characterized using the indicators “Area Under the
Disease Progress Curve” (AUDPC) and “Resistance Index” (RI).

Results and conclusion. Most of the accessions were highly resistant to leaf and stem rusts in 2020-2022. Under the 2024
epidemics, the following accessions manifested high resistance to both diseases: ‘Duet’ (Lr9), KS9OWGRC10 (Lr39), the lines of
cv. ‘Thatcher’ (Tc) with identified genes Lr18, Lr28, Lr35/5r39, Lr37/Sr38, Lr50 and Lr51, as well as ‘Pavon’ (Lr47), TA5602
(Lr57), Allard 52-1-1-17-1 (k-45165), ‘Yektay 406’, and ANK-40. Resistance to stem rust was determined in TcLr21, TcLr22a,
W2691 SR36TT1, ‘Virovka), Allard 52-1-1-17-1, ‘Gouritz, ‘Livanjka, W2691 SR37TT2, ‘Gartus 598, Wb. 58633, Lutescens 849-
81, L-592, and ‘Element 22’. The Sr36 gene was identified in Allard 52-1-1-17-1, ‘Gouritz, and ‘Livanjka’ using a PCR analysis.
The resistant accessions had low grain yields, which must be taken into account when using them in breeding programs.
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BBeaeHue

Msrkas mwenuna (Triticum aestivumL.) oTHocuTcA
K YMCJIy BaXKHEHWIIMX BHUJOB, 00ecleyrBalOIUX NUTAaHUEM
HaceJleHHe IJIaHeThbl. B cBA3M € pocTOM HapojoHaceseHUs
HeoOX0AMMO MOBBIIATE COOPBI 3€pHA 3a CYET YBeJUYeHUs
NOTeHIMaJbHON ypOXKalfHOCTH COPTOB, a TaKKe CHIKEHHUS
NoTepb OT aGUOTHYECKUX U OUOTHUYECKUX GaKTOPOB Cpejibl
(Baker etal., 2020). ITo ouenke FAO (Food and Agriculture
Organization), Haubosiee BpeJOHOCHBIMU AJs1 pacTeHHe-
BO/ICTBA SIBJISIIOTCS 3aCyXU C 3KCTPeMaslbHbIMU TeMIepaTy-
pamy, a Takxke 60s1e3HU pacTeHud. Cpeju Bo36yauTenei 60-
Jle3Hell HauboJslee OMACHBIMU NMPU3HAHBI PXKaBUMHHBIE PU-
6bl, OT/IMYalolIMecss GbICTPOM HM3MEHYMBOCTBIO U CIIOCO6-
HOCTBbIO K MacCOBOMY Pa3MHOXXEHHIO U TPaHCTpaHUYHBbIM/
TPaHCKOHTUHEHTaJbHbIM MUrpayusm (FAO, 2021).

[MieHuny nopakaroT 3 BUJA pKaBYUHBL: 6ypas, cTebie-
Bas U xkeTtas (Bo3byautenu Puccinia triticina Erikss., P. gra-
minis f. sp. tritici Erikss. et Henn. u P, striiformis West. f. sp.
tritici Erikss., cooTBeTCcTBeHHO). P, triticina - HauboJee ma-
CTUYHBIN BUJ, U3 3TOr0 Habopa, KOTOPBIM MopakaeT MOCeBbI
BO BCex 3eMJleJleJIbieCKHUX 30Hax Mupa. Bypas prkaBuuHa
JloJITOe BpeMsl pery/IsipHO pa3BMBaslach Ha ITOCeBax MIIEeHU-
IIbl B 3ePHOBBIX peruoHax Poccuu, Ho B mocjie/jHHUe AeCcAaTH-
JleTUsl OTMeueHa Jenpeccusi 6o1e3Hu. PazaBuTue crtebeBoit
p’KaBYMHBI BO BTOPOH MosioBUHe XX B. ObLIO OrpaHUYeHO
MacCcoOBbIM PaclpoCTpPaHeHUEeM B perHoHaxX MUpa COPTOB, 3a-
L[UIIEHHBIX TeHOM Sr31 oT Secale cereale L. OgHako mocie
NosiBJIEHUs1 BUpYJIeHTHOU K Sr31 reny pacbkl Ug99 GoJie3Hb
pacnpocTpaHuIack B cTpaHax Adpuku, BianxHero Boctoka
u EBponbl (Patpour et al,, 2022). Ha Tepputopuu Poccuu no-
cJle JJINTeJIbHOM JlepeccUy BCIBILIKK CTe61eBOM prkaBUM-
Hbl oTMedeHbl B [loBokbe B 2013-2014 rr. u B 3anmajgHou
Cubupu B 2015 1. [To3ke 60JIe3Hb PETYISPHO MOpaKasa Mo-
CeBbl B pa3HbIX peruoHax cTpanbl (Baranova etal, 2023).
M3yyeHne nonynasiiMuoHHOro cocrtaBa Puccinia triticina
u P. graminis f. sp. tritici nokasaso, 4T0 Ha OGLUUPHOU TeppPU-
Topuu P® cyuiecTBYIOT eBponeicKie U a3uaTCKUe MOIMyJs-
LIUH, pa3/IMyaoLiecs 1o BUPYJEeHTHOCTH U MOJIEKY/ISIPHBIM
MapKepaM. 3anaJHOCHGHUPCKHUe U ceBepoKa3aXCTaHCKHe IO-
Ny NaTOTeHOB UMeIT BbICOKUHM KO3QQPUIMEHT CXOA-
CTBa ¥ OTVIMYAIOTCA 60JIbIIMM HAaGOPOM reHOB BUPYJE€HTHO-
CTH, IO CpaBHEHHUIO ¢ eBponeiickuMu (Gultyaeva et al.,, 2018,
2023; Skolotneva et al., 2023).

B HacTos1ee BpeMsa U3BeCTHO 0K0J10 COTHU reHoB U OTL-
sokycoB (Quantitative Trait Loci, QTLs) ycToluuBOCTH mie-
HUIBI K 6ypoil u cTebsieBoit prkaBunHaM (Mclntosh etal,
2018). OpnHako 6GoJsibliasi 4aCTbh U3 HUX Obljaa MpeofoJeHa
pKaBUMHHBIMU IpubGaMU uiu ManoddpdektuBHa. /s ycTou-
YUBOT0 3€PHOBOr0 NMPOU3BOACTBA HEOOXOJUMO PACLIUPATb
creKTp 3G PpeKTUBHBIX IeHOB YCTOMYMBOCTU B COPTax Mlle-
HuLbl. [locse pa3pabGoTKu MeTOJ0B MEXBHAOBOH U MeX-
ponoBO# (OTAANEHHON) TUOPUAM3ALUU B TEHOM MIIEHUIbI
nepeHec/ayd 60JbIIONH HAGOp TeHOB YCTOWYHUBOCTH K I'puU6-
HbIM 60JIe3HAM OT BU/JI0B ceMelicTBa Poaceae Barnh. OcHoB-
HBIMU JJOHOPAMU F'eHOB YCTOHUYHUBOCTH MOCAYXKUJIU BUJbI
ponos Triticum L., Aegilops L. w Thinopyrum A.Love (King
etal.,, 2024; Plotnikova, Knaub, 2024). B cBsI3u ¢ aKTUBHBI-
MU MUKDPO3BOJIIOLIMOHHBIMU NPOLeCCAMU B MOMyAALUAX Na-
TOTEHOB aKTya/ibHa HH$opMaLus 06 YCTOWYUBOCTH 06pas-
LOB MATKOH MIIEHUIbl C U3BECTHBIMU U HEUJJIeHTUPHULUPO-
BaHHBIMU T'eHaMH K P>KaBUMHHBIM 60JIe3HAM B Pa3/IMYHBIX
peruoHax CTpaHbl.

Ileavio uccaedosaHuill 6bIIM MOHUTOPUHT YCTOHYUBO-
CTU K OYypoW U cTeGJieBOM pkaBYMHAM Habopa HUHTPO-
rpeccuBHbIX 06pasnoB Triticum aestivum c reHeTuvec-

KUM MaTepuajoM BHUJOB pojoB Triticum u Aegilops
B 3anafHoi CHUOGUPU U XapaKTepPUCTUKA UX XO3SUCTBEH-
HO LleHHBIX CBOMCTB.

MaTepnanbl U MEeTOAbI

PacmumeanvHblii Mamepuan

MaTtepuasioM AJs UCCIeLOBaHUN cayxuau 39 obpas-
L[OB SIPOBOM MSATKOW MIUIeHUIbl, BKJ4Yasg: 1) 23 uHTpoO-
FPEeCCUBHBIX COPTA U JIMHUU Pa3JIMYHOTO POUCXOXKAeHUS
CreHeTU4YeCKHWM MaTepuaJioM BUZOB posioB Triticum u Aegi-
lops 3 konneknuu Bcepoccuiickoro MHCTUTYTa reHeTH-
YeCcKUX pecypcoB pacTeHuidl umeHu H.W.BasusioBa (BUP,
r. CankT-IleTep6ypr); 2) 16 06pa3LoB C U3BECTHbIMU U He-
UAeHTUGUIUPOBAHHBIMY T€HAMU YCTOUYHUBOCTHU K GypoH
U cTe6JIeBOM prkaBUMHAM OT TeX Ke POACTBEHHBIX BU/J0B
(tabnuua). UaeHTUOUIIMPOBAHHBIE T'€Hbl YCTOWYUBOCTH
K Oypoll U cTe6/ieBOM piKaBYMHAM HMeJIU: JIMHUU COpTa
‘Thatcher’ (Tc) TcLr18 (T5BS.5BL-5G#1L), TcLr21 (1DL,1DS),
TcLr22a, TcLr28 (T4AS.4AL-7S#2S), TcLr35/Sr39 (2B/2SL-
2SS#2.2SL#2), TcLr37/5r38 (NS/2AS), TcLr44 (1B), TcLr51
(T1AS.1AL-1S#F7-12L-1AL); apyrue copta u suauu KS9OW-
GRC10 (Lr39 = Lr41) (2DS), ‘Pavon’ (Lr47) (7AS-7S#1S-
7AS.7AL), KS96WGRC36 (Lr50) (2BL), TA5602 (Lr57)
(5DL.5DS-T5MS¢); CI7778 (Sr9e) (6AL), W2691 SR36TT1
(8r36) (2BS), W2691 SR37TT2 (Sr37) (4BL), RL 6087 (Sr40)
(T2BL/2G#2S) (Mclntosh etal., 2018). I'ennbt Lr22a, Lr37
U Lr50 onpeJensil0OT BO3PAaCTHYI YCTOMYUBOCTb K 6ypoi
pkaBurHe (Adult Plant Resistance, APR). OcTasibHble reHbl
NpPOSABJISIIOTCA Ha BCeX CTaAMAX Pa3BUTUSA PAcTeHUH, BKIIIO-
yas npopoctku (All-Stage Resistance, ASR). B kayecTBe cTaH-
JlapTOB [iJIsl 0JIeBBIX SKCIIEPUMEHTOB UCII0/1b30BaIM COPTA
3amagHocubupckor cenekuuu: ‘Tlamsaru AsueBa’ (cpenHe-
panHuit), ‘lyaT’ (cpepHecnesblit), ‘dneMmeHT 22’ (cpenHe-
no3aHui). CpegHeno3gHui copt ‘CepebpucTtas’ CAY>KUJI UH-
JMKaTOPOM BOCIIPUUMYHBOCTH K 60JI€3HAM.

Iosesvle skcnepumerHmel

OmnbIThl TPOBOAUJIM B I0XKHOU JiecocTenu 3anagHou Cu-
6upu (r.Omck) B 2020-2024 rr. [loceB oCyLeCTB/ISIU 1O
napy Bo BTOpPOM ITOJIOBUHE Masl Ha y4acTKe C JIyTOBO-YepHO-
3eMHBIM THIIOM NOo4YBbL. O6Gpaslbl BbICEBAIM Ha JeJIsTHKaX
mwiomaabio 1 M? c HopMo#t BeiceBa 500 BCX0XKUX 3epeH/M?
B OJJHOKPAaTHOM MOBTOPHOCTU. B TeueHue ce30Ha NpOBOAUIN
y4eT MOoJIEBOU BCx0oxKecTH o6pasuoB (B %) u dpeHosornye-
CKHe HabJIIoJleHHs 10 O6LIeNPUHATBIM MeTOAUKaM. YG0pKy
OCYLIeCTBJISI/IM MeXaHU3UPOBAHHBIM CIIOCOGOM B CTafuu
MOJIHOM cresiocTH 3epHa. [lepesn y6opKoil 4acTb pacTeHUH
y6Upasy BpyYHYIO AJs CTPYKTYPHOI0 aHa/u3a. AHaIu3 3J1e-
MEHTOB CTPYKTYpPbl ypoxas MPOBOAUW/IM IO CTaHAAPTHLIM
MeToAuKaM. [lo pesyjibTaTaM CTPyKTYpPHOTO aHajU3a BbI-
YUCJIAIW CpeJlHMe 3HAueHHUs ToKa3aTesled U OUIUOKY Cpej-
Hell (mpuBeaeHsbl Ha puc. 3) (Dospekhov, 1985).

Yenosus npogedeHus nosiegblx onblmos

[TorogHble yc10BUS B NIePUOJ, UCCIe0BaHUHN ObIIM KOH-
TpacTHbIMU. B 2020-2023 rr. nposiBuJIach XapakTepHas JJis
pervoHa BeceHHe-paHHeJIETHsISl 3acyXa B IepHo/j, C Mas 10
nepBylo N0J0BUHY HtoJisl. B 2021-2023 rr. HejoCcTaTOK ocaj-
KOB NPHU NOBBILIEHHBIX TeMiepaTypax (Ha 3-10°C Bbiue
HOPMbI) OTMeYasIu B ePUOJ, CO BTOPOU MTOJIOBUHBI UI0JIS 110
aBryct. B 2024 r. perysisspHO Bblllaia/ld yMepeHHble 0CaJKU
Ipu TeMIepaType, 6JM3KOH K CpeJHUM MHOTOJIETHUM 3Ha-
YeHHUsIM, HO B TpeTbel Jekafie Mas (BpeMsl MoceBa) 3Ha4U-
TeJIbHO CHU3W/IACh TeMIepaTypa. [nipoTepMudeckuil Kosd-
¢unuent (I'TK) 3a mepuoj ¢ mMas Mo aBryCT COCTAaBUJI:
B2020r.-0,6;82021r.-0,7;,820221.-0,9; 82023 .- 0,8;
B 2024 1. -1,5.B coorBeTcTBuHU ¢ 'TK, cesonnr 2020 1 2021 1.
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XapaKTepu3ylTCa Kak o4eHb 3acyunuBble, 2022 u 2023 1. -
3acyuuinBble, @ 2024 1. - BJIQXKHbIN.

Oyenka pazeumusi 60.1e3Hell

YdeTsl pa3BuTHUsA 60Jie3HEH B M0Jle IPOBOAUJIU B JJUHA-
MHUKe C 7-CyTOYHBbIM MHTEpPBaJOM MeXJy HabJIIofeHUSIMMU.
Peakuuio pacTeHUI Ha pa3BUTHe GYpPOH pKaBUMHBI OL€HU-
Ba/Iu 1O 5-6a/bHOU 1iKase: 0 - UMMyHUTET (6e3 MycTy);
1 1 2 - mycTy/bl MeJIKOT'O UJIK CPeIHETO pa3Mepa, OKPY>KeH-
Hble 30HAMHU HeKpo3a; 3 - cpefiHUe U KPYNHble NyCTYJIbI,
OKpY»KeHHble 30HaMU XJIOp03a; 4 — KpyNHble CJUBaIOLINecs
nyctysabl (Mains, Jackson, 1926). Peakyuio Ha HopakeHue
cTe6s1eBOM pP>KaBUMHOM B I0Jle ONpeAesIsaiv Mo LIKaJle, pU-
HATOU B MexaAyHapoaHoM HeHTpe CIMMYT: R - UMMyHUTET,
6e3 nyctysa; MR - Mesikue nycTy/ibl ¢ 30HaMU HeKpo3a; MS -
CpeJiHMe U KPYTNHble MYyCTY/Ibl, OKPY>KEHHbIE 30HOH XJI0p033;
S - KpynHble caHBaloOIIMecs: MyCTY bl JlONOJHUTENbHO Pas-
BUTHE OypOU U cTebIeBOM PrKaBYMHbBI OLEHUBAJIH 110 CTele-
HU nopaxeHus (B %) (Koyshibaev, 2018). B cBs3u ¢ oTcyT-
cTBUEeM 60Jie3Hel Ha oceBax, B 2022 r. 6bly1a NpOBeieHa Ja-
6opaTopHasl OljeHKa peaKLlMH 06paslioB Ha 3apaxkeHUe 6y-
poii pxkaBYrHOM, a B 2022 1 2023 1. - cTe6J1eBOM P>KaBYMHOM.
OneHKy NpoBoAMIU Ha 10-CyTOUHBIX TPOPOCTKAX, AJIs 3apa-
>KEHHUS UCII0/Ib30BaIM 06pasLibl ypeAUHUOCIIOP MONyAsaLui
Puccinia triticina u P. graminis f. sp. tritici, cobpaHHBIX oce-
HbI0O Ha O3MMBIX COpPTax MIIeHULbl. Peakiuio pacTeHUH Ha
UHOKyAsuuUi P triticina u P. graminis f. sp. tritici oueHuBaau
no 5-6a/ubHbIM wKagaMm (Mains, Jackson, 1926; Stackman
etal, 1962, cooTBeTcTBeHHO). Peaknuu «0-2» cuuTa u
YCTOWYUBBIMHY, «3-4» — BOCIPUUMUYHBBIMHU.

Jl1s1 onipeiesieHUst 0cO6eHHOCTeH B3auMOoeMcTBUS Mille-
HULBI C NONYJALUSMH DPXXaBUMHHBIX NaTOTeHOB IO pe-
3y/JbTaTaM JAWHAaMHU4YeCKUX OLleHOK mopaxkeHUs (B %)
B 2024 1. 6bLIM NOCTPOEHbI rpadUKU pa3BUTHUS OoJie3HEN
Y BbIUMCJIEHBI TOKa3aTen U «IlomaAb noj KpUBOM pa3BUTHSA
6osiesnu» ([IKPB) u «MHpaekc ycroituuBoctu» (UY). [IKPB
(B ycOBHBIX eiMHUIAX) BbIYUCIsIM 110 dopmysie (Kovalen-
ko etal,, 2012):

IKPB = 0,5:(x, +x,):(t,-t) + .. 0,5:(x , +x ) (t -t ),

I7ie X, - IopaykKeHWe NpHU IepBoM ydeTe, %; X, - Topae-
HMe IIPY BTOPOM y4eTe, %; X - MOpa)keHHe NPy Moc/aeJHeM
ydere; (t, - t,) - KOJMYECTBO AHEH MEX/y BTOPLIM U IIEPBbIM
ydgetoM; (t -t ) - KOJMYECTBO JHEeH MexJy IOCIeJHUM
Y NpeJocjeJHUM y4eTOM; N — KOJIUYeCTBO yYeTOB.

