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VJIK 58:575:631.522/.524:633/635:632(066)
TPY/IbI 10 MPUKJ/IAZJHOM BOTAHUKE, TEHETHKE Y CEJIEKLIIMM. T. 182, Bpin. 3. CII6., 2021. 192 c.

O6cyxaatoTcs 0CO6EHHOCTH COXpaHeHUs ex situ TeHodoH/a JUKopacTyux BUoB Prunoideae Focke (kocToukoBeie). [TosBe-
JIeHbl UTOI'M MOOMJIN3ALMU TeHeTUYECKUX PeCYPCOB IJI0/IOBBIX, ATOAHBIX U OPEXOILIOAHBIX KyJbTyp B Besapycu. Onpegese-
HbI: JUHAMHKA aKTUBHOCTH IEPOKCHU/AA3bl U ee U30pOPM B JIUCTHSIX Pa3HbIX COPTOB 16JI0HU; KOMIOHEHTHBIN cOCTaB 3QUPHO-
ro MacJja ceBepoaMepuKaHCKUX BUJIOB poja Pinus L., UHTpoAyLHpoBaHHbIX Ha l0xxHOM Gepery KpbiMa; KOHLeHTpanus oc-
moTuKa 19T 6000 fu1a onpesesieHUs 3aCyXOyCTOMYMBOCTU FeHOTHUIIOB IIpOCa B [IepPUO/J, IpopacTaHus ceMsH. JlaHa oLeHKa
ru6puzioB KapTodesist o NPU3HAKY TOTEMHEHHUS MAKOTH KJIyOHeH B yc10BUAX KUpoBCcKo# 06s1acTH; aJalTHBHOTO NOTEHLU-
aJsla TuMeHs B ycioBuUsix CeBepHOro 3aypaJibsi; 06pa3ioB JIIoNKHA Y3KoaucTHoro (Lupinus angustifolius L.) u3 koanekuuu BUP
B ycsoBUsX besapycu; GUTOCAaHUTAapHOMY COCTOSIHUIO KOJIJIEKI[MU JIIOMIMHA y3KoaucTHOro BUP Ha ceBepo-3amazie Poccuii-
ckoit Penepaluu; yCTOWYUBOCTH 06pa310B MECTHOTO TYMeHsI U3 Y30eKHCTaHa K O6bIKHOBEHHO! 3J1aKOBOU Tiie. U3y4deHbl:
BJIMSTHYE TIOTO/HBIX YCIOBUH pa3HbIX JIET Ha 6UOXMMHUYEeCKHH cocTaB MacJia JibHa. McciiejoBaHbl X031 CTBEHHO LieHHbIe IPHU-
3HAKU CeBepoaMepUKaHCKUX BUJOB s16JI0HHU /151 UCNO0JIb30BAHUA B ceJieKIUU. [IpoaHaM3upOBaHbl: TeHeTHYeCKoe pa3Ho06-
pasue aLKUPCKON MOMyJSAMU apaxuca; BapuabeJbHOCTh MUKpPOCATENJUTHBIX JIOKYCOB COPTOB s16JI0HU cesnekuuu BUP;
YCTOWYMBOCTb CHHTETHYECKOM reKCalIon/JHOHM MIIeHUIbI K BO30yAUTeI0 6YpOi piKaBUMHBL PaccMOTpeHb! INHUY TeHeTH-
4YeCKOH KoJIIeKIMY NoficoiHedHUKa BUP, ycToiiunBble K 10:kHOKM My4HHCTOH poce. Co3/iaH MCXOAHBIM MaTepuaJs A ceslekK-
LMY paHHeCINebIX KyCTOBbIX U KOPOTKOIJIETUCTBIX COPTOB MyCKaTHOM ThIKBBI (Cucurbita moschata Duch. ex Poir.). [Ipoge-
MOHCTPUPOBAaHA BO3MOXHOCTb MCI0/b30BaHUs copToB U JUHUK ICARDA B cestekiuu sspoBoil TBepoi nueHunsl (Triticum
durum Desf.) Huxuero [loBomkbs. OxapakTeprH30BaHa BUPYJIEHTHOCTb Puccinia striiformis West. Ha 06pasnax MIIEeHUIbI
Y TPUTHKAJIE B KOJJIEKIHOHHBIX ToceBax BUP B lep6enTe u [lymkuHe. B ycioBusax rora Y36ekucraHa BbIsIBJI€HbI 0COGEHHO-
CTHU aHT3KoJIOTUM Lonicera japonica Thunb. Ily6aukyeTcs pycckuil TekcT 3cce M. A. BUIHAKOBOM K UCMAHCKOMY U3JaHUIO
kHuru H. Y. BaBuosa «II9Tb KOHTHUHEHTOBY.

Ta6.1. 49, puc. 56, 6ubuorp. 500 Ha3B.

Jlns pecypcoBeioB, 60TAHUKOB, TeHETUKOB, CEJIEKI[HOHEPOB, Ipeno/jaBaTesiell By30B 6MOJOrHYECKOr0 U CeJIbCKOX0351H-
CTBEHHOT0 pouIs.

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. Vol. 182, iss. 3. SPb., 2021. 192 p.

Specific features of ex situ conservation are clarified for the genetic diversity of Prunoideae Focke (stone fruit) wild species. The
efforts to mobilize fruit, small fruit and nut crop genetic resources in Belarus are summarized. Dynamics in the activity of per-
oxidase and its isoforms is assessed in leaves of different apple cultivars. Component composition of essential oil has been an-
alyzed in the North American Pinus L. species introduced to the southern coast of Crimea. The osmotic PEG 6000 concentra-
tions have been identified for assessing drought resistance in millet genotypes during the seed germination phase. Potato hy-
brids have been evaluated according to tuber flesh darkening in Kirov Province, and the adaptability potential in barley has
been studied under the conditions of the Northern Trans-Urals. Phytosanitary monitoring of VIR’s narrow-leaved lupine (Lu-
pinus angustifolius L.) collection has been carried out in the northwest of Russia. Narrow-leaved lupine accessions from VIR
have been tested in Belarus. Greenbug resistance has been examined in barley landraces from Uzbekistan. The impact of
weather conditions in different years on the biochemical composition of linseed oil has been estimated. Agronomic traits useful
for breeding have been assessed in North American apple-tree species. Genetic diversity of the Algerian peanut population,
microsatellite loci variability in VIR’s apple cultivars, and leaf rust resistance of synthetic hexaploid wheat have been analyzed.
Lines resistant to downy mildew in VIR’s sunflower genetic collection are discussed. Source material has been developed for
breeding early bushy and short-vined cultivars of Cucurbita moschata Duch. ex Poir. Cultivars and lines of spring durum wheat
(Triticum durum Desf.) from ICARDA are shown to be useful for breeding in the Lower Volga region. Virulence of Puccinia
striiformis West. has been tested on VIR’s wheat and triticale accessions sown in Derbent and Pushkin. Anthecological features
of Lonicera japonica Thunb. are identified for the environments of Southern Uzbekistan. The Russian translation of M. A. Vish-
nyakova’s essay that introduced the Spanish edition of Nikolai Vavilov’s Five Continents is published.

Tabl. 49, fig. 56, ref. 500.

Addressed to genetic resources experts, geneticists, plant breeders and lecturers of biological and agricultural universities
and colleges.
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OT PEJAKIIMU « EDITORIAL

BasuJioB H. U. - r;1aBHbI pegakTop «Tpyaos...» (1921-1940)

Hazio ToponuThcs co3iaBaTh 6eccMepTHbIE TPy/bl!
Axagemuk H. U. BaBusios, 1939!

Fox 2021 oTMedeH 3HaMeHaTeJbHOU Bexod B GUoOrpa-
¢uu Hauwero >XypHaja - CTOJIETHEM CO JiHA H30paHHUs
B 1921 r. Ha AO/KHOCTb IJIABHOTO pejakTopa 34-JIeTHOro
npodeccopa Hukosasi BaBusiosa (1887-1943), 3aBeaytolie-
ro OTAesioM NpUKIaJHON 60TAaHUKHU U cesieKLiuU CeslbCKOXO-
3CTBEHHOI0 Y4Y€HOro KOMHUTEeTa?, CMEHHBLIETO Ha 3TOM
MIOCTy OCHOBaTeJd XKypHaJsa Po6epTa dayapaosuua Perens
(1867-1920).

Ha MoMeHT u36paHus BaBusoBa xypHas uMes cTaTyc
LIeHTPaJIbHOTO Hay4YHOro opraHa B 06JIaCTU NPUKJIAJAHON
60TaHUKHU U cesnek MU B Poccun. XypHaJ, peryjisipHo Bbl-
xoauBLIKMK B cBeT ¢ 1908r., mpekpatus usganue (1919
1 1920 r.) B cBs13U C peBoJitoNMel B Poccuu 1 €€ HeraTUBHBI-
MU HOCJIEICTBUSIMU, B TOM YHCJIE «JIEHEXKHBIM TOJIOJOM».
Y:xe B aBrycte 1922 r. BaBusoB nuueT aBCTpUHCKOMy 60Ta-
Huky X. K. ©pyBupty (1862-1930) 0 nepBbIX yCIEUIHbIX pe-
3ysnbraTax: «[locbLiao Bam Takke ojuH HOMep Haux Tpy-
JI0B I10 MPUKJIAJHON 60TaHUKe U ceJIeKIIUH, KOTOPbIH mocie
TpeXJIETHEr0 IepepbiBa Hayasl U3/laBaThCcsd CHOBa»® (puc. 1).
WMeHHO 6s1arofiaps cTapaHUsIM BblAarolerocst yueHoro Hu-
KoJiasi BaBujioBa U ero eiMHOMBILIJIEHHUKOB — YJIEHOB pe-
nakpuoHHoro komureta (K. A. dasikcbeprepa, A. U. Manbiie-
Ba, B. B. [lamkeBuua, B. E. [lucapesa, JI. U. loBopoBa, B. A. Kys-
HeloBa U Jp.; PUC. 2, a, 6, B) B 3T CYpOBBIe ro/ibl Gblyia 3aJ10-
>KeHa 6asa [/ U3[jaHHUs U Pa3BUTHSA XKypHaJa, BIIOJIHe OTBe-
yalolero o61MM MUPOBBIM CTaHJapTaM HayuyHO-HUCCIe/l0Ba-
TeJIbCKUX ny6arnkanuit 20-30-x rr. XX Beka.

[To nHULMaTUBe BaBu/oBa *ypHaJs OblJ TepeuMeHOBaH
nBaxabl. Eme B 1918 . B nucbMe K P. 3. Peresto H. BaBuiios
MO/IHSIJI BOIPOC O HEOOGXOAUMOCTH NepeMMeHOBaHUsA U3ja-
Hus «Tpyzabl Bropo no npuk/aagHoi 6oTaHuke»: «He umeeTte
v Bel B BUly u3aMeHuTh Ha3Banue “TpygoB Bropo”. Moxer
ObITb JI0OCTaTOYHO BbIYEPKHYThb “Blopo”, a MoXeT ObIThb
Y IpoCcTO HasBaTh Ux “YKypHajoM NpuKJIaJHON 60TaHUKHU.
JTo He coBceM Ipa3AHbIN Bompoc. B cpefie cenekuoHepoB
MHe MPUXO/AMUJIOCH CJBILIATh TakKWe 3aMevaHus: “Beip aTo
TpyAbl Blopo, Kak ke B HUX NevyaTaTb CBOU paboThl’, B 3TOM
J10J151 IPaB/Ibl €CTb, U, I0-MOEMY, 3TO CTOUJIO Obl yCTPaHUTb»*.,
[Tog HOBBIM Ha3BaHHeM - «Tpyzbl 10 NPUKJIAJHON 60TaHUKe
U CeJIEKIIMU» — JKypHaJs Bblllesg B ToM ke 1918r. (Tom 11,
Ne 5/6).

C 1921 r. «TpyAbl» HAUMHAIOT BBIXOAUTDL BBIIIYCKAMHU MOJ,
penakuuel npodeccopa Hukosass MBaHoBHM4a BaBuioBa.
B cBfI3M c mosiBJeHHEeM 3HAuYUTeJbHbIX paboOT MO reHeTHKe,
060CHOBaHHBIM >KeJJaHHeM peJlaKIiuu My6JMKOBaTh MX Ha
CTpaHULax XKypHasa, B 1927 r. )KypHasl, HauuHas ¢ Toma 17,
BbIIL. 3, 6B IepeuMeHoBaH B «Tpyabl o NpuKIagHOK 60Ta-
HUKe, FeHeTHUKe U ceseKiun» (1927-1931 rr.). O61uiee Ha3Ba-
HUe KypHaJsa «Tpyzbl 0 NPUKIAJHON GOTaHUKE, TeHETHKE
u ceseknuu» € 1932 mo 1937 . «..0CTaeTcsl HEU3MEHHBIM,

! HayuHoe HacsefctBo. T. 10. Hukosait UBaHoBu4 BaBuiios: U3
3nMCTOApHOro HacseAus, 1929-1940 rr. Mocksa : Hayka, 1987. C. 417.

2B 1924 r. nepeMeHOBaH BO Bcecolo3HbI HHCTUTYT NPUKJIAJHON
60TaHUKU U HOBBIX KyJbTyp (BUIIBUHK); B 1930 r. neperMeHoBaH
BO Bcecolo3Hblit HHCTUTYT pacTeHueBozcTBa (BUP).

3 Huxouait UBanoBu4 BaBusioB: HayyHoe Haciesye B IUCbMax:
MexayHapoaHas nepenucka. Mocksa : Hayka, 1994.T. 1 : [leTporpaz-
ckuit nepuoj, 1921-1927. C. 46.

* Hayunoe HacnegctBo. T. 5. Hukosait MBaHoBuY BaBusios: U3
3nucTo/IsIpHOro Haceaus, 1911-1928 rr. Mocksa : Hayka, 1980. C. 33.

Puc. 1. Tpyabl 10 NPUK/IAAHON GOTAaHUKE U CeJIeKIUM.
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~ PEJAKIIIOHHBIA KOMHATET
,Tpynos Mpusaxmoil Borammna m Cexcruumis,

lupexcrop Omena Mpuaanofi Boramsc w Ceaexuuun— upod. H. . Basnos.
Onzera npnumnu som-m ce

Veeuse en erse Orxena Tpucaaioli
8 =|ahll;lk EHINMII'J B. B"lhp!l, n. H

A
BDITORIAL »BOARD § o

and Plant] Breedmg Prof. N. J.
~ Vavilov,

V.V Pnhksvhch—m anm of pomelogy
V. E. Pissarev—in charge of

L. J. Govorov—in charge of pl Bt phyilogint nvestgations,
V. A xnu-mv_u. aiu-. of W.\m ‘pasture plants.

Terposaar. 1595 Tapax 1090 365, (59
Tavorpaun MK Maxousuanunonossi nop. 3 1.

a) 6) B)

Puc. 2. Tpyabl 10 NPpUK/IaAHOM 60TaHUKe U ceaeknuu. 1923. T. 13 (1922-1923), Ne 1:
a - 06JI0XKKa XKypHaJa; 6 - pelaKLIHOHHBIA KOMUTET; B — OT peJJaKL{U1

Puc. 3. BaBusnoB H.U., Bykununu /I./1. 3eMeae1b4ecKuiil Puc. 4. lImeHu1bl AGUCCUHUM U UX NOJI0KEHUE B 061 el
Adranucras (C 318 poTorpadpusammu, Taé/1MaMHu cucTeMe NieHUl;: (K NO3HaHUIO 28-XpOMO30MHOI
U 6 kKapTamu): CocTaBJ/ieH N0 MaTepHuaJaM 3KCIeAULMHU rpynnsl KyJIbTYPHBIX NIIEHUL) / COCTaBUTEIHU:
TFocyaapcTBEeHHOr0 MHCTUTYTA ONBITHOM arpOHOMHUHU H.U. BaBusoB [u Ap.]. leHuHrpaz, 1931.
4 Bcecoo3HOro HHCTUTYTA NPUKIAZHOH 60TAaHUKHA (Ipua. 51-e k «TpyaaM 1o NPUK/IaAHON GOTaHUKE,
B ApranucraHs. /lenunrpag, 1929. reHeTHKe U ceJIEKIMU»)

(Ipu. 33-e k «Tpyaam Bropo no npuk/jagHo#i GOTaHUKE,
reHeTHUKe U ceJIeKLUN»)
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HO BBOJJUTCSI HOBasl HyMepallUsl C yKa3aHUEM HOMepOB ce-
puu <...> CTapoe jiesleHHe Ha BbIIIYCKU U TOMa OTMeHseTcs,
U KaX/1asl cepusi GYET BbIXOJUTh B OTAEJbHBIX BbIMYCKaX»®.
«Tpyabl» 6611 OIy6/IMKOBaHBI: 0611as cepust « CouantncTu-
yecKoe pacTeHUeBOACTBO» U 13 cnelnaibHbIX cepuil. U3me-
HeHMUs, BBOJMMble BaBU/IOBBIM, 00'bSICHAIUCE NIPeX/e BCEro
NOsIBJIEHUEM HOBBIX, OPUTHHA/IbHBIX Pe3y/JbTaTOB UJIU Me-
TOJIOB MCCJIe/JOBAaHUH, BeleHUEM YIy6JeHHON HccaefioBa-
TeJIbCKOM paboThl B MUPOBOM MacuiTabe. HoBbiii popmart,
NPUHATHIN B 1932 1., 103BOJIS/ yYEHBIM, OPUEHTUPOBAHHBIM
Ha IpaKTHUYecKre HCCleloBaHUs, TaKKe aKTUBHO My6JIHKO-
BaTbCA B «Tpygax».

C1908r. npu «Tpymax» u3gaBajucCb BBHJE OCOOBIX
NpHUJIOXKEeHUH 06111el0CTyIHble OPUTMHAJbHbIEe UJIH Nepe-
BO/JIHbIE PabOThI 10 PA3JIMYHBIM OTAeJaM NPUKIALHON 60-
TaHUKU U cesieKLUU. [Ipu/io’keHUs BbIXOAUIU B CBET B Ile-
puog ¢1908 no 1937 r., efUHCTBEHHBIM HCKJIIOYEeHUEM
B IIOCJIeEBOEHHBbI COBETCKUH NepuoJ fBJsETCS HU3AaHUe
MeTO/IUYeCcKOro c60pHUKa B 1969 r. B BU/le 0cO60r0 NPHUJIO-
)KeHus K ToMy 40.

B nepuoj pykoBoACTBa )KypHaioM BaBUJI0OBbIM GbLJIH U3-
naubl [Ipunoxenus ¢ 22 no 84 (1922-1937 rr.). Hukosai
BaBuioB B kauecTBe [IpuoxkeHni k «TpygaM» ony6Ja1KoBa
CcBOM paboThl: «[losieBble Ky/JbTYphI 10ro-soctoka» ([Ipuso-
)keHue 23, 1922), comectHo c /[l. [l. Bykunuuem - «3eMiie-
nenapdeckuil Apranuctan» (Ilpunoxkenue 33, 1929; puc. 3),
coBMecTHO ¢ O.K. ®opryHaToBoi, M. M. fkybuuHepowm,
E. ®. [TanbmMoBoO# U Jip. — «[lmeHULbl AGUCCUHUN U UX M0JIO-
J)KeHUe B 0Olled cucTeMe MUIEHUI]: (K MO3HAHUIO 28-Xpo-
MO30MHOM TpyHnbl KyJAbTypHbIX mueHun)» ([Ipunoxe-
Hue 51, 1931; puc. 4). ABTopaMu OpUTHMHAJIbHbIX UJIU IIEpe-
BOJIHBIX paboT, ony6JMKOBaHHBIX B KauecTBe [lpusoxe-
HUH K «Tpynam», 6b111 u3BecTHBIE yueHble: E. H. CuHckas,

JI. C. Bepr, K. M. Yunro-Yunrac, A. U. Manbues, H. A. Makcu-
MoB, B. B. [lamkeBuy, H. Y. KuuyHnos, . ®. Makapos,B. B. Ta-
saaHoB, C. M. Bykacos, M. M. flky6uiuHep u Jip.

[Ipodeccop H. U. BaBUIOB TUYHO KOHTPOJHUPOBAJ BCe
BONPOCHI, CBfI3aHHblE C U3/laTeJbCKONH [JeATeJbHOCTbIO
BUP. «Pe3yabTaThl paboT MHCTUTYTA peryasipHO Ny GJIUKY-
oTcs B “Tpyfax no npuk/aagHold 60TaHUKeE, TeHETHKE U ce-
Jekuuu”, aTakxe BIIpUIOKEeHUAX K HUM, U TEM CaMbIM
npeAcTaBJeHbl Ha CTPOTUH cyA 06LleCTBEHHOCTH U Hay4-
HOM KPUTHKHU Kak B Ipejiesiax camoro Corosa, Tak U 3a eTo
rpaHunaMmu»®. Hukosiait UBaHOBUY y4acTBOBAJI B epero-
BOpaX, OCYILeCTBJIsJI OTIPaBKy TOMOB 3a 'PaHULLY, BeJ pe-
TyJSIPHYI0 NEepeNnucKy C Liesblo NMoJy4yeHUsl B peJaKIMOH-
HbIM mopTdesib KypHaJsa HOBEHIIUX PabOT OTeyeCTBEH-
HbIX U 3apy6eXHbIX aBTOPOB M0 aKTyaJbHbIM Npo6JjeMaM
NpUKJIaJHOM 60TaHUKH, TeHeTUKH, cesjekuuu. Ilocie
yCIelHo! Ny6auKaluy TOTo UM UHOTO aBTopa BaBuoB
ropopuJi: «He HampacHo 51 Bce BpeMs Gepy Ha cebs poJib
6eCrnoKOWHOro OyAuabHUKa!»”.

[TocT r1aBHOro pefaktopa «Tpy0B Mo NpUKIaJHON 60-
TaHMKe, TeHEeTHKE U cesieKuuu» Hukosan BaBuiaos 3aHuMan
c1921r. o aHa apecta 6 aBrycta 1940 r. Bo BpeMa Kowm-
MJIEKCHOM (arpo6oTaHWYecKol) akcneguuuud Hapkomsema
CCCP B 3anaziHble palioHbl YkpanHckoi u Besopycckoit CCP.

Axkazemuk H.U.BaBuioB BHeEC HEOLEHHMBbIH BKJIAJ
B pa3BHUTHE MHUPOBOM HAyKH, OCTaBUJ Mocje cebs Goratoe
HacJeaue HayuyHbIX TpyAoB. «Korga ®apajesa cnpocuiy, Ka-
KUM 06pa30M OH IOCTHUT GOJIBLIUX Pe3y/bTaTOB, OH OTBETHI,
YyTO paboTas TOJKOBO U PEry/isipHO, KpaTKO U TOJIKOBO
MOJIbITOKUBAJI pe3yJIbTaTbl CBOeH paboThl U ONMyOJIUKOBBI-
BaJl UX. BOT U Bech perent!»®.

Pepakuus xxypHasa

% CokouioBa E.A, Koteskuna W.B. XKypnan «Tpy bl o npuk/IagHON
60TaHHKe, FTeHETUKE U cesieKIuu»: K 110-/1eTHI0 co JIHSI OCHOBaHHUS.
TpyAbl 10 NpUK/IaJHON GOTAaHHKe, FeHeTHKe U ceslekiuu. 2018.T. 179,
BbInL. 3. C. 347. DOI: 10.30901/2227-8834-2018-3-332-357

® IlepcneKTUBHBIN NJaH pa6oT Bcecow3HOro HHCTUTYTA
MPUKJIAJLHON 60TAHUKU U HOBBIX KyJIbTYP Ha NsiTUIeTHe 1927 /28—
1931/32 rr.: npoekT. Jlenunrpaz, 1928 (1929). C. 3.

7 HayuyHoe Hacnezacto. T. 10. Hukosait UBaHoBuY BaBusios: U3
3NUCTOJIApHOTO Hacaeus, 1929-1940 rr. Mocksa : Hayka, 1987. C. 417.
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AxTya/1bHOCTB. OZIHOM U3 Ba>KHENLIUX 33/1a4 Y4eHbIX KpbiM-
ckoit OCC sABJIsIeTCS [JOITOBPEMEHHOE COXpaHeHHe reHoPOoH-
Jla TUKOPaCTYIIUX BUI0B (60J1€€ ThICSYHM F€HOTUIIOB COpOKa
yeThIpexX BU0B Prunoideae Focke, Rosaceae Juss.), co6paH-
HBbIX B 3KcneAunusx. COXpaHATh NMpeACTaBUTeseNd JUKOpa-
cTyuel ¢JIopbl ropaszio C/lI0KHee, UYeM KyJbTYpPHBIE COPTa,
B CHJIy Y3KOH crenaau3anuy K ¢akTopaM BHEIIHeH cpejibl
Y HeOOXOJUMOCTH CO3/JaHUs YCIOBHUH /IS yCIEUIHOTO MPOo-
n3pacTtaHus. JlaHHBIN acleKT KacaeTcs NMpex/e BCero Takux
BU/IOB, Kak Louiseania pedunculata (Pall.) Pachom., L. ulmifo-
lia (Franch.) Pachom., Prunus cocomilia Ten., P. brigantiaca
Vill, Armeniaca sibirica (L.) Lam., Padus ssiori (F. Schmidt)
C.K. Schneid. u psapa apyrux.

MeToapbl. VcciaeoBaHysa NPOBOAUJINCH B HACAXK/AEHUSAX MO-
JieBoro reHHoro 6anka KpbiMckoit OCC B COOTBETCTBUHM C Me-
TOJUYeCKUMHU yKazaHUusAMHU BUP. 06 beKThI Hccie0BaHUH —
KOJIJIEKIIMOHHBbIEe 06pasIibl JUKOPACTYIUX BUI0B KOCTOUKO-
BBIX.

Pe3ysibTaThl. Ha 0CHOBAaHMM MHOI'0JIETHUX N0OJIEBBIX UCCIIE-
JIOBAaHUU JJIS COXpaHEHUs eX Situ JUKOPACTYIUX UHTPOLY-
[IEHTOB UCNOJIB3YIOTCS KaJ[0UHast KyJIbTYpa U MOJEePHU3UPO-
BaHHas TEXHOJIOTHS 3arylieHHOU MOoCaJKu ¢ GOPMHUPOBKOH
KPOHBI 10 TUITY «6opAtop». OHa MpefycMaTpUBaeT y4eT 61o-
JIOTUYECKUX 0COOEHHOCTeH BH/OB, UCII0Jb30BaHHE KOpPHe-
COGCTBEHHBIX WJIM MPUBHUTHIX PACTEHUH HA KJIOHOBBIX MO/-
BOSIX PA3JIMYHOMN CUJIbI POCTA B 3aBUCHMOCTHU OT UX XKHU3HEH-
HOU $OpMBbI (JepeBo, KYCT), YCTOWYUBOCTH K OUOTHUYECKUM
M a6HOTHYECKHUM CTpeccopaM, Tpe6OBaHUH K OYBe U peJibe-
&y MecTHOCTH, 3a/ay, CTOALIUX Iepes HCCaeoBaTeNsIMU.
YcTaHOBJIEHO, YTO peKoMeHayeMble cxeMbl (2,5-4,0 x 0,5-
1,0 M) 3HAUUTENIBHO YMEHBINAKT IMJIOLIAJb, 3aHUMAEMYIO
M0/l OAWHAKOBBIM KOJIMYECTBOM KYJIbTUBUPYEMBIX pacTe-
HUH, B CPAaBHEHUHU C OOBIYHOM, CHIKAIOT 3HEPTro- U TPyA03a-
TpaThl HA TEXHOJIOTHYECKUX paboTax.

KiioueBble c10Ba: reHeTUYECKHE PeCypChl, CTpaTerust co-
XpaHeHus1 reHooH/1a, GH0JIOTHYeCKOoe pa3HO06pasue, reHo-
THII, Ca/l XpaHEeHHUs], CXeMa MI0CaIKU, KJIOHOBBIN T0/[BOM, pop-
MHPOBKA KPOHBI.

Background. One of the most important tasks faced by the
scientists of Krymsk Experiment Breeding Station of VIR is
the long-term preservation of the stone fruit gene pools
(over 1,000 genotypes of 44 species) collected during plant
explorations. It is much more difficult to preserve represen-
tatives of the wild flora than cultivars, due to their ecologi-
cal specialization to specific environments and the need to
create conditions for their successful development. This as-
pect concerns, first of all, such species as Louiseania pedun-
culata (Pall.) Pachom., L. ulmifolia (Franch.) Pachom., Prunus
cocomilia Ten., P. brigantiaca Vill., Armeniaca sibirica (L.)
Lam., Padus ssiori (F.Schmidt) C.K.Schneid., and some
others.

Methods. The studies were carried out in the collection
plantations of the field genebank at Krymsk Experiment
Breeding Station of VIR according to VIR’s guidelines. Ac-
cessions of wild stone fruit species were the objects of the
studies.

Results. Many years of field research into ex situ conserva-
tion of introduced wild species proved the efficiency of
stone fruit cultivation in tub culture and a modified tech-
nique of dense planting with crown formation according to
the “border-hedge” pattern. It takes into account biological
characteristics of genotypes shaped in natural areas, the
use of own-root or grafted plants on clonal rootstocks of
various growth rates depending on their life form (tree or
shrub), resistance to biotic and abiotic stressors, soil and
terrain requirements, and the tasks posed before research-
ers. The recommended planting schemes (2.5-4.0 x 0.5-
1.0 m) significantly reduce the area occupied by the same
number of plants in conventional cultivation patterns and
cut down power and labor inputs into technological prac-
tices.

Key words: genetic resources, gene pool conservation
strategy, biodiversity, genotype, conservation garden,
planting scheme, clonal rootstock, crown formation.
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BBeaeHue

OnTrMH3aLUsA  [OJTOCPOYHOTO XpaHEeHUs] TeHOTHUIIOB
IJIOJIOBBIX, B TOM YK CJIe KOCTOYKOBBIX KYJIbTYp, B HacTosilee
BpeMs CTAaHOBUTCS Bce 6oJlee aKTyaJbHOM B CBSI3U C YBeJU-
YyeHHeM YHUCJIEeHHOCTH eJJMHUI, XpaHeHUs], a TakKe C aKTHB-
HBIM UCII0JIb30BaHHEM BblJle/IsieMbIX U3 Hero GpopM B HOBBIX
nporpamMmax 1o cejleKIju1 COPTOB C yHUKaIbHBIMU X035IMCT-
BEHHO-O0M0JIOTMYeCKUMU NTPHU3HAKaAMU.

[oaxop k c60py pacTeHHU 0 BCEMY MUPY U COXPAHEHHUIO
B )KHBOM COCTOSIHUM KYJIbTYPHBIX U POJICTBEHHBIX UM JUKUX
BU/IOB, BIIOC/I/ICTBUY YTBEPXK/EHHbIN KaK MeXyHapoJHoe
HampaBJjeHHMe N0 (GOpPMHUPOBAHHI0 TreHeTHYecKoro G6GaHkKa
CeJIbCKOX035IMCTBEHHBIX pacTeHUH, paspaboran H. U. BaBu-
J10B B cBoux Tpygax (Vavilov, 1931).

Cnoco6bl coxpaHeHUsl BUIOB U COPTOB pacTeHUH ompe-
JleJIII0TCS PAJOM JIOKYMEHTOB, B TOM 4YMCJle MeX/yHapoJ-
Hol [J106anbHOM cTpaTeruei, BKIYaLIEd KOMIJIEKCHYIO
nporpaMMy JelcTBUH M0 COXpaHEHUIO PaCTUTEJNbHOr0 610-
pasHoo6pasus in situ, ex situ v in vitro, oTpaXKeHHYO B pelie-
HUAX KoH$epeHIUH cTopoH KoHBEHLUU 0 6HM0JI0THYECKOM
pa3sHoo6pa3uM B pas/MyHble TOAbl, B TOM 4ucjae Blaare
B 2002 r,, (Decision VI/9...,, 2002), Erunte B 2018 1. (Confe-
rence of the Parties..., 2018). BUP BbinoJiHsIeT BaXKHY0 33/1a-
4y 1o obecrneyeHUI0 UCXOAHBIM MaTepuaioM HUU u cenek-
LEeHTPbl B LessAX obecrnedyeHUs] NMPOJOBOJBLCTBEHHOU 6e3-
omacHocTH Poccun. KpbIMcKass ONBITHO-ceJleKIMOHHAs
cranyusa (OCC) - ¢unuan BUP, aBassich CTPYKTYPHBIM MO-
JApasjesneHueM Bcepoccuiickoro MHCTUTYTa reHeTHYeCKUX
pecypcoB pacteHuit umenu H.U. BaBusioBa (BUP), B aTom
acreKkTe 3aHUMaeTCsl He TOJIbKO UHTPOAYKLIMeH, pa3MHOXe-
HHEeM U COXpaHeHHeM IieHHbIX U peJJKUX BUJ0B U 06pa3IioB
B [10JIeBOM TeHHOM 6aHKe, cocpe/loTOuMBIlIeM 6Gojiee 5 Thl-
Cs1Y FeHOTHUIIOB, HO U Pa3BUTHEM CTPATeruu COXpaHeHHUs Co-
6paHHOrO reHodOoH/1a.

BaxkHel1ee 3HaYeHHUE B 3TOU CBSI3W MMeET COXpaHEHUe
npeJcTaBJeHHOI0 B KOJIJIEKIUAX pa3HO06pa3nsa JUKOPaACTy-
mux GpopM, CO6paHHbBIX B X0/l IKceAUUH. [laHHas mpobJie-
Ma 0c06eHHO aKTya/lbHa B HaCTosllee BpeMs, KOTJa, KaK 13-
BECTHO, BCJIe[ICTBUE OCBOEHHUS TePPUTOPUM I JlesTelb-
HOCTH 4eJIoBeKa U U3MeHeHHsl KJuMaTa OTMeyaeTcsl 3JIUMHU-
Hallis He TOJIbKO 06pas1i0B, HO U LieJIbIX BU/IOB.

PaccmaTpuBaeMbli BONPOC BaXkeH TaK»Ke B IIJIaHe BOBJIe-
YeHHUsl B CeJIEKIIMOHHBIM Npolecc AMKOPACTYIIMX poAuyed
KyJIbTYPHBIX PAacTeHUH B CBS3M C HEOOXOAMMOCTbIO 3HAUU-
TeJIbHOTO pacliMpeHHs] TeHeTUYeCKOro pa3sHoo6pasus Hc-
XOJHOI'0 MaTepHasa, 0COGEHHO aJJallTUBHOTO K 610- U abro-
THUYECKUM CTpeccopaM, YTO AaeT BO3MOXHOCTb BBIBOJUTb
CopTa MPUHLHMIHANBHO HOBble, IPHMEPOM Yero MOKeT SIB-
JIATbCS CO3JjJaHHe KJIOHOBBIX IMOJBOEB JJI1 KOCTOYKOBBIX
m10A0BbIX KyabTyp (Eremin, 1985, 2015; Eremin G.V., Ere-
min V.G., 2015; Eremin et al.,, 2017).

B nepenneasuarckoMm, cpefiHeasuatckom, (Vavilov, 1931),
€BPOIEeNCKO-CHOMPCKOM, BOCTOYHO-a3uaTckoM (Zhukovsky,
1970) reHIeHTpaxX COCPEJOTOUEHO OTPOMHOE pa3HoObpasue
JUKOpACTyUIMX BUZ0B nojceMeiicTBa Prunoideae Focke (ko-
cTouKOBble, Rosaceae Juss.), cbopMHUpPOBaBIIUXCS B IKCTpe-
MaJIbHbIX TOTOJHBIX YCIOBUAX. JTO KCepOPUTHbIe BHJIbI
MUHZAAsA (MeTeNbYaThld, KOJMOYEHIIHA U OyXapCKUi); mep-
cuka (Mupa u [aBuza); MUKPOBUILIHU (MEJIKOMJIOAHAS, PO-
cTepTasi U ceZasi); 3MMOCTOHMKHe BHUJbI abpukoca (cubup-
CKUH U MaHbWKYPCKHUH); Jyu3eaHUW (4Yepelryatas U Bs30-
JIUCTHAs); BUILHU (CTEMHAas U caXxaJMHCKas). UCKII0YUTE N b-
HYI0 LleHHOCTb NPeACTaBJIAIT BU/BI C AJUTENbHbIM E€PHO-
JIOM TOKOSl W MO3JHUM LBETeHHeM, CJabopocible, CKOPO-
IJIOJHBIE, C UMMYHUTETOM K 6OJIE3HAM - BUIIHHU (OCTpoO-

NuJb4aTasl, caXaJMHCKasl, Kypu/abckas, MakcuMoBUYa); de-
peMyxu (BUpPrUHCKas U KamyJsu); nepcuka (Mupa u JlaBuja).
MHorue U3 3TUX BU/OB JIETKO Pa3MHOAIOTCs YepeHKaMHU.

B MHOrouYHC/IeHHBIX 3KCIIeJULUAX Ha ceBepHbIH TAHBb-
llanb, 3anagHbiil Konetaar, CeBepo-3anaubiil [lamup, HOx-
Hblll Ypas, CeBepHblit KaBkas, B 3akaBka3sbe, BocTouHo-EB-
ponelcKyo paBHUHY B KoJutekiuio Kpeimckoit OCC Mmo6uiu-
30BaHbl HauboJlee yCTOWYMBbIE K 3KCTPeMasIbHbIM YCI0BU-
SIM IPOU3PACTAHUS, LleHHbIe 10 X03HCTBEHHbIM U 6M0JIOTU-
YeCKHM KayecTBaM 06pasIibl.

TpagunuonHo coxpaHeHue reHodoHJ@a MPOBOJUJIOCH
C IpUMEeHeHHeM 3KCTEHCHBHBIX TEXHOJIOTHUH, Ha CeMeHHBIX
BbICOKOPOCJIBIX [TO/{BOSIX, PU CXeMaX NoCaZiKh 5-6 M x 3-4 M,
YyTO Tpe6GoBao GOJNBIIKUX TeppUTOPUH U 3aTpart. C BHeApe-
HHUEM B CaJl0OBOJICTBO MHTEHCUBHBIX TeXHOJOTUH Ha KphIM-
ckoit OCC B HacTos1lee BpeMs TeHOTUIIbI A5 J0JIF0OCPOYHO-
ro XpaHeHUs KyJbTUBHUPYIOTCS B [10J1eBOM [eHHOM GaHKe Ha
KJIOHOBBIX IO/JJBOSIX P YIVIOTHEHHOM cXeMe MOCaJiKH, YTO
M103BOJISIET 3HAYUTEIbHO 3KOHOMUTb 3eMeJIbHble U 3Hepro-
pecypcsl (Eremin et al., 2007).

B cBs13U € 3TUM Hcc/leJ0BaHUA 10 pa3paboTKe MeTO/,0J10-
rUYecKUX MOJAXO/0B U MPaKTHYECKUX CIIOCO60B 3pPeKTHB-
HOT'O ¥ 3KOHOMUYHOT'O COXpaHeHUsl pa3HOoOpasus AUKOpa-
CTYLIMX BUAOB U GOPM KOCTOYKOBBIX PaCTEHUH, YCIEIIHOT0
HCI0JIb30BaHUSl €ro KOMIIOHEHTOB B CeJIEKIIMOHHBIX IpO-
rpaMMax 4Ype3BblYaiiHO aKTyaJIbHBbI.

MaTepnam,l " METOoAbI

HccneoBaHUs NPOBOAM/IMCH B KOJIJIEKLMOHHBIX Haca-
KJeHUsIX ToJieBoro reHHoro 6aHka Kpeimckoir OCC BUP
¢ 2007 no 2020 r. B COOTBETCTBUM C METOAUYECKUMU yKa3a-
HusiMu BUP (Yushev et al., 2016). O6beKTbI UcCJIeJOBAaHUM —
KOJIJIEKIIMOHHBIe 06pa3Iibl AUKOPACTYIIUX BUAOB NofceMeli-
ctBa Prunoideae.

Pe3y/bTaThl U 0GCYKAEHHE

B xoze ucciejoBaHUH, BbINOJHEHHbIX B paMKaxX pa3BU-
THUSl CTpAaTerMu COXpaHEeHHsl TeHeTH4YeCKHUX pecypCcoB KO-
CTOYKOBBIX IJIOLOBBIX KyJbTYpP U UX AUKUX POAUYEH, COBep-
LIeHCTBOBAHUS TEXHOJOT MU COXPaHEHHUS U CHUCTeMaTH3aluu
OUOJIOTUYECKOTO pPa3HOOOpasus, BBISBJIEHO, YTO B CaZax
xpaHeHus1 Kpbimckoit OCC cocpenoToyeHO 6oJiee ThICSUYU
06pa310B KOCTOUKOBBIX U3 COPOKA YeThIpex BU/OB ceM. Ro-
saceae - npejcTaBuTe el AuKopactyuei ¢popsl (Tad. 1).

[Ipu foarocpoyHOM XpaHeHUH GMOJIOTHYECKOTO pa3Ho-
06pasus BUJOB KaXKJ0My IeHOTHIY [0JXKHa 6bITh M0oJ06pa-
Ha CBOsI TeXHOoJIorHs. B unciie coBpeMeHHbIX 3QPeKTUBHBIX
MeTO/J0B MOXXHO Ha3BaThb KPHOKOHCepBAIMI0 U XpaHeHue
in vitro, Haxo/isiliye B MOCJelHEE BPEMS B MUPOBOM PaKTH-
Ke Bce Oosibliee pacnpoctpaHeHue (Mosella-Chancel etal,
1980; Forsline et al., 1998).

OpHako HauboJiee MpUeMJIEMbIM CIIOCOG0M COXPAaHEHUS
reHodoH/ja AJis GOJBIIMHCTBA HAYUYHBIX YYpEXKJeHUU mo-
NpeXXHeMy OCTaeTCsl KyJbTHUBHpPOBaHHEe B yCJOBHUAX Ca/a,
MOCKOJIbKY 0603HaueHHble Bblllle METO/bI ellje He JOCTYII-
Hbl y4YpexJeHUusaM - o6JiafaTesssM 60JbIINX reHOPOH/ 0B
M0 MPUYMHE OTCYTCTBUS COOTBETCTBYIOIETO JAOPOTOCTOS-
mero ob6opyAoBaHHUs U KaApoB. K Tomy e AocTaTOYHO
MHOTI'Me JAUKOpacTyliue BHU/JbI, XapaKTepu3yloluecs 006-
HIMPHBIM OJUMOPGU3MOM, NOCTOSTHHO BOCTPe6OBaHbI 15
HCII0JIb30BAaHUsI B UCCJIeJOBAHUSAX 110 CeJIEKIIMU U arpoTex-
HOJIOTHUM.

Ha KpbiMcko#t OCC paspaboTaHa U B TeueHUe psija JeT
NpUMeHseTCs] TEXHOJIOIUsl BblpallliBaHUs 06pa3l0B reHe-
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Ta6smmna 1. [IpeacTaBieHHOCTh pa3HO06pa3us AUKopacTymux BuAoB Prunoideae Focke (Rosaceae Juss.)
B Ko/IeKIMSIX KpbIMCKOM ONBITHO-CEJIEKIMOHHOM cTaHnuu BUP

Table. 1. Representativeness of the Prunoideae Focke (Rosaceae Juss.) wild species diversity
in the collections of Krymsk Experiment Breeding Station of VIR

BujgoBoe pa3HooGpa3ue
Kynbrypa BH/IOB COIVIaCHO
AT T AT, BU/OB B KOJIJIEKIIUH, IIT 06pa3snoB B KOJLJIEKIUH, IUT
Buurnsa 22 22 742
A6pukoc 6 4 41
CnuBa 2 2 0
[lepcuk 6 3 22
Yepemyxa 6 4 110
MuKpoOBHUILIHA 6 6 67
MuHpaanb 7 3 112
Bcero: 55 44 1094

THUYECKOM KOJIJIEKIIMH C GOPMUPOBKON KPOHBI IO THILY
«6opatop» (Eremin etal, 2007). OCHOBHBIMU 3JIeMEHTAMU
3TOH CHUCTEMBI SBJSAIOTCA KOHCTPYKIMHM HacaXAeHUH c 60-
Jlee IJIOTHBIM pa3MellleHHeM pacTeHUH U eXKeTroHOH JKeCT-
KoM 06pe3koi, cnoco6CcTByOUled aKTUBHOMY POCTY Mob6e-
rOB 1 UCKJIIOYEHHEM WJIU CBeleHMeM K MUHUMYMY I1JI0JJ0HO-
IIEHHS.

[Ipy 3TOM, KaK yKa3blBajJoCh B IpPeJbIAYLIIUX paboTax
(Eremin etal., 2007; Eremin etal.,, 2019), cieayeT BbinoJ-
HAITb C/lefiytolre Tpe6oBaHUA:

¢ IJIOTHOCTB pa3MelleHHs pacTeHUH J0/KHA ObITh MaK-
CUMaJIbHO JIONYCTUMOM € y4eTOM 0COGEHHOCTeN GHOJIOTUHU
06pasoB KOJIJIEKIIMH U YCJI0BUM HauboJjiee 5KOHOMHUYHOU
TEXHOJIOTMU BO3/le/IbIBaHUS;

e IIpU HEOOXOJMMOCTH NPOBEJIEHHs anpobalnuy, usyye-
HUS, THOPU/U3ALHHY, U T. /1. B OTZEJIbHbIE [O/ibl BHIIOJIHSAETCS
TOJIbKO yMepeHHast KOppeKTHUpylolasi 00pe3Ka, HO B IIOCJIe-
JlyIolIMe TO/ibl TAKHE PACTEHHUs C UCII0/Ib30BAHUEM XKECTKON
06pe3KH JJOBOASAT J10 YPOBHS TUIIMUYHBIX IepEBbEB, IPOU3Pa-
CTAIIMX B CaJly XpaHEHHUs;

* TEXHOJIOTHYECKHEe PaboThbl MO YXOAY 3a PACTEHUSMHU
NPOBOJATCS MO THUILY, IPUHATOMY [JIJI1 MOJIOABIX CaZl0B WJIU
YepEeHKOBbIX MATOYHUKOB, C BOSMOXXHOCTbIO NPUMEHEHMS
MaIlMHHON KOHTYPHOU 06pe3KHU.

HakonsieHHbIH ONBIT [0 CO3/IaHUIO CaZJ0B XpaHEHUs KOC-
TOYKOBBIX KYJIBTYP JaJl BO3MOXXHOCTb MOJEPHHU3UPOBATH
TEXHOJIOTUIO TPUMEHHUTENBHO K AUKOPACTYLIUM HHTPOAY-
LIeHTaM C yYeTOM UX GHUO0JIOTHYeCKUX 0COGEHHOCTEH, 103BO-
JISIOLIUX NMOBBIIATH 3G PEKTUBHOCTD [IPOBEIEHUs paboT Mo
UX coxpaHeHUI0. CielyeT, 0iHAKO, OTMETUTD, YTO COXPAHATb
npeJCTaBUTeNel AUKOpacTyleld Gpiopbl Topas3zo CJIOXKHEE,
4yeM KyJIbTypHble copTa. Kak nmpaBu/io, 60JBLIINHCTBO AUKO-
pacTylux BUJOB Y3KO CIEl[MaIU3UPOBaHbl B CBOMX TPe6o-
BaHHUAX K paKTOpaM BHeLIHeH cpesibl, U cO3JaTh MpHUeMJie-
Mble YC/IOBUS AJIs1 MX YCIELIHOTO NMPOU3pacTaHUs ObIBaeT
CJIOKHO. ITO KacaeTcst Pe/ie BCero Takux BUAOB, Kak Lou-
iseania pedunculata (Pall.) Pachom., L. ulmifolia (Franch.) Pa-
chom., Prunus cocomilia Ten., P. brigantiaca Vill., Armeniaca
sibirica (L.) Lam., Padus ssiori (F.Schmidt) C.K.Schneid.
W psijia fpyTux. [ 3TUX BUJ0B NIPUHSATO CO3/jaBaTh 0CO6GbIe
YCJIOBHS U Yallle BCEro — BblpallliBaHKe B KaJJOYHON KYJIbTY-
pe B opaHxxepee (puc. 1).

[Ipu pa3mellleHUH pacTeHUH B cafiax clelyeT YYUTbIBaTh
Y reHoTUnuyeckue ocobeHHoctd BuUJOB (Goldschmidt,
2013). B 4aCTHOCTH U3BECTHO, YTO COPTA aGPUKOCOB Cpe/iHe-
a3uaTCcKoM 3KoJioro-reorpaduueckoi Ipynnbsl OTJIMYAIOTCA
GBICTPBIM POCTOM, MOLIHBIM pa3BUTHEM, TOTJa KaK UpaHO-
KaBKa3CKHe M 06paslibl JareCTaHCKUX MOMyJALUN XapaKTe-
pusytoTcs 6osiee caabbiM pocTtoM U pasButueM (Kovalev,
1963; Asadulaev etal., 2020). K ToMy ke ciaefyeT NIOMHUTb,
YTO BCIBIIIKK MOHUJIMO03a Ha JlepeBbsiX abpuKoca Jalle npo-
HCXOAAT B pABHUHHOM U NpeAropHoi 3oHax. [Ipucnoco6ie-
HbI K apU/JHbIM YCJOBUAM NPOU3PACTaHUS BHUJbl MUHAANA
(Vitkovsky, 2003; Eremin etal., 2008; Richter etal, 2020)
Y TaKue BU/Ibl, KaK MUKPOBHULIHSA npocTepTas (Microcerasus
prostrata (Labill.) M.Roem.) wucegasa (M.incana (Pall.)
M. Roem.). UTo KacaeTcsi ycJ0BUH NEepPe3UMOBKH, TO [AJs
6OJIBLIMHCTBA JUKOPACTYLUX KYCTAPHUKOBBIX BUAOB JIy4-
1Ie NOAXOAAT He6GOoIbIlNe CKJIOHBI M BO3BBIIIEHHOCTH.

Bosiblioe 3HaueHUe /19 3aK/1aK1 €aJla XpaHEeHUs] UMeeT
HCI0JIb30BaHUE KOPHEeCOOCTBEHHBIX PaCTeHUH UM NoJ60p
M10/]BOEB Pa3/IMYHOM CUJIbl POCTA B 3aBUCHMOCTH OT >KU3HEH-
HOU GOpMBI (ZepeBo, KycCT).

Hanb6osiee onTuMaabHbIM [1J1s1 COXpaHEHUS COPTOBOM YH-
CTOTHI SIBJISIETCS UCIOJIb30BaHHUE B CaZly XpaHeHHUsI KOpHe-
COOCTBEHHBIX paCTeHHUH. Y GOJBLUIMHCTBA AUKOPACTYLIUX
BU/IOB KOCTOYKOBBIX MOJIYyYUTb TaKHe pacTeHUs He Npej-
CTaBJSeT CJA0XKHOCTU. BUIIHA cTenHas, TepH, MUHAA/Ib HU3-
kuil (Amygdalus nana L.) 06pasyloT KOpPHEBYI MOPOC/b
Y JIETKO Pa3MHOXal0TCSl KOPHEBBIMU YepeHKaMHu (puc. 2).

B To >xe BpeMs1 aHTUIKa, aBPUKOC, IEPCUK, MUKPOBUILHHU
BOMJIOYHAs U HU3Kasi, MUHJaaU PeHLIs U OyXapCKUN Kop-
HEeBYI0 IOPOC/Ib He 06pa3yoT. Mx cieAyeT pasMHOXaThb NPU-
BUBKOW Ha KJIOHOBbI€e [I0JBOH, KOTOpBIe NOAOUPAIOT B 3aBU-
CUMOCTH OT CHJIBI pocTa coxpaHseMoro reHotuna (Eremin
etal, 2000).

[Ipu 3afeficTBOBaHMY CUCTEMBI «GOPAIOP» [JIs1 pa3Mellie-
HHUA B Caly XpaHeHUs TeHOTUIIOB CO C/1abbIM MJIM KapJIMKO-
BbIM POCTOM TpebyeTcsl BHECEHHe HEKOTOPbIX KOPPEKTUBOB
B CPaBHEHMHU C CUJIBHOPOCJBIMU 06pa3liaMHu. 3TO OTHOCUTCS
K €1a60pOC/IbIM NpeACTaBUTESAM BU/J0B MUKPOBULIHU: Mic-
rocerasus tomentosa (Thunb.) Wall., M. pumila (L.) Eremin &
Yushev, M. incana, M. glandulosa (Thunb.) M. Roem., M. pro-
strata; K BUJaM KyCTapHUKOBBIX MUHJael: Amygdalus nana,
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Puc. 1. OTaaIeHHbIN T'UGPU MUHJAJIS1 06bIKHOBEeHHOTO (Amygdalus communis L.)
co cauBoi Iluccappa (Prunus pissardii Carr.) B Kaf04HOH Ky/JIbType

Fig. 1. A distant hybrid between common almond (Amygdalus communis L.)
and red-leaf cherry plum (Prunus pissardii Carr.) grown in tub culture

Puc. 2. KopHecoGcTBeHHOe pacTeHue MUH/AJIsI HU3Koro (Amygdalus nana L.) B cafly XpaHeHUs

Fig. 2. An own-root plant of dwarf Russian almond (Amygdalus nana L.) in the conservation garden

A. petunnikowii Litv.,; nyuseanuu: Louiseania pedunculata,
L. ulmifolia, L. triloba (Lindl.) Pachom.; Buwnu: Cerasus fruti-
cosa Pall, C. incisa (Thunb.) Loisel, C. x dawyckensis Sealy;
a Takke TepHa (Prunus spinosa L.). B ;aHHOM c/iy4ae MOXHO
VIUIOTHUTb CXeMy MOCajKd A0 2,5-4,0 M B MeXAYpsAbiX
u 1,0-0,5 M B pszy.

[Ipu coxpaHeHUU reHodOHAA AUKHUX pOJUYEN KyJAbTYp-
HBIX PacTeHUH C KyCTapHUKOBBIM THIIOM pOCTa LieJleco-
06pa3Ho co3/AaBaTh 3arylleHHble N0CaKU Ha CJ1ab0poC/IbIX

KJIOHOBbIX mozBosix (BBA 1, BCB 1, BCJ/1 1). Ha Kpbimckoii
OCC pAns TakUX KOHCTPYKLUH HacaXAeHUH HCHO0Jb3yeTCs
paccrosiHue 4 M B Mexaypsabe 1 1,0 M B psagy (puc. 3).
06pasybl BUJOB CKU3HEHHOU popMoOU AepeBo Ass ca-
JI0B XpaHeHHUs cJlejAyeT NPUBUBATb KaK Ha cj1abo-, TaK U Ha
cpefiHepoCIble KJIOHOBBIE NoABou. [lociejHUe TpeGyIOT UC-
[10/1b30BaHUsI TEXHOJIOTHUH C pa3MellleHHeM KPyIHOTrabapuT-
HBIX JlepeBbEB C MEXAYPAJbAMU 4-5 M U pacCTOSIHUEM MeX-
Iy nepeBbsaMU B psaay 1,5-2,0 M. Y3 cpegHepoc/ibIX KI0OHO-
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Puc. 3. MukpoBuiH: ceaas (Microcerasus incana (Pall.) M. Roem.) Ha noaBoe BCB 1 (cxema nocagku: 4 x 1 m)
B caJly XpaHeHHUs

Fig. 3. Plants of Microcerasus incana (Pall.) M. Roem. grown on VSV 1 rootstocks (planting scheme: 4 x 1 m)
in the conservation garden

BBIX MOJIBOEB [JIs KOCTOUKOBBIX KYJIBTYpP XOPOLIO 3apeKo-
MeHzoBasnu cebs: Ky6aub 86, IBpuka 99, 3apeBo, [lpyx6a,
BCJI 2, /1] 52, BII 13, Py6uH, PBJ1 9, Becr.

[Io cpaBHEHMIO CHACaXJAEHUSIMU HAa CHUJBHOPOCJIBIX
MOJBOSIX CO CXeMoM nocaJiku 5-6 x 3-5 M 3a cueT 3arylieH-
HbIX Mocalok B 1,5-2 pasa cokpaujaeTcs nJouaab 3eMeJib-
HbIX Y4YaCTKOB, MCIOJIb3yeMbIX [Jisi CaJi0B XpaHEeHWUs,
B 2,5 pa3a CHHXKAIOTCS 3aTPaThl HA arpOTEeXHUYECKUE Me-
pONpHUSATHUS MO YXOAY 3a COXpAaHSIEMbIMHU TE€HOTHUIAMU
(Tabu. 2).

HpI/I 3aKJlaZiKe caZla XpaHeHHUudA HEO6XOAI/IMO BbI6I/IpaTb
KJIOHOBbI€ I10ABOH, XOpOLIO COBMECTHMbl€e CO BCEMHU HJIHU
C 60JIBIIMHCTBOM COXpaHAEeMbIX T€HOTHUIIOB, 4TO6bI H36e-
JKaTb FU6EJU UX OT HECOBMECTHUMOCTH. Ha,c[o Y4YUTBIBATb U3~
BE€CTHbIE€ NIPOABJIEHUA 3TOr'0 CBOMCTBA BI/IZ[006p83].[0B-HpI/I-
BO€B C HEKOTOPBbIMU ITOABOAMHU. B xoae paGOTbI 10 U3YyYE€HUIO
KJIOHOBbBIX W CEMEHHbIX II0/IBOEB, a TaKXe 6OJIBIIOr0 YUCIa
FeHOTUIIOB, IPUBUTHIX HA CPABHUTEJ/JIbHO XOPOIIO HU3BECT-
HbIe I10BOH, ObIJIM BbISIBJIEHBI CJ1y4au HEeCOBMECTHUMOCTH,
paHee He U3BECTHbIE. B yacTHOCTH HECOBMECTUMOCTb npo-

Ta6simua 2. 3aTpaThl Ha paGoTHI 0 YXOAY 3a caJiaMH XpaHEeHUs reHOPOH/La IVIOAO0BBIX KYJIBTYP
M0 OGIIENPUHATHIM METOAAM U B YIVIOTHEHHOM IOCA/IKeE 110 THITY «GOPAI0P»

Table 2. Maintenance costs for fruit plant diversity conservation gardens arranged conventionally
and following a denser planting pattern using border hedging

KosnyecTBo AepeBbeB Ha 1 ra
667 (cxema nmocagku: 5 x 3 M) 2500 (cxema nmocagku: 4 x 1 m)
HaumeHoBaHMe
pa6oT $onn pacxop, bona pacxoj
06beM OIJIaThI 06beM OI/IaThI
pa6ot TpyAa rcm, pa6ot TpyAa rcM,
TBIC. py6. TG TBIC. pyO. T

OGpesia Acpesbes, 667 15,6 0,067 2500 46,4 0,067
yJaJieHue MOPOC/IH, IIT.
[Tocagka cakeHIeB 110 100 33 B 300 9,8 _
PEMOHTY, LIT.
JluckoBaHUe MEXYPAAUY, 3 0.8 0,154 3 0,8 0,154
3-KpaTHoe, ra
[IponoJsika 2-kpaTHas, ra 2 62,1 - 2 62,1 -
OmnpbICKMBaHUE,
BHECeHUEe repOUIUIOoB, 6 3,6 0,775 6 3,6 0,775
’KKY (6-kpartHoe), ra
[TosiuB 604YKOH, IIT 667 2,4 0,630 2500 8,9 2,250
Hmoeo: 87,8 1,6 131,6 3,2
Bcezo pacxodos: 89,4 134,8
Pacxodoe Ha yxo0 0,134 0,054
3a 1 pacmeHuem:
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SIBJISIETCS IPU MPUBUBKE BOCTOYHOA3UATCKUX BU/I0B BUILIHU
Ha aHTHUIIKY, 00pas1oB cTenHoi BuIHU Ha BCJI 2, 06pa3ioB
abpukoca Ha kyoHoBbIe nogsou BCB 1, Ky6anb 86 1 BBA 1,
psaa o6pasuoB BuiiHU Ha BCJI 2. /I 06pa3ioB BUJ0B Hep-
CUKa HY»KHO HMCI0JIb30BaTh KJIOHOBBIe NoJBou — Ky6aHb 86,
3IBpuka 99, BBA 1, BecT; g abpukoca - Ipyx6a, IBpuka 99,
Bect; paia Bumnu - JI1 52, BII-1, PBJ1 9, Py6uH.

CrenyeT y4ecTb M clienupuyeckde TpeGoBaHUSA K pabo-
TaM 110 yXOAy 3a CJ1a60pOoC/AbIMU AUKOPACTYIIMMU BUAAMHU.
B cuny cBouxX oco6eHHOCTEH OHHU TPEOYIOT GoJiee JIETKUX
[IOYB U He INepeHOCAT IepeyBJaxkHeHUsA. Bompocsl yxoza,
60pbOBI C 60JIE3HSIMU U BpeAUTENSIMU, CIOCO60B GOPMUPOB-
KU KpOHbI, 00pab0TKU MOYBbI onucaHbl paHee (Eremin et al.,
2019).

Kak otmeuasnoch, Ha KpeiMckoit OCC B HacTosi1ee BpeMs
IIMPOKO UCIOJIb3YeTCs] KOMOMHUPOBaHHAsl CHCTeMa co4yeTa-
HHUS caZioB XpaHeHUs C caflaMU IpeJBapUTeJbHOT0 U3yde-
HHUA. ITa CHUCTeMa NpeJlycMaTpUBaeT YCKOPEHHYO OLIeHKY 110
Ba)XHEMIIMM INpH3HaKaM o06pas3loB reHodoHAa B IepBble
ro/ibl JIOJOHOLIEHHs B IVIOTHBIX Calax UHTEHCUBHOTO THIA
C Hoc/JeAyI0UM NepeBOAOM HacaXJeHUH Ha GOpMHUPOBKY
KPOHBI 110 CUCTeMe «6oplop». BelaenuBIecs npyu sToM re-
HOTHUIIBI NepeJlaloTcsd AJi YIy6JeHHOro U3y4yeHUsl B IPU-
3HAKOBYIO0 TeHeTHYeCKyl0 KOJIJIEKIIUIO, a BeCb MMeKLuics
Ha y4yacTKe reHodoH/ GYAET COXpaHEH B JAHHOM Hacaxje-
HUH 0 TOM ’Ke TeXHOJIOTUU BO3/ie/IbIBaHUS, UTO U IepBOHA-
YyaJIbHO BblCaXKeHHas 3/leCb 4acTb KOJIJIEKIUH.

[IpuHLMNBI TOAGOpa 06pasLoB JJisl NOAAepkKaHUSA B re-
HeTUYeCKUX KOJIJIEKIIUAX XpaHeHUsI GOPMUPYIOTCS C y4eTOM
WX OpUTruHaJbHOCTH U 3HauuMocTu (Eremin, Gasanova,
2009). B yacTHOCTH CI0ja BKJIIOYAIOT:

e MepcrneKTHBHbIE JJOHOPBI U UCTOYHUKHU CeJIEKIIMOHHO
3HAYMMBbIX IPU3HAKOB;

e OpUTrHHaJIbHble 06pa3libl C YHUKaJbHbIMU NMpHU3HAKa-
MU, peJIKO BCTPeYarLUMMHUCS B MONYAALUAX AUKOPACTYIIUX
BU/IOB U MECTHBIX MOMY/IALUAX OJUYaBLUIMX COPTOB, a TAK¥Ke
Bbl/leJIeHHbIX U3 TMOpUAHOr0 POH/A;

e IleHHble MyTalluH, eCTeCTBeHHbIe U UHAYLIMPOBaHHbIE
MOJIMIIJION/I bl COBPEMEHHBIX COPTOB U NO/IBOEB, a TAKXKe CIle-
nupUYHbIe TUGPU/BI OTAAJIEHHBIX CKPELMBAaHUH, 0COGEHHO
MeXx/ly BHJAMU pas/IMYHbIX POJIOB NojceMeicTBa Pruno-
ideae, KoTOpbIe N0 pa3HbIM PUYMHAM TPYJHO MOJYYUTH;

e NpejCTaBUTeJed peAKUX BHUAOB WM YyHUKaJbHbIE
¢$opMbl MOJTUMOPPHBIX BUIOB.

3ak/iloueHue

TakuM o6pazom, s 3P PeKTUBHOTO COXPAHEHUSI UHTPO-
JYLMPOBaHHBIX 006pasLoB AMKOPACTYLIMX BH/AOB DPOJOB
Prunus L., Armeniaca Scop., Cerasus Mill, Microcerasus Webb.
et Berthel., Louisaenia Carr., Padus Mill., Persica Mill.,, Amygda-
lus L. (Prunoideae, Rosaceae) BycioBUSIX eXSitu LeJseco-
06pasHO KyJIbTUBHPOBATb PACTEHUs B KaJlOYHOH KYJIbType
B OpaH)Kepee WJIM IO TEXHOJIOTHU «BOPAI0pP» CYYeTOM HX
OUOJIOTUYECKHUX 0COGeHHOCTEH, CHOPMUPOBAHHBIX B IPHU-
pPOAHBIX apeajiaX. JTO INpeAyCcMaTPUBAET HCII0Jb30BaHUE
KOPHECOGCTBEHHBIX PAaCTEHUHM WJIM NPUBUTHIX HA MOZABOSX
Pas3J/IMYHOM CHJIBI POCTA B 3aBUCUMOCTHU OT KMU3HEHHOU dop-
Mbl, MOIIHOCTH pPa3BUTHUS 06paslia, 3aCyXOyCTOUYUBOCTH
Y 3UMOCTOMKOCTH, TpebGOBaHUU K IOUBE U pesibedy MeCTHO-
CTH, 33/1a4, CTOSIILUX [IEPeJ] UCCIeJOBATE/ISAIMU U T. [I.

PekoMeH/lyeMble CXeMbl 3aryujeHHOW NOCaJKH 3HaAuHU-
TeJIbHO YMEHbIIAIT IJIOLA/lb, 3aHUMAEMYIO 110J] OJMHAKO-
BbIM KOJIMYECTBOM pACTEHHH B KOJIJIEKIIMOHHOW NOCAJKe,
CYLIECTBEHHO CHMXKAIOT 3HEPro- U TPy 03aTpPaThl HA TEXHO-
JIOTUYEeCKUX paboTax Mo yX0/y 38 paCTEHUSIMH.

Paboma evinosnHeHa e pamkax 20cydapcmeeHHo20 3a0a-
HUs1 coenacHo 6100xcemHbiM npoekmam BUP no meme Ne 0662-
2020-0004 «Koanekyuu BUP secemamu8HO pasmMHONCaeMblx
Kynbmyp (kapmogpens, nn1odoswle, 1200Hble, 0eKOpamusHble,
suHozpad) u ux dukux poduyeli - uzy4eHue U payuoHa1bHoe
UCN0/b308AHUEY.

The work was done within the framework of the State Task
according to the theme plan of VIR, Project No. 0662-2020-
0004 “Collections of vegetatively propagated crops (potato,
fruit, berry and ornamental crops, grapes) and their wild rela-
tives at VIR: studying and sustainable utilization”.
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AKTyanbHOCTB. [Ipupo/iHble MONYJAALUN U IOPOJHO-COP-
TOBOH COCTaB INJIOAOBBIX U ATOAHBIX KyJAbTyp Benapycu
C JaBHUX NOp NpHUBJIEKAJU MOMOJIOIOB U CeJIeKI[MOHEPOB.
BoisiBJIeHMe U MOGUIM3Al Ul YHUKAJIBHBIX MECTHBIX GOPM,
CTapOMeCTHBIX COPTOB B KaueCTBe TeHeTHYeCKUX MCTOY-
HUKOB MOJIe3HbIX NPU3HAKOB, a TaKXe MOHUTOPHUHT AY6-
JIETHBIX KOJIJIEKIJUHM N03BOJIAT 60Jiee 3P HeKTUBHO UCIIOJIb-
30BaTh UX B CeJIeKIIMOHHOM paboTe, HaNpaBJIeHHOH Ha co-
3/laHHe OTe4YeCTBEHHbIX KOHKYPEeHTOCIOCOOGHBIX COPTOB
pPa3/JIMYHBIX KYyJAbTYD, BbIIBUTh a/JalTUBHOCTb HHOCTpPAH-
HBIX COPTOB B ycJ0BUAX benapycu.

MeToAbl. MapuipyT sKCIeAULMU NPOXOA U 110 LEeCTH 06-
nactaMm Pecny6suku Benapych ([omesnbckod, MUHCKOH,
MoruneBckol, Butebckoil, BpecTtckoit u I'posHeHCKOI)
B 2012-2017 rr.

Pesynbsrathl. Cobpan 221 o6pasel MJIOAOBBIX, STOJHbBIX
Y OpeXOILIOJHbIX KYJBTYD, B TOM 4ucje 18 nojgBoes miaofo-
BbIX Ky/bTyp. K 2021 1. 3aBeplleHO UX UCIIbITAaHHWE B UHTPO-
JYKLHOHHO-KapaHTUHHOM NUTOMHHUKE, BbICAXKEHBI B I0JIe-
BOU reHHbI 6aHK 105 yHUKa/IbHBIX CTApOMECTHBIX 06pas-
1I0B, B TOM yHcJie 28 06pasuoB s16/10HH, 33 - TpyLIH, 2 NOA-
Bos, 11 - BULIHY, 5 - YyepeluHy, 9 - cuBHl, 8 - abpukoca, 1 -
MUHJAJS, 2 — JIEUUHBI, 3 — 3eMJITHUKHU CaZi0oBOH, 1 — apoHUU
yepHOIIOAHOH, 1 - kanuHbl, 1- yepemyxu. [losydeHHble
06paslbl MJIaHUPYeTCsl UCIO0JIb30BaTh B CeJIeKIIMOHHOHN pa-
60Te B Ka4yeCTBe UCTOUHUKOB OCHOBHBIX X035IMCTBEHHO L|€H-
HbIX INPU3HAKOB (BbICOKAasl 3UMOCTOMKOCTb, MNPOAYKTHUB-
HOCTb, yCTOWYUBOCTb K PUTONATOreHHOMY KOMILJIEKCY).

Knw4yeBbie cioBa: JKCneauuursda, ceMe4YKoBble, KOCTOYKO-
Bble, JICLIIUHA, 3eMJIAHUKA Ca/loBafd, apOHUA, KaJIMHA, Yepe-
MyXa, CTapoMeCTHbIe COpTa.

Background. Natural populations of fruit and small fruit
plants in Belarus and their specific and varietal composi-
tion for along time attracted the attention of pomologists
and breeders. Identification and mobilization of unique lo-
cal forms and landraces as genetic sources of useful traits as
well as monitoring duplicate collections will contribute to
their more effective use in breeding practice to develop
competitive domestic cultivars of various crops and reveal
the adaptability of foreign cultivars to the conditions of Be-
larus.

Methods. The itinerary of the collecting mission passed
through 6 regions of the Republic of Belarus (Gomel, Minsk,
Mogilev, Vitebsk, Brest, and Grodno) in 2012-2017.

Results. As aresult, 221 samples of fruit, small fruit and nut
plants were collected, including 18 rootstocks of fruit crops.
By 2021, 105 unique landraces were tested in the plant in-
troduction and quarantine nursery and planted in the field
gene bank, including 28 accessions of apple, 33 of pear, 11 of
sour cherry, 5 of sweet cherry, 9 of plum, 8 of apricot, 1 of
almond, 2 of hazel, 3 of garden strawberry, 1 of black choke-
berry, 1 of viburnum, and 1 of bird cherry. There are plans
to use the obtained accessions in breeding practice as
sources of valuable agronomic traits (high winter hardiness,
high yield, resistance to a set of plant pathogens, etc.).

Key words: collecting mission, pome fruits, stone fruits, ha-
zel, strawberry, chokeberry, viburnum, bird cherry, landra-
ces.

BBeaeHue

[Ipupona Benapycu onpezensieTcs noJjioxKeHHeM ee Tep-
pPUTOPHH Ha 3anajie Pycckoit paBHUHBI, TpUMepHO Mexay 51
1 562 c. 1. 1 23 u 332 B. 1., B yMepEeHHOM I0sICe HAa MY TH JBU-
YKeHUS 3aNa/{HbIX BO3AYLIHBIX MacC U3 ATJIAHTUKH, U Xapak-
Tepu3yeTcs OTCYyTCTBHEM oporpaduyeckux mnperpaz (rop-
Hble XpeOThbl, KOTJIOBUHBI U T. [1.). KiMMaT yMepeHHO KOHTH-
HeHTaJIbHbIN: XapaKTepu3yeTcsl TENJION U BJAaXXHOH 3UMOH,
OTHOCUTE/JIbHO NPOXJaJHbIM JOX/AJHUBBIM JIETOM, ChIPOH
0CEeHbI0, COJIHEYHO!, HO HEYCTONYMBOU ITOroZj0i BeCHOH.

Ha teppurtopuu Benapycu pacnpocTpaHeHbl INIMHUCTEIE,
CYIJIMHUCTBIE, CylecyaHble, ecyaHble U TOpQsaHbIe M0YBO-

obpasyoue MOpoAbl. [JIMHUCTbIE MOPOJbl BCTPEYAKTCS
NperMyLeCTBEHHO Ha CeBepe, CYIJIMHUCTbIE — B Ipejesax
BO3BBILIEHHOCTEH Y MOPEHHBIX PABHUH LIeHTPaJIbHON U ce-
BepHOU yacTel cTpaHbl. Cynecy U IeCKH IMpe NnpefcTaBiie-
HbI Ha l0r'e ¥ Ha BOJHO-JIe/JHUKOBbIX PABHUHAX LIeHTPaJIbHON
yacTu cTpaHbl. HanboJsiee KpynHble MacCUBbI TOPPAHBIX 110-
poz cBs3ansl ¢ [TonecveM (Kozlouskaya, 1978). CambimMu pac-
NPOCTPaHeHHbIMU B Beslapycu fIBJIAIOTCA cynecyaHble 104-
BoO6pa3ywliue nopoabl (0koso 45%).

CpesHHe TeMIepaTypbl BO3/yxa IIHMpOThl besapycu
B SIHBape Ha loro-3amazie cocrtasisiioT -4,5°C, a Ha ceBepo-
BocToke -8,5°C. B utosie TemnepaTyphbl Boille Ha 3-4°C 1 Ha
ceBepe foctruratoT +17°C, a Ha tore - +19,7°C. AGcoIOTHBIN
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MaKCHUMyM TeMIlepaTyphbl Bo3ayxa (o +38°C) 6bl1 oTMedeH
Ha Ioro-Boctoke besapycu, abcotoTHbIit MUHUMYM (—44°C) -
Ha ceBepo-BocToKe. CypoBble 3UMBbI ObIBAIOT Pa3 B TeYeHHE
10-15 set. CymMMa aKTHBHBIX TeMIIEpaTyp YMeEHbIIAeTCs
¢ 2500 Ha roro-3amnaze 0 2000°C Ha ceBepo-BocTOKe. Beamo-
PO3HBIM mepuoj, JauTcs cooTBeTcTBeHHO 150-180 u 140-
150 pHel. B neHTpasbHOH U CeBepoO-BOCTOYHOM YacTsax Be-
JIapycu 3a roj Bblmajaer B cpegHeM 600-650 MM ocaZikoB
U MeHee - Ha TeppuTopuu Ilosecbsl. B 3acyuinBbie rofpl
0caZKoB BhlnazaeT MeHee 300 MM, HO 3aTO BO BJIaXKHbIE — 60-
snee 1000 mm (Loginov, 1996).

[To pe3ysnbTaTaM aHa/IM3a KIMMaTHYECKUX U arpOKJINMa-
THUYEeCKUX NoKa3aTesel 3a nepuoy 1989-2018 rr. oTMeueHO
NOBBbILIEHHE CPeJHEroJl0BOM TeMIlepaTypbl BO3JyXa Ha
1,5°C, yBesinueHHe CyMMbI aKTUBHBIX TeMepaTyp Beiiue 0, 5,
10, 15°C Ha 458, 326, 270, 371°C cOOTBETCTBEHHO U yBeJIU-
YeHHe NMPOJOJHKUTENbHOCTH NEPUO/0B C HOPOTOBBIMU 3Ha-
YeHHUsMU YKa3aHHbIX TeMnepatyp Ha 12-28 nueit (Andrush-
kevich, 2019). B aTo¥i cBsi3u Ha3peJsia HEOOXOAUMOCTD Tepe-
CMOTpa IpaHul] KJIMMaTHYECKUX 30H, U B HACTOsIIlee BpPeMs
B Pecny6.inke Beslapych npoc/ie>xuBaeTcs YeTblpe KJIMMaTH-
yeckue 30HbI - | CeBepHas, Il lenTpanbHas, Il H0xuasa
u IV HoBas, 6osiee Temnas (puc. 1, A). CienoBaTesbHO, KJIH-
MaTHYecKHe YCJIOBHUS MO3BOJISIOT BbIpAlMBATh MpaKTHYe-
CKH BCe IUIOZIOBbIE, OPEXOIUIOAHbIE U ATOAHbIE KYyJBTYpHI,
aHa 1re W Oro-samnajie - 1 3K30THYeCKHe TeIJIoII06HBbIe
pactenus. Tepputopus Besapycu pasziesieHa Ha TpH IJI0/0-
BbIX 30HBI C y4€TOM KJIMMaTa U cagonpurogHoctH (puc. 1, B).

C HeZlaBHEr0 BpeMEHU B KYJIbTYPY NPOU3BOJCTBA CEJlb-
CKOXO3fMCTBEHHOH IJIOZ0BOJYECKOH MPOAYKLHUH AKTHBHO
BBOZSTCS MaJIOpacNpOCTPaHEHHbIE KYJbTYPbl, K KOTOPbIM
€CTb UHTEpEC CO CTOPOHBI NPOU3BOAUTEEN IJIOZ0BO-ATO/-
HOW NpOJYKIMH, HaceJeHHUs U nepepabaTbIBaloleld Mpo-
MBILIEHHOCTH. TakuM o06pasoM, CyllecTByeT HeoOX0jHu-
MOCTb COXpPaHEHHs W pacliMpeHHs] MOPOJHO-COPTOBOrO CO-
cTaBa reHoQoOH/, ABJIAOIErOCS BOXKHEHIIUM HCTOYHUKOM
aJJalTUBHO 3HAYMMBIX U X03WCTBEHHO LIeHHBIX IPU3HAKOB
JUIS CeJIEKLIMH, a TaKXKe CJIy»Kallero 6aHKOM IeHeTHYeCKOro

LieHTpankHan 30Ha

A

61OPa3HO06Pa3UA U CTPAXOBLIM MPOALOBOJILCTBEHHBIM POH-
JIOM.

C6op 1 M3ydeHHe IJIOJJOBBIX pacTeHUH B Besapycu Hava-
JIM U3BECTHbIe y4yeHble-NIOMOJIOTH, ypoxeHIbl benapycw, -
npodeccop, akagemuk B. B. [lamkeBuu (1856-1939) u npo-
deccop A. C. 'pebunnknii (1857-1941). OHM U3y4aiu COPTH-
MeHT caZioB Benapycu, faBanu onpesiesleHHble peKOMeHAA-
L[UU TI0 €ro COBEePLIEHCTBOBAHUIO ¥ TOTOBUJIM KaJ[pbl CaJi0-
BO/IOB B y4eOHBIX U HAy4YHBIX 3aBeJileHUAX. Bacuinii Bacuib-
eBny [lamkeBuy okoH4uJs [leTepOyprckuil yHUBEpPCUTET
B 1881 I, moJIy4yUB CTeNeHb MarucTpa ecTeCTBEHHBIX HAayK 3a
puccepranuio «Popa LBETKOBBIX pacTeHUH MUHCKOH Ty-
6epHuu». PaboTad cnenuajMcTOM MO CaZOBOJCTBY IPU
JlenapramenTe 3eMsenenusi Poccun, oH AaBaxkzabl, B 1895
1 1896, mocetun BuseHckylo u MUHCKyI TyGepHUH
Y ony6JiMKoBas paboty «I1J100BOACTBO ¥ OrOPOJHHUYECTBO
B MUHCKOH ry6epHUM», I/le MOJPOOGHO ONMHUCAHO COCTOSHUE
Ca/loBOJICTBA B CeJIax W HaceJIeHHBIX NMyHKTaX, JlaH aHaJn3
MECTHOI'O0 COPTHUMEHTA ILJIOAOBBIX KyJBTYpP C HOAPOGHBIM
ONHCaHUEM COPTOB sI6JIOHH, IPYLIH, CJIUB U APYTHUX pacTe-
Hui. B 1926 u 1928 r. B. B. [lamkeBru4yeM OblIM NPOBEJIEHBI
NOBTOpHBIE 06ceoBaHuA cafoB Benapycu. [lo pesynbra-
TaM MOHUTOPHHIA MECTHOTO IIJIOZIOBO/ACTBA UM rOTOBHUJIACH
K Ny06JIMKaluK KHUTa «516/10kM Bestopyccum», HoO, K coxase-
HUIO, pykonuch 6bw1a yrepsana (Pashkevich, 1930; Kazlous-
kaya, 2018; Shlyavas, 2018, 2020).

[Tozxe yyensimu HUU niomooBomeBozcTBa U KapTode-
s (HbIHe Pecny6/1MKaHCKOe Hay4YHO-ITPOU3BO/CTBEHHOE J10-
yepHee yHUTapHOe npeanpusatue (PYIl) «MHcTUTYT Mutozo-
BO/ICTBa») NMPOBOAMINCH 3KCIEAUIIMOHHBbIE 00CJeZ0BaHUA
o6Jiacteit Besapycu ¢ pasHbIMHU LieisIMU. B moc/ieiHIO0 YeT-
BepTb BeKa HauboJsiee 3HAYMMbIMU OBbIIN 3KCIIeUIIMOHHbIE
o6cienoBaHus cafoB MoruneBckoi u ['posHeHCKOUM 06J1a-
creld B 1995-2000 rT. c nesibio 0T60pA JIYYIINX KJIOHOB pano-
HUPOBAaHHBIX COPTOB IJIOAOBBIX U ATOAHBIX KyJBTYp, B ep-
BYI0 Ouyepe/ib HApOJHOH cesleKIMH. B pesysibTaTe 65110 CO-
6paHo 56 kyioHOB 12 copToB s16;710HM ‘AHTOHOBKA, ‘BaHaHo-
Boe’, ‘Bestopycckoe mannHoBoe', ‘Benopycckuii cunarn’, ‘Komr-

Puc. 1. Kapra Pecny61mku Benapycs:
A - knumaTHuyeckue 30Hb! bestapycy; b - nuionoBbie 30Hb! Besnapycu (1 - ceBepHas, 2A - nieHTpasibHas 3anafHas, 25 -
LleHTpaJsibHasi BOCTOYHasA, 3A - 1xkHas 3anaaHas, 3b - xkHas BoctovyHas) (o Loginov et al.,, 2003)

Fig. 1. Map of the Republic of Belarus:
A - climate zones of Belarus; B - fruit-growing zones of Belarus (1 - northern, 2A - central western, 25 - central eastern, 3A -
southern western, 3B - southern eastern) (from Loginov et al., 2003)
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Tesst, ‘MuHnckoe’, ‘TlanupoBka’, ‘CiaBa nobegutensMm’ U gpy-
rux (Syubarov, 1968; Kazlouskaya, 2015).

KpaTkuil aHa/IM3 NPOLLIBIX 3KCIEJUIIMNA TOKa3aa HeJlo-
CTAaTOYHYI0 HM3y4YEHHOCTb COBPEMEHHBbIX M€HETUYECKHUX pe-
CYpCOB IJIOIOBBIX, ATOAHBIX U OPEXOIJIOAHBIX KYIbTYp B be-
JIapyCU U BbI3BaJl HEOGXOAUMOCTb MPOBEJAEHUS JIOMOJIHHU-
TeJIbHOTO 06c/aej0oBaHus TeppuTopuu Pecny6suku besa-
pych.

OCHOBHbIMU YeassMU U 3a0a4amMu 3Kcheduyuu CTau: HcC-
cJie[loBaHHe 6MOpPa3HO06pa3us MJIOA0BBIX, ATOJHbIX, OpPEXO0-
MJIOAHBIX KYJbTYpP W BUHOTPaJa B Pa3HbIX KJIUMATHUUYECKUX
30Hax besapycu; c60p yHUKaJNbHBIX MECTHBIX GOPM U CTapO-
MECTHBIX COPTOB /iJisl TONOJHeHUs Kosiekuui PYIl « MHCcTH-
TYT MJIOJAOBOACTBAa» B KaYeCTBe MeHETUYECKUX HUCTOYHUKOB
M0JIe3HbIX NPU3HAKOB U CBOUCTB AJ151 Aa/IbHENIIIEN ceeKIu-
OHHOM paboThl, HANPaBJEHHOH Ha CO3/JaHUE OTEYECTBEHHbBIX
KOHKYPEHTOCIIOCOGHBIX COPTOB Pa3/IMUHBIX KyJbTYpP; MOHHU-
TOPUHT y6JIETHBIX KOJJIEKIIUH MJIOIOBBIX, ITO/IHBIX, OPEX0-
IJIOAHBIX KYJBTYp W BUHOTpaJa B pa3inyHbix HUY Ha Tep-
putopuu benapycu.

MeToab1

JKcneAULMOHHbIE 06CaefjoBaHUsl NpoBoAuand B 2012-
2017 rr. B mepuo/, ¢ TpeThel JeKa/bl UI0JIs 10 IEPBYIO JeKa-
Ay aBrycta. MapupyThbl 3KCIeJULUH NMPOXOAMWJIU 1O BCeM
mectu obsactaM benapycu: I'omenbckodt, Munckoi, Moru-
JeBcKoH, Butebckoi, Bpectckoit u 'poaneHckoi (puc. 2).

- VTS NaTtens /
A
o e S

Y4YacTHUKH 3KCIIeJULIUM HU3y4yalud pa3HooOpasue reHe-
TUYEeCKUX PeCcypCoB ILJIOJOBBIX, SATOJHBIX, OPEXOILJIOJHbIX
Ky/JbTYp U BUHOI'PaZa B Pa3JIMYHBIX KJMMaTU4YeCKUX 30HaX.
BbLiy 06c¢1eioBaHbl NpUycaebHble cafibl, YaCTHbIE KOJLIEK-
LIMH, CTapble KOJIXO3Hble Cafibl, TapKH, OKPaUHbI JIECOB, IIPU-
JlopoxkHble ToJiockl. Co6upanu MecTHble GOPMBI M CTApo-
MeCTHbI€e COPTa MJIO0A0BbIX, ATOAHBIX U OPEXOMJIOAHBIX KyJlb-
TYp, epCleKTUBHbIe JJIs1 UCTMOJb30BaHUSA B CeJIeKLIUU KaK
WCTOYHUKH LIeHHBIX CeJIeKTHPYeMbIX IPU3HAKOB.

Pe3ysbTaThl

MapupyT 5SKCNeAULMOHHOrO o06C/ef0oBaHUsl  Ca/loB
Bpectckoit u 'poHeHCKOM 06/1acTell MPOJIOKEH Ha 0ro-3a-
naj oT MuHcka: CamoxBanoBuyH - JlyHuHer - [IuHck - Ko6-
puH - bpect - Kamener - [IpyxaHbl - Pyxanbl - Bosiko-
BbICK - lllyunH - HoBorpyznok - CaMoxBaJIoOBUYH.

[To xomy ciefoBaHus cobpaHa HHPopMalUsa o0 HauboJlee
4aCTO UCNOJIb3yeMbIX COPTAX MJIOJLOBBIX U AATOJHBIX KY/IbTYD,
a TakKe MOJBOSIX B YCJAOBUSX IOro-3alaZiHOM 30HBI ILJIOJO-
BO/ICTBA, OTOGPaHbl HauboJjiee LleHHble reHOTUIbL. CienyeT
OTMEeTHUTb, uTo 3uMoi 2011/2012 r. B3TOM peruoHe GbLIU
KpUTHYecKUe HU3Kue TeMnepatypsl oT -30 go -33°C, koTo-
pble MOCAYKUJIN NPUYUHON rubesn cJ1abo3MMOCTOMKHUX re-
HOTHUIIOB abpuKoCa, MepCcHUKa, YepellHM, opexa IpPelKoro.
B cBs131 ¢ 3TUM co6paHHbIN 6H00rM4YecKUit MaTepHas 06J1a-
JlaeT J0OCTaTOYHBIM YPOBHEM MOPO30CTOMKOCTH U NepcreK-
TUBEH [/11 UCTIBITAaHUSA B lleHTpaJbHOMU yacTu benapycu.

PoCCHACKas
Pepepauws

Puc. 2. MapuipyTsl 06¢c1egoBaHus benapycu:
A - Bpectckas u 'pogHeHckast 06.1., 2012 1,; b - Tomenbckas 0641, 2013 r.; B - MuHckas 0641, 2013 1;
I' - MoruneBckas 06J1. 2014 r.; [l - Bute6ckas 06.1., 2014 r.; E - I'poaHeHckas 0641, 2017 1.

Fig. 2. Plant exploration itineraries in Belarus:
A - Brest and Grodno Regions, 2012; b - Gomel Region, 2013; B - Minsk Region, 2013; ' - Mogilev Region, 2014;
[l - Vitebsk Region, 2014; E - Grodno Region, 2017
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3HauuTebHbIM 6MOpa3HOOOpa3veM OT/IMYAIOTCSA 4acT-
Hble Kosutekiuu B. ®. Yepkaca (m. Jlro6ayuH JIyHUHELKOro
p-Ha) u A.A.MuxkoseHko (A.3azepTb bpecTckoro p-Ha).
B aTux xo3siicTBax BblAeseHa KpyNHoIoAHas ¢opma Ju-
MOHHUKA KUTalckoro (Schizandra chinensis L.). [lpu nocelue-
HUU pepMmepckoro xo3sicTBa «HoBbil caa» BT. [IMHCK 006-
cJieJoBaH MaTOYHMK KJIOHOBOTO IOZBOsI s16710HM M9 T337
(ks10H mogBOs M9). JlaHHBIN TOABOK OTJIMYAETCS OT U3BECT-
Horo M9 sy4yiiedl XapaKTEPUCTUKOM KOPHEBOW CHUCTEMbI
Y npuBJedeH B KoJueknuio PYIl «MHcTUTYy T y1og0BoACTBaY
B BH/le KODHECOOCTBEHHOI'0 MaTepHaJa.

O6uneM IMJIOAOBBIX KyJAbTYpP OT/IMYAIOTCS NpUycajie6-
Hble Ca/ibl HaceJIeHHbIX yHKTOB [0 MapLIPyTy CJeJ0BaHUS
3KCNeJULMU. B pe3ynbTaTe 06cae/j0BaHUs UX U IPUAOPOXK-
HBIX MaccUBOB B J/IyHHHeIIKOM pailoHe 3aroTOBJIEHbI YepeH-
KU JIJIs1 OKYJIMPOBKHU 8 MecTHbIX popM s1610HU (Malus Mill.),
14 ¢opm rpymu (Pyrus pyraster (L.) Burgsd. u P commu-
nis L.); 7 mecTHbIX dopM BUlLHU (Prunus cerasus L.); 1 o6pa-
3er fuKoM yepewHu (P, avium L.); 2 - ciuBsl (P. domestica L.);
MeCTHbIA cesiHel, abpukoca (P armeniacaL.); BblAeseHbl
MecTHble ¢GopMbl GosipbiiHUKA (Crataegus L.) W MasuHbI
(Rubus idaeus L.), B okpecTHOCTSX I. [IMHCK - O/ BOM JJ1s ce-
MEeYKOBBIX IOPO/,.

JkcneUIMOHHOE 06C/leloBaHUe CaJl0B Ha I0r0-BOCTOK
oT MUHCKa npoBeJieHO no MapuipyTaM: CaMOXBaJIOBUYH —
Poraues - /loBck - BeTka - ['omesib - Mo3bipb - KasnHko-
Buyu - CamoxBasioBuuyu (['oMmesbckasi o6sactb) U Camo-
xBaJioBU4U — Cayuk - BosaoxuH - MosiogeyHo - Majgenb -

T

CmonieBu4u - @anumnossb - 03epo - CamoxBasioBuuu (Mus-
CKasi 06J1aCTh).

PasHoo6pa3reM MecTHBIX GOPM IJIOAOBBIX KYJIBTYD BbI-
JleJISIIOTCST YacTHble caJibl M MPUJIOPOXKHbIe 06CaJiKU Hace-
JIEHHBIX NYyHKTOB MO MapUIPyTy CJeJ0BaHUs 3KCHeAUIUU
(puc. 3).

PasHoo6pa3reM HOBBIX 06pa3L0B OTJIMYAKTCSA YaCTHbIE
koJiekLuu B. B. CaBesibeBa (T. PoraueB) u B. W. bessina (. I1a-
noBIbl PoraueBckoro p-Ha), U3 KOTOPBIX IToJIydyeHO 8 o6pas-
L[OB s16J10HY, 6 - rpyiuy, 1 - BUIIHY, 1 06pasel] KpbKOBHUKA
(Ribes grossularia hybrid), ycToiuuBbI# K chepoTeke.

B okpecTHOCTsAX M03bIpCKOT0 paiioHa 0To6paHo 3 ycToM-
YUBBIX K 60J1€3HSIM copTa s16J10HH, 9 MeCTHbIX GOpPM IpylIn
(MecTHOe Ha3BaHMe IPyLI — LIYKPOBKHU — OT CJIOBA «IyKap»,
YTO B IIepeBO/ie Ha PYCCKUH fA3bIK 03HAYaeT «caxap»), 1 rpy-
Ia C KOJIOHHOBUAHOM KpOHOH, 12 MeCTHBIX 06pa31ioB BUII-
HU OObIKHOBEHHOM, 1 o6pasel JyaBpoBUIUHM (Laurocera-
sus L.), 4 - ciuBbl, 15 MECTHBIX CesiHI|eB abpUKoca, 2 — MUH-
nfans (Prunus dulcis L.), 1 - cMopoAuHBI KpacHO# U 1 - cMopo-
AuHbl 6esiolt (Ribes L.), 2 - cMmopoauHbl 30s0TUCTOH (Ribes
aurea L.), 1 - cMOPOJMHO-KPbIKOBHHUKOBOTO rubpuia HMom-
Thl, 2 - 3eMJISHUKHU cafioBoH (Fragaria ananassa Duch.), 4 -
apOHUHM, WM YePHOIJIOJHOU psi6uHbl (Aronia melonocarpa
Elliot.), 1 - kanuubl o6bikHOBeHHOU (Viburnum opulus L.),
aTakxe 16 06pa3LoB MOJBOEB AJA IJIOJOBBIX KYJbTYP.
B okpecTHOCTsX I. Mo3bIpb ['OMesibckolt o6s1acTu (. Harop-
HbIH) 6bLIN BbleJEHbl YHUKAJIbHbIE TOHKOKOPbIE «OyMax-
Hble» popMbl opexa rpenkoro (Juglans regia L.) (puc. 4).

Puc. 3. MecTHble popMbI rpyliy (yKpoBKH) B loMebCKOM 06/1acTH

Fig. 3. Local pear forms (known as tsukrovka) in Gomel Region

Puc. 4. ToHKoKoOpBIe («6yMakHbIe») opMbI Opexa rpenKoro B OKpecTHOCTSX I. Mo3bIpb

Fig. 4. Thin-shell (“papery”) forms of walnut in the vicinity of Mazyr Town
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B xo/ie aKcneAULMY NIPH 06CJI€J0BAaHUH JIECHOT'O MaCCH-
Ba Hanub6okckoi nyuiy 66111 oTo6panbl 3 o6pasna si6JI0HU
snecHoit (Malus sylvestris Mill.), a Takxke 2 GOpPMBI JIeIHUHBI
06bIKHOBeHHOU (Corylus avellana L.), oTan4aroiiuecs: BbICO-
KOU MPOAYKTUBHOCTHIO (puc. 5).

CamoxBasioBuur (MoruseBckas o6sacTb); CaMOXBaJIOBUYU —
Jokumunel - [ny6okoe - Jlenenb - Buteb6ek - JlyxkecHo - [ly-
6poBHO - TosrounH - CamoxBasoBU4d (BuTte6ckasi 06/1aCcTh).
06uMeM MeCTHBIX GOPM MJIOAOBBIX U ATOJHBIX KYJIBTYP
OTJIMYAIOTCSl YacTHble NpUycajiebHble cajJibl HacesJeHHBIX

Puc. 5. JlenmiuHa o6b1kHOBeHHas (Corylus avellana L.) B Ha1u60KcKoii nymie

Fig. 5. Common hazel (Corylus avellana L.) in the Naliboki Forest

Y4acTHUKM 3KCNeJULINH NOCeTUNN depMepcKUe X035H-
ctBa «I'puHBail pyT» (r. oMenn), «SI60HeBbIN cagy» (A. Cy-
x0BU4M KaJTMHKOBUYCKOTO p-Ha), «Hy1» (noc. Yucte Moto-
JledHeHcKoro p-Ha), «[opogok-arpo» (r. MoJsiofie4yHo), «AH-
Tel-cag» (4. OcoBo Msjenbckoro p-Ha), «droaka» (a. 3ese-
HbIH 60p CMoJsieBUUCKOro p-Ha), «HoBaTop-can» (r. m. ®anu-
noJib /[3epKUHCKOTO p-Ha), «PocTok-mitoc» (4. 03epo Y3eH-
CKOT0 pP-Ha), B KOTOPBIX TPOBOAUJIOCH IMPOKOE MPOU3BOJCT-
BEHHO€ UCIMbITaHHEe COPTOB ILJIOJOBBIX U ATOJHBIX KYJIBTYD.

B otaese ninogoBoacTBa Pecny6/1MKaHCKOTO yHUTAapPHOTO
npesnpusths «[oMesbckas 06J1acTHasA CebCKOX0351HCTBEH-
Hasi onbITHas craHuusa HAH Benapycu», nan lomesnbckoi
0CXOC (moc. [loBck PoraueBckoro p-Ha ['omesnbckol o6Jia-
CTH), Ay6JieTHasA KOJIJIEKLUUs IJIOAOBBIX, ATOJHBIX KYJIBTYD
Y BUHOTpaJla NpeJcTaBjeHa TPaAUILMOHHO COpPTaMU 6eJsio-
PYCCKOH ¥ POCCUMCKOH CesleKLUHY, a TaKxKe OT[eJIbHbIMU 3a-
naJjHOeBpOINeCKUMHU COPTaMHU.

B l'ocyilapcTBEHHOM CeJIbCKOXO3SIHCTBEHHOM yupex/e-
HUU «MO03bIpbCKasi COPTOUCIBITATE/bHAsSA CTaHLUsA» (4. [Ipy-
oK Mo3bIpckoro p-Ha ['omesibCKOH 006J1acTH) NPOBOASATCS
WCMBITAaHUSI HOBBIX COPTOB IJIOJOBBIX U AATOJHBIX KYJIBTYP.

Ha Cnyukom miofoBo-ArofgHoM locysapcTBeHHOM cop-
ToucnelTaTeJbHOM ydyacTke (/o Cenume Ciayukoro p-Ha
MUHCKOM 06s1acTH) ONBITHI IO H3Y4YEHHIO COPTOB oOpexa
IPeLKOro OTJHUYAITCS XOPOILIUM CTOSIHUEM JlepeBbeB U Bbl-
COKOM MPOAYKTHUBHOCTbIO. UMeeTcsl KoJlleKL sl BUHOTpaja.
Cpeay ATOAHBIX Ky/JIbTYP BBICOKOW NPOAYKTUBHOCTBIO OTJIH-
yaloTcs copta MajuHbl ‘Heritage’ (‘Xeputupk’'), xeHoMeJeca
sanoHckoro (Chenomeles japonica (Thunb.) Lindl. ex Spach) -
‘ApomatHbiil, ‘KpynHorioHbIH, kaiuHbl - ‘TlamsaTu Banen-
TUHBI, ‘TaexxHble PyOUHBI, PAGUHBI cafioBol — ‘['paHaTHast,
YKUMOJIOCTHU cuHel (Lonicera caerulea L.) - ‘3uHpu’ u fipyrue.

JKcneAULMOHHOE 06C/Iel0BaHUe CaZloB U 0TGOP LIeHHbIX
reHOTUIIOB OCYILeCTBJIEHbI HAa CEBepO-BOCTOK OT MHUHCKa 1o
JAByM MapuipyTaMm: CaMmoxBasoBuud — OcunoBuuu — [yck -
2Kunnuu - BeixoB - MoruiieB - XaukoBruuu - ['opku - LIkJ10B -

MYHKTOB 110 MaplIpyTy C/leJ0BaHUs dKCNeAULUU. B pesysb-
TaTe 06CJe[J0OBaHUA MpHUycaZeOHbIX Y4acTKOB CaJ0BOJOB
mo6uteneit B. H. Hekpamesuua (r. [nyck), B.A.3axapoBa
(#. AMHOe BrixoBckoro p-Ha), B. H. AnunoBckoro (4. TapaHo-
Bo Morunesckoro p-Ha), C.®.Tumodeena (r.[ny6okoe),
B. C. KacnepoBuua (. Byzna /ly6poBeHckoro p-Ha BuTte6ckoi
00J1.) Y NPUJIOPOXKHBIX MAacCUBOB OTO6paHO 25 06pa3ion
s16JI0HHU, B TOM 4HUCJIe 4 cTapoMecTHBIX, 9 — rpyuy, 10 mecT-
HbIX 06pa3s10B BULIHM OGbIKHOBEHHOH, 8 — c/IUBHI, 2 - QyH-
ZAyka, 1 - MasuHbl, 1 - 3eMJISHUKY CaZl0BOH, a TakKe 1 ceMeH-
HOU NOJBOU rpyuiu.

[IpoBOAUTCA MMPOKOe MCIBbITAaHHE COPTOB IJIOAOBBIX
U ITOAHBIX KYJAbTYp B X035l cTBax «Cag» (. Jlenesb), «Ppyk-
TOBBIH cagy» (1. JIsixoBka Jly6poBeHckoro p-Ha), 000 «Ilosu-
cag» (r.Topku), OAO «Anekcanapuiickoe» (. AsekcaHapus
[lTks10BcKoro p-Ha), 000 «/ycen» (4. XaukoBu4yu Yaycckoro
p-Ha), PYII «TonounHcKkuil KoHCcepBHBIN 3aBoA» (4. O3epiibl
TosiounHckoro p-Ha), 000 «JIaukIlOJI» (a. KpykoBka [lok-
munkoro p-Ha), KOX «Canponurk B. H.» (4. CTanynu [nyGok-
CKOT0 p-Ha, pUC. 6). MOHUTOPUHT 3TUX HacCaXAEHUH 1JI0/0-
BBbIX U ITOAHBIX KYJIBTYP N0OKa3aJ J0CTaTOYHO BBICOKUH ypo-
BeHb aJJallTUBHOCTH UHTPOAYLIMPOBaHHBIX COPTOB B YCJI0BU-
ax besapycu.

B 000 «Ilosncaa» HayaT COBMECTHBIN MPOEKT 110 BbIJe-
JIEHUIO NepCNeKTUBHBIX CesHIleB PyH/yKa, NOJy4eHHbIX U3
PIr'AY - MCXA um. K.A. TumupsseBa. beu1 npesacrasiieH y4ya-
CTOK, Ha KOTOpOM IpouspactarT okosio 50 cesHues Corylus
avellana (Bo3pact - 8 siet) u 1 nosbckui copt ‘Warszawski
Czerwony’. Beigensitorcss 2 GopMbl 10 NpU3HAKaM KpPYIHO-
IJIOAHOCTH, YPOXKAHHOCTH, a TaKXe HMMeITCA JAeKOpaTHB-
Hble 06pas1ibl C KpaCHON OKpaCKOU JIMCThEB.

Pa3Hoo6pasneM HOBBIX 06pa3L0B OTIMYAIOTCS YaCTHbIE
ammesiorpadpuyeckre KoJuleKuuu BuHorpaga B.Il. @panuy-
3eHKa (r. Topku) - 120 coptoB u B. A. [lomenbHuKOBa (T. Op-
ma) - 230 copToB pasMyHOro reorpadpuyeckoro Mpouc-
XOXK/AEeHUSL.
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Puc. 6. B HacaxxaeHusIX cMopoguHbl yepHoii B KOX «Canponyuk B. H.»
(cneBa HanpaBo - H. JI. Pyguunkas, A. A. Tapanos, JI. B. @pouioBa, B. H. Canponuuk, pssgom - B. B. Bacexa, O. A. fIkumMoBuy)

Fig. 6. The black currant field in the Sapronchik V. N. Farm
(from left to right: N. L. Rudnitskaya, A. A. Taranau, L. V. Fralova, V. N. Sapronchik; next to them: V. V. Vasekha, O. A. Yakimovich)

B yacTHO! KoJlleKLMM ArofHbIX KyJAbTyp A. @. [opraesa
(r. BuTe6ck) Ha muomazau 0,7 ra npegcrasiensl 150 copToB
pas/inyHOro reorpadUyecKoro NPOUCXOKAEHUS 3eMISHUKU
cazoBoi, 20 - cMopozauHbl yepHOU (Ribes nigrumL.), 18 -
KpbDKOBHUKA, 19 — MaJMHbI PEMOHTAHTHOMH, 45 - kuMoJ10-
CTH 1 7 06pa310B pa3HbIX BUJOB aKTUHUAUH (Actinidia kolo-
mikta (Rupr.) Maxim, A. arguta Siebold et Zucc.).

[loBTOpHOE 3KCNEAULMOHHOE 06CJIe/JOBaHUe CaZOBBIX
HacaxkieHuH 'posHeHCKON 06J1acTH M 0OTGOp LIEHHBIX re-
HOTHUIIOB OCYIECTBJISAJM Ha 3anaj oT MUHCKa [0 HOBOMY
MapiupyTy: CamoxBasioBu4u — HoBorpyzox — lllyyun - Mo-
cthl -I'poHo -Jluga - OctpoBen, - CamoxBasioBUYH. B Xoze
KOMaHJUPOBKH YYaCTHUKU IKCIEAULHUU TOCETUJIN 4acT-
Hble xo3s11icTBa C. C. EMesibaAHYYyKa, B. A. BopuceBuya, yact-
Hbeli nuTOMHUK C. 1. Co6osieBa, YaCTHBIX KOJIJIEKI[HOHE-
poB WU.B.Bogeliko, 0. BunokypoBoii, KX «CBuTaHOK-JI»,
HoBorpysckuil  mJ10J0BO-ATOJHBIH  rOCCOPTOYYaCTOK,
CO00 «Kny6Huka Ilnantc», PYIl «posHeHCKUH 30HAJb-
Hbld MHCTUTYT pacTteHueBofcTBa HAH Besapycu», YO
«['poJJHEHCKHH rocyfapCTBEHHBIH arpapHbIi YHUBepCHU-
teT», CIIK «Ilporpecc-BepTenuiuku», a Takxe npuycazneo-
Hble y4YaCTKHU, PacHoJI0KeHHbIe 110 MaplIpy Ty CJeJ0BaHUs
JKCNEeAULUH.

B xo3siiictBe C. C. EMesnbsinuyka (a.HerneBuun Hoso-
I'PYACKOTO p-HA) COAEPKUTCA KOJUIEKLUS COPTOB IPYLIH,
byHAyKa, UMEITCA KPYNHbIE MOJIOJble HACAXK/IEHUsS MeCT-
HBIX popM rpenkoro opexa. KosiekioHep caMoCTOSTENBHO
HNPOBOJUT Pa3MHOXKEHHE U LieJIeHalpaBJIeHHbIA 0T6OD cesiH-
IleB Opexa IPelKoro Ha CKOPOIJIOZHOCTb, 3UMMOCTOHKOCTD,
Ka4yecTBO A4pa. B HacaJeHUAX TaKKe COAEePXKUTCA He6GOJIb-
110e KOJIM4eCTBO COPTOB CJIMBbI JlOMAIHEH, NepPCHKa, BUHO-
rpajia, CMOpOAYHbBI YEPHOH.

B xo3siiictBe B. A. BopuceBuua (1. AnuMnuHoBo JIucKo-
ro p-Ha) COJEPKUTCHA OOLIMPHAs KOJUIEKLUS COPTOB M OT-
60pHBbIX dopM opexa rperkoro — 31 o6pasel, COPTOB U OT-
60pHBbIX (GOpPM JIeUMHbI O0GBIKHOBEHHOU, nepcuka (Prunus
persica (L.) Batsch.), abpukoca, a Take 3eMJITHUKH Ca/I0BOH.

B. A. BopuceBHY IPOBOAUT CAMOCTOSITE/IbHYIO CeJIEKIHIO
Y 0TOOpP HauboJiee aJATUBHBIX U YPOXKaWHBIX GOPM rpel-
KOT0 Opexa, JIELMHbI, abpUKOoCa, epcuka. iMeeTcss mUTOM-
HUK IPUBUTBIX CXKEHIIEB OpeXa I'PELKOro, UM BblJieJIeH CO0-
CTBEHHBIH KJIOHOBBIH I10JJBOH 516JI0HY, U HAYATO €ro ulyde-
HUe B TUTOMHHKE.

B nutomuuke C. 10. Co6oseBa (I'pogHeHCKU palioH), mmo-
MHMO PalOHHMPOBAHHOTO COPTHUMEHTA IJIOJOBBIX KYJBTYD,
pPa3MHOXaIOTCA U 0TG0pPHBIE MeCTHbIe pOPMBI. B yacTHOCTH,
MM BblJleJIeHa MeCTHas Irpylia 3UMHEro cpoka CO3peBaHMs
CIJIOZIAMH XOPOLIEro KayecTBa, 3UMOCTOWKasi, Ha3BaHHAas
uM «/lauHas».

YacTHas KoJIeKus cagoBoza-aoouTtens U. B. Bogeriko
«Jleue6HbIN caza» (T.J/Iuza) mpeacTaBjieHa B OCHOBHOM pa-
CTEHUSIMH, 006JIaZlalOLMMH JIEKAaPCTBEHHBIMU CBOMCTBAMH,
BTOM YHC/Ie IUIOAOBBIMHU U AITOAHBIMU: BBIPALIUBAIOTCA
KpPYIHOIIJIOAHBIM GOSAPBIIIHUK, 4YepeMyXa, Hpra, KajuHa,
mesikoBuua (MorusL.), JUMOHHUK KHUTaUCKUH, Gapbapuc
mapoBuAHbIA (Berberis L.), 1ox MHoronBeTkoBbll (Elaeag-
nus multiflora Thunb.), pa3uble Buabl akTuHUAUU (Aktinidia
kolomikta, A. arguta), yepemyxa (Padus virginiana L.), upra
(Amelanchier alnifolia L.), menkoBuna (Morus nigra L.) v npy-
rue Ky/abTypbl. CpeAu IJIOJOBBIX KYJBTYDP BbIJEJSIOTCA
MECTHble KpPYNHOIIOAHble (GOpPMBbI abpUKOCa MU YepeLIHH,
s16J10HsI COpTa ‘AIIOMUKT'.

Y koseknuoHepa l0nuu Bunokyposoii (a. UyxHbl CMop-
TOHCKOTO p-Ha) Ha y4YacTKe NPOU3PaCTalOT CTaphle JlepeBbs
s16J10HU copToB AHTOHOBKA, ‘Apkaj, ‘Cylic/ienckoe’, a Takxe
¢dopMbl f6/10HM, pa3MHOXKaeMble MECTHBIMU KHUTEJISAMHU 3a
HEeIPUXOTJINBOCTb, yPOKAHHOCTb U CIIOCOGHOCTD JIOJIT0 Xpa-
HUTbCA. Ha npuycaze6HbIX y4acTKax xkuTesel A. YyxHbl Bbl-
sABJIeHbl 3 GOpMBl YepellHU (MO3JHUH CPOK CO3peBaHMA)
1 1 MecTHass dopMa BHUIIHU (KPYNHOIJIOLHOCTb, YCTOHYU-
BOCTb K 060JIe3HAM), KOTOpPbIe 3aroTOBUJIM JJI1 Pa3MHOXe-
HUSI OKYJIUPOBKOH (pHcC. 7).

[IpoBeJileH MOHUTOPUHT COPTUMEHTA CaJlOBBIX Hacax/Je-
HUHA HoBOrpyCcKOro njioZ0Bo-srofHOr0 COPTOUCIbITATE/b-
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3. A. KO3/IOBCKAA

0. A. AKHMOBHY e MH.T. IIOJIYBATKO

Puc. 7. 3aroroBKa 4epeHKOB BUILIHU B J. YyxHbl CMOPrOHCKOI'0 p-Ha

Fig. 7. Collecting sour cherry cuttings in Chukhny Village, Smorgon District

Horo yvyactka U PYIl «'pofHeHCKUH 30HaJIbHBIA HHCTUTYT
pactenueBoznctBa HAH Benapycu». CTapoMecTHBIX COPTOB
He BbISBJIEHO.

Bxoze oskcneauuuu ydacTHUKM 1nocetuan COOO
«Kny6uuka-Ilnante» (. KocreneBo I[yunHckoro p-Ha),
crenyasu3upyoLleecss Ha BbIpalllUBaHUU 3eMJIAHUKH Ca-
JIOBOM Ha fAAroAy IO TOJIIAHACKON TexHoJsoruu. [lna 3a-
KJIaJIKM HacaXkJJleHUH UCIoJIb3yeTcs paccaza «ppuro», 4To
M03BOJISET M0JIy4aTh BbHICOKOKAYeCTBEHHYIO MPOAYKLHIO
BHe ce30Ha. 3eMJITHMKA CaJloBasi BbIpalllMBaeTCs B JIBY-
JleTHEH KOHTeHHepHOU Ky/JbType B TENJIHIAX 0611el m0-
mazbio 0,98 ra. YpoxaiiHocTs B 2016 1. cocTaBua 26 T/ra,
noteHyuaapHas - 40 T/ra.

B YO «['posHeHCKUH rocyjapCTBEHHbIN arpapHbIi YHU-
BEPCUTET» MOCETUJIN KOJIJIEKIIMOHHbIE HACAKEHHs MJI0J0-
BbIX W SATOJHBIX KYJbTYpP, KypPUPYEMBIX KaHA. C.-X. HayK
[1. C. ewko. U3 3TON KOJIJIEKLIUM OJTYYeHbl YePEHKU MeCT-
HOT'0 BBICOKOYPOXKaHHOI'0, 3MMOCTOHKOT0 copTa aGpHKOcCa,
obpasel] CMOPOAMHBI YepHOH U COGpaHbBl ceMeHa OJHOr0
o6pa3ua kanuHbl lopgoBunbl (Viburnum lantana L.) pas
JlaJbHerIIel cTpaTuduKaLuy 1 nocesa. [los pykoBoCTBOM
3aB. Kad. IJI0ZJ00BOLIEBO/CTBA U JIYTOBO/ACTBA YHUBEPCUTE-
Ta A.C.Bpyiso o6ciefoBaHbl npuycajeGHble CaJjoBble
y4acTkH I. ['poziHO. B pedynbraTe oTo6paHbl 3 MecTHbIE Gop-
MbI 1I6JI0HH, 2 — TPYLIH, 3 — BUILHY, 8 — YepelLIHH, 5 — CAUBBI
u 1 - nepcuka.

Cap CIIK «ITporpecc-Beprennmku» (4. Kutomus I'poa-
HEHCKOro p-Ha) 3aHuMaeT 150 ra, rie ocHOBHasl Ky/lbTypa —
s16J10Hs Ha nojiBoe Apm-18, M-9, M-26. Tak>xe Bo3/je/IbIBaeT-
cd rpyllla Ha CEMEHHOM I10/jBoe, cMBa ‘BeHrepka BaHren-
xeliMa’ Ha CEMeHHOM IO/BOE, roJly6rKa Beicokopocsas (Vac-
cinitum corymbosumL.), cmopoauHa d4epHas. HmeroTcs
HaCaXXJ,eHHUs BULIIHMY, YepellHY, a TaKXkKe abpuKoca (oABoH -
anbrya). HecmoTpst Ha 3amoposku B ampesie - Mae 2017 T
ypoxkai BULIHU cocTaBu 2 T/ra (B 2016 1. - 5 T/ra), Harpys-
ka abpukoca (2012 roza noca/iku) mioJjaMu — 2o 5 Kr ¢ iepe-
Ba. 06caZika HaCaXAEeHWH IJIOJOBBIX KYJBTYpP COCTOUT M3
rpeLKoro opexa (cesHIieB MeCTHbIX GOpM); MHOTHe yxKe
BCTYIIMUJIM B IJIOZOHOLIEHHE, YTO IIPe/CTaBJseT HHTepec
JUI JaJIbHEHIIero MoMcKka 1 oTéopa nepcrneKTHBHBIX GOpPM.

ArpoTexHHKa B caly HaXOJUTCS Ha BbICOKOM YPOBHE, COCTO-
sTHUe pacTeHUH Xopollee, TPU3HAKOB MOpaXeHHUs 3a60J1eBa-
HUSMU HE OTMEeYeHoO.

Takum o6pasom, B 2012-2017 rr. cpeju MOCTYIUBIINUX
221 o6pasia NJ0J0BbIX, ATOAHBIX U OPEXOIJIOJHbBIX KYJIb-
Typ Hac4yuTbiBasoch: 50 o6pa3noB s6s0HH, 41 - rpymy,
34 - Buwny, 12 - yepewrny, 19 - causel, 17 - abpukoca, 1 -
nepcuka, 2 - MUHJaJ/s, 2 - TPeLKoro opexa, 4 - JielMHbI,
3 - 3eMJISHUKU CcaZloBOH, 1 - CMOpPOJUHBI YePHOH, 2 — CMO-
POJMHBI KPACHOM, 2 — CMOPOMHBI 30JI0THCTOM, 1 — ommThl,
1 - KpPBI’)KOBHUKA, 2 — MaJIMHBI, 1 — GOAPBIIIHUKA, 2 — KaJu-
HbI, 5 - APOHUHU YePHOIJIOAHOH, 1 — yepeMyXxH, a Tak>ke 18
06pasLoB N0/|BOEB IJIOJOBBIX Ky/abTyp. HaubGosbuiee kKo-
JINYeCTBO 00pasLoB cob6paHo B Mo3blpckoM paioHe lo-
MeJsibCKOU o6usiactu (77 wt.), ly6bpoBeHCKOM paloHe Bu-
Te6ckoi o6sactu (44 wt.) u J/lyHuHen KoM paiioHe Bpect-
ckoi o6sactu (35 wt.). [fo 06s1acTsIM HauGOIbLIIEE KOJTHYE-
CcTBO 06pasuoB cobpaHo B ['omesnbckol (93 wiT.), Bute6eckoi
(44 wt.) mbBpecrckoi (36 wT.). BI'pogHeHCcKOH o06s1acTH
cobpan 31 o6pasen, B MorusieBckoil - 12 u B MUHCKOM —
6 06pa3uoB (TabauLa).

Bce mostydeHHble 06pasibl Pa3MHOXeEHbl U U3y4alTCS
Ha NpeAMeT HX MCIOJIb30BaHUSA B cesIeKLMU. B HacTosee
BpeMs B 110/1eBOM reHHbIH 6aHK (II'B) MI040BbIX, ATOAHBIX
U 0peXOMIoHBIX KyibTyp PYIl «MHCTUTYT MJI0OBOACTBA»
BbIcakeHo 105 reHoTHIoB, uau 47% OT 06111ero KoJu4yecTBa
COOpaHHBbIX YHHMKAJbHBIX CTAapOMECTHBIX 00pa3loB, KOTO-
phble YCIeIHO NPOIJIM KapaHTHH.

[lnomoBble W ATOAHBIE  KYJBTYPhl  HpPe/CTaBJIEHBI
102 o6pa3uamu JecsiTH KyJIbTYp, Cpeiu KOTOphIX: 28 06pas-
1oB s16J10HH, 33 - rpywy, 2 noAsosi, 11 - BuIHY, 5 - yepen-
HY, 9 - cJIUBBI, 8 — a6pUKOCa, 3 — 3eMJITHUKU caJjoBoH (1 KJIoH
copra JlykaT 13 BuTe6ckolt 061, 2 MecTHbIe GOpMBbI U3 Mo-
3bIpCKOro paloHa [omesibckod 06s1.), 1- apoHUU YepHO-
mwiogHo# (r.[poxHo), 1 - kanunsl FoppoBuHbl (T. [posHO),
1 - yepemyxu (r. [posHO).

OpexonJiofHble KyJbTyphl NpeACTaBJeHbl TpeMs 06-
pasuamu: 1 cesHel, MUH/AJA, 2 — JIEIMHBI 0ObIKHOBEHHOH
W3 JIeCHbIX MaccuBOB MapumnoJuis 1 CBUcJI04M MUHCKOH 06-
JIACTH.
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Ta6smna. [lepevyeHs cTapoMeCcTHBIX 06pa310B, KOTOPbIe GBLIM COGPaHbI B 3IKCIIeJULMAX 10 pernoHam Besapycy,
2012-2017 rr.

Table. List of landrace samples collected during the explorations in the regions of Belarus, 2012-2017
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605 8 3 8 3 3 2 6 17 50 28
I'pyma 14 2 6 10 1 8 41 33
Buns 7 1 3 1 13 9 34 11
YepewuiHsa 1 3 8 12 5
CiuBa 2 5 4 3 5 19 9
Abpukoc 1 1 15 17 8
[lepcux 1 1 0
[TogBOY MJI0[JOBBIX KYJBTYP 1 16 1 18 2
Opex rpenkui 2 2 0
JlemyHa 2 2 4 2
MuHpganb 2 2 1
3eMJIIHUKA caJioBast 2 1 3 3
CMmopojuHa YepHas 1 1 0
CMopo/iHa KpacHast 2 2 0
CMoporHa 30J10TUCTas 2 2 0
CmopozuHa HomTa 1 1 0
KpbrxoBHUK 1 1 0
MasnuHa 1 1 2 0
BosipbIlIHUK 1 1 0
Kanuna 1 1 2 1
ApoHusa 1 4 5 1
Yepemyxa 1 1 1
HWToro no parony 35 1 4 27 16 77 5 5 7 44 | 221 | 105
HUroro no o6sactu 36 31 93 5 12 44 221 | 105
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3ak/loueHue

lFeorpaduyeckre 0CO6EHHOCTH U COUETaHUE Pa3JiUy-
HbIX KJIUMAaTHYeCKUX 30H 06yCIaBJIUBAIOT pa3Hoo6pasue
MOPO/THO-COPTOBOr0 COCTaBa MJIOOBBIX HacaXkJaeHUM be-
Jnapycu. B xozne akcneguiui 661710 06C1eJ0BaHO 6OJbILINH-
CTBO PalOHOB LIECTH 06J1acTel pecnybaUKH.

B KoJIJIeKI[UI0 TpPUBJIEYEH MaTepuas M3 pas3JIUUYHbIX
MECTOOOUTAHUU MJIOJOBbIX, ATOJAHBIX U OPEXOIJIOAHBIX
KyJbTyp. Temno06uBbie 06pasibl B HAUGOJIbIIEM KOJIU-
YeCcTBe COCpe/JoTOYEeHbI Ha ore Besapycu, sirojHble KYJIb-
Typbl - Ha CeBepe CTpaHbl. B 1ieHTpa/ibHOU 30He MJI0JO-
BOJICTBA OTMEeYEHO pa3HOOOpa3ve WHTPOAYIMPOBAHHBIX
COPTOB MJIOZOBBLIX, SITOJHBIX, OPEXOMJOJHBIX KYJIbTYP
Y BUHOTpaJla B X03sHWCTBaxX pa3JiMYHbIX GOpPM COGCTBEH-
HOCTH.

B xXo/ile MOHUTOpPHHTIA IJIOAOBBIX U ATOAHbBIX HacaX/eHUH
Pecny6sriku Benapyce B 2012-2017 rT. B HalMOHaIbHYO 6a-
30BYI0 KOJIJIEKIIUIO FeHeTHYeCKUX PeCypCoB MJI0A0BBIX, ATO/-
HbIX U OPEXOIIOHBIX KYJbTYp nocTynuia 221 o6pasel, B TOM
yrcse 18 noaBoeB MI0JJ0BbIX Ky/AbTYp. Hanbosblee kosinye-
CTBO 06pa3noB U3 Mo3bIpckoro paiioHa [omesbckoii 061acTu
(77 o6pasuoB), [lybpoBeHckoro paiioHa Bute6ckoit o61actu
(44 o6pasua) uJlyHuHenkoro padoHa Bpectckoil o6sacTu
(35 o6pasuoB). [locne nmpeaBapUTEIbHON OLEHKHA B UHTPO-
JYKIVMOHHO-KapaHTUHHOM NUTOMHMKE B I0JIeBOM TeHHbIN
6aHK BbIcakeHO 105 yHUKaJIbHbBIX CTAPOMECTHBIX TeHOTHIIOB.

CobpaHHbIH MaTepuaJs NpeAcTaB/sAeT LleHHOCTb A HC-
M0JIb30BaHUS B Ja/IbHENIIEN CeJIEKIMOHHOU paboTe B Kave-
CTBe UCTOYHMKOB OCHOBHBIX X035IHCTBEHHO LIeHHBIX IPU3Ha-
KOB (BbICOKasi 3MMOCTOMKOCTb, MPOAYKTUBHOCTD, YCTONYH-
BOCTb K UTONATOTEHHOMY KOMILJIEKCY ).

Pa6oma 8vbinosHeHa 8 pamkax 08yx HAY4YHbIX NPO2PAMM:

-3adaHus 03: «Chopmuposams KoaseKyuu eeHemude-
CKUX pecypcos niod08blX, s1200HbIX, OPEXoN/A00HbIX KyJAbmyp
U 8UHO2pada paz/AuvHbIX Kamezopuii U munos, obecne4ums ux
coxpaHeHue, NONoJHeHUe U payuoHa/IbHOe UCNO/Ab308aHUE
04151 ceneKYUOHHbIX yesell» [ocydapcmeeHHOU npozpammbl
«Co3daHue HAYUOHA/NbHO20 GAHKA 2eHemu4eckux pecypcos
pacmeHull 015 8blgedeHUs] HOBbIX COPMO8 U 2ubpudos cesb-
CKOX0351lICMBeHHbIX Ky/bMmyp, COXpAHeHusl U 0602aujeHust
KyAbmypHoU u npupodHoli @aopwl  Beaapycu» Ha 2011-
2015 20001, Homep 2ocydapcmeenHoli pecucmpayuu 20113772;

-3adaHus 02: «Humpodyyuposams, npogecmu  c60p
u obecne4ums payuoHAa/bHOE UCNO/Ab308AHUE 2eHeMUYECKUX
pecypcog na0008blx, 1200HbIX, OPEXoN/A00HbIX KYAbMmyp U 8U-
Hoepada 0415 ycmoiiuusozo pasgumusi cadosodcmea 8 Pecny6-
sauke Beaapyce» ['ocydapcmeeHnHotl npoepammbl «Haykoemkue
MexHo/I02UU U MexXHUKa» noonpozpamma 4 «Mo6uauzayus
U payuoHa/abHOE UCNO01b308AHUE 2eHeMUYECKUX Pecypcos8 pa-
cmeHull HayuoHasbHo20 6aHKa 045 cefeKyuu, obo2aujeHus
KyAbmypHot u npupodHotl gsopel Beaapycu» na 2016-2020
200b1, HoMep eocydapcmeerHol pecucmpayuu 20163839.

The work was carried out within the framework of
two scientific programs:

- Task 03 “To develop genetic resources collections of
fruit, small fruit and nut crops and grapes of various catego-
ries and types, ensure their preservation, replenishment and
rational use for breeding purposes” within the State Program
“Establishment of a national bank of plant genetic resources
for the development of new cultivars and hybrids of agricul-
tural crops, preservation and enrichment of the cultivated
and natural flora of Belarus” for 2011-2015, State Registra-
tion Number 20113772; and

- Task 02 “To introduce, collect and ensure the rational
use of fruit, small fruit, nut and grape genetic resources for
sustainable development of horticulture in the Republic of Be-
larus” within the State Program “Science-intensive technolo-
gies and practices”, Subprogram 4 “Mobilization and rational
use of plant genetic resources from the National Bank for
breeding and enrichment of the cultivated and natural flora
of Belarus” for 2016-2020, State Registration Number
20163839.
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CBET/IOM NAMATH COPATHUKA U KOJIJIETU
| KozsioBcKkas 301 ApkabeBHa |
19.01.1956 - 11.05.2021

11 mas 2021 roja 6e3BpeMeHHO ylLIa U3 KHU3HHU BbIJAIOIMNACA yYeHbIH-CeJIeKIIMOHEp,
JIOKTOP CeJIbCKOXO3SIHCTBEHHBIX HAyK, podeccop, IMaBHbINA HAay4YHbIH coTpyaHUk PYII «MH-
CTUTYT IJIOZOBO/ICTBA», 3aBeAYIOIUNA JJabopaTOpHel reHeTUYEeCKUX PeCypcoB IJIOZOBBIX,
opexonIoAHbIX KyabTyp M BUHorpaza KO3JI0BCKAA 3041 APKA/ZIbEBHA.

3051 Apka/ibeBHa 6blIa UeJI0BEKOM LIMPOKUX HHTEPECOB, 6OJIbIIOr0 3HTY3Ha3Ma U TPYL0-
n106us. CBOMM OTHOIIEHHEM K paboTe OHa B/IOXHOBJIAJIA KOJIJIET, Gblla HACTOSIIMM HaCTaB-
HUKOM JIJIs1 MOJIOZIbIX Y4eHbIX. Ee yxo/ — HeBOCIIOJIHMMAs yTpaTa JiJisl BCeH CeJIbCKOX035UCT-
BeHHOM Hayku Besapycu.

OHa MHUIIMMPOBaJIA CO3/IaHHeE JIBYX JJAOOPATOPUH M0 reHETUYECKUM pecypcaM, pa3pabo-
Tajla CUCTeMY MHBEHTapHU3alluu KOJIJIEKLIUOHHBIX GOH/AOB IJIOAOBBIX U AATOJHBIX KYJAbTYD,
06'bsABJIeHHBIX HalnoHanbHbIM locTosiHUEM Pecniy6siviku Besapych, a Take HOBoe Hanpas-
JleHHe B caZioBo/cTBe besapycu - opexoBocTBO. [1o/] ee pyKOBOACTBOM HayaTa COBpeMeHHast
Hay4Hasi paboTa [0 MapKep-acCOLUMPOBAHHOM ceJIeKIIUU 16JI0HH, KoTopas Bouwia B TOII-10
Hay4HbIX pa3paboTok besapycu.

Pe3ysbTaThl ee Hay4YHOMU JiesITeNIbHOCTH U3J10XKeHbI 6oJiee yeM B 400 Tpyaax, B TOM 4ucie
MOHOIpadUsAX, pa3/IUYHbIX KHUT'AX U CTAaTbAX, ONyOJMKOBAaHHBIX B GJIM>KHEM U JlaJIbHEM 3apy-
6exxbe. OHa aBTOp Gosiee 30 cCOPTOB MJIOAOBLIX KyAbTYp. [log pykoBoacTBoM Ko3zsoBckoit 3.A.
NOJrOTOBJIEHO 7 KaHAUAATOB HayK. OHa fB/A/ach YIE€HOM HECKOJIbKUX AUCCepPTalMOHHBIX
COBETOB, peJJlaKLIUOHHBIX KOJIJIETMH, pa3/IMYHbIX KOMHUCCUH, HarpaXkJjeHa MHOIMMU NOYEeTHbI-
MU rpaMOTaMH, JUIJIOMaMH, TaMATHBIMUA 3HaKaMU U MeJja/IsIMU.

3051 ApKaZibeBHA JIOCTOMHO MpeJCTaB/s/a OTeYeCTBEHHOE IJI0/I0BO/ICTBO Ha MEX/IyHa-
POJIHOM YPOBHE, K ee aBTOPUTETHOMY MHEHHIO TPUCIYLIMBaJINCh MUPOBBIE JIN/Iepbl OTPACIH.

Jloarue rozbl 301 ApkaZibeBHA COTPYAHUYAIA CO BcepoccHiCKUM UHCTUTYTOM reHeTHYe-
CKUX pecypcoB pacteHuid uM. H.W. Basusnosa (BUP). Ona npuHMMasa yyactue B KOH$epeHIUsX, TPOBOJUMbBIX HUHCTUTYTOM; COTPYA-
HUYaJIa C )KypHalaMHu, u3iaBaeMbIMu BUP, nucana ctaThby, 6bL1a 4IEHOM pe/JaKIIMOHHOI'0 COBeTa XKypHaJia « BHOTeXHOJI0THS U ceslek-
[us pacTeHul». B ponmax 6ubamorexu BUP xpansaTcs paboTsl 301 ApKa/ibeBHbI, HOCBSLEHHbIE IIJI0JJOBO/ICTBY, B YaCTHOCTH — KYJlb-
Type s16,10HU. COTPYJHUKH OT/es1a FreHeTUYeCKUX PeCcypCcoB MJI0/0BbIX KyabTyp BUP Bcerga Haxoauiu TemIbli U pailylliHbIN pueM
BO BpeMs CBOMX KOMaH/JMPOBOK B MHCTUTYT MJI00BOACTBA. 3051 ApKa/ZibeBHA OXOTHO MOKa3blBaJa KOJIJIEKIMOHHbIE Ca/ibl, JleJInjach
3HAHUAMMU.

CBeTJiasi NaMATb 3TOW TaJIAHTIMBON TPY>KEHHULe HAYKH, Yell aBTOPUTET Cpe/iu CTeliMaIMCTOB MJI00BO/ICTBA 3aC/y>KEHHbIH U He-
COMHeHHbIH. 3051 ApKa/ibeBHA BCer/ia OyZleT XKUTh B HAIIUX CEp/LIaX.

KOJIJIEKTHUB PYIl «<MHCTHTYT 11/10]0BO/JCTBA», BE/IAPYCb,
BHUPOBIbI, POCCHA
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AKTya/abHOCTB. Vcniosib30BaHMe AJis OnpeseieHus 3acy-
XOYCTOHYHMBOCTH T€HOTHIIOB MpOCa OCMOTHKA IOJHITH-
senraukoss (I13I) 6000 mo cpaBHEHUIO € pacCTBOpaMHU Ca-
Xapo3bl ABJsAETCS HaubGosiee MPOCTBIM M IKOHOMHYECKHU
onpaBZaHHbIM. [Ipumenenue [I3I' 6000 npu nmosyseTasb-
Ho# mose (LD, ) a1a oT6opa Ha 3aCyX0yCTORYHUBOCTD NPO-
ca Ha paHHUX 9TalaX OHTOTreHe3a B HAUOOJIbIIEH CTeneH!
auddepeHIUPYeT FeHOTHUIBI 110 M3y4YaeMOMY NpPH3HAKY,
M03BOJISIET MPOBOAUTD OLEHKY B COOTBETCTBUHU C MEXAY-
HapOJHBIMHU CTAaHJAPTaMHU U JjlaeT BO3MOXXHOCTb CpaBHe-
HUS MOJIYyYeHHBIX Pe3yJIbTaTOB C JAHHBIMU 3apyO0eXHBIX
HWCCJIeJOBaHHUH.

MaTepuaJibl M MeTOAbI. /[/151 NpOBeleHUs UCC/el0BaHUA
B KaueCTBe HCXOZHOTO MaTepHaJja HCIOJb30BaJU COpTa
‘Ompusine’, ‘XapbkoBckoe 57, ‘KonctanTuHOBCKoe', ‘Cio-
6oxaHckoe' W obpa3zern IR5. [0TOBUJIM MATH KOHIEHTpa-
nuil pactBopos [13I' 6000: 11,5%, 15,3%, 19,6%, 23,5%,
28,9%, 0,0% (xonTposn). llpopamuBansu mo 50 cemsaH
B TPeXKpPAaTHOU NOBTOPHOCTHU. Ha mecThie CyTKU CHUMAJIH
MIOKAa3aHUs BCX0XKeCTH CeMsH npoca. /1 TeopeTHIeCKOro
0060CHOBaHUSA MOAGOPA ONTHMAJbHON KOHIEHTpALUU OC-
MOTHKa NPUMEHSAJIM PerpecCHOHHBIA MeTOJ OleHKH LD
(mosrynetanbHOM #0361) B. B. [Ipo3opoBckoro.
Pe3ysibTaThl M BBIBOJBI. Ha cTeneHb npopacTaHusl CeMAH
npoca pactBop I3l 6000 B koHueHTpanuu ot 15,3% mo
28,9% oxasblBaJ HeraTUBHOe BJHWfAHHUe. Pe3koe najeHue
BCXOKECTH CeMsIH Npoca HabJojgaan npu 23,5-nponeHT-
Hol KoHueHTpauuu 13 6000 - BcxoxKeCcTb CEMAH y BCeX
copToo6pa3sioB (kpome IR 5) 6b1s1a HUKe 50%. Pe3ynbpTaTh!
pacyeTa Mo JIOTUCTUYeCKOU KpuBoi PepxiosbcTa U Mpo-
6uT-aHanu3y MetoZoM B. B. [Ipo3opoBckoro nmokasaJy, 4To
cpesHee 3HaYeHWe KOHUeHTpauuu LD, pacTsopa I13TI' 6000
y BCeX M3ydaeMbIXx 00pasnoB paBHs1och 23,03%. Takum
06pa3oM, B pe3yJibTaTe aHAJIM3a HALIUX IKCIIePUMEHTAJIb-
HBIX JJaHHBIX U UX CTATUCTUYECKHUX 06paGOTOK MBI peKo-
MeHJyeM HCIO0Jb30BaTh 23,0-MpOLeHTHYI0 KOHIEeHTpa-
uuio LD, pacTeopa [13T 6000 kak Hau6osee fudpdepennu-
PYIOIIYIO ITPOCO MO 3aCyXO0yCTOWUYUBOCTH B $pa3e mpopacTa-
HUS.

KiroueBble cioBa: Panicum miliaceum L., ycTOHYHUBOCTB

K 3acyxe, LDSO, JIOTUCTHUYeCKasd KpuBasd, Hp06I/IT-aHaJIPI3.

Background. Using LD, concentrations of the osmotic PEG
6000 to select millet genotypes during seed germination for
drought resistance breeding is the best way of millet geno-
type differentiation according to the studied trait.
Materials and methods. The millet cultivars ‘Omriyane’,
‘Kharkovskoe 57, ‘Konstantinovskoe’, ‘Slobozhanskoe’, and
the accession IR 5 were selected as the test material. Water
stress was applied through five concentrations of PEG
(6000 MW): 11.5%, 15.3%, 19.6%, 23.5%, 28.9%, and 0.0%
(control). On the sixth day of incubation, millet seed germi-
nation was measured. The regression method for assessing
LD,, (half-lethal dose) by V.B.Prozorovskii was used to
theoretically substantiate the selection of an optimal os-
motic concentration, which would be most accurate in iden-
tifying the level of drought tolerance in millet genotypes
during seed germination.

Results and conclusions: The 15.3% to 28.9% concentra-
tions of PEG 6000 solutions had a negative effect on seed
germination of millet genotypes. A strongly suppressed
seed germination rate was observed at the PEG concentra-
tion of 23.5%: germination percentage in all cultivars (ex-
cept for IR 5, with 56.0%) fell below 50%. Calculations ac-
cording to the Verhulst logistic curve and the probit analy-
sis by V. B. Prozorovskii’s technique showed that the mean
LD,, concentration of PEG 6000 solutions for all studied
genotypes was 23.03%. Thus, as a result of the analysis of
our experimental data and their statistical processing, we
recommended the 23.0% concentration of PEG 6000 solu-
tion as the most differentiating in terms of drought resis-
tance in the millet seed germination phase.

Key words: Panicum miliaceum L., drought resistance, LD, ,
logistic curve, probit analysis.
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BBeaeHue

[poco (Panicum miliaceum L.) siBJisieTCSI OCHOBHOU KpY-
NHON KyJbTypol Ha YkpauHe. [Ipex e Bcero, IileHUTCS 3Ta
Ky/JbTypa CBOMMH NUIEBbIMU KayeCTBaMH KpYIbl U BbICO-
KUMH KOPMOBBIMHM CBOMCTBaMH 3epHa M COJIOMBI JJIs MTHUIL
Y IOMAIIHUX )KUBOTHBIX. OTX0Abl KPYNSTHOTO NPOU3BOACTBA
HCIOJIb3YIOT B JIaKOKPAcoyHOM, dpapMaleBTUYeCKOM, CIIUP-
TOBOM Npou3BocTBax (Yashovskiy, 1987).

Ha VYkpauHe mnpoco BbIpallMBalOT Ha ILIOLAJU
156 400 ra, cpenHsii ypOXaWHOCTb COCTaBjsieT 3,5 T/ra.
Jl1s nosiyyeHUs1 yCTOMYMBO BBICOKMX YpOXKaeB pellaoliee
3HayeHHe HMMeeT MPHUCHOCOGJEHHOCTb COPTOB K HebJaro-
npusaTHbIM ¢akTopaM cpeabl (Yashovskiy, 1987; Tadele,
2016). HecMoTpst Ha TO YTO MPOCO SIBJSIETCS 3aCyXOyCTOM-
YUBOW KyJIbTYpOH, TUMUTHUPYIOLUM GAaKTOPOM [iJisl Hee SIB-
JIs1eTCsl CoflepKaHre BOJbI B [TOUBE, YTO MPUBOAUT K CHHUXKe-
HHIO OCHOBHBIX KOMIIOHEHTOB NMPOAYKTUBHOCTH U B KOHEY-
HOM UTOre ypoxas 3epHa. Ha YkpauHe B nociefHue rojibl
3Ta KyJIbTypa 0COGEHHO CTpajaeT OT NOYBEHHOMN U BO3/y1ll-
HOH 3acyxu B IIepHO/J] «II0CEB — BCXO/bI». B pe3ysbTaTe yero
MOXXHO Hab6JloZlaTb HepaBHOMEpPHbIE BCXOJbI, 3a/lePXKKy
pa3BUTHUA BTOPUYHON KOPHEBOH CHCTeMbl, ob6lllee yrHeTe-
HUe pacTteHui. Eciiu 3acyxa npojo/nkaeTcs, TO IPOUCXOAUT
yCbIXaHUe HU)XXHUX JIMCTbEB, 3aMe//IsieTCsl pa3BUTHe TeHe-
paTuBHbIX opraHoB. Cheng Bingwen u Xie Zhiming (2012)
JI0Ka3aJIy, YTO Hau6OoJIbIIUK pacxos BoJbl (28,6% OT HOPMBbI
nepuo/ia BereTaluu) noTpeb6sseTcss pacTeHUsIMU B dpa3y Ha-
nuBa 3epHa. [lo fanHbIM M. ]. Seghatoleslami u M. Govindaraj
c coaBTopamu (Seghatoleslami et al.,, 2007; Govindaraj et al.,
2010), BoAHBIN CTpecc UMeeT CUJIbHOE HeraTUBHOE BJIMS-
HUe Ha CTPYKTYpY ypoxas. 3acyxa B IepHO/ LIBeTEeHUS Me-
TeJIKU YMeHbLIAET MPOLEeHT 3aBsA3U ceMsAH U Maccy 1000 ze-
peH, BBICOTY pacTeHMs, KOJMUYeCTBO JIMCTbeB Ha cTebJe.
YcranosJsieHno (Keshavars et al., 2012), 4To HeJOCTaTOK BOAbI
B [IOYBe NPUBOAUT K 3aMeJJIeHUIO NepeiBUXKEHUS MHUHe-
paJbHBIX BellleCTB U3 MOYBBI B pacTeHUe. TakKe B 3TOT Ile-
PHUOA CUJIbHO CTpaZaeT GOTOCUHTE3 pacTeHUs], Hab10jaeT-
Csl CUWIIbHOE YMeHbllleHHe COZlep>KaHUs XJOpoUIJIOB a U b
B JIMCThAX.

Muorue y4yenble (Yashovskiy. 1987; Blum, 2005; Segha-
toleslami etal, 2007; Govindaraj etal., 2010; Gorlachova,
2011; Demuyakor, 2013) u3y4anu reHOTUIIbI pa3HbIX BU/0B
npoca Ha CIIOCOGHOCTD aflanTalMy K 3acyxe. B cBoux nccie-
JIOBAaHUSIX aBTOPbl OTMEYal0T, YTO CTeNeHb YCTOWYMBOCTHU
COPTOB, IMHUI U TUOPU/IOB K HEZIOCTATKY BJIary B [I0YBE He-
OJIMHAKOBAsA, YTO JlaeT BO3MOXKHOCTb CeJIeKLHOHepy Cco3/a-
BaTb 6oJiee ycTOHYMBbIe GOPMBI IPOCa B CeJIeKIMU Ha 3acy-
XOYCTOWYHUBOCTb. BbickazaHo MHeHue (Mitra, 2001), 4yTo
B CeJIEKL[MH NPOca Ha alallTUBHOCTD K 3aCyXe BaXKHYIO POJb
urpaeT npejBapuTesbHas JlabopaTopHasi OlleHKa 3acyxo-
YCTOUYMBOCTH 06pa3oB. Jisg MaccoBOro mepBUYHOI0 OTHO-
pa HE06X0AMMO pa3pabaThIiBaTh METO/bI, HAUOOJIee MOJTHO
HMUTUPYIOLIME JeHdCTBUE TOYBEHHOM 3aCyXHU.

Josroe BpeMs Ha YKpauHe OAHUM U3 IIUPOKO UCIOJIb3Y-
€MbIX CIIOCOG0B ONpe/e/ieHUsI OTHOCUTETbHON 3aCyX0yCTOM-
YUBOCTH 06pasloB Mpoca ABJSJCI MeTOJ MpopaliuBaHUs
ceMsiH B pacTBopax caxaposbl (Chernyshova, 1987). 3ta me-
TO/IYKa [103B0JIs1/Ia POBECTH OLIeHKY Ha paHHHUX 3Tanax pas-
BUTHUSL pacTeHHs, Korja Mpoco HauboJiee TpeGOBATEIbHO
K BJare. Tak Kak caxapo3a IBJIIeTCs IUTaTeJbHbIM CyOCTpa-
TOM JJisi TpUGHON MUKPOQJIOPHI, TO CEMEHA HEOOXOUMO TIe-
pes ombITOM 06pabaThiBaTh PacTBOPOM aHTUCENTHKA (Of-
HOMPOILEHTHBIA PacTBOP MapraHLOBOKHCIOTO KaJlus) 160
dbopMasiHa; KpoMe TOT0, paCTBOP caxapo3bl CJIeAyeT NPOKU-
NATUTb B TeYeHHe 5 MUHYT, a 3aTeM JJ06aBUTb aHTUCENTUK

HUCTATHUH. [l1g pa3fesieHrs 06pasLoB [0 rpynnaM ycTon4u-
BOCTH IO CTeNeHU NpopacTaHUs CeMsH B paCTBOPe 0CMOTH-
Ka, UMUTHUPYIOILero el cTBYe OUBEHHOH 3aCyXH, UCI0JIb30-
BaJ/IU pacTBOP Caxapo3bl C OCMOTHUYECKHM JlaBjeHHeM 13 aT-
Mocdep, UTO COOTBETCTBYeT KOHI|eHTPaLUK pacTBopa 14,9%
(149 r/n).

JpyruM HM3BeCTHBIM OCMOTHMKOM, UMHUTHUPYIOLMM IOY-
BEHHYIO 3aCyXy B YCJIOBUSX in vitro, siBJsieTCsA MOJU3TU/IEH-
VIMKOJIb C MOJIEKYJIIpHOU Maccoi Mr = 6000 (13T 6000)
(Radhouane, 2007). Mosiekysnsl [13T 6000 uHepTHBIE, HETOK-
CUYHbIE, I0CTAaTOYHO GOJIbLINE, YTOGHI He GbITh a6COPOUPO-
BaHHBIMU DACTEHUSIMH, U He Pas3pylalT CTPYKTYPY BOAbI
B TeYeHHe Mepuo/ia NOCTAaHOBKU 3KcnepuMeHTa. /[ onpe-
JleJIeHUs 3aCyX0yCTOMYMBOCTH FeHOTUIIOB UCIO/Ib3YIOT 3TOT
OCMOTHK Ha PasHbIX KYJbTypaX, TAKUX Kak npoco (Panicum
miliaceum L.) (Zhang etal, 2012), adpukaHckoe mpoco
(Pennisetum glaucum L.) (Govindaraj et al., 2010), neHuna
(Triticum aestivum L.) (Bayoumi, 2008), copro (O’Donnell
etal., 2013). YueHble NPUBOAAT Pa3Hyl0 KOHIEHTPALHIO I10-
nuaTtuaeHrukosss 6000 B cBoux ucciaegoBaHusax. Tak, Go-
vindaraj et al. (2010) B cBoux Hccie/J0OBaHUSIX TOTOBUJIU pac-
TBOp [13I' 6000 c ocMoTUuYeckuM JaBienueM -3.0, -5.0, -7.5,
u-10.0 6ap, pactBopsia 115, 196, 235, 289r BemecTBa
B 1000 MJ1 JUCTUJJIMPOBAaHHOW BOJbl COOTBETCTBEHHO IIO
MeToay Xajaca. 3acyXOyCTOMYMBOCTb MSATKOM MIIEHHIbI
onpejesisiid, HUCnoab3ysd 15- W 25-mpoueHThId pacTBOp
[13T 6000 (Bayoumi, 2008), a pacTeHus1 COPro BbIpaliuBaIn
NpH KoHIeHTpanusax pacrsopa [13T 6000: 2,5%, 5,0%, 10,0%,
15,0%, 20,0%. (O’'Donnell, 2013).

TakuM o6pasomM, HCMOJb30BaHHE OCMOTHKA IMOJIUITH-
neHrarMKosib 6000 Ha paHHUX CTaAUAX Pa3BUTHUA JJis Ollpe-
JleJIeHUsl 3aCyXOyCTOMYMBOCTH 06pasloB Npoca sBJSETCH
HauboJsiee MIPOCTHIM M 3KOHOMHUYECKU OIpaB/JaHHBIM METO-
JIOM B CeJIeKLIUM Ha 3acyXoycToMuMBOCTb. BoJiee TOro, atot
OCMOTHK HCIOJIb3YIOT BO BCEM MUpe JJi OINpejeseHUs
YCTOHYMBOCTH CeJIeKIIMOHHOI'0 MaTepHasa K 3acyxe. ITO I10-
3BOJIsIeT IPOBOAUTD OLEHKY B COOTBETCTBUU C MEXK/[YHAPOJ-
HBIMU CTaHAAPTaMH, YTO JiaeT BO3MOXXHOCTb CpaBHUBAThb
MoJlyueHHble HaMU pe3y/bTaThl C JAHHBIMHU 3apybOeKHbIX
HUCCe0BaHUM.

OZHUM M3 TOYHBIX KOJHUYECTBEHHBIX MeTOJOB OLeHKHU
aKTHUBHOCTH JII060T0 BelllecTBa B TOKCUKOJIOTUU U papMako-
JIOTUH, [JiJIs] NPOTHO3UPOBAHUS BO3JeHCTBUSA MOBpexAalo-
mux GaKTopoB (U3/1y4eHUH, XUMUY€ECKUX CPEACTB U T. [JI.) HA
pacTeHHUs U [/ pacyeTa U MOJeJTUPOBaHUs BJIUSHUS UHTU-
GUTOPOB M CTUMYJATOPOB B IIpoliecce NpopacTaHuUsl CeMsH,
TPaZULIMOHHO HCIOJIb3YIOT MeToJ Npo6UT-aHa/Iu3a, JIOTU-
CTHUYECKUX KPUBbIX «/103a - 3G deKT» As Bhraucaenus LD,
LD,, ulD,, (LD - neranbHeie mo3nr) (Korosov, Kalankina,
2003; Bukharov, 2017). Ho Han60J1bIINI UHTEPEC AJIsI UCCIle-
JloBaTeJiel Mpe/CTaBsieT KOHIEHTpaLUs LD, , Bo3Jsie KOTO-
poi HauIy4IIUM 06pa3oM pacnpesiessloTCs MU BapbUPYIOT
cpegHue 3HaueHUs o6bekTa (Lakin, 1990). Takxe, corsiacHO
MeTO/lMKe OLleHKHU 3aCyXOyCTOWYHMBOCTH Ipoca CIOCO6G0M
MpopaliMBaHUs CeMsH B pacTBOPax caxapo3bl, 06pasIisl fe-
JIMJIA IO CTelleHU YCTOMYMBOCTHU K CTpeccoBoMy aKTopy.
CpeZiHeyCTOMYMBBIMH K 3aCyXe CYMTAIMCh COPTA IPOCa, Y KO-
TOPBIX NPOLEHT NpopacTaHuUs cocTaBJIsAa 0Koso 50%; reHo-
THUIBI ¢ 60Jlee BBICOKMM NPOLEHTOM NpopacTaHUs CYUTAIU
BoIcokoycTouuBbIMU (Chernyshova, 1987). Takum o6pasom,
MeTO/bl IPOOUT-aHa/lM3a, JOTUCTUUECKUX KPUBBIX «J103a —
addexT» fua Borarcnenus LD, BIIOJIHE IpUEMJIEMBI TaKXkKe
JJIs1 olpeJie/IeHUsl CTENEHH 3aCyX0yCTOMYHUBOCTH 06pas1oB
npoca ¢ ucrnoJib3oBanueM koHuenTpauuu LD, TI3T 6000, ko-
TOopasi B HauGoOJIblLIEN cTeneHU OyAeT AuddepeHIUPOBATH
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Lenv Hacmosweli pabomy ~ onpeneautb LD, -KoHIeH-
Tpayuu ocMotuka [13I' 6000 A/ BblAeEHUS 3aCYyXOYCTOU-
YUBBIX 06Pa31l0B Npoca.

MaTepPlaJIbl U METOAbI

HUccnenoBaHus NpoBoAUIN B UHCTUTYTe pacTeHUEBO/CT-
Ba uMeHU B.[. OppeBa HAAH B 2018-2019 rr. U3y4yanu yeTsbl-
pe copta (‘OMpusiHe’, ‘XapbkoBckoe 57, ‘KOHCTaHTUHOBCKOE),
‘Ci060%aHCKoe’) YKPaUHCKOH cesieKIMY, 3aHeCEHHbIX B Pe-
eCTp COPTOB pacTeHUM YkpauHbl, U o6pasel IR 5 (6611 B3AT
13 reHb6aHka YKpauHbl). [0TOBU/IM NATh KOHLEeHTpALUH pac-
TBopoB [13I' 6000: 0,0% (koHTpoJb), 11,5%, 15,3%, 19,6%,
23,5% u 28,9%. [lns npoBe/ieHUs ONBITOB OPaIM U3 KAXK/[0T0
o6pasia cjay4yaiiHO 0TOGpaHHbIEe, 3/[0pPOBbIe, HOPMaJIbHO BbI-
noJiHeHHble ceMeHa. [IpopaimuBanu ceMeHa B yaikax [letpy,
KOTOpble NepeJ; 3TUM IpPOKa/JUBaJd B TeYeHHEe TPeX 4acoB
B TepMocTaTe ¢ QUAbTPOBAJIbHOU GyMaroi, Hape3aHHOU Mo
BHyTpeHHeMy AUaMeTpy HIKHeH yallKy. [IpuroToB/ieHHbIe
ceMeHa packJjaZplBaJud Ha OQUJIBTPOBaJIbHYIO OyMmary Io
50 wT. B kax Ay YalKy HaJMBa/U 0 7 MJI pacTBOpa 0CMO-
Tuka [19T 6000 uiu JUCTUIIMPOBAHHOM BOJBI (/11 KOHTPO-
Jis1). B onbITHOM BapuaHTe U B KOHTPOJIe IOBTOPHOCTD Oblia
TpexkpaTHasl. Yalllky oMelllav B TePMOCTAT U IpopallrBa-
JIu ceMeHa npu Temnepartype 25°C B reMHoTe. [logcueT npo-
pOCIIMX CeMsIH MPOBOAMJIM Ha lLiecTble CyTKHU. K uuciy Bcxo-
JKUX CeMSAH OTHOCUJIY Te, KOTOpble UMeJId HOPpMa/IbHO Pa3BU-
ThIM KOPeLIOK UJIK IPOPOCTOK He MeHee 5 MM.

Jl1s1 TeopeTH4yecKkoro o60CHOBaHMs M0/j60pa ONTHUMAJIb-
HOM KOHILIeHTpalMd OCMOTHKA AJs OoNpeJie/leHUs 3acyXo-
YCTOMYMBOCTH 06pa31{0B poca NPUMeHsJIN perpecCUOHHble
MeTo/bl oLeHKHU LD, | (cpeiHue JieTanbHbIE 103b1):

1. IOTUCTUYECKUM ypaBHeHHeM KpuBod PepxiosbcTa
(Prozorovskii, 2007): A

1+ ea><i+b

rae C- HIWKHUHM npejes MU3MeHEHUs] 3aBUCHMOM nepe-
MeHHOH V;

A - BepxHU Ipene;

a, b - k03P PULMEHTHI TPONOPIIUOHATBHOCTH.

y=C+

B HameMm ciydyae C = 0 (HeT ru6esiv B HU3KUX KOHI|EHTpa-
1usx), A = 1 (nosiHasi ru6esib B BbICOKUX KOHLIEHTPALUsX);

2. Mpo6UT-aHa/IN30M (B3BeLIEHHbIM U HeB3BellleHHBIM)
B. b. [Ipo3opoBckoro ¢ ucnoJsib30BaHUueM NporpamMmbl Micro-
soft Excel (Babich et al., 2003).

JKclleprMeHTa/IbHble JJaHHble BCXOXeCTU CeMsH Npoca
o6pabaTbiBasy B Statistica 13 Trail c momouibto fByxdakTop-
HOT'0 IUCIIepPCHOHHOTO0 aHa1K3a. [lepBeIM paKkTOpOM AAB/ISAET-
csl TEHOTHII, @ BTOPBIM — KOHI[eHTPaLUs pacTBOpa OCMOTHKaA
13T 6000.

Pe3ysbTaThl U 06CYKAEHUE

Jia pellleHUsl TMOCTaBJeHHOM 3ajauu — olpejeseHus
koHueHTpayuu LD, pacropa II3T 6000 pist cesexuuu Ha
3aCyX0yCTOMYMBOCTB IIpOca B IepPHUOJ TPOPACTaHUsA CEMSIH —
Heo6X0AUMO NOoA06PaTh KpaliHUe 3HaYeHHUsl pacTBOPa 0CMO-
THKa, IPY KOTOPOM BapbUpOBaHHE BCXOXECTH CeMsAH Ha-
6sroanock oT 100% u npubamxkanock k 0%. B Hamux uccie-
JIOBaHUSAX BbIGOp KoHIeHTpauui 13T 6000 (11,5%, 15,3%,
19,6%, 23,5% u 28,9%) ocHOBBIBaJICS Ha HAy4YHbIX pa3pa-
60TKax y4eHbIX, KOTOpble ONpe/ieIsf 3aCyX0yCTOHYUBOCTb
adpukaHckoro npoca (Govindaraj et al, 2010). Pe3ynbraThl
HalIUX ONBbITOB [IOKa3aJy, YT0 06paboTKa ceMsH npoca pac-
TBopamu I13T 6000 B KoHueHTpanusx ot 15,3% mo 28,9%
HEeraTUBHO BJIMSJIA HA UX BCX0XKecTb (Tabu. 1). OcMmoTHYec-
KUl cTpecc nof AedctBueM 15,3-19,6-n1poLieHTHOTO pacTBo-
pa yrHetasn npopactaHue Ao 79,3%. Ho HauGosiee pe3skoe
naJileHue BCX0XKeCTH CeMsH Npoca HabJlofalu Npy KOHLEeH-
Tpauuu [13I 6000 23,5%: BcxoxkecTb CeMsH y BceX 06pasLoB
(kpome IR 5) ynana Huxe 50%. A npu KoHILeHTpanuu 28,9%
pactBopa [13I' 6000 kosie6aHNE BCXOXKECTHU CEMSH OBLIO OT
4,0 1o 18,0%, nmpu 3TOM copT ‘XapbKOBCKOe 57’ BbIAEIUIICS
BBICOKHM IOKa3aTesieM npopactaHus - 18,0%. TakuM o6pa-
30M, /151 TOJIy4eHUsI JOCTOBEPHBIX CTATUCTUYECKUX JAHHbIX
B HalllUX HCCJIeJOBAHUAX HaM YAaJ0Ch MOJYYUTb KpaiHue
3HaueHus KoHueHTpauuu [13T 6000 - 11,5% u 28,9%, uTto
coorBeTcTBOBa/I0 100-npoueHTHOMY U 10,67-NpOLIEHTHOMY
cpeiHeMy NIPOPACTAHUIO CEMSIH BCeX 06pasLioB Mpoca.

YToO6b! yCTAaHOBUTH [JOCTOBEPHbIE PA3/IMUYUsA MOJYYEeH-
HbIX JJAHHBIX, IPOBOJWJIN AUCIEPCUOHHBIN aHaMuU3 (Tab1. 2).

Ta6smmna 1. BcxoxkecTb ceMsiH COPTOOGPa310B Npoca B 3aBUCMMOCTH OT KOHILeHTpanuM pacteopa I13T 6000

Table 1. The effect of PEG 6000 solution concentrations on seed germination of millet genotypes

R IIpopactanue cemsH, % Cpe/AHee 3HauYeHHE

M3r 6000,% | oupusme X:lz)l;xg;- K(:;irca::(l;n- S Cnocﬁl((:)»;aﬂ- 1o ;g';:(:‘fgi)‘;"“'
0,0 99,33 100,00 100,00 100,00 98,67 99,60
11,5 100,00 100,00 100,00 100,00 100,00 100,00
15,3 92,67 97,33 98,00 85,33 92,00 93,07
19,6 79,33 86,67 86,00 90,00 78,00 84,00
23,5 44,67 36,67 43,33 56,00 37,33 43,60
28,9 8,67 18,00 4,00 10,00 12,67 10,67

CpefHee 1o
TeHOTHILY 70,78 73,11 71,89 73,56 69,78 71,82
HCP =276

[Ipumeuanue: HCP, _ 1yisl YacTHBIX CpefHUX = 6,75

0,05
Note: LSD . for specific means = 6.75
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Ta6smuna 2. /IucnepcuoHHbI aHA/IU3 0 BCX0XKeCTHU U KOHLLeHTpanuu pacteopa I13T' 6000

Table 2. Analysis of variance for seed germination and PEG 6000 solution concentration

ddpdexT CrenneHH CBOGOABI CyMMa KBaJpaToB CpeHui KBagpaT F-kpuTtepuii

CB. 4i1eH 1 64,94 64,94 16381,63
leHoTHN 4 0,061 0,01 3,84
Konnenrtpanus [13T 5 21,78 4,35 1099,23
SO——" 20 030 001 34
omn6Ka 120 0,475 0,0039
BCEro 27,44

P<0,01

Tak kak F, > F, Hy/ieBasi runoTesa onpoBepraeTcsi Ha BbICO-
koM ypoBHe 3HayuMocTu (P <0,001). Takum o6pa3oM, Ha
3HaYeHUe BCXOXKECTU CeMsIH BJIMSAIT KaK reHOTUIHYecKue
pa3/iM4us Npoca, Tak M ypoBeHb KOHIEHTPaLMU pacTBopa
[13I' 6000, uTO A@aET BO3MOXKHOCTb NPOJOJIKUTh CTATUCTHYe-
CKHe 06pabOTKU JaHHBIX.

OnHUM U3 rpadUyecKUX MeTO/0B ONpe/ie/IeHUs] KOHIeH-
Tpaluu 0CMOTHKA /i LD ) MOXET CJIy’KUTb PacieT KPUBbIX
JIOTUCTUYECKON 3aBUCUMOCTH «z03a - 3pdekT» (Korosov,
2002). B Haumux ucciaejoBaHUsIX KpuBas «zAo3a - 3dpdexT»
ONUCBhIBaeT NPOLECC MOCTENeHHOro yBeJWYeHUs o06Liero
4yyCJla HeNPOPOCIIUX CeMSAH WU NaJieHHs NoKasaTeJisl BCXO-
JKeCTH 110 Mepe yBeJIMYeHUs] KOHLeHTPalU1 pacTBopa 0CMo-

TuKa [13T 6000. 3aBUcUMOCTB «J03a - 9ddeKT» npescTaBie-
Ha rpaduyecky Ha PUCYHKe, I/le HAa OCH abCLUCC OTI0XKeHa
koH1eHTpanus pactsopa [13I 6000 (ot 0% #o 35,0%), Ha ocu
opAUHAT - eAnHUYHbIe fosu (oT 0,1 o 1,0). Tak Kak eAUHUY-
Hble gouu (E/]) o6uenpuHATO CYUTATh COBMAAAIOLIMMU CO
cpefHUM apudMeTHyecKuM (M), TO B CTaTUCTHKe UX paspe-
IIEHO MPUMEHSATD [I/Is1 BIYUCIEHUS U XapaKTepucTuku LD,
ucnonbsyss EJl . [loaToMy [/i MOCTPOEHUS] HAKOIJIEHHOU
KPUBOU BepOSITHOCTH 110 OCU OPAUHAT Mbl NpUMeHUIH EJI.
Ha rpaduke BUJHO, UTO 3KCIlepUMeHTa/bHble TOUKU E/]
HeNpOPOCIIMX CeMSH NPH Pa3JINIHbIX KOHLIEeHTPALUAX OCMO-
THKa 06pa3LoB Ipoca COBNAJA0T UK IPYNNUPYIOTCS 0KOJIO0
HX JIOTUCTUYECKUX KPUBBIX. B cBOl0 o4yepesib, 3HaYeHHUS JIO-
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PucyHok. Kpussle «103a - 3¢ dpekT» Hempopocummx ceMssH 06pa310B NPoca, NoJIyYeHHbIe IPH BJUSIHUU
pa3/IMYHBbIX KOHIEHTPALUIX PpacTBOpPa OCMOTHKA:

e - ‘OMpusiHe’, == JIoTUCTHYecKas KpuBas copTa; A - ‘XapbKoBckoe 57,

JIOTUCTHUYEeCKadA KpHUBad COPTa;

K - ‘KOHCTaHTHUHOBCKOE, == JIOTUCTUYeCKast KpuBas copta; + — IR 5, == jorucruveckas kpupas o6pasua;
— ‘C/1060%aHCKOe’, == JIOTUCTHYEeCKasi KpUBasi copTa

Figure. Dose-effect curves for non-germinated seeds of millet genotypes under the effect
of different osmotic solution concentrations:

e —cv. ‘Omriyane’, == its logistic curve; A - cv. ‘Kharkovskoe 57/,

its logistic curve;

2 - cv. ‘Konstantinovskoe’, = its logistic curve; + - acc. IR 5, = its logistic curve;
= cv. ‘Slobozhanskoe’, = its logistic curve
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TUCTUYECKUX KPHBBIX COPTOO6pPa3LoB Mpoca anmnpoKCHMHU-
pPyIOT K ofiHUM BesnyuHaM. Tak, npu 10,0-npoLeHTHON! KOH-
neHTpauuu pactsopa [13T 6000 kpuBbIe €1a60 HAKJIOHSIOT-
csa u3ateM, npu 20,0-mporneHTHOMN, HabJIOJaeTCs pe3KUui
nojbeM. HaurnHas ¢ 20-npolieHTHOM KOHIleHTpalu1 OCMOTH-
Ka, KpUBble «Z03a - 3QdeKT» CTAaHOBSATCS Bce GoJiee TOpU-
30HTAJIbHBIMY, YTO CBUJETEJIbCTBYET O BCe 6OJblIeM BJIUS-
HUuM KoHueHTpauuu I3 6000 Ha 3azepKKy pocTa CeMsiH
npoca. [IouTu moJsiHOe HpekpalleHHe NMPOpacTaHUsl CeMsH
npoca, Kak N0Ka3aHo Ha rpadurke, MOXKeT MPOUCXOAUTH yxKe
npu 30-poLleHTHON KOHIleHTpal M1 pacTBOPa OCMOTHKA.

Jlis1 pelieHUs MOCTaBJIeHHOM 3a/layy — ONpe/ieJIUThb KOH-
uenTpanuio LD, ocmotuka [13T 6000 pJ1s1 cesteknyu Ha 3acy-
XOYCTOMYMBOCTb IIpOca B [IepHO/ NPOPACTaHUS CEMSIH — HaM
Heo6X0AMMO HalTH cpefjHee 3HaYeHHe KOHI|eHTPaLUU pac-
TBopa npu E/l,; nuist Bcex reHoTunos. COriacHO NpOBe/eH-
HBbIM pacyeTaM 3KClepUMeHTaJbHbIX JaHHBIX 110 NPOGUT-
a”asu3y (TabJ. 3), cpesHee 3HayeHUe copTa ‘OMpUsiHE’ GBLIO
22,94%, coptra ‘XapbkoBckoe 57’ - 22,89%, coprta ‘Kon-
cTaHTUHOBCKoe - 23,0%, o6pasua IR 5 - 24,05, copra ‘Cio-
6oxaHckoe’ - 22,51%. TakuM 06pa3oM, cpe/jHee 3HAYEHUE
10 reHOTUINIaM paBHsieTca 23,08.

Jis1 HaxoXAeHUsl 3HAYeHHUsl KOHIleHTpalMHU pacTBopa
ocMOTHKa npu LD, B cesleKIuu Tmpoca Ha 3aCyXOyCTOWYH-
BOCTb Mbl MPUMEHUIHU NPOOUT-aHAIU3, KOTOPBIA LIMPOKO

WCIIOJIb3yeTCo AJIs HaX0XKJeHUs LDm, LDSO, LD,, B TOKCHKOJIO-
ruu u papmakosioruu (Babich et al,, 2004,). B Ta6auue 3 npu-
BeJleHbl pe3y/IbTaThl pacyeTa KOHLeHTpalui 0CMOTHKA NpU
LDSO, LDw, LDIG’ LD84, LDwO MEeTO/I0M B3BEIIEHHOI'0 MPOOUT-
aHasn3a. JlaHHbIM MEeTO/J0M MOXHO 60Jiee TOYHO BBIYUCIUTD
JII06YI0 KOHLIEHTPALMI0 OCMOTHKA JJIsI MOJIyYeHus] He06XO0-
JIUMOM BCXOXKECTH WJIM OTCYTCTBHUSI BCXOXKeCTH ceMsH. Tak,
KpaWHUMU KOHLeHTpauusMu pactBopa [13I' 6000, mpu koTo-
phIX 6yAeT HabstoAaTbess 100-npolieHTHOe yTHeTEeHHEe BCXO-
JKeCTH ceMsiH poca, siBisitoTcs 33,6% u 31,8% (cpenHee 3Ha-
yeHHe - 32,75%). BbluncieHue 3HaueHUs KOHLEHTpaluu
LD, atum meTomoM y copta ‘OMpusiHe’ paBHsioch 23,12%,
y copTa XapbkoBckoe 57 - 23,70%, y copTa ‘KOHCTaHTUHOB-
ckoe’ -23,28%,y o6pasnalR 5 -23,91%, y copra ‘Cino6oxaH-
ckoe’ - 22,86%; npu 3TOM cpefiHss BeJIMYMHA KOHLEHTpa-
uuu LD, mo BceM reHoTUnaM paBHAIACH 23,46%

MeTo/10M HeB3BelLlleHHOTO MPO6UT-aHa/IN3a TaKXkKe Oblla
Hal/ieHa KoHleHTpauusa LD, 1/ia Bcex reHOTUIos (Tabut. 4).
3HaveHue KoHIeHTpanuii LD, BapbupoBasa B npejesnax oT
22,03% po 23,23%. CpeHee 3HaueHue KoHueHTpayuu LD
paBHsi10Ch 22,54%.

B Tabaune 5 npuBeseHbl pacyeThl 3HAYEHUU KOHIIEH-
Tpauuu pactsopa [13T 6000 npu LD, mo nmpo6uT-aHanusy
(HeB3BellleHHbI U B3BELIEHHBIN) U JIOTUT-aHanu3y. Cpen-
Hee 3HaUeHHe 10 TPEM Coco6aM pacyeTa coctaBusio 23,03%.

Ta6una 3. Pe3y/1bTaThl OLLeHKU BJIUSHUSA pa3/IM4YHbIX KOHIeHTpanuii [I3T 6000 Ha BcX0XKeCcTb CeMSH NPOCa METOA0M
B3BELIEHHOr0 NpOGUT-aHa/Iu3a

Table 3. Assessment results for the effect of different PEG 6000 solution concentrations on millet seed germination
using the weighted probit analysis technique

KonuenTpanuu I13T 6000 no o6pa3nam npoca Cpeanee

3HauyeHue LD 6

OmpusiHe | XapbkoBckoe 57 | KoHcTaHTMHOBCKOe IR5 Cno6oxaHnckoe | MO 00pasuam
LD, 23,12 23,70 23,27 2391 22,85 23,46
LD, , 14,96 15,92 15,99 15,64 14,29 15,36
LD,, 16,75 17,63 17,59 17,46 16,17 17,12
LD, 29,48 29,77 28,95 30,36 29,53 29,62
LD, 32,67 32,81 31,79 33,59 32,87 32,74
CraHAapTHas 0,3 0,4 0,4 0,4 0,4
omu6ka LD,

Ta6suna 4. Pe3yibTaThl pacyeTa noka3aresieil KoHneHTpanuu 13T 6000 npu LD_, MeT0J0M HEB3BELIEHHOI0
NpoGHT-aHAJIU3a NATH 06pa31 0B Mpoca

Table 4. Results of calculating the LD_  concentration of PEG 6000 solutions using the unweighted
probit analysis of five millet genotypes

FeHOTHIbI KoagpuuueHTsI 3HayeHUe CrangapTHasa
b, KoHUeHTpauuu LD omuo6Ka
OmMpusHe 0,096 0,866 22,14 4,9
XapbKoBckoe 57 0,097 0,879 23,23 53
KoHcTaHTHHOBCKOE 0,083 0,928 22,03 4,2
IR5 0,096 0,874 22,56 5,0
Cyio60kaHCKOe 0,099 0,852 22,19 51
CpesnHee 3HaUYeHUE 0,088 0,912 22,54 4,6
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Ta6imna 5. 3HayeHus KoHUeHTpaumii LD pacTtBopa I13T 6000, mosiy4yeHHbIe Pa3/IMYHBIMU CIOCO6aMHU pacyeTa
AJIS IATA TeHOTUIOB Npoca

Table 5. PEG 6000 solution concentration values (LD, ) obtained by different calculation techniques

for five millet genotypes

Konuenrpauus pacreopa IIT npu LD, %
CpeaHee 3HaYeHUe
Ha3sBaHue o6pa3na IIpo6uT-anaau3 10 TpeM cnoco6am
Jlorut-aHanaus pacuera, %
HeB3BellleHHbIH B3BeLLIEeHHbIA
Ompusine 22,14 23,12 22,94 22,73
XapbkoBckoe 57 23,23 23,70 22,89 23,27
KoHcTaHTHHOBCKOE 22,03 23,28 23,00 22,77
IR5 22,56 2391 24,05 23,51
Ci060kaHCKOe 22,19 22,86 22,51 22,52
G ER R G 22,54 23,46 23,08 23,03%
10 TEHOTHUIIaM

[Ipumeuanue: HCP no o6pasmam = 6,75
Note: LSD . for millet genotypes = 6.75

TakuMm o6pasoM, AJi onpejesieHUsl 3aCyXOyCTOHYMBOCTH
06pas1oB nMpoca Mpu MpopacTaHUM CeMAH HeOOX0JUMO HC-
0J1b30BaTh KoHLeHTpauuto LD, 13T 6000 23,0%, koTopas
B Haubosblled cTeneHu AuddepeHUUpPYeT TEeHOTUIbI M0
3TOMY NPHU3HAKY.

3axk/r04yeHue

J1s1 cenleKIMuM Mpoca Ha 3aCyX0yCTOWYMBOCTb KpaHHHUMU
3HAYEeHUsAMHU KOHLleHTpauuu pactBopa ocMoTtuka [13I' 6000
asaawTcsa 11,5% u 28,9%, uto coorBeTcTByeT 100-mponeH-
THOMY | 10,67-pOLeHTHOMY CpejiHEMY NPOPACTaHUIO Ce-
MSH BCeX U3y4aeMbIX ['€HOTUIOB. Pe3koe maZieHHe BCXOXxe-
CTH ceMsH o6pasuoB npoca (Hmwke 50%) Hab6uofanM NpU
koHIeHTpanuu [13T 6000 23,5% Criocob6oM pacyeTa KpUBbIX
BCEX T€HOTHIIOB JIOTUCTHYECKON 3aBUCHMOCTH «J103a — 3¢-
dexT» onpejesieHa KoHLeHTpanusa LD, ocmoTuka - 23,08%.
MeTozsoM B3BelLIEHHOIO NPOOUT-aHAJM3a IOJyYeHa Cpej-
HAA BeJIMYMHA KOHIeHTpauuu LD 1o BceM reHoTwmam -
23,46%, aMeToLOM HEB3BEIIEHHOr0 IpPOOUT-aHAIN3a —
22,54%. CpesiHee 3Ha4YeHMe 110 TPEM CrIOCOGAaM pacyeTa co-
craBusno 23,03%. [Jlna omnpejiesleHUs 3aCyXOyCTOMYMBOCTH
reHOTHUIIOB ITPOCca IPHU NPOPACTAaHUU CeMAH HEOOX0JUMO HC-
10J1b30BaTh KoHLeHTpauuto LD, 13T 6000 23,0%, koTopas
B Haubosblled creneHu AuddepeHUUpPYeT TEeHOTUIbI M0
3TOMY NPHU3HAKY.

PaGoma evinoaHeHa 8 pamkax 2ocydapcmeeHHo20 3a0a-
Hust 13.00.10.01 @ coznacHo paboueli npoepamme Ha 2021 200
«Paspabomka Memo0do02uveckux 0CHO8 ceJleKyuu npoca Ha
3acyxoycmotiyugocms, 8bldesieHUe UCMOYHUKO8 U CO30aHue
YPOXHCAtiHbIX COPMO8 NPOCA C YAYHUIEHHbIM KA4eCMBoM 3epHa
U ycmotyusocmulio K cmpeccogbim hakmopam cpedbly.

The work was carried out within the framework of State
Task 13.00.10.01 F according to the working program for 2021
“Development of methodological foundations for breeding of
millet for drought resistance, identification of sources, and de-
velopment of high-yielding millet cultivars with improved grain
quality and resistance to environmental stressors’.
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AKTyanbHOCTB. BoisiBiieHHe HanboJiee yCTOWUUBBIX COP-
TOB NJIOAOBBIX KYJbTYp Ha ONpeJieleHHbIX TePPUTOPUAX
Npou3pacTaHus BKJIOYaeT pa3JUuHble MOAX0AbI UCCIeM0-
BaHMs, B UM CJIe KOTOPBIX HEMaJIy10 POJIb UTPAIOT GU3H0JI0-
ro-6MoXMMHUUYecKUe TIoOKasaTeJd. B HacTosuwel pabote
npe/CTaBJeHbl pe3yJbTaTbl pacueTa aKTUBHOCTH NepPOK-
cu/la3bl, OAHOTO U3 OCHOBHBIX GpepMeHTOB aHTUOKCHUAAH-
THOM CUCTeMBbI 3allUThl paCTEeHUH, IPU eCTeCTBEHHbIX U3-
MeHeHUAX THPOTePMHUYECKOro pexx1uMa B JIeTHUH Tepuoj,
KOTOpBIe OblJIM NPUHSATHI B KaueCTBe KOHTPOJIbHBIX yCJI0-
BUH, U NIPU UCKYCCTBEHHOM BO3/eCTBUU 3KCTpPeEMaJsbHO
BbICOKUX TeMIepaTyp.

MaTepuaabl U METOABL V3ydeHbl TpU copTa s16JI0HU OTe-
yecTBeHHOU cesnekyuu ‘Qoptyna’, ‘Coroz’, ‘TlpukybaHckoe’
U copT JIuros’ nojibCKOro NpoucxoxJeHus. B oTo6paHHbIX
JIMCTBhAX B TeyeHUe jjeTHero nepuoa 2018, 2019 r. onpee-
JISIIM aKTUBHOCTb IEPOKCHU/A3bl U ee H30pepMeHTHbIH co-
CTaB B KOHTPOJIbHBIX U CTPECCOBBIX YCA0BUSAX (IPU UCKYC-
CTBEHHOM IporpeBe JIUCTheB). [lys pasfesieHUs NepOKCH-
/a3 Ha U30pOPMbl HCII0JIb30BaJIM HATUBHBIN 3/71eKTpodo-
pes Ha [oJiIMaKpuJIaMuAHOM reJjie. OlleHKy MHTEHCUBHOCTHU
Pa3BUTUS OKHUCJUTEJNBHOTO CTpecca BJIMCThAX NPOBOAU-
JIM N0 TOKasaTeJsl0 NepPeKHUCHOTO OKHCJeHUs JIMIHUJOB,
a UMEHHO 10 COJlep>KaHHI0 MaJIOHOBOI'0 AUaJbAerujaa.
Pe3ybTaThl. YCTaHOBJIEHO, YTO UCCJIe/JOBaHHbIE NTOKa3a-
TeJIU XapaKTepU3ylTCs BbICOKOW CTeNeHbl HEeOJHOPOJ-
HOCTH, OOYCJIOBJIEHHONW KaK COPTOBOW cneluUKOH, Tak
Y U3MEHUYUBOCTBIO MOTOJHbBIX yCJA0BUH. BblaIM BblJe/eHbl
n30dopMbl TepoKCcHU /a3 € MOoJIeKyIsspHON Maccoit oT 70 Ao
60 k/la, oT/iMyaloIMecss MaKCUMaJbHbIM YPOBHEM HU3MeH-
YHUBOCTH - OT OJHOM 0 YyeThIpex u3opopm. K ByM Apyrum
rpynnaM OTHecJH HU30POpMbl C MOJIEKYJSIPHOH Maccoi
~130-100 k/la (1-3 usodopmel) u ~55k/la (1 usodpopma).
Hanb6osbias akTUBHOCTb pepMeHTa Oblja BbISIBJIEHA B Ca-
MBI KapKUH Mecsl] 3a HCCAe[0OBaHHBIA mHepuof (UioJib
2018r.) y coptoB ‘©opryHa’ u ‘Cowo3’, HO BJ1aGOPATOPHBIX
YCJIOBUSIX HaMMeHee BOCIPUUMYHUBBIM K BO3JeHCTBHIO
cTpeccoBoro pakTopa oKasascs TPUILIOUHbIHN copT ‘Coroz’.