HY k 3abosieBaHUAM onpefeisiiu Kak oTHoweHue [IKPB
KOHKpeTHOro o6pasna k MmakcumaubHol [IKPB B onbiTe. Ha
ocHoBaHuM WY o06pasubl KjaccUPULUpPOBAIU IO YPOBHIO
ycrortuuBoctu: 0-10 - oyenb Bbicokui; 0,11-0,35 - BbICO-
kuii; 0,36-0,65 - cpepnuii; 0,66-0,80 - HU3KMIA; > 0,80 - Boc-
npuuMuuBbii (Kovalenko et al,, 2012).

MonekyasipHo-2eHemuyeckull aHaau3 u ggumonamo.ioau-
yeckutl mecm

[IpucyTcTBUe reHa Sr36 B 06pasuax, UMEKIIUX B POJO-
cnoBHoU BUf Triticum timopheevii, onpefesiid c NpUMeHe-
HHEM MHUKpPOCATEe/UIMTHOTO Mapkepa Xstm773 u durtomna-
TOJIOTUYECKOTO TecTa. /Il MOJIEKYJsIPHOTO aHa/ju3a Hc-
noJib30Basu napy npaiimepos STM773-2F (5’-ATGGTTTGTG
TTGTGTGTAGG-3") u STM773-2R (5’-AAACGCCCCAACCACCT
CTCTC-3’) (https://maswheat.ucdavis.edu/protocols/Sr36).
JHK pacTeHuil Belesns/14 ¢ IOMOLLbI0 MOAUPUIIMPOBAHHO-
ro Metoja 3kcrpakyuu CTAB (mofgpo6HO omucaH B CTaTbe
Skolotneva et al,, 2020). B 13 MkJ1 peakJUOHHOU cMecH, co-
crosimet us 6,5 Mxa SE-BydepAS (Ammonium Sulfate),
dNTPs (0,2 MM kaxjoro), npaiimMepoB (0,5 MKM kaxzoro),
1 e. a. Taq IHK nonumepassl (SibEnzyme) u crepunbHoit fe-

HOHU3UPOBAHHOU BOAbI (O KOHEYHOro 006beMa), KOHLEH-
Tpayus JHK maTpunel coctasasiaa 30-35 Hr/mkJ. [I1IP-am-
mInpUKaLUI0 BbINOJHSAIX Ha npubope BioRad T100 (Bio-
Rad, CIIA). Oxur npaiimepoB STM773-2F /R ocyecTBasiiu
npu 64-57-55°C. [leTeKyui NpPOAYKTOB aMIIMUKALUU
MpPOBOJMJIY B 2-NIPOLIeHTHOM arapo3HoM reJie, pa3Mmep ¢par-
MEHTOB OLeHUBaJIM C oMo bIo Mapkepa Step 50 plus («buo-
JIabMHUKC»). B kauecTBe N0JI0KUTEIbHOTO KOHTPOJIS1 HCHOJIb-
30Ba/IU JIMHUIO ¢ reHoM Sr36 (CI12632)/8*LMPG. [asa du-
TONATOJIOTUYECKOT0 TeCTa UCN0/Ib30Bald MOHONYCTY/IbHbIE
u30JThl P graminis f. sp. tritici c reHaMU aBUPYJIEHTHOCTH /
BUPYJIEHTHOCTH K Sr36 (Vir36/vir36) us kosuiekyuu jabopa-
TOPHUHU MOJIEKYJIIPHON pUTONATOI0TUN MHCTUTYTA LIUTOJIO0-
ruu u redHetuku (MLOul' CO PAH). Tect npoBoAuau Ha
10-cyTOYHBIX IPOPOCTKAX C COG/IIOAEHUEM MeXAYHAPOAHBIX
MPOTOKOJIOB ZIJis pa6OThI € pkaBUMHHBIMU rpubamu (Skolot-
neva et al., 2020). Peakuiuo pacTeHU oLleHUBaJIU MO 1IKa-
se E. C. Stakman et al. (1962).

Pe3ysbTaThl

B ucciesoBaHue BKJIIOYeHbI 06pa3iibl pa3JIMYHOrO Mpo-
HCXOX/eHHsl, CO3laHHble Ha OCHOBe BUZAOB poAoB Triticum
u Aegilops. Cpeau atux BunoB T dicoccum Schrank ex Schu-
ebl,, T spelta L. u A. tauschii Coss. uMeJsii Cy6TeHOMBI, TOMOJIO-
ruyHble T.aestivum (BBA'A'DD). OcTanbHble BUABI 1O Te-
HOMHOMY COCTaBY YaCTU4HO UJIU MOJIHOCTbIO OTJIUYAJIUCh OT
T aestivum (Ta6sanna). MOHUTOPUHT pa3BUTHUS 6oJie3Hel
MPOBOJIUJIM HA eCTECTBEHHOM UHPEKIIMOHHOM QOHe B epu-
on 2020-2024 rr. IloroaHble yclI0BUS OKas3aJld CUJIbHOE
BJMsSIHHE Ha MOpakKeHHWe MUIeHUNbl Gosie3HAMHU. B 2020
u 2022 1. uccienyeMble 06pasibl CO3pesy [0 Hayasia pa3Bu-
TUs O6ypoll pxkaBuyuHblL, B 2021 u 2022 r.- g0 cTe6/1eBOH,
a B 2023 . pkaBYMHHbIe 60JIe3HU HA IOCEeBAaX He OTMeYeHbl.
Jlydmue ycloBUs /sl Pa3BUTHUS KOMILJIEKCA pXKaBUYMHHBIX
60J1e3HeMN CJIOXKUINUCE B 2024 T.

B 3acyuuiuBom 2021 1. pa3BuTHe 6ypoil pKaBUMHBI Ha
roceBax 6bLJIO YMepeHHbBIM, IPYU 3TOM BOCIPUMMYUBBIE COP-
Ta ‘[lamMsaTu AsueBa’ u ‘CepebGpuctas’ ObIM MOPAXKEHBI [0
20-30% (cm. Tabsauny). He 6bu1u mopaxeHnsl copta /[lyat’
(Lr9), “Onement 22’ (Lr26/Sr31 + Sr35), aTakxe 06pa3ybl
C U3BECTHBIMHU FeHaMU YCTOMYHUBOCTH K 6ypoi U cTe61eBOM
pkaBunHaMm: Lr21, Lr28, Lr35/8r39, Lr39, Lr44, Lr47, Lr51,
Lr57, Sr9e, Sr36, Sr37, Sr40. Beicokyo ycTOMYMBOCTb (mopa-
xkeHUe < 10%) mposBuiu suHua TcLr35/Sr39 v o6pasiubl
¢ APR-reHamu Lr22a, Lr37 v Lr50. Bosibiias yacTb 06pa3LoB
13 koJutekuuu BUP He mopasuiack 6ypoit pkaBYMHOM, 3a UC-
katoyenueM ‘Dipka, BOT-3 u JlwotecueHnc 849-81 (mopaxe-
Hue 4 / 10%). B 2022 r. mpoBesiu 1abOpPaTOPHYIO OLEHKY
YCTOMYUBOCTU 06pasLoB K nony/asiuuu Puccinia triticina Ha
CTaiuM NPOPOCTKOB. Bocmpuumuusyto peakyuw (3-4 6a-
Ja) nposiBuau coprta ‘Tlamatu Asuesa), ‘Cepebpucras’, ‘Bu-
poBKa, ‘Pycnaga), .BO. 3048/433, Wb. 59484, ‘Dipka’, BOT-3,
aTakxke o6pasubl ¢ APR-reHamu Lr22a, Lr37/Sr38, Lr50.
OcTasibHble 06pasubl U3 KoJieKuu BUP 6b11M ycTONYUBEI
(0-2 6anna).

Bo BnaxxHoM 2024 1. pa3BuUTHE GYpON prKaBUUHBI UMEJIO
anUPUTOTUHHBIN XapakTep. [lepBble CUMOTOMBI 60JIE3HU
OTMeueHbI B ¢paze «KosomeHue» 15 utois, a k 14 aBrycra mno-
pakeHHe GOJIBIIMHCTBA 06pasuoB gocturao 70-100% (cM.
Tabsuiy). Ha MHTeHCUBHOM HHPEKIIMOHHOM (OHE BBICOKYIO
yCcTOHYMBOCTB (mopakeHne 10%) NposiBUIN TOJBKO 06pas-
Lbl C TeHETHYECKUM MaTepuasoM poga Aegilops: TcLr28,
‘Pavon’ (Lr47), TcLr51 (ot A.speltoides Tausch); TA5602
(Lr57) u ‘Yektay 406’ (ot A. geniculata Roth); AHK-40 (A. biun-
cialis Vis.). B cpenneli crenenu (3-4 / 20-30%) 6bL1u nopa-
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»KeHbl 06pasiubl ¢ reHaMu TcLr18 u KSO96WGRC36 (Lr50) (ot
Triticum timopheevii) v TcLr37/5r38 (ot Aegilops ventricosa
Tausch). BosblIMHCTBO 06pasloB, CO3/JAaHHBIX Cy4yacTHeM
Triticum dicoccum, T spelta, T araraticum Jakubz., T. timono-
vum Heslot et Ferrary u Aegilops tauschii, 66111 OpaXKeHbI
B cubHOM cTeneHu (4 /50-100%). B HaGope 06pa3ioB U3
koJsiekuuu BUP npucyTcTBoBasiu fBa o6pasua Allard 52-1-
1-17-1, pa3IU4HBIX O CBOMCTBAM; U3 HUX 6oJjiee YCTOWYHU-
BbIM ObLI K-45165.

Jlns moHMMaHUS 0COGEHHOCTEN MPOSIBJAEHUS YCTOWYHU-
BOCTHU 06pa3lioB BaXkKHY0 MHGOPMALUIO JAl0T rpadUKHU pas-
BUTHA 6oJie3HeH, a Takxke nmokasatesu [IKPE u Y. [IKPE ot-
paxkaeT CKOpPOCTb U JJINTEJBHOCTb NMOpPaKeHUsl 06pasLoB
60J1e3HbI0. Y faeT BO3MOXXHOCTb OLEHHUTb YCTOMYMBOCTb
KOHKpPEeTHOro 06pasla [0 CpPaBHEHUIO C MAaKCUMaJlbHO Mopa-
>KEHHBIM, C y4eTOM UHTEHCHBHOCTHU MH}EKLHOHHOTO QOoHa.
YBenuuenue [IKPB u MUY koppenupyeT ¢ notepssMu ypoxas
3epHa nueHunb! (Kovalenko et al., 2012). CpeiHue 3HaYeHUS
[IKPB Habopa M3y4yeHHbIX 06pa3l0B MOKa3a/H, YTO UHTEH-
CUBHOCTb IOpPaXKeHHsI OYpOX p:KaBYMHON Oblia 3HAYUTEJIb-
Ho Bbllle, yeM crebsaeBor ([IKPB=11563 u 316, cooTBeT-
CTBEHHO) (CM. Tab/uLy).

AHanus rpaduKoB pa3BUTUSA GYpoH pkaBYMHBI OKa3aJl
60JIbllI0€e pa3HOO6pa3ue B3aUMO/IeCTBUS 06pa310B C MOMY-
nsauueit Puccinia triticina (puc. 1, a). [lo juHaMuKe nopae-
HHUs 06pasibl pa3fie/IMINCh Ha HeCKoJIbKo rpynmn. Haubosee
paHoO U CTpeMUTeJbHO Oypasl pXKaBUMHA pa3BUBa/lachb Ha
copte ‘BupoBka, ee mnopaxeHue uepe3 14 cyT. AOCTHUIIO
100%, a IIKPB = 2455, u UY =1,0 6b1M MaKCUMaJlbHbIMH
B ONbITe (CM. TaGMLy U puc. 1, a, Tpek 6). Ha MHOrux 06pas-
1ax 60/1e3Hb pa3BUBasach MeJiJIeHHee, BKtouas: ‘Pyciaga),
Allard 52-1-1-17-1 (x-49928) u B®T-3 (Tpek 5,7,22,30); ‘Ila-
MATU A3ueBa, ‘DnemeHT 22, ‘Cepebpuctast, C1 7778 (Sr9e)
u ap. (tpex 1,3,4,9,13,14, 18, 24, 26,27, 40); .LBO 3048/433
(Tpek 23). B coorBetrcTBUM c Y (0,68-0,79) mepeuucieH-
Hble 00pasLbl 6bIN KIacCUPULUPOBAHbl KaK HU3KOYCTOM-
yuBble. Ha o6pasuax TcLr21, TcLr22a, ‘Livjanka’, ‘Gouritz’,
Jlrotecuenc 849-81, JI-582 ¢ reHeTHYeCKUM MaTepuaoM
Aegilops tauschii, Triticum timopheevii u T timonovum pas-
BUTHe O6ypOi pkaBYMHBI Ha4aJI0Ch Ha 14 cyT. 03e, HO pas-
BUBAJIOCh CTPeMUTeNbHO U JocTurio 100% k puHanbHOU
oneHke (Tpek 10, 11, 25, 28, 29, 31, 36). 3a cueT 6oJiee M037-
Hero nopaxeHus ux [IKPB 6b11a Menbiie, u o KUY = 0,55 atu
06pa3ibl 6bLIM OTHECEHBI K CpeJlHeyCTOHYUBBLIM. B 3Ty ke
rpynny (MUY = 0,45-0,49) Bowwnu TcLr44 u Wb. 58633, Ha Ko-
TOpBIX 60JIe3Hb POrpeccHpoBasia MejJleHHHee WU CTabu-
JIM3UPOBaJIach B KOHLe BereTauuu (Tpeku 8 u 20).

Jlns 06pa3yoB ¢ APR-reHaMu xapaKTepHO 3aMe/jJIeHHOe
pasBuTHe 60Jie3HU (slow rusting) npu BocnpUUMYUBON pe-
akuuu pactenuit (Plotnikova, Shtubey, 2012). B 2024 r. a¢-
dexT slow rusting k 6ypoil p:kaBYHMHe B CUJIBHOM CTelneHHU
nposiBuics y 06pasnoB ¢ APR-renamu Lr37 u Lr50 u ASR-
reHamu Lr18 v Lr35 (cm. puc. 1, a, Tpeku 15, 16 u 33, 43). 3a
cyet aToro [IKPE 66111 HU3KMMU, U 06pa31ibl OTHECIHU K BbI-
cokoycToruuBniM (MY = 0,11-0,16). MeHee BbIpaKeHHOE 3a-
MejsieHUe 60J1e3HU MPOSIBUIOCH HA o6pasuax Allard 52-1-1-
17-1 (x-45165) u Ayat’ (MUY = 0,21 u 0,26 cOOTBETCTBEHHO)
(Tpeku 21 u 2). Camyto BBICOKYIO ycToH4yuBOCTb (MUY = 0,05)
NpOSIBUJIM 06pasibl ¢ reHaMU BUJOB: Aegilops tauschii -
KS90WGRC10 (Lr39); A. speltoides — TcLr28,CS 2A/2M (Lr28),
‘Pavon’ (Lr47), TcLr51; A. geniculata - TA5602 (Lr57), ‘Yek-
tay 406’; A. biuncialis - AHK-40. Ha aTux o6pasuax ciaboe no-
paxkeHHe NMPOSIBUJIOCH K KOHIly BeTeTaljuy U ObICTPO CTabu-
nusupoBanoch (Tpek 12,32, 34, 35,37, 38, 41, 42).

Cre6sieBas pkaBurHa B 2020 I. B cpeiHEN cTeneHu mo-
pasuJia noceBbl, MaKCUMaJbHOe opaxkeHue 50S nposiBUIN

o6pasubl ‘TlamsaTu AsueBa’, ‘Cepebpuctas’, ‘Dipka’, ‘Kalkee’,
B®T-3, Jlotecuenc 849-81, ‘Fenotipo 3’ (cM. Tabauwny).
Bricokyto yctoitunBocTbh (OR-10MR-MS) nposiBuiu 06pa3sibl
CcreHeTUYecKuM MaTepuasnoM: Aegilops tauschii - TcLr21,
TcLr22a, KS90WGRC10 (Lr39), k-65264; Triticum timo-
pheevii - TcLr18, KS96WGRC36 (Lr50), W2691 SR36TT1
(Sr36), W2691 SR37TT2 (Sr37), Wb. 59484, Allard 52-1-1-
17-1 (x-49928), ‘Gouritz, ‘Livanjka’; Aegilops speltoides -
TcLr28, CS 2A/2M (Lr28), TcLr35/5r39, TcLr51; A. genicula-
ta - TA5602 (Lr57), ‘San Marino’, ‘Yektay 406’; A. biuncialis -
AHK-40; A.ventricosa - TcLr37/Sr38. Ilpu nabopaTopHOM
oneHke B 2022 1 2023 r. 60Jib1lIast YacTh 06Pa3L0B OKa3aaa
ycToluuByto peakuuto (0-2 6anna), kpome coptoB ‘TlamsaTu
Azuena’, ‘Kalkee’ u BOT-3.

B 2024 r. nepBble CUMOTOMBI CTE6JEBOM pKABUMHBI HA
roceBax OTMeuyeHbl Ha JBe HeJlesJM I03Xe, yeM OypoH, -
29 yion1sl. UMMyHHBIe K 60Jie3HU 06paslibl BbISIBJIEHbl He
6bl1M. /IUHAMUKa pa3BUTHSA 60JIe3HU Ha U3yYeHHbIX 00pas-
Lax pasyinyanack. [lopaxxeHue o6pasua BDT-3 pasBuBanoch
cTpeMuUTeNbHO (cM. puc. 1, 6, Tpek 30) u gocturio 80S k pu-
HasnbHoi oneHke ([IKPB =875, UY =1,0) (cm. Tabauny). Ha
o6pasnax Wb. 59484, ‘San Marino’ u ‘Fenotipo 3’ 60s1e3Hb
pa3BUBajaCb Me/lJIEHHO B NepUOJ C 22 UI0Jis IO 7 aBIyCTa,
HO 3aTeM B TeyeHUe 7 CyT. nmopaxeHue coctaBuso 100S
(Tpex 19, 39 ,40). O6pasupl C reHETUYECKUM MaTephasioM
Triticum dicoccum (C1 7778 (Sr9e), T spelta (TcLr44 v JlroTec-
neHc 393ae9-1) (tpek 5, 8, 9, 22, 27) uMenu ¢GUHAIBHYIO
oneHKy 50S u npossBUIM yMepeHHbIN addeKT slow rusting.