KiloueBble cJI0Ba: 11J10/10Bast KYJIbTypa, epMeHThl aHTHU-
OKCUJJAaHTHOH CHCTEMBI 3aLUThl, yCTOMYUBOCTb, BBICOKO-
TeMIepaTypHbIH CTpecc.

Background. Various approaches are used for identifica-
tion of the most resistant fruit crop cultivars, including the
analysis of different physiological and biochemical indica-
tors. In Krasnodar Territory, Russia, one of the major stress-
ors in summer is the hydrothermal stress. Drought and heat
lead to an oxidative stress, as reactive oxygen species are
produced in plant cells. Plants respond to oxidative damage
by activating antioxidant enzymes, such as superoxide dis-
mutase, catalase, and various peroxidases. Peroxidase is
able to decompose hydrogen peroxide. Peroxidase activity
was calculated under natural summertime changes in the
hydrothermal pattern (control) and in simulated high-tem-
perature conditions.

Materials and methods. Three apple cultivars of Russian
breeding, ‘Fortuna’, ‘Soyuz’ and ‘Prikubanskoe’, and cv. ‘Li-
gol’ of Polish origin were studied. In the summers of 2018-
2019, their leaf samples were analyzed to assess peroxidase
activity and its isozyme composition under control and
stress conditions. Native electrophoresis in polyacrylamide
gel was used for separation of peroxidase isoforms. Malon-
dialdehyde content was measured to identify oxidative
stress levels in apple leaves.

Results. The tested indicators demonstrated a high degree
of heterogeneity induced by both cultivar specificity and
seasonal weather dynamics. Peroxidase isoforms with
amolecular weight of 70 to 60 kDa, characterized by the
maximum level of variability (1-4 isoforms), were isolated.
Two other groups included 1-3 isoforms with a molecular
weight of ~130-100 kDa, and one with a molecular weight of
~55 kDa. The highest enzyme activity was found in cvs. ‘For-
tuna’ and ‘Soyuz’ in July 2018, the hottest month during the
period of research. Under simulated conditions, the triploid
cultivar ‘Soyuz’ was least susceptible to the stress impact.

Key words: fruit crop, antioxidant enzyme, resistance,
high-temperature stress.
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BBeaeHue

A6nous (Malus domestica Borkh.) Ha TeppuTtopuu Kpac-
HOJIapCKOTO Kpasi HepeAKO HCIBbIThIBAeT TUJpOTepMUue-
CKUH CTpecc B TeyeHHUe JieTHero nepuoza. C Havana 1970-x
ro/I0B YHMCJIO KapKUX U 3aCyLIJIMBbIX AHEH B peruoHe BO3po-
cao 6osee yeM Ha 60%. B cBA3M c3TUM 0CcOo6Gyl0 aKTyaslb-
HOCTb NpeJCTaBJSAIT PaboThbl MO BBIABJIEHHIO Haubojee
YCTOWYUBBIX COPTOB K CTPECCOBBIM TeMIlepaTypaM KaK B MO-
JleJINPYeMbIX YCJI0BUSIX, TaK U B eCTeCTBEHHBIX. BaxkHO oTMe-
TUTb, YTO HCKYCCTBEHHOE BO3/leHCTBUE Ha pacTeHUe ompe-
JleJIeHHBbIM CTPeCCOpOM JiaeT BO3MOXXHOCTb OL€HUTb BJIUS-
HUe KOHKPEeTHOTO HeraTUBHOI'0 $paKTOpa, 4YTO B eCTeCTBEH-
HOU cpefie cAies1aTh OYeHb CJI0XKHO M3-3a COBMECTHOTO BO3-
JleMCTBUS 11eJIOTO CHeKTpa abHOTHYeCKUX U GHOTHYECKUX
cTpeccopoB Ha pacteHue (Yamada et al., 1996).

Bbicokue TeMIepaTyphl BO3/yXa, IpeBbIIIAOLIe Ce30H-
Hble ONTUMaJ/IbHble [I0Ka3aTeJ! [iJis KOHKPeTHOr'0 peruoHa,
HapylIalT HOPMaJbHbIN KJIETOYHBIA FOMEOCTAa3 PacTEHUH,
NPUBO/A K 3a/lep’KKe poCTa U pa3BUTHS, a B IKCTPeMaIbHBIX
cly4yasix — K UX rubesid. B Takux ycaoBusx cHUKaeTcs GOTo-
CUHTeTHYecKasi akTUBHOCTb, U3MEHSIeTCSl BOAHBIN pexum,
HapyllaeTcs 11eJIOCTHOCTb KJIeTOYHBIX MeMOpaH, CUHTe3U-
pYIOTCSl pa3/IMyHble 3alUTHbIe COeJMHEHHUS, a TaKKe HaKa-
IJIMBAIOTCSl aKTUBHble GopMbl kucaopoza (Mgller etal,
2007). lns nofgaBaeHUsl OKUCIUTETBHOIO CTPECca B KJIeTKax
pacTeHMH 3amyckaeTcsi CUHTe3 aHTHOKCUAAHTHbIX dpepMeH-
TOB, OJAHHMM M3 KOTOpPBIX siBJjsieTcs MNepokcuzgaza (POD)
(Blokhina et al., 2003). 3ToT dpepMeHT criocO6EH NPOSIBAITh
KaK MIepOKCHU/Ia3Hy10, TaK U OKCUa3HYI0 aKTUBHOCTb. B nep-
BOM CJIyyae B KauecTBe aKLeTopa 3J1eKTPOHOB BbICTYNaeT
NepOKCHUJ BOJOPOAA, BOCCTaHABJIUBAsACH A0 BoAbl. OkcuAaas-
Hble CBONCTBA NPOSIBJSAIOTCA B CIIOCOGHOCTH KaTaJM3UPO-
BaTh OKHCJIEHHE 1[eJIOT0 PsiJia COeJUHeHUH 3a CYeT MOJIeKy-
aspHoro kucjaopoga (Andreeva, 1988). [lepokcuiasa pasHo-
o6pa3Ha CBOMMH H30pOpMaMH, KOTOpble ONpeJEesioT ee
IIUPOKUH CIeKTp PpepMEeHTATUBHBIX peakluil U 06J1aJatoT
CPOACTBOM K Pa3/IMYHbIM Cy6CTpaTaM.

Cpesnu pacTeHHM HanboJiee MHOTOYHCIEHHOE CeMeHCTBO
NepoKCHAa3 OTHOCUTCS K TPeTbeMy KJlaccy cynepceMelicTBa
pacTUTeNbHBIX, 6aKTepHalbHbIX U TPUGHBIX IEPOKCUAA3, CO-
Jepalux o6UMi reM, o6pa3oBaHHbIM HpoTonopdupuU-
HoM IX u xkene3zom Fe(IIl) (Cosio, Dunand, 2009). [lepokcupa-
3bl TPeTbero KJjacca MNpOSIBJIAIOT HauboJiblliee CPOJCTBO
K GeHOJIbHBIM coeJuHeHUsAM. OHU 3a/lelicCTBOBAHbI B pa3Ho-
06pa3HbIX QU3MOJIOTHYECKUX Mpolleccax Ha MNPOTIKEHUU
BCel )KM3HU PAaCTUTEJbHOI'0 OpraHM3Ma.

Bo MHorux pa6oTax, MOCBSIIEeHHBbIX HCCAe[,0BaHUIO
CTPeccoycTOMYMBOCTH pacTeHUH, ypoBeHb aKTUBHOCTH Ile-
poKcuasbl ceMelcTBAa TpeTbero KJjacca B COBOKYNHOCTHU
c ApyruMu  $U3U0JI0ro-6MOXMMHUYECKUMHU  NlapaMeTpaMu
OblJ onpefiesieH Kak MapKepHbIH NnpusHak. Tak, npu usyde-
HUH BJIMSIHUS TUIIePTEePMHUUECKOro CTpecca B BereTaTHBHBIX
opraHax HILEHMIIbl UCCIe[0BaTeJsIMU ObIJIO YCTAaHOBJIEHO
yBeJINYeHle reTeporeHHOCTH M30pepMeHTHOTO coCcTaBa Ile-
pokcupassl (Krivobochek et al., 2015). AHTUBUpPYCHAast yCTOU-
YUBOCTb KapTodesisi CONpoBOXKAanach yBeJudeHneM aKTHB-
HOCTH NIePOKCH/Aa3bl, HO IPU 3TOM He HabJI10/ja/1oCh ee MoJle-
Ky/nsipHOU reTeporeHHocTH (Yanchevskaya etal, 2018).
B ycioBuax jgeduuuTa >kesesa BJIMCTbAX MOJCOJHEYHHKA
NpeuMylleCTBEHHO CHMXKaJlacb aKTHUBHOCTb U30QOpM Ile-
pOKcH/a3bl, BOBJIEYEHHBIX B Ipolecc AeTokcukauuu (Rani-
erietal, 2001). PocT ypoBHS1 aKTUBHOCTU EPOKCH/1A3bI ObLI
OTMeYeH B JINCTbSAX MOJIOABIX pacTeHHWH Tabaka B OTBET Ha
NOBbILIEHUE UHTEHCUBHOCTHU ocBellleHus (Racz et al., 2018).
CoryiacHoO pe3ysibTaTaM U3y4eHHsI FeTeporeHHOCTH u30popM

NepOKCH/a3bl B BereTaTUBHBIX OpraHax aiiBbl AMOHCKON pHU
BO3/IeHICTBUM THAPOTEPMUYECKOTO CTpecca, 6bLI0 BhIsABIIE-
HO, YTO M3MeHeHHe cocTaBa U30dpopM depMeHTa CBS3aHO
C NOBBIIIEHHEM MJIM CHUXKEHHEM ero akTUBHOCTH B TedeHue
BereTanuoHHoro nepuoga (Prisedsky et al.,, 2017).

B oTHOLIEHUY s6/10HU 6bLIM POBE/EHbI HCCIeL0BaAHUSA
10 U3y4YeHUI0 aKTUBHOCTH PpepMeHTa B COBOKYITHOCTH C Apy-
TMMU NTapaMeTpaMM CUCTEMBI 3alllUThl pacTeHHUsI IPU peak-
LMY Ha U3MeHeHHe TeMIIepaTypHOIro U BOJHOTO PEXHUMOB
(Ma etal.,, 2008; Jia etal, 2019; Gao etal.,, 2020; Zhu etal,
2020), Bo3geiictBue maTtoreHoB (Araujo, Stadnik, 2013),
aTakXe Ha 3acojieHHe U XxuMudeckui ctpecc (Wei etal,
2018). ABTOpBI OTMeYasIu NMOBbIIIEHHE AKTUBHOCTH aHTHOK-
CUAAHTBIX PepMeHTOB, TaKUX Kak KaTasasbl (CAT), cynepok-
cupaucmyTasbl (SOD) v ackop6aT-nepokcuaassl (APX), coB-
MeCTHO CyBeJIMYeHHeM aKTHUBHOCTH Nepokcuzjasel (POD)
B CTPECCOBBIX YCIOBUSX.

B oTeuecTBeHHbIX paboTax NpUBeJeHbl pPe3ybTaThl U3-
y4eHUs1 U30pepMEeHTHOI0 COCTaBa NEePOKCUAA3bI B JIUCTHAX,
Kope U no6erax y pasHblX COPTOB sI6JIOHH B OTCYTCTBUE He-
raTUBHBIX GaKTOPOB CpeAbl U MPU UHPUIMPOBAHUU NIATOTe-
HoM (Golyshkina, 2007; Rachenko etal., 2014). Ucxogsa us
M0JIyYeHHBIX pe3y/lbTaTOB, aBTOPHI Npe/JIaralT UCIO0JIb30-
BaThb NOJUMOPPHU3M IepOKCH/A3 B KaueCTBe COPTOCHEeLHU-
¢$uyHOrO NpU3HaKa.

B xoze HacTosLero nccaef0BaHus ObLIM U3y4YeHbl COPTa
s6JI0HH, pacnpocTpaHeHHble Ha TeppuTopuu KpacHopap-
CKOTO Kpas, [IJIs KOTOPbIX BIlepBble OblJI NpoBeJieH n3odep-
MEeHTHBIN aHa/IM3 MepoKCHJa3 JIUCTA B YCIOBUAX UCKYCCT-
BEHHOTO0 BBICOKOTEMIIepaTypHOT0 CTpecca U B MOJIEBBIX
YCJIOBUAX Ha TEPPUTOPHUHU arpolieHo3a B TeyeHUe JIeTHero
nepuoja. lleab paboms! 3akiroyasach B OLleHKe COPTOBOM
cneqUPUIHOCTH K CTPECCOBOMY PaKTOPY — BBICOKHUM TeMIIe-
paTypaM Bo3Jyxa — 10 TIoKa3aTeJsIM IepOKCUAa3HON aKTHB-
HOCTH B JIUCThAX s16JIOHU U BapHabeIbHOCTH ee U30pOpM.

MaTepnanbl U METOoAbI

06 beKTaMU UCCIe0BAHUHN CAYKUIU copTa s16j10HU Jlu-
rout, ‘Tlpuky6anckoe’ 2009 roja nocajku Ha noaBoe CK4 mpu
cxeMe nocajku 0,9 x 4,5 m u ‘©opryHa), ‘Coro3’ 2000 r. mocag-
KU Ha nogsoe M9 npu cxeme nocagku 2,0 x 5,0 M. Cpeau uc-
CJ1eJOBAaHHBIX COPTOB JIUroJI’ UMeeT MOJIbCKOE MTPOUCKOXKIE-
HUe, OCTa/IbHble BbIBe/IeHbl OTeYeCTBEHHBIMU CeJIeKIIMOHe-
pamu (Ulyanovskaya, 2020).

C6op MaTepuasa npoBoAuau Ha 6a3ze 3A0 OIIX «lleH-
TpasibHoe» T. KpacHogap (45.15893°N; 38.93253°E) B sieT-
Hui nepuoj 2018, 2019 r. C ofHOJIETHUX MOGETOB, YUCJIO
MeX/10y3JIUHM KOTOPBIX B CpefiHeM BapbrpoBasio oT 10 10 12,
0TOGUpa/Nu MO 5-6 JUCTbEB, HAYMHASA C 3-5 MEXA0y3/1usl OT
OCHOBaHUS no6era. JIUCTbA NOMellaIN B X0J0AU/IbHBIE TIe-
pPEHOCKH U HeMeJlJIeHHO JOCTaBJsIM BJIAabopaTopHio AJs
JaJibHeHIIero u3y4yeHust.

[Toroanble cBefeHUs (CpeAHss TeMIlepaTypa BO3/yxa,
OTHOCHTeJIbHAsl BJAXXHOCTb, CyMMa 0Ca/IKOB) GbLIN B3SITHI 32
nepuo/ 1toJb - aBryct 2018 u 2019 r. c meteoctanuuu Kpac-
Hozap (Kpyriuk, Ne 34927).

HckyccTBEHHBIM BBICOKOTEMIIEPATYPHBIA CTPECC MPOBO-
JIAJIU B JIaG0OPaTOPHBIX YCI0BHUSAX, IOMellas JIUCTbsS B TEPMO-
crat Ha 60 muH npu 55°C. [laHHbIe YC/I0BUS 3KCIIEpUMEHTA
OBbLIU MOA0GPAHBI C Y4€TOM HECKOJIBKUX PaboT 10 U3YYEHHUIO
YCTOWYMBOCTU PACTEHUN K BBICOKMM TeMIlepaTypaMm, B KOTO-
PBIX B Ka4ecTBe CTPeccoBOro pakTopa MCH0JIb30BaIU HarpeB
Taphbl ¢ MUCTbAMU OT 40 no0 60°C B TeyeHue 40-120 muH (Ya-
mada et al., 1996; Liu et al., 2011). [I[puMeHeHHE JHUCTHEB B 3K-
CllepUMeHTa/IbHbBIX YCJIOBUAX TaKXe GblJIO OCHOBAHO Ha He-
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JIaBHUX MCCeJOBAaHUAX [0 PA3BUTHUIO OKHUCIUTESbHOTO
CTpecca BJIMCTbSX 16JI0HU 0J], BO3/IeHCTBHEM HeceseKTUB-
HOro rep6unuja - metunBuosoredHa (Wei etal, 2018; Mei
etal,, 2020). UcceoBaTesiu 0TOMPA/IU C B3pOC/IbIX pacTeHUH
OT/ieJIbHbIE JIUCThS U B TeYeHUe ABYX CyTOK Mocsle 06paboTKH
JINCTbEB NpenapaToM u3ydaau (U3U0JIOr0-GMOXUMHUYECKHe
napaMeTpbl - YPOBeHb NepeKUCH, coJiep>kaHue MaOHOBOIO
muanpgeruga (MDA), aktuHocTb SOD, CAT, POD u APX.

B kauecTBe KOHTPOJIA B HacTosI1el paboTe UCI0/b30Ba-
JIM JINCTbs1 6e3 Mmporpesa, NpUHUMas BO BHUMaHUe, YTO HUX
aHa/JIM3UpyeMble NapaMeTpbl COOTBETCTBOBAJM IIOKasaTe-
JISIM pAacTeHUH B eCTeCTBEHHBIX YCIOBUSX.

J1a noJsiydyeHUs1 6eJIKOBOI'O 3KCTpaKTa JIUCTbsl 16JI0HU
M3MeJibuaid B KUAKOM a3oTe. KosnuecTBo Gesika B Mpob6ax
onpezesiiv no Mmetoay M. Bradford (1976). AKTUBHOCTB Iie-
pOKCcH/a3bl U3MePSIJIU B JIMCThAX IPU OTCYTCTBUM BUJHUMBIX
NOpaXKeHUH, UCIO0JIb3ysT KOJIOPUMeTPUYEeCKUH MeTo/[], OCHO-
BaHHBIM Ha oONpeJieleHUU CKOPOCTHU PeaKLHUH OKHUCJIeHUS
6eH3uAMHA 1o MeToAMnKe A. M. BosspkiHa ¢ HEKOTOPBIMU MO-
muoukanusamu (Ermakov, 1987). dKcTpaKThl, cofepKaliue
10-15 MKr 6eJika, pa3fiesisiid HaTUBHBIM 3JIeKTpopope3oM
B 12-npoleHTHOM NOJIMaKPUJIaMU/IHOM TeJle Ha BepTHKaJIb-
HO pacloJIOXKeHHBIX MJIACTUHAX € MOCJe/yI0LIUM OKpall1Ba-
HUeM GeH3W/JMHOM U JJo6aBJeHHeM IepoKCHJa BOAOpoJa
(Radyukina et al., 2012). B kayecTBe 6eJIKOBOT0 MapKepa HUcC-
nosb30oBanii Thermo Scientific PageRuler Plus Prestained
Protein Ladder (Thermo Scientific, USA).

CTeneHb NMOBpeX/eHHUsI KJIETOUHbIX MeMOpaH BCJIeJCT-
BHe Pa3BUTHS OKHUC/IUTENbHOTO CTpecca OleHUBaJIM 10 Ha-
KomieHuo M/IA, KOTOpPBIN SIBIsIETCS OJHUM M3 KOHEYHBIX
HNPOAYKTOB OKHUCJEHHUS TOJIMHEeHAChIeHHbIX )KUPHBIX KHC-
not (Mgller etal, 2007). Coxepxxanue M/IA omnpezesnsiu
crneKTpo$oTOMeTpUYECKUM MeTO/,0M C 06pa3oBaHHEM OKpa-
LIEHHbIX KOMILJIEKCOB € THO6ap6UTYypoBOH KucaoTou (Heath,
Packer, 1968).

Pa6oTa BblmoJiHEHAa Ha NPUGOPHOM obecneyeHUU LleH-
Tpa KOJIJIEKTUBHOTO M0JIb30BaHUSA TE€XHOJIOTMYHBIM 060py-
JIOBaHMEM [0 HalpaBJIeHUsM: FeHOMHble Y IOCTTeHOMHbIe
TEXHOJIOTUH; (QU3UO0JIOr0-6UOXUMHUYECKUE W MHUKPOGHOJIO-
ruyecKue HCC/leloBaHUs; IOYBEHHbIE, arpoxuMHUYecKue
Y 3KOTOKCUKOJIOTMYecKre HCccleJoBaHus; ulleBas 6e3oma-
CHOCTb.

1 MHTepnpeTalyy NOJy4YeHHbIX JaHHbIX UCI0JIb30Ba-
JIM MeTOAbl ONHUCaTeJbHOW CTAaTUCTUKU. HccnenoBaHus
OblIM POBeJleHbl B 2-KpaTHOW NOBTOPHOCTH. Pe3y/nbTaThbl
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npeJcTaBjeHbl B BUJie CPeIHUX U UX OLIUGOK. [l BhIsABIIe-
HUA CTATUCTUYECKH 3HAYMMBIX DPa3/IMYMM MCNOJIb30BaIU
CpaBHUTeJbHbIA TecT Thloku ¢ ypoBHeM 3HauumocTtu 0,05,
MpUMeHsIsI IporpaMMHoe obecrieyeHue Statistica 13.3.

Pe3ynbTaThl

Bb1/10 ycTaHOBJIEHO, UTO B JieTHUE Mecsalbl 2018 r. noroj-
Hble YCJI0BUSA OTJIMYa/INCh 60Jlee BLICOKOM cpe/iHel TeMnepa-
TypoH Bo3jyxa M 6oJiee HU3KHMHU IOKa3aTeJsIMU OTHOCH-
TeJIbHOM BJIQXKHOCTH U CyMMBbI 0Ca/IKOB 10 CPAaBHEHMUIO C aH-
HbiMU 2019 1. (puc. 1). Ha MeHee GyiaronpusiTHbIe TUPOTEP-
Mudyeckue ycnoBusi 20181 wucciaegyemble copta ‘Coros’
u ‘DopTyHa’ oTpearupoBasiu ¢ 60/blLIER HHTEHCUBHOCTDBIO 32
CUYeT MOBbIIIEHUsI aKTUBHOCTH Nepokcuaassel (3,8-4,9 y.e. mr!
6esika) Mo cpaBHeHUIO ¢ copTamu Jluron’ u ‘[Ipuxkybanckoe’
(puc. 2). B 2019 r. BbICOKUM ypOBEHb aKTUBHOCTU pepMeHTa
ObLJ OTMEYEH TOJIbKO y copTa ‘DoptyHa’ (2,7-3,1 y.e. Mr! 6es-
ka). CopTa s16;10HU Jluron’ u ‘llpuky6aHcKoe’ B UCC/IeI0BaH-
Hbli nepuof 2018 u 2019 1. He MMeJIM Pe3KO BbIPAXKEHHbBIX
M3MeHeHUHM B aKTUBHOCTH NepPOKCUAA3bl, 32 UCKJIIOYeHHEeM
MaKCMMaJIbHOTO nHKa coprta Jluron’ 3a wuwoiap 2019
(2,6 ye.mr! Geska). HMcKyccTBEHHBIM BBICOKOTEMIEPATYp-
HBIH CTpecc Cnoco6CcTBOBAJ POCTY aKTHUBHOCTH NePOKCUAA3bI
B 1,5 pasa Tosibko y copToB ‘Coto3’ u Jluros’ B aBrycte 2019 1.
(cM. puc. 2) ¥ HE3HAYUTEJNBHOMY YBEJIUYEHHUIO JAHHOTO MIOKa-
3arens y copta ‘Tlpuky6aHckoe’ B utosie 2018 r. Copt ‘Coro3’
MpOosIBUJI cebsl KaKk HauboJiee YCTOMYMBBIN COPT K BO3/EHUCT-
BUIO BBICOKUX TEMIEPATYP B SKCIIepUMeHTaIbHbIX YCI0BUSAX.
s copta ‘DopTyHa’ 6BLIO YCTAHOBJIEHO, YTO CTPECC MOAAB-
JISlJ1 aKTUBHOCTb IEepPOKCUAA3bl B UCC/Ie[0BAaHHBIM INeproj
B 1,5-1,8 pas, 4To 6bLJI0O OTMeYeHO Uy copTa Jlurosa’ B aBry-
cte 2018 . u utosie 2019 r. Copt ‘Tlpuky6aHCcKoe' oTanyasIcs
OTHOCHTEJIbHOW OIHOPOJHOCTBIO NI0Ka3aTesel, MoJy4yeHHbIX
KaK B CTPECCOBBIX, TAaK U B KOHTPOJIbHBIX YCJIOBUSX HA POTSI-
»KEHUU BCero nepuoja Uuccae0BaHNus. AKTUBHOCTb TePOKCH-
Jla3bl 3TOTO COPTa He mpeBbImaia 1,5 y.e. Mmr Geska.

[lo pesynpraTaM 3/1eKTpodOpEeTUUECKOr0 pasjeseHUs
MepoKCH/a3 B MOJHAKPUJIAMU/HOM Tejie ObLJIO BbljeJ€HO
HEeCKOJIbKO rpyni u3opopM. K nepBoii rpynmne oTHocATcA ne-
pOKCHAA3bl, Macca KOTOPbIX BapbUpyeT B Ipefenax 130-
100 k/la, BTOpas rpymmna BkJaw4YaeT u3odpopmMbl Maccoii ot 70
1o 60 k/la. TpeTblo rpymny cocTaBJsOT NEPOKCUJA3bI Mac-
coil ~55 k/la, npeAcTaB/eHHbIE TOJbKO OAHON H30dpopMoit
(puc. 3). [lepBas U TpeThbs IPyNIbl OGHAPYKEHBI Y BCEX HC-
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Fig. 1. Weather conditions in the summer months of 2018-2019 (Kruglik, Krasnodar)
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POD activity, unit/mg protein

aBTyCT aBrycT

2018 2019

Baoopryna Ocows BEiuron  EAnpuky6anckoe

Puc. 2. AKTUBHOCTB nlepoKcuassl (POD) B TUCTbAX COPTOB s16/1I0HU B KOHTPOJIBHBIX YCI0BUAX (K)
M IIPpU BO3/eliCTBUHU BBICOKOTEMIIEpAaTypHOTro cTpecca (t).
JloctoBepHble paznnyus (p < 0.05) oTMedeHbl CTPOYHBIMU 6YKBAMU

Fig. 2. Peroxidase (POD) activity in leaves of apple cultivars under control (k)
and high-temperature stress (t) conditions.
Significant differences (p < 0.05) are marked with lowercase letters

C

Puc. 3. ds1eKTpodopeTHdecKHue IH3UMOTPaMMbl H30pOPM NEPOKCHAA3 B IUCThAX COPTOB AGJI0HU
B KOHTPOJIbHBIX yca0BUAX (K) 4 Ipu Bo3eliCTBUM BBICOKOTEMIIEPATypPHOro cTpecca (t):
a-wutonb 20181, b - nronib 2019 1, ¢ - aBryct 2018 1; 1 - PoptyHa, 2 - Coto3, 3 - Jlurou,

4 - llpuxy6aHckoe; M - 6eIKOBBIN MapKep

Fig. 3. Electrophoretic enzymography of peroxidase isoforms in leaves of apple cultivars under control (k)
and high-temperature stress (t) conditions:
a-July 2018, b - July 2019, ¢ - August 2018; 1 - Fortuna, 2 - Soyuz, 3 - Ligol, 4 - Prikubanskoe; M - protein marker
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CJle/JOBaHHBIX COPTOB, @ BTOpasi rpyIna BKJIYAET HECKOJIb-
KO M30(OPM, YUCJIO KOTOPBIX U3MEHSIETCSI B 3aBUCUMOCTH OT
COpTa U BJIMSHUSA CTpeccoBoro axkropa.

B urosie 2018 r. y copTa ‘Coto3’ 66111 06HAPYKEHBI YEThI-
pe u30$OpMbI, OTHOCSILENCS KO BTOPOU IpyIIe epoKCHas,
JIBe U3 KOTOPBIX OblJIM G0Jiee MHTEHCUBHO OKpalleHbl, C MO-
JNekynspHoi Maccor ~70-65 k/la, a ABe fpyrue - c1abookpa-
LIEHHblE, C MOJIEKYJSIPHOU Maccod MeHblue 65 k/la (cm.
puc. 3,a). s copta ‘PopTyHa XapaKTEPHO HaJUYHUE TPeX
n30$opM BTOPOU rpynisl, AJis copTa ‘TIpuky6aHckoe’ — AByX.

0,35 1
0,3 -
0,25 1
0,2
0,15

0,1

MDA, mM/g FW

0,05
0

HUIOJIb aBIr'yCT

2018

[ | ®opTyHa Ocorwos

B uron

MeuyeHa u3odopma c MoJsiekyasipHor Maccoit 60 k/la. Kpome
TOTr0, BBICOKOTEMIIepAaTyPHbIN CTpecc Coco6CTBOBA yBe-
JIMYEeHUI0 4HKcaa M30popM IepBOM TIpynnbl IepoKcHaa3s
y coptoB Jluron’ u ‘lipuky6aHckoe’ - 10 TpexX C MOJEKYSAP-
HoM mMaccout ~130-100 k/la.

JlanHble no cofepxaHuio M/IA B IMCTbsIX 1I6JI0HU B HUC-
cJ1e/JOBaHHBIN JIETHUH Nepuo/| MO3BOJISIOT OLleHUTh UHTEH-
CUBHOCTb Pa3BUTHs OKUCJUTEJIBHOIO CTpecca B TKaHAX pa-
CTeHUH NoJ| BJAUSHUEM MOTOAHBIX YCI0BUH, B3AThIX B Kaye-
CTBe KOHTPOJIS, U IPU MCKYCCTBEHHOM IporpeBe (puc.4).

RRRRRRRNR
]

k
aBrycT

2019

l'[pHKy6aHCKOe

Puc. 4. CogepxaHue Maj0oHOBOro Juanbaernja (MDA) B TUCTbAX COPTOB 16/I0HN B KOHTPOJIbHBIX yca0BUAX (K)
U NIPU BO3/eiiCTBUM BBICOKOTEMIIEpaTypHOro cTpecca (t).
JoctoBepHsie pa3nnuus (p < 0.05) oTMeyeHbI CTPOUYHBIMU GYKBaMHU

Fig. 4. Malondialdehyde (MDA) content in leaves of apple cultivars under control (k)
and high-temperature stress (t) conditions.
Significant differences (p < 0.05) are marked with lowercase letters

Copt Jluron’ B KOHTPOJIbHBIX YCJIOBUSX UMeJl OHY U30$OPp-
My IMepoKCU/a3bl C MOJIEKy/NsipHOW Maccoll ~65 k/la u BTO-
pYI0 C MEHbIIMM YPOBHEM aKTUBHOCTH, MOJIEKYJIIpHas Mac-
ca KoTopo# 6bL1a HUXKe 65 k/la. [Ipu cTpeccoBoM Bo3JelcT-
BMM aKTUBHOCTD NTOCJIe/IHeH BO3pOCIIa, a NepBOM CHU3UIACh.

B ntosie 2019 1. fs1a Bcex HUccyieJOBaHHBIX COPTOB U3Me-
HUJIOCh YMCJIO U30)OPM BTOPOH IPYMNIbl NEPOKCH/a3 OTHO-
CUTEJIbHO JaHHbIX 3a UtoJib 2018 1. (cM. puc. 3, b). Tak, y cop-
ToB ‘Cot03’ ¥ Jluros’ 6bLIU BblJleJIeHb] TOJBKO M0 OJHOM U30-
dopMe KaK B KOHTPOJIbHBIX YCJIOBUSX, TaK U IPU BO3/eHUCT-
BHH BbICOKUX TeMmnepaTyp. CopT ‘PopTyHa’ B KOHTpOJIE UME
JBe u30popMbl BTOPOM TpyIIbl NepOKCHAA3, IPHU BBICOKO-
TeMIepaTypHOM cTpecce - ofHy. Y copTta ‘[Ipuky6aHckoe’
10/J| BJIUSTHUEM CTpeccoBOro ¢pakTopa 6bLI0 OTMEYEHO yBe-
JIM4eHHe yucjaa u30popM BTOPOH IPYNINbI C OAHOH [0 ABYX
Y yCHUJIeHHe UX aKTUBHOCTH.

Jns aBrycta 2018 r. 6b1710 XapaKTEPHO YBeJUYEHUE aAK-
TUBHOCTH HU30OPM MEPOKCHJAA3 B CTPECCOBBIX YCJOBUAX
CpeiM BCexX UCCJIe[JOBAaHHBIX COPTOB (cM. puc. 3, c). [Ipuyem
4yuca0 U30popM BTOPOHM IpyNIbl NEPOKCHAA3 B KOHTPOJIb-
HBIX YCJIOBUSAX OCTaJIOCh HEU3MEHHbIM OTHOCUTEIbHO UI0JIS
2018 r. u coctaBuio asns copta ‘@PoptyHa’ Tpu HU30pOpMBI,
nnasi coproB Jluron’ u ‘TlpukyGaHckoe’ - aBe. BapuabGesb-
HOCTb 4HuCJa M30HOpM BTOPOH Ipynnbl Oblla OTMeYeHa
y copTa ‘Coto3’. B KOHTPOJIBHBIX YCI0BUAX Y JAHHOTO COPTa
6bL1M ZiBe N30POPMbI C MOJIEKYJISIPHOM Maccoi B iuana3oHe
ot 70 no 65 k/la. [Ipu moBbIlLIeHUH TeMIepaTyphl Gblaa OT-

Bbl10 BBISIBJIEHO, YTO B CpeJiHeM nokasaTesin M/IA Bo3pacTa-
U c uroJig o aBryct 2018 r. ¥, HANPOTUB, HE3HAYUTEJIBHO
CHIDKaJIUCh € HioJid 1o aBrycT 2019 r. MakcuMabHbIA MUK
B KOHTPOJIbHBIX YCJI0BUSX MO cofiepkaHuio M/IA B IUCTbSIX
s16JI0HM yCTaHOBJIeH A aBrycta 2018 r. u coctaBua 0,21-
0,29 MMoub ! cbIpo# Macchl.

[Ipy BO3JeHCTBUU BbICOKOTEMIIEPATYPHOTO CTpecca
Haubospwiuil poct M/IA na6awganu B uwje 2019 . guasa
BCEX UCCJIeJJOBAaHHbBIX COPTOB. B ocTaNbHBIX CaAyyasxX yBe-
JIMYeHHue JJaHHOT0 MT0Ka3aTeJisi OTMe4YeHO He ObLJIO.

06cyxaeHne pe3y1bTaTOB

Hawmu faHHble 0 mosuMopdusMe u3opopM NepoKcHias
TPEeTbero Kjacca COracylTcsl C JaHHbIMU JIPYTUX UCCJIe/0-
BaTeJsied, U3y4yaBIIUX KaK JUKHE BU/bl, TaK U KYJbTYpHbIE
copTta ¥ rubpuApl 161014 (Manganaris, Alston, 1992; Barnes,
1993; Petrokas, Stanys, 2008; Rachenko et al, 2014). [Ipuuem
HauboJiblllee pa3HO06pa3ue CBOMCTBEHHO JJis NEPOKCH/IA3
¢ MoJieKyJIsspHOU Maccodt ot 70 o 65 k/la, KOTOpPbIX MbI
onpeJieJIUIU B OTAe/bHY0 rpyniny. Ee, no-BUAUMOMY, MOXKHO
COOTHECTH ¢ rpynnamu nepokcugas Il u lll, BeigesieHHbIMU
QHIJIMUCKUMU HCCIe/loBaTeNsIMU Ha TUOPUJHBIX ¢dopMax
5161004 (Manganaris, Alston, 1992). [l HUX, Kak OTMeYyalT
aBTOpPbI, CBOMCTBEHHA HAaU60JIblIast BApUabelbHOCTb.

[lonyyeHHble pe3yabTaThl XapaKTEPU3YIOTCA 3HAYU-
TeJIbHOM COPTOBOM HEOAHOPOAHOCTHI U JJUHAMUYECKUMU
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M3MeHeHUsIMHU B TeueHHe JIeTHero nepuoja. M3-3a 6oJiee 3a-
CYLJIMBBIX U KapKUX yCJOBUH B Utojie — aBrycte 2018 r. uc-
cJefloBaHHble copTa 06Jsafialu GoJiee BBICOKHM YpPOBHEM
aKTUBHOCTH pepMeHTa U CofiepkaHeM MaJIOHOBOTO JUa/lb-
Jlernjia 1 60J1b1IUM YU CI0M H30popM NepoKcuas Npu cpas-
HeHUU ¢ AaHHBIMU 2019 1. 3acyx0oyCcTOHYHMBBIE JIETHUE COPTA
‘©opTtyHa’ 1 ‘Coro3’ UMeJU MOBBIIIEHHbIE TOKA3aTe/ Il aKTUB-
HocTu pepMeHTa U Habopa ero uzodpopm. [Ipu Bo3aecTBUK
3KCTpeMaJsIbHO BbICOKHX TeMIlepaTyp HabJII0/a0Ch CHUXKe-
HUe aKTUBHOCTH MEPOKCHAa3bl ¥ copTa ‘PopTyHa), a B HEKO-
TOPBIX CJIy4YasiX U YMeHbllIeHHe Yyrc/a ee U30popM, TOTAA Kak
y copTa ‘Coro3’ cTpecc 3HaUUTENbHO HE MOJABJAI IEPOKCH-
Jla3Hble CBOMCTBA pepMeHTa, UTO, BOSMOXKHO, CBSI3aHO C TPU-
IJIOUJHOCTBIO JAaHHOTO COPTAa, YCUJIUBAMOLIel ero ycToluu-
BOCTb OTHOCHTE/JIbHO BHEIIHUX He6JIaronpUsATHBIX PaKTo-
poB (Zhang etal., 2015). CopTa 3MMHEro cpoka Co3peBaHUs
Jluron’ u ‘llpuky6aHCcKoe’ XapaKTepU3yHTCs MEHbIIUM pas-
HoOGpasueM n30dpopM MepoKCcu/ias U c1aboi akTUBHOCTHIO,
HO B 3KCIIepMMEeHTa/bHbIX YCJ0BUAX copT ‘[Ipuky6aHckoe’
NpOsIBUJI 6OJIBILYI0 OAZHOPOJHOCTD [TOKa3aTeseH.

3ak/iloueHue

AKTHUBHOCTb NEPOKCU/Ia3bl U TeTEPOTEHHOCTD ee U30-
$OpPM B JTUCTHSAX I6JIOHU SBJSIOTCS AUHAMUYECKUMHU Napa-
MeTpaMHu, 3aBUCAIUMHU OT COPTOBOU crielluPUKH, Tepruoa
BEreTallMOHHOTO POCTA W PAa3BUTHS, A TAKXKE OT CTENEHHU
BJIMSIHUS CTpeccoBoro pakTopa. [los1yyeHHbIe JaHHbIE 110~
3BOJIMJIU BbI/I€JINTh HAUMEHEe BOCIPUHUMYHUBBIA TPUILIO-
uaHbIN copT ‘Coro3’ v HauboJIee MO BEPKEHHBIE BJIUSIHUIO
BBICOKOTEMIepaTypHOro ctpecca copta Jluroa’ u ‘@opry-
Ha'. /l1s mepBOro M3 HUX, copTa Jluros’, xapaKTepHbl HU3-
KHe 3HaYeHU s UCCIIeJ0BAaHHBIX [I0Ka3aTesel U ciaboe 1o-
BbllIEHHE aKTUBHOCTHU IIPU CTPeECCE, JJisi BTOPOIo — BbICO-
KHe [0Ka3aTeJd aKTUBHOCTH U YucJa U30pOpPM U UX CHU-
)KEHHeE B CTPECCOBBIX YCIO0BUSIX.

[Tosiy4eHHbIe pe3yJIbTaThl JOMOJHSIOT aHHbIE 0JIEBbIX
HaOJIIOJIeHUH, a TaKXKe MOTYT CIYXUTb MapKEPHbIMH INpHU-
3HaKaMM B IaJIbHEHIIUX HCCIeJ0OBAHUAX, [103BOJIsAS GoJiee
JleTaJIbHO HCCJIe[J0BaTh YCTOHMYMBOCTb COPTOB K ONpeje-
JIEHHBIM CTPECCOBBIM (paKTOpaM.

Paboma evinoanHena e pamkax locydapcmeeHHOU npo-
epammul Ne 0689-2019-0003 MuHucmepcmea HayKu u gblcule-
20 06pazosaHusi PP.
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Background. Studying essential oils in conifers is of great
scientific and practical interest due to their high bacteri-
cidal properties. Their volatiles play an important role in
combating pathogenic microflora and removing harmful
microorganisms from the air, thus benefiting human health.
Conifers are highly effective as part of parklands and urban
landscaping.

Materials and methods. Pinus radiata D. Don, P. sabiniana
Douglas and P. coulteri D. Don grown on the Southern Coast
of Crimea were studied. Essential oil was extracted from
pine needles by hydrodistillation on Ginsberg devices, and
its component composition was analyzed using gas-liquid
chromatography on a 6890N system with a 5973N mass se-
lective detector.

Results. Among the studied species, P. radiata manifested
high essential oil content in needles: 0.15% on the wet
weight basis (0.36%, dry weight). Under the conditions of
the southern coast of Crimea, the major essential oil compo-
nents in P. radiata were [-pinene (29.5% of the total essen-
tial oil), a-pinene (21.2%) and limonene (12.4%); in P. sabini-
ana, phenylethyl butyrate (20.5%), limonene (15.2%) and
a-pinene (13.7%); in P. coulteri, f-pinene (11.6%), 5-cadinene
(11.0%) and a-pinene (10.6%). In the essential oil of P. radi-
ata monoterpenes dominated (74.9%); in P.sabiniana,
monoterpenes (38.7%) and their derivatives - alcohols
(25.3%) and esters (20.5%); in P. coulteri, sesquiterpenes
(38.2%) and monoterpenes (28.8%).

Conclusion. The essential oils of P. radiata and P. sabiniana
under different climate conditions contained mostly mono-
terpenes (fB-pinene in P. radiata, and a-pinene in P. sabini-
ana) and their derivatives. The component composition of
P. coulteri essential oil was the most variable, with a general
tendency towards the predominance of sesquiterpenes and
diterpenes; the ratio between those groups and the qualita-
tive composition of sesquiterpenes both varied.

Key words: conifers, introduction, hydrodistillation, gas-
liquid chromatography.

AKTyanbHOCTB. M3ydyeHue sdupHbIX Maces XBOMHBIX pa-
CTeHUH mnpencTaB/isieT GOJIbIION HAy4YHO-MPAKTUYECKUH
HWHTepecC, MOCKOJIbKY OHU 06J/1a/lal0T BBICOKUMHU GaKTepu-
LUAHBIMYU CBOMCTBAMHU, UTPAIOT BaXKHY0 POJIb B aKTUBHOM
BO3/lelICTBUM JIeTy4YUX BbIJeJIeHUH Ha NMaTOreHHYI MHU-
KpodJIopy U OUMILEHUH BO3AyXa OT 60JIe3HETBOPHbIX MU-
KpOOpPraHMW3MOB, OXpaHe 3/J0pOBbs YesloBeKa, BbICOKOU 3¢-
GEeKTUBHOCTU XBOWHBIX HacakJjeHUH B GopMHUpPOBaHUU
NapKOBBIX COOOIECTB U 03eJleHeHU U FTOPOL0B.
MaTepuaabl U MeTOABI. /l/1s1 HcCle0BaHUSA UCI0JIb30Ba-
JIU ipeBecHble pacteHus Pinus radiata D. Don, P. sabiniana
Douglas u P. coulteri D. Don, kyabTuBUpyeMble Ha H)xHOM
6epery Kpbsima (HOBK). d¢upHoe Macsio U3 XBOU U3BJIEKAIHU
MeTOZ0M THUAPOAUCTUJNALMU Ha annaparax ['MH36epra,
KOMIIOHEHTHBIH cocTaB 3QUPHOro MacJ/ia uccjefoBalu Me-
TOJOM Ta30KUJKOCTHOM XpoMaTorpaduu C HUCNOJb30Ba-
HueM npu6opa 6890N (Agilent Technologies, CIIIA) u macc-
crnekTpoMeTpudyeckoro gertektopa 5973N (Agilent Tech-
nologies, CLIA).

PesyabtaThl. Cpeu u3y4yeHHbIX BUJOB P. radiata xapak-
Tepu30BaJjlaCb BBICOKUM coJiep>KaHHeM 3QHUPHOro MacJa
B xBoe - 0,15% ot ceipoii macchl (0,36% Ha aGCOJIIOTHO Cy-
xo# Bec). BycnoBusix IOBK oCHOBHBIMM KOMIOHEHTaMH
adupHoro Mmacina P.radiata 6blu [3-nuHEeH (CyJeJbHbIM
comepxkanueM 29,5%), o-nuHeH (21,2%) u JNUMOHeH
(12,4%); P.sabiniana - ¢enunatunéytupar (20,5%), nu-
moHeH (15,2%) u a-nuHen (13,7%); P. coulteri - B-nuHeH
(11,6%), 6-xaguneH (11,0%) u a-nuHeH (10,6%). B adup-
HoM MacJie P. radiata npeo6Jiajjaiu MOHOTepHeHsI (74,9%);
y P. sabiniana - moHoTepneHb! (38,7%) U UX NPOU3BOHbIE
(ciupThl 25,3%) u caoxHble 3dupsbl (20,5%); y P. coulteri -
ceckBUTepneHs! (38,2%) u moHoTepneHs! (28,8%).
3akaw4eHue. P.radiata u P. sabiniana, npouspacTaroujie
B Pa3HbIX KJMMaTUYeCKHUX YCJOBUAX, COAEPkAT B OCHOB-
HOM MoHoTepneHbl (P.radiata - P-nuHeH, P.sabiniana -
o-MUHEH) W UX MpousBojAHble. KOMNOHEHTHBIH cocCTaB
adupHoro macsa P.coulteri xapaKTepU3yHTCs Haub0Jib-
el U3MEHYHUBOCTbIO: IPU 0OLel TeHAeHI MU peobaaaa-
HUSl CEeCKBUTEPIEHOB U JJUTepNeHOB B 3GUPHOM MacJe Co-
OTHOLIEHMe 3TUX IPYMNI BapbUpyeT, Kak U KaueCTBeHHbIN
COCTaB CECKBUTEPIEHOB.

KiroueBble c10Ba: XBOWHbIE pacTeHusd, UHTPOAYKIUSA, TUL-
pPOoAUCTHIIIIALMNA, TAa30XKUAKOCTHAA XpOMaTOFpa(l)I/IH.
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Introduction

Studying essential oils extracted from woody conifers is of
great scientific and practical interest, since they possess high
bactericidal properties. They play an important role in the ef-
fective impact of conifer volatiles on pathogenic microflora
and harmful microorganisms in the atmosphere, thus benefit-
ing human health. They contribute to the high efficiency of
coniferous tree plantations in the formation of parklands and
urban landscaping (Shpak et al,, 2008). Volatile phytoncides
of essential oils are regulators of physical and chemical prop-
erties of the air and increase the concentration of health-
friendly light negative ions. They supply atmospheric air with
biologically active oxygen, promote the deposition of dust
particles, create a unique fragrance and freshness of the air,
which favorably affects the emotional state of a human being.
Also, considerable interest is shown in the essential oils of co-
niferous species in the search for new substances required by
perfumery and medicine (Ekundayo, 1988).

The composition and properties of essential oils in coni-
fers are a complex mixture of terpene hydrocarbons and their
derivatives (a- and S-pinene, limonene, borneol, bornyl ace-
tate, cadinene, etc.) produced under the conditions of plant
life and determining their biological characteristics, resis-
tance to frost and drought, and to fungal diseases (Kolesniko-
va etal, 1977; Lawless, 2000; Konopleva, Deynenko, 2006;
Narchuganov etal.,, 2011; Kolesnikova et al., 2018). Insecti-
cidal properties of essential oils are a leading factor in the re-
sistance of conifers to damage caused by insects and patho-
gens (Gijzen etal, 1993). As reported by a number of scien-
tists, essential oils play a protective role in the physiological
processes occurring in the plant under various stressful situ-
ations (Zauralov, 1975), while changes in the content and
composition of terpenoids in essential oil depend on environ-
mental factors (especially pollutions) and may be indicators
of the stand’s state (Judzentiene et al., 2007).

Obtaining detailed information about the composition of
essential oils in pine species not only allows us to expand
knowledge about their silvicultural and biological signifi-
cance (resistance of plantings to pests and diseases) or the
biosynthesis of terpenes and the importance of essential oil
composition for the chemosystematics of the genus (Savory,
1962; Mirov, 1967; Bardyshev et al., 1968; Podgorny, Akimov,
1975), but also makes it possible to justify recommendations
on the practical use of certain oil components (Konopleva,
Deynenko, 2006).

Of particular interest to researchers are terpenoids in the
essential oils of coniferous plants belonging to the genus
Pinus L.: in their quantitative and qualitative composition
they are superior to many other types of compounds found in
medicinal plants. Substances of the terpenoid group obtained
from plant raw materials of pine trees, due to their unique
pharmacological properties, are increasingly used in the
treatment of various pathological states (Hong etal., 2004).
Pine essential oils exhibit antioxidant, antiviral, analgesic,
anti-inflammatory, cytotoxic and/or antimicrobial activity
(Cho etal, 2000; Kolayli etal, 2009; Yesil-Celiktas etal,
2009). In addition, they are characterized by high biological
activity - antifungal, acaricidal and antithrombotic (Kolayli
etal, 2009; Tognolini et al., 2006).

The ability of woody plants to develop and accumulate
bioactive compounds is a dynamic process that changes at
different stages of ontogenesis and under the influence of
various environmental factors. It is known that the synthesis
of turpentine oils is genetically determined, and their compo-
sition is subject to individual, geographical and species vari-

ability, which can serve as one of the additional ways to ad-
dress issues of species taxonomy, since pine species are char-
acterized by aclearly expressed chemical identity (Koles-
nikova et al., 2018). The high degree of genotypic variability
observed in the genus Pinus is reflected in its biochemical
variability, which is usually studied at the levels of molecular
markers, terpene composition, and isoenzyme variation. Vol-
atile terpenes are often used as chemosystematic markers,
based on the fact that terpenoid biosynthesis is under strict
genetic control and is not significantly affected by environ-
mental factors (Baradat, Yazdani, 1988; Inserti et al,, 2013).
The importance of terpenes and their effectiveness as genetic
markers in studies into biodiversity, geographical variability,
evolution, and taxonomy in Pinales is discussed in detail by
J. W. Hanover (1992).

The analysis of the published data on the variability in the
component composition of essential oils shows that such
composition depends on the species, place of growth, type of
raw material, season (Von Rudloff, 1967, 1975), climate, and
environmental factors (Gut, Krinitsky, 1989; Chernodubov,
1990).

Modern research into the component composition of es-
sential oils of the genus Pinus are mainly dedicated to native
and some introduced species, but the available published de-
scriptions of the essential oil composition in coniferous spe-
cies growing in the Russian Federation are far from being
complete and require detailed consideration (Zykova, Efre-
mov, 2012).

The purpose of this study was to examine the characteris-
tics of the content and component composition of essential oil
in three North American Pinus spp. (P, radiata D. Don, P. sabi-
niana Douglas, and P. coulteri D. Don) growing on the south-
ern coast of Crimea (SCC) and maintained in the dendrologi-
cal collection of the Nikita Botanical Gardens (NBG).

Materials and methods

Studies were conducted in August 2018 on P. radiata,
P. sabiniana and P. coulteri model trees (60-70 years of age)
growing in Montedor Park, NBG. The content of essential oil
was assessed in needles by hydrodistillation on Ginsberg
devices (Karpacheva, 1972) with subsequent measurement
of its volume. Organoleptic evaluation of essential oil was
performed using the method proposed by V. P. Isikov et al.
(2009). The component composition of essential oils was
studied using a 6890N chromatograph (Agilent Technolo-
gies, USA) with a 5973N mass selective detector (Agilent
Technologies, USA). The components of essential oil were
identified by search results and comparing the data ob-
tained during chromatography of chemical mass spectra
with the data from the NIST 02 Mass Spectral Library (more
than 174,000 compounds). Retention indices (RI) of compo-
nents were calculated according to the results produced by
the control analyses of essential oils with the addition of
normal alkanes (Karpacheva, 1972).

Results and discussion

In the environments of the SCC, P radiata contained
0.15% of essential oil on the wet weight basis (WW), or
0.36%, dry weight (DW), while P, sabiniana and P. coulteri had
0.03% WW (0.07-0.06% DW) (Table 1). Judging from the
dominant tinge of essential oils in the studied Pinus spp., they
belong to the following flavor groups: conifer-fruit (P. radia-
ta), flower-conifer (P.sabiniana), and wood-resin-balsamic
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Table 1. Mass fraction and organoleptic evaluation of essential oils in Pinus L. spp.

Ta6una 1. MaccoBasi A0Jisl M OpraHoJienTH4YecKasi oneHka 3¢pupHoro macjia BUA0B poga Pinus L.

) Weight ratio of essential oil, %: Dominant tinge of
Species Flavor group
Wet weight Dry weight flavor
Pinus radiata ) .
D. Don 0.15 0.36 intermediate, conifer-fruit
pleasant with light
pi .
inus sabiniana 0.03 0.07 tones flower-conifer
Douglas
Pinus coulteri . :
0.03 0.06 pleasant wood-resin-balsamic
D.Don

The composition of essential oils in the studied species
differed in quantitative and qualitative indicators. Sixty-
four components were identified in the essential oil of P. ra-
diata, 43 in P, sabiniana, and 60 in P. coulteri (Table 2). For
P radiata, the major components were f-pinene (29.57% of
the total essential oil), a-pinene (21.2%) and limone-
ne (12.41%); for P. sabiniana, phenylethyl butyrate (20.58%),
limonene (15.23%) and a-pinene (13.69%); for P coulteri,
B-pinene (11.64%), 6-cadinene (11.07%) and a-pine-
ne (10.67%) (Table 2).

The essential oil of P. radiata also contained a-terpeniol,
B-myrcene, pinocarveol, myrtenol, §-cadinene, germacrene D,
and y-3-carene. In P, sabiniana there was a significant amo-
unt of estragole (6.39%), a-terpeniol (5.72%) and S-pinene
(2.06%), as well as B-myrcene, cis-ocimene, epoxyterpe-
nolene, citronellol, tridecanal, and manoyl oxide. Character-
istic differences in the component composition of P. coulteri
essential oil, when compared to that of other species, were
the significant specific amount of carvone (6.98%), T-muu-
rolol (4.46%), a-muurolene (4.02%), and dodecanal (4%),

Table 2. The composition of essential oils in Pinus L. spp. under the conditions of the Southern Coast of Crimea

Ta6una 2. KoMnoHeHTHBIH cocTaB 3¢UpHOro Macjia BUA0B poja Pinus L. B ycnoBusix 0xxHoro 6epera Kpbiva

Pinus Pinus . q
radiata sabiniana Pinus coulteri
Component RI D. Don Douglas D.Don
Quantitative content (% rel.) of the identified
components in essential oil
ethanol 819 3.01 6.80 3.12
tricyclene 931 0.17 0.04 0.06
a-thujene 934 0.05 0.04 0.09
a-pinene 940 21.20 13.69 10.67
camphene 947 0.80 0.32 0.34
1-isopropyl-4-methylenebicyclo[3.1.0]hex-2-ene 950 0.12 0.04 0.04
sabinene 966 0.12 0.03 0.07
[-pinene 970 29.57 2.06 11.64
p-myrcene 981 1.84 2.16 0.61
y-3-carene 996 2.05 0.06 0.07
a-terpinene 1001 0.14 0.04 0.11
p-cymene 1004 0.18 0.10 0.21
B-phellandrene 1010 0.79 0.71 1.74
limonene 1013 12.41 15.23 2.10
cis-ocimene 1020 - 2.39 0.48
trans-ocimene 1030 0.85 0.13 -
y-terpinene 1038 0.13 0.13 0.07
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Table 2. Continued
Ta6smmna 2. [Ipogomkenue

Pinus Pinus . .
radiata sabiniana Pinus coulteri
Component RI D. Don Douglas D.Don
Quantitative content (% rel.) of the identified
components in essential oil
limonene oxide 1046 0.11 0.16 -
terpinolene 1065 0.75 0.27 0.22
o-thujone 1072 0.33 0.71 -
epoksiterpinolen 1076 0.71 1.05 0.35
[S-thujone 1083 0.07 0.09 -
fenchol 1086 0.36 0.14 -
a-campholenal 1090 0.29 0.63 0.41
pinone 1092 0.27 - -
camphor 1103 0.14 0.34 0.10
pinocarveol 1108 1.86 0.53 0.26
exo-methylcamphenylol 1116 - - 0.17
verbenol 1116 0.43 - -
pulegol 1116 - 0.70 -
citronellal 1121 - 0.72 -
isopulegol 1127 - 0.21 -
pinocamphone 1133 0.25 - -
isoborneol 1136 0.64 0.78 0.23
terpinen-4-ol 1148 0.46 0.48 0.39
myrtenal 1152 0.83 0.43 0.20
dihydrocarvone 1158 - - 0.16
a-terpineol 1161 4.51 5.72 1.45
myrtenol 1167 1.50 - -
estragole 1175 - 6.39 0.60
decanal 1175 - - 2.14
phenyl acetate 1191 0.12 - -
carvone 1203 - - 6.98
methylthymol 1204 0.18 - -
citronellol 1208 - 3.49 -
undec-2-en-1-ol 1249 - - 0.53
bornyl acetate 1254 0.14 - -
1,1-diethoxyoctane 1270 - 0.30 -
myrtenyl acetate 1292 0.10 - -
dihydrocarvil acetate 1298 - - 0.09
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Table 2. Continued
Ta6auna 2. [Ipogonxenue

Pinus Pinus . .
radiata sabiniana Pinus coulteri
Component RI D.Don Douglas p- bon
Quantitative content (% rel.) of the identified
components in essential oil
carvacrol 1303 - 0.19 -
a-ylangene 1330 0.10 - -
a-cubebene 1330 - - 1.92
a-copaene 1354 0.21 - 3.62
B-bourbonene 1361 0.05 - 0.35
B-cubebene 1366 0.06 - 0.47
[-elemene 1368 0.11 - 1.83
dodecanal 1378 - - 4.00
tridecanal 1379 - 3.00 -
trans-caryophyllene 1392 1.04 - 0.85
phenylethyl butyrate 1400 - 20.58 -
bergamotene 1412 0.23 - 0.77
cubebene 1420 0.10 - 0.62
humulene 1423 0.22 - -
farnesene 1435 - - 0.41
p-cadinene 1443 0.14 - 1.27
germacrene D 1448 2.48 - 3.15
B-selinene 1453 - - 0.69
bicyclosesquiphellandrene 1456 0.24 - 1.72
1,1-diethoxydecane 1460 - 0.89 -
a-selinene 1462 - - 1.34
germacrene B 1462 0.56 - -
a-muurolene 1470 0.42 - 4.02
a-amorphene 1478 0.30 - 1.23
y-cadinene 1480 0.24 - -
calamenene 1482 0.20 - 2.02
6-cadinene 1488 1.14 - 11.07
cadina-1,4-diene 1495 0.12 - 0.87
nerolidol 1526 0.14 - 1.12
spathuenol 1529 0.55 - -
torreyol 1531 - - 1.02
caryophyllene oxide 1531 0.27 - -
N/A 1541 - - 0.45
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Table 2.

Ta6una 2. OKOHYaHHEe

Component

The end
Pinus Pinus 3 :
X .. Pinus coulteri
radiata sabiniana
D. Don
RI D. Don Douglas

Quantitative content (% rel.) of the identified
components in essential oil

cubenol 1575 0.24 - -
cubenol (isomer) 1576 - - 2.45
T-muurolol 1586 1.23 - 4.46
a-cadinol 1595 1.10 - 2.10
N/A 1650 - 0.48 -
manoyl oxide 1778 0.58 4.52 0.32
defined / identified 64/64 42/41 60/59

Note: RI - component retention index, N/A - not identified

[Ipumeuanue: Rl - ungekc yaepxuBanusi, N/A - He uieHTUPUIIMPOBAHO

as well as a-copaene, germacrene D, limonene, decanal, and
cubenol.

Within the essential oil fractions there were significant
differences in the content of individual components. Among
the organic compounds in the essential oil of P. radiata, mono-
terpenes predominated (74.9% of the total organic com-
pounds); in the essential oil of P sabiniana, monoterpenes
(38.7%) and their derivatives — alcohols (25.37%) and esters
(20.58%) - prevailed, while in the essential oil of P. coulteri
the main part was occupied by sesquiterpenes (38.23%), and
the content of monoterpenes was only 28.87%. There were
no sesquiterpenes in P, sabiniana essential oil. The alcohol
content in P, coulteri and P. radiata essential oils was 17.88%
and 13.03%, respectively. Oxides, aldehydes, ketones, acetals
and phenols were represented in all the studied oils in trace
amounts (Figure).

Proceeding from the premise that the synthesis of turpen-
tine oils is genetically determined and their composition is
subject to individual, geographical and species variability, we
conducted a comparative analysis of the component composi-
tion of essential oils for the studied pine species growing in
different natural and climatic environments.

P radiata, as a representative of subsect. Attenuatae, sect.
Trifoliae, gen. Pinus, is characterized by a predominance of
monoterpenes in essential oil, in particular a- and S-pinenes,
with a large specific weight of the latter. Thus, when cultivat-
ed in Greece and Ecuador, the amount of pinenes was 56.6%
(Ioannou etal,, 2014) and 57.1% (Sacchetti et al., 2005), re-
spectively (Table 3).

This trend can also be seen in the results of our re-
search (under the conditions of the SCC, the amount of pi-
nenes was 50.77%) and is consistent with the data obtained
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Table 3. The main components in essential oils of Pinus L. spp. under different climatic conditions

Ta6suna 3. OCHOBHbIe KOMIIOHEHTHI 3QHPHOr0 Macjia BUAOB poaa Pinus L. B pa3/IMYHbIX KIUMATUYECKUX YCIOBHAX

Pinus radiata D. Don Pinus sabiniana Douglas Pinus coulteri D. Don
1 E
oot g\ 8p| oy 82| B0 8 | B 3D s
E = E *._. & E — “T...: * & E — E -3 )
<o
ethanol - - 3.01 - - 6.80 - - 3.1

a-pinene 18.9 219 21.2 61.6 39.1 13.7 13.6 10.8 10.7
B-pinene 38.7 35.2 29.6 4.7 33 2.1 1.1 11.3 11.6
B-myrcene 1.3 1.0 1.8 2.0 3.6 2.1 - 1.0 0.6
B-phellandrene 5.0 12.6 0.8 2.0 10.4 0.7 6.2 - 1.7

a-phellandrene - - - - - - - 5.1 -
limonene - - 12.4 - 10.5 15.2 - - 2.1
cis-ocimene 3.8 - - 5.2 4.6 2.4 1.6 0.1 0.4

methyl chavicol - - - 1.4 4.5 - 1.9 0.2 -

terpinolene - 2.2 0.7 - - - - 0.2 -
a-copaene - - 0,2 - - - - - 3.6

citronellol - 1.9 - - - 3.5 - - -
dodecanal - - - - 1.0 - - - 4.0
a-terpineol - 3.0 4.5 - - 5.7 - - 1.4

estragole - - - - - 6.4 - - -
carvone - - - - - - - - 6.9

tridecanal - - - - - 3.0 - - -

phenylethyl butyrate - - - - - 20.5 - - -

4-epi-isocembrol - - - - - - 17.7 - -

fs8-caryophyllene - - - - - - - 21.3 -

germacrene D 6.4 - 2.5 - - - 8.8 6.2 -
a-muurolene - - 0.4 - - - - - 4.0
bicyclosesquiphellandrene 4.7 - 0.2 - - - - - 1.7

manoyl oxide - - - - - 4.5 - - -

(E)-calamenene - - - - - - - 15.2 -
6-cadinene 3.6 - 1.1 - - - 3.6 0.1 11.0
a-cadinol 2.7 - 1.1 - - - 4.7 - 2.1
T-muurolol - - 1.2 - - - - 5.3 4.4

Note: SCC - Southern Coast of Crimea; * - Ioannou et al., 2014; ** — Sacchetti et al., 2004;

*#* — Adams and Wright, 2012; **** — Hanana et al.,, 2014

[Ipumeuanue: SCC - KOxkHb1# 6eper KpbiMa; * - loannou et al., 2014; ** - Sacchetti et al,, 2004; *** — Adams and Wright, 2012;
**** _ Hanana et al,, 2014
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by other authors (Petraskis et al., 2001). The peculiarity of
P. radiata essential oil under the conditions of the SCC was
the presence of limonene (12.41%), which determines
a stronger coniferous smell of the essential oil. Diterpenes
and sesquiterpenes in P. radiata essential oil were present
in small amounts under different environmental conditi-
ons. Having compared the available data, we can conclude
that the component composition of this type of essential oil
is quite stable.

In the essential oil of P. sabiniana, as a representative of
subsect. Ponderosae, sect. Trifoliae, gen. Pinus, monoterpenes
also predominated but, in contrast to P, radiata, they were
a-pinenes. In the analysis presented by R.P.Adams and
J. W. Wright (2012), when pines were grown in vivo (Califor-
nia), a-pinene was the most common metabolite (39.1%),
with moderate amounts of limonene (10.5%) and
p-phellandrene (10.4%). With pines grown in Greece, the
content of a-pinene was twice as high (loannou et al.,, 2014),
compared to natural habitats, and on the SCC it was twice as
low (13.7%). Limonene is present in sufficient quantities in
pine essential oil from natural habitats and rivers. The domi-
nant component in the essential oil of P sabiniana, which
grows on the SCC, as mentioned above, is the monoterpene
alcohol phenylethyl butyrate.

Thus, the dominant role of monoterpenes (namely
a-pinene) and their derivatives, whose quantitative ratio var-
ies depending on the growing conditions, as well as the al-
most complete absence of diterpenes and sesquiterpenes, is
characteristic of this species.

The highest variability in the component composition of
essential oil was observed in P. coulteri. This species is charac-
terized by a predominance of sesquiterpenes and diterpenes.
However, the qualitative composition of this group varied
greatly in different environments. In Greece, the content of
monoterpenes was 26.7%, diterpenes 28.6%, and sesquiter-
penes 48% (loannou et al., 2014). The main component is the
diterpene alcohol 4-epi-isocembrol (17.7%) and sesquiter-
pene germacrene D (8.8%).

In Tunisia, the essential oil of P. coulteri contained 29.2%
of monoterpenes and 55.4% of sesquiterpenes. Among the
latter, S-caryophyllene (21.3%) and (E)- calamenene (15.2%)
predominated, and a-phellandrene (5.1%) was also present
(Hanana et al., 2014). The share of sesquiterpenes decreased
to 38% on the SCC, while the share of monoterpenes and their
derivatives increased to 37.5%. Among sesquiterpenes, §-ca-
dinene played a leading role under the conditions of the SCC
(11.0%).

Conclusion

In the environments of the SCC, the yield of essential oil in
Pinus radiata was 0.15% WW (0.36% DW), while P. sabiniana
and P, coulteri showed 0.03% WW (0.07-0.06% DW).

In the context of the dominant flavor tone, the oils belong
to the conifer-fruit (P, radiata), flower-conifer (P. sabiniana)
and wood-resin-balsamic (P. coulteri) groups of tinges.

The major components of P radiata essential oil are
B-pinene (29.57%), a-pinene (21.2%) and limonene (12.4%);
for P sabiniana, they are phenylethyl butyrate (20.5%), limo-
nene (15.2%) and a-pinene (13.7%); for P, coulteri, f-pinene
(11.6%), 6-cadinene (11.0%) and a-pinene (10.6%).

Among the organic compounds in the essential oil of P. ra-
diata, monoterpenes predominate (74.9% of the total organic
compounds). In the essential oil of P. sabiniana monoterpenes
(38.7%) and their derivatives - alcohols (25.3%) and esters
(20.5%) - are prevailing. In the essential oil of P, coulteri the

main part is occupied by sesquiterpenes (38.2%), while the
content of monoterpenes is 28.8%.

A comparative analysis of the component composition in
the essential oils of the studied pine species under different
natural and climatic conditions showed the following results.
The component composition of P. radiata essential oil is quite
stable under different conditions; it is characterized by a pre-
dominance of monoterpenes, in particular f-pinene. A spe-
cific feature of P, radiata essential oil in the environments of
the SCC is the presence of limonene. The essential oil of P. sa-
biniana is also dominated by monoterpenes (in particular
a-pinene) and their derivatives, whose quantitative ratios
vary depending on the growing conditions. The dominant
component in the essential oil of P. sabiniana, growing on the
SCC, as mentioned above, is the monoterpene alcohol phenyl-
ethyl butyrate. These species are characterized by almost
complete absence of diterpenes and sesquiterpenes.

The highest variability in the component composition of
essential oil is observed in P, coulteri. With the general ten-
dency towards the predominance of sesquiterpenes and di-
terpenes in essential oil, the ratio between these groups
changes, as does the qualitative composition of sesquiter-
penes. For example, the proportion of monoterpenes and
their derivatives increases significantly (by 10%, on average),
compared to other areas where this species grows. Among
sesquiterpenes, the leading role under different conditions
can be played by the diterpene alcohol 4-epi-isocembrol
(Greece), sesquiterpene S-caryophyllene (Tunisia), and §-ca-
dinene (SCC).

The research was conducted in the framework of State Task
No. 0829-2019-0039 delegated to the Nikita Botanical Gar-
dens - National Scientific Center of the RAS.

HccnedosaHue ebinosHeHo 8 pamkax [ocydapcmeeHHo20
3adanusi Ne 0829-2019-0039 ®I'bYH «Hukumckuii 6omaHuye-
ckull cad - HayuoHaabHblll HayuHblll yeHmp PAH».
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AxTyanbHOCTb. [Ipu nepepaboTke kapTodesss HA KapTo-
desrenpoAyKThI U HEITOCPELCTBEHHOM NOTpPe6JIeHUH BaX-
HBIM KPUTEPHEM SIBJISIETCS YCTOWUYUBOCTb K HIOTEMHEHUIO
MSKOTH ChIPBIX U BapeHbIX KJyOHel HOBBIX COPTOB KapTo-
desnsa. Beigesenue rubpuioB, yCTOMYUBBIX K TOTEMHEHHUIO
MSKOTH, BaXKHO /Il JAaJIbHEHIIEero MCIoJb30BaHUS B Ce-
JIEKIITMOHHOH paboTe.

Marepuasibl U MeTOAbl. B TedueHune nsatu Jet (2016-
2020 rr.) u3ydeHbl poAUTeNbCKHe GOPMBI U IMOGPHUHBIN
MaTepuas KapTodessi B IOYBEHHO-KJIUMATHIECKUX YCJIO-
BUsX KupoBckoiu o6sactu. HccaenoBaHusi mpoBesieHbI
B KOJIJIEKIJMOHHOM MNHUTOMHHKE JIab0paTOpPHUM CeJIeKIUHU
Y IepBUYHOI0 CeMeHOBO/CTBA KapTodesnsa PaséHcKoH ce-
JIEKIIMOHHOU cTaHuuu - ¢unnase PAHI| CeBepo-BocToka
B COOTBETCTBHUHU C METOZHUKOHN MO TEXHOJOTUH CeJIEeKI[MOH-
HOTO nporecca kaptodess. [[poaHaM3upoOBaHO TOTOMCT-
B0 10 cOpTOB, UCIIOJIb30BAHHBIX B KAUeCTBE ONBIJIUTEJIEH.
Pe3y/sibTaThl Y BbIBOABI. BbljesieHbl copTa € BBICOKUM
YPOBHEM YCTOWYMBOCTHU KIIOTEMHEHUIO CBIPOH MSAKOTHU
KJyOoHeH. Bcero oto6pano 62 o6pasua (uau 24%) us 256
C OTCYTCTBHEM NOTEMHEHHsI MAKOTH HJU CO CJAAGBIM MO-
TeMHeHHeM (8 6asioB) ceIpeIX KiaybHed. Co cpejHUM
Y CUJIbHBIM NOTEMHEHUEM MAKOTH (4-5 6aJyioB) BbijeJie-
HO 45 06pa3noB. AHa/JIN3 MOTOMCTBA COPTOB ONBLJIHUTEIEH
MI0Ka3aJl MOBBIIIEHHYI0 BCTPeYaeMOCTh YCTOWYUBBIX K I10-
TEMHEHHI0 MSKOTHU THOGPHU/I0OB B IOTOMCTBe copTa ‘MaHu-
dect” 71% wH3y4YeHHBIX THOPHUJOB HMeJ HETEMHEII[YI0
MAKOTB (9 6as1/10B). YCTaHOBJIEHO, YTO MPOSIBJIEHUE TOTEM-
HEeHHs MAKOTH B IOYBEHHO-KJNMaTHU4YeCKUX YCI0BUAX Kn-
POBCKOM 06J1aCTH 3aBHUCEJIO OT MeTeonapaMeTPOB BereTa-
[JMOHHOT 0 IepHo/a: YeM BbILIe TEMIIEpATypa BO3/AyXa, TEM
csabee OBLJIO BBIpAXKEHO NOTEMHEHHE MSAKOTH ChIPBIX
KJIyOHEeH; 4eM BbIlIe BJIAXKHOCTb OYBHI B IePHO/J| KJIyOHe-
06pa30BaHUs, TEM CUJIbHEE IOTEMHEHHE MAKOTH KJIyOHeH.
Haunbosiee BbIcOKasl yCTOMYMBOCTD K IOTEMHEHHUIO CHIPBIX
Y BapeHbIX KJyOHel KapTodesss oTMeyeHa y rubpuga 72-
13. BoIsiBJIeHA CTaTUCTUYECKU 3HAYUMas CBSI3b MeX /Y I0-
TEeMHeHHeM BapeHbIX KJyOHEH U CoJep’KaHWeM ChIpOTo
npoteuHa (r = 0,74) u ButamuHa C (r = 0,79). BoigesieH ru-
6pug 179-10 cBbICOKOM mNpoAyKTUBHOCTBIO (32,5 T/ra)
Y coJiepKaHueM cbiporo npotenHa (1,54%).

KuroueBsble cioBa: Solanum tuberosum L., celeK1us, CopT,
HPOJYKTUBHOCTb, POJJUTENbCKHE GOPMBbI, GHOXUMHUYECKHE
oKasaTeJu.

Background. Resistance of raw and boiled tuber flesh to
darkening when potato is processed into potato-based
products or consumed directly is an important requirement
for new potato cultivars. Identification of hybrids resistant
to tuber flesh darkening would contribute immensely to
future breeding work.

Materials and methods. Parent forms and hybrid progeny
of potato were tested for five years (2016-2020) in Kirov
Province using the methods and technologies approved for
potato breeding process. The progeny of 10 cultivars used
as pollinators was analyzed.

Results and conclusions. Cultivars with high levels of
resistance to the darkening of raw tuber flesh were selected
in the collection nursery. A total of 62 accessions (or 24%)
out of 256 were identified for the absence of darkening or
only small traces thereof (8 points) in raw tubers. Medium
and strong darkening of the flesh (4-5 points) was recorded
for 45 accessions. Analyzing the progeny of pollinator
cultivars showed an increased occurrence of hybrids
resistant to tuber flesh darkening in the progeny of
cv. ‘Manifest”: 71% of the studied hybrids had non-darkening
flesh (9 points). Manifestation of tuber flesh darkening was
found to depend on weather conditions during the growing
season: the higher was the air temperature, the weaker was
the darkening of raw tuber flesh, but when the soil moisture
during tuberization was high, tuber flesh became more
darkened. A statistically significant relationship was
observed between the darkening of boiled tubers and the
content of crude protein (r = 0.74) and vitamin C (r = 0.79).
Hybrid 179-10 was identified for high productivity
(32.5t/ha) and crude protein content (1.54%), while the
highestresistance to the darkening of raw and boiled potato
tubers was registered in hybrid 72-13.

Key words: Solanum tuberosum L., breeding, cultivar,
productivity, parent forms, biochemical indicators.
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BBeaeHue

KapTtodens (Solanum tuberosum L.), poauHa KOTOPOTO —
BbICOKOTI0pbs 0>kHOM AMepUKH, aJall TUPOBAJICS K YCI0BU-
SIM NPOU3PACTAHUSA [0 BCEMY MUPY U SIBJISAETCS ChITHBIM,
HeJIOPOTUM U JOCTAaTOYHO HAacChIIleHHbIM NUTAaTeJbHbIMHU
BellleCTBAaMU UCTOYHUKOM 3HePTrUH U MPOAYKTOM NUTAHUSA
naisi gyesoBeka (Caballero et al., 2015). [To sanHbIM PoccTaTta
(https://www.prod.center/news/11261-rosstat-za-minuv-
shie-40-let-menyu-zhitelei-rf-kardinalno-pomenyalos),
B 1980 r. :xuTenu Poccuu ynorpebunu 117 kr kapTodens
Ha 4eJioBeKa, a B 2018 r. aTa yudpa cHusuaack Ao 59 kr. He-
CMOTPs Ha 3TO, KapTodesb U NPOAYKTHI €ro NepepaboTKH,
HCII0JIb3yeMble B IUTAaHHUU YeJI0BeKa, 0CTAI0TCsS 04eHb BOC-
TpeGOBaHHBIMU B MUIIEBONH MPOMBILIJIEHHOCTH. B cBA3M
C3TUM OCTaeTCsl B IPUOPUTETe HaNpaBJieHUe B CeJIeKIH-
OHHOH paboTe Hay4HBIX yupexAeHUH kak B Poccuu, Tak
Y 3a py6exoM - ceJleKLMsl Ha yJy4dlleHUue NOTpebGUTe b-
ckux KauecTB kapTodessa (Gumerov, Reshetnik, 2011; Meli-
to etal., 2017; Asadova, Novikova, 2017; Bashlakova, Sintso-
va, 2019). Bosiee 100 sieT Ha3a/f HaYaj1ach CeJEKLUsI KAPTO-
¢dens Ha DPanéHckolt cenekiMoHHOM cTaHnuu (KupoBckas
06J1acTh). [loJis1 COPTOB POCCUMCKOM cesleKIIMU, palloHUPO-
BaHHbIX B KupoBcko#l o6siacTu, coctaBiseT 47%, HUHO-
CTpaHHBIe cOpTa MMeIT NpoUcxoxk/JeHue u3 benopyccuun
u'epmanun - no 21%, Hupepnangos - 11%. Ilpu sTom
7 coptoB (uan 38% OT pOCCUHCKUX COPTOB) BbIBeJleHbl Ha
®daséHCKOMN CceJIeKIIMOHHOM cTaHuuu: ‘Anuca’, ‘Busa’, ‘Yai-
ka', ‘OruuBo’, Tony6ka’, ‘Tiopus’, ‘Bupax’. Ha ®anéuckou
CeJIEKIJMOHHOMW CTaHLUHU BEeAYTCS pabOThI 10 CO3/IaHUIO0 TH-
6pu10B KapTodesisi, KOTOpPble UCMOJIb3YIOTCS B IPaKTHYe-
CKOM ceJIeKIL[MH [JI/I51 CO3/JaHUS COPTOB C YJIy4lIeHHbIMU KY-
JIMHApHBIMU NT0OKa3aTeJsIMHU U CBOMCTBaAMMU.

Bce 6osibllle BHUMaHUSA yAe/seTcs NUTaTeJbHbIM CBOH-
CTBaM IOTpe6/sieMOro KapTodess: COJepKaHUI B HeM
KpaxMaJla, 6es1Ka, yIJ1IeBoJ0B, BATAMUHOB, MUHepPaJ/bHBIX Be-
1mecTB 4 aMUHOKUCAOT (Sergeeva etal, 2018; Yuan etal,
2019). boJsibllO€e 3HAaUEHHE UMEET COZIEPIKAHUE CyXOTO Bellle-
CTBa, KpaxMaJ/la U 0CO6eHHO peAyLHpYIOLIUX caXapoB, MPHU-
BOJSAIINX, €CJIU COJilepXKaHHe UX B KJIyOHe MpeBbIlIaeT JOoMy-
CTUMYI0 HOpMY AJist nepepa6oTku (0,25%), K IOTEMHEHUIO
OKpacku BblnyckaeMoi npoaykuuu (Bolieva et al.,, 2016; Kim
etal, 2012). OT Ko/iMYecTBa peAyLUPYIOIINX CaXapoOB 3aBU-
CUT CTelleHb NOTeMHEeHHs] MSIKOTH KapTodess 3a Nepuoj
XpaHeHHs. 3HaUHUTesIbHOe BJIHsSHYE Ha YPOBEHb COJleprKaHUs
peAyLHPYIOIHUX CaXapoB B KJIYOHAX KapTodesis OKa3blBaAlOT
MeTeoyC/I0BUs BereTaljMOHHOTO Nepuo/ia U CTelleHb BbI3pe-
BaHus kiay6Hel (Dergacheva, Kozhevnikova, 2016).

LIBeT MAKOTH KJIyGHS UT'PaeT BaXKHY0 POJIb B OLleHKe Ka-
YyecTBa NoJiy4aeMoH npoAyKiuH. [locsie 04MCTKY U B Ipoliec-
ce TepMUYeCKON 06paboTKH MAKOTbh MHOI'MX COPTOB KapTo-
bens TeMHeeT. PagoBoro norpe6uTesiss UHTEpeCyeT COPTO-
BOM KapTodesb C XOPOLIMM BHELIHHWM BHUJOM, BKYCOBBIMHU
KauecTBaMH, 6eslod MSKOTbIO, 6e3 MOBPEXAEHUM, XOpOoLIOo
pasBapuBaeMbll, He TEMHEWOLUH N0c/e BapKH, IPUTOHbIH
aas1 pautenbHoro xpaHenus (Korshunov, 2003a, b).

HeTeMHelolmass MAKOTb SIBJSIETCA OJHHUM M3 OCHOBHBIX
KOHKYPEHTOCIOCOGHBIX NMapaMeTpoB A/l CO3/laHUsl CTOJIO-
BbIX COPTOB KapTodessi, KIYOGHU KOTOPbIX HCIOJb3YIOTCS
HenocpeJCTBeHHO AJs nuTaHus (Simakov, 2011). M3meHe-
HHUe I|BeTa MSAKOTH KJIyOHS BbI3bIBAaeTCs FUJPOJanU30M dep-
MEHTOB U OKHCJIeHUeM aMHUHOKUCJIOTbl TUPO3UHA U JPYyTrUX
deHONbHBIX COelMHEHUH. PasHble copTa HMMEWT pasHYIo
YCTOMYUBOCTb K IOTEMHEHHUI0 MAKOTH. [Ipumepno 40%
YCTOWYUBOCTH  OINpejiesisieTcsl reHeTHdecku. [lo3gHue
Y KPYIIHOKJIyOGHeBbIe COPTa C BbICOKHUM COZlep’KaHUeM CYyXUX

Bell[eCTB Han60Jiee BOCIPUHUMYHUBDI, 32 HEKOTOPbIMH UCKJIIO-
yenusiMu (Ross, 1989; Torikov etal, 2012; Bolieva etal,
2016; Mystkowska et al., 2018; Molyavko et al., 2020). Takum
00pa3oM, aKTyaJbHOCTb HAIUX UCCAEJOBAaHUN 3aKJI04YaeT-
csl B BbIBEJIEHUU HOBBIX CTOJIOBBIX COPTOB KapTodeiis,
YCTOHYMBBIX K IOTEMHEHUI0O MSKOTU CBIPbIX U BapeHbIX
KJIyOHEH, YTO UMeeT 3Ha4eHUe MPU Pa3/IMYHOM IIeJIEBOM HC-
M0JIb30BaHUU KapTodeJisl.

Lenv uccnedosaHust - OLEHUTH KOJIJIEKIIUOHHBIE COpTa
Y TU6publ KapTodesiss M0 YCTOMYUBOCTU K IMOTEMHEHHIO
MSIKOTH KJIyOHEH, BbIJIEIUTh TUOPU/bI, 06/1a/Jalole BbICO-
KOU YCTOMYHMBOCTBIO K IOTEMHEHUIO MSIKOTH U IIeHHBIMH XO-
35IICTBEHHO 3HAYUMBIMU NMPHU3HAKAMU.

MaTepnam,l " MEeTOoAbI

[loneBble UCNBITAaHUSA COPTOB U TMOPUAOB KapTodens
NPOBOJU/IM Ha ONBITHBIX IMOJAX CeJeKIMOHHOr0 CeBO-
o6opoTa PanéHCKOU cesleKIIMOHHOW CTaHLUU - duarasa
OI'EHY ®enepanbHOro arpapHoro Hay4Horo neHtpa CeBe-
po-BocToka umenu H.B. Pyauunkoro (PAHIL, Cerepo-Boc-
ToKa) B 2016-2020 rr. ExxeroHo B U3y4YeHUU HAXO/IUJIOCh
no 450-500 rubpuoB, B TOM 4yucJe 256 KOMNJIEKIIUOHHBIX
06pa310B, BK/IIOYAIOLIUX CeJeKIIMOHHbIe COPTa, MEXBU/0-
Bble TUOPUABI, BbiBeAeHHbIe B BUP, Ha ®anéHckoil cenek-
LIMOHHOM CTaHLUH U B APYTUX HAYYHBIX yupexJeHUusax PO.

[TouBa ONBITHOTO y4yacTKa JepHOBO-NOA30JMUCTasA Cpej-
HecyrauHucTas, pH, . - 4,8-5,3, cogepkaHue rymyca - 2,5-
2%, docdopa - 288-351 mr/kr, kanuss - 186-237 mr/kr
nouBbl. [Ipe/iliecCTBEHHUK — 3epPHOBbIE KYJbTYPhL.

KiumaT KupoBckolt 06/1acTH yMEPEHHO KOHTUHEHTAJb-
Hbll. BeretanuoHHbeii nmepuof 2016 I. xapakTepHU3oBaJcs
KaK 3aCyLIJIMBbIH, 32 BCIO BereTanuo Boinaao 141,1 MM ocaj-
KOB, 4yT0 Ha 55% Huxe HOpMBI, ['TK coctaBua 0,63. Berera-
LUOHHBIN nepuos 2017 r. oT/IMYasICcs X0JI0A4HBIM JIETOM, U3-
3a NOHMXKeHHbIX TeMmiepaTyp (-1,4°C oT KJIMMaTH4YECKOU
HOpMbI) peHosiornyeckre pasbl pa3BUTHUS PaCTEHUM OTCTa-
BaJIM OT CpeJHUX MHOTOJIeTHUX JAaHHBbIX Ha 2-3 Hejesy,
['TK = 1,65. BeretauuonHbiii nepuoj 2018 . 6bl1 TEMJIbIM
(+0,6°C k cpefjHEMY MHOTOJIETHEMY 3HAaUYE€HHUIO) U HOpMaJib-
HO yBJaxXHeHHBIM (99% oT HopMbel), ['TK = 1,25. MeTeoyc.io-
Bus 2019 . xapaKTepHU30BaJUCh KpalHUM MepeyBJIaXKHEeHU-
eM, ['TK=2,17. BeretauuoHHblii nepuos 2020 r. mo 3Have-
HUIO Cpe/iHel TeMIepaTypbl U KOJIMYECTBY 0CaZIKOB OKa3aJ-
¢ OJIM30K K MeTeOyCJOBHUSIM BereTalMOHHOTO IepHoja
2018 r. Bo Bce rogpl uccie0BaHUM SIPKO MPOSIBUIACH TEH-
JIeHIIMs TIOBbILIEHHUs] HePaBHOMEPHOCTH BbINAJIeHUs 0Ca-
KOB B TeueHHe BereTallMOHHOI0 epuoja.

HccnenoBaTesbCKyo paboTy NPOBOJUIIN COTJIACHO METO-
JHUYeCKUM yKa3aHUSM 110 TEXHOJIOTHUH CeJIeKIIMOHHOI0 Npo-
necca kaptodens (Simakov etal, 2006). OueHKy noTeMHe-
HUSI MSKOTH CbIpblx KJy6Hed (10 1mT.) mnpoBoAuId de-
pe3 3 u 24 yaca nocJie paspe3a KJiyOHs Ha ABe yacTu. [loTem-
HeHMe BapeHbIX KJIyOHEe! OLleHUBa/IM HENOCPEeCTBEHHO I0-
cie Bapku u4yepe3 24 yaca. HMcnosb3oBanu 9-6al/IbHYIO
wkany MexzayHapogHoro kiaccudukatopa CIB Bu0B Kap-
Todess cekuuu Tuberarium (Dun.) Buk. poga Solanum L. (Bu-
kasov etal., 1984), rge 9 6any0B - UBET He U3MEHUJICH, 7 —
c1aboe uU3MeHEHMeE IBeTa, 5 - cpeJjHee NMOTEMHeHHUe, 3 -
CUJIbHOE IIoTeMHeHHe, 1 6aJl1 - 0UeHb CUJIbHOE IOTeMHEHUe.

Bce copTa ¥ ru6puUAbl B 0JIEBBIX YCJIOBUSX OLleHUBAIU
10 YCTOWYHUBOCTH K BUPYCHBIM 60J1€3HAM U GUTOPTOPO3Y IO
9-6a/I/IbHOM 1IKaJle, I/ie 9 - OTCYTCTBHeE IPU3HAKOB 60/1€3HH,
1 6as1 - 100-npoueHTHOEe opaXkeHHe GOTBBI.

O1ueHKy ceJIeKIIMOHHOTO MaTepHaJa o 6MOXMMHUYeCKUM
MoKasaTessIM MPOBOJUJIN C UCIOJIb30BaHUEM OOLIENPHUHS-
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Teix MeToAuk (Practical works.., 2008): onpezneneHue co-
JlepKaHHUsl KpaxMaJsa B CBEXHX KJYyOHAX kapTodess - 1o
JBepcy Ha NoJIAPUMETpe, CYXOro BelllecTBa U BOJbI B aHAJIU-
3MpyeMOM MaTepuaJle, olipejie/ieHre aCKOpOGMHOBOM KUCJIO0-
Tol (BUTaMuH C) - mo Myppu, obuiero asota - 1no MeTonLy
Kbenbpasns, cogepxanue cblporo 6eska (%) BBIYUC/ISAIM My-
TEM YMHOX€eHHUsI coZieprkaHus 0611ero a3oTa (%) Ha Koaddu-
LIMEHT 6,25.

3a cTaHAapThl NPUHATHI pAHOHUPOBAHHbIE COPTA, YTBEP-
»JeHHble [0cKOMUCCHEN 110 COPTOUCTIBITAaHUIO B KHpOBCKOI
o6sactu: ‘Yaaua' (PUL kapTodens umenu AL Jlopxa) - pan-
Hecnesbll, ‘HeBckuit’ (CeBepo-3anagubiit HUMCX) - cpefHe-
panHuii, Yaiika’ (PAHLL CeBepo-BocToka) - cpeiHeCTIEBIH.

CTaTucTHYecKyto 06paboTKY AaHHBIX BbINOJHUIN METO-
JIOM KOppeJsALIMOHHOTO U AUCIIEPCHOHHOTO aHaJM30B C UC-
noJib3oBaHWeM naketa nporpamMmmbl AGROS, Bepcus 2.07.

Pe3ysnbTaThl U 06CyKAEHHE

Hab6uro/ieHust 10 IOTEMHEHUIO MSIKOTH KJIyGHEH (ChbIpbIX
Y BapeHbIX) MOKa3a/k, YTO B pa3Hble roJibl UCCIe0BaHUN
KOJIJIEKLIMOHHBINA U TUOPUAHBIA MaTepuas KapTodesis umes
pasHylo CTeleHb UHTEHCUBHOCTH NMOTEMHEHHS Cpe3a KJyo-
HEH, TO eCTh NPOsIBJIEHHE IIPU3HAKA 3aBUCEJIO OT NMOTO/{HbIX
YCJIOBUH BereTalMOHHOTO INepuoja. YcpeJHeHHble JaHHble
IO CTEeNeHW MOTEMHEHUS MSKOTH KJIyOHeH NpUBe/JEHBI
B TabJule 1. BjusiHMe MOroJHBIX YCJIOBUM Ha NPOsIBIEHHE
IOTEMHEHHUsI MSIKOTH TaKXX€ OTMeYaeTcsl B paboTax Apyrux
aBTopoB (Ross, 1989; Torikov et al., 2012; Bolieva et al., 2016;
Molyavko et al., 2020).

TH ChIPbIX KJyOHel. B mpoTuBoBec HabwAasach o6paT-
Has 3aBUCUMOCTb OT KOJIMYeCTBa BbIMABIIUX 0CAJKOB
(r=-0,47): yeMm 66JblIEE KOJUYECTBO OCALKOB BbINaaeT
B Ilepuo/i KJ1y6Heo6pa30BaHUs, TeM CUJIbHee IOTEMHEHUe
MSIKOTHU ChIPbIX KJIYOHEMH.

B Ko/I/IeKLIMOHHOM NUTOMHHMKe 3a NATb JieT HabJoje-
HUU BblJleJIeHbl COpPTa C BBICOKUM yPOBHEM yCTOWYMBOCTHU
K MIOTeMHEeHUI0 cbipoit MsakoTH: ‘Hagexzaa), TopHsk, ‘Cninpu-
noH, ‘Hasapa, lapux’, ‘Oddekt, ‘KysHeuanka, ‘Kpembiur,
‘Oputenna, ‘Cymapbins, ‘Yapogeit, ‘Psabunymka’ (Poccus);
‘Yapaynuk', ‘Kanpus’, Jlunes, ‘Bektap Besnopycckuit, ‘FIHka),
“2KypaBunka, ‘Ckap6’, ‘Tanvcman’, ‘Parnesa’, ‘3opuyka, ‘Ab-
taup’ (Benapycw); ‘3apeBo’ (Ykpauna); ‘Albina), ‘Bellarosa’,
‘Pomanne’ (Fepmanus) u rubpuger: 493-05, 431-08, 56-09,
170-08, 168-11, 1-2, 217-07, 232-12, 233-12, 18-10-11, 18-
33-30, 5-2-5, 6-2-1, 24-1-6 wu gpyrue. Bcero oroGpaHo
62 o6pasna (uau 24%) U3 256 ¢ OTCYyTCTBUEM MOTEMHEHUs
MSIKOTH WJIHM CO cJIabblM MoTeMHeHUEM (8 6asioB). C Apyroi
CTOpOHBI, 45 06pasLoB (24,2%) MMeJn CPeIHIO0 U CUJIbHYIO
CTeleHb NOTEMHEHHEM MSKOTH ChIpPbIX KJIy6Hel (5-3 6a-
sa). CpeAin CUJIbBHOTEMHEIOUIUX COPTOB — COpT ‘Majenune’,
rubpuj 198-00 u apyrue, KOTOpbIe MPU HATUYUH APYTUX XO-
3CTBEHHO LIeHHBbIX NPU3HAKOB MOIYT ObITb BOBJIEYEHbI
B CKpellIUBaHUs ¢ 60Jiee YCTOWYMBBIMU K IOTEMHEHUIO M-
KOTH ChIPbIX KJIYOHEH POAUTENbCKUMU GOPMAMU.

B cenekyuu kapTodesis A5 NOBbILIEHUS TOTPEOUTENb-
CKHUX U KyJIMHaApHbIX KauecTB KJyOHel BaKHbIM MOMEHTOM
ABJISIETCS MOA60P POAUTENBbCKUX GOPM, B IOTOMCTBE KOTO-
PBIX BbICOKA BCTPeYaeMOCTb THOPU/IOB C HY>KHBIMU KadecT-
Bamu (Simakov etal, 2017; Kostina etal, 2020). B cBs13u

Ta6suna 1. Bappa6e1bHOCTb NOKa3aTeJ sl IOTeMHEHUs MAKOTH KJIyGHel U NOrogHbIX ycaoBuii, 2016-2020 rr.
(Panénckas cenexkuuoHHast craHuus — punnan PAHL CeBepo-BocToka)

Table 1. Variability in tuber flesh darkening degrees and weather conditions, 2016-2020
(Falenki Breeding Station, branch of the Federal Agricultural Research Center of the North-East named N.V. Rudnitsky)

o CreneHb NOTeMHEHHs, CpeaHsAA TeMnepaTypa Bo3Ayxa KosmmyecTBo 0caZiKoB
cpejHUI 6a/L1 BereTaljMOHHOr0 nNepHuoAa, °C 3a BereTanMOHHbII EPUOA, MM

2016 6,4 16,0 1411

2017 5,5 13,3 300,5

2018 7,9 15,3 2534

2019 54 14,7 373,6

2020 6,9 15,3 2473

CusibHOE MOTEMHEHHE MSKOTH KIyOHel KapTodess oT-
MeueHo B 2017 u B 2019, cpejHee 3HaueHHE COCTABUJIO
5,4-5,5 6amna, Ttorga kak B 2018r. moTeMHeHHe MSIKOTH
ObLIO C/1a0bIM W HE3HAYUTEJbHBIM, Cpe/lHee 3HAUYeHHEe CO-
ctaBuJjo 7,9 6as1a. B 2020 r. cpeHee 3HaYeHUe TIOTEMHEHUS
MSKOTH COCTaBUJIO 6,9 6asia.

BrisgBJsieHa cpeaHAA CONPAXEHHOCTb INIPU3HAKA MOTEM-
HEeHHUS MSIKOTH CO CpeJlHEH TeMIepaTypou Bo3/yxa Bere-
TAllMOHHOTO MepuoAa, Ko3apPHUIUEHT KOPPETAUU COCTaA-
BuJ 0,58. CTaTucTUYeCcKU 3HaYUMast KoppeJssiuus (r = 0,84)
omnpe/iesieHa B OTHOUIEHUHU CpeJHEN TeMIepaTypbl BO3/Y-
xa BHwJe (nmepuos Havyasa GOPMHUPOBAHUSA KJyGHel)
Y CTENeHU NOTEeMHEHHUS MSIKOTH B 6aJyax (csaboe noreMm-
HeHUe MSKOTH), TO eCTh YeM Bbllle TeMIEPATypa Bo3gyxa
BETeTAlMOHHOI0 MePUO0/a, TeM cabee MOTeMHEHUE MSAKO-

C 3TUM ObLJIO MPOAHATU3UPOBAHO NMOTOMCTBO 10 cOpTOB, HC-
M0JIb30BaHHBIX B KauyecTBe omnblinTeseid B 2016-2019 rr.
Copra MMeJiM pa3Hoe NMpOsiBJieHHWe MPHU3HaKa MOTEMHEHHUs
CBIPOM MSIKOTH: OT CJIaboro B IpejiesiaX 8 6a/lJIoB Y COPTOB
‘Manudect’ u Tosy6ka’ ¥ OT CPeHETO [0 CUIBHOTO — Y COp-
ToB ‘UpbuTckuit’ u Jlazapp’ (Tab.. 2).

AHa/M3 10 MOTOMCTBY COPTOB ONBUIMTEJIEH OKa3aJI 10-
BBIIIEHHYI0 BCTPE4YaeMOCTb yCTOﬁ‘{HBbIX K IIOTEMHEHUIO M-
KOTU I'MOPUZIOB B NOTOMCTBe copTa ‘MaHudect’: y 71% us-
Y4Y€HHBIX I‘I/I6pl/IAOB Ha6JIlOLLaJIl/I HEeTEeMHEIyI0 MAKOTb
(9 6ansoB), W TONBKO 5,7% TrUOpPHUOB ObLIO BKJIOYEHO
B rpymniy C CUJIbHbBIM IOTEMHEHHWEM MAKOTH, OLleHHBAa€MbIM
6assiamu ot 1 1o 3 (Ta6.. 3). CpegHU 6a/1/1 IOTEMHEHUS MsI-
KOTH BCeX BblJEeJIEHHbIX I‘I/I6pI/IAOB C3THUM COPTOM COCTAaBUJI
8,2 6asna. Copt ly6paBa’ TakxKe SIBJISETCS YCIEIHbIM AJ5
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Ta6mua 2. Pe3y/1bTaThl OLL€eHKH ONBLIUTE/IEN 10 YCTOWYUBOCTH K IOTEMHEHHIO MSIKOTH ChIPbIX KJIYGHEH,
2016-2020 rr. (Panénckas ceseKLiHoHHas ctaHuus — ¢uanan PAHI CeBepo-BocToka)

Table 2. Results of the evaluation of potato pollinators according to raw tuber flesh darkening, 2016-2019
(Falenki Breeding Station, branch of the Federal Agricultural Research Center of the North-East named N.V. Rudnitsky)

CTeneHb NOTEMHEHUSI CIPOM MAKOTHU KJIyOHEH,
cpeJHUIA 6asLT

CopT, ruGpuz, OpuruHaTop, cTpaHa
4Yepes3 3 yaca 4yepes 24 yaca
Ay6pasa HIILl HAH Benapycu no kaprodeJe- 7 6
BO/ICTBY U IIJIOZL00BOLLEBO/CTBY,
Manuodect Benapyce 8 8
Upb6uTtckuit 5 4
Ypanbsckuit HUKCX, Poccus
KameHnckuit 8 8

OUL kapTodens umenu AL Jlopxa,
TyneeBckuit Cubupckuit ®HII arpobuoTexHoio- 7 7
ruii PAH, Poccus

Jlazapb Cubupckut HUUCX, Poccus 8 5

Tosy6Ka 9 o

316-02 danénckad ceJleKLMOHHAasI CTaHLIMS, ; )
Poccus

45-7-17 9 ,

Ta6smua 3. Pe3y/IbTaThbl OLleHKH POAUTEIbCKMX GOPM IO CIOCOGHOCTH NlepeaBaTh YCTOHYUBOCTD
K NOTEMHEHMI0 MSKOTH KJIyGHel rHGpUAHBIM noToMcTBaM, 2016-2020 rr
(Panéuckas cenexkunronnas crannus — unan PAHIL] CeBepo-Bocroka)

Table 3. Results of the evaluation of parent forms according to their ability to transfer the resistance

to tuber flesh darkening onto their hybrid progeny, 2016-2020
(Falenki Breeding Station, branch of the Federal Agricultural Research Center of the North-East named N.V. Rudnitsky)

KosimyecTBo ru6puos (%), oneHeHHbIX
PoauTennckas KonuyecTBo )
popma 6a/1y1aMu CpeaHuii 6a/11
S YCTONYUBOCTHU
(onmbLIHTENB) .
KOMOHWHAIUIA 192 (0)7 01 00):3 9-8 7-4 3-1
Jly6paBa 12 22 59,1 40,9 0 7,9
Manudect 15 35 71,4 22,8 57 8,2
UpbuTtckuit 29 65 15,4 52,3 32,3 58
KamMuHCckuit 5 6 33,3 50,0 16,6 56
TyneeBckuit 1 1 0 100 0 7,8
Jlazapb 6 7 42,8 28,6 28,6 6,0
Tony6Ka 19 34 29,4 61,7 8,8 6,4
316-02 14 29 10,3 44,8 44,8 6,1
45-7-17 4 9 33,3 55,5 11,1 6,5
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nepejilayd NOTOMCTBY 3TOro mpusHaka. CaM copT nokasas
cj1aboe MoTeMHEeHUe MSAKOTH (6 6aJlJIOB), MTOTOMCTBO Ke 3TO-
ro COpTa B NOYTH PaBHBIX IPOMOPLHUAX BOIIJIO B B IPYIIbI:
ycToituuBble (9 6aioB), coctaBuBlire 59,1 % oT Bcex U3y-
YeHHbIX TMOPHUJIOB, U CO CJAabGbIM NOTEeMHEHHWEeM MSKOTHU
(7 6annoB) - 40,9%. CooTBeTCTBEHHO, B IOTOMCTBE COpTa
JlybpaBa’ OTCyTCTBOBaIM 'UOGPHU/IbI C CUJIbHBIM IOTEMHEHU-
eM MSKOTH. 3HauuTesbHOe (3-1 6aj1a) NoTeEMHEHHE MSIKO-
TH B IOTOMCTBe OTMe4eHO y o6pa3ia 316-02, a Takxke y cop-
ToB ‘Upbutckuil’ u Jlazapp. [IpoMekyToOuHOE MOJIOKEHUE
3aHsiu copta ‘Kamenckuit, Tosny6ka’ u obpasen 45-7-17,
MOTOMCTBO KOTOPBIX UMeJIO TIOTeMHeHUe MSIKOTH OT cJ1abo-
ro 10 CpeiHero.

Koppensauuu Mexay CTeneHbl NOTEMHEHUsl MSKOTHU
KJIyOHEeN UCXOAHBIX POAUTENbCKUX GOPM U CPeIHUM 3Haue-
HUEM 3TOr0 oKa3aTeJisl Y UX TMOPU/HbBIX IOTOMCTB He 06Ha-
pyxeHo. [Io-BUANMOMY, Ba’KHasi po/ib NPUHAAJIEKUT TaKxKe
Y MaTepuHCKoU dopmMme.

BbisiBJIeHA cyllecTBeHHas CBsI3b MeX/JAy INOTeMHeHHeM
BapeHbIX KJy6Hel U cojep)kaHHeM CbIpOTO NpPOTeHHa
(r=0,74) u ButamuHa C (r = 0,79) (Tabs. 4). [loBbIIeHUE CO-
JlepKaHUs 3TUX BellleCTB MPUBOAUT K OCBETJIEHUIO MSKOTHU
BapeHbIX KJyOHel. Pa6oTel Apyrux aBTopoB (Gordeeva,
Udalova, 2017) nokasbIBaT, YTO CYLECTBYET CBSI3b MEXIY
coJilep>KkaHueM KpaxMasa M yCTOHYMBOCTBIO K IIOTEMHEHHIO
MSIKOTH KJIyOHel. BaymrapThHep ¢ coaTopamu (Ross, 1989)

HallJIM c/eAyoliye cpeHue K03QPUIMeHTbl KOppeIsnuu
(r) Mex/ly yCTOMYHUBOCTBIO K IOTEMHEHHIO MSIKOTH KJIyOHEN
U cofieprkaHueM cyxoro BemlectBa (r=0,55), a Takxke Kpax-
Maia (r = 0,44).

[lo pe3ynbTaTaM cesleKIIMOHHON paboThl U3 TOTOMCTBA
NpoaHaJU3UPOBAHHBIX ONbIIUTENEeH OblJIM 0TOOPAHBI TH-
6publ KapTodess c BBICOKMMU TOKa3aTeJNs MU X03SHCT-
BEHHO LeHHBIX NpU3HaKOB (Ta6u.5). ['ubpuzg 179-10 mo
ypoxalHOCTH npeB3olles cTaHAApT ‘Yaaua' Ha 13,2%. [lo
CKOPOCIIeJIOCTH BblJleJleHHble TUOPU/bl OTHECEHBI K paH-
HUM U cpefiHepaHHUM. [lo yCTOHYUBOCTH K BUPYCHBIM 60-
JIe3HAM JIy4YLIMNA pe3yJabTaT CpeAu THUOPUAOB IMTOKa3ajau
o6pasubl 72-13 u 179-10, koTOpble NPEB30OLUIJIN CTAHJAAPT
‘HeBckuit’. CTaHAapTHBIE COPTA BOCHPUUMYHUBEI K 30JI0TH-
CcTOU KapTodesbHOU HeMaToJe, TUOPUABI, B OTIHUYUE OT
CTaHAApPTOB, MPOABJAJN YCTONYMUBOCTb (MO JAHHBIM HC-
caepoBanuit ®I'BHY « PUL| kapTodensa umenu A.T. Jlopxa»).
[To coep:kaHUI0 CYXOTO BELIECTBA BbljesieH Tubpus 182-
13. [IpeBbIcUJ CTaHAAPTHBIE COPTA M0 COAEPAHUIO BUTa-
muHa C rubpup 172-13.

OneHka MOTEMHEHMsS] MAKOTH ChIPbIX U BapeHbIX KJy6-
Hell BbIsIBUJIa HauboJlee CUJIbHOE NMOTeMHeHHEe MSKOTH Chl-
pbIX KJyOHEH y cTaHJapTHOTO copTa ‘HeBckuit, a MAKOTHU
BapeHbIX KJIyOHEH — y copTa-ctanzaprta ‘Yaiika. Haubosee
CUJIbHAsI CKJIOHHOCTb K IOTEMHEHUIO CbIPOM MSKOTH KJy6-
Hell oTMedeHa yrubpuzaa 182-13, aHaubosiee BbICOKas

Ta6smmna 4. MaTpuna Ko3pPpunueHTOB KOppeasaiuy 6UOXUMHYECKUX NoKa3aTe/ied U NOTeEMHEeHU
MAKOTH KJIyGHel KapTodeis y ceJIeKIIMOHHbIX 06pa3n0B ®anéHCKOM ce1eKIMOHHOM CTaHIMH -
¢unana PAHI] CeBepo-Bocroka (2016-2020 rr.)

Table 4. Correlation coefficient matrix of biochemical indicators and tuber flesh darkening
in advanced potato accessions at Falenki Breeding Station, branch of the Federal Agricultural Research Center
of the North-East named N.V. Rudnitsky (2016-2020)

: 2 3
= &) g g T g
3 3 5 z g s £% £5%
g = ) g > 2 Egs T & X
IokasaTe/b 2 % 5 & g % s =2%
5 2, a = =8 g = w5
) = = = > e 2 c A X
3 s = 3 =
S = ©
Lt 1,00
BelleCTBO
Kpaxman 0,28 1,00
IIpoTenH -0,19 -0,22 1,00
Burtamus C -0,53 -0,22 0,46 1,00
Peaynupyromue -0,49 -0,10 -0,21 0,51 1,00
caxapa
IloTreMHeHUe ) 0,15 0,49 -0,36 -0,04 0,22 1,00
CBIPBIX KJIyOHEH
IloTremHeHHe 5 0,45 0,01 0,74* 0,79* 0,09 -0,17 1,00
BapeHBIX KJIyOGHEeH

[Ipumeyanue: * - 3Haynmo npu p < 0,05
Note: * - statistically significant at p < 0.05
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YCTOUYUBOCTb — y rubpuga 72-13. [lo ycTOMYMBOCTH K MO-
TEMHEHHUI0 MSKOTHU BapeHbIX KJyOHel rubpug 172-13 npe-
BBICHJI COPT-cTaHAapT ‘Yaiika’ [To BLICOKMM BKYCOBBIM Kaue-
CTBaM BbljesieH rubpug 172-13 (4,8 6anua).

3ak/loueHue

B nepuog 2016-2020 rr. B NOYBEHHO-KJIKMMaTHUYeCKUX
ycaoBusiXx KHpoBCKOM 06J1acTH 6GbLIM HM3y4YeHbl 00pasIibl
KOJIJIEKIIMOHHOI'0 MUTOMHHUKA 0 YCTOMYMBOCTH K TOTEMHe-
HUIO MSIKOTH KJy6Hel. [M6puaHoe notoMcTBo 10 onbLauTe-
Jlell mpoaHa/JM3UPOBAHO MO MOTEMHEHMUIO MSKOTH ChIPbIX
KJIy6Hel. OTo6paHbl copTa ‘MaHudect’ u /lybpasa), garoiiue
B IOTOMCTBE HauOOJIbIINHI NPOLEHT TU6PU/IOB C YCTOWYHUBO-
CTbIO K IOTEMHEHHUIO MSAKOTH.

BoeigeneHbl ru6puibl KapTodesiss ¢ X03sHCTBEHHO LieH-
HBbIMU NPU3HAKaMU: BbICOKOM TOBapHOW NPOAYKTHBHOCTDIO,
BBICOKHMU OHOXMMHUYECKUMH II0KasaTessiMH, YCTOMUHUBO-
CTbI0O K 60JIe3HSIM U MIOTeMHEHHUI0 MAKOTHU KjyOHel. Hau-
6oJiblIyI0 ypoxkakiHOCTh (32,5 T/ra) umen rubpug 179-10.
HauboJsiee BbiCcOKasi YCTOMYMBOCTb K BUPYCHBIM 60JI€3HSIM
oTMeueHa y TubpuzioB 179-10 u 72-13. T'ubpug 72-13 otme-
4yeH KaK HauboJsiee yCTOWYUBBIA K TOTEMHEHUIO MAKOTH ChI-
PBIX ¥ BapeHbIX KJIyOHEH.

Pa6oma evinoanena 6 pamkax IocydapcmeeHHozo 3ada-
Hust PI'BHY «PedepanbHblil azpapHblil Hay4Hblldl yeHmp Cege-
po-Bocmoka umenu H.B. PydHuykozo» (mema Ne 0767-2019-
0099) «Paspabomka u cogepuieHcmaosaHue Hay4Ho-Memoou-
Yeckux OCHO8 U3y4eHUsl U N000epHCaHusl 2eHemu4eckux Ko.-
JAeKyull mexHuyeckux Kyaemyp (kapmogenv, neH-dos2yHey)
0151 MO6UAUZAYUU UX NOMEHYUANbHbIX 803MOXCHOCMEL 8 ce-
JeKYUU U HAYYHbIX OCHO8 NPUEMO8 NO8blUEHUS NPodyKmue-
Hocmu copmos; co30aHue Ho8bIX COPMO8 kapmodge s U AbHa-
dos12yHYa ¢ nosbluweHHOU ypoxcaiiHocmyio, ycmotivueblx K He-
6/1a20NpUsIMHbBIM 6UOMUYECKUM U abuomuyveckum pakmopam
Bosizo-Bsamcko2o pe2uoHa c yayuuleHHbIMU NP0J0801bCIMaEeH-
HbLMU U MEXHO/02UYeCKUMU XapaKmepucmuKkamuy.

The work was carried out within the framework of the State
Task assigned to the Federal Agricultural Research Center of
the North-East named N.V. Rudnitsky (Theme No. 0767-2019-
0099) “Development and improvement of scientific and meth-
odological principles of the study and maintenance of industri-
al crop genetic collections (potato and fiber flax) for mobiliza-
tion of their potential in breeding, and scientific bases of in-
creasing productivity of cultivars; development of new high-
yielding potato and fiber flax cultivars resistant to unfavorable
biotic and abiotic factors in the Volga-Vyatka Region, with im-
proved food and technological characteristics”.
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AKTYaJIbHOCTBb. YP02KalHOCTb SAABJSAETCS CJI0XKHBIM, KOM-
NJIEKCHBIM NPHU3HAKOM. P PEeKTUBHOCTD peasn3al Ui Bbl-
COKOH M CTAaOUJIbHOW YPOKAaWHOCTH OTpeJiesisieTCs TeHo-
THUIIOM, BJIMSTHUEM OKPY Kalolel cpe/ibl U B3aUMO/IeCTBH-
eM laHHBIX PpakTopoB. KoMIiekcHas oneHKa 1o moKa3aTe-
JIIM aJlalTaluy, NJACTUYHOCTH U CTaGUJIBHOCTH COPTOB
M03BOJIAET BBIEJUTb CPeJU H3y4aeMOro COPTHMEHTa
HauboJsiee MepPCHeKTHBHBbIE, MOTEHIMAJbHO BBICOKOYPO-
>)KalHble U 9KOJIOTUYECKH MJIACTUYHbIe POPMBbI PacCTEHUH,
afanTUPOBAaHHBIE K IIMPOKOMY iMANa30HY YCJIOBUU OKPY-
JKarwoue cpesbl.

MaTtepuasibl U MeTO bl OnieHKa 146 06pa310B ABY PsIIHO-
ro (subsp. distichon L.) u mHoropsifHoro (subsp. vulgare)
sumeHs1 (Hordeum vulgare L.) npoBeseHa B 2015-2017 rr.
10 MOKa3aTeJsIM a/lallTUBHOCTH, MJIACTUYHOCTH, CTAOUIb-
HOCTH YU FOMEOCTaTUYHOCTHU YpO’KaWHOCTH siuMeHd. CTa-
THUCTHUYECKass 0O6paboTKa 3KCIepHMEHTAaJbHbIX JaHHBIX
BBINOJIHEHA METO/LAaMHU JIByXGAKTOPHOTO JUCIIEPCUOHHOTO
Y KOPPEeJIILIUOHHOTO aHaI13a.

Pe3ysbTaThl M 3aK/JII04YeHHe. YCTAHOBJIEHO, YTO GOpMHU-
poBaHMe ypOXKAWHOCTH SUMEHs MPaKTHUYeCKH B paBHOU
CTeNeHU ONpe/JiessieTCs] TeHOTUITUYEeCKUMHU 0COOEHHOCTS-
mu (34,3%), ycaoBusAMH OKpy»xawuleid cpeabl (31,9%),
a Tak)Xe B3auMoJiecTBHeM GaKTOPOB «TEHOTHII X Cpejia»
(33,7%), yTo yKa3bIBaeT HA OTHOCUTEJIbHO XOPOIIYIO a/iarn-
THUBHYI0 CIOCOGHOCTD TYMEHS K KJINMaTHYEeCKUM U3MeHe-
HUAM B yca0BUsAX CeBepHOro 3aypaJjibs. Yp0oKalHOCTb A4-
MeHs B 60JIblIIeN CTENEeHHU COMpsiKeHa C MacCol 3epHa ¢ pa-
ctenus (r=0,72), KOUYECTBOM NPOJYKTUBHBIX CTebseN
Ha eauHuny miaomanu (r=0,63), B MEHbIIEH — C TOJIEBOU
BcxoxkecThlo ceMsaH (r=0,39) wumaccod 1000 3epeH
(r=0,37). BeiABJIeHbI CUJIbHBIE KOPPEJISAL MU yPOKAUHOCTH
cko3dpounuentom agantuBHocTH (r=0,94), UHJEKCOM
3KO0JIOrMYecKod maactudyHocTtu (r=1,00), kommeHcaTop-
HOU crmoco6HocThio (r=0,96). KoMnjiekcoM aJanTUBHBIX
Y IPOJIYKTUBHBIX CBOMCTB XapaKTepH30BaJUCh 06pa3Iibl
‘Abyssinian 14’ (x-23504, var. pallidum) v ‘XapekoBckuit 70’
(x-23683, var. nutans).

KiioyeBble cj10Ba: ypoxalHOCTb, CTAGUJIBHOCTD, IJAC-
TUYHOCTb, TOMEOCTaTUYHOCTb.

Background. Crop yield is a compound and complex char-
acter in breeding programs. A stable high yield is deter-
mined by the genotype, environmental impacts, and their
interaction. A comprehensive assessment of cultivars based
on their adaptability, plasticity and stability makes it pos-
sible to select among the studied assortment the most
promising, potentially high-yielding and environmentally
flexible plant forms adaptable to a wide range of environ-
mental conditions.

Materials and methods. Evaluation of 146 accessions rep-
resenting two-row (subsp. distichon L.) and six-row (subsp.
vulgare) barleys (Hordeum vulgare L.) was performed in
2015-2017 to measure the adaptability, stability, plasticity
and homeostasis of barley yield. Experimental data were
statistically processed using the methods of the two-way
ANOVA and correlation analysis.

Results and conclusion. It was established that barley
yield formation was almost equally determined by the geno-
type (34.3%), environmental conditions (31.9%), and geno-
type x environment interactions (33,7%), showing that the
tested barleys were relatively well adaptable to climate
changes in the Northern Trans-Urals. Barley yield was more
closely associated with grain weight per plant (r = 0.72) and
the number of productive stems per area unit (r = 0.63), and
to alesser extent with seed germination rate in the field
(r=0.39) and 1000 grain weight (r = 0.37). Strong correla-
tions were observed for the yield with the adaptability coef-
ficient (r = 0.94), environmental plasticity index (r=1.00),
and compensatory capacity (r=0.96). Cvs. ‘Abyssinian 14’
(k-23504, var. pallidum) and ‘Kharkovsky 70’ (k-23683,
var. nutans) exhibited a set of adaptive and productive prop-
erties.

Key words: yield, stability, plasticity, homeostasis.
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CTpeccoBoe BO3/elcTBHe KJIMMaTHYeCKUX (GaKTOpPOB
OKa3bIBaeT CyllleCTBEHHOe BJIMSAHME Ha POCT U pa3BUTHeE pa-
CTEeHUH, BbI3bIBasl CHIDKEHHE YPOXKAaWHOCTHU CeJIbCKOXO3sIH-
ctBeHHbIX KyabTyp (Kendal, 2021). Arposkosioruueckue
30Hbl TIOMEHCKOH 06J1acTH (TaexxHasi, MOATaexHasi, ceBep-
Hasl JIeCOCTelb, I0XKHas J1ecOCTellb) OTJINYAIOTCSl pe3KO KOH-
TUHEHTA/JIbHbIM KJHWMaTOM U KOHTPACTHOCTBIO IOT'0JJHO-
KJIMMaTH4YeCKUX YCI0BUH, CyllleCTBEHHO BapbUPys 110 CyMMe
aKTHUBHBIX TeMIlepaTyp U CyMMe O0CaZKOB BereTalMOHHBIX
NEepUOJ0B OT TAEXKHOU K H0KHOMU JiecocTenHoi 30He (Ivanen-
ko, Kulyasova, 2008).

OAHUMU U3 IUMUTHPYIOIUX GaKTOPOB, ONpe e s oK
YPOXKaHHOCTb CeIbCKOXO3SIHCTBEHHBIX KYJBTYD, SBJSIOTCA
HeJIOCTaTOYHas WM M36bITOYHasl TeIJo- U BJjaroobecre-
YEHHOCTb, MPOSBJSOLMecs B OTAesbHbIe rojbl (Yakubyshi-
na, 2018). 3HaYUTeNbHBINA pasMaxXx MeXAy MaKCHMaJbHOU
Y MUHUMaJIbHON ypOXKallHOCTbIO CBSI3BIBAIOT C BHEIpEHUEM
B IPOM3BO/CTBO HOBBIX COPTOB MHTEHCUBHOI'O THUIA, a TaK-
>Ke C HeJIOCTaTOYHOM aJJalTUBHOCTBIO PACTEHUH K XKeCTKUM
YCJIOBUSIM OKpY»Kalolllel cpefibl, YTO B CBOIO Ouepejib OTpa-
»)KaeTcsl B 001el BapuabeJbHOCTU YPOXKaHHOCTHU 3€pPHOBBIX
kynbTyp B CeBepHOoM 3aypasibe (Sapega, Tursumbekova,
2018).

fAumens (Hordeum vulgare L.) ocTaeTcsi BAXKHOU U 3HAYHU-
MOM KyJbTypOoH BO BCeM MUpe, IPUMeHseMOH B Pa3HbIX OT-
pacasx npousBoiacTtBa (Miralles etal, 2021). B CeBepHom
3aypasibe OH TPaJAMLIMOHHO SBJSIETCS OCHOBHON QyparkHOMN
kynbTypoit (Loginov et al., 2014). OcHOBHOM ymop npu cosja-
HUU U BHeJIpDEHUU B IPOM3BO/ACTBO HOBBIX COPTOB JieJlaeTCs
Ha BbICOKYIO U CTAOUJIbHYIO YPOXKAaMHOCTb B COYETAHUU C XO-
POLIMMU TEXHOJIOTUYECKUMU KadecTBaMu 3epHa (Yakubyshi-
na, 2020).

YpoxkallHOCTb IpeACcTaBJIsseT CO60H CI0XKHBIN, KOMIIEK-
CHBIM TNpHU3HAK, ONpeJeNsAIUicad reHOTUIIOM, OKpy»Xalo-
el cpenoit u adpdextTamu ux B3aumojeiicteus (Vaezi etal,,
2019). [Ipu4UHHO-C/eICTBEHHbIE CBSI3U B CHUCTEME «TEHO-
THII X CpeJia» PACCMaTPUBAIOTCS KaK BaXKHbIE /IS TIOHUMa-
HUS U OpraHu3auuu 3¢PeKTUBHONU CeJIeKIIMOHHON paboThl
(Komaroff, 2012).

Jlsl XxapaKTepUCTUKU B3aUMOJENCTBUS U UHTepIpeTa-
IIUM pe3y/IbTaTOB MOJIEBbIX UCIBITAHUHN MCNOJIB3YIOTCS pas-
JINYHBIE CTAaTUCTUYECKHEe MEeTO bl OLleHKH aJlalTallky, MJac-
TUYHOCTH U CTAGUJIbHOCTH COPTOB, UTO SIBJSETCA yJ0OHBIM
WHCTPYMEHTOM /i1l Bbl/JleJIeHUs] IepCeKTUBHBIX, TOTEeHILU-
aJIbHO BbICOKOYPOXKAHUHBIX M 3KOJOTHYECKH IJIACTHUYHBIX
$opM pacTeHUH B KOHTPACTHBIX KJWMaTHYeCKUX YCIOBUAX
OKpy»Kalollel cpeabl KOHKpeTHoro peruona (Gudzenko,
2019).

Kak mpaBusio, HecTabu/JbHble W HEBbICOKHE 3HaueHUs
ypoxasi IPOUCXOAAT U3-3a COBMECTHOTO BO3/eHcTBUA psajia
CTpeccoBbIX GAKTOPOB, IPU KOTOPbIX 3GPEKT B3aUMOJIEICT-
BUSI «TEHOTHII X Cpefia» I0CTaTOYHO BbICOK (Zenkina, Aseeva,
2019). [lanHoe B3auMOJiecTBUE omnpejesieT peHOTUnu4e-
CKyl0 HM3MEHYHMBOCTb XO35IMCTBEHHO LeHHBbIX NPHU3HAKOB,
a TaK»e CIOCOOGHOCTh peaiM30BbIBATh BHICOKYIO U CTAbU/Ib-
HYI0 YPOXXalHOCTb CEeJIbCKOX0351MCTBEHHBIX KyabTyp (Kang,
2004). B cBs3u ¢ 4eM 3P peKTUBHOE MOBBIIIEHHUE CTAGUIBbHO-
CTH ypoXKasi ¥ ero CTPYKTYPhI AOJDKHO JJOCTUTAaThCs 3a CYeT
HCIOJIb30BaHUSA CeJIeKIIMOHHOT0 MaTepHasa, aflalTHPOBaH-
HOTO K IIUPOKOMY JIUaNla30HY yCJIOBUM OKpYKalolel cpe/bl.

Lleavlo uccnedosaHus siBIsIIACh OLleHKA aZJlal TUBHOTO I10-
TeHIMaJla SYMeHs Ha OCHOBe NOKa3aTeJsiel aJJalTUBHOCTH,
CTabUIbHOCTH, IIACTUYHOCTU U UX B3aUMOCBSI3U C YPOXKaii-
HOCTBIO B KOHTPACTHBIX YCI0BUSX OKpY>Karolel cpespbl.

MaTepnaJI U MeTOoAbl UCC/ICA0BAHUA

HccnenoBanus nposoguauck B 2015-2017 rr. B moaTa-
exkHOM 30He HikHeTaBJUHCKOrO paiiona TroMeHCKoH 06J1a-
ctu. [louBa aKkCepUMeHTAJbHOIO yYacTKa OKyJbTYpeHHas,
JlepHOBO-NIO/I30/IMCTas1, CynecyaHass. KHC/IOTHOCTBL B coJle-
BOU BBITSKKe MOYBbI cOocTaBUIa 6,6 (6J1M3Kasi K HEUTpasib-
HoM). O6'bEKTOM HCCIeJOBAHUS CAYKUIU 146 06pas1oB JBY-
psaHoro (subsp. distichon L.) u MmHoropsifiHoro (subsp. vul-
gare) siAMeHsl pa3JIMYHOr0 3K0JIOro-reorpapuyeckoro npo-
HcxoxAeHus. B kauecTBe cTaHJapTa MCNOJIb30BAJICA PEKO-
MEeH/IOBaHHBIM K BO3/leJIbIBaHUI0 M0 3amaZHo-CubupckoMy
pervoHy copT ‘Aya’ (var. nutans). [losieBble UCIIBITAHUS MIPO-
BeJleHbl B COOTBETCTBUHU C METOJUKOM noJsieBoro onbiTa (Do-
spekhov, 2014) u MeTOJUYECKUMU YKA3aHUSIMHU IO HU3y4e-
HUIO U COXpPAaHEHUI0 MHUPOBOM KOJUIEKLIUM SUYMeHs U OBCa
(Loskutov etal.,, 2012). [lnomaab y4eTHbIX AeASHOK — 1 M2,
Mexaypsazabe — 15 cM, riy6uHa 3a/ie/IKu ceMsiH — 5-6 €M, HOP-
Ma BbiceBa — 500 wmt. /M2

JlJ1s1 OLleHKU BJIMSIHUA U3y4aeMbIX GaKTOPOB Ha pe3yJib-
TaTHUBHBIN IPHU3HAK U BbISIBJIEHNS Haubosiee 3HAYUMBIX Cpe-
JI1 HUX UCII0JIb30Ba/IM CTAaTUCTHYECKUN MEeTO/ AUCIIepCHOH-
HOro aHasnusa. 06pa6oTka 3aBUCHMOCTH INOKasaTesed BbI-
MoJIHEeHa MeTO/I0M KoppeJisiiiuoHHoro aHaau3a (Dospekhov,
2014).

Koadounuent afantuBHoctu (KA) paccuntad no MeTo-
auke JI. A. )KuBoTtkoBa (Zhivotkov et al.,, 1994), unzgekc cra-
6uabHocTH (MC) - mo P. A. Ynauuny, A. I1. Tonosuenko (Uda-
chin, Golovchenko, 1990). OueHKy ceMeHHOU NPOAYKTHUBHO-
CTH IO INOKasaTeso ypoBHA cTabuabHOocTH copTa (IIYCC)
npoBoAuau corjacHo 3. /l. HeTTteBuuy u Jp. B U3JI0KEHUU
10. B.Top6yHoBo#i, E.B.BsnacoBoii (Gorbunova, Vlasova,
2019). IokasaTenb romeocraTuyHocTH (Hom) Beruucasiiu
no B.B. Xaurunpauny (Hangildin, Biryukov, 1984), unaekc
3Kosiornyeckoil maactuyHoctu (M3Il) - mo A. A.TpsisHOBY
(Gryaznov, 1996). Koa¢dunueHT MHAeKca YCI0BUN cpejbl
(Ij), mnactuunoctu (b)) u crabunbHocTH (S?,) onpejensnu
B COOTBeTCTBUM C MeToAukoi S.A.Eberhart, W.A. Russell
B ussoxkeHuu B.3.Ilakyguna u JI. M. Jlonatunoii (Pakudin,
Lopatina, 1984). CTpeccoycTOHYHUBOCTb U KOMIIEHCATOPHYIO
CIIOCOOHOCTD BBIYMCJISIM corjlacHo MeTouKe A. A. Rossielle,
J. Hemblin B u3noxxenuu A.A.TonuyapeHko (Goncharenko,
2005).

CTaTUCTHUYeCKUH aHa/N3 BBIIOJIHEH C UCNIOJb30BaHUEM
nporpaMMHoro o6ecneyenus Statistica 7.0. JlocToBepHOCTb
pas/Muuii onpejesieHa no t-kputepuio CTbloJeHTa.

Pe3ysbTaThl U 06CYKAEHUE

MHorosieTHee MoJieBOe HCHBbITaHHe MO3BOJIAET GoJiee
06'beKTUBHO OLEHUTbh peaKLUI0 pacTeHHWH Ha KJKMMaTude-
CKHMe U3MeHeHUs OKpy»alolllei cpesibl. B Hamux uccieposa-
HUsxX (2015-2017 rr.) pocT ¥ pasBUTHe STYMeHsI NPOXOAUIU
B KOHTPACTHbIEe 110 TelJIO- U Blaroo6ecrne4eHHOCTH BereTa-
LMOHHBIE Mepuobl (Tabu. 1).

YcnoBUs yBJIQXKHEHUs] HOCUJIM HeOJHO3HAYHbIN Xapak-
Tep, 0 4YeM CBU/IeTebCTBYIOT 3HA4eHUsl THAPOTePMHUYECKO-
ro koapounuenta (I'TK). Beretauuonusle nepuognsl 2015
1 2017 r. 6b11u BaaxkHble (['TK = 1,5 u 1,6 cOOTBETCTBEHHO),
ycaoBus 2016 r. - 3acymiuBble (I'TK = 0,7). UHaekc ycioBuit
cpezibl (1) MO3BOJISIET CPABHUTD YC/IOBHS BO3/€/IbIBAHMS HC-
c/lelyeMbIX KYJIbTYP B KOHKPeTHBIH o/l C yCpeJiHEHHBIM pe-
3yJIbTATOM 3a BecChb nepuoj ucnbiTanus (Yusova, 2018). [Ipu
pacyeTe 6bLJIO YCTAaHOBJIEHO, YTO BereTallUOHHBIH NepHo/],
2016 1., HecMOTps Ha AedULUT BJIArd B IEPUOJ MpopacTa-
HUA CeMsIH U CO3peBaHUs 3epHa, ObL1 6J1aronpUsTHLIM
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Ta6smua 1. IloroaHble yCJI0BUS B oAbl HCC/I€L0BAHUS
(2015-2017 rr., TromeHnn)

Table 1. Weather conditions in the years of research
(2015-2017, Tyumen)

CpeaHecyTO4YHas TeMiiepaTypa Bo3ayxa, °C CyMmMa ocagKoB, MM
Mecsan TOZ, roj
cpeaHasa cpeaHaa
MHOTOJIETHSIS MHOTOJIETHSIS
2015 2016 2017 2015 2016 2017
Mawu 13,4 12,2 10,2 11,3 49,3 58 65,2 45,0
170%0)0 20,0 17,2 16,9 171 85,8 57,7 107,0 55,0
Hronb 16,4 19,8 17,7 18,8 81,1 72,5 64,4 89,0
Asryct 13,1 21,2 17,0 15,8 65,6 13,8 45,0 60,0
I'TK 1,5 0,7 1,6 281,8 149,8 281,2

(I.-524) 3a cyeT [0CTATOMHOTO YBJIAXKHEHWsS B MIOHE -
HioJie, CIOCOGCTBOBABIIET0 YBEJUYEHUI0O OTHOCHUTEJIBHOHN
ckopocTy GpopMupoBaHus 6ruoMacchl. ONTUMabHbIE 3HAYE-
Hus Ha6soaanrch B 2017 1. (3,89). OTpuuaTesibHble 3HaYe-
HUA HHAeKca yciaoBui B 20151 (-9,13) cBUAETENBCTBYIOT
0 HeGJIaroNpUsATHO CKJIaZbIBABIIMXCSA YCIOBHUSX BereTalU-
OHHOTO0 NEPHO/a.

OneHKy 3HAQYMMOCTH M I0JM BKJaZia FeHOTHUIINYECKUX
Y cpefj006pasyroirx GaKkTopoB, a TAaKKe reHOTHUII-CPeJOBO-
ro B3aUMOZieHCTBUS B GOPMUPOBAHUE XO3SWCTBEHHO L[€H-
HBIX IPU3HAKOB STYMEHS ONpeJessiy C IOMOLIbI0 AByXdaK-
TOPHOTO JHUCIEPCUOHHOI0 aHa/IM3a. B Hammx pacyeTtax ¢pak-
TOp «TreHOTUI» 0603Ha4yaeT reHeTHYecKHe OCOGEHHOCTHU

KaXX/J10ro U3 U3Yy4YEeHHbIX KOJIJIEKIITUOHHBIX 06p33110B AYMEH.
dakTOp «OKpyKawllas cpefia» OTpakaeT MeTeOpOJIOrHYe-
CKHe 0COOEHHOCTH (Ccpe/iHECyTOYHAs TEMIIepaTypa BO3AyXa,
KOJIMYECTBO BbIIIABIINX OcaAKOB) HccieayeMbIX BereTanu-
OHHBIX TIEPHUOA0B.

KoHTpacTHBIN KAUMaTUYeCKUNA QOH B rOJbl KCCJIE10Ba-
HHA TII03BOJIMJI YCTAHOBHUTHL CTATUCTHYECKH 3HAYUMBbIH
BKJIaJ, GaKTOPOB BHeIIHeN cpe/ibl B 061ee GeHOTUIIHYECKOe
BapbUpPOBAaHHE pAda X03SIMCTBEHHO LHEeHHBbIX NPU3HAKOB A4-
MeHsl NpU 5-MpolLeHTHOM ypoBHe 3HayumocTH (P <0,05).
Tak, HaUGOJIBIIMKA BKJIAJ YCIAOBHUS IoJla BHOCAT B GOPMUPO-
BaHWE USMEHYUBOCTH BbBICOTBI KU MACChI 3€PpHA C paCTEHHUA —
51,6 1 41,6% cooTBeTcTBEHHO (Tab.1. 2).

Ta6auna 2. Bkaag ¢pakTopoB U UX B3aUMOAEeNCTBUA B GOPMUPOBaHHE X03ANICTBEHHO LIeHHbIX MPU3HAKOB SIYMEHA
(2015-2017 rr., TromeHnn)

Table 2. Contribution of the factors and their interaction to the formation of useful agronomic traits in barley
(2015-2017, Tyumen)

VICTOYHMK BapbUPOBaHHUS df mS Fpoer zcll:);l:r z;fl(fl/oa
Pe3ysibTaThl AUCNIEPCUOHHOrO aHA/IM3a N0J1eBOM BCX0XKECTH CEMSAH
daxkTop A (reHoTun) 145 831,08 897,79* 33,1
daxTop B (oxpyxaromas cpesa) 2 45712,40 49381,41* 25,1
BsaumogerictBue A x B 290 523,57 565,60* 41,6
HeyuTeHHBIH paKkTOp 876 0,92 - 0,2
Pe3ysibTaThl AMCNIEPCHOHHOrO aHA/IM3a BbICOTBI PacTeHUI
A (renorumn) 145 669,45 1634,05* 29,5
B (oxpy»xarowias cpefsa) 2 24936,40 207319,77* 51,6
AxB 290 212,49 518,68* 18,7
HeyuTeHHb1# pakTOp 876 0,41 - 0,2
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Ta6inna 2. OKoHYaHHe
Table 2. The end

N CcTOYHUK BapbUPOBAHUA df mS Fpoen l(ll:):ljr ﬁlggfl&a
Pe3ysibTaThbl AUCIEPCHOHHOrO aHA/IM3a MacChl 3ePHA C pacTeHUA
A (reHotumn) 145 0,81 1185,33* 25,0
B (okpy»xaromas cpesa) 2 97,53 142977,54* 41,6
AxB 290 0,53 789,09* 33,3
HeyuTeHHBIN dpaKkTOp 876 0,00 - 0,1
PesysibTaThl AU CIIEPCUOHHOrO aHaIu3a Maccel 1000 3epen
A (renorumn) 145 212,64 426,34* 68,1
B (okpy:xatoias cpeza) 2 752,79 1509,36* 3,3
AxB 290 43,12 84,46* 27,6
HeyuTeHHbI! dpaKkTOp 876 0,49 - 1,0
Pe3y/IbTaThl AUCIIEPCUOHHOTO AHAIN3A YPOKAHHOCTH
A (reHorumn) 145 39638,6 8197,95* 34,3
B (oxpy»katomiasi cpefa) 2 2678313,1 553920,75* 31,9
AxB 290 19428,1 4018,07* 337
HeyuyTeHHBIN dpakTOp 876 4,8 - 0,1

[IpumeuaHnue: df - creneHb cBOGOABI; MS - cpeHUM KBagpaT; * P < 0,05

Note: df. - degrees of freedom, mS - mean squares, * P < 0.05

W3meHnuuBocTb Macchl 1000 3epeH B GoJiblliel CTeNeHU
OblJla 06yCJIOBJIEHA TE€HOTUIMUYECKUMH OCOGEHHOCTSIMU
(68,1%), npeBaIMpPYOIUMH HaJ BAUSHUEM CpeJibl U FeHO-
THUI-CPEJIOBBIM B3auMoJeicTBUeM. B dopMupoBaHuu mno-
JIEBOM BCXOXKECTHU CEMSIH HAUOO0JIbIIUN 3 PEKT OTMEYEH OT
BJUSHUS GAKTOPOB «F€HOTHI x cpeaa» (41,6%). Bausuue
KJMMaTU4YeCKUX yCJAOBUM U reHOTHIHUYEeCKUX 0COOEHHO-
cTel sTYMeHs, a TaKXKe UX COBMECTHOTO B3aUMOJeNCTBUA
oTpaxaeTcs B QEHOTUNHYECKOM MPOSBJIEHUU XO3SUCT-
BEHHO IIeHHbIX PU3HAaKOB. Hasmnuue focTOBEpHBIX 9ddek-
TOB F€HOTHUI-CPELOBOT0 B3aUMO/IeCTBUSA MOATBEPKAAET-
C CTaTUCTUYECKHU JOCTOBEPHOW 3HAYMMOCTBIO JJaHHBIX
dakTopoB (F¢m’ > Fmp').

HeycToH4YMBOCTb IMAPOTEPMUYECKOTO PEKUMA B IEPHOZ,
aKTUBHOTO POCTa Y Pa3BUTHUS PACTEHHUH MOXKET SIBJIATHCS
KJII0OYEeBbIM 3BEHOM, BHOCSIIIUM CYL€CTBEHHbIN BKJIaJ dak-
Topa cpefibl B o6LIyI0 Aucnepcrio ypoxkaiHoctu (Dogan
etal, 2016). B KOHKpeTHO! MOMYJ/ISALIUKM BAPbUPOBAHUE YPO-
YKaMHOCTH TaK)Xe MOXKeT ObITh BbI3BAaHO PEHOJIOTHYECKUMU
pas/IMYMsIMU F€HOTUIIOB U UX peaKLMeld Ha CTPeCCOBbIE yC-
soBus (Van Oosterom etal, 1993). B pamMkax B3aumozei-

CTBUs a/laNTaliMsl PACTEHUH K CTPECCOBBIM YCJIOBUSIM MOXKET
HUMETD KJII0YeBOe 3HaYeHHe J1JIsl OBbILIEHUS CTAOUIbHOCTH
u ypoxkaiiHocTu ssuMeHs (Ceccarelli et al,, 1994). B natuem uc-
CIeJOBaHUU [10Jis BJAUSAHUSA PaKTOpoB Ha opMHUpOBaHHUE
YPO’KalHOCTH MPAKTHYECKU B PAaBHOU CTENMEHU OINpenes-
JIacb TEHOTUIMMYECKUMU ocob6eHHOCTSAMU (34,3%), ycioBusi-
MU BHellHed cpefbl (31,9%), a Takke B3auMojedcTBHEM
JlaHHBIX GakTopoB (33,7%), 4To yKa3bIBaeT Ha OTHOCUTEJIb-
HO XOpOIlIKe a/lallTUBHbIe CBONCTBA SUMEHS K MEHSIOIUMCS
dakTopam cpefbl.

KoppesisiioHHBIH aHa/IM3 N03BOJISIET YCTAHOBUTb CTe-
NeHb CONPSIKEHHOCTH YPOXKaWHOCTH C OCHOBHBIMHU IOKa3a-
TeJIAMU Ha QOHeE eHCTBUS JUMUTUPYIOLIUX GAaKTOPOB, pe-
JIOCTaBJIsisl BO3MOXXKHOCTb OIpeJieIeHUs] JUAarHOCTHYECKUX
NPU3HAKOB OLIEHKU U 0TG0pa FeHOTUIIOB HAa PaHHUX JTanax
cesieKMoHHOU pa6oTsl (Volkova, 2016). [lockosbKY yay4lie-
HUE COPTOB N0 KOMILJIEKCY NPU3HAKOB SIBJISIETCS TPYJ0eM-
KUM [POLECCOM, IOHUMAaHHE CHJIbI CBSI3M MEX/Y KOHKpET-
HBIMU IPU3HAKaMH MOXET [IOMOYb CeJIEKLMOHEPY B Olpe/ie-
JIEeHWU HalnpaBJieHus gajabHele pa6otsl (Karahan, Akgun,
2019).
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B xoze mosieBbIX HUcCIe,0BaHUH HAMU IPOBOAUIACH KOM-
IJIEKCHasl OLleHKa M0 PAAY XO3fMCTBEHHO I|eHHbIX NIpU3Ha-
koB. Ha ocHOBaHMM KOppeJIILIHOHHOTO aHa/Iu3a yCTaHOBJIe-
HO, YTO YPO’KaHHOCTb sTYMeHs B 6OJIbllIel CTeneH! GbLIa Co-
npsKeHa ¢ Maccoi 3epHa ¢ pacteHus (r = 0,72), uucjioM npo-
JYKTUBHBIX cTebsed Ha efuHuly mwiowaad (r=0,63),
B MeHbLIEN — C MOJIEBON BCxoxKecThio ceMsiH (r = 0,39) u Mac-
coit 1000 3epeH (r = 0,37) (puCyHOK).

CTaTUCTUYEeCKH 3HauMMas Koppesslus YpoKalHOCTH
Obl1a MEeHee BbIpaXKeHa: C CoZlep:KaHueM XJ10poduIIa B JIKC-
ThAX II0 MOKa3aTeJsM omnThdyeckoro cdetyuka SPAD 502,
Minolta Co. Ltd., Tokyo, Japan (r = 0,30), BbIcOTON pacTeHUH
(r=0,28), giuHoii koJsoca (r = 0,19). B3aumocBsi3b ypoxai-
HOCTH C yCTOWYUBOCTBIO pAaCTEHUH K N0JIeraHHUIo He YCTaHOB-
sneHa (r=-0,06).

Hapsizy cucnepcMOHHBIM aHa/lW30M, YYUTHIBAIOLIUM
B3aUMO/IEHCTBUE «T€HOTHUI X Cpe/ia», pa3paboTaHbl METO/bI
OLleHKHU CeJIeKIIMOHHOI'0 MaTepHasla o CBOHCTBaM aJJal TUB-
HOCTH, IJIACTUYHOCTH U CTaGUJIBHOCTH K M3MEHSIOIHUMCS
BHEIHUM yCJIOBUSIM CpeJibl, ONOJIHAOLMe UHPOPMALHIO 006
o6Lell MPUCTOCO6JEHHOCTU U3y4aeMOW KYJbTYpbl B KOH-
KPeTHOM pervoHe, a TakXke MO3BOJISIOIIHE BblJIeJUTb JIyd-
I1Me FeHOTUIBI 10 UCCie[yeMbIM lTapaMeTpaM.

MeTtoauka S. A. Eberhart, W. A. Russell (1966) sBaseTtcs
OOLIENPUHATON AJ151 ONIpe/ie/IeHusI 3KOJOTUYeCKON CTabu/Ib-
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HOCTU M IJIACTUYHOCTU copTa. CyLIHOCTh JIaHHOTO MeTo/a
3aKJ/Ilo4yaeTcsl B pacyeTe Ko3puLMeHTa JUHEHHON perpec-
cuu (b)) u qucnepcuy OTKJIOHEHHUH OT IMHUK perpeccuH (S%,)
JIJIS1 K&X/10T0 COPTa. 3aBUCUMOCTb POCTA MJIACTUYHOCTH COp-
Ta 3a4aCTy CHOCOOCTBYET CHHXKEHHIO ero CTaGUJIbHOCTH.
(Pakudin, Lopatina, 1984). B cBsI3u € 3TUM JJis1 CeJEKIIUOH-
HOU NPaKTHKHU 60Jiee IleHHbIMH SIBJISIIOTCS TEHOTHIIBI C BBICO-
KOW MIacTUYHOCTDIO (b, > 1) ¥ HUSKUM MH/EKCOM CTabuJib-
HocTH (S?,). B HaieM onbiTe MccaeyeMblid MaTepual o6J1a-
Jasl IIAPOKUM IMpesesioM HU3MEHYUBOCTH KoapouimeHTa
perpeccuu - ot -0,95 g0 2,90. 06pasupl € NJIaCTUYHOCTHIO
ke 1 (b, < 1) oTHOCATCA K 3KCTEHCUBHOMY THIy COPTOB
C HU3KOM OT3bIBYMBOCTBIO HA YIy4llleHHe YCJIOBUH BbIpalu-
BaHUsA. BbicOKOH 0T3bIBUMBOCTLIO (b, > 1) Ha yiy4ienue yc-
JIOBUH xapaKTepusoBasics 71 o6pasel, YTO XxapaKTepHO JJis
COPTOB MHTEHCHBHOrO THna. HaubGosbllee 3HaYeHHE OTMe-
YeHO y MHoropsifjHoro o6pasna ‘Mansholts Fletument D’ (k-
24799, Hupepaanael, var. pallidum) - 2,90, u aBypsiiHOTO
JlHenpoBckuit 427" (x-24741, YkpauHa, var. nutans) - 2,72.
OZHAaKO OHM HMeJIM BBICOKHE I0Ka3aTeJd CTaGUJIbHOCTU
(5?,=344,11 n 504,26 cOOTBETCTBEHHO) U KO3(PUIKEHTa
Bapuauuu (CV=78,10% u89,61%), 4TO roBOpPUT O 3HAYHU-
TeJIbHOW U3MEHYMBOCTH UX NMPOJYKTUBHOCTH NPU BBICOKOH
OT3BIBYMBOCTU HA YCJOBUS BO3/esbIlBaHUs. Cpesid BbICOKO-
yPOXKalHbIX 00pasloB HauOOJIbIIAS MJACTUYHOCTb, IPU

400 "
o 350 7063 RN
=300 o
£ 250
g .
E 200 2 :
; 150 3
2100
” 50 .

O T T T T T
100 200 300 400 500 600
Yncao IpOoAYKTHBHBIX cTed e, mT./ M2

400 "
= 300 ; I
£ 250 =
& o ot
Py 200 . .;& . s .. .
= . e e .
= 150 /*f""/ z,
g 100 SRR
> 50 e . . . *

0

0,1 03 0,5 0,7 09 1.1 13 15 1,7 1.9

Macca 3epHa ¢ pacTeHHs, T

PucyHok. Koppesissuus ypoxaitHOCTH ¢ 6U0JIOTHYeCKUMH NPU3HAKaMU SYMeHs
* - nocroBepHo npu 0,05 ypoBHE 3HAYUMOCTH

Figure. Correlations of barley yield with biological characters
* — significant at the 0.05 level
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OTHOCUTEJIbHO HU3KOU (PEHOTUNHUUYECKOU CTAOGUJIbHOCTHU
(SZDl =3,9-45,2), ormeveHa y ‘Dz02-163’" (x-22942, Iduonus,
var. pallidum) - 2,76; ‘Abyssinian 14’ (k-23504, HuznepsaH-
b1, var. pallidum) - 2,18; MecTHbI# (26620, dduonus, var.
steudelii) - 1,63, npu cpeJjHEM 3HAYE€HUU CTaHAapTa ‘A4a”:
b =1,31uS% =749.

PacueT k03¢ PunMeHTa aJal TUBHOCTH NO3BOJISIET Olle-
HUTb NPOJAYKTHUBHBIA M aflalTUBHBIN MOTEHIMaJ COPTOB
110 U3MEHYUBOCTH UX YPOXKAHHOCTU OTHOCUTEJIbHO 06111ei
BUJIOBOM a/JlaliTUBHOM peaKI MU pacTeHUU Ha ¢aKTopbl
BHeIllHeH cpe/bl B pa3/iMyHble BereTaljMOHHble NePHUOJbI
(Zhivotkov etal., 1994). K noTeHMaIbHO BBICOKOMPOAYK-
TUBHBIM TeHOTHUIIAaM HaMM OblJIO OTHeceHO 73 o6pasua
C BBICOKMM Ko3dduuueHToM agantuBHocTu (KA=1,01-
1,99); y ctangapTa AaHHoe 3HaueHue coctaBuiio 1,50. Cpe-
JM IByPSAAHOTO TYMeHsI HauboJIbliMe 3Ha4eHUs HabJro1a-
Juch yo6pasuoB: ‘L-2048/63/2 Lageiewnik’ (x-22176,
[Honbma) - 1,83; ‘Galina’ (k-22728, lepmanus)- 1,79;
‘Wirkungerf’ (k-25737, Tepmanus) - 1,68; ‘XapbkoBckuit 70’
(x-23683, YkpauHa) - 1,64; ‘Cosmos’ (k-21967, ®paHuus),
‘Haarer Isdania’ (x-25746, l'epmanus) - 1,57; ‘M-702/70 (k-
22199, YexocnoBakus) - 1,52, oTHOCSALUXCS K pa3HOBUJ-
HOCTHU nutans, a Takxke y o6pasya MecTHblil - 1,52. Brico-
Kue 3HaueHUs KoapdulMeHTa afalTUBHOCTH MHOTOPAA-
HOTO sIYMeHsI 0OTMedeHbl y 06pasuoB boTaHnvyeckas popma
(x-24820, 'epmanus, var, harlani) - 1,99; ‘Abyssinian 14’ -
1,98; ‘C.1.11071" (k-30711, Ilepy, var. parallelum) - 1,84;
‘Arni 7’ (x-25783, l'epmanus, var. pallidum) - 1,75; ‘Knez-
sa 65’ (k-22809, Beurpus, var. pallidum) - 1,62; ‘C.1. 10995’
(x-30630, Ilepy, var. sinicum) - 1,53.

[oMeoCTaTUYHOCTBD SIBJISIETCS BaXKHbIM CBOMCTBOM CaMo-
pery/ssiyy »KMBOTO OpraHu3Mma cC BHellHed cpejoil (Han-
gildin, 1986). [IposiB/ieHHE rOMeOCTa3a M03BOJISIET CTAOUIU-
3MpOBaTh U MOAJAepKUBAaTbh HOpPMa/bHble peaKlU{ pa3BU-
THUS PAaCTUTEJbHOTO OPTaHU3Ma U NPOTUBOCTOSITh CTPECCO-
BbIM Bo3JelcTBusaM (Volkova, Shchennikova, 2020). B cBs3u
C 3TUM CeJIEKIIUOHHYIO [IleHHOCTb NPUO6peTaT copTa C BbI-
COKMMH 3HauyeHMsIMU ToMeocTaTHYHOCTU. Kak mpaBuo,
B 6JIarONPUATHBIX YCIOBUAX [JIJIsI TAKUX T€HOTUIIOB CBOMCT-
BeHHO pOpMHUpOBaHUe NOTEHIMAJbHO BBICOKON ypoXKkaiiHO-
CTH, B TO BpeMsl KaK BO3/leliCTBHe He6I1aronpUATHBIX paKTo-
pOB MPUBOAUT K HE3HAYUTEJbHOMY CHH)KEHHUIO IPOAYKTHUB-
HocTU. [lokasaTenb romeoctatuyHocty (Hom) cranpapta
coctaBua 5,91%, cpefin U3ydeHHbIX 06pa31[0B BbICOKHE IO-
KasaTesu ObLJIM OTMeuyeHbl y Tpex o6pasnos: ‘C.I1. DO-1637’
(k-25279, CIIA, var. nutans) - 170,2%, ‘Hyp’ (x-30820, Poc-
cus, var. nhutans) - 167,2%, ‘Gitte’ (k-25170, 'epmanus, var.
nutans) - 112,8%, npu 3TOM ypokalHOCTb AaHHBIX 06pas-
noB (99,8-190,2 r/mM?) 6bu1a HUXKe cTaHgapTa (268,8 r/m?)
KaK B CpeJIHeM, TaK U OT/eJIbHO 1o rofaM. Cpein BBICOKOYpO-
»KalHbIX 00pa3l0B HauboJblIee 3HaYeHue Hom umen o6pa-
3er] ‘Galina’ - 36,3%.

Hapsapy cnokasaTeseM roMeoCTaTHUYHOCTH, HCIOJb3Y-
IOTCS1 Y Ipyrde MeTOAbl OLleHKU romeocrtasa. UHpekc cTa-
ounbHoCcTH (MC) XapaKkTepusyeT copTa 10 CIOCOGHOCTH MPHU-
CrocabIMBaThCs K ONpeJieJIeHHbIM YCI0BUSAM U GOPMHUPO-
BaThb CTa6UJIbHYIO 10 TOAAM YPOXKaHHOCTb, TEM CaMbIM OTpa-
»kasi romeoctas (Volkova, Gireva, 2017). U3y4yaeMblii KoJl1eK-
IIMOHHBI MaTepHas XapaKTepU30BaJsICs BbICOKOM BapHa-
6eJIbHOCTBI0 MHJEKCa cTabuabHOCTH - oT 0,67 mo 26,21.
3HavyeHHe cTaHJApTHOTO copTa Aya’ cocraBusio 5,97. Ha
YPOBHE CTaHJAapTa U 60Jiee BbICOKHE UHAEKCHI CTAOUJIbHO-
ctu (UC =5,98-26,21) oTMeueHbl y 28 06pas1ioB, U3 KOTOPBIX
15 oTHeceHbI K IOABUAY ABYPSHOIrO ssuMeHs], 13 — K MHOTO-
psAAHOMY. CTOUT OTMETUTb, UYTO CpeJ BbljeIeHHbIX 06pa3-
L[OB C BbICOKOH CTaOWJIbHOCTBIO MpeBbILIALAs CTaHZAPT

YPOXKaMHOCTh OTMeYeHa TOJbKO Y ceMU 06pa3ioB: ‘Galina),
‘C.1. 110771’, ‘Abyssinian 14, BoraHu4yeckass popma, MecTHBIH,
‘Knezsa 65’, ‘XapbkoBckuii 70”. Y ocTa/ibHbIX 06pa3loB ypo-
’)KalHOCTb Obl/Ia HMKe WJIM Ha YpoBHe cTaHAapTa. Han6osb-
1IMe UHJIEKChI GbLIM OTMEYEHb! Y YeThIpeX 06pa3oB: ‘Hyp' -
26,21; ‘Gitte’ - 24,49; ‘Galina’ - 23,74; ‘C.1. 11071’ - 21,24, yTo0
XapaKTepHU3yeT UX KaK 6oJsiee CTaGU/IbHbIE U IPUCIIOCOO/IEH-
Hble K JaHHbIM YCJI0BUSM.

Oco6eHHocTblo mNokasaTenss [IYCC saBisieTcss 3aBUCH-
MOCTb €ro BeJIMYUHBI OT CpeJiHEro 3HaueHHUsl YpoKalHOCTH
Y ee CTaHAAPTHOTO OTKJIOHEHHs], YTO MO3BOJISIET IPOBECTHU
CPaBHUTEJIBHYIO OL|eHKY HCIBITHIBAEMOI'0 COPTA CO CTaHAap-
TOM, BHE 3aBUCHUMOCTH OT KOJIMYeCcTBa U Habopa U3yyaeMoro
MaTepHasa B KOHKpeTHbIX ycaoBusx (Gorbunova, Vlasova,
2019). OTMeuaeTcsi, YTO KOMIJIEKCHOCTb, Y4YUThIBAIOIIAs
YPOBEHb U CTAGU/IbHOCTb YPOXKaHHOCTH, 103BOJISI€T UCIOJIb-
30BaTh JaHHBIN MOKa3aTeJb B KaueCTBe OLleHKU roMeocTa-
tuyHoCTHU (Levakova, Eroshenko, 2017). /luddpepenunpona-
HUe M3y4yaeMOro MaTepuaja IO03BOJIMJIO OTHECTH K rpyIe
c Hau6osiee BbICOKMMM 3HadeHUsAMH [IYCC (6osee 100%)
21 o6pasern, npu MakcuMyMe 424,9% y aBypsiaHOro obpasna
‘Galina’” 1 391,7% yo6pa3uga ‘CI.11071, oTHocsuerocs
K IIOJIBU/Ly MHOTOPSITHOTO STYMEHSI.

[Ipy oLleHKe UCHBITBIBAEMBIX COPTOB B Pa3JMYHbIX
YCJOBUAX CpeJibl NPUMeHeHHe MH/JleKca 3KO0JOTM4ecKou
miactTuyHocTu (MII1) maeT BO3MOXKHOCTB HAGJOAATH 3a
CIOCOGHOCTBIO COPTOB GOPMUPOBATH BHICOKYIO U CTAOUIb-
Hyto ypoxaiHocTb (Nikolaev et al., 2018). Yem Bblle gaH-
HbIM NMokasaTesb, TeM 6oJlee LieHeH copT. BappupoBaHue
HHJleKca OTMeuYyeHO B IIMpoKoM auanaszo”e (MIIl=0,30-
2,02). Haubosiee mJacTUYHBIMU T€HOTHUIIAMU C BBICOKUM
nHJekcoM (6osiee 1,50) 6b1IU ceEMb ABYPSJHBIX 06pa3I[0B:
‘L-2048/63/2 Lageiewnik’ - 1,78; ‘XapbkoBckuit 70’ - 1,69;
‘AuenpoBckuit 427" - 1,63; ‘Cosmos 34’ - 1,59; ‘Galina’ -
1,56; MecTtHbiii - 1,54; ‘M-702/70’ - 1,53, aTakxke ceMb
MHoOropsAHbIX: ‘Abyssinian 14’ - 2,02; Botanuyeckas ¢op-
Ma - 2,02; ‘Mansholts Fletument D’ - 1,85; ‘Montcalm T30-
10’ (x-24662, CLIA, var. rikotense - 1,71; ‘Knezsa 65’ - 1,66;
‘Dz02-163’ - 1,63; ‘C.I1. 11071’ - 1,61.

Eme ofHUM NOAXOA0M JIONOJIHUTENbHON OLleHKH ajal-
TUBHOCTH COPTOB K CTPECCOBBIM YCJIOBUAM BO3/e/IbIBAHUSA
MOTYT SIBJISITbCS TNOKa3aTeJH CTPECCOYCTONYHUBOCTH U KOM-
neHcaTopHoi cnoco6HocTH (Nikolaev et al., 2018). Yposenb
ycrornuuBocTH K ctpeccy (Y, . -Y ) onpejesiseTca pasHO-
CTBI0O MeX/y MaKCUMaJbHOH M MUHUMAaJbHOH ypoxalHO-
ctbio copta (Goncharenko, 2005). O BbICOKHUX CBOHCTBax
CTPeccoycTOMYMBOCTH CBUJIeTEIbCTBYeT HalMeHblllee 3Ha-
yeHHe BeJIMYMHbBI JJAHHOI'O NIpU3HaKa. YCJI0BHOe pacnpeje-
JleHHe 06pa3loB Ha IPyMNIbl 0Ka3ajo, YTO BbICOKas CTpec-
coyctoiuuBocTh (oT -17,5 no -97,5) Habaropanacek y rpyn-
b, cocTositeit 3 30 06pasLoB JBYPAJHOTO U MHOTOPSIJHO-
ro sTYMeHs], IpU CpeiHel ypoxkaitHocT 54,6-296,0 r/m?2 Ca-
Masi BbICOKasi yCTOMYUBOCTDb K CTPeccy oTMedYeHa Y o6pasia
n3 CIIA ‘Comfort f8 (k-24678, CILA, var. breviaristatum),
yPOXXallHOCTb KOTOPOr'o B CpeJjHEM IO roJaM COCTaBHJIA
101,4 r/m% CouyeTaHHUEM BBICOKOW CTPECCOYCTOMYHUBOCTU
U ypoxkaliHOCTHU XapakTepusoBaiuck ‘C.I. 11071’ u ‘Galina’

[lokasaresib KOMIIEHCATOPHOU cioco6HocTH (Y, +Y  )/2
CJIY?KUT J0TI0JTHEHHEM OLleHKH CTPeCcCOYyCTOMYUBOCTH U 1103-
BOJISIET CY/JUTh O FTeHETUY€ECKON TMOKOCTU COPTA U €ro CTele-
HU cooTBeTcTBUS dakTopaM cpenbl (Nikolaev etal., 2019).
BbICOKOI KOMIIEHCATOPHON CIOCOGHOCTBIO OTIMYAJIHCh
MHOropsiiHble 06pasibl ‘Abyssinian 14, Boranuueckast ¢op-
Ma, ‘Mansholts Fletument D’, ‘Knezsa 65’, ‘Cosmos 32". Cpegu
00pasLoB JBYPsSAHOro sYMeHsl Bblaenuanch ‘L-2048/63/2
Lageiewnik’ u /lHenpoBckuii 427"
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Bosbiioe KoJM4eCcTBO METOAUK B OlleHKe aJlalTUBHO-
CTH, YCTOMYMBOCTH, NJIACTUYHOCTH U CTAaGUIBHOCTH COP-
TOB JJal0T BO3MO>XHOCTb 06'b€KTUBHOIO IleJieHallpaBJleH-
HOro 0T6Opa NMepcrneKTUBHOIO CeJIeKIIMOHHOTO MaTepua-
Jla, B CBSI3Y C YeM Ba)KHO NOHMMaHHe HauboJsiee HHPOpMa-
TUBHBIX [I0Ka3aTeJseld, CONPSI)KeHHbIX C U3y4YyaeMbIM NPU-
3HAaKOM.

Ha ocHoBe npoBe/ieHHOT0 KOpPpeJsI{MOHHOT0 aHaIu3a
yCTaHOBJIEHA 3aBUCHUMOCTb GOPMHUPOBAHUSA NMPOJYKTHUB-
HOCTU SIYMeHSl OT BJIMSIHUSI 3KOJIOTHMYEeCKUX (aKTOPOB
BHelllHel cpefbl. HanbGosbliasg JOCTOBEpHAs COMpPSKEH-
HOCTb YpOXAaWMHOCTU HabJwAaeTcs CKo3pOUIHEHTOM
agantuBHOCTH (r=0,94), UHIEKCOM 3KOJIOTHUYECKOH IJja-
ctuyHocTu (r=1,00), KOMIEHCATOPHOU CIOCOGHOCTbHIO
(r=0,96). Take 3HaYMMasi CBSI3b YPOKAUHOCTU OTMEY€eHa
co cTpeccoycTolyuBocThIo (r = -0,67), nokasaTeseM ypoB-
Hf U cTabuabHOCTH copTa (r = 0,58), koadpPunmentom nJia-
cTu4HOCTH (r = 0,53) u ctabunbHocTH (r = 0,45), 4TO BBIJE-
JIleT 3TH NIoKa3aTeJ M Kak HauboJsiee ”HPOpPMaTUBHBIE IPU
OlleHKe aJlallTUBHBIX U MPOAYKTHUBHBIX CBOMCTB f4YMeHS
B ycioBUsiX TroMeHCKOU o6sacTu. /lpyrue BbICOKO3HAUU-
Mble Koppessanuu (mpu P < 0,05%) oTMedeHbI MeX Ay MOKa-
3aTessiMmu CV u UC, bi, Ymin—YmaX; KA u I1YCC, U3II, KC; UC
u IIYCG; ITYCC u U3IL, KC; U3 u Y, -Y  KCbuY  -Y
S,uyY =Y L KCGY  -Y  uKC/(ra6u. 3).

He6yiaronpusiTHble ycJ0BUSI BO3/eJIbIBAHUS Or'pPaHU-
YMBAIOT NMOTEeHIIMaJ YPOKaWHOCTU pacTeHHUH U moJyyae-
Moro ypoxas. OGIIHPHBIA U PAa3HOCTOPOHHUN H3y4yaeMbIH

max’

COPTHUMEHT M03BOJIsSIET 60Jiee 06 bEKTUBHO OLEHUTH MPO-
JYKTUBHBIA U a/Jall TUBHBIN NOTEHLUAJ KYJIbTYPbI B UCIIbI-
ThIBaeMbIX YCJI0BUSAX U BbIJEJUTh NEPCIEKTUBHBIHN Cesek-
LMOHHBIN MaTepuaJl /IJisl CO3JaHUS HOBbIX COPTOB.

Kak oTmeyvaJioch paHee, CO3ZJlaHHe HOBBIX COPTOB NPO-
HCXOAHUT CYyMNOPOM Ha BBICOKYI W CTAOUJBHYIO ypOXKau-
HOCTb, OJHAKO TaKOH OJHOCTOPOHHUU CeJIEKIIMOHHBIN
MO/IX0/] HE B CHJIaX peaiM30BaTh NPOJYKTUBHOCTb pacTe-
HUU B IOJIHOU Mepe. B ¢BsI3W ¢ 3TUM B paboTaX MHOTHX Ce-
JIEKLJHOHEPOB aKLEHTHUPYETCS BAXXHOCTb IOBBIIIEHUS
aJlalTUBHOCTH PACTEHUH K KOHTPACTHBIM IOTOJHBIM
YCJIOBUSIM KOHKPETHOTO pervuoHa BO3/lesIbIBAHUS JJIs CO-
3JJlaHUS 3KOJIOTUYECKH YCTONYUBBIX U BBICOKONPOAYKTHUB-
HbIX copToB (Goncharenko, 2016; Surin et al., 2017).

Cpe/ZiM U3y4YeHHOI'0 MaTepHaJia 0CoObId HHTEpeC Npej-
CTaBJISIIOT 06pasLibl C IOTEHI[MAJIbHO BBICOKOH ypoXKalHO-
CTbI0. B KauecTBe KOHTPOJIsI UCI0JIb30BaJIH CTAaHAAPTHBIN
copt ‘Aua’ co cpeaHelt ypoxaiiHocTbhlo 268,8 /M2 Ilo
ycpeAHeHHBIM JaHHbIM (2015-2017 rr.), ypo’kallHOCTb
6oJiblllell yacTu ucciaegyeMblx o6pasuoB (91,1%) 6blia
HUXKe cTaHJapTa. OTHOCUTEJIBHO BBICOKOH YPOXKAWHOCTBIO
XapaKTepru3oBaauch 13 06pasLoB, cpesid KOTOPIX IIECTh
OTHOCAATCA K NOJBUJY MHOrOPSJHOTO SYMEHS, CEMb —
K IOJBUAY JBYPSHOTO; NpEBbILIEHUWE HAJ| CTAaHAAPTOM
coctaBusio 4,8-21,6% wu11,3-38,1%, COOTBETCTBEHHO.
O IIMPOKOW HM3MEHYMBOCTH NpPHU3HAKA CBUJIETENbCTBYET
k03 ounueHT Bapuanuu (CV), KOTOPbINA y BblJETUBIIUXCS
reHOTUIIOB BapbupoBaJj oT 12,10 fo 89,61% (Tab.. 4).

Ta6auna 3. KoadppunueHTsl NapHBIX KOPpeaALMA MeXy yPOoKallHOCTbIO U NOKAa3aTe IIMU aJalTUBHOCTH,
IVIACTUYHOCTH U CTaGUILHOCTH

Table 3. Pairwise correlation coefficients between the yield and the indicators of adaptability, plasticity and stability

Iloka3aTtesn KA HC Iycc Hom 31 b, $?, Y . -Y KC YP

Ccv -0,32* -0,68* -0,55* -0,23* -0,06 0,62* 0,38* -0,65* -0,10 -0,06
KA 0,54* 0,70* 0,06 0,94* 0,23* 0,38* -0,43* 0,95* 0,94*
UC 0,94* 0,45* 0,38* -0,27* -0,11 0,26* 0,39* 0,38*
Iycc 0,37* 0,58* -0,10 0,02 0,06 0,58* 0,58*
Hom 0,02 -0,10 -0,11 0,17* 0,03 0,02

H3II 0,53* 0,45* -0,67* 0,96* 1,00*
b, 0,34* -0,87* 0,42* 0,53*
S, -0,66* 0,58* 0,45*
Y, Y. -0,62* | -0,67*
KC 0,96*

[Ipumeuanue: * P < 0,05; YP - ypoxkaliHOoCTb; CV - ko3¢ dunuent Bapuanuu (Dospekhov, 2014); KA - k03 dULHEHT afan TUBHOCTH
(Zhivotkov et al., 1994); UC - unpekc cta6unbHocty (Udachin, Golovchenko, 1990); [IYCC - nokasaTeJib ypOBHsI U CTa6UJILHOCTH ypPO-
»kaliHocTH copta (Gorbunova, Vlasova, 2019); Hom - romeoctatuunocts (Hangildin, 1986); U311 - uH/AE€KC 3K0JIOTUYECKOH MJIaCTUYHO-
ctu (Gryaznov, 1996); b, - koadduimeHT nmaactuiHocTH, S?, - ctabuabHoCcTh (Pakudin, Lopatina, 1984); Y -Y - cTpeccoycToituu-
BocThb, KC - komneHcaTopHasi cnoco6HocThb (Goncharenko, 2005)

Notice: * P < 0.05; YP - grain yield; CV - coefficient of variation; KA - coefficient of adaptability; XC - stability index;
[TIYCC - index of the yield level and stability of a cultivar; Hom - homeostasis; U311 - environmental plasticity index;
b, - coefficient of plasticity; S?, - stability; Y  -Y - stress tolerance; KC - compensatory ability (Goncharenko, 2005)
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3ak/iloueHue

W3yyeHure peakuy 06pasLioB suMeHs Ha paKTOpbI OKpPY-
JKarollel cpe/ibl MoKasaJjio, YTo B GOPMUPOBAHUM YPOXKaHHO-
CTH NPaKTHUYeCKH paBHO3HAYHOe 3HAYeHHe UMEIOT [eHOTHUI
(34,3%), cpesa (31,9%) 1 B3auMoAieicTBHe reHOTHIIA U Cpe-
nbl (33,7%).

BblIsiBJIeHbI pa3/IM4Ms 10 AOJIM BAUSHUSA KaXK0Tr0 GaKTo-
pa Ha NposiBJIeHUe OT/eJIbHbIX TPU3HAKOB, ONpe/e/soLux
3epHOBYIO IPOJYKTUBHOCTb fuMeHs. Hanbosbllee elicTBue
dakKTopa «reHOTUNI» OGHApPYKEeHO Ha Mpu3HaK Maccel 1000
3epeH (68,1%), dakTopa «cpefja» - Ha BbICOTY pacTeHHUU
(51,6%) u maccy 3epHa cpactenus (41,6%), B3aumogei-
cTBUSA (QAKTOPOB «TEHOTHII X CpeZia» — Ha IOJIEBYI0 BCXO-
»)ecTb ceMsiH (41,6%).

Cpeau M3yyeHHBIX XO3SHCTBEHHO IeHHBbIX NPU3HAKOB
TecHasi 3aBUCUMOCTb yPOXKalfHOCTH TYMeHsI OTMeyeHa ¢ Mac-
coit 3epHa c pactenus (r = 0,72), KOJIMYECTBOM HPOJYKTHUB-
HbIX CTe6Jiel Ha eAuHULY o u (r = 0,63), moJjieBoH BCXo-
»)kecTblo ceMsiH (r = 0,39) u macco#i 1000 3epen (r = 0,37).

AHanus JecaTu nokasaTeJsied aJalTUBHOCTH U CTa0OUJIb-
HOCTH M03BOJINJI BBISIBUTbH TECHY0 KoppeJssanuio Mexay UIII
n KC (r=0,96), KA u KC (r = 0,95), UC u I[IYCC (r = 0,94), KA
u M3 (r=094),buyY -Y  (r=-0,87).0TMe4YeHbI CUIbHbIE

KOppesISiiUU YPO:KAaHHOCTHU € KO3PPULIMEHTOM aJalTUBHO-

ctu (r=0,94), UHJEKCOM 3KOJIOTUYECKON IJIACTUYHOCTU
(r=1,00), komneHcaTopHOi crnoco6HOCThIO (r=0,96), 4TO
N03BOJISIET PEKOMEH/I0BATh 3TH I0Ka3aTe/Nd Kak HauboJiee
HHG)OpPMaTHUBHbIE IPU OTGOPE LEHHBIX GOPM TUMEHS AJIs ce-
JIEKIIMOHHBIX NPOrpaMM B ycjaoBUsX CeBepHOro 3aypasibs.
[TokasaTesu ypOBHSl U CTAGUJIBHOCTH YPOXKAWUHOCTH COPTA,
CTPeCCOyCTOMYUBOCTH, KO3QUIUEHT MIACTUYHOCTH U KO-
3dPULHEHT CTAOUIBHOCTH MOTYT ObITh MCIOJIb30BaHBI AJIs
JIOTIOJIHUTEbHOW HHQOPMAaLMH O CBSI3U aJallTUBHBIX U NPO-
JYKTHUBHBIX CBOHCTB C yPOXKaHOCTBIO PaCTEHUH.

[To pe3ysbTaTaM KOMIJIEKCHOH OLlEeHKU M aHAJIM3a 0J1y-
YEHHBIX JIJaHHBIX, HAOJIIOJAIOTCS DPA3JMYUs B pealusaluu
BBICOKOU U CTabUIbHON 3€pHOBOU NMPOAYKTUBHOCTH pacTe-
HUM A4MeHs. Y GOJIBLIIMHCTBA TeHOTHUNIOB (OpMHUpPOBaHUE
BbICOKOH YPO)XKalHHOCTH CONPOBOXK/1A€TCSl HECTAOUIbHOCTBIO
9KOJIOTMYECKOW YCTOMYMBOCTH U IIaCTUYHOCTH. Cpesin BbI-
JleJIEHHBIX 06pa31ioB YCTaHOBJIEHA IMPOKasi HOpMa peakLuu
Ha paKTophI OKpyxKarwLei cpeibl. Haubosiee cTabuIbHBIMU
obpasuaMu BycioBUusx CeBepHoOro 3aypasibsi SBJSIOTCS
o6pasel ABypsAAHoro ssuMeHs ‘Galina’ (k-22728, 'epmaHus,
var. nutans) v MHoropsifioro - ‘C.1. 11071’ (x-30711, Ilepy,
var. parallelum), oTHOcsILMeCs] K SKCTEHCUBHOMY TuIy. KoM-
IJIEKCOM aJJalTUBHBIX W MPOJYKTHUBHBIX CBOMCTB XapakTe-
pusoBasuch ‘Abyssinian 14’ (k-23504, var. pallidum) u ‘Xapb-
koBckui 70’ (k-23683, YkpauHa, var. nutans).

Pa6oma evinosxena 8 coomeemcmauu ¢ memoti HHOKTP
«H3yyeHue zeHemuyecKux pecypcog Ky/abMmypHbIX pacmeHull
u gpopMuposaHue KoAAeKYUuoHHo20 oHda das ycaosuli Ce-
8epHo20 3aypaawvsi». Homep zocydapcmeeHHoll peeucmpayuu
115050610202.

The work was carried out in accordance with the R&D
theme “Study of genetic resources of cultivated plants and the
formation of a collection fund for the conditions of the North-
ern Trans-Urals”. State number registration 115050610202.
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B MuHckoM paitoHe Pecniy6sinku Beslapych H3y4yeHo U oIu-
CaHO M0 KOMIIJIEKCY MOP$OGHOJIOTNUeCKUX TPU3HAKOB, OU-
OXMMHUYECKUM U MOJIEKYJIIPHO-TeHETHYECKUM XapaKTepHu-
cTukaM 50 06pa3LoB JINHWHA Y3KOJHUCTHOTO PAa3JIMYHOTO
npoucxoxaeHus us koyneknuu BUP um. H.U. BaBusiosa. [lo
pesy/jbTaTaM IMOJIEBBIX U JAa0OPATOPHBIX HCCJeA0BaHUN
BbIZiesieHO 10 mepcrneKTUBHBIX 06pa3lioB, KOTOpPble PeEKO-
MEH/JI0OBAaHbl AJid UCIIOJIb30BAHHUA B peI‘PIOHaJIbHOﬁ CceJieK-
MU U BKJIIOYEHbl B pabouylo KoJuiekLnuio Besopycckoro
rocy/lapCTBEHHOI'0 YHUBEpPCUTETA.

KiwoueBsbie cioBa: AJIKAJIOU A bI, 3allaCHbIE 6€JIKI/I, MOJIEKY-
JIApHbIE MAapKephbl, CEJIEKITUOHHO 3HAYUMbIe IPU3HAKH.

Fifty narrow-leaved lupine accessions of various origin
from the VIR collection were studied in Minsk District, Re-
public of Belarus, and described by a set of morphobiologi-
cal, biochemical and molecular-genetic characters. Accord-
ing to the results of field and laboratory studies, 10 promis-
ing accessions were selected. They are recommended for
use in regional breeding programs and included in the
working collection of the Belarusian State University.

Key words: agronomic traits, alkaloids, plant productivity,
proteins.

BBeaenue

OGoraimeHnre reHoQOH/A JTI060H Ky/JIbTYPhI KpakHe aKTy-
aJIbHO, C OAHOU CTOPOHBI, AJIsI NMPUBJIEYEHUsT B CeJEKI[MOH-
HBIH MPOLECC HOBBIX ajljlesiell X031MCTBEHHO IIeHHBIX NMPHU-
3HAKOB, CIIOCOOCTBYIOLIUX PACUIMPEHHUIO €ro reHeTHYeCKOn
OCHOBBI, C Ipyrof — JJis1 HAKOIJIEHUS W COXpaHEHUs aJlie-
Jiel, HeBOCTpe6OBAaHHbBIX CETO/HS, HO, BO3MOXKHO, PE/ICTaB-
JISIOIINX [IeHHOCTb B MOJIEJISIX COPTOB OY/IYIIEeTr0, [/ YBeJH-
YeHHUs BO3MOXHOCTeH [AMBepCHUPUKAIMU HCIO0Jb30BAHUSA
KyJBTYPHI U T. II.

[TonosiHeHMe reHOGOH/IA BO3MOXKHO 3a CUeT rU6pUAN3a-
I[UU JIJI9 [TOJTy9eHHs] HOBBIX KOMOUHALUM TPU3HAKOB U BbI-
SIBJIEHUS] PelleCCUBHBIX ajljIesIel, MyTeM MyTareHe3a JiJis 1o-
JIy4eHHsI HOBBIX T€HOTHIIOB U GpEeHOTHIIOB, a TAKKE MOIOTHe-
HUS KOJUIEKIIMH repMoIlJia3Mbl IyTeM OOMeHa C JPyrUMH
reH0aHKaMH | CeJIeKIMOHHBIMU yupexaeHusMHU. [Ipu sro-
60M crioco6e Mosry4eHHsI HOBOTO TeHETUYECKOT0 MaTepHraJsa
HeOOX0/IMMO €ero H3y4YeHHe C LeJbI0 XapaKTePUCTHUKU II0
KOMILJIEKCY TPU3HAKOB. [IpH MOJy4eHUH KOJIJIEKIIMOHHBIX
006pa3LoB U3 y/laJIeHHbIX FreHGAaHKOB GOJIBIIYI0 POJIb UTPAET
OLleHKA MX aJallTAllMOHHBIX CIIOCOGHOCTEH B HOBBIX 3KO0JIO-
IrUYeCKHUX YCIOBHSIX.