06pasipl, UMeIHe B poAoca0BHON BUAbI T. timopheevii
u T timonovum, U3y4aJy C IOMOLIbIO MOJIEKY/ISIPHO-TeHeTH-
YeCcKoro 4 (QUTONATOJOTHYECKOTO aHa/JIM30B Ha MNPHUCYT-
cTBUe reHa Sr36 (3dpdekTUBEH NPOTHUB pachkl BO3GYAUTENSA
crebsieBoi pkaBurHbl Ug99). Ha JIHK-maTpunax Tectupye-
MOro MaTepHasa MpU UCNOIb30BaHUY MUKPOCATEJIUTHOTO
Mapkepa STM773 mosy4yuau aMILIMKOHBI pasMepoM 155 mH
u 180 nH, cooTBeTCTBYOIUE a/LiesaM Sr36 ycToiuuBoro (R)
Y BocnipuuMuuBoro (S) reHoruna. Anienb R B romosurore
BbIsIBJIEH ¥ 06pa3woB Allard 52-1-1-17-1 (x-45165), ‘Gouritz’
u ‘Livanjka’ (puc. 2, 06pasupl 5, 7 1 10 cOOTBETCTBEHHO). Pe-
3y/JIbTaThl MOJIEKYJSIPHO-T€HETUYECKOr0 aHa/lu3a IOoJ-
TBEPAU/IN C MOMOUIbI0 GUTONATOJOTUYECKOTO TecTa C UC-
M10/1b30BaHUEM [IBYX U30JISITOB, HECYLIUX T'eHbl aBUPYJIEHT-
HOCTH WJIU BUPYJIEHTHOCTH K Sr36.

Ha o6pasnax RL6087 (5r40) u ‘Gowritz), npoucxoasamux
ot T araraticum u T timopheevii, 60/1€e3Hb Hayaja pa3BU-
BaTbCsl HA HeJleJII0 [T03e U CTabUIM3MpOoBaIach Ha MO3AHUX
aTanax (cM. puc. 2, 6, Tpek 20, 34; 1Y = 0,59). Ha psize o6pas-
LOB Pa3HOI0 NMPOUCXOXKAEHUSI CKOPOCTb Pa3BUTHS pPrKaBUU-
HbI GblJIa yMEPEHHOH, HO TPU GUHAIBHOH OLlEHKE JOCTUIIA
50% (c™. puc. 2, 6, Tpek 5, 8, 9, 22, 27; Y = 0,39). B rpynne
¢ duHanbHOU onenkoil 30S HabiOAANACh CTAOUIU3ALUSA
pa3BuUTHUA 060JIe3HW Ha o6pasue kK-65264 (Tpek 13). Ha
OCTa/IbHBIX 06pa3liax c TAaKOM ke OLleHKOW pa3BUTHe 60J1e3-
HU ObLJIO 3HAYUTENbHO 3aMefJieHo (Tpeku 20, 34 u 2, 3, 16,
21): Wb. 58633, ‘Pavon’ (Lr47), Ayst’ (Lr9), ‘dnement 22’
(Lr26/Sr31 + Sr35), Allard 52-1-117-1 (x-45165). O6pa3sibl
C UeHTUOUILMPOBAHHBIMY TeHaMM YCTOHYUBOCTH Sr36
(W2691 SR36TT1, ‘Gouritz, ‘Livanjka’), Sr37 (W2691
SR37TT2), Sr38 (TcLr37/5r38) u Sr39 (TcLr35/S5r39) umenu
cxopuble MY =0,18-0,19 U OTHOCUIUCH K BBICOKOYCTOUYU-
BbIM. AHaJIOTUYHble [T0Ka3aTe 1 OGblJIM y 06pa3LioB pa3HOro
npoucxoxgenus: KSO9OWGRC10(Lr39), Taptyc 598’ JI-592,
TcLr28, ‘BupoBka), Jltotecuenc 849-81 (tpeku 18, 26, 32, 33,
36,43 u6,12,17,28, 29, 31). O4yeHb BBICOKYI0 YCTOHYHUBOCTD
(nopaxxenue 5MS, UMY =0,07) nposiBUAM 06pasLpbl C reHe-
THYeCKUM MartepuasoM T timopheevii - TcLrl8; Aegilops
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Puc. 1. /luHaMuKa pa3BUTHA Gypoi p>kaBYMHBI (@) ¥ cTe6J1eBOM p>kaBYMHBI (6) Ha oGpa3Lax ApOBOM MATKOM
nieHunsl B 3anagHoi Cuoupu (r. Omck, 2024). O6pasusl: 1 - TlamaTtu Asuesa’; 2 - lysT’; 3 - ‘OneMeHT 22';
4 - ‘Cepebpucras’; 5 - C1 7778 (Sr9e); 6 - ‘BupoBka’; 7 - ‘Pycnaga’; 8 - TcLr44; 9 - Jlwotecuenc 393ae9-1; 10 - TcLr21;
11 - TcLr22a; 12 - KS9OWGRC10 (Lr39); 13 - k-65264; 14 - RL6087 (Sr40); 15 - TcLr18; 16 - KS96WGRC36 (Lr50);
17 - W2691 SR36TT1; 18 - W2691 SR37TT2; 19 - Wb. 59484; 20 - Wb. 58633; 21 - Allard 52-1-1-17-1 (x-45165);

22 - Allard 52-1-1-17-1 (x-49928); 23 - [.BO. 3048/433; 24 - ‘Kalkee’; 25 - ‘Gowritz’; 26 - TapTyc 598’; 27 - ‘Dipka’;
28 - ‘Livanjka’; 29 - ‘Gouritz’; 30 - BOT-3; 31 - JlrotecueHc 849-81; 32 - TcLr28; 33 - TcLr35/5r39; 34 - ‘Pavon’ (Lr47);
35 -TcLr51; 36 - J1-592; 37 - CS 2A/2M (Lr28); 38 - TA5602 (Lr57); 39 - ‘San Marino’; 40 - ‘Fenotipo 3’; 41 - ‘Yektay 406’;
42 - AHK-40; 43 - TcLr37/5r38

Fig. 1. Dynamics of the leaf rust (a) and stem rust (6) development on spring bread wheat accessions in Western
Siberia (Omsk, 2024). Accessions: 1 - ‘Pamyati Azieva’; 2 - ‘Duet’; 3 - ‘Element 22’; 4 - ‘Serebristaya’; 5 - CI 7778 (Sr9e);
6 - ‘Virovka’; 7 - ‘Ruslada’; 8 - TcLr44; 9 - Lutescence 393ae9-1; 10 - TcLr21; 11 - TcLr22a; 12 - KS90OWGRC10 (Lr39);
13 - k-65264; 14 - RL6087 (Sr40); 15 - TcLr18; 16 - KS96WGRC36 (Lr50); 17 - W2691 SR36TT1; 18 - W2691 SR37TT2;
19 - Wb. 59484; 20 - Wb. 58633; 21 - Allard 52-1-1-17-1 (k-45165); 22 - Allard 52-1-1-17-1 (k-49928);

23 - 1.BO. 3048/433; 24 - ‘Kalkee’; 25 - ‘Gowritz’; 26 - ‘Gartus 598’; 27 - ‘Dipka’; 28 - ‘Livanjka’; 29 - ‘Gouritz’;
30 - VFT-3; 31 - Lutescence 849-81; 32 - TcLr28; 33 - TcLr35/5r39; 34 - ‘Pavon’ (Lr47); 35 - TcLr51;
36 - L-592; 37 - CS 2A/2M (Lr28); 38 - TA5602 (Lr57); 39 - ‘San Marino’; 40 - ‘Fenotipo 3’; 41 - ‘Yektay 406’; 42 - ANK-40;
43 - TcLr37/Sr38
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Puc. 2. PesyibTaThl onpeAesieHuss Mapkepa Xstm773 k reHy Sr36 B o6pa3nax ApoBOM MATKON MIIEeHNIbI:
M - IHK-mapkep Step 50 plus («BromabMUKC»); K — MOJ0XKUTEIbHBIA KOHTPOJIb, TMHUA Sr36 C112632)/8*LMPG;
1 - Whb.59484; 2 - Wb. 58633; 3 - Allard 52-1-1-17-1 (x-49928); 4 - .BO. 3048/433; 5 - Allard 52-1-1-17-1" (x-45165);
6 - ‘Kalkee’; 7 - ‘Gouritz’; 8 - Taptyc 598’; 9 - ‘Dipka’; 10 - ‘Livanjka’
Fig. 2. Identification results for the marker Xstm773 to the Sr36 gene in spring bread wheat accessions:
M - DNA-marker Step 50 plus (Biolabmix); k - positive control, line $Sr36 C112632)/8*LMPG; 1 - Wb. 59484; 2 - Wb. 58633;
3 - Allard 52-1-1-17-1 (x-49928); 4 - .BO. 3048/433; 5 - Allard 52-1-1-17-1 (k-45165); 6 - ‘Kalkee’; 7 - ‘Gouritz’;
8 - ‘Gartus 598’; 9 - ‘Dipka’; 10 - ‘Livanjka’

tauschii - TcLr21, TcLr22a; A. speltoides - TcLr51 (Tpek 10, 11,
15, 35, 38). Ha o6pasnax c reHeTHUYeCKUM MaTepHaJoM
A. geniculata (TA5602 (Lr57) u ‘Yektay 406), a Takxe A. biun-
cialis (AHK-40) cna6oe nopaxenue (10MS) nosiBUIOCH TOJIb-
Ko Ipu puHaNIbHOMU onieHKe (MY = 0,04).

J1 vcrosib30BaHUs 00pPA3LOB B CeJIEKLHUOHHBIX MPO-
rpaMMax HeoOXOAMMBI CBeJIeHHs 00 UX X03IMCTBEHHO L[€H-
HBIX CBOHCTBaxX. B pa6oTe nmpuBeieHb! JaHHbIE 06 OCHOBHBIX
npHU3HaKax 00pas1oB, BelAeJUBIINXCSA 110 Y k 6os1e3HAM 3a
2022-2024 rr. CpenHUM BereTalMOHHBIM Iepuoj; Habopa
o6pa3noB kosebancsa ot 70,2cyr. (2023r.) pmo 82,4 cyt
(2022 1.) (puc.3,a). YiyirHeHHe BereTallMOHHOTO Mepuoza
B 2022 r. 6110 CBSI3aHO C TEM, YTO IOCJI€e JINTEJIbHOH 3acy-
XM B KOHIe HIOJIS1 BbINIAJM 0CaZKH, CIIPOBOIMPOBABIINE 06-
pa3oBaHUe AOMOJTHUTENbHBIX TI0GEr0B U 3aMe/lJIeHHe Co3pe-
BaHHUA pacTeHud. B 2023 r. 3acyxa ¥ BbICOKME TeMIlepaTypbl
CUHXPOHU3UPOBAIN Pa3BUTHE PACTEHUH U CIOCOGCTBOBAIU
CO3peBaHMI0 BCex 06pa3roB B TeyeHHe 68-73 cyT. B 2024 1.
BereTallMOHHBIN Nepro/| 60JIbIINHCTBA 06PA3I[0B He MPEBBI-
cun 83 cyT., kpome Jlotecuenc 849-81 (90 cyT.). CaMmbIii KO-
POTKUU CpeJHHUH BereTauuMoHHbIA mnepuon (71-75cyT.)
nMesin ob6pasusl: ‘Buposka, KS9OWGRC10 (Lr39), W2691
SR36TT1 (Sr36), W2691 SR37TT2 (Sr37), Taptyc 598’
TcLr35/5r39.

YpoxxallHOCTb 06pa3L0B KOPPEeJUpYeT C I0JIEBOH BCXO-
J)KeCTbI0 U MacCoH 3epHa pacTeHUH (IPOAYKTUBHOCTHIO).
AnanTupoBaHHBIE K YCJIOBUSIM 30HBI COpTa-cTaHAapThI ‘Tla-
MATH A3ueBa), /lyaT U ‘DeMeHT 22’ B yCJIOBUSX )KECTKOH Be-
CeHHe-paHHeJsleTHeH 3acyxu B 2022 u 2023 r. uMesiu camMyto
BBICOKYI0 BCxoxecTb 60-70%, a Bo BnaxkHoM 2024 .- 68—
72% (puc.3,6). Cpenu wn3ydeHHBIX 006pa3loB Haubosee
O6JIM3KU TI0 BCXOXXeCTH K cTaHjgaptaM B 2022-2024 rr.:
KS90WGRC10 (Lr39) (63-71%) u Wb. 58633 (50-65%).
OcTasibHble 06pa3Iibl 10 BCX0XKECTH B 3aCYIIJINBBIX YCIOBHUAX
3HAYUTEJIbHO YCTynaau ctangapTaM. B 2024 r. noceB nposo-
JIWJIM BO BJIQXHYIO IOYBY NpPH MOHM)XEHHOHW TeMIlepaType
(cpenuenexagHas — 8°C). Takue yci0BHS CIIPOBOLUPOBAIH
pa3BUTHE KOPHEBBIX THUJIEH, YTO BbI3BAJIO CHIDKEHHE BCXO-
)ectu 10 40-53% y yacTy 06pa3noB MHOPAKOHHOU ceJiek-
nuu: TcLr18, W2691 SR37TT2 (Sr37), Wb. 58633, Wh. 59484,
Allard 52-1-1-17-1 (k-45165), ‘Yektay 406’, TA5602 (Lr57).

CaMyIo BBICOKYIO CpPe/HIOI0 MacCy 3epHa pacTeHUU 3a
koHTpacTHble 2022, 2023 u 2024 r. nokasaju copTa-CTaH-
naptel - ot 2,04 mo 2,30 r/pactenue (puc.3,B). Cpeau
OCTa/IbHBIX 06pa3loB HanboJiee BBICOKYIO CPEJHIOI Maccy

3epHa pacteHu# cpopmuposanu Taprtyc 598’ (2,00 r), a Tak-
ke ‘BupoBka, Wb. 59484 u AHK-40 (1,62-1,66r). Camyto
HU3KYI0 MacCy 3epHa pacTeHHs WMeJs BbICOKOYCTOHYHMBBLIN
K 6osie3HaM copt ‘Yektay 406’ (0,83 r). YpoxaiiHOCTb 06pas-
[[0OB 3HAYUTEJbHO KoJiebGasacb B Trojbl HU3ydeHHUs. Y cop-
TOB-CTAHAAPTOB CpeJHAsA ypOXaWHOCTb cocTaBuja 267-
282 r/m? (puc. 3,1). Barxke Bcero K ctaHgapTaM MO ypo-
*kaiHoCcTH 6611 KS9OWGRC10 (Lr39), TapTtyc 598’ u AHK-
40 (168-198 r/m?). [ipyrue 06pasiibl yCTynagyd COpTaM-CTaH-
JlapTaM 1o cpefiHel ypoxaiHocTH B 1,5-3,8 pasa.

O6GcyxaeHue

[Ipn pa3paboTke MEPCIEKTUBHBIX MPOTPAMM CeJIeKIIUH
MIIeHUIbl HEe06X0JMMO YYUTBHIBATH Pe3y/lbTaThl MOHHUTO-
pHHTa YCTOMYMBOCTH MTOTEHLUAIbHBIX POAUTENbCKUX GOpM
K KOMILJIEKCY XapaKTepHBIX [/l pernoHa 6oJie3Heit. [luid 3a-
IIUTHI MIIEHUIIB] OT PXKaBYMHHBIX 60J1e3HEN B FTeHOM MATKOH
MIIEeHUIbl U3 BUAOB ponoB Triticum, Thinopyrum, Aegilops
U Secale 6B epeHeceH 6OJIBIION HAGOp eIMHUYHBIX WU
TECHO CIelJIEHHBIX F€HOB, KOTOPbIE HCIOJIb30BaIUCh AJIS
3alIUThI COPTOB.

MHoroJieTHHe uccaeL0BaHuA Nonyaauuil Puccinia tritici-
na Ha TeppuTOpHuM Poccuu nmokasasy, 4TO BBICOKYIO apdek-
TUBHOCTb Ha TeppuTopuu Poccuu B nepuon 2000-2020 rr.
MPOSIBUJIM TeHbl BUAOB Triticum dicoccoides - Lr53; T timo-
pheevii - Lr50; Thinopyrum spp. - Lr24, Lr29, Lr6Agi2; Aegi-
lops tauschii - Lr39 w Lr42; A. speltoides - Lr28, Lr47, Lr51,
LrAsp; A. geniculata - Lr57; Secale cereale — Lr45. Ten Lr9 (ot
Aegilops umbellulata Zhuk.) 6611 1peo0/ieH HA TEPPUTOPUH
3amazHou Cubupu U KxHOTO Ypasa, HO coxpaHus 3dpdek-
THUBHOCTb B JIpyrux pervoHax (Gultyaeva etal., 2021). [Ipu
BCIIBIIIIKaX CTe6JIEBON pXKaBUMHBI B pernoHax Poccuu B 2014
n 2015 1. 3¢ PpeKTUBHBIMU OKa3aJMCh reHbl BUAOB Triticum
araraticum - Sr40; T timopheevii - Sr36, Sr37; Thinopyrum
intermedium (Host) Barkworth & D.R.Dewey - Sr6Agi;
Aegilops speltoides - Sr38 (Baranova etal., 2024). Oxnako
B o6pa3nax asuaTckod momynsauuu Puccinia graminis f. sp.
tritici, cobpaHHbix B OMckoi U HoBocuGUpCKOH 06J1acTsX
B 2017 r,, BeIIBJIeHA 3HAUYUTeJIbHAA [0/l U30JIITOB, BUDPY-
JIEHTHBIX K Sr36 1 Sr38, HO BUpPY/JIeHTHOCTb K Sr24, Sr31, Sr39
U Sr40 He ycTaHoBJIeHa (Skolotneva et al., 2020).