OGBEKT HcCleloBaHUSA — JIIONUH Y3KOJIUCTHBIN (Lupinus
angustifolius L.), Han6oJ1ee MUPOKO BO3/eTbIBa€MbIN U3 BCEX
KyJIbTUBUPYEMBIX BU/IOB JiloninHa B Mupe (Gladstones, 1998).
3TO MHOropyHKIMOHATbHAS KYJIbTYpa C AaJeKo He MOJHO-
CTBI0O HCNOJB30BaHHBIM noTeHuuanoM (Vishnyakova etal,

2020). BHacrosimee BpeMsl €ero BbIpAl[UBAKT TJIABHBIM
06pa3oM B KayecTBe KOPMOBOH M CHAEPATbHOU KYJIbTYpPHI.
[Ipor3BoOACTBO KOPMOB Ha OCHOBe JIIONKMHA B 2,5-3 pasa Je-
IIeBJIe, 4YeM, HaIpUMep, U3 COH, IPH YCJOBHUU PAaBHOMU MUIIle-
Bo nieHHocTH (Privalov, Shor, 2015). Bo3aesibiBaHuME JIIOTIH-
Ha CIOCOGCTBYET COXpAaHEHHUI0 eCTECTBEHHOIO IJIOJOPOAUS
MOYBBI 32 CYET a30TQUKCAIUU U CTIOCOGHOCTH €ro MOIHOMN
KOpPHEBOW CHCTeMbl MPOHUKATh [NIyGOKO B IIOYBY M UCHOJIb-
30BaTh 6OJIbIIOE KOJUYECTBO TUTATEJbHBIX BEIECTB, B TOM
yucie TpypHozmoctynHoro gocdopa (Lambers etal, 2012).
Yke cedvyac NulleBble WHTPEJUEHThl W3 3epHa JIONHHA
(Myka, GesIKOBbIe M30JIThI, KOHIIEHTPATbI) HCIOJIb3YIOTCS
B XJI€000Y/I0YHBIX U OE3T/IIOTEHOBBIX MMPOAYKTAaX B €BPOIeH-
CKHX CTpaHax, HO MepCHeKTHUBBI UX UCI0JIb30BAaHUS TOpaszio
mupe (Lucas et al,, 2015).

HecoMHeHHOe npenMyIecTBO JIIOIHMHA Y3KOJIUCTHOTO —
BBICOKAasl IJIACTUYHOCTb U CIIOCOOHOCTb PacTU Ha CPaBHHU-
TeJIbHO GeZIHBbIX MT0YBaX B PAa3HbIX 9KOJIOr0-Teorpadpuieckux
ycnoBusax (Egorova et al.,, 2020), B ToM 4ucJie B BBICOKUX LU~
potax (o 60° c. 11.).

Pecniy6sinka Benapyce (PB) Bxogut B TOm-10 cTpan -
npou3BoAUTe el JonrHa. OH CYUTAETCs ONTUMATbHOH BBI-
COKOGEeJKOBOH KYJbTYpOH, NMpPUYEM OCHOBHBIE ILJIOIAJU
B HacTosilllee BpeMsl 3aHAThHl UMEHHO JIIOIMHOM Y3KOJIHUCT-
HbIM (Privalov, Shor, 2015). OgHako ypoxKalHOCTb KYJIbTYPbI
MIOKa JjaJleKa OT KeJJaeMOM, YTO B GOJIBIION CTEIeHH MOXKHO
OTHECTH 3a CYET HeJJOCTATOYHOIO MCIOJIb30BAHUS I'€HETH-
YeCKOT0 pa3Ho06pa3usi reHoQOH/A B CEIEKIIUH.

TPY/IbI 110 IPUKJIAJITHOWM BOTAHUKE, TEHETUKE Y CEJIEKLIMHY 182 (3), 2021



U. RAMANCHUK e I.B.SAUK e G.P.EGOROVA e M.A. VISHNYAKOVA

Lleavro Hawell pabombl 6b110 U3ydeHHe KOMILIeKca NMpu-
3HAKOB y 06pas1oB U3 KoJyiekuuu BUP B ycioBusx MuHcko-
ro paioHa Pecny6snku Benapych, BblZiesieHre TepCIeKTHUB-
HbIX GOpM /11 UCNOJIb30BAHUA B CeJIEKLIMOHHOM Ipoliecce,
a TakKe BKJIOYEHUS B KOJJIEKLMIO JitonuHa Besopycckoro
rocyAapCTBEHHOTO yHUBEpPCUTETA.

MaTepnam,l U ME€TOAbI I/lCCJIeAOBaHHﬁ

HsydeHo 50 06pasiuoB J0NKUHA Y3KOJAUCTHOrO (TabJ. 1)
u3 Kosieknuu BUP no mopdobuosoruueckum, 6MoXxuMuye-
CKHUM U MOJIEKYJISIPHO-TeHeTUYeCKUM TapaMeTpaM.

W3yyeHre 06pasl0oB MPOBOJUJIM B TeYeHHUe [ABYX JIET
(2013, 2014 r.) B boraHuueckom cany Besopycckoro rocy-
JapcTBeHHoro yHuBepcuTeTa (BI'Y), pacmosiockeHHOM Ha
I0ro-3anaZiHod okpauHe I. MHHCKa okoJo JepeBHU llleMbl-
cmuua (53°49’° c. ., 27°27’ B. A.). 3eMesibHbIN yyacTok bora-
Hu4eckoro caga BbI'Y oTHocuTca k OmMsaHCKO-MUHCKOMY ar-
pomno4YBeHHOMY paiioHy. [louBbl 3/lech JepHOBO-NOA30JIH-
CThle, CpeJiHe- U €1a600M0/A30/1eHHbIe, PA3BUBAIOTCS Ha Cy-
rnHKax. CpeJHeroJjoBas TeMmIlepaTypa Bo3ayxa - +5,5°C,
cpeZiHsAsl TeMIlepaTypa ssHBaps paBHa —6,9°C, utoss - +17,8°C.
BereTauuoHHblit nepuog gautcs 170-200 gHeit, 6e3Mopo3-
HblM nepuo - okosio 230 aHeil. CpeJHETOA0BOE KOJTUYECTBO
0caZikoB cocTaBjsieT 650 MM. B BeceHHe-JIeTHUH MepUOJ
y4acTOK Mo/iBeprkeH MOATOIIJIEHHIO, YTO CBSA3aHO KakK Co cJ1a-
GOMPONYCKHON CIIOCOGHOCTBIO MOYB, TaK U C TEM, YTO Ha-
NpaBJleHUs] eCTeCTBEHHOTO CTOKa IepeKpbIThbl JOpOraMHu.
XapaKTepHa BbICOKasl BJAXHOCTb BO3/yxa (B X0JI0/jHOe Bpe-
Ms roga coctabiaseT 90-95%) (Hirilovich, Dzhus, 2009).

[ToceB ceMsH OCylLIeCTBJSIM B TpeTbel Jekaje ampeJs
Y NepBOH AieKkajie Masi COOTBETCTBEHHO 10 [oJjaM.

BbL1 MpoBejeH KOMIJIEKC UCCleJOBAaHUH, BKIIOYAIOLINH:

- OLIeHKY 110JIeBOM BCX0XKECTU CEMSH;

- olpe/JieJieHHe NPOLeHTa BbDKMBAEeMOCTH pacTeHUH;

- aHaJIM3 3JIEMEHTOB CTPYKTYpPbl NMPOAYKTUBHOCTH pa-
CTEeHUH;

- aHa/IM3 KOJIMYecTBa aJKaJOH/0B B CEMEHax U B 3eJle-
HOM Macce;

- olpejie/ieHe KOMIIOHEHTHOTO cOCTaBa 6eJIKOB;

- MOJIEKy/IIpHOe MapKUpoBaHue 06pas1ioB.

[TosleBy10 BCXOXECTb — KOJIMYECTBO B3OLIEAIIMX pacTe-
HUMH, BbIpaXKeHHOe B NMPOLIEHTaX K BbICETHHBIM BCXOXKHUM Ce-
MeHaM - OIpeJessijii eXerofAHo; AJs OOCYXJeHUs B3AT
2014 r.

[IpoLieHT BBIXKMBAeMOCTH paCTeHUH BBIYUCJSIN KaK OT-
HOLIEHHWe YKCJa BbDKUBIIMX KYOOpKe pacTeHUH K YUCIYy
B3OILIE/[IINX CEMSH B IPOL|eHTaX.

AHann3 CTPYKTYpbl NPOAYKTHBHOCTH NPOBOAMJIU IO
MpHU3HAKaM: «UUCJI0 60O60B», KYHUCJI0 CEMSIH», «Macca CEMSH
¢ pacteHus» u «Macca 1000 ceMsiH» B COOTBETCTBUM C METO-
nukoit BUP (Vishnyakova etal, 2018) u Mex/iyHapoAHBIM
kjaaccupukatopom CIB poja LupinusL. (Stepanova etal,
1985).

O1neHKy cofiepKaHHs a/IKaJIou/|0B B BereTaTUBHOM Macce
pacTeHUH B [0JIEBBIX YCJIOBUAX ONpPeessaau B IepHUoj «Oy-
TOHM3ALMSA — HaYaJIo LiBETEHUs» 3KCIIpecc-MeTOoA0M C IIOMO-
b0 AJKAJOUJ0UYyBCTBUTENbHOW 6yMaru, NpONUTaHHOMN
peaktuBoM /Jlparenpopda (Ermakov et al.,, 1987). B 3aBucu-
MOCTH OT HPOsIBJIEHUs] KaueCTBEHHOW peaKLMHU Ha Gymare
06pasipl pasjesyii Ha Ge3alKaJoUAHble, Mal0aJKaJIOUA-
Hble U BbICOKOAJKaJOUJHble. B mocienyomeM KoHIEeHTpa-
LIMI0 aJIKaJIOU/I0B B JINCThSX U CEMeHax ONpe/esiu B 1abo-
paropuu BI'Y no mertopuke T. B.froBeHko ccoaBTOpaMu
(Yagovenko et al,, 2005). /lis1 aTOr0 ceMeHa JIIONKUHA NpeABa-
pUTENbHO U3MeJIbYa/Id B JJAG0PAaTOPHON 3€pHOBOU MeJIbHU-

e /0 COCTOSIHUSA MeJIKOAUCIepCcHON Myku. [laee ankaiou-
Jibl U3BJIeKAJIM U3 NTOJIy4eHHON MYKHU C/le[yIOLHUM CII0CO60M:
0,1 r Mmyku 3a7uBa/ v 4 MJI 8-IPOLEHTHON TPUXIOPYKCYCHOMN
KUCJOTHL. [locsie 16-4acoBOW 3KCTPaKI MU B3BeChb QUIBTPO-
Basy, 0,1 MJ1 3KCTpaKTa BHOCHJIU B I'PaZlyMpOBaHHY0 NpoO-
6upky ¢3,0 Ma1 JUCTUJIMPOBAaHHOW BOJBI, J006aBJSIN
0,15 mMs1 H0A-HOAHOTO peaKTHUBa U KOJIOPUMETPUPOBAJIU Ye-
pe3 4 MuH npu JuirHe BoiHbl 500 HM. KosindecTBO asikaiou-
JI0B OIpe/ieIsiik 110 KaJTM6GPOBOYHON KPUBOM, IOCTPOEHHOMN
0 Npenapary ajkajJouja cnapTerHa cylbdaTy NSITHUBOJHO-
My (Fluka). [To MeToauKe JoMyCcKaeTCs UCIOJIb30BaHUE pe-
napaTa OJJHOTO aJIKkaJou/a AJs TpeX BUAOB JIONHHA.

CocTaB 3amacHbIX 6eJKOB M3y4a/lu B 3peJbIX ceMeHax.
JnexkTpodope3 B NOJUAKPUIAMU/JIHOM TeJjie MPOBOJUIU 10O
Jlemmsn B Moaudukanuu (Konarev, 2000). YueT KoMIOHeH-
TOB 6eJIKOBBIX CIIEKTPOB IPOBOJMJIY, UCI0JIb3Ys B Ka4ecTBe
CTaHZApTa MOJIEKY/ISIPHOTO Beca 6esikoB Habop PS-105 (Jena
Bioscience, Germany). [Ipu 3ToM 6eJI0K-CTaHAAPT C MOJIEKY-
JsipHOU Maccoit 63 k/la cooTBeTCTBOBaJ 24-My KOMIIOHEHTY
wkasel, 25 k/la - 37-My KOMIIOHEHTY COE€BOU LIKaJbl MO pe-
koMeHauuu (Konarev, 2000).

JleHAporpaMMa NOCTpoeHa Ha OCHOBe MoJMMopdusMa
0EJIKOBbIX KOMIIOHEHTOB M3Y4YEHHbBIX 06pa3L0B C IpUMEHe-
HMeM InakeTa nporpaMm Statistica 6.0 no meromy Yopaa
(Ward, 1963).

MosiekynsipHOe MapKHpOBaHHE 006pas3L0B BBINOJHEHO
C MCI0JIb30BaHUEM IpaliMepoB K reHaM X03s1HCTBEHHO LieH-
HbIX IPU3HAKOB: HEPACTPeCKUBAaeMOCTb 6060B (reH lentus) -
npaiimep LeM2 (Boersma etal., 2007c), ycCTOWYHUBOCTD K aH-
TpakHO3y (AnMan) - AnMan (Yang et al., 2008), orcyTcTBUE
TBepAokaMeHHOCTU (mollis) - MoA (Boersma etal, 2007a),
noTpebHOCTh B sipoBu3auuu (Ku)- KuH (Boersma etal,
2007b). [ILIP nmpoBogu/u MO CTaHAAPTHOU METOAUKE C pas-
JleJleHHeM MPOJyKTOB aMIIMPUKaLlMY B arapo3HOM HWJIH I10-
JIMAaKPUJIAMUJHOM TeJIsIX C MOC/AeAYIoLIed OKPAaCKOH 6poMHU-
CTBIM 3TH/JUEM U BU3yanusaunueid B YP-TpaHCHIIIOMHUHA-
Tope.

Pe3ynbTaThbl

B onbiTe 2013 1. Kcnosib30Bald ceMeHa 06pa3loB KOJI-
nekuuu BUP pasubix sieT penpoaykuuu. [losToMmy aHanus
M0JIEBOM BCXOXKECTU CeMsSIH MPOBOAUWJIM ToJsibko B 2014 T. -
y ceMsiH penpofykuuu 2013 r, BbIpallleHHOHW B OJUH TOJ,
B ofjHOM MecTe. [lojieBast BCX0XeCTb PenpoAyLMPOBaHHBIX
CeMsiH 3HaYUTeJIbHO pa3danyasack (ot 32,2 no 100%). bosb-
11as 4acTb 06pasLoOB MMeJla BCXOXKeCTb B UHTepBase oT 71
70 80% (13 o6pasuoB) (cm. Tab. 1, puc. 1).

BbDKMBaeMOCTh pacTeHUM BapbHUpoOBaja y U3yYEHHbIX
o6pasnoB ot 0 go 100%. Camass HU3Kasg BBDKUBAEMOCTH
Obla XapaKTepHa AJist 06pasna K-3619 u3 ABcTpanuu, KOTo-
pbIi 3a [ABa roja IMoKasaja cTeneHb BbDkUBaeMocTH 0,0
n23,6% cooTBeTcTBeHHO. /Il 06pasuoB, Y KOTOPBIX
B 2013 r. He 6bLJIO NOJIyYEHO MOJHOLIEHHbIX ceMsiH, B 2014 1.
HCII0JIb30BaJIM pe3epBHBIN PpoHJ ceMsiH penpoaykuuy BUP.

B 2013 r. 12 06pa3uoB (24% Bcell BbIGOPKM) MOKa3aau
100-nponeHTHYI0 CTeneHb BbhkMBaeMocTU. B 2014 r. Hu
oauH o6pasel He mokasays 100% BbDKHBaeMOCTH. Llesblii
psn o6pasnoB, nmokasaBuMX 100-MpOLEHTHYH BbDKUBae-
MocTb B 2013 r,, Ha C/IeAYOLUM [0/l CHU3UJI 3TO NOKa3aTesb
10 17,9% (x-2952), 19,04% (x-2631), 27,7% (x-2951) u . 1.
OJMHAKOBYI0 WJIM OJIM3KYI0 K OJMHAKOBOM CTeNeHb BbDKU-
BaeMOCTHU B 06a rojia okasajd HEMHOTUe 06pasiubl. Y psajaa
00pa3sl0B HU3Kasl CTeNEHb BBDKUBAEMOCTH OTMeYEHA B 06a
rofa usydyeHus — He 6osiee 30% (k-2954, k-3748, k-3813
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Ta6auna 1. [Tos1eBas BCX0KeCTh CEMSH U BBIKMBAeMOCTb PacCTeHHMH 06pa3I0B JIIONIMHA Y3KOJIHUCTHOTO B NOJIEBBIX
ycnoBusax Borannyeckoro cajga Besropycckoro rocyaapcTBeHHOro yuuBepcurteTa (MuHCKUM paiion; 2013, 2014 1)

Table 1. Outdoor seed germination and plant survival rate of narrow-leaved lupine accessions

in the Botanical Garden of the Belarusian State University (Minsk District; 2013, 2014)

Ne o Ne o6pasna BbIKHBaeMOCThb
KaTaJIoTy | B3KCHepuMeHTe / Ha3sBaHue CtpaHa i‘:;??; 0?:23‘%;:;’ paCTeH'm‘»i, % /

BUP / No. of the o6pasna* / MPOUCXOXKAEHHS [ L Plant survival rate, %
VIR cata- accession in the Accession name Accession origin Seeczzggi"lm)u:ztlon
logue No. experiment ’ 2013 2014
1618 184 Miincheberger sus. lepmaHus 89,5 75,0 41,8
1716 185 3.C30504 CIIA 68,7 100,0 36,6
1732 186 N.Z. Blue ABcTpanus 81,2 100,0 58,9
2006 187 Uniwhite ABcTpanus 81,2 75,0 23,07
2090 188 Uniharvest ABcTpanus 58,3 100,0 92,8
2096 189 Unicrop ABctpanus 58,3 100,0 46,4
2631 190 Chittick ABctpanus 87,5 100,0 19,04
2632 191 Yandee ABcTpanus 93,7 57,1 15,5
3056 192 Danja ABcTpanus 81,2 429 25,6
3766 193 Myallie ABcTpanus 77,0 100,0 29,7
3603 194 Fest ABcTpanus 37,5 40,0 55,5
3747 196 Tanjil ABctpanus 79,1 30,0 34,2
3786 197 6/H ABctpanus 64,5 50,0 51,6
3567 198 Jak lepmanus 79,1 57,1 28,9
3566 199 Steb IOAP 64,5 62,5 45,1
3610 200 2.84-S0-36-162 ABcTpanus 65,6 20,0 38,0
3619 201 14.85A198-10Ex ABcTpanus 79,1 0,0 23,6
3625 202 SSL-6 I0AP 77,0 100,0 40,5
3790 203 6/H Kenus 37,5 33,3 33,3
2703 204 J1C-397 Benapycb 70,8 100,0 17,6
2840 205 JIA®-p6c-10 Benapych 52,0 75,0 36,0
2750 206 BCXA-892 Benapycb 68,7 50,0 39,3
3525 207 BCXA-408 Besnapycb 81,2 66,7 50,0
2748 208 BCXA-640 Benapycb 77,0 83,3 48,6
3715 210 6/H [MopTtyranus 68,7 50,0 45,4
2954 211 Buka-65 Benapycb 77,0 25,0 24,3
3764 212 Boltensia FepManus 70,8 87,5 8,82
3815 213 [nat Benapych 96,8 444 19,3
3798 214 6/H lepmanus 75,0 62,5 11,1
3791 215 224 A/01 [MopTyranus 58,3 16,7 59,0
2951 216 Baza Benapycb 68,7 100,0 27,2
2952 217 Kcepan Besapych 69,7 100,0 17,9
3527 218 BCXA-505 Benapycb 64,5 30,0 31,0
3805 219 BekTop Poccusa 41,6 77,8 80,0
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Ta6auna 1. OKOHYaHUe
Table 1. The end

Ne mo Ne o6pasna BbIKMBaEeMOCThb
ITos1eBasi BCX0XKeCTh .
KaTaJIory | B3JKcHepuMeHTe / HasBaHue CtpaHa cemsin (2014 1), % / pacrenuii, % /
BUP / No. of the o6pasna* / MPOUCXOXKAEHUS [ S Plant survival rate, %
L . X . . Seed germination
VIR cata- accession in the Accession name Accession origin (2014), %
logue No. experiment s 2013 2014
2833 220 JIA®-p6e-5 Benapych 83,3 80,0 50,0
3762 221 Borweta lepmaHus 85,4 66,7 65,0
3828 222 JloGpbIHs Benapych 81,3 37,5 48,7
3827 223 Butasob Poccus 32,2 100,0 80,6
2878 224 Jlnnusa H-58-10 Poccus 96,8 33,3 32,2
3759 225 6/H ABcTpanus 78,1 50,0 49,3
3748 227 Wonga ABcTpanus 71,8 14,3 36,2
2834 228 JIA®-p6c-9 Benapych 82,2 54,5 37,9
3826 229 BpsHckuit cugepat Poccus 38,5 71,4 78,3
3765 230 Bora lepmaHus 82,1 8,3 61,5
3813 231 Besoropckuii 310 Poccus 77,7 11,1 28,5
3814 232 Osurapx Osnrapx 93,7 62,5 77,7
2950 233 AnBa Benapych 100 25,0 80,0
2841 234 M 75/84 Benapych 50,0 66,7 80,0
3561 235 Szaraky Monbwa 59,3 40,0 47,3
3551 236 Mut 1 x Frost Poccus 91,6 100,0 65,9
14 + 13
12 -+ 11

-

3 10 A 9

)

S

2 %

‘g_ 6

o 6 - 5

g 4

o

s 4 -/

T 2

. '
O 1 I I 1 1 I I

31-40 41-50 51-60 61-70 71-80 81-90 91-100
Monesasn BcxoxecTb cemsaH,%

Puc. 1. Pacnipe jeieHre U3y4eHHBIX 06pas10B 0 N0JIeBOM BCX0KeCTH ceMsH B BorannyeckoMm cagy besiopycckoro
rocyAapcTBeHHOro yHUBepcuTeTa (MMHCKUI paiioH) npH noceBe penpoayknuu 2013 r.

Fig. 1. Distribution of the studied accessions according to outdoor seed germination in the Botanical Garden
of the Belarusian State University (Minsk District) after sowing the reproduction of 2013
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OueHKa MPU3HAKOB CEMEHHOH NPOJYKTUBHOCTH I0Ka3a-
Jla UX 3HAYUTe/IbHY0 U3MEHYUBOCTD B IIpe/iesiax U3y4YeHHOU
BbIGOPKHU:

* yucsa0 60608 Ha pacmeHuu: min 3,3 WT. (k-1716), max
40,5 wt. (x-3791). MUHMMaNbHOE BapbUpPOBAaHHE NMPHU3HAKA
(Cv < 50) xapakTepHo jJs o6pasuoB k-3525, 3551, 3603,
3762, 3791. MakcuMa/bHOe BapbUpOBaHUe IIpU3HAKa
(Cv 2 100) xapakTepHO JJis1 06pa3oB K-2632, 2703, 3764;

* yucao cemsiH Ha pacmenuu: min 9,0 wr. (k-1716), max
135,5 wt. (k-3791). BapbupoBanue npusnaka (Cv < 50) xa-
paKTepHO AJs 06pasuoB K-2632, k-2703, k-2952, k-3747,
K-3764 u fip., Bcero 9 06pasnoB. MakcuMasibHOE BapbHpPOBa-
Hue npusHaka (Cv = 100) xapakTepHo AJs1 Tpex 06pa3ioB
K-2631, k-3762,k-3791;

e Mmacca cemaH ¢ pacmenus: min 1,67 r (k-1716), max
13,32 (k-3791). MakcuMa/ibHOe BapbHpOBaHHUE MpPU3HAKA
(Cv=100) xapakTtepHO AJs o6pa3noB: k-2703, k-2952,
k-3715, k-3747, k-3764 u k-3791;

e macca 1000 cemsin. B cooTBeTcTBUM € MexayHapos-
HbIM Kiaccupukatopom CIB pozma Lupinus L. (Stepanova
etal, 1985) Bce usydeHHble 06pa3nbl OTHOCUIKCH K TPYIIIIE,
XapaKTepusylollelcss cpefHed BeJIMYMHOM ceMsiH (Macca
1000 cemsH - oT 81 0 250 r). OaHAKO K1accuUKATOP OTHO-
CUTCA KO BCEMY POy, B IIpe/iesiax KOTOPOTO, 110 OLjeHKaM pas-
HBbIX aBTOpOB, - oT 164 (Integrated Taxonomic.., 2018) no
878 BuyoB (Maysuryan, Atabekova, 1974). Paamepnbl ceMsiH
B IIpeJieslax poja oYeHb pas/iu4Hbl: Macca 1000 cemsaH - oT

<21 po >450r. Bnpegenax M3ydyeHHOM HaMHU BbIGOpPKHU
06pasipl pa3/ieIMINCh Ha FPYTIbI - MEJKOCEMSHHBIE, ¥ KO-
Topbix Macca 1000 cemsH 6bu1a fo 90T (x-2750, k-2954,
K-3603, k-3747 u ap. - Bcero 12 06pasuoB); KPYyNHOCEMSIH-
Hble, C T0OKa3aTeJsieM 3TOro npu3Haka cBbimie 120 r (k-26311,
k-3828 u fip. - Bcero 10 06pa3ioB); ocTajibHbIe 26 06pa3ioB
MBI OTHEC/IM K KaTerOpuH CpeJHeceMsHHbIX. DTOT MPU3HAK
OblJ1 HaMeHee BapuabesbHBIM M3 U3y4YEHHBbIX. Bcero y ve-
ThIpex 06pa3noB ko3dduiueHT Bapuanuu 6bl1 6osee 50,
B uHTepBaJse 52,2-59,5% (x-1732, k-3748, k-3786, k-3828).

CyMmMapHas XapaKTepUCTHKA M3yYeHHBIX 00pas3L0B MO
NepevYrCJeHHbIM 3JIeMEeHTaM CeMEHHOH MNpPOAYKTUBHOCTHU
0TOOpa’KeHa Ha PUCYHKe 2.

Ha ocHOBe xapakTepHCTUKH 06PA310B 110 3JIeMEeHTaM ce-
MEHHOH IPOAYKTUBHOCTH Y BBKUBAEMOCTH PACTEHUH B I10-
JIEBBIX YCJI0BUSAX OTo6paHo 10 Hanbosiee NPOSYKTUBHBIX
Y aIalITUBHBIX, 110 HAaIlleMy MHEHHIO0, 06pas3IioB JJid IocJe-
JyIolled UX JIabopaTOPHOU OLleHKH 10 GUOXUMUYECKUM I10-
KasaTeJiIM U XapaKTepUCTHKe IeHOMa I10 YeTblpeM reHaM
CeJIeKIIMOHHO L{eHHBIX TPU3HAKOB.

[IpoBesieHHas1 B IoOJie 3KCIpecc-OlleHKa MOCPeACTBOM
KauyeCTBEHHOW peaKIHUW Ha aJIKaJOUJ04yBCTBUTEJbHOU
6ymare, IponUTaHHON peakTuBOM /JlpareHmopda, mo3so-
JINJIa BBIZEJUTh NpeABAPUTENbHO TPU T'PYNIbl 06pa31i0B:
6e3a/IKaJoU/iHble, MaJIOAJIKAJOUAHbIE U BBICOKOAJIKAJIO-
WHbIE. YTOUHSAIOMIUNA aHAIU3 COZep KaHUs aJKAJIOUJ0B

Y 1cN0 6060B Ha pacTeHun, WT., B cpegHem, Pod number per plant

=Y 1C10 CEMSAH Ha pacTeHnun, WT., B cpegHem, Seed number per plant

=== Macca ceMsH C pacTeHus, I, B cpegHem, Seed yield per plant in grams

== \Macca 1000 cemsH, r, B cpegHem, 1000 seed weight in grams

Puc. 2. lloiumop¢u3m u3ydyeHHbIX 06pa3L0B M0 OTJE/JIbHbIM 3/IEMEHTaM CEMEHHOM NPOAYKTUBHOCTH pacTeHUM
(HOMepa 06pa310B COOTBETCTBYIOT NPHCBOEHHBIM B 9KCIIEPUMEHTE U IPUBEJIEHHBIM B TabJiuie 1)

Fig. 2. Polymorphism of the studied accessions according to seed yield components
(Nos. of the accessions were assigned for this experiment and are presented in Table 1)
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B BereTaTUBHOW Macce BJ1abopaTOpPHBIX YCJOBUSIX MOKa-
3aJ, 4YTO pacTeHHUs, UJeHTUPULMPOBAHHbIe 3KCIpecc-Me-
TOJIOM Kak 6e3aJsiKkaJoOMJHble, IPU JJabopaTOPHON OlleHKe
cogepxanu 0,01-0,07% ankasonoB, MaJioaJKaJa0U[-
uble - 0,11-0,12% u BbIcOKOaKaJouAHble — 6oJiee 0,23%
(ta6.. 2). ComepkaHUe aJKaJOUJOB B JMCThSAX He Bcerjga
MMeJIO TOJIOXKHUTENbHYI0 KOppessiliuio C KOHLeHTpal el
UX B ceMeHax. K npumepy, o6pasen 224A /01 nokasaJi BbICO-
Kyl KOHIIEHTpalMI0 aJKaJougoB U BJaUCTbIX (0,232%),
u B ceMeHax (0,370%), a copT ‘Butasp’ kaaccudunupoBaH
HaMH Kak 6e3asikajouAHbli no auctbsaM (0,070%), Ho npu
3TOM UMeWLIUI caMoe BbICOKOe coJiepKaHue alKaJou/j0B
B ceMeHax - 0,480% (cM. Tab. 2).

YUCJI0 O6UIMX KOMIOHEHTOB. Tak, o6pasusl Jlo6pbiHs’ (K-
3828) u ‘Butasp’ (k-3827) uUMeOT NpaKTUYECKU UAEHTHUY-
Hble CIeKTPhI, OTJINYAsACh JIUIIb HaJu41eM 17-ro KOMIOHeH-
Tay copTa /lo6pblHS’ U OTCyTCTBUEM 41-r0 y copTa ‘BuTsasp’
06pa3yp! ‘Tnat’ 1224 A/01 oiyaroTCs ApyT OT Apyra Ha-
auyneM 19-ro koMnoHeHTa U 43-ro y obpasua 224 A/01.

Y 10 06pa3noB ¢ yCTAaHOBJIEHHOM KOHLleHTpaluel aaka-
JIOUJIOB B JIMCTbAX U B CEeMeHaX W U3BEeCTHbIM KOMIIOHEH-
THBIM COCTaBOM 6eJikoB ocyiiecTBaeHo JIHK-mapkupoBaHue
[0 YeThIpeM IeHaM XO3sIMCTBEHHO LleHHbIX IPU3HAKOB: len-
tus (HepacTpeckuBaeMocTb 6060B), AnMan (yCTOHYHUBOCTb
K aHTpakKHo3y), mollis (0TCyTCTBUE TBEPAOCEMSIHHOCTH), ku
(HeTpebOBaTENBHOCTD K IPOBU3ALUH).

Ta6snna 2. YpoBEeHb COAEPKAHUS AJIKAJIOUJ0B Y 06Pa3L0B, 0TOGPAHHBIX 110 Pe3y/IbTaTaM M0JIEBOi OLEHKH
3KCIPecc-MeTOA0M AJIsA JIaGOPaTOPHBIX HCC/IeJ0BaHUM

Table 2. Levels of alkaloid content in the accessions selected for laboratory research
using a rapid field assessment method

Ne 1o KoHueHnTpanus
KaTasiory Ne o6pasua HasBanue Hﬁa::;;z‘::}:;:z;::;mjn aNKaI0HACE, % /
BUP / B 3KCiepuMeHTe / o6pa3ua / e — A Concentr.atlo‘ljls of
VIR No. of the accession Accession S : alkaloids, %
catalogue | inthe experiment name L
~ presence of alkaloids in leaves JIMCTBSA / cemeHa /
0- in leaves in seeds
3603 194 Fest M/a 0,124 0,043
3747 196 Tanjil 6/a 0,010 0,088
3567 198 Jak 6/a 0,040 0,047
2748 208 BCXA-640 6/a 0,032 0,038
MeHblIle
2954 211 Buka-65 6/a 0,010 0,075
3815 213 [nat M/a 0,110 0,072
3791 215 224 A/01 B/a 0,232 0,370
3828 222 Jlo6pbIHs 6/a 0,041 0,062
3827 223 Butasp 6/a 0,070 0,480
3561 235 Szaraky 6/a 0,039 0,061

HpnMeanHe: 6/a - 663a]’[KaJIOI/I,CLHbIe pacTeHusd; M/a — MaJloaJIKaJIOUJHbIe paCTeHHUs; B/a — BbICOKOAJIKaJIOUAHbIE paCTeHUA

Note: 6/a - non-alkaloid plants; m/a - low-alkaloid plants; B/a - high-alkaloid plants

JnexkTpodopeTHyeckoe pasjie/leHHe 3amacHbIX OesKOB
M03BOJINJIO BbIJJIUTh KOMIOHEHTHI CMIEKTPa, Tak Ha3bIBae-
Mble perniepHble (0CHOBHBIE), BCTpevaloliecs y BCeX U3yUeH-
HbIX 06pa3oB. K HuM oTHocsaTca 18, 23, 30, 42 u 45-i1 koM-
noHeHTHI. [Ipy aHaiM3e 3/1eKTPoPOpeTHYECKUX CIEeKTPOB
YYUTBIBAJNM Ha/IU4He/OTCYTCTBHE KaXKJOr0 KOMIIOHEHTa.
Bcero yo6pasuosB wugeHtuduuuponaid ot 12 (‘Tanjil’
K-3747) no 16 (‘Buka-65’, k-2954; ‘Tnat), k-3815; 224 A/01,
K-3791) KOMIIOHEHTOB CIIEKTPOB 3aMacHbIX 6eJIKOB (TabJ1. 3).
B oT/im4ne OT HUX, MUHOpPHble KOMIIOHEHTbI BCTpeYaroTCs
peako. KHuM oTHocaTcs 13-l KOMIOHEHT, OTMeYeHHbIN
auiib y ‘BCXA-640" (x-2748); 29-i1 KOMIIOHEHT y 06pa31oB
‘Buka-65’u ‘Szaraky’ (k-3561); 21-11 KOMIIOHEHT XapaKTepeH
TOJIbKO AJis1 copTa ‘Buka-65. Ha ocHOBe cTaTHCTHYeCKOTO
aHa/IM3a KOMIIOHEHTHOI0 COCTaBa 3aMacHbIX 6eJIKOB JIIOIH-
Ha Y3KOJIMCTHOTO NOCTPOeHa AeHAporpaMma (puc. 3).

O6pas1ibl B Ipefiesiax KaXk/J0ro KjaacTepa Haubosee cxo-
KU M0 6eJIKOBBIM CIIeKTpaM, TO eCTb UMelT MaKCHMaJbHOe

[To AaHHBIM MOJIEKYJIIPHOTO TECTUPOBAHUS, BCe U3yYeH-
Hble 00paslibl HECYT aJljleslb TBEPA0CEMAHHOCTHU reHa mollis.
OTCcyTCTBHe aJljiesiel reHOB NOTPe6GHOCTH B IPOBU3ALUU BbI-
siBJeHO y o6pasuos ‘Tanjil, ‘Buka-65’, ‘Tnat’, 224 A/01, /l06-
PbIHS.

M3 10 u3y4eHHbIX 06pa3lioB JIUILb Ba COAEPKAT B CBOUX
reHoMax aJjieJiui HepacTpecKnBaeMocTH 6060B - copTta /Jlo6-
pbIHA’ ¥ ‘BuTasp. HecMoTpsl Ha To YTO B HallleM HcC/e/l0Ba-
HUU He NpeJIPUHMMAJIH OLleHKY IOopaXaeMOoCTH 06pasloB
aHTPaKHO30M, MHpOpMALUA O HAJIMYHUU B U3YyYEeHHOH BHI-
60pKe UCTOYHUKOB aJljesieil yCTOWYMBOCTH K 3TOMY BpeJio-
HOCHOMY 3a60JIeBaHMIO O4YeHb BaxkHa. Ha pucyHke 4 npegn-
CTaBJ/IeH pe3y/abTaT BU3ya/U3alluu MPOJYKTOB aMIIMpUKa-
LU C UCIIOJIb30BaHKEeM INpaiiMepa AnMan /11 OTAeNbHBIX
06pasloB JIIONWHA Y3KOJHUCTHOro. BblsiBleHO, 4TO cpeju
M3y4YeHHbIX 00pa31l0B 0JI0BUHA HeceT ajljleslb aHTPaKHO30-
YCTOUYUBOCTH.

Utoru JHK-MapkupoBaHUs npecTaB/aeHbl B Tabaule 4.
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Ta6/una 3. CneKTphI 3aNacCHbIX 6eJIKOB OTJe/IbHbIX 06Pa3L0B Y M3yYeHHbIX 06Pa310B JIIONHUHA Y3KOJIUCTHOTO

Table 3. Storage protein patterns of some narrow-leaved lupine accessions from the studied set

Ne mo
KATAJIOr Ne o6pa3na Ha3Banue KosinyecTBO KOMIO-
BUP / Y| 8 3KcnepuMeHTe / o6pa3ua/ | KoMnoHeHTHI CHEKTpa 3anacHbIX GeJIKOB / | HEHTOB B CEKTpe /
VIR cata- No. of the accession | Accession Components of storage protein patterns Number of compo-
in the experiment name nents in the pattern
logue No.
3603 194 Fest 18,20,22,23,25,26,28,30,33,35,41,42,45 13
3747 196 Tanjil 15,18,20,22,26,27,28,30,38,41,42,45 12
3567 198 Jak 14,18,19,20,23,25,27,30,35,38,41,42,45 13
2748 208 BCXA-640 13,18,19,20,23,25,26,28,30,35,39,41,42,45 14
2954 211 BUKa-65 ;228,19,20,&,23,25,26,27,29,30,35,39,41,4 16
3815 213 nar ;tfl)5,18,19,20,23,25,27,30,32,35,36,38,40,4 16
3791 215 224 A/01 ;42!135,18,20,23,25,27,30,32,35,36,38,40,42,4 16
3828 222 Jlo6pbIHs 15,17,18,20,23,25,26,30,32,35,39,42,45 13
3827 223 Butsa3b 15,18,20,23,25,26,30,32,35,39,41,42,45 13
3561 235 Szaraky 16,18,20,23,25,26,29,30,34,35,39,41,42,45 14
|
|
I I I I I
| | | | |
Fest | I | I I
[ | [ [
BCXA-640 L ! !
I I I I
Szaraby ' ! Kﬂafcmep 1 !
| 1 " | |
I
I I I I
Ho6pbiHA [ [ : [ [
f I I I I
Butssb ! ! ! . .
| faqmep 2| |
Tanjil | | [ I I
y | | : | |
Ja ! ! I I
szacim‘ep 3 |
Buka-65 b ! !
I I | I I
I I I I
Mnar | | : | |
T Knacmep=— T
224 A/01 I I I I I
I I | I I
i / I \ \
0 5 10 | 15 20 25

PaccTosiHne o6beanHeHuA

Puc. 3. leHAporpaMMa U3y4eHHbIX 06pa310B JIONHHA Y3KOJIMCTHOIO, IOCTPOEHHAs N0 CeKTPaM 3anacHbIX 6e/IKOB
no Metoay Yopaa (Ward, 1963)

Fig. 3. Dendrogram of the studied narrow-leaved lupine accessions, constructed according to their storage protein

patterns using Ward’s method (Ward, 1963)
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213 218 222 223 235

Puc. 4 Busyanusanus NpoAyKTOB aMIIMpUKanuM ¢ npaiimepoMm AnMan:
194 - Fest, 196 - Tanjil, 198 - Jak, 208 - Szaraky, 211 - ['1aT; M - MapKep MoJiekynspHoro Beca (2000 mH, Primetech),
213 - Jlo6pbiHs, 215 - BCXA-640, 222 - BuTass, 223 - Buka-65, 235 - 224 A/01
(HOMepa 06pa310B COOTBETCTBYIOT IPUCBOEHHBIM B 3KCIIEpHMEHTE U NPUBEJIeHHbIM B Tabsu1e 1)

Fig. 4. Visualization of amplification products with the AnMan primer:
194 - Fest, 196 - Tanjil, 198 - Jak, 208 - Szaraky, 211 - Glat, m - marker of molecular weight (2000 bp, Primetech),
213 - Dobrynya, 215 - BSKhA-640, 222 - Vityaz, 223 - Vika-65, 235 - 224 A/01
(Nos. of the accessions were assigned for this experiment and are presented in Table 1)

Ta6auua 4. Pe3yJ'll>TaTl>I TUNIHPOBAHHUSA T€HOMOB KOJIVIEKIITUOHHBbIX 06pa3u03 JINNMUHA Y3KOJIUCTHOIO
C npaﬁmepamn X035IICTBEHHO I|€eHHBbIX F'eHOB

Table 4. Genome typing results for narrow-leaved lupine accessions with primers of genes useful for agriculture

> N - ~
@ () = ~ =)=-] 8—~..
-~ = ~ ExoS £3% = €55
- gQwE s o S g o8 ¥~
Ss o5 =9 S=28 e =S L ©SEQ
3 g @ E 225> ZEpe ASEa A2 TS
2's SESE g ESEES SEmes EEEE= 28
Ee | fful €: 2EET | EEEEr | EefEE | iim
S5 SE2E E e SESES | E525; SoEd
3 S28% - aT<ES SEESy SE~CE %55
=R cgcg =& Ee~=3 SoEns SEEE B8 00
g8 2Bk 58 SS=gE 2oedy So= g Saia
of £ 0 SESE FE<gS EREg Secss
=5 o < 535S S3E S pE 853
o < = EES® Ss 2='s R
- S a == 2| g
S = = ~E
3603 194 Fest + + + -
3747 196 Tanyjil + + - -
3567 198 Jak + + + -
2748 208 BCXA-640 - + + -
2954 211 Buka-65 - + - -
3815 213 [Cnat - + - -
3791 215 224 A/01 + + - -
3828 222 Jlo6pbIHs - + - +
3827 223 BuTtase - + + +
3561 235 Szaraky + + + -
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06cyxaeHne

W3ydyeHHas HaMu Bbi6opka U3 50 06pas1oB JIIONKHA y3-
KOJIMCTHOTO XapaKTepu30Bajlach Pa3HbIM IPOUCXOXK/JEHUEM,
ceJIeKIIMOHHBIM CTaTyCcOM, a TaK)e pasHbIMU MOpdOoTHUNIAMU
pacteHUi. /lia J10NMHA Y3KOJHWCTHOTO XapaKTepeH 3Ha4M-
TeJbHbIA TNoJMMOpdu3M MopdoTunoB. OfHAKO B HACTOS-
1leM MCCJIeJOBAHUU Mbl He YUUTHIBAJN 0COGEHHOCTH apXHu-
TeKTOHUKHU pacTeHUH U B3aUMOCBSA3b CEMEHHOMN NPOAYKTHB-
HOCTU c MopdoTunoM. Ha AaHHOM 3Tame Mbl CTPEMHUJIUCH
BBISIBUTb HauboJiee NIPOJLYKTUBHbIe 00pas3Libl U OXapaKTepHu-
30BaTh UX IO COJEPKAaHUIO a/lKaJOUJ0B B CEMeHax U 3eJle-
HOU Macce, a Tak)xe HaJIMUUIO asljiesiel, onpeessioluX Hau-
60J1ee aKTya/bHble MPU3HAKU JOMeCTHUKALM1: HepacTpecKU-
BaeMoCTb 6060B, OTCYTCTBHE TBEPAOCEMSHHOCTH, OTCYTCT-
BHe HeoOXOAUMOCTH B IpOBU3ALUHY, a TAKKe BaXKHOTO MPHU-
3HaKa aJalTUBHOCTH — YCTOMYMBOCTU K aHTpaKHo3y. O6pas-
11b], BbIJIEJIUBLINECS 110 KOMIIJIEKCY U3yYeHHBIX IPU3HAKOB,
MOTYT CTaTh LIeHHbIM HUCXOJHBIM MaTepuajoM JJis ceseK-
LUH.

YMeCcTHO HallOMHHUTB, UTO CeJIeKIUs JI0NHHA Y3KOJIHUCT-
Horo HacuyutTbiBaeT MeHee 100 . ieT. Ee HayajsoM cyuTaroT
JaTy BbIsIBJIeHUs BTreHoQoOHJe Ge3alKaJouAHbIX GOPM -
1930-e rr. (von Sengbusch, 1931). HeyquBUTENBbHO T03TOMY,
YTO B reHOQOH/e JIIONHNHA Y3KOJHUCTHOTO eCTh CPAaBHUTE Ib-
HO cTabuJibHble GOpMbI (KaK MpPaBUJIO, 3TO COPTA HAYYHOH
ceJIEKLMU) U UMeeTCsl MaTepuaJl, c1abo 3aTPOHYThIN cesiek-
uei. ITUM MOXXHO OO'bSICHUTH U OOJIbIIYIO CTENEHb BbISIB-
JIeHHOM HaM{ U3MeHYMBOCTH IIPU3HAKOB.

Havasno ucciefoBaHUIO NMOJIOXKUIJIO ONpefiesieHue ToJie-
BOM BCXOXKECTHU ceMsIH. ITO NPU3HaK JAajleKo He BCerja BXO-
JUT B YUCJIO XapaKTepPUCTUK 06pa3l0B U OTCYTCTBYeT B Jie-
ckpuntopax. OZHAKO Ha/lM4yMe Y JIIONHMHA Y3KOJHUCTHOIO
TBePA0CEMSHHHOCTH MOCAY>KUJI0 IOBOAOM JJIs1 €0 OLeHKHU.
[TockosnbKy cemeHa u3 koJssiekuuu BUP nmenu pasHele cpo-
KU XpaHeHHUs: (OT OJHOTO /0 MSATHU JIET) MOCTE PENPOAYKIIUN
B Pa3HbIX reorpaduyeckux TOYKaX, A/ YUCTOTbl 3KCIepHU-
MeHTa Mbl ONpe/ieJINJIN N0JIeBYI0 BCX0XKeCTh TOJIbKO AJIs Ce-
MsIH OZJHOH, caMo¥ cBexxell (mpe/blylero roja) penpoayk-
IIUM B yCJOBUSX NIPOBOJHUMOro sKkcnepuMeHTa - B PB. Cpas-
HUTeJIbHO HU3KHe M0Ka3aTesU BCXOXEeCTH Y MHOTHX 06pas-
IIOB Mbl OODBSICHSEM TBEpPAOCEMSHHOCTbIO, eHeTHYecKue
JleTepMHUHAHTbI KOTOPOH, KaK [T0Ka3aJo MoJIeKy/IsIpHOe Map-
KUpOBaHUe 06pa3loB, NPUCYTCTBYIOT BO BCel H3y4eHHOH
BbIGOPKe.

BaxkHO# XapaKTepUCTHUKON FeHOTHUIIOB SIBJISIETCA UX BbI-
’)KMBAeMOCTb B I10JIEBBIX YCJAOBUAX, YTO MOXKET CAYKHUTb Of-
HUM U3 IoKa3aTeJsledl cTeneHU UX aJalTUBHOCTH. OGBIYHO
3TOT MOKa3aTeJsb U3y4aloT IPU CPAaBHEHUU OJJHOM U TOM ke
BbIGOPKH B Pa3HbIX YCJAOBUSAX BhIpalliMBaHUs. Mbl IpeANpHU-
HSIJIM 3Ty OLEHKY /JIs1 TOHUMaHUsl YCHeIllHOCTH UHTPOAYK-
U 06pasuoB Kosiekuuu BUP B ycioBus usydenus. bosib-
IIYI0 YacTb MOJy4YeHHbIX 00Pa3LoB penpoAyLMpOBaIu B yC-
noBusx Pb BnepBble. 3HauHUTe/bHAsA CTelEHb BHYTPUBU/O-
BOTrO IosiuMopdu3Ma 110 ITOMY NPU3HaKY, BbIsIBJIeHHas B Ha-
11eM 3KCIIEPUMEHTE, TpebyeT AabHeuiero usydeHus. PakT
pa3HOU cTelmeHU BbIKMBAEMOCTH PAaCTeHUM B TeueHHUe JIBYX
JIeT Y OIHUX U TeX ke 06pa3l0B MOXXHO OOBSCHUTb TaKKe
pa3HOU cTeneHbI0 BBIOJHEHHOCTH NIOCeHHBIX ceMsH. [loka
He HaxoJUT 00'bsicCHeHUs1 GaKT HU3KOH cTeleHU BbDKHUBae-
MOCTH Gesiopycckux 06pasioB. [losiaraem, 4To XoTs 6bl OTYa-
CTH MEXCOPTOBYI0 M3MEHYMBOCTb 3TOr0 NPHU3HAKA MOXKHO
00'BSICHUTD peakijieil pa3HbIXx MOPOTUIIOB HA OLHY U TY Ke
IJIOTHOCTD NoceBa. Mi3BecTHO, 4TO 06pasiibl UMEIOT pa3Hble
MOpQOTHUIIBI, ONpe/iesisieMble Pa3JIMYHON BBICOTOU CTebJs,
XapaKTepoM BeTBJIEHUs], CTeNeHbI0 BeTBJIEHUs], JleTepMU-

HAaHTHOCTBIO POCTa CTebJis Mau BeTBell. [loka Mbl He UMeeM
JOCTAaTOYHOM J0Ka3aTeJbHOW 0a3bl 0O0BSICHEHMS 3TOH M3-
MEHYMUBOCTU. TeM He MeHee, JJis JaJIbHENIIEro U3y4eHUs
Mbl OTOOpaIM 006Pa3Ibl C BLICOKOM CTENEHbI0 BBLKHMBAEMO-
CTH 3a /IBa roja.

Kosekuusi u3y4eHHbIX GOPM OTIMYAIACH IHPOKUM I10-
JIMMOPH3MOM 10 BCEM aHAIM3UPYEMbIM 3J1eMEHTAM CEMEH-
HOU MPOAYKTUBHOCTH PAaCTEHUM (CM. pUc. 2). ITO MO3BOJIUIO
BBISIBUTb CaMble NPOAYKTHBHbIE 06pa3Libl, @ TAKXKE KPYIIHO-
U MeJIKOCeMsiHHbIe. [locielHMe MOTYT GbITh PEKOMEH/0BA-
HBbI JIJIS1 CeJIEKLIMU Ha CHZiepaJibHble U KOPMOBBIE LIeJH, Te
npesNoYTEHHE OT/AETCSl MEJIKOCEMSHHBIM GpopMaM.

CozepkaHMe asIKaJlOWZ0B B CEMEHax U BereTaTUBHOU
Macce pacTeHUU ONpejesisieT BO3MOXKHOe HalpaBJieHHE UX
HCI0J1b30BaHUs. 3BECTHO, UTO 10 CTaHAAPTaM IPOU3BOJCT-
Ba, IPUHATHIM B Poccuy, cojieprkaHue aKaJou/l0B B CEMEHaX
JIIOIIMHA, TpeiHa3HA4YeHHBIX /J1s UIEBOr0 U KOPMOBOT'O Ha-
3HayeHus, He JoJpkHO npeBbimaTh 0,04% (40 mr/100 ) ot
Macchl ceMsiH (Kuptsov, Takunov, 2006), a B HEKOTOPBIX €BpO-
neickux crpaHax U B ABctpanuu- 0,02% (20 mr/100r)
(Frick etal.,, 2017). B HameM uccjieloBaHUM HaAWJI€Hbl KaK
6e3ankasougHble o6pasubl (‘Buka-65, ‘Tanjil, ‘BCXA-640
U [p.), TaK U BbICOKOAJIKAJIOUAHBIN o6paser, 224 A/01 c BbI-
COKHM COZIep>KaHHEM aJIKaJIOU/I0B U B CEMEHAX, U B JINCThSX.
BbIsiB/IeHBI 06paslbl C pa3/IMYHbIM COZEPKaHUEM aJIKaJIo-
U/I0B B JIUCTbSIX U B ceMeHax. K npumepy, copt ‘Butssp’ oxa-
paKTepU30BaH KakK 0e3a/KaJOU/JHbIH M0 JIUCThSIM U BBICOKO-
aJIKaJIoWJHbIN 1o ceMeHaM. Y o6pasua ‘Fest’ (k-3603), Ha-
NPOTHUB, COZlepXKaHHE AJKaJOWU/J0B BJIUCTbSX IOYTH B TPU
pasa NpeBOCXOAHU/IO TaKOBOE B ceMeHax. [loslaraeM, 4To 3TH
baKTbl MOXKHO 00'bSICHUTD XapaKTEPOM U BpeMeHeM 3KCIpec-
CUM TeHOB GHOCHHTE3a aJIKaJIOU/I0B, KOTOPBIH, KaK U3BECT-
HO, NTPOUCXOJUT B JINCThSIX, HO 110 Mepe CO3peBaHUsl CeMsH
HPOUCXOJUT OTTOK aJKaJOWJOB B PENPOJAYKTHUBHYIO 30HY
pactenus (Vishnyakova et al,, 2020). [Ipu ycioBuu coxpane-
HUS BBICOKOT'O COZlePKaHUsl aJIKaJIOU/IOB B JINCThSIX U HU3KO-
ro B CEMeHax B psi/ie MOKOJIEHUH, MOXKHO HCII0JIb30BAaTh 3TOT
NPU3HAK /I CO3J,aHHUsI HOBOH MOJIE/IU COPTa. ITO, BO3MOXK-
HO, Oy/leT UMETb 3HaYeHHe B GOPMUPOBAHUHU YCTOHYUBOCTH
pacTeHUN K HEeGJIAronpUsITHBIM OUOTHYECKUM ¢aKTopaM
B I10JIEBBIX YCJIOBUSIX U B TO e BpPeMsl JJaBaTb BO3MOXXHOCTb
HCI0JIb30BaTh CEMEHA 3TOT0 COPTA B KOPMOBBIX U MHUILEBBIX
nessx. [Ipy 3ToM BbIsIBJIEHHBIN NOJMMOPPU3M 110 aJIKAT0U/-
HOCTH Yy NIepCIEeKTUBHBIX [0 IPOAYKTUBHOCTH GOPM CleayeT
YYUTBIBATh NPU MOAG0PE POAUTENBCKUX Nap JJist CeJEKLUU
Ha pasJIMYHbIE L[eJIM: KOPMOBbIE, IUIIEBbIE, CHJEPaJbHBIE.

JleHaporpaMma, MOCTPOEHHAsi Ha OCHOBE CIIEKTPOB 3a-
HacCHbIX 6€JIKOB U3Y4eHHbIX 00pa310B JIIONHUHA Y3KOJIUCTHO-
ro (cM. puc. 3), oTpaxkaeT CTelleHb UX CX0/ICTBA, KOTOpasi Mo-
JKeT ObITh Pe3yJIbTaTOM OGJIM3KOPOACTBEHHOIO IPOUCXOXK/IEe-
HUsl JIM60 KOHBEPreHIMM I'eHOMOB B IIPOLIECCE CeJIEKIUH,
YTO TaK)Xe CJIeJlyeT YYUThIBATh IPU NOAGOpe nap JJis CKpe-
IIMBaHUs, IPUHUMAs BO BHUMaHHe OTCyTCTBHe HUHOpMa-
MU 006 HCTOPUHU MPOHUCXOXKJAEHHUsS OOJIbIIMHCTBA COPTOB.
06pa3ipl, 6J1M3KHMe M0 GEJTKOBBIM CHEKTPaAM, JaXKe He SIBJIs-
SCb GJIM3KOPOACTBEHHBIMU, MOTYT HECTH B CBOMX I'eHOMaX,
HapsiJy CO CXOXUMH aJlIesIIMH OeJIKOBbIX KOMIIOHEHTOB,
O/IJMHAKOBBIE aJIIeJIN IPYTUX IPU3HAKOB.

HuTepeceH dpakT BoigeneHus copta ‘Tanjil’ B oTaenbHbIN
KJIACTEP, YTO MO3BOJISET IHPEANOJIONKUTb HAJIUYUE Y HETO
U IpyTHX, OTVIMYAIIUXCs aJllesield reHoB. JJaHHOe npejIo-
JIOXKEHUe MO TBePK/IaeTCsl U KpaliHe HU3KUM CO/lepiKaHueM
aJIKaJIOW/I0B B 3eJIEHOW Macce JIMUIb ¥ 3TOro o6pasna (MeHee
0,01%).

CoprocnenduyHyl0 XapaKTEPUCTHKY KOMIIOHEHTOB
CIeKTpa 3amacHbIX GEJIKOB, a TAKXKE CTEIeHb aJKaJOU/HO-
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CTH JIIOIIMHA MOXKHO MCII0JIb30BATh /sl CO3J4aHUs GHOXUMU-
YeCKOH COCTaBJIsIOLIEH acnopTa copTa.

[Ip3HaK TBEP/OCEMSIHHOCTH, BBISIBJEHHBIH KOCBEHHO
IpH ONpeJiesIeHUH M0JIEBOH BCXOXKECTH U NOATBEPK/J€HHBIH
MOJIEKYJISPHBIM MapKUpOBaHUEM 00paslioB, UMeET 3BOJIIO-
[IMOHHOE 3Ha4YeHHUe Y JUKOPACTYLIUX JIIONUHOB, M03BOJISS
COXPaHSATb BCXOXKECTb CEMSIH JJIUTENbHOE BPEMS B €CTECT-
BEHHBIX YCJIOBUAX. Y CeJIeKLHOHHBIX COPTOB 3TOT MpPHU3HAK
HeXXeJIaTeJIeH, TaK KaK BCXOXKECTb ceMsH 6e3 ckapudUKaluu
CHIKAETCS, YTO BeJIeT K IONOJIHUTEJIbHBIM 3aTpaTaM HpH
HPOU3BOJCTBE NMPOJAYKLHMU. Bce uccienyeMble 1Mo JJaHHBIM
JHK-TunupoBaHus ¢ npaiMmepoM MoA o6pasibl JIIOIKUHA y3-
KOJIUCTHOTO 006JIaZIAI0T  aJUIeIIMH  TBEPJOCEMSIHHOCTH,
B CBSI3M C YeM Ilepe/i IOCEBOM CeMeHa 3TUX 06pasLioB HyX/1a-
10TCs B ckapuukanuu. CiefyeT OTMETHTb, YTO NpanMep
MoA He §IB/ISIETCS KOCETPErMPOBAHHBIM HENOCPECTBEHHO
B reH (Boersma et al, 2007a), 4eM U MOXKET OBITh 0O'bSICHEHO
passinyue BO BCXOXKECTH CEMSIH 00pa3loB, HECYLIUX a/lJIe/Ib
TBepJlOKaMeHHOCTH reHa mollis no npalimepy MoA. Boamox-
HO, Y 4acTH 00pasloB B pe3y/bTaTe CeJEKLHH IPOU30lLIa
PEeKOMOUMHAIMSA y4acTKa «OTXKHUTra» MpaliMepa U HEMOCPECT-
BEHHO reHa. [laHHbIH QaKT TpeGyeT JONOJHUTEIbHbIX HC-
C/le/JOBaHUI KJIAaCCHUECKUMHU METOJAaMH reHaHaIu3a JMGo
MOMCKa HOBBIX METOJUYECKHUX [IPUEMOB OLIEHKH TBEp/OKa-
MEHHOCTH.

OTcyTCTBUE NOTPEOGHOCTH B IPOBU3ALMH IPUBOJIUT K CO-
KpallleHHIO JIIMHbI BETeTallMOHHOTO epro/ia U BO3MOXHO-
CTH BO3/leJIbIBAHUs JIIOIIMHA B CEBEPHBIX WIMpoTax. OHAKO
HECKOJIbKO H3y4eHHbIX o6pasuos: ‘Fest, ‘Jak’ (k-3567),
‘BCXA-640’, ‘Szaraky’, ‘BUTs3b’, 10 JaHHBIM MOJIEKYJISIPHOTO
MapKHPOBAHMS, COJIEPXKAT B F€HOME aJulesld HNOTPEOHOCTH
K SIpOBU3aLIHH.

Cpesy M3y4YeHHbIX 00pasloOB alJIeJd YCTOHYHBOCTH
K aHTPaKHO3y (CM. puc. 4) ObLIM 0GHAPYKEHbI Y 06pa3L0B -
‘Fest’, ‘“Tanjil, ‘Szaraky’, ‘Tiat’, ‘Jak’, A-01, noaToMy UX MOKHO
pPEKOMEH/I0BATh KaK HCTOYHUKHU JIaHHOTO IPU3HAaKa.

BbiBOABI

B pesynbTaTe AByXJeTHel onjeHKH 50 06pa31oB JIIOIKMHA
y3KOJIMCTHOrO U3 KoJulekuuu BUP, penpopynupoBaHHBIX
B MuHCKOM paiioHe PB, BrIsiBIeHa MIMpPOKasi U3MEHYUBOCTb
[0 3JleMeHTaM CeMeHHOH MNPOAYKTHUBHOCTH, COJeprKaHHI0
aJIKaJION/I0B B CEMeHaX U B 3eJIeHOH Macce, 1O 6GeJKOBbIM
CIeKTpaM.

PexoMeH/10BaHBbI /11 BKJIIOYEHUS B JaJibHEHLIUH ce-
JIEKIIMOHHBIM NpolecCc UCTOYHUKU HU3KOTO COJlep>KaHHUsA
aJIKaJIOUI0B B ceMeHaxX U JaucTbax- ‘Tanjil' (x-3747),
‘Szaraky’ (k-3561), ‘Jak’ (x-3567), ‘/BCXA-640’ (k-2748); BbI-
COKOM mpoJyKTUBHOCTH - 224 A/01 (k-3791); kpynHoce-
MsAHHOCTU - ‘[lo6pbiHsA’ (K-3828); opUrHHAJIbHBIX OEJKO-
BbIX cIEKTPOB - ‘BCXA-640’, ‘Buka-65’ (k-2954), ‘Szaraky’.

Penknie KOMIIOHEHTHI 6€JIKOBBIX CIIEKTPOB, BbIsSIBJIEHHbIE
y OTZleJIbHBIX 06pa31{0B, MOTYT GbITb UCNOJIb30BaHbI B Kaye-
CTBe MapKepOB TeHOMOB 3TUX 06pa31[0B.

Cpeau U3ydyeHHBIX 060pa3LoB BbIsIBIeHbl GOPMBI C HATU-
YreM B TeHOME aJljieied yCTOMYUBOCTU K aHTpakHO3y - ‘Fest’
(k-3567), ‘Tanjil, ‘Jak, ‘Szaraky’, ‘Tunat’ (k-3815), 224 A/01;
TBepA0CEMSHHOCTH — BCe 06pa3libl; HepacTpeCKMBaeMOCTH
6060B - ‘BuTssp’ (k-3827) u /lo6pbIHA"; HOTPEGHOCTH B SIPO-
Busayui - ‘Fest) ‘Jak’, ‘BCXA-640’, ‘Butsasp’, ‘Szaraky’.

Hasnnyue BHyTpUBH0BOTO NOJUMOpPHU3MaM M0 U3y4eH-
HbIM NpH3HAKaM, OTHOCHUTEJIbHO BbICOKasl BbIKHBAEMOCTb
pacTeHUi B ycioBusAx PB no3BonIM BKIOYUTE U3yYeHHbIe
U BblZleJIeHHble M0 KOMIJIEKCY MPU3HAKOB MepCleKTUBHbIE
reHOTHIBI B pabouyio KoJuleKuuio jtonuHa BI'Y aas nocne-

AYHOLero UCroJib30BaHWA B Ka4eCTBe UCTOYHUKOB CeJIEKI[U-
OHHO 3HAYMMbIX OUOXUMHYECKHX H MOJIEKYJIAPHO-T€HEeTU-
YEeCKHX INPHU3HAKOB, a UX COpTOCHeL{I/ICl)I/I‘{ECKI/Ie XapaKTepu-
CTUKHU YYUTBIBATDb MIPU NMAaCOPTU3AUHN o6pa3ua.

Pa6oma evinosHena: (Pecnybauka besaapyce) 8 pamkax 2o-
cydapcmeeHHo20 3adaHust Ne 082/54/2016-31-292 «Hdenmu-
Pukayus KoAneKYUOHHbIX 06pa3y08 3epH060608bIX KY/Abmyp
(nronuH, Hym, kKopmosbsle 606b1) U co30aHue 2eHemu4ecku Map-
KUPOBAHHOU KOA/AeKYUU JAHONUHA NO U3YYEHHbIM NPUHAKAM.
Bocnpoussodcmeo cemeHHo20 mamepuaaa 2ubpudos u my-
maxHmoe ANUHA U NONOIHeHUe UMU pabovux Koasekyutl. Hc-
no/b3ogaHue Koaaekyuu JAKnuHa 8 y4e6HoM npoyecce 045
npoeedeHusl 2eHeMuU4ecko20 aHAIU3A YaCMHbIX Kyabmyp» [o-
cydapcmeeHHoU  npoepammel  «Haykoemkue mexHo/s02uUU
U mexHuka» noonpozpammbvl 4 «Mobuausayusi u payuoHa1b-
Hoe Ucno/1b308aHUe 2eHemu4eckux pecypcoe pacmeHutl Hayu-
OHA/ILHO20 6AHKa 015 ceaeKyuu, 0602awjeHusl Ky1smypHou u
npupodHoltl sopel Beaapycu» Ha 2016-2020 200b1; (Pocculi-
ckas Pedepayusi) 8 pamkax 2ocydapcmeeHH020 3a0aHusl co-
21acHo memamuyveckomy naaHy BUP no meme Ne 0662-2019-
0002 «Hay4Hoe obecnheyeHue 3¢hpekmusH020 UCNO0/1b308AHUS
MUP0B8020 2eHOPOHAa 3epHO60608bIX KyAbMyp U UX QUKUX PO-
duuell us kosaekyuu BUP».

The work was performed (Republic of Belarus) within the
framework of State Task No. 082/54/2016-31-292 “Identifica-
tion of collection accessions of leguminous crops (lupine, chick-
pea, and broad beans) and development of a genetically marked
lupine collection according to the studied characters. Repro-
duction of seed material of lupine hybrids and mutants to re-
plenish working collections. Use of the lupine collection in the
educational process for genetic analysis of private crops” of the
State Program “Science-intensive technologies and practices’,
Subprogram 4 “Mobilization and rational use of plant genetic
resources from the National Bank for breeding and enrichment
of the cultivated and natural flora of Belarus” for 2016-2020;
and (Russian Federation) within the framework of the State
Task in accordance with the topical plan of VIR for Project
No. 0662-2019-0002 “Scientific support for effective utilization
of the global genetic diversity of grain legume crops and their
wild relatives from the VIR collection”.
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sources of useful agronomic traits for breeding

0. N. BARSUKOVA

N.1. Vavilov All-Russian Institute
of Plant Genetic Resources,
Maikop Experiment Station of VIR,
1 Nauchnaya St., Podgorny,
Maikopsky District,

Republic of Adygea 385746, Russia
semenov50@mail.ru

B cTaTbe npejcTaB/IeHbl pe3y/bTaThl U3YYeHHUS KOJJIEKIUU
ceBEepOaMEPUKAHCKUX BHUJOB si0JIOHU. BbiiiesieHbl GOpPMBI,
o6JlazaoLiye 1esbiM HabopOM IieHHBIX NPHU3HAKOB /IS Ce-
JIEKIIMOHHOTO HCI0JIb30BaHHUs, BKJIIOYas MO3JHHE CPOKU
[IBETEHHUS], YCTOMYMBOCTb K GOJIE3HSM, JJIUTENbHYIO JIEXK-
KOCTb IJIOJIOB U Apyrue. KpoMe Toro, JaHa KpaTKasi XapakTe-
PUCTHKA KOJUIEKIIMOHHBIX 06Pa31[0B MEJKOIIOAHBIX JeKO-
PaTUBHBIX 516J10Hb (Kpeb6bl), MOYYEHHBIX C y4acTHEM CeBe-
pOaMepUKaHCKUX BH/IOB, U BblJieJIeHbl HauboJiee LieHHbIE
JUIs1 IPaKTH4eCKOT0 UCIOJIb30BaHHUS.

KnroueBble c/10Ba: no3/jHee LIBETEHHE, YCTOMUYHUBOCTD K 60-
JIe3HSAM, IJIUTEJIbHAS JIEKKOCTh, KPEOHI.

The results of studying the collection of North American ap-
ple-tree species are presented. Forms with a whole set of
traits interesting for breeding are highlighted, including such
features as late flowering schedule, disease resistance, long
shelf life of fruits, etc. In addition, the small-fruited ornamen-
tal apple-tree (crab apple) accessions obtained from North
American species are briefly described, and the most valuable
of them are recommended for practical uses.

Key words: late flowering, disease resistance, long shelf life,
crab apples.

BBegeHue

Co3/iaHye HOBBIX BBICOKOTIPOAYKTHUBHBIX U BBICOKOKAYe-
CTBEHHBIX COPTOB MJIOAOBBIX KYJIbTYD, 06/1aZJal0INX YCTOM-
YHBOCTBIO K 60/Ie3HAM U HeBJIaronpUsATHBIM YCIOBHUSAM Cpe-
Jibl, HEBO3MOJKHO 6€3 NpUBJIeYeHHs B CEJIEKIII0 OTPOMHOT0
MoTeHI[Masa AUKopacTymux BuaoB. H. M. BaBusioB o6ocHoO-
BaJI 3aKOHOMEPHOCTH KOHIIEHTPAIUH GOJIbIIOr0 pa3HO006-
pa3yvs BU/I0B, Pa3HOBU/JHOCTEN U GOPM IJIOJOBBIX KYJIbTYP
B OCHOBHBIX I[eHTpax ux npoucxoxaenus (Vavilov, 1964).

Ha Maiikonicko onbITHON cTaHIUMU — puanane BUP co-
O6paHa HauboJIee MOJIHASA 110 TeHETUYECKOMY Pa3HO06pa3Hio
KOJLJIEKITUST JUKUX BUI0B s16710HU (Malus Mill.), koTopas aB-
JIIeTCSI BAXKHEUIIMM UCTOYHHUKOM IIeHHBIX '€HOB /IS CeJleK-
IIMM Ha OCHOBHbIE 6HOJIOTO-XO3IMCTBEHHbIE NPHU3HAKHU.
KoJsuteknus npescraBieHa BUJAaMU U3 BCEX [EHTPOB MPOUC-
XOXK/IeHUsI I6JIOHU: BOCTOYHOA3UATCKOT0, CpeiHea3naTCKo-
ro, nepejiHeasuaTtckoro (Bksroudas KaBkas), eBpomeiicko-
CcHOUPCKOTO U ceBepoaMepHKaHckoro. Ocoboe MecTo cpeu
HUX 3aHUMaIT BUAbl CeBepHOX AMepuku. CorsiacHO Uccie-
noBanusaM B. T. Jlanrendenbna (Langenfeld, 1991), navasno
dopMHpOBaHHUIO CeBepOAMEPUKAHCKUX BHJOB IOJIOXKHUJIN
TpeTH4YHble GOPMbI I6JIOHU B ITEPHO/I, KOT/A ellle /10 pase-
JIEHUsI MaTePUKOB MPOMCXOAMUIIO PacIpoCTpaHEHHe ILJI0J[0-
BBIX M3 IIEPBUYHOI0 BOCTOYHOA3UATCKOrO IieHTpa B CeBep-
HyI0 AMepuky. [I[poHuKIINe TyZa HeKOTOpble GOPMBI Iep-
BUYHOH 516J10HU cHOpMHUpOBaIH 3aTeM 0COOYI0 BETBb 3BO-
JIIONUHN KPYIHOIJIOAHBIX BHUJOB $I6JI0HH, 06beJMHEHHBIX
B cekiuwo Chloromeles (Decne) Rehd. (s16,10HU 3esieHOION-
Hble) no cucteMe B.T. Jlanrendenpna (Langenfeld, 1991).

OHM CKOHLIEHTPHPOBAaHbl B OCHOBHOM B IleHTPaJbHbIX
1 BocTouyHbIX mTatax CIIA v yactuyHo B Kanage. [Ipu aTom
Ha LeHTpaJbHOM y4acTKe (6accedHbl pek Muccucunu
1 Muccypu) cdopmupoBasach s16J10Hs1 adloBcKasi — M. ioensis
(Wood) Britt, B BOCTOYHBIX NpPHATJIAHTHYECKHX IITATaX —
sA6/10H1 BeHedHas — M. coronaria (L.) Mill. u y3kosnuctHas -
M. angustifolia (Ait.) Michx. OHM oT/IMYalOTCA JOBOJIBHO
KpynHBbIMU (3-5 cM B uaMeTpe) 3eJIeHbIMU [apOBUAHBIMU
IJIOJJaMU C TBEPAON TOPbKO-KHUCJI0M MAKOTbIO. lIBeTKH -
B IIUTKOBUJHBIX COIBETHAX, O4YeHb apomaTHble. Kpome
TOr0, Ha TUXOOKeaHCKOM mnobGepexxbe CeBepHOW AMepHKH
(ot Ansacku no Kanudopuun) chopmupoBaniach s1610Hs 6y-
pas - M. fusca (Raf.) S.K.Schneid., oTHOCAmasicsa K ceknuu
Sorbomalus Zabel.

YcTaHOBJIEH XPOMOCOMHBIM COCTaB CeBepoaMepHKaH-
ckuXx BUZI0B. Tak, 16J10Hs ailoBckas (M. ioensis) v s16J10Hs OY-
pas (M. fusca) UMeIOT AUIIOWIHBIA HA60p XPOMOCOM, TOT/a
KaK OCTa/IbHbIE BUJbI SIBJISIOTCS TPUIVIOWJAMU U TETPAILIO-
njgamu (Ponomarenko V.V, Ponomarenko K.V, 2013; Nester-
ov, 1977). o nauuwiM E. H. CenoBa (Sedov, 2011), cesnekuus
S6JIOHH C UCIIOJIb30BAaHHUEM IOJIMIJIOUIUM OCOOGEHHO Iep-
CIeKTHUBHA NPH CO3JaHUU PETYJSPHO IJIOJLOHOCSIUX COP-
TOB C BBICOKOTOBAapHBIMHU ILJIOJJaMH, 006J1a/Jal0LIMMHU OBBI-
[IEHHBIM COJlepKaHUEM MUTATEJIbHbIX U 6MOJOrHYecKH aK-
TUBHBIX BeIleCTB.

Kak u MHOTrMe KOJIJIeKI[HOHHBbIE BH/IbI a3MATCKOTO U €B-
pPOTENCKOTo IEeHTPOB NPOUCXOKAeHHs, 16;10HN CeBepHOM
AMepurKu TakKe 06J1aJJal0T IIeJIbIM PSZIOM IIeHHbIX TPU3Ha-
KOB, KOTOpble He06X0JUMO GoJiee IIHPOKO HCIOJb30BATh
B CeJIEKL[OHHOM Ipolecce.
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Co BpeMeHU OCHOBaHMS CTAHLMM 60JbllIOe BHUMaHUe
6b1J10 y/lesIeHO MOOUIN3aLUY AUKOPACTYIIUX BU/OB 16JI0HU.
CeBepoaMeprKaHCKHe BUJbI ObLIM UHTPOLYLIMPOBAHBI yiKe
B 30-e rogpl mpouioro Beka. Tak, s6/10Hs alloBckast (M. ioen-
sis, k-2352) noctynuia B KoJiekuto emle B 1932 r. u3 lep-
MaHud. OpgHa u3 ¢opMm s6J0HU BeHeuHOU (M. coronaria,
K-2336) npuobpeTteHa B YMaHckoM CXW KueBckol o6/acTu
B 1937 r,, apyras ¢opma (k-14986) - us l'ocyrapcTBeHHOTO
6oTaHnuYecKkoro caza (r. Mocksa) B 2004 r. ['ubpugHas s16.10-
Hsa Cynapga - M. x soulardii (Bailey) Britt. (k-2419) noctynu-
na B 1931 r. u3 MyeeBCKOM ONBITHON CcTaHLMM (YKpauHa).
[To3aHee 6bLTM TpUOGPeTEHDI iBe GOPMbI TUOPUAHOM 16.J10-
HU TIJIOCKOIIOAHOU (M. x platycarpa Rehd.) (x-29489
1 K-36279) n3 boranuyeckoro caga MI'Y B 1976 r. u Tanrap-
CKOTO KapaHTUHHOI'0 MUTOMHHUKA B 1979 1. Bce onu npep-
CTaBJISIIOT COGOM CEKIMI0 3eJIeHOMIOJHbIX s16/10Hb (Chlo-
romeles). Kpome Toro, us l'epmanuu (BoTaHuueckuil caj
B /lpe3pene-Ilunbuune) B 2000 r. moctynuia s610Hs 6ypas
(M. fusca), oTHOCSIIAsICS K CEKLUU psIGMHOBU/IHBIX s16JI0Hb
(Sorbomalus). [locne anpo6anuu 6GbLI0 YCTAaHOBJIEHO, YTO, 110
BCell BEPOSITHOCTH, 3TO CesiHel] s16JI0HU 6Ypoi. OT TUMUYHOH
s16JI0HU OYpOM OT/IMYAETCs KPYNHbIMU (0 2,5 cM B Aname-
Tpe) JI0JaMU U HeoNaJarllei yaueuKou.

B HacTosel cTaTbe TakXKe JJaHa XapaKTepUCTHKa CeBe-
poaMepUKaHCKUX MeJIKOIJIOAHBIX JAeKOPaTHUBHBIX 516JI0Hb
(kpe6bI), B IPOUCXOXKAEHUN KOTOPLIX NPUHUMAIU ydacTHe
HEKOTOphle ceBepoaMepUKaHCKHe BU/bI.

W3yyeHre KoJIJIEKIIMM NPOBOAUJIN COIJIACHO MeTojuyYe-
ckuM ykaszaHusaM BUP (Krivchenko, 1972; Nesterov, 1986).
Jlis anpo6anMy BHJOB HCIOJIb30Ba/IM NOMOJIOTHYECKHe
onucaHus, coctaBieHHsle B. T. Jlanrendenbaom (Langenfeld,
1991) u 4. C. HectepoBbiM (Nesterov, 1977). BuzoBble Ha3Ba-
HUS yKasaHbl B cooTBeTCTBUU C B. T. Jlanrendenpgom (Lan-
genfeld, 1991). ®ororpaduu M KpaTkasgs XapaKTEPUCTHUKA
KOJIJIEKIIUM BHUJIOB IpejcTaBjeHa Batiace (Barsukova,
2012).

Pe3ysbTaThl U 06CYKAeHUE

f6/10HN ceBepoaMepUKaHCKOTO LieHTPa MPOUCXOXKIEeHUS
3HAYUTEJbHO OTJIMYAIOTCA N0 MOPGOJIOrHYecKUM U XO03sH-
CTBEHHO-OM0JIOTMYECKUM IPU3HAKaM OT APYTHX BUJO0B poja
Malus. B npouecce Ux HM3y4yeHUs] NPOBELEHO MOMOJIOTHYe-
CKOe OIHCaHue, olpejeseHbl GeHOJornyecKkue 0Co6eHHO-
CTH, CpPOKM IBETEHMs U BCTYyIJIEHUE B IUVIOJIOHOIIEHMUE,
YCTOUYUBOCTb K 60JIE3HAM, YPOXKAaMHOCTb, KAauecTBO, JIEXK-
KOCTb, OMOXMMHUYECKUH COCTaB IJIOZOB, JeKOPaTHUBHOCTb
U ipyrue rnokasaTesH. YCTaHOBJIEHO, YTO KOJIJIEKLHMOHHbIE
bopMbl CceBepoaMepPUKAHCKUX BHJOB XapaKTepU3YHIOTCSA
MO3/JHUMU CPOKaMH LiBeTeHus. Tak, 1o cpe/JHEMHOI0JIeTHUM
JIaHHBIM, MacCcOBOe IBeTeHHe MUX NPOXOAMUT B IepBOH WU
BTOPOMH JleKajie Masi, UTO 3HAUYUTEJIbHO M03Ke, YeM y JPyTrux
BUJIOB, OCOGEHHO ATrOJHBbIX s0OJIOHb (sec. Gymnomeles
Koehne), y KoTopbIX MaccoBoe [|BeTeHHE OTMeYaeTCs B Iep-
BOH N0JIOBHUHe amnpeJist. [lo3jHHe CPOKU LiBETEHUS — OAHO U3
HauboJiee 3HAUUMBIX IPEUMYIIECTB, KOTOPbIMU 06J1afa0T
3€eJIeHOIJIO/[HbIe S16JI0HU. ITO 0COGEHHO MPOSIBJSETCS B I0-
c/leflHMe ToJibl, KOTAA BO3pacTaeT 4YMCJO0 KJIMMaTHYeCKUX
aHOMaJIMH, XapaKTepU3YIOIINXCs B HallleM perHoHe 3KCTpe-
MaJIbHO TelJIoW MoroJioi B sHBape U ¢peBpase U NoCaeLyI0-
IIMMHU TO03/HEeBeCEeHHUMHU 3aMopo3kaMH. Tak NpoU30lII0
B 2014 r, Korza B KOHIle MapTa TeMIepaTypa CHU3UJIACh 10
-9°CHa ypoBHe [IByX METPOB OT IOBEPXHOCTU. ITO IPUBEJIO
K CWIbBHOMY INOAMEP3aHUI0 HEKOTOPbIX BHUJOB M3 CeKLUH

Gymnomeles v Sorbomalus. Oco6eHHO NOCTPaZAIN ATOAHbIE
s16/I0HH, UMeloLe HanboJiee KOPOTKUH MepUO/ TOKOs, Y KO-
TOPBIX NOAMep3J1a Jjaxke KpoHa JAepeBbeB. Ha sToM doHe ce-
BepoaMepHUKaHCKUe 16JI0HM MMeJH CTelleHb NMOAMep3aHUs
Ha ypoBHe 1-2 6a10B. B Mae y HEKOTOPBIX U3 HUX OBIJIO OT-
MeyeHO JlaKe U3peKeHHOoe LiBETeHHe.

Bosibiioe BHUMaHUe y/ieJIeHO U3y4YeHUI0 YCTOWYMBOCTHU
KOJIJIEKIITMOHHBIX 00paslioB K 60JIe3HAM: Naplie JIUCTbeB —
Venturia inaequalis (Cooke) Wint., My4HUCTOM poce - Podos-
phaera leucotricha Salm. 6ypoil NATHUCTOCTH JIUCTHEB —
Phyllosticta mali Pr. et Del. YcTaHoB/1eHO, 4TO BCe 06pasLbl
YCTOHYMBBI K MyYHUCTON pOCe, HO B Pa3HOH CTeleHH Nopa-
’KAIOTCSl MapLION M BOCHPUMMYHUBBI K 6YpOH NATHUCTOCTHU
JIUCTheB. B TabsnLe 1 npe/cTaBieH cpeAHUN 6aslyl mopaxe-
HUS 3a BCe TO/ibl U3y4eHUs], HauuHas ¢ 70-X Tol0B NPOLIJIOTro
Beka. CiieiyeT OTMeTUTb, YTO 3a NOC/Je[HUEe TO/Abl BMeCTe
C U3MeHeHHeM KJIMMaTa U3MeHUJIach U GuTonaToreHHas 06-
CTAHOBKAa B €aJlaX, CHU3W/IACh CTelleHb NMOPaKeHUs BHU/JIO-
06pa3loB NaplIoH, 3a UCK/IIOUYeHHeM HauboJiee BOCIPUUM-
YUBBIX BU/IOB, 0COGEHHO U3 Cpe/iHea3uaTCKoro LieHTpa Nnpo-
ucxoxaeHus: M. sieversii (Ledeb.) M. Roem., M. niedzwetzky-
ana Dieck u apyrux. B To ke BpeMsi 3HaYHUTEJNbHO BO3POCIU
pacrnpocTpaHeHHe U BPeJOHOCHOCTb OYpoOd MNSTHUCTOCTU
JINCTbEB HAa MHOT'UX KOJIJIEKIIMOHHBIX BU006pa3iiax.

[Io MHOT0OJIETHUM JaHHBIM, Hau60Jiee BbICOKYIO YCTOU-
YUBOCTD K Napllie U MyYHUCTOU poce noka3aau 06e GopMbl
M. coronaria. Cna6oe mopaxkeHue oTMedeHo y M. x platy-
carpa.

[IpoBesieHO MpeABapUTeJbHOE U3yYeHHe XapaKTepa Ha-
cefloBaHUsl YCTOMYMBOCTHM K My4YHUCTOM poce H napiue
y BblJleJIeHHbIX BHJIOB IOCJ/e Iie/leHallpaBJeHHbIX CKpeliu-
BaHUU U NOC/EeAYIOIero MCKYCCTBEHHOTO 3apaKeHUsl T'U-
OpU/AHBIX CessHIeB B CTaJJUU 3-5 JIUCTbEB Ha CBETOYCTAHOB-
Ke B JIabOpaTOPHBIX YCIOBUSAX. Bbl/I0 ycTaHOBJIEHO, UTO NpHU
CKpelluBaHUU M. coronaria (k-2336) c BOCHPUMMYHUBBIMU
K MYYHHUCTOH poce U mapuie coptaMu ‘PeHeT CUMHpeHKO'
1 ‘3300 CnuLeHOYpr’ BbIXOJ YCTOMYUBBIX K MyYHUCTOH poce
rUGPUIHBIX CesIHIIEB cocTaBuJ 86,4 1 61,5%, npu ckpeuiyBa-
Huu M. x platycarpa (k-29489) - 56,5 u 76,0% (Ta6.1. 2). Kpo-
Me TOTO, B aHAJIM3UPYIOIEM CKpelMBaHUHU 3TOU ke GpopMbl
M. coronaria (k-2336) ¢ BOCHPUUMYHUBBIM K Maplle COPTOM
‘O30n CnuieH6ypr’ KoJU4ecTBO YCTOUYUBBIX K 60JIE3HU T'U-
OpuAHbIX cesiHIeB cocTtaBuwiao 85,7%. Takum o6Gpasowm,
M. coronaria (k-2336) u M. x platycarpa (k-29489) moryT
ObITb MCIOJIb30BAaHbl B CeJIEKUMHU KaK IOTeHILHa/lbHble
HCTOYHUKU HOBBIX HEHJEHTHYHBbIX T'€HOB YCTOWYMBOCTHU
K 3TUM 3a60/1eBaHUSM.

Huxe faetcs 6osiee noAgpo6Has XapaKTEPUCTHKA CaMbIX
MepCcrneKTUBHbIX CeBepOaMepHUKaHCKUX BHU/OB, HAXOSLIUX-
¢l B KOJIJIEKI M U.

61015 BeHeyHas (M. coronaria, k-2336) npejacTaB/sieT
co6oO¥ cpeJiHEpOCJIoe JepeBO C OKPYIVION KpOHOHU. JIMCThsA
JIOBOJIHO KpYIHble, OBaJIbHble, cJ1aboJionacTHele. [Ipu pac-
MyCKaHUU - OGPOH30BO-KpacHble, I03JHee — 3eJieHble, 6e3
onymeHusa. OceHbl0 NPUOGPETAIOT OPAHXKEBYIO OKPACKY.
[iBeTeHUe T03/1Hee, B IepBOM UM BTOPOH Jlekaje Mas. LiBeT-
KU DO30BBbIe, JOBOJILHO KpynHble (10 4,2 cM B fuaMeTpe),
HMMeIOT CUJIbHBbIN apoMaT ¢puaiku. CouBeTUs LUTKOBU/HBIE.
[1104b1 3e1€HO-Ke I Thle, IIOCKO-1IIapOBUAHBIE, C1abopebpH-
cTble, B auaMetpe 2,3-3,5cM. BKyc ropbkoBaTO-KHCJIBIH,
C TEPIKOCTbI0. YpoxKkalHOCTb cpefHss. [lnojbl co3peBaioT
B OKTsI6pe, 06J1a/1al0T JJINTebHOH JIeXKKoCcTh1o. [lo xuMuye-
CKOMY COCTaBY OT/IMYAIOTCSI BBICOKUM COJlep>KaHUEeM acKop-
OUHOBOU KUCIAOTHI - 0 53,1 Mr%, cymma caxapos - 6,2%,
cyxux BellecTB - oT 14,4 10 20,2%. Kpome Toro, o6pa3ser BbI-
JleJISIeTCsl CKOPOIJIOAHOCTBIO U JIeKOPAaTUBHOCTbIO, 0COGEH-
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Ta6auna 1. CreneHb nopaxkeHus 60/1e3HAMM CeBepOaMepPUKAHCKUX BU0B 16100 (Malus Mill.)

Table 1. Degrees of disease affliction among North American apple-tree (Malus Mill.) species

Ilopakenue, 6ami /
Ne o Affliction, score
Karasory Ha3BaHue Buja / Cexknus /
L /AALS Species Section
catalogue p Ilapma / Scab R
N My4HucTas poca /
o. . MATHUCTOCTD /
aucr/ | maoa/ Powdery mildew
i Leaf spot
leaf fruit
2336 M. coronaria Chloromeles 0 0 0 3
14986 M. coronaria Chloromeles 0 0 2 3
2352 M. ioensis Chloromeles 3 2 0 3
36279 M. x platycarpa Chloromeles 2 1 0 3
29489 M. x platycarpa Chloromeles 0 1 0 3
2414 M. x soulardii Chloromeles 3 2 2 3
41274 M. x fusca (cesinen) | Sorbomalus 3 2 1 3

Ta6auna 2. HacsiegoBaHue yCTOMYHUBOCTH K MyYHHCTOM poce ceBepoaMepPUKaHCKUX BUAOB A6J10HU (Malus Mill.)