B nmocnenHue fecATUIETHS OCHOBHAS YacCTh COPTOB SIPO-
BOU MATKOH NMIeHUIbI i 3anaaHou Cubupwu, I0xHoro Ypa-
sa u CeBepHoro KasaxcraHa co3faeTcsl B paMKax COTPYAHHU-
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Puc. 3. X034iICTBEHHO LleHHbIE IPU3HAKU 06pPa3L,0B sIPOBOM MATrKOM MIIEHUIbI: a - BereTallMIOHHbINA nepuo/, (CcyT.);
6 - mosieBas BCx0xkecThb (%); B - Macca 3epHa pacteHu (r); r - ypoxkaiiHocTb (r/m?). 06pasupsl: 1 - TlamMaTu Asuesa’;
2 - lyat’; 3 - ‘OnemenT 22’; 4 - ‘Cepebpucras’; 5 - CI 7778 (Sr9e); 6 - ‘BupoBka’; 10 - TcLr21; 11 - TcLr22a;

12 - KS90WGRC10 (Lr39); 15 - TcLr18; 16 - KS96WGRC36 (Lr50); 17 - W2691 SR36TT1; 18 - W2691 SR37TT2;

19 - Wb. 59484; 20 - Wb. 58633; 21 - Allard 52-1-1-17-1 (x-45165); 26 - Taprtyc 598’; 27 - ‘Dipka’; 28 - ‘Livanjka’;
29 - ‘Gouritz’; 31 - Jlrotecuenc 849-81; 32 - TcLr28; 33 - TcLr35/5r39; 34 - ‘Pavon’ (Lr47); 35 - TcLr51; 36 - JI-592;
38 - TA5602 (Lr57); 41 - ‘Yektay 406’; 42 - AHK-40; 43 - TcLr37/Sr38

Fig. 3. Important agronomic traits of spring bread wheat accessions: a - vegetation period (days); 6 - seed
germination in the field (%); B - grain weight per plant (g); r - grain yield (g/m?). Accessions: 1 - ‘Pamyati Azieva’;
2 - ‘Duet’; 3 - ‘Element 22’; 4 - ‘Serebristaya’; 5 - CI 7778 (Sr9e); 6 - ‘Virovka’; 10 - TcLr21; 11 - TcLr22a; 12 - KS9OWGRC10
(Lr39); 15 - TcLr18; 16 - KS96WGRC36 (Lr50); 17 - W2691 SR36TT1; 18 - W2691 SR37TT2; 19 - Wb. 59484;
20 - Wh. 58633; 21 - Allard 52-1-1-17-1 (k-45165); 26 - ‘Gartus 598’; 27 - ‘Dipka’; 28 - ‘Livanjka’; 29 - ‘Gouritz’;
31 - Lutescence 849-81; 32 - TcLr28; 33 - TcLr35/5r39; 34 - ‘Pavon’ (Lr47); 35 - TcLr51; 36 — L-592; 38 - TA5602 (Lr57);
41 - ‘Yektay 406’; 42 - ANK-40; 43 - TcLr37/5r38
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yectBa no nporpamme KASIB (Kazakhstan-Siberia Network
for Spring Wheat Improvement), kypupyemoit CIMMYT.
B 2000-2016 rr. A1 3alUThI MUIEHULBI OT 6YPOH U cTebie-
BOM pXKaBYMHBI MpPEUMYILIeCTBEHHO MCIOJb30BaIN 4UyXKe-
ponHble reHbl/TpaHcaokauuu Lr21, Lr9, Lr19/Lr25, Lr26/
Sr31 u Lr34/Sr57 ¢ po6aBjeHUEM MIIEHUYHBIX PacOCIelU-
¢duuveckux reHos Lrl, Lr3, Lr10, Lr14a, Lr17, Lr20. B e suHUY-
HbIX COpTax BblsABJeHbl Lr24/Sr24, Lr37/5r38, Lr39, LrAsp
u Lr6Agi2/Sr6Agi2 (Skolotneva etal, 2021; Gultyaeva etal,,
2024). B 2017-2019 rr. B copTax 4allle BCero ObLIU Mpes-
cTaBJieHbl reHbl Lrl, Lr10 v Lr26/Sr31, a Lr9, Lr19/Lr25,
Lr24/Sr24, Lr6Agi2/Sr6Agi2 u pxaHas TpaHcaokauus 1AL/
1RS BcTpevanuch B e JUHUYHBIX COPTAX, KaK IPaBUJIO, B KOM-
6uHanusx (Gultyaeva et al., 2024).

C yyeTOM He06XOJMMOCTH pacUIMPeHUs] FreHeTUYeCKOro
pa3Hoo06pasusi COPTOB B HALIU UCCJIe[0BaHUs ObLIN BKJIIOYe-
HbI 00paslibl, CO3/laHHble Ha OCHOBe Habopa BUAOB POJOB
Triticum u Aegilops, reHeTUYEeCKUI MaTepHas KOTOPBIX OT-
CyTCTBOBaJ WJIM ObLI MaJlo NMpeJCTaBJeH B COPTax, IpeJiHa-
3HA4YeHHbIX JAJIS BO3JeJblBaHUsA B 3anafgHoi Cubupu, Ha
[0xxHOM Ypasne u B CeBepHoM KasaxcraHe. bosbluas yacTb
M3y4eHHOT0 MaTepHaJjia Hec/la FeHbl UK UMeJla B POA0C/I0B-
HBIX BU/IbI C OTJIMYHBIMU OT Triticum aestivum (romeoJsiorud-
HbIMU) reHoMaMu: T timopheevii (A'A'GG), Aegilops speltoides
(SS), A. geniculata n A. biuncialis (UUMM), A. ventricosa (DDNY
NY). Bug Triticum timopheevii npyu3HaH NepcleKTUBHBIM [J0-
HOPOM YCTOMYMBOCTH K 'PUOGHBIM 60JIE3HAM, Ha €ro 0OCHOBE
Co3JlaH CUHTeTU4YecKui okrtormnouf T timonovum (A'A'A'At
GGGG) (Murashov, Morozova, 2008). OnbIT UCNOJb30BaHUS
HWHTPOrpeccui OT BUAOB C FTOMEOJIOTUYHbIMY [eHOMaMHu M0-
KasaJl, YTO B HUX MOTYT NPUCYTCTBOBATb KOMILJIEKCHI FeHOB
YCTOMYMBOCTH K HAb6Opy 60Jie3HEH.

OneHka BK/JIIOUEHHOTO B HCC/elOBaHUe MaTeprasa B 3a-
cywnBbIX yeaoBuax 2020-2023 rr. nokasaJjia, YTO OCHOBHas
yacTb 06pasloB, BKJ04Yasd 06pasibl ¢ UAeHTUGULUPOBAH-
HbIMU Sr-reHaMu U copT flyaT’ (Lr9), nposiBuia UMMYHHUTET
WJIM BBICOKYI0 YCTOMUYMBOCTb K 6ypoi prkaBuuHe. Uckitode-
HUe COCTaBMJIM 06paslibl C FeHeTHUYeCKUM MaTepHaloM
Tritucum dicoccum (‘BupoBka), ‘Pyciaza’) u 4acTb 06pasnoB
crenamu T. timopheevii v T. timonovum (1.BO.3048/433,
Whb. 59484, ‘Dipka’, BOT-3). BrisiBJieHHbIN B 10Jie UMMYyHHU-
TeT 06pa3LoB c reHaMmu Lr9, Lr28,Lr47, Lr51 v Lr57 noaTBep-
JKAaeTcs pe3yJbTaTaMU aHaslu3a nonyasauuu Puccinia tritici-
na 2022 r., B KOTOPOH COOTBETCTBYIOLIME I'eHbl BUPYJIEHTHO-
CTU He 661U onpefiesnieHbl (Meshkova, 2024). [TosieBas oueH-
Ka BbISIBUJIA MEHBILYIO JOJII0 BHICOKOYCTOMUMBBIX K CTebIe-
BOM pxkaBuMHe 06pasuoB (< 10MS-S) B 2020 r. B ux uucio
BOLIJIM 06paslbl ¢ reHeTUYeCKUM MaTepuasnoM T ararati-
cum, T. timopheevii (kpome Wb. 58633, ‘Kalkee’, TapTyc 598,
‘Dipka’), Aegilops tauschii, A. speltoides (kpome JI-592) u A. bi-
uncialis.

AHanu3 rpadUKoOB pa3BUTHUS PKABUMHHBIX 6GoJie3HEH,
nokasaTtesiedt [IKPb u MUY B 2024 r. nokasasn GoJsblive pas-
JINYUA MeXAy obpa3laMy. BbisiBjeHbl YeTblpe BapUaHTa
B3aMMO/,eHCTBUSA 06pa3L0B MNIeHUIIbI C MOMYJASLUAMU 1aTO-
reHoB: 1) paHHee U GbICTPOE MOpPAKEHUE pacTeHUU; 2) UH-
dunupoBaHue c3aZepKKOH Ha 7-14 cyT. ¢ gajbHEHUIUM
CTpeMUTEe/NbHBIM pPa3BUTHEM 3abosieBaHUH; 3) 3aMepsieHue
pasBuUTHs 6oJie3HEH; 4) cTabuan3anus nopaxkeHus. CTpeMu-
TeJIbHOe pa3BUTHe 6oJie3Hel Ha 06pa3lax BTOPOU TpyMiibl
CBU/IeTEJIbCTBYET O TOM, YTO B OMYJISALUAX IaTOT€HOB NOSB-
JIIINCh U OBICTPO PasMHOXKa/IUCh BHUPYJEHTHbIE KJIOHBIL.
B Tpex mocyieJHUX BapHaHTaX 3HAYUTEJbHO YMEHbILIAIUCh
[TKPE 1 MY, 4TO Ba)KHO /11 CHUXKEHHUS IOTePb ypoxKas.

Jl11 3alUThI COPTOB NMpPEJCTaBAAIT UHTepec 06pasiibl,
crioco6Hble obecneynBaTh Hecnenupuieckue 3GPeKTh

slow rusting wiau crabuiavsauuu 6oje3Hed NpH HU3KOM
ypOBHe nopaxeHus. B Hau6GoiblIell cTeneHW yCTORIUBOCTD
K Oypoii U cTe6/IeBOM p>KaBUMHAM 3a CUeT 3aMeJJIeHUsl UId
cTabuIM3aluy NOpaXKeH!s MPOSBUIN 06pa3libl C TeHeTHYe-
CKUM MaTepuasioM Triticum timopheevii - Allard 52-1-1-17-1
(k-45165), TcLr18 u TcLr50; Aegilops tauschii - KSO9OWGRC10
(Lr39); A. speltoides — TcLr28, TcLr35/5r39, ‘Pavon’ (Lr47),
TcLr51; A. geniculata - TA5602 (Lr57) u ‘Yektay 406’; A. biun-
cialis - AHK-40; A. ventricosa - TcLr37/5r38; A. umbellulata -
Aya1’ (Lr9). 3HauuTenbHbIM 3 PeKT slow rusting u cTabumu-
3aluio cTe6/1eBON prKaBUMHBI MPOSBUIN 06pa3libl C reHaMu
Triticum dicoccum - ‘BupoBka’; T timopheevii - ‘Gouritz’
(8r36), ‘Livanjka’ (Sr36), W2691 SR37TT2 (Sr37), Wb. 58633
u Taptyc 598’; T timonovum - JlotecueHc 849-8; Aegilops
tauschii - TcLr21, TcLr22a n k-65264; A. speltoides - JI-592.
BOJIBIIMHCTBO 3TUX 06pas3LloB COXPAHUJO YyCTOWUYUBOCTH
K 60s1e3HsAM B nepuoz 2020-2024 rr.

YcTOM4YUBOCTb pacTeHUH K 60JIe3HSIM 3aBUCHUT OT paco-
BOT'0 COCTaBa MOMy/sALUI naToreHoB. [IpoBefileHHble paHee
vccae0BaHUs NONYAALUHM pKaBUYMHHBIX TPUG0B IOKa3aJly,
YTO OHHU NPEeACTABJAAIT AUHAMHYECKHe CUCTEMBI, B KOTO-
pbIX HA6Op U COOTHOLIEHHEe pac 3aBUCAT OT GMOJ0TUYeCKUX
0CO6GeHHOCTel BHU/I0B, TeHETUYeCKOT0 NnouMopdusma pac-
TeHUH, YCJI0BUM cpeAibl, AesATeJbHOCTH YesoBeka. B 6aro-
NPUATHBIX YCJOBUAX B MOMNYJALUAX Npeo6JaJlaloT CJI0XK-
Hble pachbl € 60JIbIIMM YHUCJIOM FeHOB BUPYJEHTHOCTH. [Ipu
HACTyIJIeHUH He6/1aronpUsaTHBIX YCJIOBUH yBelUYUBaeTCs
nfouis npocTthix pac (Dyakov et al., 1998). [locsie gauTenbHO-
ro nepuojia Jenpeccuy, BbI3BaHHOI'O JeHCTBUEM CTpecco-
BbIX GAKTOPOB, COCTAB MOMY/IALUN TAaTOTEHOB MOXKET U3Me-
HUTbCS. Bo BpeMs snudUTOTHI NOBBIIAETCS BEPOSTHOCTD
BO3HHUKHOBEHUS HOBbIX EHOTHUIIOB 10 BUPYJIEHTHOCTH. [l1s
3aKpelieHusl B NMOMYJIALMM BUpY/JIeHTHass ¢opMa JoJnKHA
HMeTb JJOCTaTO4YHY0 npucnocobseHHocTs (Fitness), koTo-
past 3aBUCHUT OT )KU3HECNIOCOOHOCTHU Y MHTEHCUBHOCTH pas-
MHOXeHHUs NnaToreHoB. [losiBJleHHe TeHOB BUPYJEHTHOCTHU
MOXXeT OKa3blBaTb pa3HOe BJIMSIHME Ha MNpPUCNOCco6JIeH-
HOCTb — OT OTPHULATEJbHOro (BIJIOTh A0 JIETAJbHOIO) /0
HeUTpa/JbHOTO U MOJIOKUTeNbHOro. [Ipy seTanbHOM Jeit-
CTBUU aJjliesled BUPYJIEHTHOCTH HOBBbIE NMATOTHUIIbI B MOMNY-
JIIMU He TMOSABJSAITCS, a IPU YMepeHHOM OTpULaTeJIbHOM
pa3MHOXKAIOTCA MeJAJIEHHO U MOTYT 3JHMMHHHUPOBATbCA
B HEGJIaronpusATHbIX ycaoBusx (Zhan, McDonald, 2013).
B xoze nuTebHBIX UccaenoBaHuM Puccinia triticina moka-
3aHO, YTO OKOJIO MOJIOBUHBI HOBBIX NATOTHUIOB K CJeJyI0-
eMy roly 3JIMMUHUpYyeTcs u3 nonyasauui (Gultyaeva et al.,
2023).

[IpyurHaMu Ha6J1I0/|aBIIerocst HAMU 3aMe/lJIeHus] U CTa-
OUJIM3aLUK PAa3BUTUS PKAaBUYUHHBIX 00JIe3HENW MOTYT GbITh
MaJiast 0/l BUPYJEHTHBIX KJIOHOB, HU3Kasd UX MPUCIOCO6-
JIeHHOCTb. KpoMe Toro, A0N0/JHUTe/IbHBIM GaKTOPOM MOXKET
6b6ITb GOPMUPOBAHUE CUCTEMHOM MPUOBPETEHHOHN yCTONYU-
BocTH (Systemic Acquired Resistance, SAR) B pacTenusix. SAR
MOeT 6bITh MHYLIUPOBaHAa KOHTAKTOM C HeCllelaJln31upo-
BaHHBIMU NIATOTeHaMHU, aBUPY/JI€HTHBIMU LITAMMaMH CIeLU-
aJIM3MPOBAHHbBIX NATOT€HOB WM XUMHUYECKUMU UHAYKTOPa-
Mu. B pesysnbTaTe pa3BuTusi SAR popMupyeTcs KOMILJIEKC 3a-
LIMTHBIX MeXaHU3MOB, KOTOPBIN obecrneynBaeT Hecreudu-
YeCKyl0 YCTOMYMBOCTb K Pa3HbIM NaTOreHaM U BpeJUTessIM
(Prasad etal., 2020). Uugykuusa SAR npuBoAUT K coKpale-
HUIO pa3MepoB MHULeJHs U YaCTUYHOMY NOJABJEHUIO pas-
MHOXEHUS P>KaBUMHHBIX I'PUOOB, BKJIO4Yas P triticina (Plot-
nikova, 2009). 3amMeaJieHre pa3BUTHS GYpoOl pKaBYMHbBI HA
copte JlyaT’ (Lr9) moxeT ObITh CBSI3aHO C pa3BUTHeM SAR
nocJie KOHTaKTa C aBUPY/JEeHTHbIMU LITaMMaMH, NPHUCYT-
CTBYIOIUMU B GOJIbIIOM KOJIUYECTBe B OMCKOM MOMyJasLuu
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P, triticina (Meshkova, 2024). [Ipu nociefyoueM 3apaKeHUU
cTebsieBo pxkaBunHOM {lyaT mposiBu addekT slow rusting,
XOT$1 paHee OblJ1 BOCHPUHMMYUB K 3TOMY 3a60jleBaHUIO. 3Ha-
YUTeJbHOEe 3aMe/lJleHHe pa3BUTHUs CTe61eBOM p>kaBUMHbBI Ha
JIMHUSIX CO CJOXHBIMHM TpaHcaokauusmu TcLr35/Sr39
u TcLr37/Sr38 Tak:xe MOIJI0 6bITh CBSI3aHO ¢ UHAYKLHEN SAR
nocJsie npeABapUTeNbHOr0 KOHTaKTa c P, triticina. JleficTBue
SAR Heo6XOAMMO YYUTBHIBAaThb INpPH MNPOBEJEHUU OLIEHOK
B C/lyyasxX IMOPaKeHWs pacTeHUH KOMILJIeKCOM 6oJ/ie3Hel,
aTakXe IpPU CO3JAaHUM NMUPAMU/J FeHOB YCTOWYUBOCTHU
K P>)KaBUUHHBIM 60JIe3HSM.

B oMckolt mnonynsiuuu P triticina BbIsIBJIEHBl pe3KHe
$aykryanuu no BupysneHTHocTH. Tak, B 2013 r. oTMeTHIH
BCIIBIIIKY Pa3MHOXeHUs BUPYJEHTHBIX K Lr47 KJIOHOB (A0
70%), HO MO3Xe OHM 3JUMHUHHUPOBAJUCH U3 MNOMYJIALUHU
(Plotnikova et al.,, 2018). B monynsanuu 2022 r. 1014 U305~
TOB, BUPYJIEHTHBIX K Lr47 v Lr57, coctaBuau 2,5% u 0,0%,
aB 2023 1. oHu Bo3spocau A0 29% u 82% coOTBETCTBEHHO
(Meshkova, 2024). C yyeToM aKTHUBHbIX MHUKPO3BOJIOLHOH-
HBbIX IPOLIECCOB B 3aMafHOCUOUPCKUX MOMyJALHUSX pPKaB-
YUHHBIX TPUOGOB HEOOXOAUM JabHENIINI MOHUTOPUHT HC-
TOYHUKOB YCTOWUMBOCTHU K 60JIE3HSM, a TaKKe CO3JjlaHue
COpPTOB C KOMIIJIEKCOM T€HOB YCTOMYMBOCTH, NMPOSIBUBLINX
3)PEeKTUBHOCTD B YCAOBUAX SNUPUTOTHH.

[Ipy BKJIIOYEHUH HCTOYHHUKOB YCTOMYHMBOCTHU K GoJies-
HAM B CeJIeKLMOHHble MPOTrpaMMbl BaXKHO YYUTbIBaTb HUX
OCHOBHbIe X035IICTBEHHO LieHHble CBOMCTBa. McciejoBaHusA
Habopa 06pa3noB B KOHTPACTHBIX MNOTOJHBIX YCJOBUAX
3anagHoi Cubupy MOKasajd, YTO IOJIE3HBIM CBONCTBOM
HU3y4YeHHbIX 06pa3L0B 6bLJ1 KOPOTKUHI BereTalluOHHbIN Tepu-
oA. OfHaKo 6oJblIas YacTh MaTepuaJsa He Gbl1a afjlalTUPO-
BaHa K XapaKTepHbIM JJis 1ora 3anagHoi CubupH 3acyxaM
Y MOYBEHHOH MUKpodJope M MOKaszaja HU3KYI ypoxxaii-
HocTb. Kak npaBuJ0, 06pasiibl MYHOPAaHOHHOM cesleKLIUU UMe-
JI1 HU3KHe MOoKa3aTeJM M0JIeBOM BCXOXEeCTH, MacChl 3epHa
pacteHuit u Maccel 1000 3epeH. HckiroueHue cocTaBu/I He-
6oJiblIONd Habop poccuiickux obpasuos (‘Taptyc 598, ‘Bu-
poBka, AHK-40) u kaHagckuit Wb. 59484.