Table 2. Inheritance of powdery mildew resistance in North American apple-tree (Malus Mill.) species

KosmyecTBo
YCTOMYHUBBIX
3apaxxeHO cesiHIIEB % yCTOMYUBBIX /
Kom6uHanmu ckpemuBaHuiu / cesiHIeB (1IT.) / (0-2 6anna) / Percentage of
Cross combinations Infected seedlings Number of resistant
(pcs) resistant seedlings
seedlings
(0-2 points)
Malus coronaria (k-2336) x 33on CniuneHGypr 26 16 61,5
Malus coronaria (k-2336) x PeHeT CUMHUpPEHKO 41 38 86,4
Malus x platycarpa (k-29489) x Penetr CuMupeHKo 82 46 56,5
Malus x platycarpa (k-29489) x 33on CnuueH6ypr 25 19 76,0
Malus x platycarpa (x-29489), cBo60jHOE ONbLIEHUE 56 41 73,2

HO B HepuoJ uBeTeHus. Jlpyras ¢opma M. coronaria (k-
14986) otinyaercs 6osiee KPyMHbIMU IAPOBUHBIMU ITJIO-
namu (1o 5 cM B iuameTpe).

f6noua aoBckas (M. ioensis, k-2352). BnepBbie 6bL1a
OmnMCcaHa aHIVIMMCKUM 6oTaHUKOM Byznom eme B 1850 r. mof,
Ha3BaHueM Pyrus coronaria var. ioensis Wood (Langenfeld,
1991). lepeBo cpesHEro pocTa, JUCTbsS KPYMHbIe, c1a60J10-
nactHble. l|BeTKH po3oBble, apoMaTHble. [110/bl JOBOJBHO
KpymnHble (0 4 cM B iMaMeTpe), LIMPOKOOKPYTJIble. MAKOTb
IJIOTHAs,, TOPbKOBATO-KKCIasA. Kak My f16/710HH BeHeyHOH,
O0TMevaeTcs MOBBILIEHHOE CoZlepKaHHe aCKOPOGUHOBOW KHUC-
JIOTBI B IJI0AAX — 110 44,5 Mr%, copiepkaHue CyXHX BelecTB —
17,6%, cymma caxapoB - 7,1%. [lyobl oT/IMYalOTCsI 0COGEH-
HO JIJIUTEJIbHOM JIEXKKOCTbI0. B HallIMX YC/I0BUAX XOPOLIO CO-
XPaHAITCA Ha 3eMJIE [0/, IePEBOM BCIO 3MY, U 3aTEM JIEXKaT
elle J10JIr0, He CTHUBAsi, YeMY CHOCOOCTBYET MOBbILIEHHAS
YCTOWYUBOCTD K 110i0Bod rHuiu (Monilia fructigena Pers).
O6paser; OT/IM4AETCS BBICOKOH yPOKaHHOCTBIO, CKOPOTIJIOJ-
HOCTBIO U IIEeHUTCA KaK JIeKOPaTHBHOE pacTeHHE.

B cexnuto Chloromeles Takxe BXOASIT HECKOJILKO TH6PU /-
HbIX BUJOB. Cpeau Hux si6sous Cynapga (M. x soulardii),
o6pa3oBaHHas OT CKpelMBaHUA A6JI0Hb alOBCKOH M. ioensis
Y HU3KoU M. pumila Mill. [lepeBo cpeznHepocioe, cTycTod
IIapOBUAHON KPOHOH. JIMCThs MIMPOKOOKPYTJIbIE, €1a60JI0-
NacTHbIE, TOJICTbIE, MOPIIMHHUCTEIE. L[BeTkH 6/1eiHO-pO30-
Bbl€, C apoMaTOM po3bl. [0/l KpynHbIE (0 5 cM B AaMe-
Tpe), IIIOCKOOKPYTJIble, c1abope6pucTbie. MAKOTH MJIOTHAS,
KHCJIO-C/Iafikas, c ropedbto. CosieprkaHHe CyXUX BeIIeCTB —
20,4%, cymma caxapoB - 10,9%, ackop6MHOBOH KHCJIOTBI —
110 24,8%. O6pasel, BOCIPUUMYHUB K napile U 6ypod NATHH-
CTOCTH JINCTHEB, HO YCTOMYMB K MyYHHUCTOH poce. Ypoxxai-
HOCTb cpefiHsAsA. 061aJjaeT JAJIUTeNbHOH JIEXKKOCTBIO MJIOJI0B.
HUcnonb3yeTcs B leKOPAaTUBHBIX LeJIAX.

B KoJ/IeKIIMK Tak:Ke UMelTcs iBe GopMbl TM6PUHON
A6JI0HU TIoCKomIofHOU (M. x platycarpa), o6pa3oBaHHON
OT CKpellMBaHUA s16JI0Hb BeHeYHON U HU3KOH (M. corona-
ria x M. pumila). /lepeBbsi cpeJJHEPOCIIbIE, C LINPOKOOKPYT-
JIo¥i rycToi kpoHoi. OgHa u3 popm (k-36279) umeert 6osee

TPY/IbI 110 IPUKJIAJITHOWM BOTAHUKE, TEHETUKE Y CEJIEKLIMHY 182 (3), 2021



0. N. BARSUKOVA e 182(3),2021

KpyIHble JUCTbSA (A0 9 cM B lUaMeTpe) U NJI0Jbl B JUaMe-
Tpe 70 4,6 cM. LlBeTeHure y 06eux GopM o3 Hee, IPOXOJUT
B IlepBOM M0JI0OBHMHe Masl. lIBeTKH po30Bble, KpYIHbIEe, apo-
MaTHble. ConBeTUS LIMTKOBUAHBIE. [10Abl IapOBUAHBIE
Y MJIOCKOOKPYTJble. [IJI0/J0HOKKHY TOHKHE U JIMHHBIE (0
4 cM B AJIMHY). MAKOTB 3eJleHOBaTas, IJIOTHas, BKYC KHUC-
JIBIX C TOpeYblo, BSKyUH. [11010HOLIEHHE e3KerojHOE, OT
YMEPEHHOI0 10 CUJIbHOTO. [1/10/1bI 06/1a1a10T JJIUTENbHON
JexKKoCThI0. 06e popMbl /1260 MOPAKATCS NAPIIOH U Bbl-
COKOYCTOMYUBBI K MyYHUCTOU poce, HO BOCIPUUMYUBHI
K Oypol mATHUCTOCTU. Kak oTMeudeHO Bhile, popma (k-
29429) MoKeT O6bITh UCII0JIb30BaHA B CEJIEKI[UU KaK JOHOP
YCTOWYMBOCTH K MYYHUCTOH poce. Bananusupyromux
CKpelLlMBaHUAX JlaeT BbIXOJ, yCTOWUUBBIX THOPUAHBIX Ce-
aHI1EeB oT 56,5 10 76,0%.

Kpome oTMeueHHBIX BU/I0B, B CeBEpHON AMeEpHUKeE IIHUPO-
KOoe paclnpocTpaHeHHe MOJY4YU/IU MeJIKOIJIOAHbIe AeKopa-
TUBHbIE 16/10HU (KpeOnl). [Io MHeHuto JI. M. CumupeHko (Si-
mirenko, 1972), oHM NPOU3OLLIU OT CKpPELUBAaHUS BUJOB
M. baccata (L.) Borkh., M. spectabilis (Aiton) Borkh., M. pruni-
folia (Willd.) Borkh. c Bupmamu M. coronaria u M. angustifolia.

B. JI. ButkoBckuii (Vitkovsky, 2003) cuuTaeT, 4TO B IPOUCXO-
X/IeHUH ceBepOoaMepUKaHCKUX KpeGoB yyacTBoBaIu M. coro-
naria, M. fusca, M. pallasiana Juz. KpoMe TOro, 1o MHEHHIO
@. /. luxonoca (Likhonos, 1972), B UX NpOUCXOXK/J€HUH TIPU-
HHUMaJIM y4yaCTHe U KyJbTYpHble aMepUKaHCKUe copTa. [lo
cucreMe, npeasiokeHHoH @. /. JIMXOHOCOM J1Jist COPTOB KYJlb-
TypHOU s16710HM (Likhonos, 1972), kpe6bl, Kak U Apyrue cop-
Ta s16JIOHU CJIMBOJIMCTHOM, OTHOCATCH K NOABUAY $16JI0HU
JoMaiHel M. domestica subsp. prunifolia (Willd.) Likh. Muo-
rve U3 HUX OTJIMYAITCS OOUJIbHBIM U KPACUBBIM LIBETEHUEM,
6oraTbIM ypoXKaeM He6OJIbLIMX sI0JI0OK Pa3JMYHOIrO LIBETa,
dopmbl U BKyca (Tab.. 3).

B Tab/uie npejcTaBjieHa KpaTKas XapaKTepUCTHKa He-
KOTOPBbIX KpeGOB, HAXOASIIMUXCS B KOJJIEKLHMU. Bosbluas
4acTb U3 HUX BOCHPUUMYHUBBI K Napllle, HO YCTOWYUBBI K MyY-
HUCTOU poce. BriziesieHbl Kpebbl, Y KOTOPbIX YCTOMYHUBOCTD
K 00JIE3HSAM COYETAEeTCs C BbICOKOH YPOXKaWHOCTBIO U Y0B-
JIETBOPUTEJNbHBIM BKycoM MaofoB (losro, JhxoH [JayHu)
‘©aiipn’), YTO MO3BOJISIET UCIIOJIB30BATh UX AJIsI MOJYYEHUS
9KOJIOTMYECKH YHUCTOW MPOAYKIUY, IPUTOAHOMN JIJIsl TEXHU-
YecKoU nmepepaboOTKHU.

Ta6smmua 3. KoieKmoHHbIe 06pa3ibl cCeBepoaMepUKaHCKUX Kpe6GoB

Table 3. North American crab apple accessions

Ne no CreneHb nopakeHus, 6a1 /
KaTaJio Affliction degree, score
BHP / VII% Ha3Banmue / gree, Kparkoe onucaHue /
catalogue Name napma / My4HHCTas poca / Brief description
No. scab powdery mildew
BETKH KPYIHbIE, PO30Bble, MaXpPOBHIE.
2311 Amrn 3 2 u Py P o p
[l10b1 MeJIKHE, yPOXKAHHOCTD C1abast
CopT JIeTHUH, ypOXKaWHBIH.
362 BukTtopus 4 2 P yp
[l104b1 CTaIKO-KHUC/IbIE, apOMATHBIE.
CopT oceHHUH, YpO>KallHbIN, 3MMOCTOUKHUM.
384 BupmxuHus 4 2 [lnozae! Mesikue (0 25 I.), BKYC YA0BJIETBOPU-
TeJIbHBIH.
[1104b1, COYHBIE, apOMATHbBIE, KUCI0-CAaZKHe,
409 l'ecnep Po3s 2 1 A p A
TepIKUe.
CopT oceHHUH, YpOKaHHbIN.
414 Tucion 4 2 P yp ,
110461 MeJIKHE, BKYC TOCPE/ICTBEHHBIH.
[l104b1 cpeiHel BEeJTMUUHBI, COYHBIE, KHUCJIO-
529 Joxon JlayHu 1 2 AR CpeAL . .
Caikve, YCTOMYUBBIE K [JIOJOBOM FHUJIH.
[lnoger cpennne (30-40 r.), KpacHble, YAIH-
553 Jlonro 1 2 HEHHO-KOHUYEeCKHUe, CJIaKO-KHUCJIbIE.
CopT BBICOKOYpOKalHbIH.
110461 peGpUCTbIe, TEMHO-KpPACHBIE.
2454 Mapra 3 3 ABL pebb p
MsKOTb COYHAasl, HeXKHasl, XOpOIlIero BKyca.
CopT 0CeHHUH, BbICOKOYPOKalHbIMN.
1472 Paccet cagkuit 3 2 [lnoger (30-40 1.), craakye ¢ He3HAYUTEJIb-
HOW KMCJIOTOM.
171061 OpaHKEBbIE, COYHBIE, YCTOUYUBDI
9285 Open/mx 2 2 AbLOpat ' ey
K IJIOJIOBOU FHUJIU. YPOXKaWHOCTb HU3Kasl.
[lnoab1 OKpyTryI0-KOHHUYECcKUe, BecoM 30-40 T.
1714 Oaiipu 2 2 BKyc XOpOIINH, KUCI0-CAAAKUH.
CopT oceHHUH, YpOKaHUHBIN.

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING 182 (3), 2021



e 182(3),2021 0. H. BAPCYKOBA

3ak/loueHue

TakuM 06pa3oM, B pe3y/ibTaTe U3Y4eHUs U3 KOJUIEKIUU
BbI/leJIEHbl HEKOTOpble GOPMBI CeBepoOaMepHUKaHCKUX BU/IOB,
KOTOpbIe 06J/1aJJal0T 1eJIbIM HaO0POM MOJIE3HBIX IPU3HAKOB
JUIS MCTOJIb30BaHMS B CeJIEKIMH, BKJIIOYas M03/IHUE CPOKU
[IBETEHHS], BBICOKYIO YPOXKAaHHOCTb, YCTOWYUBOCTb K 60JI€3-
HSIM, CKOpPOILJIOZHOCTb, KPYHHOIUIOAHOCTb, JJIUTEJbHYIO
JIEXKKOCTb, BBICOKOE COZlepKaHHe aCKOPGHHOBOW KHCJIOTbI
B IJIOJ1AX, IEKOPATUBHOCTD U PYTHE LEHHbIE Ka4ecTBa.

Paboma evinosHeHa 6 pamkax 2ocydapcmeeHHo20 3ada-
HUs1 coenacHo 6100xcemubIM npoekmam BUP no meme Ne 0662-
2020-0004 «Koanekyuu BUP secemamugHo pasmMHOMIcaemulx
Kyabmyp (kapmogpenb, na1odosvle, 1200Hble, deKopamusHble,
suHozpad) u ux dukux poduyell - usydeHue U payuoHa/bHoe
UCN0/1b308aHUE».

The work was done within the framework of the State Task
according to the theme plan of VIR, Project No. 0662-2020-
0004 “Collections of vegetatively propagated crops (potato,
fruit, berry and ornamental crops, grapes) and their wild rela-
tives at VIR: studying and sustainable utilization”.
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Background. Linseed oil is a versatile product with varying
biochemical composition. Linseed breeding is aimed at pro-
ducing cultivars with different chemical properties in their
oil. The crop is widespread but the environment has a great
effect on its fatty acid biosynthesis.

Materials and methods. The impact of weather conditions
on the variations in fatty acids composition was studied.
Twenty linseed cultivars and accessions of diverse origin
and with varying oil composition from the VIR collection
were grown in Tomsk Province in 2016-2018. The content
of 15 fatty acids (lauric, myristic, palmitic, palmitoleic, mar-
garic, stearic, oleic, cis-vaccenic, linoleic, linolenic, arachid-
ic, eicosenic, arachidonic, behenic, and lignoceric) was as-
sessed in linseed oil using gas-liquid chromatography.
Results. The tested material presented a wide diversity of
genes controlling different steps of fatty acids biosynthesis
and genetic mechanisms involved in the responses to the
changing environment. The analysis of variance proved that
the content of oleic, linoleic, linolenic and lignoceric acids
was controlled solely by the genotype. The content of pal-
mitic and stearic acids was influenced by both the genotype
and environment. The synthesis of lauric and cis-vaccenic
acids was significantly affected by the weather. Practically
all acids, except linoleic and linolenic ones, showed a very
high random variation, which in our experiment included
genotype x environment interaction. The accessions dif-
fered in the range of variation in their characters under
different conditions. There was no definite regularity in the
changes of fatty acid content in the tested genotypes during
3 years.

Conclusion. The assessed genotypes probably possess dif-
ferent regulatory mechanisms for fatty acid biosynthesis.
Thus, they present a diverse stock for further investigations
into fatty acid biosynthesis and for the development of new
linseed cultivars widely adaptable to environmental condi-
tions.

Key words: linseed oil, fatty acids, environmental condi-
tions, genotype.

AKTya/IbHOCTB. MacJio JIbHa UCHOJIB3YIOT JAJISl Pa3IUYHbIX
LeJsiell B 3aBUCUMOCTH OT COCTaBa, U CeJIeKIUsI KYJbTYPbl Ha-
npaBJieHa Ha CO3/aHue COPTOB C Pa3JIMYHBIMU GHOXUMUYE-
CKMMHU XapaKTepUcTHKaMU. KyJbTypa MpPOKO pacnpocTpa-
HeHa B Pa3/IMYHbIX KJIMMATUYECKUX 30HAX, YCIOBHS OKa3bl-
BaIOT CUJIbHOE BJIMSIHME Ha GMOCUHTE3 KUPHBIX KUCIOT. Hc-
cJle/loBaHHe HalpaBJIeHO Ha U3yYyeHHe BO3/JeMCcTBUS MOroj-
HBIX YCJIOBUM Ha H3MEeHEeHUs COCTaBa }KUPHBIX KUCJIOT.
MaTepuaJjibl M MeTOAbI. /IBa/illaTh COPTOB U JIMHUU Mac-
JIMYHOTO JibHA M3 KoJuieknuu BUP, paznnuaromuxcsa mno
MPOUCXOXK/IEHHUIO U COCTABYy MacJa, BeIpaliuBaiu B ToMmckoi
o6s1actu B 2016-2018 rr. CofepkaHue JIaypuHOBOM, MUpPHC-
THHOBOM, MaJbMUTUHOBOM, NaJbMHUTOJIEMHOBOW, Maprapu-
HOBOH, CTEApUHOBOM, 0JIEMHOBOM, BaKI|eHOBOM, JINHOJIEBOH,
JIMHOJIEHOBOM, apaxMHOBOMW, 3MKO3€HOBOM, apaxWJ0HOBOH,
6ereHoBOU U JIMTHOLLEPUHOBOU KUCJIOT OLlEHUBAIU METOJ0M
ra3o-KMJJKOCTHOHU XxpoMaTorpaduu.

PesyabTaThl. [IpoaHa/iM3MpoBaHHbIM MaTepuas IpesCcTaB-
JISIeT ITUPOKOe pa3HOOGpa3ue reHOB, KOHTPOJIUPYIOLIUX pa3-
JIMYHBbIE 3TaNbl OMOCUHTE3a KUPHBIX KUCJIOT, U TeHETHYEC-
KHUX MEXaHU3MOB, YYaCcTBYWIIUX B peaklusX Ha U3MEHSIo-
muecs ycjaoBus cpefbl. [UcnepcUOHHBIA aHa/IM3 MOKasal,
YTO COZlep>KaHue 0JIEMHOBOM, JIMHOJIEBOMH, JINHOJIEHOBOM KHU-
CJIOT KOHTPOJIUPYETCS TOJIbKO TreHOoTUnoM. CoaepikaHue
NaJIbMUTHHOBOU U CTEAPUHOBOM KHCJOT 3aBUCHUT OT T€HO-
THUIIA U OKpYKawlel cpefpl. Ha cuHTe3 JlaypeHOBOM U Luc-
BaKLIEHOBOW KHCJOT 3HAYUMMO BJIMSAIOT YCJOBUS BblpallilBa-
HUs. Bce KUC/IOTBI, KpOMe JIMHOJIEBOM W JIMHOJIEHOBOH, Jie-
MOHCTPHUPOBAJIK BbICOKOE CAy4aiiHOe BapbHUpOBaHUE, KOTO-
poe B HallleM OIbITE BKJIIOYAJIO B Ce0S1 B3aUMOJENUCTBUE Te-
HOTHIA CcO cpesioi. 06pa3bl pa3IM4aInch MO CTENEHU Baph-
MpOBaHUS NPU3HAKOB B pa3HbIX ycjaoBUAX. OnpeseseHHON
3aKOHOMEPHOCTU U3MEHEHUsl COAepPKAHHUS KUPHbBIX KUCIOT
3a TPH r'o/ja IKCIeprUMeHTa 0GHApYKeHOo He OGbIIO.
3ak/loyeHHe. M3ydyeHHble T'€HOTUIIbl, BO3MOXHO, UMEIOT
pasJ/iMuHble MEeXaHU3Mbl PEryJIsLMU CUHTEe3a KUPHBIX KHUC-
JIOT Y NPEJCTaBJSIOT Pa3HOOOPA3HBIM MaTepHas JJis alb-
HeHNIINX TeopeTUYeCKUX HUCCIe[J0BAaHUN 3TOW peryjadauuu H,
C IPyrOX CTOPOHBI, /ISl CeJIEKLIMH HOBBIX COPTOB MACJUYHO-
ro JibHA C IIMPOKOU aJlanTaluel K YCI0BUSIM BblpalMBaHUS.

KiroueBble cji0Ba: Mac/o JIbHA, JKHPpHbI€ KUCJIOTBI, IOroA-
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Introduction

Linum usitatissimum L. is one of the oldest and most im-
portant industrial crops. It is grown all over the world. For
many centuries, mainly fiber flax was cultivated in Russia.
But now its area is greatly reduced and replaced by linseed
because of its unique traits and wide-scale applications in
various industries and medicine (Kapinos etal., 2014). So,
anincrease in linseed production appeared to be an answer
to the demands of the world market. In 2001, linseed in Rus-
sia occupied only 8.7 thousand hectares. According to the
data of the Federal State Statistics Service for 2019, the sow-
ing area of linseed in Russia farms of all categories reached
814.7 thousand hectares. In one year, the linseed cultivation
area increased by 9.3% (by 69,100 ha). In 5 years, the in-
crease by 63.6% (by 316,700 ha) was observed; in 10 years,
by 458.3% (by 668,800 ha). Significant part of linseed is
now produced in Siberia, where this crop is not traditional.
In Omsk Province, in 2019, linseed was cultivated over the
area of 124,100 ha (15.2% of the total area under linseed);
in Chelyabinsk Province, 92,000 ha (11.3%); in Altai Terri-
tory, 89,000 ha (10.9%); in Kurgan Province, 62,400 ha
(7.7%). Although the main oilseed crop in terms of its sow-
ing area in Novosibirsk Province is sunflower (Kapinos
etal.,, 2014), its yield is not high: in 2008-2012 it was 0.4 t/
ha. The average yield of linseed in those years was 0.76 t/ha.
This figure also exceeded the yield of rapeseed (0.69 t/ha),
cultivated in more humid areas. Such results may be ex-
plained by arelatively high drought tolerance of linseed,
cultivated in areas with different water availability (Anton-
ova et al., 2012). So, the choice of the linseed crop for culti-
vation in Siberia should be recognized as rational (Kapinos
etal, 2014).

Linseed oil is used for various purposes, depending on
its chemical composition. Main differences among modern
linseed cultivars can be found in the content of linoleic (LI10)
and linolenic (LIN) acids. Traditional linseed oil contains
50% of LIN acid or more. But this kind of oil is not stable -
after pressing, it turns rancid quickly (within 3 months).
However, it is this acid that provides the oil with a wide
range of pharmacological properties (Thompson, Cunnane,
2003) and the ability to dry quickly, which is necessary for
the paint industry. Nowadays, many cultivars with low LIN
acid content - 2-3% (solin) - are being bred. The latter type
of cultivars is usually distinguished for a lot of LIO acid. The
ratio between LIO and LIN acids determines the main utili-
zation purposes of the oil: industrial or nutrition and medi-
cine. Oleic (OLE) acid also makes an important contribution
to oil quality. Other fatty acids can be found in linseed oil in
low and very low concentrations. However, as these acids
form a sequential chain of biosynthesis, evaluation of their
intraspecific diversity plays an important role in discover-
ing their genetic control and biosynthesis regulation. Such
knowledge can also be used in breeding (Brutch etal,
2016a).

The synthesis of fatty acids in plants starts on the basis
of acetyl-CoA. After carboxylation, malonyl-CoA is formed.
Then the acetyl-CoA carboxylate complex initiates the de-
velopment of malonyl-acyl carrier protein (ACP), which is
the initial substrate of fatty acid synthesis (Durrett et al.,
2008). The newly formed malonyl-CoA joins the growing
carbon chain. Thus, by sequentially adding two-carbon
fragments, myristoil- and palmitoyl-ACPs are synthesized
(Tai, Jaworski, 1993). The formation of a carbon chain is
catalyzed by the acetyl-CoA carboxylase complex (Nikolau
etal, 2003). Termination of fatty acid elongation is cata-

T. B. LIEJIEHT'A e E.A.IIOPOXOBHHOBA e H.B. BPAY

lyzed by acyl-ACP thioesterases, which hydrolyze ACP to
produce free fatty acids. Desaturation of carbon chains is
controlled by the system of desaturase enzymes (Somer-
ville et al., 2000).

The research into flax is quite often dedicated to the
evaluation of genes, controlling the formation of stearic acid
and its unsaturated derivatives. The elongase responsible
for the formation of stearic acid (STE), synthesized from
palmitic acid (PAL), is controlled by the FABI gene. Succes-
sive formation of double bonds in the STE acid chain is car-
ried out by various desaturases. First, the double bond is
formed at the 9th position in the carbon chain, generating
OLE through stearoyl-ACP desaturases, which are encoded
by the SADI and SADZ genes. In LIO, another double bond is
added at the 6th position under the effect of fatty acid de-
saturases-2, encoded by the FAD2A and FAD2B genes. The
FAD3A, FAD3B, and FAD3C genes control desaturase-3,
which forms the third double bond in position 3 of LIN
(Vrinten etal., 2000; Banik etal., 2011). All the mentioned
genes have been sequenced. They have multiple alleles that
carry deletions and point mutations (Thambugala etal.,,
2013; Khadake et al., 2009; Krasowska et al., 2007, etc.). The
desaturase-2 genes in flax are recognized as the main ones
that determine the fatty acid composition of the oil (Fofana
etal., 2006) and the product of the FAD2B gene has a much
stronger effect on the trait than that of FAD2A. The FAD3A
and FAD3B genes have a high degree of homology (> 95%).
However, FAD3B has a greater effect on LIN synthesis than
the FAD3A gene. The reason for this is that the product of the
FAD3A gene has increased enzymatic activity, and the
FAD3B gene shows a higher level of expression (Banik et al.,
2011).

Contradictory results were obtained for the expression
levels of all six desaturase genes in genotypes differing in
fatty acid composition.D. ThambugalaandS. Cloutier (2014)
found that the expression of desaturase genes did not differ
significantly between genotypes with different fatty acid
compositions. But A.Rajwade etal. (2014) discovered
a gene-specific and temporal expression pattern for all flax
desaturases and also correspondence of their differential
expression profiles with the variation of fatty acid accumu-
lation in the two groups of genotypes: with low and high LIN
content. Probably those controversial results were based on
the genotypes with different degrees of diversity in the test-
ed samplings.

By the present time, a lot of research has been carried
out to evaluate the impact of various environmental factors
on the fatty acid composition of oils in different plants spe-
cies. Great part of such research was aimed at testing de-
saturase activity changes in different environments. Sever-
al experiments helped to discover that high temperatures
reduced the activity of desaturases by initiating the degra-
dation of these proteins (Dar etal., 2017). For Arabidopsis,
the changes in gene expression levels and protein content
with temperature were observed in the cases of A9, A12, and
A15 desaturases (Vega etal., 2004; Teixeira etal., 2010;
Teixeira et al., 2009). Significant natural variation was also
found for the temperature responsiveness of v-6 desatura-
tion which is controlled by a separate QTL (Menard etal.,
2017).

This experiment was dedicated to the assessment of the
effect produced by different weather conditions in Tomsk
Province on the variation of fatty acid composition in ge-
netically diverse linseed cultivars and lines in order to se-
lect versatile material for cultivation, breeding and further
genetic analyses.
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Material and methods

Twenty linseed cultivars and accessions of diverse origin
and with a wide range of oil quality from the VIR genetic col-
lection (Table 1) were grown in the field in Tomsk Province,
Russian Federation, in 2016-2018 on the plots of 1 m% The
seeding rate was 8 g/m? with inter-row spacing of 12.5 cm.
Harvesting was conducted at the stage of yellow ripening. The
chemical composition of seed oil was analyzed using gas-lig-
uid chromatography. The analyses were performed for the
content of 15 fatty acids: lauric, myristic, PAL, palmitoleic,
margaric, STE, OLE, cis-vaccenic, LIO, LIN, arachidic, eicose-
nic, arachidonic, behenic, and lignoceric.

tory. The climate in the province is continental cyclonic (Ev-
seeva, 2001). In the annual cycle, the predominance of
a negative sum of air temperatures over positive ones is ob-
served. Despite the location of this area in the zone of exces-
sive moisture, droughts and dry spells may occur in some
years. The main source of moisture is rainfall, the greater
portion of which (up to 80%) occurs during the warm peri-
od, with a maximum in summer. The years 2016-2018 of the
experiment differed significantly in weather conditions
(Figure). In 2016, May and June were characterized by tem-
peratures and precipitation lower than normal levels. July
was hot and wet, while August was warm and dry. Thatyear,
harvesting was done in the middle of August. In 2017, May

Table 1. Linseed cultivars and accessions from VIR
grown in Tomsk Province in 2016-2018

Ta6smmua 1. CopTa ¥ TMHMHU U3 KosleKiuu BUP,
BbIpaleHHble B ToMcKoii o61acti B 2016-2018 rr.

VIR catalogue No. Name of the accession Origin
k-5579 cv. ‘Voronezhsky 1308’ Russia
k-5831 cv. VIR 1650’ Russia
k-8156 cv. ‘Severny’ Russia
k-8409 cv. ‘Kinelsky 2000’ Russia
k-8438 cv. Aisberg’ Ukraine
k-8451 cv. ‘Shanxi’ China
k-8599 cv. ‘Walaga’ Australia
k-8605 cv. Amon’ Czech Republic
k-8606 cv. ‘Omega’ Canada
k-8677 cv. ‘Istok’ Russia
i-623760 accession IDG 4101 Czech Republic
i-0151239 line 1-1 derived from accession k-3730, China Russia
i-0139791 line 1-2-3 derived from accession k-6210 NP (RR) 38, India Russia
k-8587 line 1-1-1 derived from cv. ‘L. Dominion’, k-6272, England Russia
i-0148214 line 1-1 derived from cv. ‘Minerwa’ k-6298, USA Russia
k-8589 line I-2 derived from cv. ‘Bolley Golden’ k-6392, USA Russia
i-0139804 line I-1 derived from cv. ‘Currong’ k-6608, Australia Russia
i-0139808 line 1-1 derived from cv. ‘Mermilloid’ k-6634, Czech Republic Russia
k-8597 line 1-1-2 derived from cv. ‘Eyre’ i-601679 Australia Russia
i-620805 line No. 854 England

Mathematical processing of the experimental results
was performed using generally accepted statistical meth-
ods. The effect of the genotype and weather conditions of
the year on the fatty acid content was assessed using two-
factor analysis of variance in Excel for Windows. Correla-
tions were calculated using the Bravais-Pearson formula.

Tomsk Province occupies the southeastern part of the
West Siberian Lowland and borders on Kemerovo, Novosi-
birsk, Omsk and Tyumen Provinces, and Krasnoyarsk Terri-

had normal temperatures but excessive precipitation. June
was colder than usual but more humid. July had normal tem-
peratures but less rainfall. August was characterized by
astandard temperature and lots of rains. Harvesting took
place in the beginning of August. The year 2018 had low
temperatures in May and June and normal ones in July and
August. Precipitation was abundant in May but deficient in
the remaining season. Harvesting was done in the last third
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Figure. Mean monthly temperatures and precipitation amounts in Tomsk Province in 2016-2018
compared to the normal weather (official data)
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Results and discussion

The tested genotypes significantly differed in their fatty
acid composition and its stability under different weather
conditions. Major differences were observed in the content of
linolenic acid. The highest amount of it, over 60% on average
for 3 years, was found in cvs. ‘Severny’ (k-8156) and ‘Kinel-
sky 2000’ (k-8409) from Russia, ‘Aisberg’ (k-8438, Ukraine),
‘Shanxi’ (k-8451, China), and in the accessions i-0151239 (de-
rived from k-3730), k-8587 (from ‘L. Dominion’, Northern Ire-
land), i-0139808 (from ‘Mermilloid, Czech Republic),
i-0148214 (from ‘Minerwa’, USA) and k-8589 (from ‘Bolley
Golden’, USA) (Table 2). The lowest content of LIN (2.74%)
was detected in the seed oil of accession No. 854 (i-620805,
England). Some accessions were of specific interest, because
they demonstrated a rather rare medium content of LIN. They
formed two groups. The first one synthesized about 20% of
LIN: cv. ‘Istok’ (k-8677, Russia), cv. ‘Walaga’ (k-8599), Austra-
lia) and the accession k-8597 (derived from cv. ‘Eyre’, Austra-
lia). All these genotypes demonstrated low LIN contents un-
der the conditions of Leningrad Province (Brutch etal,
20164, b). The second group synthesized about 40% of LIN:
cvs. ‘Voronezhsky 1308” (k-5579, Russia) and ‘Omega’ (k-
8606, Canada). The latter cultivars, on the contrary, were bred
as high-LIN ones. Such results show that a complex of envi-
ronmental peculiarities can play a very important role in fatty
acid synthesis in linseed.

The genotypes tested in Tomsk Province also dramatically
differed in the stability of LIN synthesis. The most stable val-
ues in different years were observed in the high-LIN acces-
sions: cv. ‘Kinelsky 2000’, and the line i-0139808 (CV < 2%).
The most variable were the low-LIN genotypes: cv. ‘Walaga),
the accessions k-8597 and i-620805, with CVs about 70-85%.
Unlike the other two genotypes, the Eyre accession produced
the maximum amount of LIN in the hot 2016. However, it
should be mentioned that in July 2016, during seed develop-
ment, the rainfall was in abundance. All these genotypes have
different mutant alleles of the fad3b gene (Brutch et al.,, 2016a)
which most probably have different sensitivity to environ-
mental conditions. Other cultivars and accessions did not

have definite correlations between the level of LIN and tem-
perature during the ripening period. Nevertheless, the analy-
sis of variance showed that the amount of LIN significantly
depended only on the genotype (92.56%) (Table 3). This re-
sult can be explained by the fact that the difference between
extreme values of LIN content reached on average 23 times.

Besides, considerable differences among the genotypes
were found in the content of LIO, the predecessor of LIN. That
is why genotypes abundant in LIN lacked LIO. The maximum
amount of LIO - 63% on average for 3 years - was recorded
for cv. Amon’ (k-8605, Czech Republic). Accession i-620805
also had a lot of this acid (58%). The lowestlevel of LIO (12%)
was found in cv. ‘Kinelsky 2000’ As in the case with LIN, the
genotypes differed in the stability of the character’s expres-
sion. The most stable among them were: the low-LIO acces-
sion i-0139791 (derived from accession k-6210 NP (RR) 38,
India), with CV = 0.9%; cv. ‘Severny’, CV = 1.15%; and the high-
LIO accession i-620805, CV = 2.55%. It is interesting that the
latter genotype had high variation in the LIN content, which
was low in its oil. The analysis of variance showed that the
amount of LIO also significantly depended only on the geno-
type (93.42%) (see Table 3).

The content of oleic acid, a predecessor of LIO, was low,
as expected. Its higher level was found in the oil of ‘Walaga’ -
26% on average for 3 years. This cultivar had at the same time
medium amounts of LIO (40%) and LIN (24%). Even more
OLE (29%) was detected in accession i-620805. However, un-
like cv. ‘Walaga’, this genotype synthesized 58% of LIO and
3% of LIN. The lowest levels of OLE were demonstrated by
accession IDG 4101 (i-623760, Czech Republic) and the ac-
cession i-0151239: 12% and 10%, respectively. Accession
i-620805, as in the case with LIO, showed the most stable ex-
pression of this character (CV =4.19%). The most variable
ones appeared to be the accession i-0148214 with
CV = 37.48%, ‘Shanxi’ (k-8451, China) with 37.27%, and ac-
cession i-623760 with 30.99%. The analysis of variance
showed that the amount of OLE mainly depended on the
genotype (67.39%). Meanwhile, the effect size of random
variation, which in our experiment included genotype x envi-
ronment interaction, was rather high (31%).
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Table 3. The effect of the genotype and weather conditions in the years of testing (2016-2018) on the fatty acid
composition of linseed oil in Tomsk Province according to the two-factor analysis of variance

Ta6auna 3. BiussHMe reHOTHIA M OTOAHBIX YCJIOBUM B oAbl 3KCIIepUMEHTa Ha >KUPHOKHMCJIOTHBIN cocTaB Mac/ia
Mac/JMYHOrO JIbHA, BbIpameHHoro B 2016-2018 rr.,, no pe3yabraTtaM AByX$paKTOPHOro AUCHEPCUOHHOr0 aHAJIM3A.

Effect size, %
Fatty acid
Year Genotype Random variation
12:0 Lauric 23.7* 28.7 47.7
14:0 Myristic 2.5 24.9 72.6
16:0 Palmitic 17.5% 53.5% 29.0
16:1 Palmitoleic 4.8 33.2 62.0
17:0 Margaric 1.2 33.7 65.1
18:0 Stearic 5.2* 66.9* 27.9
18:1 Oleic 1.6 67.4* 31.0
18:1c11 Cis-vaccenic 9.3* 37.3 53.4
18:2 Linoleic 0.0 93.4* 6.6
18:3 Linolenic 0.2 92.6* 7.3
20:0 Arachidic 8.8 36.4 54.8
20:1 Eicosenic 3.2 333 63.5
20:4 Arachidonic 8.8 21.8 69.4
22:0 Behenic 9.7 25.3 65.0
24:0 Lignoceric 3.4 53.5* 43.0

* the effect of the factor is significant (P0 < 0.01)
* pnusinve ¢pakropa gocrosepHo (PO <0.01)

Cis-vaccenic acid is one of the isomers of OLE. It can be
found in linseed oil in appreciable concentrations of about
1%. The lowest amount (0.25% on average for 3 years) was
found in cv. ‘Aisberg’. But the accessions i-0151239 and
cv. ‘Minerwa’ formed 4 times more cis-vaccenic acid - about
1%. This character was most stable in cvs. ‘Shanxi’ and
‘Omega’, with CV = 2.68% and 5.45%, respectively. The Rus-
sian cultivars ‘Voronezhsky 1308’, ‘VIR 1650’ (k-5831, Rus-
sia), ‘Severny’ and ‘Kinelsky 2000’ produced an unstable
content of this acid: CV =60.89-73.51%. The analysis of
variance showed that the amount of cis-vaccenic acid was
significantly controlled only by weather conditions. But the
effect size of random variation, which in our experiment in-
cluded genotype x environment interaction, was quite high
(53%).

Stearic acid is a predecessor of all unsaturated C18 fatty
acids and, in general, has a lower concentration than theirs,
except for cis-vaccenic acid. The highest amount of STE, on
average for 3 years, was found in the accession i-0139808
(5.76%). The lowest content (3.60%) was demonstrated by
the accession i-0148214. Variations of this acid’s content in
seeds of the tested genotypes were rather stable in different
years of evaluation. The lowest CVs (less than 2.5%) were re-
corded for two low-LIN accessions: k-8597 and i-620805. The
highest variation (CV =20.07%) was exhibited by cv. ‘Sever-
ny’. Nevertheless, the analysis of variance witnessed that both
the genotype and environment played a significant role in the
expression of this character. The effect sizes of the genotype
and weather conditions were 67% and 5%, respectively. Be-

sides, the effect size of random variation, which in our experi-
ment included genotype x environment interaction, was rela-
tively high (28%).

Both short-chain and long-chain fatty acids were found in
low concentrations in the oils of all tested genotypes. Never-
theless, significant differences were observed among them.
A majority of the genotypes had very little lauric acid (about
0.02% on average for 3 years). The minimal amount of it
(0.01%) was seen in cvs. ‘Voronezhsky 1308’, ‘VIR 1650’ and
‘Kinelsky 2000’; ‘Aisberg’; ‘Shanxi’; the accessions i-0139791,
k-8587,i-0148214, k-8589, and i-0139808. Meanwhile, cv. ‘Is-
tok’ and accession i-620805 had 0.06 and 0.05%% of this
acid, respectively. The major part of the evaluated genotypes
had high variation of lauric acid content. Cvs. ‘Severny’ and
‘Istok’ as well as the accession k-8597 had CVs higher than
130%. The most stable content of lauric acid (CV = 12.7%)
was recorded for the accession i-0139791. Itis important that
the highest level of lauric acid in most of the genotypes was
detected in the driest 2018. Sometimes, in 2016 and 2017,
lauric acid was found in concentrations less than 0.005%. So,
it is not surprising that the analysis of variance showed that
only the environment had a significant effect on this charac-
ter. Besides, the effect size of random variation, which in our
experiment included genotype x environment interaction, ac-
counted for almost half of the total variation (48%).

Greater part of the tested genotypes formed about 0.02%
of myristic acid. The leader in the content of this acid was the
accession k-8597, with 0.04% on average for 3 years. The
most stable level of myristic acid in different years of eva-
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luation (CV=5.1%) was demonstrated by cv. ‘Kinelsky"
Cvs. ‘Severny’ and ‘Istok’, ‘Shanxi, ‘Omega’, and accession
i-620805 were the most variable ones in the content of this
acid, with CVs about 90%. The main effect size for myristic
acid content variation (73%) was random, which in our ex-
periment included genotype x environment interaction. In
the case of myristic acid, it was impossible to select the most
favorable year for its synthesis. It depended on the tested
genotype.

The oil of the studied genotypes contained palmitic acid
in concentrations similar to that of STE acid, ranging between
3.5 and 5% (the accessions i-0148214 and i-620805, respec-
tively). Nevertheless, it was about 100 times higher than the
amounts of lauric or myristic acids. In general, PAL content
exhibited low variation within each genotype grown in differ-
ent years. This character was most stable in the accession
i-620805, with CV = 1.5%. The most variable PAL content was
registered for cv.‘Amon’ and the accession i-0139804 (from
cv. ‘Currong’, Australia), with CVs of about 15%. Nevertheless,
weather conditions significantly (17%) affected the amount
of PAL, judging from the results of the two-way analysis of
variance. But the main part of variation in this character was
determined by genotype-specific differences (53%). At the
same time, the effect size for PAL content (29%) had random
variation, which in our experiment included genotype x envi-
ronment interaction.

The amount of palmitoleic acid, synthesized on the basis
of PAL, was in the tested genotypes more or less similar to
that of lauric and myristic acids. Half of the tested accessions
had the lowest amount of this acid (0.02%). The highest level
of palmitoleic acid (0.05%) was found in cv. ‘Omega’ and ac-
cession i-620805. The most stable amount of palmitoleic acid
in different years (CV = 3.34%) was observed in the accession
k-8589. Cv. ‘Severny’ (Russia) appeared to be the most vari-
able one, with CV = 89.06%. The analysis of variance showed
that neither the genotype nor environmental conditions pro-
duced significant influence on the character’s expression. The
main effect size for this fatty acid (62%) had random varia-
tion, which in our experiment included genotype x environ-
ment interaction.

Margaric acid was found in extremely low concentra-
tions: no more than 0.024%. Practically no margaric acid
(0.003%) was synthesized in the accession i-0139891. The
tested genotypes showed extreme diversity in environmental
stability of the character’s expression. The most stable
amount of margaric acid was formed in cv. ‘Voronezh-
sky 1308’ with CV = 8.75%. Cv. ‘Kinelsky 2000’, the accessions
i-0139791 and i-0139808, and i-620805 demonstrated coef-
ficients of variation exceeding 100%. The analysis of variance
showed that the presented results were similar to those for
palmitoleic acid. Neither the genotype nor environmental
conditions had a significant effect of the expression of this
character. The main effect size for this fatty acid (65%) had
random variation, which in our experiment included geno-
type x environment interaction.

The amount of arachidic acid ranged, on average for
3 years, between 0.04% in the accessions i-0148214 and
i-0139791, and 0.09% in cv. Voronezhsky 1308’ The most
stable expression of this character (CV =8.84%) was ob-
served in cv. ‘Istok’. Unstable expression (CV =94.67%) was
recorded for cv. ‘Severny’. As with most of long-chain fatty
acids, the amount of arachidic acid did not significantly de-
pend on the peculiarities of genotypes or environments. Ac-
cording to the analysis of variance, the main effect size of this
fatty acid’s variation (55%) was random, which in our experi-
ment included genotype x environment interaction.

Eicosenic acid, formed on the basis of arachidic acid,
usually had slightly higher concentrations than its prede-
cessor. Only cv. ‘Severny’ generated almost 1% of eicosenic
acid, which was approximately 10 times more than the other
accessions. More than half of the tested genotypes synthe-
sized less than 0.1% of eicosenicacid. A stable level of eicose-
nic acid synthesis was demonstrated by cv. ‘Amon’ and the
accession k-8589: CV =9.42 and 11.74%, respectively. Very
unstableresults (CV = 152.21%) were obtained forcv. ‘Sever-
ny’. The analysis of variance showed no significant effect of
the genotype and environment on the amount of eicosenic
acid, but the effect size of random variation, which in our
experiment included genotype x environment interaction,
reached 63%.

The maximum amount of arachidonic acid (0.04%) was
recorded for cv. ‘Shanxi’. This acid in the accession i-0139791,
on average for 3 years, did not reach 0.005%. The amount of
arachidonic acid was very unstable in different years. The
best results for this indicator was shown by the accessions
k-8589 and k-8587, with CV = 29.11 and 36.97%, respectively.
The highest variation was observed in cv. Amon’ and the ac-
cession i-0139808, both having CV = 173.21%. The analysis of
variance showed no significant effect of the genotype and en-
vironment on the amount of arachidonic acid, but the effect
size of random variation, which in our experiment included
genotype x environment interaction, reached 69%.

The highest content of behenic acid (0.06%) was found
in cv. ‘Shanxi’, while the lowest content (0.02%) in the acces-
sions i-0139791 and i-0148214. More or less stable results
were obtained for cvs. ‘Voronezhsky 1308, ‘Shanxi’ and
‘Amon’, with CVs of about 20%. Accession i-620805 appeared
to be very unstable (CV = 115.30%). The analysis of variance
showed no significant effect of the genotype and environment
on the amount of arachidonic acid, but the effect size of ran-
dom variation, which in our experiment included geno-
type x environment interaction, reached 65%.

The accession k-8597 was the richest in lignoceric acid,
forming 0.08% of it, on average for 3 years. Having alot of
behenic acid, the accession i-0148214 had the lowest concen-
tration of lignoceric acid (0.02%). Stable results in different
years were shown by the line k-8589, with CV = 4.10%. Op-
positely, the most unstable content of lignoceric acid was
characteristic of cv. ‘Omega’ and the line i-0148214, having
CVs of 86.60 and 87.33%, respectively. Lignoceric acid ap-
peared to be the only long-chain fatty acid that demonstrated
a significant effect of the genotype on the level of its synthesis
(54%). At the same time, the effect size of random variation,
which in our experiment included genotype x environment
interaction, reached 43%.

As fatty acids in plants are products of one biosynthetic
pathway, correlations between their contents could be ex-
pected. In our experiment only some stable correlations, de-
tected in all three years of evaluation, were recorded. The
contents of OLE and LIN had strong and very strong negative
correlations (r = -0.60...-0.84). This relationship was expect-
edly based on a very strong negative correlation between the
contents of LIO and LIN (r =-0.95...-0.99). In linseed, about
95% of the synthesized STE is exposed to desaturation. From
10 to 30% of molecules form only one double bond, generat-
ing PAL and cis-vaccenic acids. So, 60-80% of molecules have
two or three double bonds, and that is why the amounts of
LIO and LIN have a strong negative correlation. Correlations
were also found for arachidic acid: medium ones with arachi-
donic acid (r=+0.56...+0.62) and strong correlations with
behenic acid (r = +0.70...+0.86), because it is the predecessor
of both arachidonic and behenic acids.
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Conclusion

Analyses of the described results showed that the tested
material provided a wide diversity of not only genes control-
ling different steps of fatty acid biosynthesis but also genetic
mechanisms involved in the responses to changes in environ-
mental conditions. The analysis of variance showed that the
contents of OLE, LIO, LIN and lignoceric acids were controlled
solely by the genotype. The contents of PAL and STE acids
were influenced by both the genotype and environment. The
synthesis of lauric and cis-vaccenic acids was significantly af-
fected by the environment. Practically all fatty acids, except
LIO and LIN, had very high random variations, which in our
experiment included interactions between the genotype and
weather conditions. In addition to that, the genotypes dif-
fered in their range of a character’s variation under different
conditions. No strict regularity was found in the changes of
fatty acid content for the tested genotypes during three years
of experiments. It means that the tested cultivars and acces-
sions probably have different mechanisms regulating fatty
acid biosynthesis. Thus, they present diverse material for fur-
ther theoretical research into fatty acid biosynthesis regula-
tion and, on the other hand, for breeding of new linseed culti-
vars with wide adaptability to environmental conditions.

The research was performed within the framework of the
State Task according to the theme plan of VIR, Project No. 0662-
2019-0001 “The collection of oil and fiber crops at VIR: mainte-
nance, study, and genetic diversity expansion’, State Registra-
tion No AAAA-A19-119013090159-5.

Pa6boma svbinosHeHa 8 pamkax 20cy0apcmeeHHo20 3a0aHUst
coz2nacHo memamuveckomy naavy BHUP no npoekmy Ne 0662-
2019-0001 «Koaaekyusi MaCAUYHbIX U NPSOUALHBIX KYAbMyp
BHP: noddepscarue, usyyeHue, pacuupeHue 2eHemu4eckozo
pasHoobpasusi», Homep eocydapcmeeHHOU peaucmpayuu:
AAAA-A19-119013090159-5.
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AxTyasnbHOCTB. JloxHast MyyHucTtas poca (JIMP), Bei3biBae-
Mast rpuboM Plasmopara halstedii (Farl) Berl. & De Toni, -
O/IHO M3 CaMbIX BPe/JOHOCHBIX 3a00JIeBaHUH M0JJCOTHEYHHU-
ka (Helianthus annuus L.). Exxero/jHO 13-3a Mopa>keHHUs Ma-
ToreHoM TepsaeTcs oT 30 o 70% ypoxkas cemaH. Cosnanue
JIVHUH, YCTOWYMBBIX K HOBBIM pacaM BO30yAUTe s, He06-
XOZAMMO /ISl CeJIeKL UM NPOMBIIIJIEHHBIX TUOPUJIOB MOJ-
COJIHEYHHUKA.

MaTtepuan umMetoAbl. B 2016-2018 rr. oueHUBaJU IO
ycToiuuBocTH KJIMP BmnoseBbix ycaoBusx Ky6aHckoi
OTBITHOM cTaHU MU — duinasa BUP 323 nunuu u 10 copToB
KOJIJIEKL|UU MO COJTHEYHUKA. KOHTpOJIEM Ca1yKHJIa INHUS
BUP 845, nopaxxaemasi JIMP Bo Bce rozibl Ha6i0ieHUH. [l
UJIeHTHUUKALMK TeHOB YyCTOMYMBOCTH NPOBEJH MOJIEKY-
JIIPHBIA aHAJIM3 C UCNOJIb30BaHWEM JIMAarHOCTHYECKHUX
MapKepoB reHOB Plarg, Pl v Pl,, neTepMHHHUPYIOIUX yCTOMN-
YHUBOCTb K 60JIbIIMHCTBY U3BEeCTHBIX pac P. halstedii.
Pe3yabraThl. CopTa - pojoHayaabHUKHU JUHUH BUP oka-
3aJIMCh HEYCTOWYMBBI B TOH UJIM HHOH CTeNeHU. BbIABIEHbI
39 nuHuH, yctodunBbix B 2016 u 2018 ., U3 HUX 36 ObLIU
nopaxxeHbl B 2017 r. [Ipegnonaraetcs, yto B 2017 . uMeJia
pacnpocTpaHeHue Jpyras paca P. halstedii mo cpaBHeHHUIO
c pacamy, npeo6sagasmumu B 2016 u 2018 ., B cBSI3U € 4eM
reHbl, onpejesaBUIMe yCTOWYUBOCTb B 2016 1 2018 1., oka-
3aiuch HeapodekTuBHbIMU. Jlunuu TA 716-18, BUP 768,
BUP 800, mosiyuyeHHbIe U3 MEXBHU/JOBbIX THOPHU/IOB, IEMOH-
CTPUPOBAJIM OTCYTCTBHE MOPAXKEHUS B TeYeHUE TpeX JIeT
UCHBITaHUA. Y GOJIBIIMHCTBA JUHUHN, TOKa3aBIIUX YCTOU-
yuBOCTb B 2016 1 2018 1., AeTeKTUPOBaHbl MapKepbl TEHOB
Plarg, Pl wn Pl Y nunnii BUP 768 n BUP 800 mapkepbl 0TCYT-
ctBoBaJy, y TA 716-18 o6HapyKeHbl MapKepbl T€HOB Plarg
u PL.

3akJl0yeHHe. B pesyibTaTe MHOroJIeTHErO0 HCCJe/0Ba-
HUSA CO3JlaHa NMpPHU3HAKOBas KOJIJIEKIUS IOJCOJHEYHUKA,
BKJIIOYAlOIlas reHOTUIIHUPOBAaHHbIE JIMHUHU C Pa3JIMYHBIMU
reHamu yctoiuyuBocTtH k JIMP. Jlunuu TA 716-18, BUP 768
1 BUP 800 BbICOKOYCTOMYHMBEI K IAaTOI€HY U, IO-BUJUMOMY,
HEeCYT HOBbIE TeHbl/aJjleJIu YCTOHYUBOCTH, HHTPOTPECCHU-
pOBaHHBIE OT JUKOTO BHU/A.

KnwoueBsble caoBa: Helianthus annuus, reHeTUYeCKHe pe-
cypcsl, Plasmopara halstedii, pacel, TeHbl YyCTOUYHUBOCTH,
MOJIEKYJIsIpHbIe MapKephl.

Background. Downy mildew (DM) caused by the fungus
Plasmopara halstedii (Farl) Berl. & De Toni) is one of the
most harmful diseases of sunflower (Helianthus annuus L.).
Due to the pathogen’s attacks, annual seed harvest losses
range between 30% and 70%. Lines resistant to new races
of the pathogen should be obtained for the development of
commercial sunflower hybrids.

Materials and methods. Downy mildew resistance of
323 lines and 10 cultivars from the sunflower collection
was assessed in the field at the Kuban Experiment Station of
VIR in 2017-2018. Line VIR 845, susceptible during all years
of observations, was used as a control. Resistance genes
were identified by means of the molecular analysis using di-
agnostic markers of the Plarg, Pl and Pl, genes that confer
resistance to many known P. halstedii races.

Results. The founder varieties of VIR’s lines were suscepti-
ble to a varying extent. Thirty-nine lines were resistant in
2016 and 2018; among those, 36 lines were susceptible in
2017. Presumably, a more virulent P. halstedii race became
widespread in 2017, compared to the races that prevailed in
2016 and 2018, so the genes that determined resistance in
2016 and 2018 turned out to be ineffective. Lines TA 716-18,
VIR 768, and VIR 800, having originated from interspecific
hybrids, exhibited absence of pathogenic damage during
3years of the trials. Molecular markers of the Plarg, Pl and
Pl, genes were detected in most lines that demonstrated re-
sistance in 2016 and 2018. There were no markers in lines
VIR 768 and VIR 800, whereas in TA 716-18 the markers of
le and Pl were present.

Conclusion. As a result of the long-term studies, a trait-spe-
cific genetic collection was established for sunflower. It
comprises genotyped lines with various effective DM resis-
tance genes. Lines TA 716-18, VIR 768 and VIR 800 appeared
highly resistant to the pathogen and probably possess new
resistance genes/alleles introgressed from wild species.

Key words: Helianthus annuus, genetic resources, Plasmo-
para halstedii, races, resistance genes, molecular markers.
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BBeaeHue

[ToTeH1Man copToB ¥ rUOGPUA0B NOoAcoNHeYHUKa (Helian-
thus annuus L.) He peasu3yeTcs U3-3a NopaXkeHUs1 60JIe3HS-
MU, [I03TOMY Heo6XOJMMBbI HCCJIe[JOBaHUs, HalpaBJeHHbIe
Ha MOKMCK M co3JjlaHHue ycToHuuBbix ¢popM. Exxerogno us-za
nopakeHusl naToreHamu Tepsiercs oT 30 g0 70% ypoxkas ce-
MsIH NoJico/IHeyHHKa. OnrcaHo cBhllle 40 pa3iM4HbIX 3a60-
JIeBaHUM, U3 KOTOpPBIX 28 3apeructpupoBaHo B Poccuu. bo-
JIe3HU NMO/ICOTHEYHUKA IPUBOJAT He TOJIBKO K yMeHbIIEeHHI0
YPOKaHHOCTH, HO U Pe3KO YXYAIIAIT KaueCTBO MPOAYKIMU:
CHMXKAIOTCSI MAaCJAMYHOCTD, BCX0XKECThb CeEMSH U UX KayeCTBo,
yBeJUYMBAETCs JIy3KUCTOCTb, BO3pacTaeT KHUCJIOTHOCTb
Macja Y, Kak CJe/ICTBUe, OrpaHUYMBAeTCs ero UCIoJb30Ba-
HUe Ha nuuieBble 1esu. JIoxxHass My4HucTas poca (Bo36yau-
Tesib Plasmopara halstedii (Farl) Berl. & De Toni) npepacras-
JisieT GOJIbIIYI0 ONMACHOCTB JJIs1 BCeM 30HBI BO3/le/IbIBAHUSA
nojacosHeyHuKa (Novotelnova, 1966). CenpasbHbIMU OIIbI-
TaM{d Ha OCHOBAaHWH TPEXJETHUX HAOJIOJEHUHN yCTaHOBJIE-
HO, 4To npu 95% nopakeHust pacTeHUH B pase ABYX-Tpex
HACTOALIMX JINCTbeB HeA06O0p ypoxas CeMsH COCTaBJIseT
98,2% oT yporkasi ceMsiH €O 3/10pOBbIX I0CEBOB; pu 65% mo-
pakeHUs1 pacTeHUH B ToH ke dase pasBuTus - 68,2%; npu
35% - cooTBeTcTBeHHO 36,1% U IpU CTeNeHU MOpPaKEHUS
0k0.10 5% - 5,1% (Korshunova, 1960). 3apa>keHHe pacTeHU
NO/ICOJIHEYHMKA B0306yJuTeseM JIOXKHOW MYYHHUCTOH POCHI
NPOUCXOJUT Ha PAaHHUX CTAJUSAX OHTOreHe3a B pe3yJbTaTe
MOYBEHHOU HHPEKIUU UM IPU HATUYUH UHQEKIIUH B CEMe-
Hax. B mepuof BereTanuy MoXeT NMPOUCXOAUTb BTOPUYHOE,
JIONIOJIHUTE/IbHOE 3apa)keHHe B3POCJ/bIX PAaCTeHUH Mo npu-
YUHe CIOPOHOIIeHUs pUba Ha pacTeHHUsX, 3apayKeHHbIX pa-
Hee (Gascuel et al., 2015).

[Toaco/HEYHUK, TOpPaKEHHbIH BO36GYAUTEEM JIOKHOU
MY4YHHUCTOH pOChbl, UMeeT JilereHepaTUBHBIN BUJ. Bce ero op-
raHbl 1aTOJI0IMYeCKU U3MEHEeHBI [10/] BO3/leiCTBHEM NaToTe-
Ha. CHMIITOMBI TOPaXKEH XS XOPOLIO 3aMeTHBI M XapaKTepHbI:
KapJIMKOBBIM POCT, YTOHYEHHbIe WU YTOJILEeHHble CTe6JIH,
COJIMKEHHble MEX/I0y3J/IMsl, YKOpOUeHHble 4YepelIKH JIKC-
TbeB, I'YCTOM 6GeJbli Ha/leT Ha JIMCThAX, MeJIKHe HIyTJble ce-
MSIHKH, B psifie CJiydaeB — Ipex/ieBpeMeHHOoe yCbIXaHHe pac-
TeHUH.

H. C. HoBotenbHoBo# (Novotelnova, 1966) onucaHsl ye-
TbIpe $opMbl 60JI€3HH, 3aBUCALINE OT CTENIEHU U CPOKOB I10-
paxkeHus pacteHud. [lepBas dopma - cybsieTa bHas1, Xapak-
Tepusylollasacsg pe3KUM OTCTaBaHWeM pPOCTa M pa3BUTUA
pacteHuid. HUXKHsIs CTOpOHA JINCTOBOM MJIACTUHKH MOKPBITA
IJIOTHBIM 6eJsIbIM HajJleTOM, KOTOpbIA 06pa3yeTcsl B pe3yJib-
TaTe CIIOpPOHOUIeHUs1 rpuba. PacTeHus peAko AOCTUraroT
dasbl 11BeTeHUA U, He 06pa3ys ceMsH, norub6arT. Bropas
dopMa Takke NposIB/sAETCA B OTCTaBaHUM PacTeHUU B poc-
Te, yTOJILeHHUHU cTe6JIsl U yKOPOUEHUU MeXA0y3au. JIucTba
XJIOPOTHUYHBIE, 0CO6EHHO BepXHUe, IOKPBIThI GeJIbIM HaJle-
TOM C HY>KHeH CTOpOHBI. PacTeHUs cl10COGHBI BereTHPOBATh
JJINTe/IbHOe BpeMsl U JlaXke IJIOAOHOCUTb. TpeTbsl dpopma
OTJINYAeTCs OT NePBBIX [IBYX OTCYTCTBUEM YyTHETEHUs pocTa
pactenus. MHbekuusa nposBaseTcsa TOJAbBKO Ha JIMCThAX.
s TpeTbeit GopMBbl XapaKTepHO 6oJlee Mo3JHee MPosiBJIe-
Hue. [Ipy CKpBITOM TedyeHUHU 3a60sieBaHUS, XapaKTepHOM
7151 4eTBepTOoM GopMbl, HAG/II0AeTCs JIoKaJau3alus Bo36y-
JUTeJIs1 Ha KOPHSIX U KOPHEBOU Ieiike pacTeHus. Tam xe
MOXET HacTynaTb crnopoHouieHue (Novotelnova, 1966).
®opMbl TPOSIBJIEHUS JIOKHOU MYYHUCTON POCHI 3aBUCSAT OT
CTaJiMU Pa3BUTHSA pacTeHHs], HA KOTOPOH NMPOUCXOAUT pas-
BUTHE 60sie3HU. HeT cBeleHUH 0 TOM, YTO MOpaKeHUe pas-
HbIMU pacaMu P halstedii cBsizaHO ¢ pasHbIMU GOpMaMH
NpOSBJIEHUS.

10. U. KAPABUIIMUHA e

E. 5. KY3BHEIIOBA e

3a6osieBaHue BrepBble mosiBusochk B CIIA B 1920-x T,
B Havasle 1940-x rT. npoHuUKJ0 B EBpony U B nepuoj, Mexay
1940 1 1970 r. nos1y4uJI0 ANKUJeMUYecKoe pacipocTpaHeH e
B cTpaHax BocTouHoit EBponbl. Biarogaps BbICOKOM reHeTH-
YeCKOM MJIACTUYHOCTHU BO30yUTesb 3a60JieBaHUsS ObICTPO
3BOJIIOLMOHUPYET, YTO 3HAUUTEJIBHO OCJI0XKHSAET ero apdek-
TUBHbIH KOHTPOJIb yTeM CO3/JaHHs FreHeTUYeCKH 3allUIleH-
HbIX COPTOB U ru6pugoB (Spring, 2019). Bcero B Mupe us-
BecTHO 36 nmatotunoB P, halstedii (Pecrix et al,, 2019); o6Ha-
pyeHo 6oJiee 45 pU3n0I0rMUeCcKUX pac MaToreHa U HabJIo-
JlaeTcs NOCTOSIHHOe BOSHUKHOBEHHE HOBBIX, C 60Jlee IHPO-
KUM CIIeKTpoM BUpyJeHTHocTH (Ramazanova, Antonova,
2019). B KpacHozmapckoM Kpae 10 HelaBHET'0 BpeMeHH GbLIN
pacnpoctpaHeHsbl packl 330, 710, 730 (Antonova et al., 2011).
B nocineanue roAbl MOJyYWJH paclpocTpaHeHHWe HOBbIe
pacer: 334, 713 u 733 (Ramazanova, Antonova, 2019). Uccre-
JIOBaHMA N0 UJeHTUPHUKALMK PACOBOT0 COCTaBa MOMyAsL Ui
P, halstedii v TOUCKY YCTOWYUBBIX T'€HOTHUIIOB MPOBOJSTCS
B JIaGOPATOPHBIX YCJAOBUSX BcepoccHiickoro HWHCTUTYTa
MacJu4YHbIX KynbTyp uMeHu B.C.IlyctoBoitta (BHUUMK,
KpacHopap). [ns uaentudukanuu pac P, halstedii ucnosb3y-
I0T MeX/yHapOAHbIH TecT-Habop JUHUU-AUuIepeHUATO-
poB nojconHeyHuKa (Ramazanova, Antonova, 2019).

Heo6xoauMo co3jfaHue COPTOB U FMOPHUAOB, HECYIIHUX
rJIaBHble TeHbl YCTOMUMBOCTU. K HacTosieMy BpeMeHHU U3-
BeCTHO 36 reHOB, JleTEPMUHHUPYIOIINX YCTOMYHUBOCTb INOJ-
COJIHEYHMKA K BO3OYAUTENI0 JIOXKHOM MYyYHUCTOH pOCHI.
l'ens! rpynn cuensienud 1, 8 u 13 UMerOT KJ1acTepHYo opra-
HU3aLUI0, e[UHUYHbIe TeHbl KapTUPOBaHbl HAa XpOMOCOMax
2u4(Qietal,2015,2016; Pecrixetal, 2018; Maetal., 2019).
B rpynnax cuensienus 1, 9 u 17 ueHTUPUIUPOBAHBI TAKKe
JIOKYCbl KOJIMYECTBEHHBbIX MNpH3HaKoB (Quantitative Trait
Loci, QTL), o6ycyaBiuBawlde YAaCTUYHYIO YCTOWYHUBOCTH
(Al-Chaarani et al., 2002), ojHaKO HCIIOJIb30BaHHE B CeJIEK-
LUU TJIaBHbIX TeHOB (PI), KOTopble 06eCeYHBaOT YCTONYU-
BOCTb K 0OOJIBLIOMY YHCJy pac, ciuTaeTcs 6osiee nepcrek-
TUBHBIM (Pecrix etal,, 2018). Cpeau Takux reHoB HauboJiee
3pdeKTUBHBI Plarg, PI o PIS, PIB.

len Plarg, WHTPOAYLUPOBAHHbBIN U3 '€HOMA O/JHOJIETHETO
Aukoro Buzaa H.argophyllus Torr. & A.Gray, KapTUpOBaH
B rpymie cuemaenus 1 (LG1) (Wieckhorst etal, 2010). On
KOHTPOJIMPYET YCTOMYUBOCTb K BOCbMH PacpoCTPaHEHHbIM
B EBpone pacam natorena: 100, 304, 314, 334,703, 704, 710,
714 (Vear et al,, 2010). 'eH 06ecieunBaeT peaKI U0 YCTONYU-
BoctH | Tuna (Mouzeyar et al., 1994), npu KoTOpo# pacmpo-
CTpaHeHMe NaTOTeHa OrpaHUYMBAEeTC OCHOBaHUEM CeMsl-
JLOJIH.

B rpynne cuensienus 1 HaXoAUTCS TaK»Ke T'eH yCTOWYUBO-
ctu Pl OmnocpefioBaHHas 3TUM TEHOM YCTOWYUBOCThb
K P halstedii xknaccuduuupoBaHa Kak Tyl peaknuu [I: poct
MULeJINS IPOUCXOJUT B TUIIOKOTHIIE U CEMSA/I0JISX, HO He J0-
CTUTraeT HACTOSIIIUX JINCThEB. YCTAHOBJIEHO, UTO JIOKYC Plarg
MMeeT KJaCTepHYI0 OpraHM3alyio, MPOoAyKT reHa-KaHAUAA-
Ta OTHOCUTCS K kJaccy NBS-LRR-6GenkoB, comepkauiux Ha
N-koH1e Toll-unTepaelkuH-penentopHblii fomeH (TIR-NBS-
LRR) (Radwan et al,, 2011).

CJ/I03HYI0 OpraHM3alUI0 UMEET U JIOKYC Pl, TeHbl KOTO-
poro Tak)xke GbIIM UHTPOTPECCUPOBAHBI OT OJHOJIETHUX M-
KopacTyuux BUJ0B poaa HelianthusL. OH KapTUpOBaH
B rpynne cuenyenus LG8 u cogep>xuT 11 TecHO cuemnieHHbIX
reHoB, oTHocsmuxcs K kiaaccy TIR-NBS-LRR, kotopble 06-
YCIaBJAUBAKOT YCTOWYMBOCTL K TpeM pacam: 100, 703, 710
(Vear et al., 2010). B 6os1ee no3gHe#t ny6aukanuu C. A. Pama-
3aHoBOM U T. C. AHTOHOBOM COOBLIAETCS O TOM, UTO JIOKYC P15
omnpejessieT ycTOMYUBOCTD K pacam 100, 300, 700, 703, 710,
330, 770 u 730 (Ramazanova, Antonova, 2019).
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Knacrep renos Pl /Pl, HaxoquTcs BTIpymIe Clere-
Hus 13, B 0IHOM IJIeYe C JIOKYycoM Rf1, eTepMUHUPYIOLIUM
IpU3HAK BOCCTAHOBJIEHUS (epTUIBHOCTH MNbLIbLLL JIo-
Kyc Pl,, Tepe/laHHbId M3 T€HOMa JMKOTO TeKCalJIOWHOTO
BUJA H. tuberosus L., onpegesisieT ycTOMYUBOCTD K pacam 100,
304, 314,703, 710, 704, 714. Jlokyc PIB, WHTPOTPECCUpPOBaH-
Hbll OT H. argophyllus, peTepMUHUPYET YCTOWYHUBOCTH
K 16 pacam natorena (Radwan et al., 2003). Pe3yabTaTh! aHa-
nu3a in silico 6eJ1K0B, KOAUPYEMbIX aHaJIOraMU TeHOB YCTOH-
unBocTH (RGA - Resistance Gene Analogues) B Jiokyce Pl /P,
MoKasaJM UX NpUHaANexHOCTh K kjaccy CC-NBS-LRR, xa-
pakTepu3yolieMycs HaluuleM Ha N-KOHILe CBepxCIupaJu-
30BaHHOro floMeHa (Radwan et al,, 2004).

WUpenTtudukauus HocuTes el IeHOB PIW, Plé, PIB— BaXk-
HbIM 3Tal NpeOGpPUAUHTOBOM CeJIEKIUU MOACOTHEeYHUKA. [
0T6Opa reHOTHUIIOB, HECYIIUX TeHbl YCTOMYMBOCTH, IIEPCIEK-
TUBHO HCII0JIb30BaHUe OIYy6JMKOBAaHHBIX B JIMTEPATYPHBIX
HCTOYHUKAX MOJIEKY/IsIpHBbIX MapkepoB (Dimitrijevic, Horn,
2018). JIuHuM noACOoHEeYHUKA KoJuiekuuu BUP sBasioTca
LIleHHbIM MCXOJHbIM MaTepHaJoOM /Jsl CO3/JaHUs reTepo3uc-
HBIX TMOPUAOB. UX TeHOTUINBI MO JIOKycaM, KOHTPOJIUPYIO-
UM YCTOWYHUBOCTb K BO3OGYAUTEJIO JIOXKHOW MYYHHUCTOH
pocChbl, HeM3BeCTHBL. [eab Hacmosiujezo uccaedosaHus — co-
3/laHue IPU3HAKOBOU KOJIJIEKLIUU JIMHUH NTO/COJTHEUHHKA 10
ycTOMYUBOCTU K P, halstedii v ujeHTUPUKALHUSA UX TE€HOTHU-
MIOB I10 JIOKyCaM T'eHOB, JleTePMUHUPYIOLIUM YCTOHYUBOCTb
K IIMPOKOMY Habopy pac maToreHa.

MaTepnaJl U MEeTOoAbI

[TosieBble ONBITHI M HAGJIIOAEHUS MPOBEJEHbl COIJIaCHO
MeTtoauyeckuMm ykazaHussM BUP (Anashchenko, 1978)
B 2016-2018rr. [loceB mnpoBoausca B2016 u2017r. Ha
IBYXpAKOBbIX, B 2018 I. - Ha TpeXpsKOBbIX JessiHKax. Pac-
CTOSIHME MeX/Jy pAAKaMU U Mexay raes3gamu — 70 x 70 cm,
0 /iBa pacTeHus B rHe3/le. HecMOTps Ha TO YTO B psiJiKe Bbl-
ceBaJioch 1o 14 pacTeHUH, K MOMEHTY y4eTa HabJ10Aanoch
pa3Hoe KOJIMYeCTBO pacTeHHWH H3-3a pa3HOM BCXOXKeCTH
U IpyruxX HenpeABU/EHHbIX 00CTOATENbCTB, O3TOMY Y4YU-
ThIBAJIMCh 06lllee YUCJI0 pAacCTeHUH Ha JieJITHKe, YUCJI0 TTopa-
J)KEHHBIX DAacCTeHUH U NPOIEHT MOpPaXKEHHBbIX pacTeHUH.
YCcTOWYMBBIMU CYUTANN Te PacTeHUs], Y KOTOPBIX He HabJIo-
JaJd HUKAKUX BUJUMBIX CHUMITOMOB npucyTcTBus JIMP.
YyeT MpOBOJUIN ABAXK/AbI: B KOHIle Masl — Hadyajle HIOHA Ha
cTajuy 06pa3oBaHUA COLBETHUS U B KOHIle HI0JIA MTOC/Ie IBe-
TeHus. B 2016-2018 rr. B noJieBbIX YCJOBUAX OLLEHUJIU
333 JIMHUHU U COPTA, B TOM YKCJIe 06pasLibl, BblJleJIEeHHbIE KaK
YCTONYMBBIE B M0JIEBBIX ycaoBUsax B 2008-2010 rr. 1 noka-
3aBlIMe yCTOUYUBOCTD K pacam 330, 710 u 730 B pe3ysibTaTe
J1abopaTOPHOr0 CKPUHUHTA, poBejieHHOro T. C. AHTOHOBOM
Y KoJlJIeTaMH Bo BcepoccuiickoM HMHCTUTYTe MacJWYHBIX
kyabTyp (BHUMMK) (Antonova et al.,, 2011). B usyyeHuu Ha-
XOAWJIUCh B OCHOBHOM JIMHUU BUP, co3jaHHble coTpyAHUKa-
MM Ha npotskeHuu nocaefHux 30 jsiet, 10 copToB - pojoHa-
YaJbHUKOB JIMHMH, a Take JIMHUM cejsekuun BHUUMK,
CIIA v Kanajibl.

[ MOJIEKyJISIpHOTO CKPUHUHTA ObLIM OTOGpPaHBI
50 06pasiuoB, B YUcCIe KOTOPbIX YCTOHYUBBIE IMHUU KOJLJIEK-
LIMH NO/ICOJTHEYHUKA, a TaK)Ke o6pasel AUKOTo BUAa H. argo-
phyllus - foHopa reHa Plarg. TotanbHywo JHK Bblgensivu us
3eJIeHbIX JINCTbEB C MOMOIIbI0 MOAUPHUIMPOBAHHOIO IPOTO-
KOJIa, OCHOBaHHOro Ha ucnosb3oBaHuu CTAB-6ydepa (Li
etal, 2007; Anisimova et al., 2018). [Ipu npoBeseHUUn MoJie-
KyJIIPHOTO CKPUHHUHTA OL|eHUBaJIM NOJIUMOPGU3M Tpex Map-
KepHbIX JIoKycoB: ORS716 - SSR-mapkep A uaeHTHUKA-
uuu Hocutesed reHa Pl (Wieckhorst et al., 2010; Imerovski

arg

etal, 2014); HAP3 - BuyTpureHnbiii STS-mapkep, adpdek-
TUBHbIH [/ uleHTUuGUKanuu HocuTesel rena Pl (Bouzidi
et al,, 2002; Ramazanova, Antonova 2019; Ramazanova et al.,
2020); Ha-P1 - BuyTpurennsit STS-mapxkep sokyca Pl (Rad-
wan et al,, 2004).

PeaknuoHHast cMechb (25 Mki1) cozepkasa 50 HI reHOM-
Hoii JJHK, opgHokpaTHBIM peakiuoOHHBIM 6ydep, 1,5MM
MgClz, no 5 oM kaxjoro us npaiimepos, no 0,2 MM KaxJo0ro
dNTP u 1-2 e.a. Taq JHK-nosmMepassl. [P npoBoguiu npu
c/1eAyIOIMX YCI0BUSAX: Hada/bHas JeHaTypauusa npu 95°C -
3 MuH, 3ateM 35 nukiaoB: 95°C- 30cek, 60°C- 30cek
u 72°C - 2 MuH; ¢uHaNbHasA 3JoHrauus - 4 MmuH npu 72°C.
[IpoaykTbl aMminUKaLUKU pasfessand 3JeKTpodpope3oM
B arapo3HoM rejie KoHleHTpauuu 3% (Mapkep ORS716) nau
1,5% (mapkeps! HaP3, Ha-P1) B 1 x TBE 6ydepe. [IpoayKTsl
OKpallMBajJ{ OpPOMHUCTBIM 3THAMEM U BHU3yaJW3UpOBaAIU
B ybTpadroseTOBOM CBeTe. MCMosib30Balld peakTUBbI OT
KoMIaHUH «XeluKoH», «kEBporen», «/luanat», Fermentas.

Pe3y/bTaThl U 0GCYKAEHHE

B nosieBbix ycioBusix KyGaHCKOW ONBITHOW CTaHLUU —
dumana BUP exerogHo B TeueHue nociaeHux 20 jeT npo-
BOJUTCS OLleHKa 06pa3ljoB KOJUIEKLIMU MO/ COTHEYHUKA 110
YCTOUYUBOCTHU K JIO)KHOW My4HHUCTOU poce. O6pasibl, Bblje-
JIeHHble B KayeCTBe YCTOMUYMBBIX WJIH €Ja60 MOpaKaeMbIX,
B 2008-2010 rr. 66111 nepeganbl Bo BHUUMK nis oneHku
B JJaGOPaTOPHBIX YCJAOBHUSX HA CEMSAJIONbHBIX JHUCTbSX C UC-
MoJib30BaHMEM Mex/lyHapoAHOI0 TeCcT-Habopa JMHUN-AUP-
depenunaTopoB. [IpoBegeHo TectupoBaHue 480 06pasLoB
MOJICOJIHEYHHKA KoJuiekuuu BUP mo ycroitumBocTH K TpeM
pacam (330, 710 u 730) JI03kHOM MYYHUCTOU pockl. BoisiBie-
HO 12 06pasioB, yCTOMYUBBIX KO BCEM TPEM pacaM: K-2644
(Mcnanus), k-2793 (KpacHomapckuii kpait), k-3362 (ABcTpa-
nus), kK-3532 (CLIA) a Takke inHuu BUP: BUP 247 (k-3314),
BUP 387 (x-3338), BUP 435 (k-3467), BUP 581 (x-3381),
BUP 702 (x-3497), BUP 632 (x-3635), BUP 635 (x-3622)
u RHA 278 (1-625210, CILIA) (Antonova et al.,, 2011). OgHako
HabJItoleHusl NocaejHUX JIeT N0Ka3alH, YTO HeKOTOophle U3
0TOGPAHHBIX JIMHUH B [T0JIEBBIX YCI0BUAX CTaJH BOCIPUUM-
YUBbI K MHQEKIUH.

B nosieBbix ycnoBusax Ky6aHckoi onbITHOU cTaHiuu BUP
B pa3Hble roabl (2016-2018 rr.) npoBefeHUs C/IeAYIOLIETO
JTamna uccjeJ0BaHUM oTMedeHa pa3/iMyHas HallpsX)KeHHOCTh
nHpeKUOHHOTO poHa. HeycTONYHBBIA KOHTPOJIb — JIMHUSA
BUP 845 (k-3792) Brojabl H3y4YyeHUs XapaKTepHU30Balach
caefyrIuMu nokasaTtensaMu: 2016 r. - 93,3% nopakeHHbIX
pactenuii, 2017 r.- 100%, 2018 r. - 33%. CopTa - pojoHa-
yaJbHUKU JUHUHM BUP okasannch HeycTONYMBBLI B TOW MU
HHOU cTeneHu. [lopaxasica u copt ‘Tlporpecc, paHee ycTou-
yuBbId. O4eBUAHO, B 2017 r. uHEKIIMOHHAs HArpy3ka oka-
3aJ1ach CaMOU BbICOKOH, YTO [103B0JINJI0 AU PepeHIIupoBaTh
006pas1bl 0 YCTOMYHUBOCTH K NaToreny. [I0JTHOCTbIO pe3yib-
TaThbl OLlEHKU BCeX MU3yYeHHbIX 06pa3loB (YUCJIO0 YYTEHHbIX
pacteHuii, nopaxeHHbIX JIMP 1 NpOLEHT MOpaKeHHbIX pa-
CTeHU 6yAyT Npe/CTaBJeHbl B KATaJ0re MUPOBOM KOJIJIEK-
uuu BUP.

B 2016 u 2018 r. u3 323 06pasuoB 39 JUHUHN HE UMeU
cuMIToMoB nopaxenus JIMP, u3 Hux 36 TMHUN 0Ka3aJUCh
nopakeHHbIMU B 2017 r. TOZIbKO TpU JIMHUHU He UMeJIH IIPU-
3HAaKOB 3aboJsieBaHUS BTe4YeHHe Tpex JeT U3ydeHHU::
TA 716-18 (k-2773), BUP 768 (x-3568), BUP 800 (k-3571).
IJTH JIMHUU CO3/laHbl HA OCHOBE MEXBHU/IOBBIX I'MOPHUJIOB:
TA 716-18 nosiydyeHa U3 MexXBUA0BOTo rubpuga H. tubero-
sus x H. annuus, BUP 768 - u3 mexxBujoBoro rubpuaa H. an-
nuus x H. maximiliani, BUP 800 - u3 MexxBu10BOT0 rubpua
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H. annuus x H. giganteus. OcTajbHble 36 JUHUN pa3inya-
JIUCH 110 YPOBHIO ycToWuuBoCTH. Jlunuu BUP 381 (k-3336),
BUP 388 (x-3696), BUP 452 (k-3435), BUP 581 (x-3381)
Ob1JI1 yCTOUYUBBI B 2016 I., HO HE3HAYHUTEJIbHO IOPaXKeHbl
(3-4%) B 2018 r. 1 iuHuu BUP 434A oTmeueHo 3,7% He-
YCTOWUYMBBIX pPAacTeHUH TOJIBKO BTOJ C HAaH6GOJbIed HH-
dekLMOHHON HAarpy3KoH, ay ee pepTUJIbHOTO aHaJIoOra 3a-
duxcuposano oT 3,2 10 9,1% nopakeHus BO BCe rofibl Ha-
OJI0leHUH. AHaJIOTUYHAs CUTyalus A JuHuu BUP 1174,
KoTopasl JeMOHcTpupoBasa 46,4% nopakeHHbIX pacTe-
HUN B 2017 r.u yctoiuuBocThbK JIMP B 2016 1 2018 1., TorAa

Kak ¢epTuabHbIN aHasor BUP 1176 6611 yCTOMYUB TOJIBKO
B 2018T.

K coxasneHuto, B3TU ToAbl He ObLIM NOCESAHb! JUHUU-
aAuddepeHUATOPBl pac JIOXKHOM My4yHUCTOH pockl. [lo-
CKOJIbKY OHHU I103Ke BOILJIM B COCTaB KOJIJIEKIUH, BbIIBUTb
pacoBblii cocTaB natoreHa B 2016-2018 rr. He npe/cTaBJs-
€TCs1 BO3MOXHBIM.

[l onpesiesieHUsi TeHOTUIIOB 45 JIMHUH, OTO6PAaHHBIX 110
YCTOWYMBOCTU K Bo36yauTento JIMP, mpoBend CKpUHUHT
C MCT0JIb30BAHUEM MOJIEKYJISIDHBIX MAapKepOB reHoB Pl , Pl
u PI./Pl,, pe3yJbTaTbl KOTOPOTO NPE/CTABJIEHbI B TabJiulle.

Ta6mua. XapaKTepuCcTUKA JIMHUI NOACOTHEYHUKA KoJL1eKIui BUP no ycToHYMBOCTH K JI0X)KHOI MyYHHCTO# poce
Y HAJIMYHI0 MOJIEKY/IAPHBIX MapKepoB reHoB Pl

Table. Description of sunflower lines from VIR’s collection according to their downy mildew resistance
and presence of molecular markers of the PI genes

o ,E & ; 2 Mapkepbl reHOB yCTONYHMBOCTH /
~ : 8 <& 5 g Markers of resistance genes
« S S = B = 9
5 =2 E SHe | 2D E
o X = 0
gz £ e iz SE2 5383 o
c £ = O % B < & ® =R o9 = = =
o S ] = SEE z O 5 Oop o g ) e S
27 23 § % 5ES | 82%E 2| 24 | 84
i S 8 = ge% | EEwma| 2~F T o
g3 -] 2 = g' = I ox 3 > & Lo PR
n < — X 9 [T =] 1] < !
< = > = =] 29 & ©
ol 5 4 == =
= Z SEE |0 E¢ S =
= = 299
=5 z E ¥
TA 716-18 2773 * YkpanHa 26 0 + - +
BUP 768 3568 EqI/I)PZ?)Z x H. maximilianii, 12 0 _ B _
BWP 800 3570 BUP114 x H. giganteus, P® 12 0 - - -
BUP 583 3383 RHA340, CIIA 16 0 - - +
BUP 581 3381 RHA278, CIIA 17 0 - + -
BUP 846 3683 k-3619, CILLIA 34 0 + - -
BUP 849 3779 K-3583, ApreHTHHa 40 0 + + -
BHP 801 3571 Sunbred 265, ®paHuus 13 0 + - -
BUP 769 3556 EI&I}PISl x H. trachelifolius, 31 3,0 ~ . ~
BUP 370 3329 Egplw x ucrourmuic Rf, P 33 3,0 ¥ - "
BUP 434b 3515 HA378, CILIA 31 3,2 + - -
BUP 434A 3514 HA378, CILIA 27 3,7 + - -
BUP 641 3419 2*{325) n3 BUP160 (k-2227, 29 3,4 _ . _
BUP 381 3336 Egpns x werouimk Rf P, 32 63 + - "
BHWP 388 3696 SL 3372, Boarapusa 28 7,1 + - -
BUP 349 3503 ggmm x HCTOURMIC Rf, P, 35 8,0 - + -
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Ta6auna. [IipogomkeHue
Table. Continued

T ,2 g E 2 Mapkepsbl reHOB YCTOHYHBOCTH /
~ : 8 <& =° 8 Markers of resistance genes
8o S ) SE®R | EF&
5 E & 2 = S8% |28 E
g 8 B 5 g = EEN ES=E X
g = o gD % Bb = =l O m Ay o =) (=]
=] 5 — =) 4= g [T B a S = S [=) S
£ 2 &8 58 s B eSS ° & N @ e
7] o =™ (=% E = o D - NI ]
58 S 3 228° |£S8°% RE | oFE =K
2 9 o & =9 = s R > & = A=
g < BB = °SZ2 | ZE28 2 = ®
ol = T o = =]
o Z SEE |2 E o
= = =TT
=a Z E ¥ A
BUP 215b 3766 BUP111 x k-2266, PO 37 8,1 - - -
TA 6463 2701 *, YkpauHa 20 10 - - -
BUP 438 3671 OR-30, CLIA 37 10,8 - - -
BUP 757 3636 lIEEI/I)P151 x H. trachelifolius, 28 11,0 B . _
BUP 649 3421 SW 526 x R 5E, ®pannus 41 14,6 - + -
BUP 850 3780 K-3583, ApreHTHHa, 35 17,0 - - -
BUP 249 3469 E(-DZOO-92, Rf, Pl 1-2699, 12 17,0 - - -
BUP 378 3333 BUP104, PO 35 17,1 - + -
BUP 449 3527 Rf-1201, PymbIiHus, 23 17,4 - - -
BUP 858 3755 k-3619, CLIA 22 18,0 + - -
CM32 3161 *, Kanaga 16 19,0 - - -
BUP 452 3435 L-3446, PymbIHUA 31 19,4 - - +
BUP 263 3324 | ool xmeToumK R Pl 24 20,8 - " -
BUP 765 3773 SAM 462, DunnaaHaus 17 23,0 - + -
BUP 637 3490 g‘pﬁapﬂ“ui iwso9 x W37, 21 24,0 . " .
BUP 215A 3765 BUP111 x k-2266, PO 23 26,1 - -
BUP 903 3785 ;5019, XabapoBCKUH KpaH, 26 27.0 B _ B
CM13 2289 * Kanaza 32 28,0 - - -
BHUP 859 3783 k-3619, CIIA 40 30,0 - - -
BUP 789 3702 * PO 11 36,0 - + -
BHP 369 3328 ggplw x Mcronui Rf P, 33 39,4 - ¥ -
BUP 794 3797 * PO 25 40,0 - + -
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Ta6una. OKoHYaHHEe
Table. The end

z 8 &S 3 Mapkepsbl reHOB yCTOH4YMBOCTH /
~ : 8- 5 5 °\_ s Markers of resistance genes
g o g9 o SeE. | EEQ
E £ /M % E E E‘ < s D g
2 2 25 g = SE8 | EQ=8
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=} o X 2, = = I X [t a [-%
o< == = o2 ® | & & %) = :
o] > = 42 g2 9 =4 = <
==} % [SI--} E S X a o ==
= = S g o
= z E ¥ A
BUP 836 3665 * PO 24 42,0 - + -
BHUP 743 3530 | TMOPHASWS40 X RSE, 33 45,0 - - -
OpaHyus
BUP 117A 3669 ['22, PO 28 46,4 - - -
BUP 835 3791 * PO 12 50,0 - + -
BHP 230 3305 1131&1)13113 x werouim Rf P 19 58,0 + - -
BK-51 2759 *KpacHozap, P® 28 71,0 + - -
BUP 814 3637 n-576407, CLIA 15 80,0 + - -
DM-3 625175 | * CIIA HeT JJaHHBIX - + -
HA 336 (PI6) 3799 *, CLLIA HeT JJaHHBIX + -
H. argophyllus 545664 | *, CIIA HeT JJaHHBIX + - -
3eJieHKa 733 * PO 14 78 - - -
BUP 845
(HeycToMuuBelf | 3792 k-3619, CIIA 19 100 - - -
KOHTPOJIb)

[IpuMeyaHue: *I'eHeanorust HEM3BECTHA

Note: *Genealogy is unknown

[IpoaykTbl aMmIMbUKaLMKU ¢ TpaiiMepaMu K SSR-0Kycy
ORS716 (TecHO clLienJieH € FeHOM Plarg) ObLIM Npe/CTaBJIeHbI
AByMs ¢pparmeHTamu: 303 nH (MapKep reHa Plarg) 1 325 nH
(otcyTcTBHe reHa ycroWuyuBocTH; Imerovski etal, 2014)
(puc. 1). [lo pesynbTaTaM MOJIEKY/ISIPHOTO CKDUHUHTA, JiUar-
HOCTHYECKHit MapKkep reHa Pl mpucyTcTBoBan y 14 uHUiH
(B ToM uuciae y nuauu TA 716-18) u o6pasua H. argophyllus;
y 32 06pa3uoB  (BKJIOYAs BbICOKOYCTOWYUBBIE JIMHUU
BUP 768 u BUP 800), aTakxe HEYCTOWYHMBOTO KOHTPOJIsS
BUP 845 u o6pasua crapojaBHero copra ‘3ejieHka aMILJIU-
dunuposascs dparmeHT AMMHOM 325 IH, UTO YKa3blBaJIo HA
OTCYTCTBHE y HUX FeHa yCTOWYNBOCTH Pl .

dnexkTpodopeTHyecKHe CHEeKTPhl NPOAYKTOB aMIIUU-
Kanuu cnpaiMepamu HaP3 (STS-mapkep rena Pl) 6buiu
npeJicTaBJeHbl TpeMsi rpymnmnamMu ¢parmMeHtos: 1800 nH +
1200 nH, 1400 nH + 1100 1 1 1400 nH (puc. 2). [lo faHHBIM
C. A. PamazaHnoBo# u T. C. AHTOHOBOU (Ramazanova, Antono-
va, 2019), npoaykTel aMminduKaluuu c npaiimepamu HaP3
y tunuu-auddepenuunatopa HA-335, Hecymed ren Pl
BKJIIOYalOT pparmMeHTs! 1100, 1200 1 1800 nH, a BOCOpUUM-

YUBble TeHOTHUIIbI UMelT ¢parmMeHT pasMepoM 1400 mH.
AHasoruuHble pe3y/abTaThl NOJyYyeHbl B paboTe A. B. Ycato-
Ba ¢ coaBTopamu (Usatov et al.,, 2014). Takum o6pazom, dpar-
MeHT 1800 nH XapakTepeH JJisi HOCUTeJIel reHa yCTOUYUBO-
cTu B JIoKyce Pl ®parmenT AanHo# 1800 nH aMmmuinunupo-
Basicay 17 nuHui, a Takxke y iuHuu HA 336, Hecymiediren Pl
Y nunuii TA 716-18, BUP 768 u BUP 800, ycToii4uBBIX BO BCe
roAbl U3ydyeHUs, aMIaInpUIUpoBascss ¢pparMeHT pasMepoM
1400 nH, XapaKTepHbIH /151 BOCHPUUMUYUBOT0 reHOTHUIIA.

llpu amniudukanuu c npaiimepamu Ha-P1 (nokyc PI/
Pl)) na6uofanu 9 pasuyHbIX COUYETAHUH, Pa3/INYaKOIUXCA
no paauHe JparmeHToB (puc.3). PparMeHT pas3MepoM
2000 mH, MapKUpYIOLKH TeH ycToWYnBOCTH Pl B K/1acTepe
Pl,/PI, (Radwan et al,, 2004), BbIABUIIU JIMIIb Y OSATH JIUHUN:
BboIcOkoycTounBoi TA 716-18, a Takxke BUP 230, BUP 370,
BUP 452 u BUP 583 (Bce JIMHUHU XapaKTepU30BaJHUCh HEBBI-
COKOMH CTeNeHbI0 NopaXkeHUs). 3aMeTuM, 4To JuHus BUP 583
co3zlaHa Ha ocHoBe JUHUKU RHA340, B reHoTHIIE KOTOpPOU
NPUCYTCTBYeT TeH Pl, mosyveHHblid ot H. argophyllus (Vear
etal, 2010).
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305 nH

M 1 2 3 4 5 6 7 8 9 10

Puc. 1. 3nexkTpodoperpaMmma npoAyKToB aMIIMpuKkanum c npaiimepamu ORS716 (J1okyc PIarg):
1-BUP 845,2 - TA 716-18, 3 - BUP 215A, 4 - BUP 2155, 5 - BUP 370, 6 - BUP 789, 7 - ‘3esneHka, 8 - BK 51,
9 - H. argophyllus, 10 - BUP 649;

M - mapkep mosiekynspHoro Beca /IHK 100 bp ([uasnar)

Fig. 1. Electrophoretic pattern of amplification products with the ORS716 (locus PIarg) primers:
1-VIR845,2-TA 716-18,3 - VIR 215A,4 - VIR 215B, 5 - VIR 370, 6 - VIR 789, 7 - ‘Zelenka’, 8 - VK 51,

9 - H. argophyllus, 10 - VIR 649;

M - 100 bp DNA ladder (Dialat)

1500 nH

:H-uﬁguﬁﬁ

M 1 2 3 4 5 6 7 8 9 10

Puc. 2. 3nekTpodoperpaMmma npoAyKTOB aMIIMpuKauuu ¢ npaiimepamu HaP3 (siokyc Pl ):
1 - BUP 845, 2 - BUP 846, 3 - BUP 801,4 - TA 716-18, 5 - HA 336, 6 - BUP 370, 7 - BUP 800,
8 - BUP 581, 9 - BUP 434A, 10 - BUP 434B;

M - JIHK-mapxkeps! 100bp+ 1,5Kb+ 3Kb (Cu63H3uM)

Fig. 2. Electrophoretic pattern of amplification products with the HaP3 (locus Pl ) primers:
1-VIR845,2 - VIR 846,3 - VIR801,4 - TA 716-18,5 - HA 336, 6 - VIR 370, 7 - VIR 800,

8 - VIR 581, 9 - VIR 434A, 10 - VIR 434B;

M - 100bp + 1,5Kb + 3Kb DNA ladder (SibEnzyme)

= (51 |
1000nH"

e

B eannd

M 1 2 3 4 5 6 7 8 9 10

Puc. 3. dnekTpopoperpamMma npoAyKTOB aMiMpuKanuu ¢ npaiimepamu Ha-P1 (iokyc PI./Pl,):
1-BUP 434A,2 - BUP 581, 3 - BUP 801,4 - TA 716-18,5 - BUP 378, 6 - BUP 370, 7 - BUP 769,
8 - BUP 846, 9 - BUP 434F, 10 - BUP 641;
M - mapkep MoJiekysnsipHoro Beca /IHK 1 kb (/[luanar)

Fig. 3. Electrophoretic pattern of amplification products with the Ha-P1 (locus PI/Pl,) primers:
1-VIR434A,2-VIR581,3-VIR801,4 - TA 716-18,5 - VIR 378, 6 - VIR 370, 7 - VIR 769,
8 - VIR 846,9 - VIR 434B, 10 - VIR 641;
M - 1 kb DNA ladder (Dialat)
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JIuHuY, co3/laHHble IyTeM MHOTOKPAaTHOTO CaMOOIblJe-
HUs obpasua k-3619 us CUIA, o6s1asanu pa3HOH CTENEHbIO
ycroituuBoct B 2017 r.: y iuHuu BUP 846 (k-3683) 6bL10
nopaxeHo 3% pactenuit; BUP 858 (k-3755) - 18%; BUP 859
(x-3783) - 30%; BHUP 845 (x-3792) - KOHTPOJIb, HEYCTOWYH-
BbIil BO Bce rofpl u3yyeHusi, a B 2017 r. mopakeHHbIH Ha
100%. Y nepBbIX ABYX JIMHUH BbIsIBJIEHO NPUCYTCTBHE TeHa
Pl , y IByX APyrHX MapKep 3TOr0 reHa He OTMeueH. JInHUK
pa3/iM4aroTCs [0 BBICOTE pacTeHUs U ApyruM Mopdosioruye-
CKMM Ipu3HakaM. [1o-BUAMMOMY, UCXOAHBIN o6pasel, GbLI
reTeporeHHbIM [0 BCeM NPU3HaKaM, B TOM YHUCJIe U 110 aJljie-
JISIM F'eHOB yCTOMYMBOCTH.

TakuM 06pa3om, 0 pe3yJbTaTaM MOJIEKY/IAPHOTO CKpH-
HUHTAa JIUILIb Y OAHOU U3 TpeX JIMHUMN, TOKA3aBIIKUX YCTOUUU-
BOCTb B TeUeHUE Tpex JeT usydyeHus, — TA 716-18 o6Hapyxe-
Hbl MapKepbl FEHOB Plarg u Pl, ieTepMUHUPYIOMIUX YCTOWYH-
BOCTb K LIMPOKOMY Habopy pac. Y auHuit BUP 768 u BUP 800
He BBbISIBUWIM HU OJHOT0 U3 JJUaTHOCTUYECKHUX MapKepoB Tre-
HOB Plarg, Pl v Pl TpuAnaTh IMHUH, Y KOTOPBIX GbLIN BbISIB-
JIeHbl MapKepbl [€HOB Plarg, Pl v P, B pa3/iM4HOH CTeNeHU
(HekoTOpBIE - OYEeHb C€Ja60) MOpPaKAJUCh BO3OYAUTENEM
JIMP B noceBe 2017 r. (cM. TabuLy).

CnenyeT OTMETHUTD, UTO JIMIIb Y € JUHUYHBIX IUHUH ObLI0
BBISIBJIEHO I10 IBa MapKepa, YTO MOKeT yKa3blBaTb Ha NMpHU-
CYyTCTBHE B UX FeHOTHUIAX Cpa3y [ByX [€HOB yCTOWYMBOCTH.
Y nunuii TA 716-18, BUP 370 u BUP 381 BhIsiBJIeHbI MapKe-
pbt ORS716_303 u Ha-P1_2000 (reHos Plarg u PIB COOTBETCT-
BeHHO),a y iuHuu BUP 849 - ORS716_303 1 HaP3_1800 (Plarg
u Pl). Jlunusa TA 716-18 He uMesia CAMITOMOB MOPaKEHHs
B TeYeHHUe Tpex JeT ulydeHus, a auHuu BUP 370, BUP 381
u BUP 849 6p11u ycroitunBbl B 2018 ., HO XapaKTepH30Ba-
JIUCb HU3KOW cTemneHbl0 mnopaxkeHuss B 2017 r. (cooTBeT-
CTBeHHO 3, 6 U 5% nopakeHHbIX pacTeHUM). B To ke BpeMsa
yacToTa MopaxkeHusl OCTaJbHbIX JIUHUH, HUMEeBILUX 110 OJJHO-
My U3 MapKepoB reHoB ycTol4yuBocTH, B 2017 I. BapbUpoBa-
aa ot 3% (uHua BUP 769 us MexBupoBoro rubpuja
BUP 151 x H. trachelifolius) no 80% (nnuus 3637 BUP 814).

O4eBU/JHO, pa3JUyuUsl MO YPOBHI YCTOMYUBOCTH 06-
yCJIOBJIEHbl Pa3/IMYUsIMU B PacOBBIM COCTaBe BO36yauTeJs
B rO/ibl U3y4Y€HHUs U, YTO BeCbMa BEpPOSATHO, NOsIBJIeHUEM HO-
BBbIX Pac, FeHbl yCTOMYHUBOCTU K KOTOPBIM B U3y4YEHHOM Ma-
TepuaJsie OTCyTCTBYIOT. Boamoxno, B 2017 r. B KpacHogap-
CKOM Kpae MMeJia paclipocTpaHeHHe paca rpuba ¢ IUPOKUM
CIeKTPOM BUPYJEHTHOCTH, IO OTHOLIEHHIO K KOTOpOH
reHbl Plarg, P16 U Plg, obecrevyrBawIe BbICOKUH YpPOBEHb
YCTOWYMBOCTHU K GOJIBLIMHCTBY U3BECTHBIX pac BO36yguUTe-
Jis, OKasajiucb HeapPeKTHBHBIMU. KpoMe TOro, MOXKHO
peAIoJoKUTh, yTo JuHUU TA 716-18, BUP 768 u BUP 800
3alUIEeHb]l OTJIUYAKL[UMUCSI OT PIW, Pl u Pl renamu (anne-
JIIMH) YCTOMYUBOCTH, KOTOpbIe 3P PEKTUBHBI MPOTUB pac,
npeo6JsafaBuiux B KpacHogapckom kpae B 2017 r. [TockoJib-
Ky siuHuu TA 716-18, BUP 768 u BUP 800 6b11M moJsiy4eHbl
Ha OCHOBe MeXBHU/J0BbIX TMOPU/A0B, MOXKHO NPEeJI0JI0XKHUTh,
YTO OHU HeCYT HOBBIe aJjlJlesIv/TeHbl, TepeflaHHble OT JUKO-
ro BU/ia/BU/I0B, B IaHHOM ciay4vae oT H. maximilianii Schred.,
H. giganteus L. u H. tuberosus L. Bo3M0>XHO0, 3TO OAUH U TOT
Ke TeH, HOCUTeJsIMU KOTOPOTO sSIBJSIIOTCS BCe TPU BU/A, IT0-
CKOJIBKY OJIMH W3 FeHOMOB Yy HUX o6iui (Gavrilova, Anisi-
mova, 2003).

Jlub ogHa uHus (BUP 581) us 12 06pasnoB, oTMeYeH-
HbIXx coTpyaHukaMu BHUHMK B kayecTBe yCTOWYMUBBIX
K TpeM pacam JIMP (330, 710 u 730) (Antonova et al.,, 2011),
He nopaxaJsacb rpu6om B 2016 1 2017 r. ¥ HE3HAYUTETBHO
(3% nopaxeHHbIX pacTeHu) - B 2018 . [lo pesysabraTam
MOJIEKYJIIPHOT'O CKPUHUHTA Y 3TON JIMHUU BbISIBJIEH MapKep
rena Pl [loJlydeHHbIe HAMU JJaHHBIE COTJIACYIOTCA C U3BECT-

HBIMHU CBE/IEHUSIMH O TOM, YTO I'eH Pl ompezeisieT yCTONYH-
BOCTb, B TOM 4ucje u K pacam 330, 710, 730 (Ramazanova
etal, 2020).

Cpenu IMHUY 6e3 cuMITOMOB nopaxeHust JIMP oTrmeye-
HbI yJIbTpapaHHUe JUHUM (35-46 AHeH OT BCXO/0B 10 IiBeTe-
HUS U 67-78 fHell OT BCXo#OB J0 co3peBaHus): BK51 (k-
2759), BUP 631 (x-3440), BUP 789 (x-3702), BUP 835 (k-
3791). BoisiB/IeHbI I03JHELIBETYIIHE U N103/JHECO3PEBAIOIIIUE
auHuu (59-61 gHell OT BCXOZOB A0 LIBETEHUS, MEPUOJ OT
BCXOZIOB [JI0 CO3peBaHHUsS cocTaBjsieT cBbie 100 gHel).
K 4ucny ycToH4UBBIX OTHOCATCS JIMHUM C IUTONJIa3MaTHye-
CKOU MYKCKOH cTepusibHOCThI0 BUP 117, BUP 215, BUP 434.
[IpakTu4ecku Bce ocTtajbHble TUHUU BUP (kpome BUP 263,
BUP 349 u BUP 449), nokaszaBuiue yctoidyuBocTb B 2016
1 2018 1., 06J1a1a10T CIOCOGHOCTBI0 BOCCTAaHABIUBATL dep-
TUABHOCTD bbbl IMC PET1 1 UMeIOT CTepUJIbHYIO LIUTO-
maasMy (3a uckiarwdenueM JuHuu BUP 743) (Gavrilova et al.,
2014; Gavrilova et al., 2017). Bo3M0HO0, 3T0O ciy4ailHOE COB-
naJileHue, Tak KaK B HMCC/le/loBaHUe ObLIM BKJ/IIOYEHBbI elle
17 nuuuit IMC PET, koTopbie B Te 2Ke rofibl HAG/II0AeHUI He
GBI YCTOUYUBBL.

IMo3aHee, B 2018 1., B KoJLJIEeKIUI0 IoJco/HeuHUKa BUP
u3 lenHoro 6aHka CUIA noctynunu auHuu-auddepeHmna-
TOpbl pac JIOKHOW MydyHUCTOH pocbl: HA 265, RHA 274,
HA 335, HA 336, HA R4. U3BecTHO, 4TO reH P11 MPUCYTCTBYET
BJMHUKU RHA 265 u KOHTpOJIMpyeT yCTOMYUBOCTHL K pace
100, reH P, KOHTPOJIMPYET YCTOXYUBOCTH K pace 300 u BbI-
aBJieH B copte ‘Tlporpecc’. I'en Pl onpesiesiseT ycToH4uBOCTh
K pacam 100, 300, 700, 703, 710, 330, 730 u 770. YkazaHHble
reHbl pacloJIoKeHbl B BOCbMOM rpymme cuemieHus. K atoun
JKe TPYIIIE CLEeNJIeHUs] OTHOCST FeHbl PI7, Plg, PIM. Hocurtenem
reHOB PIZ, Plg, le aBaserca JuHua RHA 274; nunua HA R4
obsiazaet renom Pl . Takum 06pasoM, KOJJIEKIUS MOACOJI-
HeuHuKa BUP Bk/t0YaeT IMHUM OTe4eCTBEHHOH U 3apy6ex-
HOU cesIeKIMH, 06J1aJal0lI1e YCTOMYUBOCTBIO K 60JIBIIUHCT-
By M3BECTHBIX K HAaCTOsIeMy BpeMeHH pac BO30yguTess
JIO>KHOU My4YHUCTOHN POCHI.

3akJiloueHue

B mosieBbix ycioBusix KyGaHCKOW ONBITHOM CTaHLUU
B pa3Hble rojbl (2016-2018 rr.) npoBeeHUs UcCae0BaHUN
Hab6JII0la/IM Pa3/IMYHYI0 CTelleHb pacIpoCTPaHeHUs JIO)KHOM
MY4YHUCTOH pocbl (Bo36yauTenb Plasmopara halstedii) Ha
KOJIJIEKIIUH MOZcoiHeYHuKa. Cpeau 323 IMHUN MO COTHEY-
HUKA BbIsiBJeHbl 39 JIMHUNA 6e3 CHUMITOMOB MOpaXKEHUS
B 2016 1 2018 rr. ¥ 3 IMHUM, YCTOUYUBDBIE K IATOTEHY B Te-
YyeHHe Tpex JleT u3ydeHus. JINHUU TeHOTUIIMPOBAHBI C TOMO-
b0 MOJIEKYJISIPHBIX MapKepoB IeHOB, AeTePMUHHUPYIOLINX
YCTOWYUBOCTb K 60J1bIIOMY UKcay pac P, halstedii. Tpy 1uHuuM
XapaKTepU30BaJIUCb BbICOKUM YpPOBHEM YCTOMYHMBOCTHU
B ro/ibl M3y4YeHHsl, B TOM YHCJIe B YCJIOBUSX BbICOKON NHPEK-
LMOHHOM Harpy3kwu. [lo pe3sysbTaTaM MoJIEKY/ISIPHOTO Map-
KHpoBaHHUA y JMHUU TA 716-18 BbIsiBJIeHbl MapKepbl 'eHOB
Plarg u PIB. Y naunwnii BUP 768 u BUP 800, co3jaHHBIX HAa OCHO-
Be MeXXBU/0BbIX T'MOPH/I0B, MOJIEKYJIIPHble MapKepbl FeHOB
YCTOHYMBOCTH K 6OJIbIIMHCTBY U3BECTHBIX pac MaToreHa OT-
CYTCTBYIOT, YTO JaeT OCHOBaHUsA IpeAnoJiaraTb HajJu4yue
YV HUX HOBBIX F'€HOB/aJljiesield YCTOWYUBOCTH, UHTPOTPECCU-
pPOBaHHBIX U3 reHOMa JIMKOI0 BU/A.

B pesysibTaTe MHOTOJIETHUX HUCC/I€L0BaHUH, BbIITOJHEH-
HbIX Ha 6a3e KOJUUIEKLIMU IeHeTHYeCKUX PecypcoB MOJCOJI-
HeuHuka BUP, co3gana npusHakoBasi KOJIJIEKIUS 110 YCTOU-
YHUBOCTHM KJIOXKHOM MY4YHHUCTOM poce, BKJOYaOLIas
12 06pasiuoB, YCTOWYMUBBIX K TpeM pacaMm naTtoreHa (330,
710, 730) (no panHbIM coTpyaHukoB BHUUMK), 16 nunuit
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c MapKepoM rena Pl, 5 IMHUH C MapKepoM, ClenuduIHbIM
AJist okyca Pl /Pl, v 14 nuHui ¢ MapKepoM reHa Plarg, a Tak-
J)Ke JIMHUK aMepuKaHCKol cesekuuu HA 265, RHA 274,
HA 335, HA 336, HA R4, DM-3. JIuHUM OTHOCATCA K pa3HbIM
rpyMnnam crejocTH, cpeid HUX uMetotcs ¢opmel LIMC, 3akpe-
NUTEJN CTePUJbHOCTH U BOCCTAaHOBUTENU (PepTHUIBHOCTH
NbUIbIbL.

Pa6oma evinosHeHa 6 pamkax 2ocydapcmeeHHo20 3ada-
HUsl Co2/1acHO memamuyeckomy naaHy BHP no npoekmy
Ne 0662-2019-0001 «Koasekyusi MACAUMHbBIX U NPSAOUAbHBIX
kyaemyp BHUP: H3yuyeHue u pacwupeHue 2eHemu4ecko20 pas-
HO00pPa3usi».

The research was performed within the framework of the
State Task according to the theme plan of VIR, Project No. 0662-
2019-0001 “The collection of oil and fiber crops at VIR: mainte-
nance, study, and genetic diversity expansion”.
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Background. The peanut is one of the most important oil
crops suitable for cultivation in the tropical areas of the
world. Despite its agronomic importance, few studies have
been carried out to assess the morphogenetic diversity of
Arachis hypogaea L., especially in East African countries.
The major interest of this morphologic study lies in the po-
tential of this species to provide useful genes for the im-
provement of cultivated peanuts. To date, no study has been
performed in Algeria to characterize local peanut varieties.
Materials and methods. Thirty peanut accessions were
collected from four principal areas of peanut production in
Algeria. Genetic characterization using 15 agronomic char-
acters and 25 morphological descriptors showed a high lev-
el of diversity among accessions. Principal Component Ana-
lysis and the Hierarchical Ascendant Classification were
made to clarify the genetic relationship between peanut ac-
cessions.

Results and discussion. Results showed that leaflet size
(length and width), seed shape and size, oil content, and
branching pattern were the principal characters to discrim-
inate the screened A. hypogaea accessions. In addition to
that, the weights of 10 pods and 100 seeds were the most
variable traits and presented a CV of 42.53% and 40.12%,
respectively. On the other hand, total storage proteins ex-
tracted were separated using SDS-PAGE and revealed thirty
bands that were used to generate a matrix and make a clus-
ter analysis using the UPGMA method, exhibiting different
storage proteins compositions. Moreover, the phenotypic
diversity observed agrees with the storage protein profile
diversity, while the accessions grouped in similar clusters
belong to the two subspecies of A. hypogaea. The results of
the current study show that morphological traits and seed
storage proteins can be useful for exploring the diversity
among A. hypogaea accessions.

Key words: Arachis hypogaea, phenotypic diversity, Princi-
pal Component Analysis, SDS-PAGE.

AKTya/IbHOCTB. Apaxyc — 0JjHa U3 BOXHEUIIUX MaCAUYHBIX
KyJbTYp, IPUTOHBIX AJ151 BO3/ie/IbIBaHUS B TPONMYECKUX 30-
Hax Mupa. HecMoTpsi Ha ero Xo3sIICTBEHHYIO LIeHHOCTb,
ObIIM NPeANPUHATHI JUIIb pe/iKUe MONbITKY U3YYUTh U olje-
HUTb MopdoreHeTuyeckoe pasHooGpasue Arachis hypo-
gaea L., oco6eHHO B cTpaHax BoctouHoit Appuku. OcHoBHas
1jeJIb HacTosI1ero Mop$oI0ru4eckoro UccjaeJOBaHUs — U3Y-
YUTb MOTEHIHaJ JAaHHOTO BU/a KaK UCTOYHMKA LleHHBIX re-
HOB JJIS1 y/Iy4llleHUsl KyJbTypHbIX GopM apaxuca. [lo cerog-
HSIIIHETro JHSA B AJDKUpe He NPOBOAU/INCh UCCJIe[JOBAaHUS MO
BbISIBJIEHUIO XapaKTePUCTHUK MeCTHBIX COPTOB apaxuca.
Marepuasbl U MeToAbl. TpuaLaTb 06pas3lL0B apaxuca co-
Opasid B ueThbIpeX OCHOBHBIX pailiOHaX ero MPOU3BO/CTBA
B Aypxkupe. 'eHeTHYecKas XapaKTepUCTUKA C UCIOJIb30BaHU-
eM 15 arpoHoMuyecKkux U 25 MOpdos0ruyecKux NpU3HAKOB
MoKa3aJjia BEICOKHU YPOBEHb pa3H006pa3usi cpe/ii 06pasLioB.
Jl1s1 BbISICHEHUS] TEHETUYECKON B3aUMOCBSI3U MEXAY 06pas-
LJaM{ apaxyca MpoBeJH KJAaCTepHbIN aHa/lN3 U aHa/IU3 IJ1aB-
HBIX KOMIIOHEHT.

Pe3ynbTaThl M 06CyKAeHUe. [lokasaHo, YTO pa3Mep JIKC-
TOYKOB (JJIMHA W IIKMpUHA), popMa U pasMep CeMsH, COAep-
>KaHHe MacJla ¥ XapaKTep BeTBJIeHUs ObLJIM OCHOBHBIMH MPH-
3HaKaMH, MO3BOJISIIOLUIMMU PA3JIMYUTh OTOGpaHHbIE 06pas-
ubl Arachis hypogaea L. B nonosHeHue kK aToMy, Maccol 10 60-
60B 1 100 ceMsiH 6b1IM HaUOOJIee U3MEHYMBBIMU XapaKTepHU-
crukamu ¥ umesnu CV 42,53% wu40,12% COOTBETCTBEHHO.
Bbl1 mpoBesieH aHa/lU3 3amacHbIX GeJKOB ceMsiH. Bce oHU
ObLIM paszesieHbl ¢ ucnoab3oBaHueM MeToza SDS-PAGE, ko-
TOpBIN BBIABWI TpUALATH NoJioc. [locieHue 6bIIN UCIOJIb-
30BaHbl JJIs CO3JJaHUS MaTpPUIbl M KJACTEPHOTO aHa/lIu3a
MeToioM UPGMA u nposieMOHCTPUPOBAJIN Pa3IUdus 06pas-
L[0OB apaxuca [0 COCTaBy 3amacHbIX 6eskoB. Habsrogaemoe
deHoTUNIMYECKOE Pa3HOOOpaA3He COIIACYeTCs C pa3HOobpa-
3ueM Mpoduss 3amacHbIX OEJKOB, U IPYIIbl 00pa3loB
B CXO/IHBIX KJIacTepax NpUHaJJ/IeXalu JByM noasuaam A. hy-
pogaea. Pe3ynbTaTbl JAHHOTO HCCJeOBAaHUS IOKa3bIBAIOT,
4yTO MOpdOJOruYeCKre MPU3HAKHU U 3aNlacHble GeIKU CeMSH
MOTYT ObITh MOJIE3HBI JJIsI U3YYEeHUsI pa3HOOoGpa3us o6pas-
1JOB apaxuca.

KnloueBbie cnoBa: Arachis hypogaea, eHoTUIMYECKOE pa3-
HOOOpa3sue, aHa/IU3 [VIaBHbIX KOMIOHEHT, SDS-PAGE.

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING 182 (3), 2021

111



e 182(3),2021 H.DJEGHIM e [ BELLIL e D.KHELIFI

Introduction

Peanut, or groundnut (Arachis hypogaea L.), is an impor-
tant oilseed crop cultivated worldwide. In 2018, 45.9 million
tons were produced over an area of 28.5 million hectares
(FAOSTAT, 2020). A. hypogaea can play an important role in
sustainable agricultural development, particularly where
drought and salinity frequently limit crop production in the
Maghreb and the sub-Saharan regions (Giuffré etal.,, 2016).
Peanut cultivars have a very narrow genetic base, and there is
alack of information about their morphological and agricul-
tural characteristics. Accurate information on genetic diver-
sity helps the plant breeders in choosing the diverse parents
for focused hybridization (Kushwah et al.,, 2016). Additionally,
analysis of storage proteins is considered one of the most
powerful methods for describing plant species and lines (Li-
ang etal, 2006). Thus, the aim of the present study was to
characterize the peanut accessions currently cultivated in the
four main growing areas in Algeria. The specific objectives of
the investigation were to estimate phenotypic diversity for
different morphological descriptors and agronomic charac-
ters, reveal the importance of these traits in addition to their
interrelationships, and assess the seed storage protein diver-
sity in peanut for identification of accessions.

Material and methods

Thirty peanut (A. hypogaea) accessions were collected
from different peanut growing areas in Algeria (Fig. 1), in-
cluding El Taref, Ghardaia, E1 Oued, and Adrar (Table 1). Seed-
lings were grown and maintained under greenhouse condi-
tions at the National Center for Biotechnology Research in
Constantine, Algeria (36°24.75'N, 6°57.05'E, and 773 m
above sea level). During their growth, plants were irrigated as
needed. Finally, seeds were collected manually, air-dried in
the dark, and stored in paper bags at 4°C.

\

Ghardaia

Adrar

1. Plant characters measured

Two selected categories of characters from the IBPGR/
ICRISAT peanut (groundnut) descriptors (Descriptors for
Groundnut, 1992) were studied: qualitative (morphological)
and quantitative (agronomic) characters. They were scored
with two to fifteen states and were analyzed. These parame-
ters were measured in three replicates per accession (Ta-
ble 2).

1.1 Oil content

To measure oil content in peanut accessions, oil was ex-
tracted using the Soxhlet apparatus (FOSS, SoxtecTM 8000),
for each 1 g of kernel peanut placed on the thimbles, 25 ml of
hexane was poured on the extraction vessels. The difference
of vessel weight before and after extraction showed oil con-
tent. The oil content of each accession was measured in tripli-
cate and results were expressed as the percentage of total oil
content.

1.2. Storage protein extraction

Storage proteins were extracted from single crushed
seeds according to U. K. Laemmli’s (1970) protocol with mi-
nor modifications. After removing the skin, the peanut ker-
nels were finely milled and defatted with hexane (10 ml/g dry
weight) at -20°C overnight. 100 mg of dry peanut powder
was mixed with 100 pl of fresh extraction solution, the mix-
ture was incubated at 65°C for 30 min and then centrifuged
1 min at 10,000 g.

2. Data analysis

Quantitative morphological data were first subjected to
descriptive analysis and ANOVA tests and the correlation ma-
trix was performed on all quantitative characters to deter-
mine the relationships between them. The frequency table
was used for a comparison of means by the analysis of vari-
ance (ANOVA) using Tukey’s test (p<0.05). The structure of
morphological diversity was described using Principal Com-
ponent Analysis (PCA), and the Hierarchical Ascendant Clas-
sification (CAH) was used to explore the relationship between

El Taref Number of collection sites

I 8
El Oued
3

Collection site
Berrihane
Lamaissia
Chafia

El Frin
Boumalek
Oum Tboul
Tonga ouesd
El Kala
Guemar
Bagouza

El Oued
Boubeiadha
Charouine
Ajdir
Talmine
Timimoune
Metlili
Ghardaia | El Mansoura
Sebseb

Province

El Taref

El Oued

Adrar

Fig. 1. Map of sampling locations for peanut accessions

Puc. 1. Kapta mecT c60pa 06pa3unoB apaxuca
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Table 1. Geographic origin of the studied Algerian peanut (Arachis hypogaea L.) accessions
Ta6suna 1. Teorpadpuyeckoe NpouCXoXKJeHNe U3YYeHHBIX A/LKUPCKUX 06pa3noB apaxuca (Arachis hypogaea L.)

Geographic Region where . Geographic Bioclimatic
.. . Accessions name
origin collected / location zone floor
Berrihane 1
Berrihane, El Kala
Berrihane 2
Lamaissia 1
Lamaissia, El Kala
Lamaissia 2
Chefia 1
Chefia, El Kala
Chefia 2
El Kala 1
Taref Coastal Subhumid
El Kala 2
El Kala
El Kala 3
El Kala 4
El Frin, El Kala El Frin
Boumalek, El Kala Boumalek
Oum Tboul, El Kala Oum Tboul
Tonga-Ouest, El Kala Tonga-Ouest
Sebseb 1
Sebseb Sebseb 2
Ghardaia Sebseb 3
El Mansoura El Mansoura
Metlili Metlili
Boubeiadha 1 Northern Sahara
Boubeiadha, Taghzout
Boubeiadha 2
Guemar El Oued 1
El Oued Saharan
Bagouza, Taghzout El Oued 2
El Oued 3
El Oued
El Oued 4
Hiba 1
Charouine
Hiba 2
Adrar Ajdir, Timimoune Adrar 1 Central Sahara
Talmine, Timimoune Adrar 2
Talmine, Timimoune Timimoune
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Table 2. Morphological and agronomic descriptors used for statistical analysis

Ta6auna 2. Mop(bonorw{ecmle U X039 CTBEHHO LiéHHbI€ IPU3HAKH, UCII0JIb30BAHHbIE€ B CTATUCTUYE€CKOM aHaJ/In3e

i- - ()
Abb_r evi Character name Character state RENEASI By (0]
ation Average
0 - Erect; 1 - Decumbent-1; 0 - 46.67;1 - 10.00;
Grhab Growth habit 2 - Decumbent-2; 3 - Decumbent-3; 2 - 3.33;3 - 36.67;
4 - Procumbent-2 4 - 333
0 - Irregular without flowers on main stem;
. . . 0 - 3.33;1 - 23.33;
Bra.pat Branching pattern 1 - Irregular with flowers on main stem;
. 2 - 13.33;3 - 40.00
2 - Alternate; 3 - Sequential
g Num.bra Number of branches | 0 - Secondary; 1 - Tertiary 0 - 63.33;1 - 36.67
% St.pig Stem pigmentation 0 - Absent; 1 - Present 0 - 50.00; 1 - 50.00
0 - Glabrous; 1 - Sub-glabrous, hairs in
one or two rows al.ong the main stem; 0 - 30.00; 1 - 40.00;
2 - Moderately hairy, three or four rows
St.src Stem surface . . 2 - 6.67;3 - 0.00;
along the main stem; 3 - Very hairy, most of 4 - 333
the stem surface covered with hairs; ’
4 - Woolly
Bch.dty Branching density 0 - Moderate; 1 - High 0 - 20.00; 1 - 80.00
Inftyp Inflorescence type 0 - Simple; 1 - Complex 0 - 26.67;1 - 73.33
& Peg.pig Peg pigmentation 0 - Absent; 1 - Present 0 - 56.67;1 - 43.33
E Std.pet.col Standard petal color | 0 - Yellow 9B; 1 - Orange 24A 0 - 66.67;1 - 33.33
=
. e 0 - Alternate; 1 - Complex; 0 - 33.33;1 - 20.00;
o Flo.dis Flower distribution 2 _ Continuous 2 _ 46,67
S
.E‘- 0 - Oblong-lanceolate; 1 - Oblong; 0 -3.33;1 - 6.67;
g 2 - Obovate; 3 - Ovate; 4 - Suborbicular; | 2 - 23.33;3 - 6.67;
3 Lflt.shp Leaflet shape 5 - Wide-elliptic; 6 - Narrow-elliptic; 4 - 3.33;5 - 6.67;
T‘g 7 - Oblong-elliptic; 8 - Elliptic; 6 - 16.67;7 - 13.33;
‘B0 9 - Cuneate 8 - 6.67;9 - 13.33
)
£ 0 - Almost glabrous on both surfaces;
= 1 - Almost glabrous above, hairs below; 0 - 70.00;1 - 20.00;
=) ) g ) ’ ’ ’
§ & Liltsre Leaflet surface 2 - Almost glabrous above, hairs and/or 2 - 10.00
&) bristles below
=
Lflt. mgn Leaflet margin 0 - Entire; 1 - Hairy 0 - 40.00; 1 - 60.00
Lflt.tip Leaflet tip 0 - Obtuse; 1 - Acute 0 - 56.67;1 - 43.33
0 - Green 129; 1 - Green 134A; 0 - 3.33;1 - 13.33;
Lef.col Leaf color 2 - Green 135; 3 - Green 140B; 2 - 6.67;3 - 13.33;
' 4 - Green 142; 5 - Yellow-green 144C; 4 - 20.00;5 - 26.67;
6 - Yellow-green 149 6 - 16.67
IS
S Nod.cap Nodulation capacity | 0 - Without nodules; 1 - With nodules 0 - 80.00; 1 - 20.00
. 0 - 40.00;1 - 13.33;
Pod.csn Pod constriction 0 - None;1 - Slight; 2 - Moderate; 2 - 20.00; 3 - 20.00;
3 - Deep; 4 - Very deep
4 - 6.67
Texture of . . 0 - 20.00; 1 - 13.33;
Txt.pod.src pod surface 0 - Fine; 1 - Medium; 2 - Coarse 2 66.67
=
<)
~ . 0 - 13.33;1 - 20.00;
Pod.bk Pod beak 07 Absens 1 - Slight; 2 - Moderate; 2 - 50.00;3 - 333;
' yp 4 - 1333
. 0 - 10.00; 1 - 36.67;
Pod.ret Pod reticulation 0 - None; 1 - Slight; 2 - Moderate; 2 - 3.33;3 - 23.33;
3 - Prominent; 4 - Very prominent
4 - 26.67
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Table 2. The end
Ta6smna 2. OKOHYaHHe

= o 0,
Abb.r evi Character name Character state Range - Frequency (%)
ation Average
Number of seeds 0 - 73.33;1 - 16.67;
Num.sd.pod per pod 0-2-1;1-23-1/2-1-3;2 - 3-2-1/3-1-2 | , ~ ("0
Teg.asp Tegument aspect 0 - One color; 1 - Variegated 0 - 56.67;1 - 43.33
£ 0 - Round; 1 - Ovate; 2 - Oblong; 0 - 10.00; 1 - 33.33
Q ’ ) g . H .
i Sd.shp Seed shape 3 - Cylindric 2 - 33.33;3 - 23.33
St
1>
§ 0 - Orange-yellow 6; 1 - Orange-yel- 0-333;1- 667
= 5 low 19; 2 - Orange 26; 3 - Orange 28; 2 - 16.67;3 - 3.33;
En A 4 - Orange 29; 5 - Red-orange 31; 4 - 333;5 - 6.67;
S Tee.col Teeument color 6 - Red-orange 33; 7 - Red-orange 34; 6 - 3.33;7 - 10.00;
g & g 8 - Red-orange 35;9 - Pink-red 37; 8 - 3.33;9 - 3.33;
g‘ 10 - Grey-orange 165; 11 - Grey-oran- 10 - 3.33; 11 - 6.67;
s ge 172; 12 - Grey-orange 175; 13 - Grey- | 12 - 10.00; 13 - 13.33;
orange 177; 14 - Grey-orange 178 14 - 6.67
0 - Yellow 1; 1 - Yellow 4; 2 - Yellow 5; 0-3331- 6333
Sd.col Seed color 3~ Yellow 8: 4 - Yellow 10: 5 - Yellow 13 2 - 3.33;3 - 13.33;
’ ’ 4 - 10.00;5 - 6.67
Plwdth Plant width or Between 06 to 17 11.00
Spread (cm)
E | Hghtsstm Height of main stem | b\ oon 28 10 61 33.00
L (cm)
%]
0 - Between 80 to 100 days; . .
Dys.mty Days to maturity 1 - Between 100 to 120 days; (2) : igg;’ 1 - 26.67;
2 - Between 120 to 140 days '
g 50% fl d45d
S o Days to 50% flower- | 0 - Between 20 and 45 days; B 1L
é Dys.50%.fwg ing 1 - Between 45 and 75 days 0 - 70.00;1 - 30.00
g Lflt.Igth Leaflet length (mm) | Between 19.08 to 59.35 40.27
-
g 2 Lflt.wdth Leaflet width (mm) | Between 10.44 to 31.45 21.01
3 =
%]
E g Lefare Leaf area (cm?) Between 4.29 to 11.22 6.93
E
S Chlorophyll content
=
g Chlo.ctn (SPAD unit) Between 27.40 to 49.9 22.50
<
Pod.Igth Pod length (mm) Between 10.26 to 55.79 45.53
B Pod.wdth Pod width (mm) Between 5.62 to 20.13 14.51
=
Weht.10 Weight of 10 pods | g, veen 5,32 t0 20.92 156
pods (gr)
Wght.100sd gﬁ;ght of 100 seeds | p.\veen 30.37 to 108.4 78.03
D | Sd.lgth Seed length (mm) Between 8.5 to 22.32 13.79
)
%]
Sd.wdth Seed width (mm) Between 6.23 to 12.26 6.03
Oil.ctn 0Oil content (%) Between 36.68 to 56.17 19.49
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the peanut accessions using arithmetic averages method
(UPGMA); these analyses were carried out using data analysis
software (XLSTAT 2016.02).

Concerning data analysis of storage proteins, electropho-
resis profiles were analyzed using the Image Lab software
version 5.1 (Biorad). The presence/absence of aband was
scored as 1/0, respectively, and the employment of the Eucli-
dean distance to the binary matrix served to calculate the
pairwise distance among the accessions, which were clus-
tered by the UPGMA method.

Results

1. Variation in morphological and agronomic charac-
ters

The frequency of appearance of morphological descrip-
tors in the studied 30 accessions of A. hypogaea is presented
in Table 2. The analysis of variance (ANOVA) showed a high
significant variation (p<0.001) among the peanut accessions
for all of 13 agronomical characters assessed. Table 3 disclo-
ses a descriptive statistics estimation of all characters. The
most variable ones included the weights of 10 pods and
100 seeds that ranged from 5.32 g to 20.92 g with a CV of
42.53%, and from 30.37 g to 108.4 g with a CV of 40.12%, re-
spectively. These results can be attributed to the important
variation observed in seed and pod sizes.

2. Relationships between agronomic characters

Pearson’s correlation coefficients revealed significant as-
sociations among the evaluated different agronomic charac-
ters. Generally, stem architecture characters were significant-
ly correlated with seed and pod characters. The highest sig-
nificant correlation coefficients were noticed between leaflet
length / leaflet width and the weight of 10 pods / seed width
(r=0.751,p < 0.0001,and r = 0.776, p < 0.0001, respectively).
Furthermore, seed length and pod length were positively and
significantly correlated (r = 0.767, p < 0.0001), hence any re-
striction of pod growth may cause smaller seeds. These re-
sults corroborated those reported by M.A.Zaman etal.
(2011). A significant but weak correlation was also observed
between leafletlength / plant width (r = 0.456, p < 0.0001), oil
content / 10 pod weight (r = 0.330, p < 0.0001), and between
the height of the main stem / pod width (r = 0.302, p< 0.0001)
(see Table 3). Among leaf characters, leaf length was highly
and significantly correlated with leaflet surface (r=0.553,
p < 0.0001), but did not correlate with leaf area. On the other
hand, branching pattern was inversely correlated with seed
length and the weight of 10 pods (r =-0.594, p < 0.0001, and
r=-0.554, p < 0.0001, respectively). Slight correlations were
observed between plant width / leaflet shape and growth
habit / nodulation capacity (r=0.488, p<0.0001, and
r=0.324, p < 0.0001, respectively).

Table 3. Descriptive statistics estimation of agronomical characters assessed in the studied accessions

Ta6jmua 3. OnucaTe/JIbHO-CTaTUCTUYECKasA OLI€EHKa X03AWCTBEHHO LHEHHBbIX IPU3HAKOB Yy U3y4YdeMbIX 06pa3u03

er?::;z:,i:e Min Max Mean * SE CV% P Fis:izz’e(g ect
Hght.stm 28.00 61.00 4493 +7.77 17.30 <0.0001 13.32
Pl.wdth 6.00 17.00 9.69 + 2.62 26.98 <0.0001 3.10
Lflt.Igth 19.08 59.35 42.27 £8.21 19.43 <0.0001 4.36
Lflt.wdth 10.44 31.45 21.88 £ 4.21 19.23 <0.0001 10.46
Chlo.ctn 27.40 49.90 39.48 +5.23 13.25 <0.0001 2.36
Lef.are 4.29 11.22 6.58 £1.39 21.10 <0.001 7.80
Pod.lgth 10.26 55.79 28.39 £8.89 31.32 <0.0001 16.52
Pod.wdth 5.62 20.13 13.41 £ 3.06 22.84 <0.0001 1.30
Wght.10 pod 5.32 20.92 11.98 £5.09 42.53 <0.0001 11.68
Wght.100 sd 30.37 108.40 53.05 +21.29 40.12 <0.0001 4.75
Sd.lgth 8.53 22.32 14.74 £ 3.71 25.15 <0.0001 9.17
Sd.wdth 6.23 12.26 8.59 +1.38 16.06 <0.0001 1.91
Oil.ctn 36.68 56.17 45.02 +4.01 8.90 <0.0001 13.29

Note: SE - standard error, CV% - coefficient of variation, p - probability value

[Tpumeyanue: SE - crangapTHas omnbka, CV% - k03 PUIMeHT Bapualyi, p - ypoBeHb 3HAYUMOCTH

On the other hand, leaflet width and length revealed simi-
lar coefficients of variation among the studied accessions
(19.23% and 19.43%, respectively) with an important posi-
tive correlation confirmed by the principal component analy-
sis (Fig. 2, a). However, these characters; in addition to chloro-
phyll content, presented the least coefficients of variation
(8.90% and 16.06%, respectively).

3. Principal Component Analysis

The relative importance of each character to explain the
variation among the 30 A. hypogaea genotypes was assessed
using the Principal Component Analysis (PCA). The first se-
ven components explained 64.03% of the total variation
among the 30 A. hypogaea accessions (Table 4). F1 separates
accessions on the basis of three characters: branching pat-
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Fig 2. Principal Component Analysis of morphological characters:
(a) diagnostic biplot, (b) graph of observations
Puc. 2. AHa;in3 Mop¢0/I0rNYeCKUX NPU3HAKOB METO0M IVIaBHBIX KOMIIOHEHT:
(a) AmarHocTnyeckas guarpamma, (b) rpadpuk Ha6IIOAEHUIA

Table 4. First seven principal components related to 38 characters
studied in 30 Arachis hypogaea L. genotypes assessed

Ta6smua 4. [lepBble ceMb IVIABHBIX KOMIIOHEHT /151 38 U3y4eHHbIX NPU3HAKOB
y 30 npoaHa/IM3UPOBAHHbIX reHOTUNOB Arachis hypogaea L.

Principal component axis
F1 F2 F3 F4 F5 F6 F7
Eigen value 6.526 5.028 3.071 2.834 2.770 2.297 1.805
Variability (%) 17.174 13.231 8.081 7.459 7.291 6.044 4.751
Cumulative % 17.174 30.404 38.485 45.944 53.235 59.279 64.030
Eigen vector loadings

Gr.hab 0.152 0.264 0.161 -0.203 0.055 0.116 -0.117
Bra.pat -0.232 0.171 0.040 -0.110 0.136 0.037 -0.164
Num.bra 0.046 -0.120 0.333 -0.060 -0.210 0.093 0.147
Hght.stm 0.138 0.198 -0.061 0.080 -0.027 -0.186 0.058
PlLwdth 0.152 0.205 0.187 0.005 -0.073 0.060 -0.015
St.pig -0.110 -0.184 0.205 0.082 0.133 0.353 0.014
St.src -0.012 0.183 0.100 0.322 -0.131 0.186 0.036
Inf.typ -0.068 -0.034 0.350 -0.193 0.024 0.115 0.125
Std.pet.col -0,095 0.025 0.076 -0.053 -0.050 0.062 0.392
Peg.pig -0.041 0.043 -0.331 -0.143 -0.243 0.138 0.048
Flo.dis -0.065 -0.022 -0.224 0.037 -0.180 0.033 -0.326
Lef.col -0.105 0.166 -0.182 0.024 0.174 0.002 0.190
Lflt.Igth 0.008 0.331 0.152 0.056 -0,062 0.201 -0.019
Llt.wdth 0.015 0.343 0.079 0.064 0.081 0.057 -0.155
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Table 4. The end
Tao6una 4. OKOHYaHHEe
Principal component axis
F1 F2 F3 F4 F5 F6 F7
Lflt.shp -0.002 -0.048 -0.193 -0.028 0.061 0.402 0.172
Lflt.src -0.093 0.144 0.165 0.356 -0.042 0.144 -0.168
Lflt.mgn -0.099 -0.018 0.120 0.279 -0.228 0.024 -0.181
Lflt.tip -0.072 0.142 -0.083 -0.012 -0.309 0.000 -0.001
Dys.50%fwg 0.189 0.163 0.044 -0.052 0.136 -0.237 0.176
Dys.mty 0.065 0.032 -0.040 0.237 0.356 -0.125 0.160
Chlo.ctn 0.193 -0.054 0.135 -0.001 -0.177 -0.239 0.331
Bch.dty 0.141 0.165 0.252 0.145 -0.224 -0.128 0.034
Nod.cap 0.098 0.008 -0.043 0.096 -0.196 0.391 0.236
Lef.are -0.019 0.162 0.021 -0.140 0.395 0.227 0.019
Pod.csn 0.089 -0.130 0.132 -0.281 -0.225 -0.033 -0.087
Num.sd.pod 0.253 0.112 0.096 -0.206 0.112 0.045 -0.014
Txt.pod.src 0.231 -0.105 -0.110 0.122 -0.012 0.026 -0.324
Pod.bk 0,284 0.024 0.059 -0.168 -0.125 -0.051 -0.082
Pod.ret 0.219 -0.103 -0.052 0.048 -0.039 0.300 0.015
Teg.asp 0.145 0.120 -0.184 -0.182 -0.114 0.052 -0.101
Teg.col 0.053 0.220 0.037 0.282 0.102 -0.150 0.024
Pri.sd.col 0.022 -0.013 -0.248 0.261 -0.133 -0.005 0.362
Oil.ctn -0.025 -0.311 0.271 0.024 0.105 0.031 -0.030
Pod.wdth 0.319 0.065 -0.088 0.050 -0.028 0.092 -0.032
Wght.10 pod 0.285 -0.180 0.058 0.188 0.117 0.034 -0.077
Sd.wdth 0.136 -0.315 0.032 0.234 0.117 -0.044 -0.101
Sd.lgth 0.358 -0.070 -0.053 0.029 0.055 0.034 0.015

tern, seed length, and pod width. Concurrently, F2 separates
accessions on the basis of four characters: leaflet width and
length, seed width, and oil content. According to the study by
S. T. Katzamanidis etal. (2006), the major botanical acces-
sions of A. hypogaea were previously classified on the basis of
leaf and stem morphological differences. PCA results also re-
vealed that leaflet size (length and width), seed shape and
size, oil content, and branching pattern were the principal
characters to discriminate between the examined A. hypogaea
accessions. On the other hand, characters which have a low
loading in the distinction of accessions were growth habit and
leaf color for F1, and peg pigmentation and days to maturity
for F2.

These results agree with those reported by P. Mahalaksh-
mi etal. (2005), Idi Garba etal. (2015), and F. B. Neya et al.
(2017). Regarding the regional distribution on the graph of
observations (see Fig. 2, b), two main groups can be distin-
guished. The first group is composed of accessions from the
coastal region, while the second one of those from the north-
ern Saharan region. A third small group can be observed, in-

corporating accessions from the central Sahara. The acces-
sions from the coastal region were characterized by an alter-
nate and sequential branching pattern, with flowers on the
main stem, and small seed length and pod width. However,
accessions from the northern Sahara presented an irregular
branching pattern, without flowers on main stem. These ac-
cessions were characterized by high seed length and pod
width. The third group consisted of accessions with more re-
stricted distribution; accessions of this group were distin-
guished by a large size of leaflets and poor oil content.

4. Relationships among the studied accessions ac-
cording to morphological characters

The relationships among the 30 A. hypogaea accessions
based on the studied morphological characters were assessed
using cluster analysis. The typology of the dendrogram clus-
tered the 30 accessions into two major groups identified as [
and I, using a dissimilarity index limit of 157.64 (Fig. 3). The
number of genotypes per cluster varied from 5 in cluster II to
13 in cluster I. Cluster I represented 43.33% of the studied
population, including 12 accessions originated from Taref and
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Fig. 3. Dendrogram based on the UPGMA method showing the relationships among the studied accessions

Puc. 3. lengporpamma Ha ocHoBe MeToga UPGMA, noka3piBawlas B3aMMOCBA3U Cpeu U3y4YaeMbIX 06pa3L0B

the only Timimoune accession from Adrar (see Table 1). This
cluster was the most distinguished and the remoter one, sup-
posedly because of the particular subhumid climate in the
region of Taref.

The second major cluster (II) grouped most of the acces-
sions originated from the northern and central Saharan re-
gions and corresponded to 56.67% of the total studied popu-
lation; this cluster was divided into two subclusters, Ila and
IIb. The first subcluster, Ila, contains five accessions, four of
which were from El Oued, whereas one accession originated
from Taref (see Fig. 3 and Table 1), representing 16.66% of
the total studied population. Twelve accessions representing
40% of the total population, including those of different ori-
gin, namely Ghardaia, Taref, El Oued, and Adrar, were distinct-
ly grouped into subcluster IIb (see Fig. 3 and Table 1). This
subcluster is the most heterogeneous among those identified;
it is closer to subcluster Ila than the first one over a distance
of 104.18. Except Berrihane 1 and El Frin, all accessions of the
second cluster were cultivated in the Saharan climate. Clus-
tering of these accessions in the same group can be explained
by their adaptation to the specific climate of the Sahara.

5. Analysis of gel electrophoresis

In peanut, main seed storage proteins (about 87%) are
globulins comprising two major fractions: arachin and conar-
achin described by X. Q. Liang et al. (2006). Total proteins ex-
tracted from thirty peanut accessions were separated by one-
dimensional SDS-PAGE (Table 5), and the protein profiles re-
vealed a few major quantitative and qualitative differences
(Fig. 4); total bands distributed in the range of 250-6 kDa
were scored. Electrophoresis profiles showed that different
peanut accessions had different storage protein compositions
generating 8 different genotypes presented in Figure 4.

The evaluation of band density using the Image Lab soft-
ware version 5.1 (Biorad) revealed few differences among the
studied accessions (data not shown). Most of the bands, in-
cluding 4a, 3b, 4b, 1c, 2¢, 3¢, 4c, 1d and 2d, presented variable
density on the electrophoresis profile. This variation may be
due to the adaptation of accessions to ecogeographic factors,

soil richness in fertilizer like nitrogen, and the agronomic
practices of the region (Chowdhury et al., 2015).

The number of protein bands present in each accession
ranged from 23 to 30 bands. On the basis of the Rf value, the
bands were grouped into four regions: region A (conara-
chin II), region B (acidic arachin), region C (basic arachin),
and region D (conarachin I). No major qualitative variations
were observed among the studied accessions in the arachin
polypeptides (from 20 kDa to 50 kDa). The second fraction of
globulin, represented by conarachin polypeptides, was divid-
ed into two groups with different molecular weight (> 50 kDa
for conarachin II, and < 20 kDa for conarachin I).

Regarding the electrophoresis profiles, the studied pea-
nut accessions presented similar conarachin Il profiles (re-
gion A), characterized by a major protein of 61 kDa; this band
corresponds to one of the important peanut allergens (Arah1).

In the electrophoresis profiles, 7 bands were identified in
the region D, among which the first and the second conara-
chin I protein subunits were highly polymorphic; they pre-
sented a molecular weight of 20.2 kDa and 17.72 kDa, respec-
tively, for most of the accessions, unlike 6 accessions of the
collection from Taref and El Oued (Lamaissia 1, Lamaissia 2,
Kala 3, E1 Oued 2, El Oued 3, and Boubeiadha 2) which missed
these subunits. On the other hand, nine accessions, including,
Chafia 1, Hiba 1, Sebseb 2, Metlili, El Mansoura, and others
(see Fig. 4), presented these subunits with lower molecular
weights (18.4 and 17.4, respectively). The accession Kala
4 had a specific profile and presented only the higher subunit
(20.2 kDa).

6. Relationships among the studied accessions tested
using storage protein separation

Cluster analysis of the accessions sorted the peanut popu-
lation into three main groups at the distance of 56.8 (Fig. 5).
Cluster I incorporated five accessions originated from Taref
and Adrar, representing 16.66% of the total studied popula-
tion. The second cluster represented 30% of the population
and included 9 accessions of two different origins, Taref and
Ghardaia.
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Table 5. Protein profiling of Arachis hypogaea L. accessions

Ta6aumna 5. [Ipo¢puinpoBaHue 6eJIKOB y 06pa3noB Arachis hypogaea L.

Band number Band name Region MolecaiaDl:)/veight Relative to front
1 nll 250.0 0.051
2 nl2 2389 0.067
3 nl3 181.2 0.190

NL

4 nl4 174.7 0.212
5 nl5 116.0 0.337
6 nl6 110.5 0.353
7 al 103.4 0.362
8 a2 94.6 0.394
9 a3 85.7 0.425
10 a4 A 78.2 0.441
11 a5 68.1 0.476
12 a6 61.0 0.525
13 a7 57.2 0.542
14 bl 54.6 0.583
15 b2 50.3 0.610
16 b3 44.5 0.629
17 b4 b 43.2 0.648
18 b5 40.5 0.673
19 b6 37.2 0.702
20 cl 35.0 0.735
21 c2 32.4 0.771
22 c3 ¢ 29.5 0.783
23 c4 28.0 0.799
20.2 0.821

24 d1
18.4 0.839
17.72 0.850

25 d2
17.40 0.841
26 d3 D 14.74 0.873
27 d4 13.42 0.881
28 d5 11.32 0.908
29 dé 8.851 0.932
30 d7 6 0.954

Note: NI - non labelled

[Ipumeuanue: Nl - HeMapKHUpPOBaHHbBIN
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Fig. 4. Electrophoretic banding pattern generated by SDS-PAGE of Arachis hypogaea L. seed storage proteins:

A1 - Berrihane 1, A2 - Lamaissia 1, A3 - Sebseb 2, A4 - Kala 1, A5 - Chafia 1, A6 - Boubeiadha 1, A7 - Hiba 1, A8 - Chafia 2,
A9 - Hiba 2, A10 - Lamaissia 2, A11 - Adrar 1, A12 - Kala 2, A13 - Sebseb 1, A14 - El Oued 1, A15 - Kala 3, A16 - El Oued 2,
A17 - Adrar 2, A18 - Boubeiadha 2, A19 - El Frin, A20 - El Oued 4, A21 - Boumalek, A22 - El Qued 3, A23 - Metlili,
A24 - Sebseb 3, A2 - Berrihane 2, A26 - Kala 4, A27 - Oum Tboul, A28 - Tonga-ouest, A29 - Timimoune, A30 - El Mansoura,
R.A - Region A, R.B - Region B, R.C - Region C, R.D - Region D, R.NL - Region non labelled
Puc. 4. CnekTpsl 31ekTpodopesa SDS-PAGE a4 3anacHbIX 6eJIKOB ceMsiH 06pa3uoB Arachis hypogaea L.:

A1l - Berrihane 1, A2 - Lamaissia 1, A3 - Sebseb 2, A4 - Kala 1, A5 - Chafia 1, A6 - Boubeiadha 1, A7 - Hiba 1, A8 - Chafia 2,
A9 - Hiba 2, A10 - Lamaissia 2, A11 - Adrar 1, A12 - Kala 2, A13 - Sebseb 1, A14 - E] Oued 1, A15 - Kala 3, A16 - El Oued 2,
A17 - Adrar 2, A18 - Boubeiadha 2, A19 - El Frin, A20 - El Oued 4, A21 - Boumalek, A22 - El Oued 3, A23 - Metlilj,
A24 - Sebseb 3, A2 - Berrihane 2, A26 - Kala 4, A27 - Oum Tboul, A28 - Tonga-ouest, A29 - Timimoune, A30 - El Mansoura,
R.A - o6sactb A, R.B - 06s1acTh B, R.C - 06s1acTh C, R.D - o6sactb D, R.NL - HeMapkupoBaHHast 06/1aCThb
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Fig. 5. Dendrogram generated using UPGMA cluster analysis based on storage seed proteins

Puc. 5. leHaporpamMma, NocTpoeHHas ¢ UCN0J1b30BaHHEM KJIacTepHoro aHainsa UPGMA
Ha OCHOBe 3aNlaCHbIX Ge/JIKOB CeMAH
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The third cluster was composed of two subclusters (Illa
and IIIb). The first subcluster contained genotypes from dif-
ferent geographic regions: 8 accessions, including Hiba 2,
Adrar 2, Chafia 2, Sebseb 1, and others. This subcluster de-
scribed 26.66% of the whole population studied. Similarly,
the second subcluster harbored 8 accessions of different geo-
graphic origin, like El Oued and Ghardaia. These subclusters
are the closest ones at a distance of 38.21 and were the most
heterogeneous, harboring accessions of different origin. Many
authors investigated seed storage proteins in the genus Ara-
chis (Singh et al., 1991; Liang et al., 2006). M. Jamalomidi et al.
(2015) analyzed eleven accessions of peanut germplasm by
SDS PAGE and showed that the diversity exists for seed stor-
age protein profiles, but the germplasm was not well classi-
fied into subspecies or varieties. In contrast, an attempt was
made to characterize 35 peanut cultivars raised by different
pedigrees, using total soluble seed proteins separated by SDS-
PAGE. Results showed a wide variation in the pattern of pro-
tein bands of the studied cultivars (Rao et al., 2013).

Discussion

To date, no study has assessed the variability of local pea-
nut cultivars either at the morphological or at the molecular
level. Hence, the current study is the first work where mor-
phological characters were used to study the genetic diversity
of A. hypogaea in Algeria. Diversity analysis using morpho-
logical characters is, therefore, very relevant for evaluation of
genetic resources in the context of breeding programs.

The dendrogram describing the distances among acces-
sions (see Fig. 2) revealed two distinguishes groups, cluster-
ing accessions originated from the coastal and Saharan re-
gions. Generally, the studied Saharan accessions, including
Ghardaia, El Oued and Adrar, had high branching density and
coarse texture of pod surface. This can be explained by the
sunshine in the region and the type of sandy soil.

Branching in peanuts may produce a positive impact on
yield, since the branches bear the leaves and also determine
the solar radiation interception and utilization. In addition,
the nodes of branches are potential sites for peg development
and subsequent pod formation (Konlan etal, 2013). On the
other hand, Saharan accessions, especially those of Ghardaia,
had the most significant height of main stems with the mean
of 46.78 cm, compared with coastal accessions which were
characterized by smaller stems (43.06 cm). These observa-
tions agree with those of G.S. Zhao etal. (2007), where soil
texture was the major factor affecting bean growth; they
found that plants in loam and sand were significantly larger
than in clay (Lu et al., 2010).

Cylindric seed shape was a specific trait of all Ghardaia
accessions; seeds and pods of these accessions were conse-
quently the longest ones in the collection. This can increase
the chance to get pods with many seeds and enhance the
yield. In fact, the Ghardaia and Adrar accessions more fre-
quently contained 3 seeds in their pods than 2 seeds, unlike
the Taref accessions which rarely had pods with 3 seeds.
Knowing that soil texture is an important measure of poten-
tial soil productivity (Lu et al,, 2010), Zhao and collaborators
(2015) revealed that the number of seeds in peanuts was
shown to be the largest in the loam, large in the sand, and the
smallest in the clay.

Soil texture also affects the nodulation capacity of peanut.
Indeed, sand soil was the poorest in organic matter, like phos-
phorus and nitrogen (Zhao etal, 2015). Therefore, peanut
roots were able to form a nitrogen-fixing symbiosis with bac-
teria from the genus Rhizobium using nodules developed fre-

quently on sand soils (Chevalier, 1934). Due to the soil tex-
ture, most of the Saharan accessions developed nodules on
their root system. In contrast, all accessions originated from
Taref produced glabrous roots. Except El Oued 03, the acces-
sions originated from El Oued Province showed the best agro-
nomic traits, thus being capable of improving peanut produc-
tion because of their large seed size.

The El Oued accessions were the richest in oil content
with an average of 48.31%. In addition to that, these acces-
sions mature in 80 to 100 days, and 50% of their flowers open
between 20 to 45 days after sowing. These characteristics
make the accessions that originated from El Oued Province
the perfect target for producers due to their large seed size,
short period of maturation, and high oil content.

According to A.Krapovickas and W.C. Gregory (1994),
branching pattern and growth habit are the most distinguish-
ing traits between A. hypogaea subspecies, such as A. hypo-
gaea subsp. hypogaea and A. hypogaea subsp. fastigiata Wal-
dron. In fact, subsp. hypogaea was characterized by an irregu-
lar branching pattern without flowers on the main stem and
a procumbent growth habit. However, subsp. fastigiata was
characterized by the absence of flowers on the main stem
with an erect growth habit. Proceeding from the results
shown on the graph, accessions of the collection can be di-
vided into two groups: accessions of the coastal region be-
longing to subsp. fastigiata, and those of Saharan region be-
longing to subsp. hypogaea.

Judging by the results obtained by A. R. Singh et al. (2018),
seed protein fractions can serve as an important marker to
assess the variability among germplasm and also distinguish
between the subspecies and varieties. These results support
those of PCA and confirm the presence of the two subspecies
of A. hypogaea in the studied collection. We deduce also that
conarachin I protein subunits play a crucial role in the dis-
crimination of A. hypogaea subspecies.

A high correlation was observed between the classifica-
tion based on agro-morphological traits and the one based on
storage proteins. In fact, the two classification criteria
grouped the accessions originated from Taref and El Oued
into distinct groups. However, a heterogeneous group was ob-
served for the two classifications. Besides that, the characters
used for both classifications can distinguish between the
A. hypogaea subspecies. Nevertheless, it is suggested that the
number of accessions should be increased for better under-
standing the genetic relationships.

Conclusion

Genetic improvement of crops depends on the availability
of genetic resources and their diversity. We report here for
the first time on the genetic diversity of the Algerian peanut
population analyzed using agro-morphological traits. The re-
sults showed a high genetic variability regarding agro-mor-
phological traits and seed storage proteins in the studied col-
lection. This diversity could mainly be attributed to the di-
verse agroclimatic conditions in the country. Hence, the three
groups defined on the dendrogram based on agro-morpho-
logical characters belonged to two A. hypogaea subspecies
and may represent the required variability for a basic collec-
tion. Results also show that the accessions from El Oued pre-
sented the best agro-morphological traits and can be highly
recommended for cultivation and production of peanut by-
products. With the aim to create an efficiency improvement
program for Algerian peanut accessions, it is necessary to
support this work with a genetic study to discriminate char-
acters of agronomic importance.
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AxTyanbHOCTBb. OJUH U3 NEepCHEKTUBHBIX UCTOYHHUKOB
o6oraueHus reHodpoHga MaArkou nienuusl (Triticum aesti-
vum L.) HOBBIMHM aJlJIe/IIMU TeHOB — CHHTeTHYecKas rekca-
miaougHass nimeHuna (CIII), wau angonoJUMIOUABI OT
CKpellMBaHUSI TeTPaIJIOUAHbIX MNUIeHUL (2n=4x=28,
BBAA) co6pasuamu Aegilops tauschii Coss. (2n=2x=14,
DD) v nocJieAyOLIEro yABOEHUS YHUCIa XPOMOCOM y TUOPH-
JoB. LesisiMu uccyieoBaHUs OBIJIN: OLleHKa 06pa3I[0B CUH-
TeTH4YeCcKoH rekcanonjHoi nmenuns! (CI') no ycroituu-
BOCTH K NMONYJIALUAM BO36yJUTe s Oypol prKaBUMHBI, CO-
OpaHHBIM Ha TeppuTopuu Poccuy; reHOTHUNHpOBaHHUE
006pa3IoB; Ha OCHOBE aHaJ/M3a JUTepaTypbl 06006I1eHHe
cBeJiIeHUH 06 yCTOWYUBOCTH M3y4YeHHBIX 06pasLoB K Jpy-
MM BPEJIOHOCHBIM 60JIe3HAM U BpeAUTENSAM.
MarepuaJjibl 1 METOABI. YcTOHYUBOCTh 36 06pa3uos CITI
u3 KoJsiieknuu BUP k monyasiuqusm Puccinia triticina Erikss.
olleHHMBaJIM 1o MeToguKaM BU3P B 1a6opaTOpHBIX YCI0BU-
X ¥ B [10JIe HA UCKYCCTBEHHOM UH}eKIMOHHOM doHe. [is
ueHTUUKALUY Lr-reHOB NPUMeHsIU GUTONaATOoJ0ruye-
ckuii Tect U [11P-Mapkepsl.

PesysbTaThl M 3aKka04eHue. O6pasusl CI'Tl oxapakTepu-
30BaHbI 10 yCTOMYUBOCTU K POCCUACKUM NONYJIALUAM BO3-
OoyauTesnss Oypod pKaBUMHBI. BbISBJIEHBI HCTOYHUKHU
YCTOWYUBOCTH B pa3e NPOPOCTKOB U B3POCJIOTO PACTEHUS.
PUTONATOJOTUYECKUM TECTOM Yy Tpex 06pasioB oGHapy-
’KeH reH ycroiyusoctu Lr23, [ILIP-mapkep reHa Lr21=Lr40
npucyTtctBoBas y 11 o6pasuos, Lr39=Lr41 - y 19, Lr22a -
y Tpex. [Ipu aToM 06pasus! K-65496, k-65515, k-65517 nume-
UM onHOBpeMeHHO Lr21=Lr40 w Lr39=Lr41, a k-65497,
K-65503 u k-65508 - Lr22a v Lr39=Lr41. AHanu3 nuTepary-
pbl MOKa3aJ, YTO MHOTHE W3 U3y4dyeHHbIX o6pasunoB CITI
YCTOWUYUBBI K APYTUM BPELOHOCHBIM 60JIe3HSAM U HaceKo-
MBIM-BpeAUTENSIM U NPEeJCTaBJSIOT WUHTepec A Jajb-
HeMIllero U3y4yeHUst ¥ BO3MOXXHOI'O UCIOJIb30BaHUS B OTe-
4YeCTBEHHOM CeJIeKIUU.

Knwo4eBsble cioBa: D-reHom, Triticum aestivum, Aegilops
tauschii, putonarosorudeckuii rect, [1LP-mapkep, Lr-rensi,
IOBEHHUJIbHAA yCTOFI‘-IPIBOCTb, AOJITOBpEMEHHad yCTOI‘/'I‘-II/I-
BOCTb, MICTOYHHUKH yCTOI‘/'I‘-II/IBOCTI/I.

Background. One of the promising sources for enrichment
of the common wheat (Triticum aestivum L.) gene pool with
new alleles is synthetic hexaploid wheat (SHW), or allo-
polyploids from crossing tetraploid wheats (2n=4x =28,
BBAA)withaccessions of Aegilops tauschii Coss. (2n = 2x = 14,
DD), and subsequent doubling of the chromosome number
in the hybrids. Objectives of the study were to evaluate the
SHW accessions from the VIR collection for resistance to
Puccinia triticina Erikss. populations collected in Russia;
genotype the accessions; and summarize information from
the published sources concerning the resistance of the
studied accessions to other harmful diseases and pests.
Materials and methods. Resistance of 36 SHW accessions
from the VIR collection to the populations of P. triticina was
assessed in the laboratory and in the field, under artificial
infection pressure, using the techniques developed by the
Institute of Plant Protection. A phytopathological test and
PCR markers were used to identify the Lr genes.

Results and conclusion. The SHW accessions were
characterized according to their resistance to the Russian
populations of the wheat leaf rust pathogen. The sources of
resistance in the phase of emergence and in adult plants
were identified. The phytopathological test isolated three
accessions with Lr23; the PCR marker of Lr21=Lr40 was
found in 11 accessions, Lr39=Lr41 in 19, and Lr22a in 3.
At the same time, k-65496, k-65515 and k-65517 had simul-
taneously Lr21=Lr40 and Lr39=Lr41, while k-65497, k-65503
and k-65508 had Lr22a and Lr39=Lr41. The analysis of
published data showed that many of the studied SHW
accessions were also resistant to other harmful diseases
and insect pests, so they are of interest for further studying
and possible use in domestic breeding.

Key words: the D genome, Triticum aestivum, Aegilops
tauschii, phytopathological test, PCR marker, Lrgenes,
juvenile resistance, long-term resistance, sources of resis-
tance.
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BBeaeHue

PacuinpeHue reHodoH/ja Bo3/je/ibiBaeMOM MATKOH Miile-
Huupl (Triticum aestivum L., 2n = 6x = 42, BBAADD) 3a cuet
pa3Hoo6pa3usa asniesel reHoB Apyrux BUJOB U POJOB 3J1a-
KOB — OJJHO M3 CTpaTernyecKUxX HalpaBJeHUH HccleJj0Ba-
HUU B MUpe. BosbIIMM 3am1acoM reHeTHYeCKONH U3MEHYHBO-
CcTH 006J1a/jatl0T BUuAabl Aegilops L., B ToM 4uc/e BUA - mpapo-
nuTesb reHoMa D Markoid mnmeHulbl — Ae. tauschii Coss.
(2n = 2x = 14, DD) (Schneider et al., 2008). On npouspacTtaeT
BocTo4yHee 40-ro MepujvaHa BOCTOYHOU JosroTel: B Typ-
uuu, Asep6aiimkane, Poccuu ([Jarecran), ceBepHoii Cupuy,
Hpake, Upane, BcTpeuyaeTca Takxke B Typkmenun, Kazaxcra-
He, Y36ekucTaHe, ropax Apranucrana, [lakrucraHa, Ha ceBe-
pe Uuauu u Ha 3anaze Kutas (van Slageren, 1994; Sohail
etal, 2012). Bug paszenseTcsa Ha noJABU/bI subsp. tauschil,
subsp. strangulata (Eig) Tzvel. u npomexyToyHble GOPMBL.
OHU pa3M4aloTCcs He TOJAbKO GeHOTUIMYEeCKH, HO U TeHeTH-
YeCKH, YTO BbISIBJIEHO NPU U3YYEeHUU UX KapHUOTHUIIOB C UC-
NoJIb30BaHUEM (JIyOpecueHTHON TUOpUAM3aLUuu In Situ
(Zhao et al., 2018), ananuze noaumopdusma DArT-mapkepoB
(Sohail et al.,, 2012), no Ha/MM4YKI0 GUKCUPOBAHHBIX clieliUpHU-
yeckux SNP-amneneit (Wang etal, 2013; Singh PK. etal,
2019). [lepBblit U3 HA3BAaHHbIX MOABUL0B PACIPOCTPAHEH 10
BCeMy apeasly, a BTOPOH, cTaBLIUH JOHOpOM reHoma D jpnsa
MATKOW MNINEHMIbl, — JHLIb B 3aKaBKa3be U BJOJIb H0XKHOTO
no6epexnbs Kacnuiickoro mops (Sohail et al., 2012). YctaHoB-
JIEHO, YTO IPOMeXyTOo4YHble GOPMbl IPOUSOILIN OT CKpPELIU-
BaHUs NpeCTaBUTeNEeN MOABUA0B Mexay co6oi (Singh PK.
etal, 2019). Kpome Toro, npu cpaBHEHUU NOCJI€eL0BATE/b-
HocTel 2269 reHoB reHoMoB A, B u D MArkod mineHuUIibI
u 275 redoB gumiaoungHbiX BUAoB T urartu Thum. ex Gandil,,
T monococcum L., Ae. tauschii, Ae. speltoides Tausch u Ae. sha-
ronensis Eig npofieMOHCTpUPOBAaHO FOMOILJIOUAHOE THOPUA-
HOe IIPOMCXOX/ieHHe NpeJKa oHopa reHoma D oT ckpelnu-
BaHUs IpeJiKOBbIX GOPM — HOcHUTeslell TeHOMOB A 1 B Markoi
NIIeHUIbl 6oJsiee 5 MJIH JleT ToMy Haszaj (Marcussen etal,
2014).

[lokazaHo, 4To co6paHHbIe B ex Situ-KoJIJIeKIUAX obpas-
bl Ae. tauschii mouMopdHbI 1o MHOrMM npu3HakaM (Nagha-
vi et al, 2009; Takumi et al., 2009; Chhuneja et al., 2010; Maj-
ka etal, 2017), pacnosioxKeHUIO U OpTaHU3aLUU TOBTOPSIIO-
IUXCS TOC/Iel0BaTeIbHOCTEN, HAJIMUHIO/OTCYTCTBUIO peLit-
NpOKHBIX TpaHcnokauui 1DS.7DL u 7DS.1DL, no AFLPs, SSRs
(Naghavi etal, 2007, 2009; Naghavi, Mardi, 2010) u SNPs-
MapkepaMm (Qin et al,, 2016). 3TOT BUA JOBOJIBHO JIETKO CKpe-
IIMBAETCA C MATKOH muieHuel. B merose y rubpusios F, He
NPOUCXOJUT HUHIMOMPOBAHUS CIApUMBAHUSA  XPOMOCOM
Ae. tauschii c xpomocoMaMu reHoMa D MSAATKOH MUIEHUILBI, T10-
3TOMy Iepejadyy TeHeTHYecKOoro MaTepuasa 3TOTO BHJA
B MATKYIO MIIEHULY OCYLeCTBAAT WU NPSAMBIMU CKpeIlH-
BaHUSIMMU, UJIH Yepe3 [oJlyuyeHNe IepBUYHON CHHTeTHYeCKON
rekcamonaHou nuenunsl (CIIl) u rubpuausanuent c Hew.

CI'TI - an10Mo/IUIION/IbI C TeM e TeHOMHBIM COCTaBOM,
YTO W MATKas MuleHuna. Mx cosgaroT nyteM ru6puausanuu
TeTPAMIOUAHBIX NileHuL (2n = 4x = 28, BBAA u/unu GGAA)
C pa3JIMYHbIMU 06pasuamu Ae. tauschii v mocaey0I1ero ya-
BOEHHS YHMCJIa XPOMOCOM y TMOPU/I0B, KOTOpPOe MOXKeT Mpo-
HUCXOAUTD 3a cYeT 06pa30BaHUA HepeAyLMPOBAHHbIX TaMeT
CIIOHTAHHO WM Ipu 06paboTke KoaxuuuHoM. Ot CI'TI B mMsr-
KyI0 IUIEeHUIy OJHOBPEMEHHO C HOBBIMM aJlle/IIMU I'eHOB
Ae. tauschii nepefalT TakXe HOBbIE aJlJIeJIM TEHOB Pa3HbIX
TeTpamouJHbIX nueHul. B Hactosuee Bpems CI'II mupoko
HCIOB3YIOT [JJisl yaydlieHus: MsArkod mumeHunsl (Fukuda,
Sakamoto, 1992; Zhang et al,, 2008; Prazak, 2013; Yuan et al,,
2017; Kishii, 2019; Rosyara et al., 2019). CBezieHUs 0 copTax

Y JIMHUSX, B POJOCJOBHBIE KOTOPBIX BXOAUT Ae. tauschii,
a Tak)Ke IepeyeHb 'eHOB, lepelaHHbIX OT HEro B MILIEHMUILY,
Y 06pasibl — JOHOPBI 3TUX 'eHOB, IPHUBeJleHbl B MyG/IMKaLU-
sx (Martynov et al., 2015; Dobrotvorskaya et al.,, 2017).

B 2006 . 36 06pasuos CI'Tl, cos3ganubix B CIMMYT (Mek-
CUKa) OT CKpelMBaHUs 19 pasyjMyHbIX THOPUAHBIX GopM
u coptoB T durum Desf. ¢ 31 o6pasuom Ae. tauschii, nocTynu-
sy B KoJutekiuio BHUP u3 lleHTpa reHeTHYeCKUX U T€HOMHBIX
pecypcoB MIIeHUIbl NMpU YHUBepcuTeTe wwTaTa Kansac
(CILIA). OHu 6bLIM OXapaKTEPHU30BaHbI 0 KOMILJIEKCY MOp-
dbosornyeckrx 1 Xo3s1MCTBEHHO 1JeHHbIX IPU3HAKOB B yCJIO-
Busix CeBepo-3anaanoro peruoHa Poccuu (Khakimova et al,,
2019).

lleasimu Hacmosiujez2o uccaedosaHus GbLIN:

- oneHka 36 o6pasuoB CI'Il mo ycTOWYUBOCTH K MOMYJsi-
UM BO36yAUTE 6YpOU prKaBUMHBI, PacCIpOCTPaHEHHbIM
Ha TeppuTopuu Poccuu; reHOTUIIMpOBaHMe 06PaA3LOB C UC-
noJsib3oBaHueM ¢uTonaTosorudeckoro Tecta u I[1l]P-mapke-
poB;

- Ha OCHOBe aHaJ/IU3a JINTepaTypbl 060611eHNe CBejleHUH
06 yCTOMYMBOCTH U3y4YeHHBIX 06Pa31Li0B K pyrUM BpeJOHOC-
HbIM pUTONATOreHaM U BpeAUTE M.

MaTepnaan U MEeTOoAbI

MaTepuasioM JJis UCCe0BaHUS NMOCAYKUIU 36 o6pas-
noB CIIl gpoBoro Tuma pasButTus. [lacnopTHble JaHHBIe
06pasIoB, UX POJIOCTOBHbIE U JJpyTUe XapaKTepUCTUKHU NPU-
BeJieHbl B ny6nkanusax (Khakimova et al,, 2018,2019). B mo-
JIEBBIX YCJIOBUSAX /s OlleHKH 3G PeKTUBHOCTH asesiel re-
HOB YCTOWYMBOCTH, JIOKAJM30BaHHbIX B XpOMOCOMax I'eHO-
Ma D, Takke ucnosib3oBasnu copT ‘Thatcher’, ero moytu uso-
reHHble JuHuM TcLr21 (RL5406), TcLr22a (RL5404), TcLr32
(RL6086), /MHUK - HOCUTEJNU HU3BECTHBIX reHoB: KS89W-
GRCO7 Lr21=Lr40 (x-62376); KS9O0WGRC10 Lr39=Lr41,
T1AL.1RS (x-62377); KS86WGRC02 Lr39=Lr41 (x-62373);
KS91WGRC11 Lr42 (x-65615); KS92WGRC16 Lr43, Lr24 (k-
65617).

YcroiuuBocTb 06pa3noB CI'Tl k pa3iM4HBIM NONYALUAM
Puccinia triticina Erikss. (kaJuHUHTpajCKasi, JIEHUHTpaJ-
CKasl, HOBFOpO/CKasl, CMOJIeHCKasl, BOPOHEeXCKasl, KOCTPOM-
CKas, caMapckas, NepMcKas, KpacHojAapcKas) OlLeHHBau
B JJabopaTopHbIX ycaoBusax B 2013 r. [lonyasuuu maToreHa
npe/iBapyUTeSIbHO ObUIM OXapaKTepU30BaHbl MO MPHU3HAKYy
BUPYJIEHTHOCTH o MeToguKe BU3P (Mikhailova et al., 1998).
Bce oHu 6bL1M aBUpYJIeHTHBI K JMHUAM Thatcher ¢ renamu
Lr9, Lr19, Lr24, Lr28, Lr29, Lr41, Lr45, Lr47, Lr50 v BUpyneH-
THBI K JIMHUAM c reHaMu Lr10, Lr11, Lr14a, Lr14b, Lr16, Lr17,
Lr18, Lr48, Lr49. BapbupoBaHue NONyJAs UM 10 BUPYJEHTHO-
CTHU OTMEeY€eHO Ha JUHUSAX ¢ Lrl, Lr2a, Lr2b, Lr2c, Lr3a, Lr3bg,
Lr3ka, Lr15, Lr20, Lr23, Lr26 v Lr44. KanuHuHrpajcKas nomy-
JsUMs 6bla aBUPYJIEHTHA K JIMHUSIM C reHamu Lr2a, Lr2b,
Lr2c, Lr3a, Lr3bg, Lr3ka, Lr15, Lr20, Lr23, Lr26; neHUHTrpaj-
CKasl U cMoJieHCKas — Lr2a, Lr2b, Lr2c, Lr15, Lr20; HoBropog-
ckasi - Lrl, Lr2a, Lr2c, Lr23, Lr26; BopoHexckas - Lr2a, Lr15,
Lr20, Lr23, Lr26; xocTpoMcKas ¥ nep™mckas — Lr23, Lr26, ca-
Mapckas - Lr26, Lr44 v kpacHofapckas — Lr44.

CemeHa o6pasuoB CI'Tl BeiceBaiu B COCYZbI C 3€MJIEH UIU
B KIOBETY Ha CJIOU BaThbl, 06UIBHO CMOYEHHOU BoZ0i. OTpe3-
KU JIMCThEB AJUHOH 3-4 cM ZlecATUAHEBHBIX IPOPOCTKOB aM-
GUANIIION/I0B pacK/IaJbIBa/id Ha CTeKJle, 00EPHYTOM QUJIb-
TpoBaJibHOM 6Gymarod. CTekJio TMOMeLjaJd B KIOBETY
¢ 0,004-npoLleHTHBIM PAacTBOPOM GEH3MMK/AA30J1a, KAK OIHU-
caHo B Metojuke (Mikhailova etal, 1998). Peakuuto mpo-
POCTKOB Ha WHOKYJALMIO P triticina y4uTblBaJd Ha BOCb-
Mble-JieBATble CYTKU no wkaje E.B.Mains u H.S.Jackson
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(1926): 6a11 0 - UMMYHHBIH, TPU3HAKU 32060J1€BAHUS OTCYT-
cTBYy10T; 0; - HEKpO3bl 6e3 NycTyJ; 1 — BBICOKOYCTONUMBBIH,
OuYeHb MeJIKMe MYCTYJ/bl, OKpYyKeHHble HeKpo30M; 2 — yMe-
PeHHO YCTONYMBBIM, MYCTYJIbl CPeIHETO pa3Mepa, OKpYXeH-
Hble HEKPO30M WJIU XJI0PO30M; 3 — yMePEeHHO BOCIPUUMUHU-
BbI}, MYCTY/Ibl Cpe/IHEr0 pa3Mepa, 6e3 HeKpo3a; 4 — CUJIBbHO
BOCIPUUMUMBBIH, MyCcTY/bl 60JBLIOr0 pa3Mepa, 6e3 HeKpo-
3a; X - reTeporeHHbIH TUI, MYCTYJ/IbI HA OJHOM U TOM >Ke JIHC-
Te pasHbIX THUIOB, NPHUCYTCTBYIOT XJOPO3bl U HEKPO3BbI.
06pas1ibl, 0OTPE3KH JIUCTbEB KOTOPBIX ObLIN C TUMIAMU peak-
uuu 0, 0; u 1, paccMaTpuBasu Kak ycrouusble (R); 1-2 1 2 -
yMepeHHO ycTtoi4yuBble (MR); 2-3 u X - yMepeHHO BoCIpU-
umuuBble (MS), 3 u 4 - BocnpuruMuuBble (S).

151 co3AaHUs UCKYCCTBEHHOTO MHeKIHOHHOr 0 GpoHa
B II0JIEBbIX YCJOBUAX (HAay4dHO-NMPOU3BOACTBeHHass 6asa
«[lymkuHckue u [laBnoBckue na6opatopuu BUP», r. [lyui-
kuH, 2014, 2015 r.) Kcno/Ib30BaJIU CMECh Pac, BblEJEHHBIX
13 00pasuoB JeHUHIpaAckol nonyasuuu B 2010-2012 rr.
(c6opHas nmonynsuus). MHOKyasL U0 pacTeHUH NPOBOAU-
U B a3y BbIXoJa B TPYOKY; ONPBICKMBAJIU ONBITHBIE Je-
JISHKU BOJHOW cycmeH3ueld Trpuba B KOHLEHTpalUu
5-10x103 cnop/mu ¢ fo6aBsenuem [1AB (TBun 80). CTeneHb
MopaKeHUs pacTEHUH olleHUBaJH 1o 1KaJe Ko66a (Peter-
son etal., 1948). B TeyeHHe BereTanMOHHOTO Ce30HA 6bIJIO
NpOBeJleHO HeCKOJIbKO Y4YeTOB: NPU MOSBJEHUU NepBbIX
CUMITOMOB 3a60JieBaHUs (Ppasbl «BbIXOJ, B TPYOKY», «KO-
JIolIeHre» UJIU «HadaJlo [BeTEHUS»), lajlee yepes Kax/jble

7 nHeW. JlaHHbIe TMOCJeJHEro yd4eTa, KOorja HabGJoAanu
MaKCHMaJIbHOE NpOosiBJIeHHe 60JIe3HU, pacCMaTpUBaJIM Kak
OCHOBHOHM TIIOKasaTeJib CTeleHM MOopakeHUsl pacTeHUi
(Methods of breeding..., 1988). /lns onpefeneHus Lr-reHoB
NMpUMeHSIM GUTONATONOTUYeCKUH TecT (A Lr23) u [ILP-
Mapkepsbl (a5 Lr21=Lr40, Lr22a, Lr39=Lr41) (ta6.. 1). Ana
$UTONaTOJ0TMYECKOr0 TeCTa MCNO0JIb30BaIU iBa TECT-KJIO-
Ha NaToreHa, pasJjiMyarluecss MexJy cob6oi Mo BUpPYJeH-
THOCTHU K JUHUU TcLrZ23. BocnpuuM4uBas peakLusi K TeCT-
KJIOHY, BUpyJIeHTHOMY K TcLr23 (6anubl 3 1 3-4), 1 ycTOH4H-
Basi K TeCT-KJIOHY, aBupy/JeHTHOMY K TcLr23 (6amabl 0-1;
u 1-2;), yka3biBajia Ha Ha/iM4ue resa Lr23y o6pasuos CI'1L.

Brigesnenue JHK u3 nuctreB 10-12-aHeBHBIX IPOPOCT-
KoB npoBoauau no Mmertoauke /. b. lopoxoBa u I. Kioke
(Dorokhov, Klocke, 1997), amnaiudukanuto IHK - mo npea-
CTaBJIEHHBIM B INTepaType NpoTOKOJIaM, KOTOpble IPHU He-
06X0AUMOCTH MOAUGHUIIMPOBAJIH (CM. Tab1. 1). DparMeHThI
JAHK nocsie amnindukanuu paszensiiy 3jeKkTpodpope3om
B 1,5-npoueHTHOM arapo3HoM resie B 1XTBE-6ydepe, resu
OKpalluBaJud GPOMUCTBIM 3TUJAUEM U oTorpadupoBaIu
B y/IbTPadHO0JIETOBOM CBETE.

Pe3ynbTaThbl
Pe3ysbTaThl OLleHKU peaKLiuyd OTPe3KOB JUCTbEB MPO-

pocTkoB 36 06pa3uoB CI'Il kK pa3/IMYHBIM NONYSLUSIM BO3-
oyauTessi 6ypod piKaBUMHBI NpHUBeZeHbl B Tabuule 2.