BoiBOAbI

1. OcHOBHasl YaCTb U3y4YeHHBIX 06pa3L,0B NPOSIBUIA UM-
MYHUTET WUJIU BBICOKYIO YCTOMYUBOCTD K OYpOH U cTe61eBOM
prKaBYMHAM NP OLieHKe B M0JIEBBIX U JIa6OPATOPHBIX YCJI0-
Busix B 2020-2022 rr. UMMyHHBIE 06pasilibl HE BbISIBJIEHbI
MpU BCIIbILIKE GYPOH U cTe61eBON prkaBYMHbBI B 2024 T.

2.B 2024 r. BbICOKYO IPYIIIOBYI0 YCTOWYUBOCTD (11O UH-
JleKCy YCTOMYMBOCTU) K 6ypoi U cTebJieBON prkaBYMHAM 3a
cyeT N03/Hero UHGULUPOBAHUS, 3aMe/IIeHUs MU CTabUIIH-
3allMu THopaxkeHUs MNposiBUIKM o6pasubl: KS9OWGRC10
(Lr39), Allard 52-1-1-17-1 (x-45165), TcLr18, TcLr50, TcLr28,
TcLr35/5r39, ‘Pavon’ (Lr47), TcLr51, TA5602 (Lr57),
‘Yektay 406’, AHK-40, TcLr37/5r38, ‘/lyat’ (Lr9).

3. BbICOKYI0 yCTOMYMBOCTbL K CTeGJIEBOM  piKaBUMHE
B 2024 r. nokasanu o6pasusl ‘BupoBka, TcLr21, Tclr22a,
K-65264, W2691 SR36TT1, ‘Gouritz’ (5r36), ‘Livanjka’ (Sr36),
W2691 SR37TT2 (Sr37), Taptyc 598, Wb. 58633, JlioTec-
neHc 849-81, JI-592, ‘Onement 22’ (Lr26/Sr31 + Sr35).
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CTaTbd peJaKIMOHHAS
YIIK 633.15:635.67:631.52:581.6

Bb160po4HbIii cnucok «KaTtasioroB mupoBoi kosutekiuu BUP» o kykypy3se 3a 1961-2023 rr.

Cepus «Kamasoe mupogoti koanekyuu BUP» / Catalogue of the VIR Global Collection npegHa3HadyeHa AJ1s1 CeJIeKI[MOHEPOB, CIle-
[[UaJIMCTOB-PACTEHUEBO/IOB JIsl PellleHUs] IPAaKTUYECKUX 33/1a4 B CeJIEKIIMU U CEMEHOBO/ICTBE, HAyYHbIX PA6OTHUKOB, OCYyILie-
CTBJIAIMX GyHAAMeHTalbHble W PUKJAJHble HAay4YHblEe HCCIEOBAaHUS, a TAK)XKe /s y4eOHbIX Lesed. M3iaHus cepun
CIOCOGCTBYIOT PACKPBITHIO MOTEHIMAIA MUPOBOW KOJIJIEKI[UH FeHETHYECKUX pecypcoB pacteHUld BUP, repbapHoi KoJiek-
iy BUP (WIR) xak BaxkHOH 4acTu poccuickux 6uopecypcHbIx kosutekuuit (BPK).

Penakuus xxypHana «Tpydsl no npukaadHoll 6omaxuke, 2eHemuKe U ceqeKyuu» C 11eJ1bl0 OTpaXKeHHUsI MHOT0JIeTHe! U3/aTe lb-
cKoll gesiTesbHOCTH BUP, mpuBsieyeHUs JONOJHUTENBHOIO BHUMaHUA K cepuu «Kamasoz muposoll koasekyuu BHP» /
Catalogue of the VIR Global Collection u yTouHeHUSs AJis1 aBTOPOB HAy4YHBIX CTaTel HOMEPOB U Ha3BaHUU BBINYCKOB CEPUU
NpUHSJIA pelleHre OMyGJUKOBaTh «BblbopouHblll chucok “Kamasnozoe muposoli koasekyuu BHUP” no kykypysze 3a 1961-
2023 2z2.». [Ins1 yo6CTBa NOJb30BaHUsI MaTepyasl PacloJioXKeH B XPOHOJIOTHYECKOM NOPsiZIKe COIJIACHO HOMEPaM BhINYCKOB.
MBI Ha/ileeMcs, UTO CIIMCOK OKAXKETCS M0JIE3HbIM HAIIMM YUTATEeJsIM U aBTOPaM Hay4YHbIX CTATEM.

st yumupoeaHus: Be16opouHbli cricok «KaTasoro MupoBoit kostekiuu BUP» o kykypyse 3a 1961-2023 rr. Tpydet no
npukaadHolibomaHuke, 2eHemukeu cesekyuu. TpydvlnonpukiadHolibomaHuke, ceHemukeu cesekyuu.2025;186(3):285-292.DOI:
10.30901/2227-8834-2025-3-285-292

Editorial article

Selective list of the Catalogues of the VIR Global Collection on maize published in 1961-2023

The Catalogue of the VIR Global Collection series is addressed to plant breeders and crop experts solving practical problems in
plant breeding and seed production, plant scientists conducting fundamental and applied research, teachers and learners. The
publications within this series help to disclose the potential of the VIR global collection of plant genetic resources and the VIR
herbarium (WIR) as an important part of Russian bioresource collections (BRC). The editors of the journal Proceedings on
Applied Botany, Genetics and Breeding decided to publish the Selective list of the Catalogues of the VIR Global Collection on
maize published in 1961-2023 to throw light on VIR’s publishing activities, attract more attention to the Catalogue of the VIR
Global Collection series, and specify the numbers and titles of the series’ issues for authors of scientific manuscripts. For the
users’ convenience, the sources are arranged chronologically, following the order of issue numbers. The editors hope that this
list will prove useful to our readers and authors.

For citation: Selective list of the Catalogues of the VIR Global Collection on maize published in 1961-2023. Proceedings on
Applied Botany, Genetics and Breeding. 2025;186(3):285-292. DOI: 10.30901/2227-8834-2025-3-285-292
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_KATANOI MUPOBOM KOJUIEKLIUN
Boeinyck 2 Brinyck 353 Boimyck 409
KATAJIOT
MHPOBO¥ KOJUIEKIIAH BHP HCXOJIHBI/i MATEPHAJI KHTAFICKOTO IPOHCXOHAEHHS
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1. Katasor - cnpaBouHUK MUpoBoi kosutekuuud BUP. Boim. 1. ([Io camoonbuieHHbIM JUHUAM KyKypy3bl) / I.C.Tanees,
O.®. Cugopos ; noa pepakuueid [1.M. XKykosckoro ; BACXHUJI, Bcecoto3Hblll HAyYHO-UCCIEIOBATENbCKUNA HHCTUTYT pacTe-
HUeBo/CTBa. Jlenunrpaz : BUP, 1961. 90 c. : Ta6..

2. Karasior - cnpaBoYyHUK MUpoBo# Kosutekiuu BUP. Beim. 2. (MecTHble copTa Kykypy3sl CCCP) / T.A. fpuyk ; mox pefak-
nued ILM. )KykoBckoro; BACXHWJI, Bcecoto3Hblli Hay4yHO-UCCI€4,0BAaTEbCKUNA MHCTUTYT pacTeHHUeBOJCTBaA. JIeHUHrpan :
BUP, 1961. 87 c.: Tab.

3. Karasior - cipaBoYHHUK MUPOBOH KoJuieknuu BUP. Beim. 4. (Kosnekus sonatomeiicsa kykypyssl) / ©.d. Cuzmopos ; mog,
peznakuueit [1.M. XKykosckoro ; BACXHUJI, Bcecoro3Hblil Hay4YHO-HUCCAe0BaTeJbCKUN UHCTUTYT pacTeHUEeBOACTBA. JIeHUH-
rpaz: BUP, 1961. 100 c. : Ta6.1.

4. KaTtasor - cnpaBoYHUK [MHUpoBoi KoJsisiekuuu BUP]. O HoBbIX 06pa3iax kosnekuuu BUP / pegaktopsr: 3./1. ApTiorusa,
P.X. MakauieBa, M.M. fIky61pHep ; OTBETCTBEHHBIH 3a BoINyCK 3./]. ApTioruHa ; noj pefakuueit /1./l. BpexxHeBa ; [cocTaBuTeNN:
no Kykypyse u kpynsHbiM: A.C. Kporos, A.®. Konromunpbina, U.U. CokonoBa, [.E. lllmapaes, T.A. fApuyk]; BACXHUJI, Bceco-
I03HBIN HAyYHO-UCCIEe0BaATENbCKUM UHCTUTYT pacTeHUeBoAcTBa. JlenuHrpay : BUP, 1966. 122 c. (3xcnpecc-undopmanus /
BACXHMWJI, BUP ; Beim. 1). U3 copepxxk.: (Kykypysa. C. 22-26).

5. [KaTasor - cnpaBoYyHUK MUpPOBOH Kosutekuuu BUP]. Beim. 19. Kartasor - cipaBoYHUK MHPOBOU KoJuieknuu BUP mo
CaMOOMbIIEHHBIM JIMHUSM KYKypy3blI / coctaBuTenu: [.C. Fanees, ®.®. Cupopos, M./l. KoBanesuy, E.B. J/leoHoBa ; moz pefjakiu-
et ®.0. Cunoposa; BACXHWJI, BcecorosHblil Hay4yHO-HCC/IEL0BATEIbCKUM UHCTUTYT pacTeHHeBofcTBa. JleHuHrpas : BUP,
1964. 113 c.: Tab..

6. [KaTasior - cnpaBoYHUK MUPOBOH KoJutekuuu BUP]. Boimn. 29. Katasor - cipaBoYHUK MUPOBoO# KoJssieKuu BUP no cop-
TaM KyKypy3bl U3 eBponeicKux ctpaH / cocraButesb: T.A. Apuyk ; nog pepakuueit LE. lllmapaesa ; BACXHWJI, Bcecoro3Hbii
Hay4YHO-HCCJIe[0BATeIbCKUM HHCTUTYT pacTeHueBoAcTBa. JleHnnrpay : BUP, 1966. 198, [1] c. : TabJ.

7. [KaTtasnor mupoBoii kosneknuu BUP]. Boin. 32. KaTasor o6pa3noB MUpoBo# kKoJuieKuu BUP, mepcrneKTUBHBIX B yC/10-
BUsIX opoliueHus / pejakrtopsl: P.X. MakameBa, M.K. MoppaHnoBa, PA. Yaauus, [0.H. lllep6akoB ; 0OTBETCTBEHHBIHN 3a BbIMYCK
PX. MakaiueBa ; nog o6ueit pegakuueit [1./l. BpexxHesa ; [cocTaBuTed: o KyKypy3se U kpynsHbiM: /I.C. [lepeBep3ses, U.1. Co-
koJsioBa, ['E. llIMapaeB; pycckash TpaHCKpUMNIMsS Ha3BaHUM MHOCTpPaHHBbIX copToB jAaHa b.f. Pozenom|; BACXHWUJI, Bceco-
I03HBIM HAy4YHO-UCCJIeJ0BATEbCKUNA UHCTUTYT pacTeHUeBoAcTBa uM. H.W. BaBunosa. Jlenunrpaz : BUP, 1967. 134 c. (3kc-
npecc-uHdopmanus / BACXHUJI, BUP).

8. Katasor mupoBo#i kossekuy BUP. Bein. 34. (Kostekuus caxapHoii Kykypy3sl) / cocraButen: [LE. [llmapaes, H.B. Jle#i-
3epcoH, B.C. TapkymuHa ; nog pepakuueit LE. [limapaeBa; BACXHWJI, Bcecoro3Hubiii Hay4YHO-UCCIE40BATENbCKUNA UHCTUTYT
pacrenuneBogcTBa UM. H.U. BaBusioBa. Jlenunrpapg : BUP, 1968. 216, [2] c.+ 7 oTaA. J1. Ta61.

9. Karanor mupoBoi#l kosutekuuu BUP. Boin. 36. [lo caMmoonbuieHHBIM JIMHUAM KyKypy3bl / coctaButenu: [.C.[asees,
M.J. KoBaneBuy, H.B. Jleiizepcon ; nox pepakuueit [E. llimapaeBa; BACXHWJI, Bcecoro3Hblil HayyHO-UCCIe0BaTENbCKUN
WHCTUTYT pacTeHueBoAcTBa UM. H.W. BaBusiosa. Jlenunrpaz : BUP, 1968. 133 c. : Ta6u1.

10. Katasor mupoBoii kosneknuu BUP. Boim. 38. (IlogBuj kpaxmMaaucToi KyKypy3ssl) / coctaBuTesb: B.I1. [op6yHOB ; oz
penakuueid L[E.IlImapaeBa; BACXHWJI, Bcecoro3Hbli Hay4yHO-UCC/IEJOBATEIbCKUA HUHCTUTYT pacTEeHUEBOACTBA
uM. H.W. BaBusosa. Jlenunrpag : BUP, 1968. 131, [7] c. : Ta6.1.

11. Karasor [MupoBoii kosiekiuu BUP]. Boim. 43. O HOBBIX 06pasnax Kosyiekuy BUP / moAroToBrIN: COTPYAHUKY OTAe-
sia uatponykuuu BUP: (K.A. Ko6blisHckast, A.®. KosiomuneiHa, E.A. TonmaueBa, B.A. YukoBsa, 10.H. lllep6akoB), 3aBeaytorue
[laBioBCcKOr0 1 MalKOIICKOTO HHTPOAYKIHOHHO-KapaHTUHHBIX MUTOMHUKOB HHCTUTYTA: (B.C. EQumoBsa, 10.M. /lanuneBuy) ;
BACXHMWJI, Bcecowos3Hbll Hay4yHO-UCCAe40BATENbCKUM MHCTUTYT pacTeHueBojcTBa WM. H.U. BaBusiosa. Jlenunrpan: BUP,
1969. 53, [1] c. U3 comepx.: (Kykypy3sa. C. 39-42).

12. Karanor [MupoBoi kosiekuuu BUP]. Boim. 45. lep6apuil Bcecoro3Horo Hay4HO-UCC/IE€0BATENbCKOTO UHCTUTYTA
uM. H.U. BaBusioBa / cocraButesu: B.A. BopkoBckas, C.C. BockanbsH ; nos penakuueit B.B. Hukurtuna ; BACXHWJI, Bceco-
103HBIM HayYHO-UCCIe10BAaTENbCKUN NHCTUTYT pacTeHreBoacTBa UM. H.U. BaBusioBa. Jlenunrpazg : BUP, 1969. 91 c.: doT.

13. KaraJsior - cipaBo4yHUK [MUpoBo# koJutekuuu BUP]. Bein. 1 (50). KaTasor - cnpaBoYHUK reHeTHYECKOM KOJIIEKIIUU
Kykypy3sbl / H.®. 3ocuna, B.I. CmupHoB, ['E. llimapaeB; nog pepaknueit [E. [limapaeBa; BACXHWJI, BcecorwsHblll Hay4yHO-
HCCIe/I0BAaTeNbCKUN UHCTUTYT pacTeHueBoACcTBa UM. H.U. BaBusnoBa[u ap.]. Jlenunrpazg : BUP, 1969. 121 c. : Tab61.

14. Karanor MmupoBod kosutekuuu BUP. Beim. 54, (4. 2). [lo copram KyKypy3bl W3 eBpONEMCKUX CTpaH / COCTABUTEJb:
TA. flpuyk; nox pepakuueit [E.lImapaeBa; BACXHUJI, Bcecoro3Hbli Hay4yHO-UCCAe[0BATENbCKUM HHCTUTYT pacTeHUe-
BojacTBa uM. H.U. BaBusioBa. Jlenunrpaz : BUP, 1969. 159, [7] c. : Ta6.1.

15. [Karanor mupoBo# kosutekyuu BUP]. Boim. 59. Katasor HoBbIX 06pa3iioB MUPOBO# Kosiekyuu BUP / cocraBuTtenu:
C.H. BaxapeBa, K.A. Ko6bLisinckas, A.®. Konomuunbina, E.A. Tonmauesa, 10.H. [llep6akos ; BACXHWUJI, Bcecolo3HbIH HayYHO-UC-
CJel0BaTeJbCKUH MUHCTUTYT pacTeHueBojcTBa WM. H.U. BaBuiosa. Jlenunrpan : BUP, 1970. 98 c. U3 cogepx.: (Kykypy3sa.
C.49-51).

16. [KaTasnor mupoBo# kossnekuuu BUP]. Beim. 66. KaTasor 06pa3ioB ce/ibCKOX03sIHCTBEHHBIX KYJIBTYP, COOPaHHbIX 3apy-
O0exxHbIMU  3kcneauuusaMu BUP B 1968-1969rr./ coctaButenun: C.H.BaxapeBa, @®.B.TypeBuuy, K.A.Ko6bLisHcKkas,
A.®. Konromunpia, E.A. TonmaueBa, B.A. Yukosa, 10.H. lllep6akoB : noxa pepakuuein K.3. Bynuna; BACXHWJI, BcecorwosHbli
Hay4YHO-UCCJIe/0BAaTEbCKUM UHCTUTYT pacTeHueBoAcTBa uM. H.U. BaBusoBa. Jlenunrpag : BUP, 1970. 172, [1] c.

17. Karanor muposoi kosutekuuu BUP. Boim. 108. CopTa KyKypy3bl a3MaTCKUX CTpaH / MOATOTOBJIEH COTPYAHUKAMHU:
T.A. fApuyk, H.B. Jlefizepcon ; nog pepakuueit [.E. llimapaeBa ; BACXHWJI, Bcecoto3Hblil HAy4yHO-UCC/I€4,0BATEAbCKUNA UHCTUTYT
pacrenueBogcTBa M. H.U. BaBusoBa. Jlenunrpapn : BUP, 1973. 232, [1] c. : Ta6.
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18. [KaTasnor mupoBo#t kosnekuuu BUP]. Bein. 110. KaTasor 06pasnoB ce/bCKOX03MCTBEHHBIX KYJBTYP, MOCTYMUBLINUX
B KoJsuiekuuto BUP B 1970 roay / coctaButenu: C.H. baxapesa, JI.E. lop6aTenko, K.A. Ko6binsinckas, A.®. Konomununa, B.A. Yu-
koBa, 10.H. lllep6akos, ®.B. 'ypeBuy ; nox penakuueit K.3. Byauna ; BACXHWJI, Bcecotos3Hblil HayuyHO-HCCaeA0BaTENbCKUN
WHCTUTYT pacTeHueBoAcTBa uM. H.W. BaBusosa. Jlenunrpaz : BUP, 1973. 243 c. : Ta6s1. U3 cofepx.: (06pasnbl ceibCKOXO35M-
CTBEHHBIX KYJbTYp, cobpaHHble 3KcneaunusaMu BUP B 3apy6exHbix cTpaHax: Kykypysa. C. 19-20, 30, 45, 59-61 ; O6pa3siubl
CeJIbCKOX035IMCTBEHHBIX KYJbTYDP, UHTPOAYLIUPOBAHHbIe U3 3apyOeXKHbIX CTPaH B NOPs/iKe HAYYHOT0 0OMeHa U JPyruMHU I1y-
Tamu: Kykypysa. C. 95-98 ; 06pasiibl cesibCKOX0351IMCTBEHHBIX KYJAbTYP, cO6paHHble skcneauuusamMu BUP B 1970 r. B pasiuy-
HbIX palioHa CoBeTckoro Coro3a: Kykypysa. C. 206, 212).

19. [Karasor MmupoBo# kostekiuu BUP]. Beim. 117. KaTasor caMoonblIeHHBIX JUHUNA KyKypy3bl MUPOBOH KOJIJIEKL[UU
BUP / I.C. Tanees, M.Jl. KoBaneBuu ; mog pegakinuedt [E. [limapaeBa; BACXHUJI, Bcecoro3sHbI Hay4yHO-HCCIEA0BATENbCKUN
WHCTUTYT pacTeHHeBoAcTBa UM. H.W. BaBunoBa, KybaHckas onbiTHas cranuus BUP. Jlennnrpag : BUP, 1973. 88 c. : Tab6u.

20. [KaTanor mupoBo# kosuekuuu BUP]. Bein. 126. Katasor 06pasnoB ceibCKOX03HCTBEHHBIX KYJIbTYP, HOCTYTHUBLINX
B Kosutekuuio BUP B 1971 r. / cocraBuTtesnu: C.H. BaxapeBa, JI.E. Top6atenko, K.A. Ko6buisinckas, A.®. Konomununa, B.A. Yuko-
Ba, 10.H. lllep6akos, ®.B. I'ypeBuy ; nog penaxnueii K.3. Byguna ; BACXHWUJI, Bcecoto3HbIN HayYHO-HCCI€[0BATETbCKUA NHCTH-
TyT pacTeHueBozcTBa UM. H.W. BaBusioBa. Jlenunrpag : BUP, 1974. 245, [1] c. : Ta6u. U3 comepx.: (Kykypy3a. C. 88-94).

21. [Katanor mupoBo#t koJiekuuu BUP]. Boim. 135. KaTasor HOBbIX 06pa3lj0B KYKypy3bl, IOCTYMUBIIUX B KOJIJIEKLUIO
BUP B 1971-74 rr. / coctaButenu: A.®. Konomunuua, LE. [limapaeB ; orBeTcTBeHHbIH 3a Bbinyck [LE. [liImapaeB ; BACXHUJI,
Bcecoro3Hblil Hay4yHO-UCC/IeA0BaTENbCKUM UHCTUTYT pacTeHueBoAcTBa uM. H.W. BaBusosa. Jlenunrpazn : BUP, 1974. 33 c.:
TabJ1.

22. [Karanor mupoBo# kosuteknuu BUP]. Bein. 136. KaTtanor 06pa3noB cesibCKOX03MCTBEHHBIX KY/IbTYP, HOCTYTHUBIINX
B KoJsiekuuio BUP B 1972 1. / coctaButenu: C.H. baxapesa, JL.E. lTop6aTenko, K.A. Ko6blisHckas, A.®. Komomununa, B.A. Yuko-
Ba, 10.H. lllep6akos, ®.B. 'ypeBuy ; mog pegaknuei K.3. byauna ; BACXHWUJI, Bcecoto3Hbli HayYHO-UCC/IeI0BATEbCKUNA HHCTH-
TyT pacTeHueBoAcTBa uM. H.M. BaBusosa. Jlenunrpag : BUP, 1974. 307, [1] c. : Ta6u. U3 comepx.: (Kykypysa. C. 137-146).

23. Karanor mupoBo# kosiekuu BUP. Boin. 141. 06pasiibl ceJIbCKOX03s1HCTBEHHBIX KY/IbTYP, IOCTynuBIKe B 1973 rony /
cocraButesiu: C.H. Baxapesa, JLE. lop6arenko, K.A. Ko6buisinckas, A.$. Konomununa, B.A. YukoBsa, 10.H. llep6akos, ®.B. 'ype-
Bu4; nox pepakuued K.3.Bynuna; BACXHUJI, BcecorosHbll HaydyHO-HcCCae[0BaTeJbCKUN HWHCTUTYT pacTeHHeBOJACTBaA
uM. H.U. BaBusosa. Jleuunrpazg : BUP, 1975. 214, [1] c.: Ta6u1. U3 cogepxk.: (Cec6anus, Tedpposus, KyKypy3a. C. 66-76).

24. KaTtasor mupoBo# kossiekuuu BUP. Bein. 150, 4. 2. leHeTHueckas KoJlJIeKL U KYKypy3bl / cocTaBuTenu: H.®. 3ocuHa,
B.I. CmupHoB, [E. llimapaes ; nox pepakuueii [.E. [llmapaeBa ; BACXHWJI, Bcecoro3Hblit HAy4YHO-KUCCI€J0BATENbCKUNA HHCTUTYT
pacteHueBozcTBa uM. H.W. BaBusiosa [u ap.]. Jlenunrpag : BUP, 1975. 121 c. : Ta6.1., w1

25. Katasor mupoBoii kosutekuuu BUP. Beim. 155. O6pasibl cebCKOX03IMCTBEHHBIX KYJIBTYP, HOCTynuBIIve B 1974 1. /
coctraButesu: C.H. baxapega, JL.E. Top6aTenko, K.A. Ko6bisinckast, B.A. YukoBsa, 10.H. lllep6akos, ®.B. ['ypeBud ; non pefak-
uuen K.3. byguna; BACXHWJI, Bcecoro3Hblil HaydHO-UCCA€I0BATENbCKUM UHCTUTYT pacTeHUeBojacTBa uM. H.U. BaBusioga.
Jlenunrpapg : BUP, 1975. 219, [1] c. : Tabs. U3 comepx.: (Kykypy3a. C. 118-124).

26. Katasior mupoBoii kosutekuuu BUP. Boin. 165. O6pasibl cesbCKOX035IMCTBEHHBIX KYJIBTYp, HocTynuBlue B 1975 . /
cocraButesu: C.H. Baxapesa, JI.E. Top6aTenko, K.A. Ko6bLisiHckast, B.A. YukoBa, @.B. ['ypeBuy ; nepeBoaunk O.B. 'ypeBud ; moj,
pepakuueid I.T. MemepoBa; BACXHWJI, BcecowosHblli Hay4yHO-UCCAe[0BAaTeJbCKUN HHCTUTYT pacTeHHEeBOJCTBa
uM. H.U. BaBusosa. Jlenunrpaz : BUP, 1976. 156 c. : Ta6.1. U3 comepx.: (Kykypy3a. C. 89-122).

27. Katasor mupoBoii kosiekuu BUP. Bein. 166. CaMoonbLIeHHbIE TMHUU KyKypy3bl / cocTaBuTenu: [.C. Fanees, M./ Ko-
BasieBuY, H.B. JleiizepcoH ; mox penakuueit [.E. lilmapaeBa ; BACXHWJI, BcecorwosHblil HayYHO-UCCAEA0BATENbCKUN HHCTUTYT
pacteHueBozcTBa uM. H.W. BaBusoBa, Ky6aHckas onbrTHas craHuust BUP. Jlenunrpazg : BUP, 1976.98 c. : Ta61.

28. Katasior mupoBoii kosteknuu BUP. Bein. 179, 4. 1. CopTta kykypy3sl CILIA / cocraBuTenu: TA. fpuayk, H.B. Jleitsepcon,
[0.A. llpoxopoB ; nox pepakuueid [E.llImapaeBa; BACXHWJI, BcecorosHblil Hay4yHO-UCC/IeA0BaTEebCKUA WUHCTUTYT pacTe-
HueBojcTBa uM. H.U. BaBusnosa. Jlenunrpapg : BUP, 1976. 167, [1] c. : Ta6.

29. Katasior mupoBoii koJssiekiiuy BUP. Boin. 188. [eHeTHYeCcKHe UCTOYHUKHY /1S pellieHUs] aKTyalbHbIX IP06JIeM CesleK-
LIUH CeJIbCKOX035IMCTBEHHBIX KyJAbTYp / coctaBuTenu: [KyKypy3a: [.E. [lImapaes, A.Il [Tononbckasi, H.B. JlefizepcoH ; oTBeT-
cTBeHHbIH peakTop A.f. Tpodumosckas ; BACXHWJI, Bcecoto3Hblil HAyYHO-UCCIeJ0BATENbCKUM HHCTUTYT PACTEHUEBOACTBA
uM. H.U. BaBunosa. Jlenunrpazg : BUP, 1977. 157, [1] c. : Ta6s1. U3 cogepx.: (Kykypysa. C. 72-88).

30. KaTtasior MmupoBoii kosneknud BUP. Boin. 189. O6pasiibl cesibCKOX035IMCTBEHHBIX KYJIbTYp, MOCTynuBLIKHe B 1976 T. /
coctaButenu: C.H. Baxapesa, JL.E. Top6aTeHko, K.A. Ko6biisinckas, B.A. YukoBa, 10.H. lllep6akos, H.K. [leTpoBa, ®.B. ['ypeBuy ;
nox pepakuueit I.T. MewepoBa; BACXHWJI, Bcecow3Hbl Hay4HO-UCCJIEL0BATENbCKUA HHCTUTYT pacTeHHEBOJACTBA
uM. H.W. BaBusiosa. Jlenunrpaz : BUP, 1977. 203 c. : Ta6.1. U3 copepx.: (Kykypysa. C. 97-115).

31. Katanor mupoBo# kosutexkuuu BUP. Bem. 205. dxcnipecc-uHbopManys o HOBbIX 06pasiiax / MOATrOTOBUIIN: COTPYAHUKH
otaena untpoaykiuu: (C.H. baxapesa, JI.E. lop6aTenko, K.A. Ko6bLisiHCKas, B.A. YukoBa, 10.H. lllep6akos, H.K. [leTpoBa), 3aBe-
JyIoIIe UHTPOAYKIIMOHHO-KapaHTUHHBIMY MUTOMHUKaMu uHctuTyTa: (E.IL lorys, B.C. EQumoBa, H.A. KupbsH, ['H. [1aBsoB,
0.3. CoituK, JLI. TapacoBckas, @.T. llanrac) ; nog pepakuueit J.T. Memeposa ; BACXHWUJI, Bcecoo3Hblil Hay4HO-UCCIE[0Ba-
TeJIbCKUH MHCTUTYT pacTeHHeBoAcTBa uM. H.W. BaBusioa. Jlennnrpag : BUP, 1977. 82, [2] c. U3 comepx.: (Kykypysa. C. 46-51).

32. Katasior mupoBoii kosutekuuu BUP. Boin. 213. CamoonbuieHHbIE IMHUM KYKYpy3bl (OLleHKa Ha 3aCyX0yCTOMYUBOCTh
Y OT3bIBYMBOCTD K opolleHu10) / cocraButesb: B.IL. Top6yHoB ; nog penaknuei I.C. Taneesa, [.E. limapaesa ; BACXHWJI, Bce-
COIO3HBIH HAyYHO-UCC/IeI0BAaTENbCKUI UHCTUTYT pacTeHreBoAcTBa M. H.U. BaBusosa. Jlenunrpag : BUP, 1977. 270, [1] c.:
TabI.
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33. Karasor MmupoBo#t kosuiekuu BUP. Boim. 214. Pe3ynbTaThl pefBapUTEJbHON OLlEHKU COPTOB CEJIbCKOX035IMCTBEH-
HbIX Ky/nbTyp 3anagHod Adpuku / coctaButenb C.H.Baxapesa; nox pemakuueit 3.T. Meweposa ; BACXHWJI, BcecorosHblit
Hay4YHO-UCCIe/J0BaTeJbCKUM HHCTUTYT pacTeHueBo/cTBa UM. H.U. BaBusosa. Jlenunrpapg : BUP, 1977. 112 c. U3 cogepx.: (Ky-
Kypy3a. C. 16-40).

34. KaTtasior mupoBo# kosuteknuu BUP. Bein. 223, 4. 2. CopTta kykypy3sl CIIA / cocraButesnu: TA. fApuayk, H.B. Jleitsepcon,
[0.A. [Ipoxopos ; nox pepakuuei [E. [lImapaesa; BACXHWJI, BcecorosHblil Hay4yHO-UCCIeL0BAaTEeNbCKMA WHCTUTYT pacTe-
HueBozacTBa uM. H.M. BaBusosa. Jlenunrpag : BUP, 1978. 164, [1] c. : Ta6..

35. Katasior mupoBoii kostekuuu BUP. Beim. 226. O6pasibl cesbCKOX03IHCTBEHHBIX KYJIBTYp, NocTynuBive B 1977 r. /
coctaButesu: C.H. Baxapesa, JL.E. Top6aTenko, K.A. Ko6blnsiHcKas, B.A. YukoBa, 10.H. lllep6akos, H.K. [letpoBa, ®.B. T'ype-
BUY ; noJ pepakuueit J.T. MemepoBa; BACXHWJI, Bcecolo3Hblil Hay4yHO-UCCIE€L0BATENbCKUA HHCTUTYT pacTeHHUEBOACTBA
uM. H.U. BaBunosa. Jlenunrpaz : BUP, 1978. 133, [1] c. : Ta6u1. U3 copepx.: (Kykypysa. C. 72-84).

36. Katasnor mupoBoit kossieknud BUP. Bein. 230. dxkcnpecc-undopmanus o HoBbIx o6pa3nax / coctaButenu: C.H. baxa-
peBa, JLE.Top6aTenko, K.A. Ko6buisiHckas, 10.H. lllep6akos, B.A. YukoBa, H.K. [leTpoBa, 3aBeaywolie UHTPOAYKIIMOHHO-
KapaHTUHHbIMU NUTOMHUKAaMU UHCTUTYTa: (E.IL Foryn, I'H. [1aBsioB, B.C. EdumoBa, H.A. Kupbss, 0.3. CeiTHUK, JL.I. Tapacos-
ckad, @.T. Janrac) ; nox penakuueit 3.T. Meweposa ; BACXHWJI, Bcecoro3HbIi Hay4HO-UCCIEeA0BATENbCKUNA UHCTUTYT pac-
TeHUeBoJcTBa UM. H.U. BaBusioBa. Jlenunrpaz : BUP, 1978. 95, [1] c. U3 copepx.: (Kykypy3a. C. 46-55).

37. KaTtasor mupoBo# kosiekyu BUP. Bein. 252. 06pasiibl cesibCKOX03HCTBEHHBIX KYJIBTYD, TOCTynuaBiye B 1978 . /
coctaButesn:C.H. Baxapesa,/I.E. lop6aTenko,K.A. Ko6bpisHckas, B.A. Ynkosa,10.H. lllep6akos, ®.B. 'ypesny,H.C. HecmesiHoBa ;
nox pepakuuer IJ.T. MewepoBa; BACXHWJI, Bcecoro3Hblil Hay4HO-UCCI€L0BAaTeNbCKHM HMHCTUTYT pacTeHHEBOJCTBA
M. H.W. BaBusiosa. Jlenunrpag : BUP, 1979. 245, [3] c.: Ta6s1. 3 comepx.: (Kykypy3sa. C. 126-156).

38. KaTasior mupoBo# koJtekiuy BUP. Boin. 266.3kcnpecc-uH$opManus o HoBbIx 06pasuax / cocraBureu: C.H. Baxapesa,
JLE. Top6aTtenko, K.A. Ko6bLisiHckas, B.A. YukoBa, 10.H. lllep6akos, H.C. HecmesiHOBa, 3aBeiytolie MHTPOAYKIIMOHHO-KapaH-
TUHHbIMU nuToMHUKaMu uHctutyTa: (E.IL loryn, C.I. UBaHoBa, B.A.IlossikoBa, H.A. Kupbsan, T'H.IlaBsoB, 0.3. ChITHUK,
JL.T. TapacoBckas, O.T. Lanrac) ; noz pegakuueit 3.T. Meweposa ; BACXHWJI, Bcecoto3Hblil HAy4HO-HUCCIe40BATENbCKUNA UHCTH-
TyT pacTeHueBozcTBa uM. H.M. BaBusosa. Jlenunrpaz : BUP, 1979. 109, [3] c. U3 cogepxk.: (Kykypysa. C. 45-64).

39. Karasior MupoBoii kosuteknuu BUP. Bein. 277. KaTasnor mupoBo#t kosuiekiuu BUP. Bein. 277. 06pasiibl cesbCKOX03511-
CTBEHHBIX KYJbTYp, NocTynuBiiue B 1979 r. / coctaButenu: C.H. BaxapeBa, JI.E. [op6aTenko, K.A. Ko6biisiHckas, B.A. YukoBa,
I0.H. lllep6akos, ®.B. 'ypeBuy, H.C. HecmesHoBa ; nox pepakuueid 3.T. Memeposa ; BACXHWUJI, Bcecoro3Hbli HayuHO-UCCIE-
JI0BaTeJIbCKUU UHCTUTYT pacTeHueBo/cTBa M. H.U. BaBusioBa. Jlenunrpaz : BUP, 1980. 197, [1] c. : Ta6a. U3 copepxk.: (Kyky-
pysa. C. 88-100).

40. Katasor mupoBo# kosuteknuu BUP. Boin. 284. Jkcnipecc-uHbopMarius o HOBbIX o6pasnax / coctaButenu: C.H. Baxape-
Ba, JL.E. Top6aTenko, K.A. Ko6sisiHckas, B.A. Yukoga, 10.H. lllep6akos, H.C. HecmesinoBa, ®.B. 'ypeBuy, 3aBeaytouie HHTPO-
JAYKLIHOHHO-KapaHTUHHBIMU nuToMHUKaMu nHctutyTa: (E.IL. Toryn, C.I. UBaHoBa, B.A. [losisikoBa, H.A. Kupsess, ['H. [1aBsos,
0.3. CertHUK, JL.I. TapacoBckas, @.T. llanrac) ; mox pepakuueit J.T. Memeposa ; BACXHWJI, Bcecoro3Hrblil HayuyHO-HCCIe0BaA-
TeJIbCKUU HHCTUTYT pacTeHueBoAcTBa uM. H.W. BaBusiosa. Jlenunrpan : BUP, 1980. 126 c. U3 cogepk.: (Kykypysa. C. 36-56).

41. Katasor MupoBo# Kosiekiuu BAP. Beimn. 295. TeHeTHYecKue UCTOYHUKH U JJOHOPBI XO3HCTBEHHO-1IeHHbIX IPU3HA-
KOB U GHOJIOTHYECKHUX CBOUCTB KyKypy3bl / coctaBuTenu: [.E. lImapaes, H.B. Jleitzepcon, A.Il. [Togosbckas, I1.C. TapakaHoOB ;
noj, pexpakuueir B.®. lopopeeBa; BACXHUJI, Bcecorwo3Hbli Hay4yHO-HCC/IELOBATEIbCKUH HHCTUTYT PpPacTeHHUEBOACTBA
uM. H.U. BaBusosa. Jlenunrpaz : BUP, 1980. 123, [2] c.

42. KaTtanor mupoBo#t kosiekuu BUP. Bein. 305. O6pasiibl cesIbCKOX03IMCTBEHHbBIX KYJIBTYp, NocTynuBIiune B 1980 . /
coctaButenu:C.H. BaxapeBa,/I.E. lop6aTenko,K.A. Ko6buisinckast, B.A. UukoBa, 10.H. lllep6akos, ®.B. I'ypesuy,H.C. HecmesiHOBa ;
nox pepakuued I.T. Meweposa; BACXHMWJI, BcecorwosHblii Hay4yHO-UCC/Ie[0BAaTEAbCKUA HHCTUTYT pacTEeHUEBOJACTBA
uM. H.WU. BaBusoBa. Jlenunrpaz : BUP, 1981. 110, [2] c.: Tabu. U3 comepx.: (Kykypysa. C. 49-65).

43. Katanor mupoBoii kosiekyuu BUP. Boim. 321. 3kcnipecc-undopmarius o HoBeIx 06pasnax / cocraButenu: C.H. Baxapesa,
JLE. Top6aTtenko, K.A. Ko6buisinckas, B.A. UnkoBsa, 10.H. lllep6axos, H.C. Hecmesinoa, @.I. ['ypeBuy, 3aBeAyiolie HHTPOAYK-
[MOHHO-KapaHTUHHBIMU NUTOMHUKaMH uHcTUTyTa: (E.IL. Toryn, C.I UBaHoBa, B.A.IlosnsikoBa, H.A. Kupsesan, TH. [1aBsos,
0.3. CertHUK, JL.I. TapacoBckas, @.T. llanrac) ; mox pepakuueit J.T. Memeposa ; BACXHWJI, Bcecoro3Hblil HayyHO-HCCIEe0BaA-
TeJIbCKUU HHCTUTYT pacTeHueBoAcTBa uM. H.W. BaBusiosa. Jlenunrpan : BUP, 1981. 108 c. U3 cogepk.: (Kykypysa. C. 50-65).

44. Karasnor mupoBoii koJsuieknuu BUP. Boin. 322. PactutesnbHble pecypcbl CoBeTckoro Coro3a (akcneguuuu BUP B 1971-
1980 rogax) / cocraButenu: J.T. Mewepos, K.A. KoobuisHckas ; nox pegakuueit 3.T. Memeposa ; BACXHWUJI, Bcecoro3Hbli
Hay4YHO-HCCJIeJ0BAaTeIbCKUM HHCTUTYT pacTeHueBocTBa uM. H.W. BaBusosa. Jlenunrpaz : BUP, 1981. 125, [3] c. Ta6.1.

45. Katasnor mupoBo#t kosuiekiuu BUP. Boin. 342. O6pasibl ce/IbCKOX03IMCTBEHHbBIX KYJIBTYp, NOCTynuBIuKe B 1981 . /
coctaButenu:C.H. BaxapeBa,/I.E. lop6aTenko,K.A. Ko6buisiHckas, B.A. UukoBa, 10.H. lllep6akos, ®.B. 'ypesuy,H.C. HecmesiHOBa ;
nox pepakuued I.T. Meweposa; BACXHMWJI, BcecowosHblit Hay4yHO-UCC/IeA0BATENbCKUA HWHCTUTYT pacTeHUEBOACTBA
uM. H.WU. BaBusosa. Jlenunrpaz : BUP, 1982. 97, [1] c.: Tabu. U3 comepk.: (Kykypysa. C. 33-42).

46. Katanor mupoBoi# koyteknuu BUP. Beim. 353. Kykypysa ctpan Asun (OmeHka 06pa3ijoB Ha 3aCyXOyCTOMYHUBOCTD) /
coctaBuTenu: B.II. Top6yHos, H.B. Jleitzepcon, [E. lllmapaes ; nox pegakuueit [E. lllmapaesa ; BACXHWJI, BcecorosHblii Hayy-
HO-HCCJIe/I0BAaTeIbCKUM HHCTUTYT pacTeHneBo/cTBa M. H.U. BaBusosa. Jlenunrpazg : BUP, 1982. 161, [2] c.: Tabx

47. Karanor mupoBoii kosutekiuu BUP. Boim. 355.3kcnpecc-uHdpopmanus o HoBeIx 06pasuax / cocraButenu: C.H. Baxapesa,
JLE. Top6aTtenko, K.A. Ko6buisiHckas, B.A. YukoBa, 10.H. [llep6akoB, 3aBeAyioliyie MHTPOAYKIIMOHHO-KAPAHTUHHBIMHU TUTOM-
Hukamu uHctutyta: (E.IL loryn, C.I. UBaHoBa, B.A.IlosnsikoBa, H.A. Kupbsn, [H.IlaBnos, 0.3.CertHuk, JLI. TapacoBckas,
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@.T. Lanrac) ; nox pepakuueit 3.T. Meweposa ; BACXHWJI, Bcecoro3sHblil Hay4HO-UCCIEJ0BATENbCKUN UHCTUTYT pacTeHUe-
BoAcTBa uM. H.U. BaBusoBa. Jlenunrpaz : BUP, 1982. 104 c. U3 comepi.: (Kykypysa. C. 45-57).

48. Katasnor mupoBo#t kosiekyuu BUP. Bein. 356. UHbopManus o 3apy6exHbIX IKCIIeJULUAX U KOMaHAUpoBKax BUP
B 1971-1980 rr. / cocraButenu: J.T. Memepos, K.A. Ko6suisiackas ; BACXHWUJI, Bcecoro3HbIN Hay4yHO-HCCIEA0BATENbCKUN
WHCTUTYT pacTeHHeBoAcTBa UM. H.M. BaBusosa. Jlennnrpaz : BUP, 1982. 39, [1] c. : Ta6.

49. Karasnor mupoBo# koJuieknu BUP. Boimn. 372. HoBble caMOOTNbIIEHHBIE IMHUH JIONAIOLIEecs KyKypy3bl / COCTaBUTe-
au: ['B. MaTBeeBa, ['E. llimapaes, A./l. BapcykoB ; nox peznakuueit LE. [limapaeBa ; BACXHWJI, BcecorosHblil HayuyHO-HCCae,0-
BaTeJIbCKUH HHCTUTYT pacTeHueBo/cTBa UM. H.U. BaBusoBa. Jlenunrpapg : BUP, 1983. 41, [3] c. : Ta6.1.

50. Katasor mupoBoit kossiekuuu BUP. Beim. 379. 06pa3ibl cebCKOX035IUCTBEHHBIX KYJAbTYp, NoCcTynuBLIve B 1982 1. /
coctaBuTteu: C.H. baxapesa,/I.E. Top6aTenko,K.A. Kob6blisiHckas, B.A. Yukosa, 10.H. lllep6akos, ®.B. 'ypeBuy,H.C. HecmesiHOBa ;
nox pepakuueit J.T. MewepoBa; BACXHWJI, Bcecowo3Hbl Hay4HO-UCCJIEL0BATENbCKUA HHCTUTYT pacTeHHEBOJACTBA
uM. H.W. BaBusiosa. Jlenunrpaz : BUP, 1983. 83, [1] c. : Ta6.. U3 comepx.: (Kykypysa. C. 31-36).

51. Karanor mupoBoii kosuteknuu BUP. Bein. 389. /IoHOPBI M MCTOYHUKHY BaXKHEUIINX X035IHCTBEHHO-L[EHHBIX TPU3HAKOB
Ky/JIbTYPHBIX PACTeHUH JJs1 pellleHHus aKTyaJbHbIX Ipo6seM ceseknuu / coctaButenu: B.®. lopodees, B.A. BepmnnuHa,
K.C.Topckasi [u ap.]; [cocTaBuTen u: KyKypy3a u KpynsHble KynbTypbl: H.II. Araponos, JI.K. MBaHwokoBuY, A.L. JITXOBKHH,
I'B. MatBees, A.Il. [logosnbckas, [.E. llimapaes, 3.B. 0 guna] ; mog pegakuueii: B.d. lopodeena, B.Jl. Ko6bLissHckoro ; BACXHUJI,
Bcecoo3HbIH HayYHO-HCC/Ie[0BATEbCKUM MHCTUTYT pacTeHueBoAcTBa M. H.U. BaBusoBa. Jlennnrpag : BUP, 1984.267,[1] c.
U3 copepix.: (Kykypysa. C. 103-124).

52. Karanor MmupoBo# koJsekiuu BUP. Boin. 394. 06pasiubl ce/ibCKOX035IMCTBEHHBIX KYJIbTYp, NocTynuBiuve B 1983 . /
cocraButesnu: C.H. Baxapesa, JL.E. Top6aTenko, K.A. Ko6buisinckas, B.A. Yukosa, 10.H. lllep6akos, @.B. 'ypeBuy, H.C. Hecmest-
HoBa ; nog pepakuveit J.T. Meweposa ; BACXHWJI, Bcecoro3Hblil HayyHO-UCC/IeL0BAaTEAbCKUA UHCTUTYT pacTeHUeBOACTBA
uM. H.U. BaBusoBa. Jlenunrpaz : BUP, 1984. 100 c. : Ta6u. U3 comepx.: (Kykypyaa. C. 32-39).

53. Karanor mupoBo#i kosiekuu BUP. Boim. 395.3kcnpecc-uHdopmarnusi o HoBeix o6pasiuax / coctaButenu: C.H. baxapesa,
JLE. Top6atenko, K.A. Ko6buisiHckas, B.A. Yukosa, 10.H. lllep6akos, C.I. MBaHoBa, B.A.IlosnsikoBa, E.Il. ToryH, H.A. KupbsH,
P.A. Okcy3ssH, JLII. TapacoBckas, ®.T. Lanrac, 0.3. CeiTHUHK ; oA penakuued J.T. MemepoBa ; BACXHWJI, BcecorosHbld Hayy-
HO-UCCJIeI0BAaTebCKUN HHCTUTYT pacTeHueBoAcTBa UM. H.W. BaBusioBa. Jlenunrpag : BUP, 1983. 122, [2] c. U3 comepx.: (Ky-
Kypy3a. C. 52-68).

54. Karanor mupoBoii kosutekuuu BUP. Bein. 396. leneTrnyeckas KosieKius Kykypy3ssl / cocraButenu: A.Il. [logosbekas,
[E. llImapaeB; nox pepaxkuueit [E.IlImapaeBa; BACXHWJI, Bcecoro3Hblli Hay4yHO-UCCJIe[0BATENbCKUNA UHCTUTYT pacTe-
HueBozcTBa uM. H.U. BaBusioBa. Jlenunrpag : BUP, 1984. 280 c. : Ta6..

55. Karanor mupoBo# kosutekuuu BUP. Boim. 397. Kykypysa Mekcuku u 'BateMasnnl / coctaButenu: I1.C. TapakaHOB,
[E. Imapaes, H.B. JleiizepcoH ; nox pepakuueii [LE. llimapaeBa ; BACXHUJI, Bcecoro3Hbli HAyYHO-KUCCIeL0BATENbCKUNA HHCTHU-
TyT pacTeHueBozcTBa UM. H.M. BaBusiosa. Jlenunrpay : BUP, 1983. 86, [1] c. : Tab1.

56. Katanor mupoBo# kossnekuuu BUP. Bein. 405. Kykypysa ctpan A¢ppuku / coctaBuTesu: B.IL. op6yHos, J1.4. BapaaHus,
H.B. Jleiizepcon, [.E. lllmapaeB ; nox pepakuueii [LE. [limapaeBa ; BACXHUJI, Bcecoto3Hblll HAyYHO-KUCCI€[0BATENbCKUNA HHCTH-
TYT pacTeHueBoAcTBa UM. H.W. BaBusosa. Jlenunrpaz : BUP, 1984. 226, [1] c.: Ta6J1.

57. Karanor mupoBo# kosiekiuu BUP. Beim. 409. HoBble caMoonblIeHHbIE IMHUU CaXapHOHM KYKypy3bl / COCTaBUTEJH:
A.A. Kanycrtun, [E. lllmapaes ; nog pepakuueii LE. llimapaesa ; BACXHWJI, Bcecoro3Hblii Hay4HO-HCCIe40BaTeIbCKUN UHCTH-
TyT pacTeHueBozcTBa UM. H.M. BaBusosa. Jlenunrpag : BUP, 1985. 62 c. : Ta61.

58. Katanor MmupoBo# koJuiekuyu BUP. Bein. 418.9kcnpecc-uHpopmManus o HoBbIx 06pa3nax / cocraButesu: C.H. Baxapesa,
JLE. Top6aTtenko, K.A. Ko6buisinckast, B.A. YukoBsa, [0.H. lllep6akos, H.C. HecmesiHoBa, C.I. UBaHOoBa, B.A. [TosisikoBa, A.U. TaH-
utopa, H.A. KupbsaH, PA. OkcyssaH, JLII. Tapacosckas, @.T. Llanrac, E.U. ®enopenko ; nox pepakuueit .T. Memeposa ; BACXHUJI,
Bcecoo3HbIN HayYHO-HCC/Ie[0BATEIbCKUM MHCTUTYT pacTeHueBoAcTBa UM. H.U. BaBusioBa. Jlenunrpaz : BUP, 1984.133,[3] c.
U3 copepk.: (Kykypysa. C. 46-63).

59. Katasor mupoBoii kossiekuuu BUP. Boim. 423. O6pa3ibl cebCKOX03SIHCTBEHHBIX KYJAbTYp, NOoCTynuBLIKe B 1984 1. /
coctaButesu: C.H. BaxapeBa, K.A. Ko6buisinckas, B.A. YukoBa, 10.H. lllep6akos, ®.B. 'ypeBuy, H.C. HecMesiHOBa ; oA pefakiu-
eii 3.T. MewepoBa ; BACXHWJI, Bcecoro3Hbli Hay4yHO-UCC/IeL0BATENbCKUM HUHCTUTYT pacTeHueBo i cTBa uM. H.M. BaBuiiosa. Jle-
HuHrpag : BUP, 1984. 131, [5] c.: Ta6u. U3 comepx.: (Kykypysa. C. 36-49).

60. Katasior mupoBo#t kosutekuuu BUP. Boimn. 441. KpaTkast XapakTepHCTHKa HOBBIX 3apybeHbIX 06pa3I[0B CeJbCKOX0-
3MCTBEHHBIX KYJIBTYP, IOCTYNUBIINX B KoJssekiuio BUP B 1984 1. / coctaBuTtesnu: C.H. Baxapesa, JI.E. [op6aTenko, K.A. Ko-
obLIsIHCKadA, B.A. YukoBa, 10.H. lllep6akos, C.I. UBaHoBa, A.W. Taniopa, H.A. Kupbsin, PA. Okcy3sH, O.T. [lanrac, H.C. Hecmesi-
HOBa, B.A. [losisakoBa, JL.I. TapacoBckas, E.U. ®enopenko ; noj penaknueit 3.T. Memepoa ; BACXHWJI, Bcecoro3Hblii HAy4YHO-
HCCJIe/0BAaTeNbCKUM HHCTUTYT pacTeHneBocTBa M. H.W. BaBusosa. Jlenunrpag : BUP, 1986.145, [1] c. (3kcnpecc-uHdopma-
nus / BACXHWJI, BUP). U3 conmepx.: (Kykypy3sa. C. 46-65).

61. Katasior mupoBoii kosutekuuu BUP. Boin. 444. O6pa3ibl cebCKOX035IMCTBEHHBIX KYJIBTYp, HocTynuBLue B 1985 . /
cocraButesu: C.H. Baxapesa, JL.E. lop6aTenko, K.A. Ko6buisHckas, B.A. YukoBsa, 10.H. lllep6akoB ; nox pepakuueii 3.T. Mere-
poBa; BACXHWJI, BcecorosHblil HayYHO-UCCAe0BATENbCKUI HHCTUTYT pacTeHueBoAcTBa UM. H.U. BaBusioBa. JleHuHrpaz :
BUP, 1985. 66, [2] c. U3 copepx.: (Kykypysa. C. 16-20).

62. Katasor MmupoBo#t kosuiekiuu BUP. Bein. 448. KpaTkasi XxapaKTepUCTHKA HOBbBIX 3apy6eXKHbIX 06pa310B CEJIbCKOXO-
35 CTBEHHBIX KYJIbTYp, NOoCTynuBIIMUX B 1986 1. / coctaBuTesnu: C.H. Baxapesa, JI.E. lop6aTenko, K.A. Ko6bLisiHCKas, B.A. Yu-
koBa, W.I. llimapaes, H.M. 3oTeeBa, C.I. UBaHOBa, A.U. Tanutopa, H.A. Kupbss, PA. Okcy3siH, .T. Llanrac, E.W. Kazakosa, T.A. Ko-
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MapoBa, B.A. [TosisikoBa ; nox penakuuei C.H. baxapeBoii ; BACXHWJI, Bcecoro3Hblil HAy4YHO-UCCI€I0BATENbCKUNA HHCTUTYT
pacteHueBozacTBa uM. H.W. BaBusosa. Jlenunrpaz : BUP, 1988. 141, [3] c. (9kcnpecc-undopmanus / BACXHWUJI, BUP). U3 co-
nepx.: (Kykypysa. C. 41-52).

63. Katasor mupoBoit kosutekunu BUP. Bein. 473. KpaTkas XapakTepuCTHKa HOBBIX 3apy6eHbIX 06pa3I[0B CeJbCKOX0-
3MCTBEHHBIX KYJIBTYp, MOCTYNUBIIKX B 1987 r. / coctaBuTenu: C.H. Baxapesa, JL.E. lop6aTenko, H.M. 3oteeBa, C.I. UBaHOBa,
AMN. Tanmopa, H.A. Kupess, PA. O3kcysan, @.T. llanrac, E.W. KazakoBa, U.I llImapaes, M.X. l'anaes, T.H. KoxaHnoBa, B.A. [Toss-
koBa ; nox pegakuueit C.H. bBaxapeBoit ; BACXHWJI, Bcecoto3Hblil Hay4HO-UCCA€I0BATENbCKMM UHCTUTYT pacTeHHEBO/CTBA
M. H.W. BaBusiosa. Jlenunrpag : BUP, 1988. 135, [3] c. (9kcnpecc-undpopmanus / BACXHUJI, BUP). U3 cogepx.: (Kykypy3a.
C.31-38).

64. Katasor mupoBoii kostekuuu BUP. Beim. 476. O6pasibl cesbCKOX035IUCTBEHHBIX KYJIBTYp, NoCcTynuBiuve B 1987 r. /
coctaBuTenu: C.H. Baxapea, JL.E. lop6aTenko, H.M. 3oteeBa, K.A. Ko6buisinckas, M.X. lanaes, T.A. KomapoBa, JI.A. BaBTyToBa ;
nos pepakuueit C.H. baxapeBoit; BACXHWJI, BcecorwosHblii Hay4HO-HUCCJIeLOBATeNbCKUM HMHCTUTYT pacTeHHUEeBOACTBA
uM. H.U. BaBusosa. Jlenunrpaz : BUP, 1988. 31, [1] c. : Ta6us1. U3 cogepik.: (Kykypysa. C. 11).

65. Katasor MmupoBoii kosiekuun BUP. Boin. 487. O6pasibl ceibCKOX035IMCTBEHHBIX KYJAbTYp, MOCTynuBLIKe B 1988 1. /
cocraBuTenu: C.H.Baxapesa, JI.E. lop6aTenko, H.M. 3oteeBa, WU.I. [llmapaes, T.H. KoxkxanoBa, M.X. l'asaeB ; noj pejaxkuuei
C.H. baxapeBoii ; BACXHWJI, Bcecoto3HbIll Hay4YHO-UCC/IeL0BAaTEIbCKUNA HHCTUTYT pacTeHueBo/cTBa uM. H.U. BaBusoga. Jle-
HuHrpaz : BUP, 1989. 36, [1] c. : Tabu. U3 comepxxk.: (Kykypysa. C. 11).

66. Katasor mupoBoit kosutekuuu BUP. Bein. 501. KpaTkas xapakTepucTHKa HOBBIX 3apy6eHbIX 06pa3I[0B CeJbCKOX0-
3 CTBEHHBIX KYJIBTYD, TocTynuBIIKX B 1988 1. / cocraButesnu: C.H. baxapeBa, JI.A. Bypmucrtpos, JL.E. lop6aTenko, H.M. 3oTe-
eBa, C.I. UBaHoBa, A.U. Tanuwpa, P.A. Oxcy3sH, ®.T. lanrac, E.U. KazakoBa, WU.I. lllmapaeB, M.X.-M. l'anaeB, T.H. KoxkaHoBa,
B.A. llonsikoBa, H.A. Tkauenko, H./I. lynbHeBa, U.U. KontoxoBa, H./Jl. Bacunenko, A.3. Husazos, M.A. 'purieHKo ; noj pefakuuen
C.H. baxapesoii ; BACXHWJI, Bcecoro3Hblli Hay4YHO-UCCIeL0BaTe/AbCKUNA MHCTUTYT pacTeHueBocTBa uM. H.U. BaBusosa. Jle-
HuHrpaz : BUP, 1989. 159, [1] c. (3kcnpecc-undopmanus / BACXHWUJI, BUP). U3 comepx.: (Kykypy3a. C. 30-36).

67. Katasor mupoBoii kosutekuuu BUP. Bein. 533. O6pasibl cesibCKOX035IMCTBEHHBIX KYJIBTYpP, HocTynuBlre B 1989 . /
coctaButenu: C.H.Baxapesa, JLE.op6aTenko, H.M. 3oTeeBa, T.H. KoxkxanoBa, WU.I. [llmapaeB, M.X. ['asiaeB; nox penaxuuein
C.H. baxapeBoii ; BACXHWJI, Bcecoto3HbIli Hay4yHO-UCC/IeL0BaTEbCKUNA MHCTUTYT pacTeHueBocTBa uM. H.W. BaBusoga. Jle-
HuHrpaz : BUP, 1990. 44, [2] c. : Tabu. U3 comepx.: (Kykypy3a. C. 10).

68. Katasor MmupoBoii kosneknuu BUP. Bein. 540. KpaTkasi XxapakTepUCTHKa HOBBIX 3apy6eXHbIX 06pa31l0B CEJbCKOXO0-
3sMCTBEHHBIX Ky/IbTYyp, NocTynuBuux B 1989 r. / JL.A. Bypmuctpos, JLE. lTop6aTenko, H.M. 3oTeeBa, T.H. Koxxanosa, C.I. UBa-
HoBa, A.W. Tanutwopa, P.A. Oxcy3saH, O.T. llanrac, W.I. llimapaeB, M.X.-M. l'anaes, B.A. [lonsikoBa, H.A. TkaueHnko, H./l. lynbHeBa,
W.W. KontoxoBa, H./l. Bacunenko, A.3. HusizoB, M.A. I'punienko ; nog pegakuueii C.H. Baxapeoit; BACXHWJI, Bcecoro3Hblit
Hay4YHO-UCCJIe/I0BAaTeNbCKUM HHCTUTYT pacTeHueBoAcTBa M. H.W. BaBusosa. Jlenunrpag : BUP, 1990. 102, [2] c. (3xkcnpecc-
nHpopmauus / BACXHUJI, BUP). U3 comepi.: (Kykypysa. C. 19-25).

69. Katasor mupoBo#t kosutekunu BUP. Bein. 541. Kykypysa eBponelickux crpas / coctaButeu: [LE. lllmapaes, I.B. MaT-
BeeBa, JI.B. [1aBsioBa, JI.JI. CkasipoBa ; nog, pepakuuei [E. [limapaeBa ; BACXHUJI, Bcecoto3Hblii HAyYHO-UCCAE0BATENbCKUN
HMHCTUTYT pacTeHHeBocTBa uM. H.U. BaBunosa. Jlenunrpaz : BUP, 1990. 80 c. : Ta6..

70. Katasor mupoBoii kosutekuuu BUP. Bein. 586. O6pasibl cesbCKOX035IMCTBEHHBIX KYJIBTYpP, HocTynuBre B 1990 . /
coctaBuTesu: C.H. Baxapea, JL.E. lop6atenko, H.M. 3oteeBa, T.H. KoxxanoBa, U.H. [lentokrHa, M.A. ['pULIeHKO ; TOA pejaKiuen
C.H. baxapeBoii ; BACXHWJI, Bcecoto3HbIli Hay4yHO-UCC/IeL0BaTebCKUNA UHCTUTYT pacTeHueBocTBa uM. H.U. BaBusoga. Jle-
HuHrpaz : BUP, 1991. 63, [1] c. : Tabu. 3 comepx.: (Kykypy3a. C. 10).

71. Katasor mupoBo#t kosutekuuu BUP. Boin. 589. PanHecnenas kykypysa / coctaButenu: LE. [llmapaes, ['B. MaTBeeBa,
B.M. KoctpukuH, A.A Cuzopos ; nog pegakuueii [LE. limapaea ; BACXHUJI, Bcecoro3Hblil HAyYHO-UCCI€I0BATENbCKUNA HHCTH-
TYT pacTeHueBoAcTBa UM. H.W. BaBusioBa. Jlenunrpaz : BUP, 1991. 121, [2] c.

72. Katasor mupoBoi kosutekunu BUP. Boin. 590. CamMoonblieHHbIe TMHUY KYKYpy3bl : (OljeHKa Ha 0T3BIBYMBOCTD K OPO-
menuio) / cocraButenu: B.I1. Top6ynos [u ap.] ; mox pemakuueii [LE. llimapaesa ; BACXHMUJI, Bcecoto3Hblit Hay4YHO-HCCIEe0BaA-
TeJIbCKUH UHCTUTYT pacTeHueBozcTBa uM. H.W. BaBusosa. Jlenunrpag : BUP, 1991. 23, [1] c.

73. Karasor MmupoBo# kosiekuuyd BUP. Bein. 655. KpaTkas XxapakTepucTHKa HOBBIX 3apy6eKHbIX 06pas1i0B CelbCKOXO0-
3 CTBEHHBIX KYJbTYD, NocTynuBIKX B 1989 1. / cocraBuTenu: JL.E. Top6aTeHnko, JI.A. Bypmucrtpos, H.M. 3oteeBa, C.I. iBaHo-
Ba, C.B. Ky3HenoB, A.U. Tanutopa, ®.T. lanrac, H.A. lllecrakoBa, [.T. MeseHueBa, T.A. KomapoBa, H.I". 'asikuna, B.H. OMenbyeHko,
H.J. Bacusnenko, B.A. Ilonisikosa, H.Jl. lynbueBa, U.1. KonroxoBa, H.B. UepkacoBa ; nog pegaxuueii: JI.E. Top6aTenko, H.M. 3oTe-
eBoll ; PACXH, Bcepoccuiickuii Hay4yHO-UCC/Ie0BaTebCKUN HHCTUTYT pacTeHueBocTBa UM. H.U. BaBusnoBa. CankT-IleTep-
oypr : BUP, 1994. 92, [2] c. (Qxcnpecc-unpopmanus / PACXH, BUP). U3 cogepx.: (Kykypysa. C. 20-22).

74. Katasor MmupoBoil kosneknuu BUP. Bein. 676. KpaTkasi xapakTepUCTHKA HOBBIX 3apy6eXHbIX 06pa31l0B CEJbCKOXO0-
35 CTBEHHBIX KYyJbTYp, NOCTynuBIIUX B 1993 1. / cocraBuTenu: JLE. Top6aTenko, H.M. 3oTeeBa, A.H. Aponun, H./l. BacuneHnko,
C.I. UBanoBa, A.U. Tanmropa, I.'T. Me3senueBa, M.A. I'punienko, H.H. [leTpoBckas, H.W. Bopucosa, H./l. lynbHeBa, U.M. KoHtoxoBa ;
nox pepaknueit JLE.Top6ateHnko; PACXH, Bcepoccuiickuii Hay4yHO-UCCAeJ0BATENbCKUH HHCTUTYT pacTeHHUEBOACTBA
uM. H.W. BaBusoBa. CankT-Iletep6ypr : BUP, 1995. 105, [3] c. (Qxcnpecc-undopmanus / BUP). U3 cogepx.: (Kykypysa. C. 35-
38).

75. Katanor mupoBo# kossnekiuu BUP. Bein. 681. O6pasnsl ceslbCKOX03IMCTBEHHBIX KYJIbTYp, HOCTyNHUBLIME B 1992-
1994 r. / coctaBuTtenu: JL.LE. Top6aTenko, A.H. Aponun, U.0. Hukudoposa, J/1.B. KoBanesa, E.A. Kontomesa, I.T. Me3eH1eBa ;
nosx penakuueil JLE.Top6atenko; PACXH, Bcepoccwickuli Hay4yHO-HCC/IelOBAaTEIbCKMM HMHCTUTYT PpPacTeHHEBOJACTBA
M. H.W. BaBusioBa. Cankr-Iletepoypr : BUP, 1996. 61, [1] c. : Ta6. U3 comepx.: (Kykypysa. C. 19-20).
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76. Katanor mupoBo# kosuiekiuu BUP. Boin. 682. Undopmanus 06 skcneaunusax BUP, npoBegeHHbIX Ha TeppuTopuu Poc-
cuy, cTpaH bamxkHero U [lanbHero 3apy6exbs B 1986-1994 r. / coctaButenu: H.M. 3oTeeBa, T.A. KomapoBa ; noj pefakiueit
JLLE. Top6atenko ; PACXH, Bcepoccuiickuil Hay4HO-UCCIe[0BaTENbCKUM HMHCTUTYT pacTeHueBojcTBa WM. H.M. BaBusosa.
Cankrt-Iletepbypr : BUP, 1995. 65, [3] c. : Tab1.

77. Katanor mupoBo# Kossiekiuyu BUP. Bein. 687. O6pasiipl cellbCKOX035IHCTBEHHBIX KYJIBTYp, MOCTynuBiune B 1996 . /
coctraButesu: JL.E. Top6atenko, A.H. Aponun, JI.A. Bypmucrtpos, I.T. Me3eHueBa, JI.B. Barmert, H.B. Bersenosa, E.A. Kosromesa ;
nof pepaknueit JI.E. lop6aTenko ; PACXH, TocyapcTBenHbIN Hay4dHbIHN eHTp Poccuiickoit ®enepanuu Becepoccuiickuiil Hayd-
HO-MCCJIeIOBAaTeJIbCKUN NHCTUTYT pacTeHreBocTBa UM. H.W. BaBusioBa. Cankt-IleTep6ypr : BUP, 1997.38, [3] c. : Tab.1. U3 co-
nepx.: (Kykypysa. C. 5).

78. Karanor mupoBo# kostekiuu BUP. Bein. 688. KpaTkasi xapaKTepuCTHKa HOBBIX 3apy6eXKHBIX 06pa3IioB CeJIbCKOXO0-
3MCTBEHHBIX KyJAbTYp, MOCTYynUBIIKX B 1995 1. / coctaButenu: JL.E. Top6aTenko, JI.B. Barmert, U.0. Hukudoposa, A.-H. Adpo-
HuH, C.I. UBanoBa, [.T. [Ipokonenko, A.U. Tanntopa, ®.T. llaurac, H.Zl. Bacunenko, H.Jl. lynbHeBa, U.M. KoHoxoBa ; noJ pefak-
nueii JLE. Top6aTtenko ; PACXH, Bcepoccuiickuii HayqyHO-HCCle/10BaTeIbCKUI MHCTUTYT pacTeHHeBoAcTBa UM. H.U. BaBuioBa.
Caukr-Iletep6ypr : BUP, 1997. 44 c. (3xcnpecc-undpopmanus / BUP). U3 copepx.: (Kykypysa. C. 15)

79. Katanor mupoBoii kossiekuuu BUP. Beim. 702. O6pa3ibl cebCKOX03SIUCTBEHHBIX KYJAbTYp, NoCcTynuBLIivMe B 1997 1. /
coctaButenu: JL.E. Topb6atenko, JI.B. Barmer, B.I. ®ynToBa ; nox pepakuueit JL.E. Top6atenko ; PACXH, Bcepoccuiickuil Hayy-
HO-UCCJIeI0BAaTEeIbCKUN HHCTUTYT pacTeHueBocTBa uM. H.W. BaBunosa. Cankt-IleTep6ypr : BUP, 1999.51, [1] c. : Ta6.1. U3 co-
nepx.: (Kykypysa. C. 18-19).

80. KaTasior mupoBoii kosutekuuu BUP. Beim. 716. O6pasibl cebCKOX03IMCTBEHHBIX KYJIBTYP, HocTynuBmue B 1999 . /
cocraButenu: JLE.[op6aTtenko, JI.B. Barmet, B.I. ®ynToBa; nox pemakuueit JLE. Top6aTtenko; PACXH, locymapcTBeHHBIN
Hay4yHbId 1eHTp Poccuiickoii ®enepanuu Bcepoccuiicknii Hay4HO-HCCIe0BaTeNbCKUA HHCTUTYT PacTEeHHEBOACTBA
uM. H.U. BaBusoBa. Cankt-Iletep6ypr : BUP, 2000. 54, [2] c. U3 cogepxx.: (Kykypysa. C. 29-35).

81. Katasior mupoBo# koJuieknuu BUP. Bein. 724. Kykypy3a : (CaMmoomnbLIeHHbIE JIMHUY cesleKIun Poccuu U conpejesib-
HBIX rocyzapcTB) / coctaBuTesb: [.B. MaTBeeBa ; nog pegakuued [E. [limapaeBa ; PACXH, l'ocyjapcTBeHHBIN Hay4YHbIN [IEHTP
Poccuiickoit ®enepanuu Bcepoccuiickuil HayuyHo-Kccaef0BaTeNbCKUN HHCTUTYT pacTeHueBocTBa MM. H.W. BaBusioBa. CaHk-
T-IleTepbypr : BUP, 2002. 195, [3] c. : Tab.1.

82. KaTtasior MmupoBoit kosuieknuu BUP. Bein. 725. KpaTkasi XapaKTepUCTHKA HOBbIX 3a0y6€eXKHbIX 06pa31l0B CEJIbCKOXO-
3MCTBEHHBIX KYJbTYp, NocTynuBWHKX B 1998 1. / coctaButenu: JIL.E. [op6aTenko, B.I. ®yHToBa, JI.B. bBarmer, C.I. iBaHoBa,
AWM. Tanmopa, H.H. [letpoBckas, H./[l. Bacunenko, T.®. CaByenko, E.B. ManunoBckas, H.Jl. [lynbHeBa, U.U. KoHtoxoBa ; oz pe-
nakuueit JLE. Top6aTenko ; PACXH, F'ocynapcTBeHHBbIH Hay4yHbIM 1eHTp Poccuiickoit ®efepanun Beepoccuiickuil Hay4dHO-
Hccaef0BaTeNbCKUM UHCTUTYT pacTeHueBoAcTBa uM. H.U. BaBunoBa. CankT-IleTep6ypr: BUP, 2000. 39, [3] c. (3kcmpecc-
nnpopmanus / PACXH, BUP). U3 comepx.: (Kykypysa. C. 24).

83. Katasior mupoBo#t kosutekunu BUP. Boin. 732. KpaTkast XapakTepHCTHKa HOBBIX 3apy0OeHbIX 06pa3I[0B CeJbCKOX0-
3MCTBEHHBIX KyAbTyp, nmoctynuBmux B 2000 1. / cocraButenu: JL.E. Top6aTtenko, JI.B. Barmet, B.I. ®ynToBa, C.I. UBaHOBa,
AWM. Tanmopa, H.H. [letpoBckas, H./Jl. Bacunenko, T.®. CaBuenko, E.B. ManunoBckas, H./Jl. [lynbHeBa, U.U. KontoxoBa ; mox pe-
nakuuert JIE. Top6atenko ; PACXH, F'ocymapcTBeHHBIH HaydHBIM IeHTp Poccuiickoit @esnepaunn Bcepoccuiickuit HayaHO-
HCCIe0BaTeNbCKUM UHCTUTYT pacteHueBoacTBa uM. H.U. BaBunoBa. CaHkT-IleTep6ypr: BUP, 2001. 46, [2] c. (3kcmpecc-
nndopmanus / PACXH, BUP). U3 comepx.: (Kykypy3a. C. 19-20).

84. Katasior mupoBoii kosutekuuu BUP. Bein. 755. O6pasibl cesibCKOX035IMCTBEHHBIX KYJIBTYp, nocTynuslue B 2002 1. /
cocraButesu: JLE. lop6aTenko, B.I. @ynTosa, T.M. O3epckas ; nox pepakuuei JL.E. lop6arenko, T.H. CmekanoBo# ; PACXH, l'o-
CyZapCTBEHHbIM HayuHbIH LeHTp Poccuiickoit ®enepanuu Bcepoccuiickuil Hay4yHO-UCC/eL0BaTeIbCKUA UHCTUTYT pacTe-
HueBo/cTBa UM. H.W. BaBusioBa. Cankt-IleTep6ypr : BUP, 2004. 26, [2] c. (9xcnpecc-undopmanust / PACXH, BUP). U3 cogepix.:
(Kykypysa. C. 7).

85. KaTasior MupoBoi#t kosuieknuu BUP. Bein. 758. KpaTkasi XxapaKTepUCTHKA HOBBIX 3apy6eKHbIX 06pas310B CeJbCKOXO-
35U CTBEHHBIX KYJAbTYp, nocTynuBux B 2002 r. / coctaBuTtenu: JL.E. TopbateHko, B.I. ®ynTosa, T.M. O3epckas, A.U. Tanitopa,
H.H. IlletpoBckas, H.J. Bacunenko, H./. JlynbHeBa, T.U. Banbsuukoa, W.U. KonwoxoBa; nox pegaxuueit JLE. Top6aTeHko ;
PACXH, l'ocyapcTBeHHbIN Hay4yHbIH LeHTp Poccuiickoit ®enepannu Becepoccuiickuil Hay4yHO-UCC/I€10BAaTENbCKUNA HHCTUTYT
pacteHueBozcTBa UM. H.W. BaBusioBa. CankT-Iletep6ypr : BUP, 2004. 37, [3] c. (Qxcnpecc-unpopmanus / PACXH, BUP). U3 co-
nepx.: (Kykypysa. C. 11).

86. KaTtasior mupoBoii kosiekuuy BUP. Boim. 796. CaMoonblIeHHBIE IMHUU KYKYPY3bl (OLleHKA Ha YCTOWYHUBOCTD K 60J1e3-
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