Ta6smuna 1. [IIP-Mmapkepsbl, UCNOJIb30BaHHbIE A1 UAeHTUGUKaLuM Lr-reHoB
Table 1. PCR markers used to identify the Lr genes

H Pasmep
- yKJIeOTHJHasA -
Ten Ilpatimepsbl ey aMIJIMKOHA, JIuTepaTypHbIA MCTOYHUK
nocjesoBaTeJIbHOCTB (5-3°) o

Lr21=Lr40 Lr21F GGCGGATAAGCAGAGCAGAG 669 http://maswheat.ucdavis.edu/

B Lr21R TCTGGTATCTCACGAAGCCTT protocols/Lr21/index.htm

Lr22a WMS296- AAT TCA ACC TAC CAA TCT CTG 131 m 121 https://maswheat.ucdavis.edu/
FWMS296-R | GCC TAA TAA ACT GAA AAC GAG protocols/Lr22a

Lr39=Lrd1 GDM35-L CCTGCTCTGCCCTAGATACG 189 http//maswheat.ucdavis.edu/

- GDM35-R ATGTGAATGTGATGCATGCA protocols/ Lr39/indeh.htm

Ta6una 2. YcToi4uBOCTb MPOPOCTKOB 06pa3uoB CI'll kK mony/isiusaM Bo36yAuTe s 6ypoii p>kaBYHMHbBI,
coGpaHHBIM Ha TeppuTOpuM Poccuu

Table 2. Resistance of SHW seedlings to the leaf rust pathogen populations collected in Russia

Homep no Ionynsnyuu Bo36yAuTe 1A 6ypoil p>kaBUMHbI*

KaTaJjiory
BUP ni/p1 | N2/P2 | N3/P3 | N4/P4 | N5/P5 | M6/P6 | N7/P7 | N8 /P8 | M9 /P9
65483 O(R*) S S S S 1(R) S 0(R) S
65484 S S S S S 0(R) S X(MS) S
65485 S S S S S S S S S
65486 S S S S S S S S S
65487 S S S S S S S S S
65488 ko - - 0(R) S 1(R) 0(R) 1(R) -
65489 - - - - - 0;(R) | 2-3(MS) | 0-1(R) -
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Ta6auna 2. OKOHYaHUe
Table 2. The end

Homep o Ionynauyuu Bo36yAuTe 1A 6ypoil p>kaBUMHbI*
KaTaJIoTy

BUP m/p1 | n2/p2 | N3/P3 | N4/P4 | NI5/P5 | N6 /P6 | N7 /P7 | N8 /P8 19 /P9
65490 0(R) - - 0(R) 0(R) 0(R) 0(R) 0-1(R) -
65491 S S S S S S S S S
65492 S S S S S S S S S
65493 1(R) 1(R) S S S 2*(MR) S 0(R) X(MS)
65494 - - - - 1(R) 0(R) S 0(R) -
65495 0(R) 0(R) 0(R) 0(R) 0(R) 0;(R) 0(R) 0(R) 0(R)
65496 S S S S S X (MS) S S S
65497 S S S S S S S S S
65498 1(R) S S 1(R) 1-2 (MR) 1(R) S S S
65499 S S S S S S S S S
65500 0(R) S 0(R) S 1-2 (MR) | 1-2 (MR) 1(R) 1(R) S
65501 - - - - - S - 0(R) -
65502 1-2 (MR) S 0-1 (R) 0(R) S 0-1(R) 0(R) S S
65503 S S 0(R) S S S S S S
65504 0(R) 1(R) S S S S S 0(R) S
65505 S S S S S S S S S
65506 0(R) S 1-2 (MR) S 0(R) 2*(MR) S S S
65507 1-2 (MR) X (MS) S S S X (MS) S S S
65508 - - - - - 1-2 (MR) - 0(R) -
65509 0(R) 0(R) 0(R) 0(R) 0-1(R) 0(R) 0(R) 0(R) 2(MR)
65510 S S S S S S S S S
65511 S S S S S S S S S
65512 S S S S S S S S S
65513 1(R) 2(MR) S 1(R) 2(MR) 0;1(R) | 1-2(MR) | 1-2(MR) | 0(R),S
65514 S S S S S S S S S
65515 S S S S S S S S S
65516 S S S S S S S S S
65517 S 1-2(MR) | 1-2 (MR) S X (MS) 1(R) 1(R) 1(R) S
65518 S S S S S 1(R) S S S

06o3navyenus: * - [11 - kanuHuHrpagckas, I12 - nennnrpazckas, [13 - HoBropogckas, I14 - cMosienckas, I15 - BopoHexckas,

I16 - xocTtpomckas, I17 - camapckas, I18 - nepmckas, 19 - kpacHopapckas;

** — peaknuu: R -ycroitunBocty, 6aisl 0, 0; 1; MR - ymepeHHOH yCTOHYNUBOCTH, 6asibl 1, 2; X - yMepeHHOH BOCIPUUMYHUBOCTHY;
S - BOCIIPUMMUHUBOCTH, 6aibl 3, 4;

*** — He M3yvaIn

Designations: * populations: P1 - Kaliningrad, P2 - Leningrad, P3 - Novgorod, P4 - Smolensk, P5 - Voronezh, P6 - Kostroma,

P7 - Samara, P8 - Perm, P9 - Krasnodar;

** — responses: R - resistance, points 0, 0; 1; MR - moderate resistance, points 1, 2; X - moderate susceptibility; S - susceptibility, points 3, 4;
*#* _ not tested
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Jlns 30 06pasuoB onpejesieHa peakiysi OTPE3KOB JIUCTbEB
KO BCEM HCIOJIb30BAaHHBIM MONYJAALMUAM, y LIeCTH 06pas-
LIOB — K JIByM-NIATH. BbIsIBJIeHBI TUNIBI peaKLUH, COOTBETCT-
Bytoure 6anaam 0, 0; 1, 2, 3-4 u X.

[Monynsanuu Bo36yAuTe sl 6ypoi pkaBUYMHBI U3 pasindy-
HBIX Teorpaduyeckux permoHos Poccuu mo-pasHomy nopa-
’KaJM “3y4yaeMblit Ha6op o6pasuos CIII. [Ipy nHOKynALUU
OTPE3KOB JINCTbeB NPOPOCTKOB MOMY/IALUAMHU IaTOTe€Ha, CO-
6panHbIMU B KocTpoMckoit u [lepMckoit 06J1acTAX, yCTONUU-
BbIMHU Obl1M 10 13 06pa3uoB, Kanununrpazackoit - 10, nony-
JIALUAMU aToreHa APYyTrux o6jacTel - oT 4yeThIpex 0 ceMu
06pa3noB, a KpacHojapckoro kpas - JIMIIb OAWH o6pasel
(cM. Tabs. 2). BoiaBieHHas juddepeHnuanus o6pasloB
CBU/IeTeJIbCTBYeT KaK O FreHeTUUeCKUX Pa3/IMuUAX CaMUX I10-
Ny/AsLUHA NaToreHa [0 BUPYJEHTHOCTH, TaK U FeHeTUYeCKOM
pa3Hoo6pa3uu U3yyeHHbIx o6pasuos CITL

YcTOMYUMBBIN THUI peaKLIMK KO BCEM HCI0Jb30BaHHBIM
nonyasauusm P triticina nposiBuan o6pasnbl K-65490,
K-65495 1 k-65509, a BocnpuuM4uBbId - 15 o6pasios CI'l
(41,7% oT ob1ero yucaa U3y4eHHbIX 06pa31oB). Bapbupo-
BaHMe [0 TUNY peaKL U B 3aBUCUMOCTH OT HCII0JIb30BaH-
HOW monyasuuu Habuawgaau y 19 o6pasuoB (52,8%).
06pasnbl K-65489, k-65500 u k-65517 oka3aauCh YCTOWYU-
BbIMU K NONYJALUAM NAaTOreHa, aBUPYJIEHTHBIM K JIUHUU
TcLr23, u BOCHpUMMYUBBIMU K BUPYJIEHTHBIM IIONYJIALU-
aM. CorsiacHO GUTONATOJIOTMYECKOMY TECTY, y 3TUX 06pas-
LJOB MOXKHO NpPeANoJI0KNUTb HaJlu4ue reda Lr23 (xpoMmoco-
Ma 2BS).

Pe3ysnbTaThl ByXJleTHeH M0J1IeBOM OLleHKH YCTONYMBO-
CTH B3poOcCJbIX pacTeHuM 35 o6pasuoB CIIl (He usyuaau
K-65515) Ha UCKyCcCTBEHHOM UHPEeKIIMOHHOM poHe NpUBe-
JleHbl B Tabsule 3. [ HeKOTOpbIX 06pa3loB NMOKa3aHbl

Ta6una 3. UHTEHCMBHOCTB NopakeHHs (%)B3poC/IbIX pacTeHuil 06pa3nos CI'Tl c60pHOI1 TeHNHTpaACKOT
nony/isinuen Bo36yauTe i Gypoil pakaBYUHbI (UCKYyCCTBEHHbIA UHPeKIIMOHHbIN ¢oH, I. [lymkun, 2014, 2015 rr.)

Table 3. Damage of adult SHW plants (%) caused by the combined Leningrad population
of the leaf rust pathogen (artificial infection, Pushkin, 2014, 2015)

Ne mo T'ogbl u3yyeHus Ne no l'oabl n3yyeHus
KaTaJIoTy KaTaJIoTy
BHUP 2014 2015 BUP 2014 2015
65483 15-20 0 65501 20 80-100
65484 5-15 0 65502 30 60-0
65485 60-80 5-10 / 50* 65503 60 50-70
65486 60-80 0 65504 60 0
65487 0 0 65505 10-20 1
65488 0 0/5 65506 10 50
65489 1 5 65507 k¥ 0
65490 0 (xs10p03) 50 65508 5 -
65491 50-60 5-10 65509 20 -
65492 30 5 65510 50 1/5
65493 20 0/70%* 65511 60 1
65494 60-80 0 65512 20 1
65495 5 1-5 65513 10 0
65496 1 1 65514 - 0
65497 0 100 65516 0 -
65498 0 10-15 65517 0 1
65499 80-90 1 65518 50 50-60
65500 30 100 Thatcher 80-100 100
0OGo3HayeHHsI: * - pa3/IMYus 110 CTENEeHU OPAXKEHUs PACTEeHUH Y reTepOreHHbIX 06pasLoB; ** — HeT JaHHBIX
Designations: * - differences in the degree of plant damage in heterogeneous accessions; ** - no data
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OZlHOJIETHUE JaHHble M3-3a paHHEro CTapeHUs JHUCTbeB
Y HEBO3MOXXHOCTHU y4yeTa UX nopaxkeHus. [Ipy MakcuMasib-
HOM nopaxkeHuu copta ‘Thatcher’ (KOHTPOJIb) YCTOWUUBBI-
MU ObIJIN:

- K-65487 - Ha JTUCTBSIX pacTEHUH 3TOTO 06pasIa He Ha-
6J1r0/]a/1M BUJJMMBIX IPU3HAKOB NOPaXKeHUS;

- K-65517 - Ha JIUCTbSAX OTMeYaIU eJUHUYHbIE YCTYIIbI,
pa3BUTHe 60JIE3HU K KOHIy BereTaluu He npesbliiano 1%;

- K-65484, k-65488, k-65489, k-65495, Kk-65496,
K-65498, k-65513. CTeneHb NOpaKeHUsl JTUCTHEB HE MPEBbI-
waJsa 15%.

CiegyeT OTMETHUTH, YTO y o6pasna k-65495 ycroiuu-
BOCTb B $a3e NPOPOCTKOB covyeTasach CyCTONYMBOCTbIO
B ¢pasze B3pocibix pacTeHU. MHorue o6pasubl CIIT (k-
65486, k-65492, k-65494, k-65497, k-65504, k-65510 u gpy-
rve) pasyiM4ajuch N0 CTeNeHU NopakeHUs B roJbl U3yye-
HUSl U ObIIM KJACCUQUIUPOBAHBI KaK YCTOWYUBbBIE, UJIU
yMepeHHO yCTOWYMBbIE, UM YMEpPEeHHO BOCIPUHMMYMBbIE
(cM. Ta6. 3). [Ipu 3TOM NpOsIBJIEeHUE CUMIITOMOB 60JIE3HU
y HUX HabJII0/la/ I Ha NO3JJHUX CTaJUsIX BereTal Uy pacTe-
HHUH, YTO HE OTPAXKAJOCh HA Macce 3epHa U YPOKAUHOCTH
(AaHHBIe He MpuUBeJeHbl). B oTAenbHble TOABI pacTeHUS
06pasioB K-65485 1 k-65493 mopakaJuch B pa3HOU cTe-
HeHHU.

Jlns onpezesieHus, HACKOJbKO 3¢ EeKTUBHO reHbI, JIOKa-
JIN30BaHHble B XpOMOCOMax reHoMa D, 3alIMIal0T pacTeHus,
B ycaoBusix noud (. [lymkus, 2014-2017 rr.) AONOJHUTEb-
HO Ha UCKYCCTBEHHOM UHQEeKIMOHHOM $OHe H3yyasu JIU-
HUU c reHaMU Lr21=Lr40, Lr22a, Lr23, Lr32, Lr39=Lr41, Lr42,
Lr43. Bapoc/ible pacTeHUsl BCeX JUHUN XapaKTepU30BalUCh

KaK YCTOWYHBBIE UM YMEPEHHO BOCIPUUMYUBEIE (Ta0I. 4).
JddekTUBHBIE ayjiesi HA3BAaHHBIX I'€HOB MPEJCTABJSIOT
WHTepec JiJis BBeJleHUs] B HOBble POCCHUHCKHE COpTa, Io-
CKOJIbKY MaJIO MCIIO0JIb30BaHbl B OTeYeCTBEHHOH ceJsleKIuu
(Martynov et al., 2015).

C uesiblo TEHOTUNHPOBaHUs Bce o6pasnbl CIIl 6blau
NPOTECTHPOBAHBI C UCIIOJIb30BAaHHUEM MOJIEKYIPHBIX Map-
KepoB Ha HaJ/Ju4yue ajesei reHoB Lr21 (xpomocoma 1D)
U Lr39=Lr41 (2DS), KOHTPOJUPYIOIUX YCTOHUUBOCTD IIle-
HUIbl K Oypol pikaBYMHe B das3e NMPOPOCTKOB, a TaKXKe
Lr22a (2DS), onpejensiouiero peakuwo B3pocjaoro pacte-
Hus. [IP-mapkep reHa Lr21=Lr40 O6bl1 o0GHapyXeH
y 11 06pasuos, reHa Lr39=Lr41 - y 19, reHa Lr22a - y Tpex
06pasIioB, B TO BpeMs KaK y eBATH 06pa31ioB ¢parMeHThl
aMIIMQUIMKALUU 0XHUAAeMOro pasMepa He BbISIBJEHbI
(pucyHok, a, 6).

[To Ha/M4MI0/OTCYTCTBUIO PparMeHTOB aMIIMUKALUU
TOrO0 WJM HHOTO pas3Mepa o6pasibl ObIM 06beUHEHbI
B IATh rpynn (Ta6u. 5). [lepByto rpynmny cocTaBUIU BOCEMb
06pasnoB c MapkepoM reHa Lr21=Lr40. Ko BTOpoi rpymie
oTHecau 13 o6pa3noB ¢ MapkepoM reHa Lr39=Lr41. B tpe-
ThIO Y YeTBEPTYIO IPYNIbl BOLIU 110 TPU ob6pasra c KOMOU-
HauUsIMU MapKepoB reHoB Lr21=Lr40 w Lr39=Lr41, Lr22a
U Lr39=Lr41 cooTBeTcTBeHHO. [IsaTyl0 rpynmny o6pasoBaiu
JleBAITb 06pa3IioB, Y KOTOPBIX He ObLIM 06HapYy>KeHbI IPOAYK-
Tbl aMIIMPUKALMH 0XKUAAeMOro pa3Mepa.

Takum 06pa3oM, moOKa3aHo pa3sHoobpasue o6pasuos CI'TI
[0 aJlJIeJIsIM TeHOB, JIOKaJU30BaHHBIX B XpPOMOCOMax reHo-
MaD U KOHTPOJUPYIOLIUX YCTOMYUBOCTb K OypoH prKkaB-
YHHe.

Ta6una 4. CreneHb NopakeHMs1 Ha UICKYCCTBEHHOM MH(}PEeKIMOHHOM (pOHEe B3POC/IbIX pacCTeHU JIMHUM,
coAeprKalux pasinyHblie Lr-rensl (. [lymkul, 2014-2017 rr.)

Table 4. The degree of damage under artificial infection pressure observed on adult plants of wheat lines
containing various Lr genes (Pushkin, 2014-2017)

Homep no JIunwus, Lr-reH, Topx n3yvyeHus
KaTaJIory TpaHCJIOKaLus, Xp?ﬂgi‘:’ma’
BUP (aomep Tecrepa) 2014 2015 2016 2017

*TcLr21 (RL5406) 1DL 10-20S 58

62376 KS89WGRC07 Lr21=Lr40 “ 1-5S OR 5-10S 1-5S
TcLr22a (RL5404) 2DS 55 OR
TcLr32 (RL6086) 3DS 5-10S OR

62377 | 3o rai + T1AL RS 2 R R R R

62373 KS86WGRCO02 Lr39=Lr41 “ 1-5S OR 5S 308

65615 KS91WGRC11 Lr42 1D OR OR OR OR

65617 KS92WGRC16 Lr43+Lr24 7DS OR OR OR OR
TcLr23 (RL6012) 2BS 1IMR OR OR OR

0603Havyenust: * Tc - muHuu cepuu Thatcher

Designations: * Tc - Thatcher series lines
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PucyHok. djieKTpodoperpaMmmsbl, NOKa3blBalLiye NPUCYyTCTBUE MapKepa reHa Lr21 (a)
1 Mapkepa reHa Lr39 (6) y o6pasuos CI'Il:
a) M - mapkepbl MoJieKysipHOU Macchl, 1 - k-65492, 2 - k-65493, 3 - k-65495, 4 - k-65496,
5 -k-65497, 6 - k-65498, 7 - k-65499, Lr21 - nunusa TcLr21;
6) M - mapkepbl MoJsieKyIsipHOM Macchl, 1 - k-65499, 2 - k-65500, 3 - k-65501, 4 - k-65502, 5 - k-65503, 6 - k-65504,
7 - k-65515,8 - k-65516,9 - 65517, 10 - k-65518, 11 - k-65493, 12 - k-65494, Lr39 - nuaus KSOOWGRC10

Figure. Electrophoretic patterns showing the presence of the Lr21 gene marker (a)
and the Lr39 gene marker (6) in SHW accessions:
a) M - molecular weight markers, 1 - k-65492, 2 - k-65493, 3 - k-65495, 4 - k-65496,
5 -k-65497, 6 - k-65498, 7 - k-65499, Lr21 - line TcLr21;
6) M - molecular weight markers, 1 - k-65499, 2 - k-65500, 3 - k-65501, 4 - k-65502, 5 - k-65503, 6 - k-65504, 7 - k-65515,
8 -k-65516,9 - 65517,10 - k-65518, 11 - k-65493, 12 - k-65494, Lr39 - line KSO9OWGRC10

Ta6auna 5. Pacnpeaenenue o6pasuos CI'll mo rpynnaM B 3aBUCUMOCTH OT BbISIBJIEHHBIX MAapKepPOB I'eHOB Lr
Table 5. Grouping of SHW accessions according to the identified markers of Lr genes

Pa3mepbl aMIINPUIUPOBAHHBIX Homep o6pa3una CI'TI
T'eHbI
dparmeHTOB, 1.0. no karasaory BUP
669 Lr21=Lrd0 65488, 65490, 65493, 65506, 65507, 65511, 65512,
65513
65483, 65484, 65485, 65486,65487, 65492, 65494,
189 Lrs9=Lril 65498, 65499, 65500, 65501, 65502, 65505
669 1 189 Lr21=Lr40, Lr39=Lr41 65496, 65515, 65517
121,131 1189 Lr22a, Lr39=Lr41 65497, 65503, 65508
He BbIsIBJIEHBI TPOLYKThI 65489, 65491, 65495, 65504, 65509, 65510, 65514,
aMIIMQUKALMU 0XKHU/IAeMOTO pa3Mepa 65516, 65518
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06cyxaeHne

B HacTos11lee BpeMs1 y MATKOH IIIeHUIbl U3BeCTHO14 re-
HOB YCTOMUYMBOCTH K OYpOH pkaBUMHE, CBS3aHHBIX C XPOMO-
comamu renoma D (McIntosh et al.,, 2013). Oagnu U3 Hux (Lrl
B xpoMocoMme 5DL; Lr2, Lr15, Lr39=Lr41 - 2DS; Lr21=Lr40,
Lr42, Lr60 - 1DS; Lr32 - 3DS; Lr69 - 3DL; Lr70 - 5DS; Lr43 -
7DS) obecneunBarT pacocnenuPUYECKy0 YCTOUYUBOCTD,
KOTOpasi J0BOJILHO GBICTPO IPe0/j0/1eBaeTCsl C NOsIBJIeHUEM
HOBBIX BUPYJIEHTHBIX pac rpuba. /lpyrue ressl, Kak Lr22a
B XxpoMocome 2DS; Lr34/Yr18/Pm38/Bdvl u Lr78 - B XxpoMo-
come 7DS; Lr67/Yr46/Sr55/Pm46 - B xpomocome 4DL, o6y-
CJIOBJIMBAIOT YCTOWYMBOCTb, KOTOPasi NPOAB/IAETCS 06bIYHO
Ha cTaauu B3pocsoro pactenus (Gill B.S. etal, 2008; Lagu-
dah, 2011; Herrera-Foessel etal, 2014; Kalia etal, 2017).
[Ipu BBeJleHUU JOMUHAHTHBIX TeHoB Lr34 u Lr67 B Bocnpu-
MM4YMBble COpTa MIIEeHUIbl CHUXKAETCs CTeleHb OPaXKeHUs
pacTeHUU He TOJIbKO OYPOU prKaBUMHOM, HO U KeJITOH, cTe6-
JIeBOH pKaBYMHAMH, MYYHUCTOU pOCOU, MPOUCKXOAUT OTMHU-
paHue TKaHel (HeKp03) KOHYMKOB U KpaeB ¢JiaroBbIX JIKC-
TbeB (Ledesma-Ramirez et al.,, 2018). Y pactenuii c Lr34 no-
BbILIAETCS TaKXKe CTeNeHb YCTOMUYUBOCTU K BUPYCY KeJTOH
KapJINKOBOCTU STUMeHs.

Jls1 MATKOM MIIeHUIbl OHOPaMH Ha3BaHHBIX BbIlIIE Te-
HOB 6bLIM KaK cCaMU NpapojuTeabckue GopMbl C TeHOMOM D,
Tak U 06pa3supbl Ae. tauschii, T KOTOpbIX 3¢ PeKTHUBHBIE asljie-
au Lr21=Lr40, Lr22a, Lr32, Lr39=Lr41, Lr42 6b111 nepeiaHbl
MSATKOH MIIEHUIEe MyTeM NpsiMoro ckpewuBanus (Cox etal,
1994; Qiu et al., 2007; Aktar-Uz-Zaman et al,, 2017). [lokaza-
HO, YTO o6pasubl Ae. tauschii, npejcTaBJeHHble B ex Situ-
KOJIJIEKIIMSIX pa3/IMYHBIX CTPAH MUPA, 06/1aJal0T ONpe/ie/leH-
HBbIM 3allacOM HOBBIX F'€HOB KaK pacocrnenuduyeckod, Tak
Y Hepacocnenuduieckoi ycroduuBocTu. Pacocnenuduyec-
Ky YCTOHYUBOCTb NPOSIBJIAIOT NPEeUMylleCTBEHHO 06pas-
bl U3 Upana u AsepbaiipkaHa, B TO BpeMsl Kak J0JIroBpe-
MeHHasi YCTOMYMBOCTb BCTpeYaeTcsl y 06pasloB MO BCEMY
apeaJy Buja (Kolesova, Tyryshkin 2012; Innes, Kerber, 1994;
Gill B.S. et al,, 2008; Kalia et al., 2017).

KoaBoustonus P, triticina v ero pacTeHUI-X0351€B — BUJIOB
MILEeHUIIbl U 3TUJIONC — B IIpoliecce AOMeCTUKALUY MIIeHUI],
HeCOMHEeHHO, Npejolpeje/nia reHeTUYeCKy JUBepreH-
nuto rpuba. Illomynsauuu Bo36yauTessl, pa3BUBalOIHecs Ha
Ae. tauschii v pa3HbIX BUJaX MUIEHUIb], pasinyaroTcs. [lpu
3TOM [0 NPHU3HAKy BUPYJEHTHOCTH Y MUKPOCATEJJIUTHBIM
JIOKycaM H30JIAIThI C Ae. tauschii oGHapyKUBaIM CXO/CTBO
C M30JIATaM{ MSTKOM MUIEHUIbl U APYTUX reKcamJoUAHBIX
MILEeHUI] U CYLleCTBEHHO OTJIMYa/JINCh OT U30JISTOB C TeTpa-
IJIOUJHBIX U JUIJIOUAHBIX BUZO0B MuieHunb! (Gultyaeva et al.,
2016).

[eHbl IOBEHWJIBHOM yCTOMYMBOCTH, 3ddeKTHUBHbIE HaA
NPOTS>KeHUU BCero nepuofia BereTalluu pacTeHUH, No-BUU-
MOMY, IPUCYTCTBYIOT Y K-65495; ero popocioBHas - [DOY 1 /
Ae. tauschii (WX511)]. Y aToro o6pasia He 06Hapy>KeHbl TPO-
JAYKTbl aMIVIMQUKALMY, yKa3blBalollje Ha IPUCYTCTBUE re-
HOB Lr21=Lr40, Lr22a v Lr39=Lr41, a uTOnaTos0oraiyecKum
TECTOM He BbIsIBJIeH reH Lr23. OueBUAHO, JaHHBINA o6paser
coZiepKuT Jipyroi(ue) red(bl) yCTOMYUBOCTH K 3TOMY QUTO-
NaTOTeHy.

[Ipy HHOKYJISIMU MOPOPOCTKOB 006pasnoB K-65490
[DVERD 2 / Ae. tauschii (WX221)], k-65509 [SNIPE / YAV79 //
DACK / TEAL /3 / Ae. tauschii (WX877, TA2450)] u k-65513
[CETA / Ae. tauschii (WX174)] nonyasuusmu P triticina w3
pa3/IM4HBIX pernoHoB Poccuu peakuuu pacTeHUH BapbUpO-
BaJIU OT yMEPEHHO YCTOMUYMBBIX [0 UMMYHHBIX. Y 06pa31oB
K-65490 u k-65513 ObLIM BBISABJEHBI NPOAYKTbl aAMILIU-
duKanuy, CBUAETEJNbCTBYIOIME O HaJIMYMM Y HUX reHa

Lr21=Lr40. CorsiacHO poA0CJIOBHOM, JoHOpOM reHoMa D jiyis
K-65509 66121 06paser Ae. tauschii TA2450. PaHee oT 3TOTO
06pasiia B MATKYI0 NUIEHULY ObLJI lepe/laH reH YCTOWYUBO-
cTU Lr42, kapTUpPOBAaHHbBIN B UCTAJbHOM palOHE XpPOMO-
coMbl 1DS. I'eH Lr42 akTUBHO HCHOJIb3YeTCs B CeJeKIUHU
B CLIA, npUCyTCTBYET B POJIOCJIOBHBIX BBICOKOYPOXKAWHBIX
U YCTOWUYUBBIX K PUOHBIM HHOeKuusM coptoB CIMMYT
(Gill H.S. et al., 2019). Bo3Mo0>kHO, BbIsIBJIEHHAsI HAMH YCTOU-
YUBOCTb K-65509 K passuuHbIM nonyasuusm P. triticina
o6ycJ/ioBJIeHa 'eHOM Lr42 v/vuau JpyruM Heu3BeCTHBIM Te-
HOM (reHaMu).

O6pasnbl  k-65488 [ALTAR 84 / Ae. tauschii (WX220,
TA2470),k-65489[D67.2 / P66.270 // Ae. tauschii (WX220)]
nkK-65517 [CETA / Ae. tauschii (WX1027)], nposiBUBLIHE
YCTOUYUBOCTb K OTJEJIbHBIM MOMYJASLUSAM BO3OyAUTES
Oypoll pKaBYMHBI HA CTAaJUd HPOPOCTKOB U BBICOKYIO
YCTOHYHUBOCTb B3POCJBIX pacTeHUH B 06a rofia U3yuyeHus,
VMMeJId pa3Hble reHbl pacocnenudpruiecKoi yCTOHYUBOCTHU.
Tak, y k-65488 o6HapyxeH reH Lr21=Lr40, k-65489 - Lr23,
K-65517 - Lr21=Lr40, Lr23 v Lr39=Lr41. llpu wu3y4yeHUU
yCTOMYUBOCTU B3pocbix pacTeHud R.B.Ram etal. (2005)
ckpectuan CII14552-18 (=Syn.18; = k-65489) c MecTHBIM
BOCIPUUMUYMBBLIM COPTOM ‘Agra’ ¥ okasasiu, 4To BO3pacTHas
YCTOMYMBOCTh 3TOr0 o6pasua B F, KOHTPOIMPYeTCs JByMs
JYIJIMKaTHbIMU JIOMMUHAHTHBIMU reHamu. He HckitoueHo,
YTO y BCEX TPEX 06Pa3L0B UMEIOTCS TAKXKe FeHbl BO3PAaCTHOMU
ycToituuBoctu. CieayeT OTMETUTh, YTO K-65488 u k-65489
O6bIIM CO3JjaHbl C y4acTHeM OJHOTO0 U TOro ke ob6pasna
Ae. tauschii - WX220. AHa/JIOTUYHO OJIHY U Ty K€ OTLIOBCKYIO
dopMy umesnn obpasubl kK-65517 u k-65516 [DVERD 2/
Ae. tauschii (WX1027)], npu 3ToM K-65516 6b1J1 yCTOMYUBBIM
Ha CTa/iu¥ B3POCJIOT0 pacTeHUSI.

BbICOKY10 BO3paCTHY0 YCTOMYUBOCTD K 6ypOU prkaBYHMHE
Y BOCIIPUHUMYHUBOCTb Ha CTaZMy IPOPOCTKOB NMPOsIBUJI 06pa-
3el; Kk-65487 [ALTAR 84 /Ae. tauschii (WX219, TA2465)].
Y Hero HaMM BbISIBJeH T'eH IOBEHWJIbHOM yCTOWYMBOCTHU
Lr39=Lr41. V3BecTHO, 4TO y TBepAoH miieHuubl Altar 84’
uMeeTcs Takxke 3¢dekTUBHbIN reH Lr23 (2BS), koTopbii
obecneyrBaeT yCTOMYMBOCTb B KOMOMHALMU C IPYTUMU Te-
Hamu (Chhetri et al., 2017). Ognako y CI'Il oH MOXKeT He mpo-
SIBJSITBCS M3-32 HaJuuus cymnpeccopa SulLrZ23 (xpoMocoma
2DS), cnenudUYHOTO AJis 3ITOTO reHa U, IPeATI0I0KUTENBHO,
apiswoulerocs ero oprosoroM (Kolmer, 1996; Nelson etal,
1997; Aktar-Uz-Zaman etal., 2017). ®uTONaTOJOTUYECKUM
TECTOM Mbl He o6Hapyxuau Lr23 yk-65484 [ALTAR 84/
Ae. tauschii (WX192)] u k-65488, uMewI1UX B POJLOCTOBHbBIX
‘Altar 84’. [lo-BuuMoMy, ydacTBytouue npu co3ganuu CIIl
06pasipl Ae. tauschii copepkaiy reH-Cynpeccop B XpOMOCO-
Me 2D. KaToi ke rpynne HaMu OTHeceH o6pasel K-65496
[68.111 / RGB-U // WARD /3 / Ae. tauschii (WX629)], y ko-
TOPOTO BbISIBJIEHbI MapKepbl reHoB Lr21=Lr40 v Lr39=Lr41,
ano fanHbiM V. Mohler et al. (2020), B xpomocome 5DL ume-
eTCsl HOBBbIM JJOMUHAHTHBIN reH LrSynl37, Haxoasauuics Ha
paccrosinuu 5,6 cM ot mapkepa RGA567-5 rena Lrl.

W CTOYHUKOM HOBBIX '€HOB BO3PAaCTHOW YCTOMYMBOCTHU
K Oypod piKaBuUMHE C GOJIbIIOKW BEpPOSTHOCTBIO SIBJSETCS
obpasen, k-65508 [SNIPE /YAV79 //DACK /TEAL/3/
Ae. tauschii (WX700)]: oH 6bL1 BbICOKOYCTOWYHBBIM B I0JIe
U COAEPKUT TeH HBEHWJIbHOU YCTOWYUBOCTH Lr39=Lr4l.
CielyeT OTMETUTD, YTO 06pasibl K-65498 [CROC 1 / Ae. tau-
schii (WX879, TA2452], k-65499 [68.111 /RGB-U//
WARD /3 /FGO /4 /RABI /5 / Ae. tauschii (WX882, TA2455)]
u K-65503 [LCK59.61 / Ae. tauschii (WX313, TA2460)] Taxxe
cofiepasiv red Lr39=Lr41, Ho NPOSIBUJIU CPESHIOI0 YCTONYH-
BOCTb K 6ypoii p>kaBYMHE Ha CTaJUU NPOPOCTKOB U B3POCJIO-
ro pacrenus. [lpu uccienoBanuu B KaH3acckoM yHUBepcHU-
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TeTe (CILIA) 06pasnoB Ae. tauschii TA2452, TA2455, TA2460 -
noHopoB reHoMa D 151 usydeHHbix CI'l 661710 mOKa3aHo, YTO
Ha CTaZiuy B3pOC/IOT0 pacTeHUsI OHU YCTONYMBBI K NIpeobJia-
JarolleMy YUCIy pac Bo36yauTesis 6ypol pxkaBuuHbl (Kalia,
2015). U3 Hux TA2452 u TA2455 oTHeceHbI K subsp. strangu-
lata n npoucxoat U3 Mpana, a TA2460 - k subsp. tauschii u3
AdranncraHa. CTeneHb NoOpakeHUs ellle OJHOro 06pasla,
Ae. tauschii (TA2427) w3 AdraHuctaHa, NpUHAJJIEKALIETO
subsp. tauschii u craBuero goHopoM ajs k-65510 [ARLIN /
Ae. tauschii (W283, TA2427)], BappupoBaJia, ero XapakTepu-
30Ba/IM U KaK YMEpPEHHO YCTOMYUBBIM, U KaK YMepPEeHHO BOC-
NPUUMYUBBIN. B HallleM uccie0BaHUM y HETO He 0GHapyKe-
Hbl 3pdeKTuBHbIEe ayienu reHoB Lr21=Lr40, Lr39=Lr41
u Lr23, HO yCTONYUBOCTb MPOPOCTKOB U B3POCJOTO pacTe-
HU OblyIa BhIILE CPeJHEM.

TakuM 06pa3oM, NMoJiydeHHble pe3yJbTaThbl CBU/AETe/Ib-
CTBYIOT O reHeTHYeCKOM pa3Hoo6pasuu o6pasuos CIIl mo
YCTOWYUBOCTH K 6ypOM p>KaBUKMHe U HAJUYMIO Y HUX KaK U3-
BECTHBIX, TaK 1, BO3MOXKHO, HOBbIX T€HOB YCTOMUHUBOCTH, I10-
TeHIMaJbHO MOJIE3HbIX AJI HUCIO0Jb30BaHUS B CeJIeKLUU
MSATKOM MIIeHUIIBL.

AHasu3 1uTepaTyphl 1o U3y4yeHHbIM o6pa3uam CI'I no-
KasaJl, YTO MHOTHe U3 HUX YCTONYHMBBI TaKKe K cJe/ylo-
MM BO3OYAUTEJNSIM BPEJOHOCHBIX GOJIe3HEH W HaceKo-
MBIM-BpeAUTENSIM:

- My4YHUCTOU pockl (Blumeria graminis (DC.) Speer
f. sp. tritici March.), B ¢pa3e npopocTkoB U ¢pase B3poCabIX
pacteHui: K-65495, k-65496, k-65499, k-65503, k-65506,
k-65508, k-65509, k-65511, k-65515, k-65518 (Gul Kazi
etal, 2011);

- TeMHO-6Ypoi NATHUCTOCTH JucTheB (Cochliobolus sati-
vus (S. Ito & Kurib.) Drechsler ex Dastur): k-65483 (Mujeeb-
Kazi et al,, 2007);

- KeNTOU pxaBuuHbl (Puccinia striiformis West. f.sp.
tritici Erikss.): k-65499, k-65500, k-65501, k-65514, k-65513,
K-65488, k-65492, npuyeM nepBbie YeThIpe 06paslia Ha CcTa-
JHMU IPOPOCTKOB, a TPU MOCJEJHUX — B3POCJOTr0 pacTeHUs
(Rizwan et al,, 20073, b; Gul et al., 2015);

- cTe6sieBoil pkaBuuHbl (Puccinia graminis Pers. f.sp.
tritici Erikss. et Henn.): k-65487, k-65488, k-65490, k-65491,
K-65495, k-65496, k-65503, k-65504, k-65509, k-65514
(Jighly et al., 2016);

- CenTopuro3a JUCTbeB (Septoria tritici Berk. & M.F. Cur-
tis): k-65483, k-65487,k-65488, k-65492, k-65495, k-65509,
K-65511 (Mujeeb-Kazi etal., 2008; Das etal., 2016; Jighly
etal,, 2016);

- J)KeJITOU NSATHUCTOCTU JIUCTheB (Pyrenophora tritici-re-
pentis (Died.) Drechs.): k-65496, k-65497, k-65507, k-65512,
k-65513 (Singh N. etal,, 2008; Das etal, 2016; Jighly etal,,
2016);

- ¢ysapuosa kosoca (Fusarium graminearum Schwabe):
K-65496, k-65503, k-65511 (Das et al,, 2016);

- UHJMMCKOU (KapHasbCKOM) royioBHU (Neovossia indica
(Mitra) Mundkur): k-65483, k-65496, k-65497, k-65500,
K-65507, k-65511, k-65513 (Gul etal, 2015; Jighly etal,
2016);

- nupuKyaspuosa nuweHunsl (Pyricularia oryzae Br. &
Cav., matotun Triticum (syn. Magnaporthe oryzae Catt.):
K-65495, k-65503 u k-65514 (Cazal-Martinez et al., 2018);

- recceHcko Myxe (Mayetiola destructor Say): k-65483,
K-65485, k-65486, k-65497, k-65503, k-65505, k-65514,
K-65518 (Yu et al,, 2012; El Bouhssini et al., 2013);

- BpeJHoi yepenauuke (Eurygaster integriceps Puton):
K-65502, k-65509 (El Bouhssini et al.,, 2013);

- 31akoBo# Te (Schizaphis graminum Rondani): k-65517
(Crespo-Herrera et al., 2019).

3ak/iloueHue

O6pasup! CI'Tl, BKIOUeHHBIE B KoJuteKuo BUP, - ncroy-
HUKH YCTOUYUBOCTHU K P, triticina. OHY pa3in4yarTcs Mo ajjie-
JISIM TeHOB ycToM4YuBOCTU Lr21=Lr40, Lr22a, Lr39=Lr41, no-
KaJIM30BaHHBIX B reHoMe D MArko# nieHU1bl, UX KOMOHUHa-
uusaM Lr21=Lr40 v Lr39=Lr41 vnu Lr22a v Lr39=Lr41, a Tak-
Ke 10 aJslsiesisiM reHa Lr23 (xpomocoma 2BS). Kpome Toro, mo
JlaHHBIM JIUTEPATYpPhI, 06pasibl K-65483, k-65487, k-65488,
K-65495, k-65496, k-65503, k-65509, k-65511, k-65513,
K-65514 ycTONYMBBI K TpeM U 6oJiee 60J1e3HAM, 2 HEKOTOpbIe
M3 HUX — U K HaCeKOMBIM-BpeiuTe/IsIM. Bce oHu npecTaBis-
0T GOJIbIIONW MOTEHLHAIbHBIM UHTepec AJs JaJbHEULIEro
M3y4YeHHsl U BO3MOXKHOI'O UCNO/Ib30BaHUsl B KaueCTBe UCXOJ -
HOT0 MaTepuaJa JiJisl ceJleKIIMH YCTOMYHUBBIX COPTOB MATKOM
MIIEeHUIIb], B TOM 4HCJe IPU CO3JaHUH COPTOB C IPYNIOBOM
Y KOMIIJIEKCHOH YCTOWYMBOCTBIO. /Il BbISICHEHUS] TeHeTHYe-
ckol npupoAb! ycroiuuBocTH CI'Tl k pa3iMuHbIM B30y UTe-
JIsiM 60J1e3HEeN U KOHTPOJIsI nepefadyd 3PpPeKTUBHBIX ajlie-
Jlel TeHOB YCTOMYMBOCTH B MATKYIO MIIEHUIY HEOOXOAUMO
paclIMpUTb UCCJIe0BaHUs N0 UX UAEHTUGUKALUH C UCIIOJIb-
30BaHHEeM MOJIEKYJISIPHBIX MapKepOB.

Paboma evinosHeHa 8 pamkax 20cydapcmeeHHbIX 3a0a-
HUU N0 meMamu4ecKum NAAHAM:

BHP, npoekm N2 0662-2019-0006 «Ilouck, noddepicaHue
JHCU3HECNOCO6HOCMU U packpblmue nomeHyuaaa Hacaeocm-
8EHHOU U3MEHYUB0CMU MUPOBOU KOANEKYUU 3ePHOBbIX U KPY-
nsaMbIX Kysabsmyp BHP 0as pazsumusi onmumu3uposaHHo20
2eHOAHKA U payuoHAIbHO20 UCNO/Ib308AHUS 8 CeNeKYuU U pa-
cmeHuesodcmae»;

BH3P, npoekm Ne¢0665-2019-0015 «['pubbi-namozeHbul
IKOHOMUYECKU 3HAYUMbIX pacmeHutll 8 Poccuu: pasHoobpasue,
MemoOdbl udeHmMu@ukayuu u MOHUMOpPUH2a, 83AUMOOMHOULe-
HUSI C pACMEHUSMU-X0351e8AMU.
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AxkTtyanbHOCTb. B 19911 no poroBopy o cOTpyfHUYECTBe
B HUUCX I0ro-BocToka nmoctynu/iy nepsble ceJIeKLLIMOHHbIE
06pa3sibl U3 Mex/[yHapoAHOTO LIeHTPa CeJIbCKOX035HCTBEH-
HbIX HCCIeJoBaHUM B 3acyuinBbix peruoHax (ICARDA).
Llesnb faHHON pabOThI COCTOSIIA B U3YYEHUH UCXOJHOIO Ma-
TepuaJa, CO3JaHHOTO B CPABHUMBIX YCJOBUSAX 3aCyLIJIUBOTrO
3eMJie/ie/iusl, U IPUBJIEYEHUU JIYYIIUX 00pasloB M3 3THUX
KOJIJIEKIIUH B CeJIeKIIHOHHYI0 PaboTy.

MaTepuaJ/ibl 1 MeTOABL. B cTaTbe nmpuBesieHb] AaHHbIE HC-
caef0BaHUMN KoJlJIeKLIMU copToB U IMHUHM U3 ICARDA (Anen-
no, Cupus) ¢ 1991 no 1998 r., B pe3ysbTaTe KOTOPBIX ObLIN
0oTO6GpaHbl U IPUHATBI B IPOrpaMMy CKpeljMBaHUI 06pa3Libl
cHauboslee IleHHbIMU [OKas3aTesJsIMH KadecTBa 3epHa
Y aflaliTUpOBaHHble K ycaoBUsAM HunkHero IloBosxkbs. AHa-
JIU3 3epHa NIPOBOAMWJIY N0 OOLIENPUHATHIM MeTOAUKAM A5
TBepAOH INUIEHHULb, a TAKXe YCOBepLIeHCTBOBaHHBIM B Ja-
6opaTopuu cejieKLUU sipoBoil TBepaoi miueHunbl HUUCX
[Oro-Bocroka.

Pe3ynbTaThl M 3aK/I04eHHe. IToroM MHOroJleTHeH paboThl
CTa/u 22 JIMHUU SIPOBON TBepAOM MILEeHMIIbl, OTOOPaHHbIE
B CeJIeKLMOHHbIN MUTOMHUK OCHOBHOI'0O KOHKYPCHOTO UCIIbI-
TaHus (OKU) u B pasHble ToAbl NpUBJIeYEHHbIE B CJ0XKHO-
CTyNneHuaTyl rubpujusanuo. CopT SpoBoi TBepAoOH mille-
Huubl Jlnnek’ BHeceH B [ocyapcTBeHHBIN peecTp cesleKLH-
OHHBbIX JocTxkeHUH B 2009 1, copT ‘Tamapa’ nepegaH Ha [o-
CcyAapcTBeHHOe copToucnbiTanue B 2020 1.

KiioueBble c/10Ba: 3acyxXOyCTOWYHUBOCTb, YCTOMYMBOCTH
K 60JIe3HAM, KayecTBO KJEWKOBHUHBI, SDS-ceiuMeHTalys,
KapOTUHOU/bI.

Background. In 1991, under the cooperation agreement, the
Federal Center of Agriculture Research (FCAR) of the South-
East Region received the first improved accessions from the
International Center for Agricultural Research in the Dry Are-
as (ICARDA). The objective of this work was to study the
source material developed under comparable conditions of
dryland agriculture and include the best accessions in scien-
tific breeding programs.

Material and methods. The presented data resulted from
the study of spring durum wheat cultivars and lines from
ICARDA (Aleppo, Syria), conducted in 1991-1998. Accessions
with the best indicators of grain quality, adapted to the condi-
tions of the Lower Volga, were selected and included into the
crossing program. Grain analysis was carried out using the
conventional methods for durum wheat as well as those mod-
ified by the Spring Durum Wheat Breeding Laboratory of the
FCAR of the South-East.

Result and conclusion. Many years of work led to identifying
22 lines of spring durum wheat, selected in the breeding
nursery of the Main Competitive Trails (MCT) and in different
years involved in complex multistep hybridization. The spring
durum wheat cultivar ‘Lilek’ was included into the State Reg-
ister for Selection Achievements in 2009, while cv. ‘Tamara’
was submitted to the State Variety Trials in 2020.

Key words: drought tolerance, disease resistance, SDS sedi-
mentation test, carotenoids.

BBegeHue

[Oro-BocTok eBpomnelickon yactu Poccuu, K KoTopomy
otHocuTcsa U Huxuee [loBosnkbe, cunTaeTcsa HauboJsiee 3a-
CYIJIMBBIM PaOHOM CTpaHbl. [JTaBHON 0COGEHHOCTBIO KJIH-
MaTa HaAllero perdoHa sBJSETCS 4acTas IOBTOPSIEMOCTb
Pa3HBIX TUIIOB 3aCyX M cyxoBeeB. 3anepuos c 1891 no2019 r.
3aCyXy pa3JMYHOM MHTEHCHBHOCTH HaOJIIOJaanch 62 pasa,
4To cocTasiasgeT 49% ot aToro nepuoga. Ilo cpegHeMHOrO-
JIETHUM JJaHHBIM, YHCJIO JIET C 3aCyXaMH, UHTEHCUBHOCTD KO-
TOPBIX BBI3BIBAET CTPecC y pacTeHuH, B [IpaBo6epexne Capa-
TOBCKOU o6J1acTu coctaBiseT 50%, B JleBoGepexbe — 80%
(Levitskaya et al., 2005).

Takve ycioBHsI He TO3BOJIIOT IMOJy4YaTb CTAOHIbHBIE
ypO’Kau 3epHa pPAaHHUX SIPOBBIX 3epPHOBBIX KYJIBTYD, B TOM YHC-
Jie ¥ TBEepZOH MIIEeHNIIb], HO JAIOT XOPOIIYI0 BO3MOXHOCTb Ce-

JIEKL[HOHEpaM OLeHUTb U 0TOOPATh 3aCyX0yCTONYHBbIE ['eHO-
TUIBI B Ipotiecce cesieknuu (Vassiltchouk et al., 2010).

[lepBbIM 3aCyX0yCTOMYHUBBIM COPTOM, CO3/jaHHBbIM B Ha-
Y4YHO-UCCJIe/I0BATENbCKOM HHCTUTYTE CEeJIbCKOT0 X0351HCTBa
(HUUCX) 0ro-BocTtoka, 6611 copT ‘Topaeundopme 432, paiio-
HUpoBaHHBbIA B 1929 1. B npouecce ero cos3zaHus MeTO0M
WH/JMBHU/YaJbHOr0 0TOOpA U3 MECTHOTO (HapoZHOTro) copTa
‘BesioTypka’ cesieKIIMOHEPAM y/JjaJl0Ch COKPATUTb BEreTalu-
OHHBIW NMEPHO/i, MOBBICUTb KAaueCTBO 3epHA, YCTOMYHUBOCTh
pacTeHU# K JIMCTOBBIM 6oJie3HsM. [lo3/1Hee ObLIM CO3/]aHbI
3aCyX0yCTOMYMBBIE COPTA, HMEBIIME NPOU3BO/ICTBEHHOE
3HaueHnue: ‘Topaeudopme 5695’ (1954), ‘CapartoBckas 40’
(1974), Neykypym 43’ (1975), ‘CapaTtoBckas 41’ (1975). Ho-
BbIN BBICOKOKa4YeCTBeHHbIN copT ‘CapaToBckasi 57’ GbLI Co-
3/1aH U JIONYIIEeH K MCIO0JIb30BaHUI0 B IPOU3BO/ICTBE JIUIIb
yepes 14 jet - B 1989 1. (Vassiltchouk et al., 2009).
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MHoroJieTHHe Ha6J/II0leHHs 3a XO[0M BaXKHEHIIUX arpo-
MeTeopoJIoruuyeckux GakTOpPOB U aHAJIN3 MOJyYeHHbIX JJaH-
HbIX BycnoBUsAX CapaToBa CBHU/ETEJbCTBYIOT O TOM, YTO
BMeCTe CO 3HAYUTeJbHbIMU KOJIeOaHUSMHU TeMIlepaTyphl
Y KOJINYeCTBa OCaJIKOB IO rofiaM HabJlo[jaeTcsl sIBHasA TeH-
JleHIIUs o6Lero NoTelJIeHUs KIUMaTa U yBeJIM4eHUs rojo-
BOM CyMMBbI 0CaJIKOB. A 6oJiee fieTaJlbHOe U3y4YeHue oKa3bl-
BaeT, YTO Cpe/iHEr0/j0BOe yBeJIMYeHe CYMMBbI 0CaZlKOB IIPO-
M301IJI0 B OCHOBHOM 3a CYeT 0Ca/IKOB OCeHHe-3UMHEro NepHu-
oJia. UTo e KacaeTcs Iepuoja BereTalluy IpOBbIX 3ePHOBBIX
KyJBbTYP, K KOTOPbIM OTHOCHUTCSl U ipoBas TBepAasl MIIeHU-
113, TO B 3TO BpeMs Mbl Ha6J110/ja/Iy SIBHBIN CABUT B CTOPOHY
ele 6osbliel ero 3acyuiuBoctu (Vassiltchouk et al., 2001;
Vasenev, 2019).

3acyxa pe3Ko CHMIKaeT NPOAYKTHBHOCTb SIpPOBOM TBep-
Joi nueHunpl. CopTa 3TOU KyJAbTYpPBhI, CO3/laBaeMble KakK 3a-
CyXOyCTONYMBBIE, AOKHBI 00/1alaTh HECKOJIBKO OTIMYHOMN
JApyT OT Jpyra 6uojiorvuel pocta U pa3sBUTHSA C TeM, YTOObI
IPOTUBOCTOSATH BCEM BO3MOXHBIM CKJIaJbIBAIOIUMCS MO-
TOZHBIM CUTYyallUsIM B palioHe BO3/eJIbIBaHUS.

[lo cBoell npupoje, 3aKOHOMEPHOCTSAM pa3BUTHUS, Xa-
paKTepy NpOsIBJIeHUS U AJUTEJbHOCTH BO3JeHCTBUA Ha
dopMupoBaHue ypoxkas 3acyxu KJacCUPULUPYIOTCA IO
NSTH TUIIAM: paHHeBeCeHHss, BeCeHHe-JeTHSAS, NO3AHAA
JIeTHSSl, yCTOMYMBasi U KOMOMHUpoBaHHas. [lo cuse Bo3-
JeHCTBUS HA ypoXKall M ypOBHIO NPUHOCHUMOTO yliepba
HauboJlee onacHa ycToWuMuBas 3acyxa. TeHAeHIUsl U3Me-
HeHUH KauMMaTa B HukHeM [loBoJXKbe JaeT OCHOBaHUe 110-
JlaraTh, YTO U B 6yJylieM BepOSTHOCTb NOBTOPEHUs BCEX
THUIIOB 3aCyX, B TOM 4HCJIe U 3KCTpPeMaJibHO eCTKHUX, MO-
»)KeT Bo3pacTH. CoBeplIeHHO OYEeBU/IHO, UTO 3aCYyXU B 30He
[ToBOJIXbS1, KK U AJI5 BCEX I0T0-BOCTOYHbBIX pallOHOB eBpo-
neiickoii Poccuu, 661711 ¥ Gy1Y T 3aKOHOMEPHBIM sIBJIEHHUEM.
Takas ke cUTyalus IPoOCJeXHUBaeTCsl BO MHOTUX CTpaHax
MHpa, B TOM 4HcJie U B cTpaHax CpejU3eMHOMOPCKOIO 110-
Oepexbsi, BKJIOUYasi ceBepHble pailoHbl Adpuku. fpoBas
TBepjas INIIeHUL[a TaM BbIpalllMBaeTCs TOJbKO B 6Jaro-
NPUATHBIX YCJOBUSAX 3UMHET0 Nepuo/ia U B OCHOBHOM IPHU
opomenu (Vassiltchouk et al., 2001).

Jlns pelieHus npo6JsieM, CBSI3aHHBIX C 3aCyxoH, B 1977 1.
B Anenmno (Cupusi) 6b1 co3faH MexAyHapOoJHbIM LEHTpP
CeJIbCKOX035IMCTBEHHBIX MCCAe[J0BaHUH B 3aCyIIJMUBBIX pe-
ruoHax (ICARDA).

B 1990 r. no mgoroBopy o corpyguudectBe HUUCX IOro-
Boctoka Bowes Buuca0 3kosoruyeckux nyHKToB ICARDA,
rje NpOBOJAWJIMCh HUCHOBITAHUS COPTOB W JIMHUH MeX/JyHa-
POJIHOH ceJIeKIUU.

Lleab daHHO20 uccsnedo8aHusi — U3yIUTb U pOaHaIU3U-
pOBaTb €XerojHoO MpHCblIaeMble KOJIJIEKLUU CeJeKI[MOH-
HbIx 06pa3yoB u3 ICARDA Ha aJjlanTHBHOCTb, MPOJYKTHUB-
HOCTb, KaueCTBO 3epHa U YCTOMYHUBOCTb K BUPYCHBIM U I'PUG-
KOBbIM 3a60JieBaHUsAM. HanboJsiee 1leHHble U3 HUX 0TO6pATh
151 Aa/ibHERLIEN CeJIEKITMOHHON PabOoThl.

MaTepnaJl, METOAHWKA U K/IMMATH4Y€CKHUE YCII0OBUA
npoBeaeHusa MCNbITAHUKN

C 1991 r. B TeyeHUe NOCJIeYIOLUIUX BOCbMHU JIET KOJIJIEK-
THBOM JIaGOpaTOPUHU CeJIEKIIUU U CEMEHOBOJCTBA SIPOBOU
TBEP/IOH MILEeHUIbI 6bIJI0 U3YYEHO 0KO0JIO ThicsauH (991) u-
HUH U copToB, nocTynuBuux u3 [CARDA. CesleKLIMOHHBIN
MaTepuaJl COCTOsIJI U3 HAG0POB 06pa3L0B NIEHULbI, cHOp-
MUPOBaHHbIX B nUTOMHUKaX RDYT-LRA (/s monysacyui-
nuBbIX paiioHoB), RDYT-MRA (a1 pailoHOB € yMepeHHbIM
KJIMMaTOM U BBICOKUM KoJindyecTBOM 0cazikoB), CROSSING
BLOK (Ha6op copTOB U IMHUH C pa3/IMYHBIMU [TIOKA3aTesI-

MU KadecTBa 3epHa Ji/1s1 CKpelMBaHUs). Ha ocHoBaHUHU de-
HoJslorndyeckux HaouwogeHuid (Dospekhov, 1985), nposo-
JUBIIMXCS B BereTallMOHHbBIN epuo/i, yCTOHYUBOCTH K 3a-
cyxe W 60JIe3HAIM, JAaHHBIX 10 MPOAYKTUBHOCTU OTOGHpa-
JIUCh JlyylllMe MoJieBble 06pasubl. OTo6paHHbIe 06pa3libl
aHaJIM3UpOBaJIM Ha coflep>kaHue 6eJiKa, KOJUYeCTBO Kapo-
TUHOUAHBIX MUTMEHTOB, Ha KaueCTBO KJIeHKOBHHBI 110 I0-
KasareJs MUKpPO-SDS-cequmenTauuu. [lpuMeHsiiuch 06-
LIENPUHATbIE METOJUKHU AJisl TBEpoH nineHu1 bl (Remeslo,
1971) v ycoBeplLIEHCTBOBAHHbIE B JIaOOPATOPUHU CEJIEKIIUU
HUUCX KOro-Boctoka (Vassiltchouk etal., 2001). Takoi
KOMIIJIEKCHBIM aHaJ/IM3 pe3yJbTaTOB MO3BOJIUJ BBISIBUTH
Jly4llve U3 NPUCJaHHbIX JUHUH, CpaBHUBAs UX C Jabopa-
TOPHBIMU CTaHJapTaMH, U BKJIIOUYUTb B IPOrpaMMy CKpe-
muBaHUs. Bcero 3a 3To BpeMs npoBeJieHO B NoJle, B 6okce
Y TeNJIMLe 0KOJIO MATUCOT CKpellMBaHUN METO/A0M CJIOXK-
HOCTYINEeHYaTOU rubpuu3anuu.

B 1991 r. mosiyueHsbI U BbicesiHbI B 10Jie 06pa3Lbl JUHUN
Y COPTOB B KoJinyecTBe 368 noce npejBapuTebHOMN OLeH-
KU B KapaHTMHHOM NUTOMHHKe. 32 BceMH 06pasliaMu B Te-
yeHHe NepHuo/ia BereTallu BeJHch peHoornyeckue HabJiro-
JeHus. UToru mepBoro roja okasajUCh O4YeHb LleHHBIMH,
npex/e BCero, Mo NOroJHbIM yCJI0BUSIM, @ UMEHHO BeCeHHe-
JleTHeH 3acyxe (Ta6.1. 1). Yucso gHel ¢ cyxoBesiMU COCTaBU-
J10 46 npu feduULINTE BJBKHOCTHU Bo3yxa 6oJblie 16 MO6.

U3 Hux 19 nHel - B HauboJiee KPUTHUECKUH IEPUOJ: KO-
JIollleHMe, 1iBeTeHue, HayaJo HanuBa. CyxoBeM BbI3bIBaJIU
CUJIbHOE NaJileHHe Typropa U CKpy4MBaHHe JIMCTbeB y TBeP-
Jlol mieHUnbl. Bcero xosnyecTBO 0CaJIKOB OT IMOCeBa /0
yOOpKHU COCTAaBUJIO 72 MM (MpU CpeAHEMHOTOJIETHEM 132 MM
3a BereTaluio).

BereTanmoHHbIM mepuos spoBOW muieHUIbl B 1992 T
npogJuiacsa 87 fHel npu 6J1aronpUsTHBIX MOTOAHBIX YCJIO-
BUsix. KosinuecTBO BhINMaBMKUX 0caZikoB (118 MM) 66110 Bcero
Ha 51 MM MeHbllle, 4eM CpeJlHEMHOTOJIeTHee 3HadyeHue
(169 MM 3a BereTanumw), U AHEH C CYXOBesIMU OTMeUYeHo 22.

3aTeM nocjef0BaaU ABa 6J1aroMoJyYHbIX I'oJia Mo yco-
BUSM BblpamuBanus (1993 u 1994), a Takke 1no pesyJbTa-
TaM aHa/iM3a Ha NPOJYKTUBHOCTb M KauecTBO 3epHa IpHU-
CJIaHHBIX 00pasnoB. Caeaywouwuii 1995 r. 661 € cyxoBessMU
(mo 50 fHel B pa3Hble MepUO/bl BereTalUu OT MOCEBA 10
co3peBaHus). KosnyecTBO 0caZiKoB BbINajJo MeHblle Ha
14 MM, yemM B 1991 1.

[To kosnyecTBY ocakoB 1996 I. GbLI GJIM30K K HOpMe
(cpenHeMHOroJIETHEE UX KOJIMYECTBO COCTaBJsAET 154 MM),
0/IHAKO HaGJII0a/I0Ch 60JIBLIOE YHC/IO AHEH C CYXOBESIMHU, TO
eCTb C 1eULIUTOM BJIAKHOCTU GoJiee 16 MO.

B 1997 r. cenexkyroHepbl MMeJU BO3MOXXHOCTb BbISIBUTb
BbICOKHE MOTeHIMaJbHble CBONCTBA BCEro M3y4yaeMOro Ma-
Tepuasa. BaToM rogy Ko/au4ecTBO OCafAKOB IPEBBLICHJIO
cpegHeMHoOTroJieTHUe 3HaYyeHUs (180 MM mpoTuB 157 MM 3a
BereTal1o). ITO T03BOJIMJIO BbISIBUTH [TOTEHI[HaJI TPUChIIA-
eMBbIX COPTOB U JIMHUI He TOJILKO 110 Ka4eCTBY 3epHa, HO U 110
NPOAYKTUBHOCTH.

TFoabl uccnegoBanui (1991-1998) xapakTepu3oBalnCh
Pa3HOOOpPa3HbIM THIIOM 3aCyX BO BpeMs BereTaluy sipOBOU
MIIEeHUIbL.

Hanbosbiyto omacHOCTb AJil NMOCEBOB IpeJCTaBJseT
JIETHSISL Kapa c TeMnepaTypoil Bo3ayxa Bbiuie 30°C u mpo-
JOJDKUTEJIbHOCTBIO B 10 1 6osiee aHel. OHA CUJIbHO CHUXKAeT
03epHEHHOCTb KoJsioca. Takass KapTHHa HabJ0jasach
B 1998 1. Oco6eHHO 60JIbILIOM BpeJ, HAHEC/U B TOM T'OJY CYXO-
BEH, KOTOpbIe COMPOBOXKJAJHUCH BBICOKOW TeMIepaTypou
U CUWJIBHBIM J1eQULUTOM BJBKHOCTH Bo3ayxa. OcobeH-
HOCTbI0 1998 rosia 6bIJI0 TO, YTO B IEPUO/]] KIIOCEB — KOJIOLIE-
HUe» OTMeYeHbl JiBa JHA C AePUIUTOM BJIAXKHOCTH GoJjiee

138

TPY/IbI 110 IPUKJIAJITHOWM BOTAHUKE, TEHETUKE Y CEJIEKLIMHY 182 (3), 2021



S. N. GAPONOV e G.I. SHUTAREVA e N.M.TSETVA e I S.TSETVA e I V.MILOVANOV

. 182(3),2021 o

Ta6auna 1. Tunsl 3acyX, XapaKTepHbIX AJIS1 BereTanuy ipoBoi mmeHunsl (1991-1998 rr.)
Table 1. Types of droughts characteristic of the spring wheat growing seasons (1991-1998)

IMoceB - KoJIoIEHHE KoJiomeHue - cneyoctb IToceB - cnesiocTh
)
g . . Yucao gHen Ocaaku 3a ATy 2
2 Yucao anen | Ocaaku, | Yucao aHern | Ocaakw, BereTaimio,
C CyXOBesIMU BEreTalmio,
C CyXOBesIMU MM C CyX0BesIMU MM cpeJHeMHOroJieTHee
3a BereTamu MM
KOJI-BO, MM
1991 19 50 27 22 46 72 132
1992 5 36 17 82 22 118 169
1993 7 47 8 170 15 217 157
1994 6 110 9 97 15 207 164
1995 25 26 25 32 50 58 137
1996 20 89 22 35 42 124 154
1997 6 108 12 72 18 180 157
1998 14* 12 25%* 33 39 45 137

[IpumeuaHue: * 2 AHA ¢ AePUIUTOM BIDKHOCTH 6oee 40 M6; ** 8 fHel ¢ JedUIIUTOM BJIaXKHOCTH Gostee 40 M6
Note: * 2 days with a humidity deficit of more than 40 mb; ** 8 days with a humidity deficit of more than 40 mb

40 M0, a B IEpUO/i «KOJIOIIEHHE — CIEJOCTb» YUCI0 TaKUX
JIHEW COCTaBUJIO BOCEMb. Bce 3TH MOroiHbIE YCI0BUsI BbI3Ba-
JIM 3acblXaHHe pPACTeHUH, cJabyr O03epHEHHOCTb KOJIOCA,
HIYTJIOCThb 3epHA. YpoXKail 6bL1 MOJy4YeH MUHUMaJIbHbIN. Ta-
KOe MoZpo6HOEe OMHCAHUE YCIOBUU 3KOJIOTUYECKOTO HCIIBI-
TaHUs 06pasoB TBepoH nueHuIbl u3 ICARDA Heo6x0AMMO

JIJIs IOHMMaHHUsl pe3yJibTaTa UX 0T60pa, HPOBOJHUMOrO B XKe-
CTOYAKNIIUX YCI0BUAX epUIUTA BJAKHOCTH BO3/IyXa U M104-
Bbl (Vassiltchouk etal, 2001). [lia cpaBHeHUsI TPUBe/I€HbI
KpHBBIE T0 BJaroo6ecne4yeHHOCTH (PUCYHOK) 3a MepUo/ Be-
retanuu B ICARDA (Cupus, Anenno) u B HUMCX l0ro-BocTto-
ka (P®, CapaToB).
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PucyHnok. [loka3aTe/ibHbIe KpUBbIe 0CaJKOB 3a 1990-1998 rr.
Figure. Exponential curves of precipitation for 1990-1998
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Pe3ysbTaThl M 06CYKAEeHUE

ExxeroiHble Y NoApoGHBbIe aHaJHU3bl (HEHOJIOTUYECKUX
HabJ/110/leHUH, OlleHKa NMPOAYKTHUBHOCTHU M KayecTBa 3epHa
NPOBOAMJIMCH MO KaXkJ0W BereTaluy Mo Mepe MOCTYILJIEHUS
HOBBIX 00pas10B. MHOroJleTHsAsI paboTa C CeJeKIHMOHHBIM
matepuasioM u3 [CARDA mo3Bosidia oTo6paTh copTa U Jiu-
HUH, UMelollMe NpaKTHYecKoe 3HaYeHHe JJIs MONOJHEeHNs
Y HacblllleHUsl TeHeTH4YeCKMM MaTepHasioM MOMyJaslui, co-
3[laHHBIX B JJabopaTopuu (Tab.. 2).

Takux ceseklMOHHBIX 06pa3noB U3 ICARDA 6bly10 oToGpa-
HO 27. B UX 4MC/I0 BOLIJIM HOMepa, NMpeJicCTaBleHHble B Ta-
6aune 2 - ato Mrb19/THD83#10, ‘Belikh2’, ‘Haurani, Mrb
11//Snipe/Magh, Ru/Mrb15, ‘Stork’, ‘Karasu'. [lo nokasare-
JISIM MUKpO-SDS-ceinMeHTalL MY, COflepKaHUIO 6eslKa U Kapo-
TUHOU/AHBIX TUTMEHTOB 3T 06pa3Libl GBI HA YPOBHE CTaH-
JlapTa ¥ Bbllle (CM. TabJI. 2).

3a nepuoy 1999-2019 rr. Ha M0JIAX KOHKYPCHOTO UCIIbI-
Tanua HUUCX H0ro-BocTtoka Haxogunuch 22 IMHUY, B CKpe-
LIMBaHUU KOTOPBIX y4acTBOBa/IU copTa U TMHUU U3 ICARDA.

Ta6una 2. Jlyymue JUHUM U copTa u3 ICARDA, npuB/iedYeHHbIe B cKpemuBaHus (1991-1998 rr)
Table 2. Best lines and cultivars from ICARDA involved in crosses (1991-1998)

0OCco6GEeHHOCTH CeJIeKIIUOHHOTO
Ne KapoTtuHouapl, SDS,
CopT, TUHUSA o6pa3na A1 BKIYeHUs Besok,%
n/m MI' /KT MM
B CKpeIBaHUsA

1 Ru/Mrb 15 CkropocnesblH, yCTOH4MBBIH 15.2 5.2 30
K 60J1e3HSIM, 3aCyX0YCTOHYUBBIH

2 Mrb 16/Guerou 1 YcToW4YuBBIN K 60JI€3HAM 14,2 52 25
CkopocneJsibli, yCTOWYMBBIN

3 Mrb 11//Snipe/Magh K 60JIe3HAM, coZiepKaHue 17,5 7,3 51
KapOTUHOW/IHBIX TUTMEHTOB

4 Gs/Fg//Cndo/3/Dack/Kif CKOpoCHesbiH, yCTOHHMBLIH 12,8 4.4 26
K cTe6JIeBOMY NMUIUJIBIIUKY

5 Mrb 19/ THD 83# 10 Ckopocnesbii 16,4 3,5 43

6 Chahba88/Mrb 11 BrICOKOCTEKI0BUAHBIM 13,9 3,8 20

Plc/Cr//Stk/3/Dom//Dack/ | YcToHuuBbIi K MOBpEXAEHHUIO
7 L . 11,8 4,7 39
Kiwi KJIONIOM-4Yepenamkon

8 Awl1/Sbl4 YcTOWYUBBIH K 60JI€3HSM, 143 5.4 22
coJiep>kaHre KapOTUHOU/IOB

9 Om rabi 5 CKopocnem:m, € BbICOKO 156 59 28
CTa6UJIbHON yPOXKaHHOCTBIO

10 Belikh 2 BbICOKHI ypoKal ¢ OTJIMUHBIM 102 4,0 52
ceIMMeHTALMOHHbIM UH/IEKCOM

11 Karasu YcTONYUBBIN K HU3KUM 10,6 6,0 45
TeMnepaTypam

12 Stork CkopocneJsbli, C BEBICOKUM 12.1 6,7 37
coJiep’KaHreM KapOTHHOH/I0B

13 Cham 1 YcTOWYUBBIN K MOBPEskACHHAM 125 52 26
KJIOTIOM-4YepenamKou

14 Haurani 3acyX0yCTONUUBBIH, C BLICOKUM 17.7 52 38
KauecTBOM 3epHa
CopT-cTangapt no CapaToOBCKOM 061

15 CBeTJiaHa, st (1991-1998 rr.) 15,3 6,3 61

B pe3ysibTaTe W3y4YeHHbIH MaTepHas MOCIYKUJ HCTOY-
HUKOM /IJIS IPOBe/IeHUsI CKPELMBAHUH C JIYYLIUMH COPTaMHU
Y JIMHUSIMU CeJIEKLIMU JIabopaTOPUM SIPOBOY TBEP/OH Illie-
Hunpl: ‘CapaToBckasi 3oJi0TUCTast, ‘BasenTuna, Jlroamunaa’
U copToM-cTaHzapToM ‘CBetniaHa’ (HUM3X um. [lokyyaesa).

B ocHoBe 12 U3 HUX JIEXXUT CKpellluBaHue ¢ copToM ‘Karasu’,
4 - c tmHuelt Mrb11//Snipe/Magh u o ojHoMy ckpeluBa-
Huo cauHuaMu  Gs/Fg//Cndo/3/Dack/Kif, Ru/Mrb15,
Mrb19/THD83#10, Plc/Cr//Stk/3/Dom//Dack/Kiwi, copTa-
mu ‘Cham1’ u ‘Stork’.
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B 2019 r. B OKHM (0cHOBHOE KOHKYPCHOE UCNIbITAHUE) Ha-
XOAWIUCH NSATh JIYYIIUX JUHUH OT CKpeliuBaHus ¢ o6pasna-
mu u3 ICARDA: fiBe, B 0CHOBE KOTOPBIX JIEXKHUT CKpellluBaHue
caunueir Mrb11//Snipe/Magh, u Tpu - ccoptom ‘Karasu'
BIIKU (mpenBapuTesbHOE KOHKYPCHOE UCHBITAHUE) TAKUX
JIMHUH 66110 15.

WTorom npoBe/ieHHONH MHOTOJIeTHEH pabOThI CTal COPT
spoBo# TBepoi nuieHuL bl Jluaek’ (Bespalovaetal.,, 2009),
BHeCeHHbIH BlocyJapcTBeHHBIH peecTp cesIeKIIMOHHBIX
pocTkeHuit P®, co3pgaHHBIM coBMecTHO ¢ KpacHopap-
ckuMm HUUCX. PogocsioBHast copta: Awll/Sbl4, ICARDA//
Basnentnna, HUUCX 10.-B. CopT yCTOHWYUB K NBLJIbHOU
Y TBepJ0¥ roJI0BHe, CENTOPHO3Y, TUCTOBOH pkaBurHe. Co-
yeTaeT BbICOKYI0 NMOTEHLHAJbHYI NPOJYKTHBHOCTb [0
3,5 T/ra ukadecTtBo 3epHa. Cojilep:kaHue GeJsiKa B 3epHE -
B cpeaHeM 17,5%, cbipoit kJeliKOBUHBI — 36,3%), YTO OYEHb
BaXXHO /IJIs1 NIPOU3BO/JCTBA AJHUHHBIX U TOHKUX CIAreTTH,
HalnpuMep JUaMeTpoM o 1 MM, Korja TpebyeTcsl CeMOJIH-
Ha C OBBILIEHHBIM COIEPKAHUEM ChIPOH KJIEMKOBUHBI, OT-
JIMYaoLasacs BbICOKOM YNPYTOCTbI0 U 3J1aCTUYHOCTLIO.
Takue MakapoHHbIe U3/e/IUsl YCTONYMBEI K lepeBapKe, Co-
XPaHST eCTeCTBEHHbIH XeNThIH [|BET B Ipolecce MPUro-
TOBJIEHUS, 06J1alal0T NPUSATHBIM 3alaxoM U BKycoM (Ga-
ponov etal., 2020).

B 2018 . eme oauH ceneKuoHHbIA HoMep (D-2138) ot
ckpewnBanus ¢ coproMm u3 ICARDA ‘Karasu’, mos HasBaHHEM
«Tamapa», 6bL1 NlepeiaH Ha noJiydyeHue nateHta (Ne 77733/
8154816 01 19.12.2018 1.),a ¢ 2020 r. - Ha IOMYCK K UCIbITA-
HusM B [occopTkomuccutro PP (3asBka Ne 78289/8154816
ot 10.06.2019r1.). PomocnoBHass coprta: D-2053/3/D-2017
(F10;S4)/Karasu, ICARDA//BanentuHa. HoBblii copT Xapak-
TepU3yeTcsl BbICOKOM NMOTeHLHaJbHON ypoKallHOCTbIO — [0
3,7 T/ra, 3acyx0yCTOHYMBOCTBIO, YCTONYUBOCTBIO K CENTO-
pUo3y, He MopakaeTcsl MbLIbHOW TOJIOBHEH U BUPYCHBIMU
nHdeKkUAMU. Bbicokoe KkadyecTBO 3epHa MO/ TBEP)KJAeTCS
yucaoM SDS-ceauMeHTanuy Ha YpoBHe 47 MM, YTO CJIYXKUT
NoKasaTeseM MPOYHOCTH U 3JACTUYHOCTH KJEeHKOBUHBI.
Oco6eHHOCTbIO COpTa fABJISIETCS BBICOKOE coJleprkaHue Kapo-
TUHOUAHBIX MUTMEHTOB, A0 8,1 MI'/KT, YTO HE06X0AUMO A5
M3rOTOBJIEHUS] MaKapOHHBIX U3/leJUH, KPYyTMbl, H, B IepBYIO
ouyepe/b, AeTCKOTO MUTAHUSI.

BbiBOABI

MHoroJsieTHsI1 pa6oTa C CeJleKIIMOHHBIM MaTepuaJsoM
13 ICARDA no3BoJina 0TO6paTh U PUBJIeYb B HAYYHO-Ce-
JIEKIIMOHHYI0 MPOrpaMMy COpTa U JIMHUM U3 KOJIJIEKIUHU
ICARDA: Gs/Fg//Cndo/3/Dack/Kif, Ru/Mrb15, Mrb19/
THD83#10, Plc/Cr//Stk/3/Dom//Dack/Kiwi, Mrb11//
Snipe/Magh, ‘Cham1’, ‘Stork’. 3Tu 06pas1bl UMEIOT NPAKTHU-
yeckoe 3HauyeHUe U UCHOJIb3YI0TCs AJis HachblllleHUs reHe-
TUYEeCKUM MaTepHaioM TMOPUJHBIX MOMYJIALMH, cO3/aH-
HbIX BJa6opaTtopuu. /lBa u3 Hux, Awll/Sbl4 u ‘Karasu’,
BKJIIOYEHBI B pOJIOCJ0BHYI0 copToB Jlusek’ u ‘Tamapa’ co-
OTBETCTBEHHO.

Copta Jlunek’ u ‘Tamapa’ XapaKTepHU3YIOTCSA BbICOKOU 3a-
CyXOYCTONYMBOCTBIO U OTJIMYHBIM KaueCTBOM KJIEHKOBUHBI,
YTO MO3BOJIMJIO YCIELUIHO HCIOJIb30BaTh MX B KauyecTBe
HMCTOYHUKOB B CeJIEKIMOHHBIX NMPOrpaMMax Mo yjaydlleHHIo
KauyecTBa KJIEMKOBHHbI SIpOBOM TBepAod mnieHuubl (Ga-
ponov et al.,, 2018). [1o TexHOJIOTUYECKHUM NTapaMeTpaM 3epHa
OHM OTBEYalOT CaMbIM COBPeMEHHBIM TpPe6GOBaHUAM MHPO-
BOro pbiHKa. TakuM 06pa3oM, KpalHsis 3aCyLLIMBOCTb KJIU-
MaTa He IOMelllajla HaM LIar 3a LIaroM MpupauuBaTh ypo-
J)KaMHOCTb TBEP/IOH MIIEHUIIBI IYTEM CO3/IaHHUs 60Jiee CKOPO-
CIeJIbIX U 3aCyX0yCTONYUBBIX COPTOB.

Pa6boma svinosxena no 3adanuro Ne FSNM-2019-0006 «Co-
30aHuUe NpUHYUNUA/aIbHO HOBbIX 2Uubpudos u copmos 03uMoll
nweHuysl, 03uMoll picu, Apoeoll Ms2Kol nuweHuybsl, siposoli
meepdoll nweHuybl, NOOCOAHEUHUKA, NPOCA, COP20BbIX KY/1b-
myp, 061adarwux nosvlweHHOlU npodyKMUBHOCMbI0 U Kave-
CMBOM HA 0OCHOBe 0OHOPO8 U UCMOYHUKO8 X0351LICMBEHHO-YeH-
HbIX NPU3HAKO8»

Baazodapum ecex koanez - cenekyuoHepos u3 ICARDA
u PAHI] F0z0-Bocmoka, compydHukoe BHUE komopble MHO20
J1lem yuacmeosaau 8 npoekme (do2o8ope) 3K0.102U4ecKo20 Uc-
nvimanus obpasyos us Cupuu e Poccuu. Ocobas 6.1azodap-
Hocmb yce yweduemy om Hac Bacuavuyky Hukosaro Cepzee-
suyuy (1947-2011), dokmopy cenbCKOXO35UCMBEHHbIX HAYK,
npogeccopy, uneHy-kopp. PACXH, komopuwiii pabomaa e CARDA
U 6bl/1 UHUYUAmMopoM daHHO20 npoeKkma.

The work was carried out according to Task No. FSNM-
2019-0006 “Developing of fundamentally new hybrids and cul-
tivars of winter wheat, winter rye, spring bread wheat, spring
durum wheat, sunflower, millet, sorghum crops with increased
productivity and quality, based on donors and sources of useful
agronomic traits”.

We would like to thank all our colleagues - breeders from
ICARDA and FCAR of the South-East Region, and the staff of
VIR - who for many years participated in the project (contract)
on environmental testing of accessions from Syria in Russia.
Special thanks are addressed to the late Prof. Nikolai S. Vasil-
chuk (1947-2011), Doctor of Agricultural Sciences, Corres-
ponding Member of the Russian Academy of Agricultural Sci-
ences, who worked at ICARDA and was the initiator of this pro-
ject.
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AKTyanbHOCTb. B Poccuu Bo3JesbIBalOT TPU BUJA THIK-
Bbl - TBepAoKopyto (Cucurbita. pepo L.), KpynHOIJIOAHYIO
(C. maxima Duch.), myckatHnyto (C. moschata Duch. ex Poir.).
Cpeay HUX ThIKBa MyCKaTHasi Hau6oJjiee TeNJoJI0OUBasl.
Jlns ee BeIpaliMBaHusA TpebyeTCcs BereTallMOHHbBIN TepUOJ
He MeHee 110-130 gHell. B oTsinyMe OT TBepAOKOpOH
U KPYTHOIJIOZAHOH, Y THIKBBI MYCKaTHON OTCYTCTBYIOT KY-
CTOBBIE COPTa, yZ00HbIE /1 Bo3/esbIBaHUA. [locTaBieHa
1eJib: BBIIBUTb U CO3/J]aTh HCXOAHBIH MaTepHaJl ThIKBbI My-
CKaTHOH AJI CeJIeKL{UM PaHHeCIIebIX KyCTOBBIX U KOPOT-
KOIIJIETUCTBIX COPTOB.

MaTepuas 4 MeTOAbl. MaTeprasoM CJYXKHUJIU 06pa3Iibl
KoJsiekyuu BUP, palloHupoBaHHbIe copTa, TUOPU/bI U JIU-
HUM pa3HBbIX NokoJsieHUH. MccieoBaHUSA NPOBOAUJIN IO
METOJIJMKe U3y4YeHHUH U NMOAJePKaHUs KOJIJIEKLUU U MeTO-
JIMKe ceJIeKIIMM 6ax4eBbIX KYJIbTYP.

Pe3sysabTaThl. BbljiesieHbl AJid CeJIeKLUM paHHeCHeJible
(90-98 nHei) o6pasnbl, UMeWLMe BbICOKHE MPOAYKTUB-
HOCTBb, KauecTBoO ¥ BKyc: ‘Early Butternut’ (k-4954), ‘Butter-
nut’ (x-4205), ‘Waltham Butternut’ (k-4613); oGpaser
K-3549, ‘OpexoBblif’, o6pasen k-4235; cpegHepannue (104-
105 guei): ‘TlanoB-kany’ (Bp.k-2088), ‘Alin3y Akkukyznsa’
(x-3952). Ilo npoAYKTUBHOCTH OHU MPEBLICHUJH CTAHZAPT
(copt ‘Mapus’, k-5601) Ha 26,7-130%, a o KayecTBY OblJIU
Ha YpOBHe cTaHJapTa. U3y4eHbl rU6pUAbI OT CKpeluBa-
HUSI TJIETHUCTBIX 06pasmoB c KycToBodl ¢opmoin KJI 745.
YcTaHOBJIEH XapaKTep HacJsleZloBaHUSA NPU3HAKA KYCTOBO-
ctu. KycToBocTh HacsiejyeTcss MOHOTEHHO U KOHTPOJIUPY-
eTCsl pelleCCUBHBIM reHoM bu (bush). Y rubpuzioB fis ce-
JIEKIIMU BblJieJIeHbl paHHecmesble (93-95 nHel) KycToBbIe
auaun  (KJI) craéutycom 0,8-1,2m: KJI1648, KJI652,
KJ1 656. IlpoaykTuBHOCTh uX - 4,2-4,5 kr/pact. (BbluIe
crangapTa Ha 40-50%). [lo kauecTBY OHM ObIJIM HA YPOBHE
cTtaHzapTa. Beiziesniensl panHecnesible (92-98 qHeil) KopoT-
komsnetuctele JsuHuu (KIIJI) craéutycom 1,3-2,0 m:
KIIJ1 168, KIIJ1 640, KIIJI 680, npofyKTUBHOCTbIO 4,9-
6,8 kr/pacT. (Bblle cTaHAapTa Ha 63,3-126,7%), ¢ xopo-
IIUM M OTJIMYHBIM KaueCTBOM.

KiwouyeBble c10Ba: KOJIJIEKLI M4, 06pa3eu, IIpHU3HaK, JIUHHUA,
1"I/I6pI/I,C[, NPOAYKTUBHOCTD, KA4€CTBO.

Background. There are three species cultivated in Russia:
Cucurbita pepo, C. maxima, and C. moschata, the latter being
the most thermophilic among them. Cultivars of C. moschata
are grown in southern regions, where a growing season of
no less than 110-130 days is required. C. moschata has no
bushy cultivars suitable for cultivation. The aim of this
study was to search for, identify and develop source mate-
rial of C. moschata for breeding early-ripening bushy and
short-vined cultivars.

Materials and methods. Accessions from the VIR collec-
tion, advanced cultivars, hybrids and lines of various gen-
erations served as research material. The study was based
on the guidelines for studying and maintenance of the col-
lection and for cucurbit crop breeding.

Results. Source material was identified for breeding prac-
tice: early accessions (90-98 days) possessing high produc-
tivity and fruit quality, with good taste, namely ‘Early But-
ternut’, ‘Butternut’, ‘Waltham Butternut’; accession k-3549,
‘Orekhovy’, and accession k-4235; and mid-early accessions
(104-105 days) ‘Palov-kadu’, and ‘Aydzu Akkikudza’. They
exceeded in productivity the early-ripening reference
(cv. ‘Mariya’) by 26.7-130%, and matched the reference in
fruit quality. Hybrids from the crosses of vined accessions
with the bushy form KL 745 were studied. Bushiness is in-
herited monogenetically and controlled by the recessive bu
(bush) gene. Identified for breeding were early (93-95 days)
bushy lines (KL) with a stem length of 0.8-1.2 m: KL 648,
KL 652 and KL 656. Their productivity was within 4.2-
4.5 kg per plant (higher than the reference by 40-50%). In
fruit quality they were on the reference level. Early (92-
98 days) short-vined lines (KPL) were identified, with
a stem length of 1.3-2.0 m: KPL 168, KPL 640 and KPL 680;
their productivity ranged 4.9-6.8 kg per plant, and their
fruit quality was good or excellent.

Key words: collection, accession, character, line, hybrid,
productivity, quality.
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BBeaeHue

MupoBas KoJeKLus ThIKBbI (pon Cucurbita L.), cocpe-
JloTOYeHHas BO BcepocCHMCKOM UHCTUTYTe reHeTUYeCKUX
pecypcoB pactenuit uMmenu H.W. BaBusiosa (BUP), pacnona-
raeT GOJIbIIMM pasHoo6pa3veM 06pasloB KYJIbTYPHBIX,
HOJIYKYJbTYPHBIX U AUKOPACTYLUX BUAOB. U3yueHue BU-
JIOBOI'O Y BHYTPUBUJO0BOTO pa3HOOOpa3us ThIKBbI, 06Jia-
Jatollell OrpOMHBIM NOTEHIMAJOM HacJeJCTBEHHOH M3-
MEHYMBOCTH MOPPOOHOJIOTHYECKUX U X03SHCTBEHHO-TI0-
JIe3HbIX NPHU3HAKOB, IPHBJIeKAJ0 BHUMaHUe MHOTUX yue-
HbIX. X UHTepecoBaJl BONPOCHI IPOUCXOXKAEHNUS BU/OB,
reorpaduyeckoro pacnpocTpaHeHus, 60TaHUYECKOrO CO-
CTaBa, HacJle[lOBaHUS IPU3HAKOB, UX peaKLUsl Ha yCJI0BUS
BHeLIHeH cpe/ibl.

Ha ocHoBe skcneAUIMOHHBIX CO0OPOB ¥ BCECTOPOHHETO
M3y4yeHUs1 06pa3l0B MUPOBOM KOJIJIEKLUH ThIKBbI yUeHbI-
Mu BUP 6bliu omnpepesieHbl LEHTPbl NPOUCXOXKJEHUS
U pacipocTpaHeHUs], ee 6HOJOTUYEeCKHe OCOGEHHOCTH,
paspaboTaHbl 3K0JI0r0-reorpapryeckre Kjaaccudukaunuu
BU/I0OBOTO U COPTOBOI'0 Pa3HO06pa3us 3TON KyJIbTYPbI.

CorsacHo knaccudpukanuu A. U. dunosa (Fursa, Filov,
1982), poa TeikBa (Cucurbita L.) npeicTaB/ieH NATHIO KYJb-
TYPHBIMU U 16 JUKOpacTyLMMU BUjaMU. B Halelt cTpane
BO3/leJIbIBAIOT TPU BU/JA: ThIKBY TBepAokopyto (C. pepo L.),
TBIKBY KpyIHOMJIoAHY!0 (C. maxima Duch.), ThIKBY MycKaT-
Hy10 (C. moschata Duch. ex Poir.). OHU pas/inyaoTcs MEXAY
co601 no MopdoIoruYecKMM NpU3HAKaM pacTeHUU - cTe-
6J15IM, INCTbSIM, IIJIOZLAM, CEMEHaM, a TaK>Ke 110 OTHOLIEHH 0
K YCJIOBUSIM BHeIIHEeN cpefibl.

Cpenu Bo3Jie/ibIBaeMblX BU/IOB ThIKBa MyCKaTHas Hau-
6oJiee TenJo06MBast. BOJBLUIMHCTBO ee COPTOB BbIpallU-
BAlOT B I0’KHBIX pernoHax Poccuu (KpacHopapckuii u Ctas-
ponosibckuil kpas, PocToBckasi, AcTpaxaHckas, Bouror-
pajckas o6sactu, pecny6auku CeBepHoro KaBkasa). Ilo
CpaBHEHMIO C TBEPJIOKOPOH U KPYNHOIJIOAHON ThIKBA My-
ckaTHas obJsajjaeT 60Jsiee CUJIbHOM U3MEHYHUBOCTbIO MOpP-
dosioruyeckux npu3HakoB no ¢Gpopme MJIOAOB U PUCYHKY,
CTelNeHU NATHUCTOCTU U popMe KpaeB JIUCTOBBIX NJIACTH-
HOK, OKpacKe MAIKOTH, ee KaueCTBY U CTPYKTYpe.

XapakTepHasi 0CO6EHHOCTb COPTOB TBhIKBbl MyCKaT-
HOH - UX yHUBepcaJbHOe HcCNoJib30BaHUe. Ee miozbl mo-
Tpeb6JISI0T B CBEXXEeM BU/le, @ TaKXKe UCNO0Jb3YI0T AJid llepe-
paboTKU NpU H3rOTOBJEHUU NPOAYKTOB JUETHYECKOTO
U leTcKoro nuTaHus. Ee AueTHyeckas LleHHOCTb 06YCJI0B-
JleHa BBICOKHMM COJiep>KaHHeM KapoTHHa, BUTaMHHOB C
U B, IpyTUX XMMHUY€ECKUX 3JIEMEHTOB. B CBA3U C XOPOUIMMH
KayeCTBEHHbIMH IOKasaTeJsMU MO COJAepKaHUI0 CYXHX
BellleCTB, CaXapoB U 0CO6GEHHO KapOTHHA CIIPOC Ha ThIKBY
MyCKaTHYI0 BO3pacTaeT [Jisl BO3/ie/IblBaHUS He TOJIbKO
B I0)KHBIX pPerdoHax CTpaHbl, HO U B 60Jlee CeBEpPHBbIX OT
TpaAULMOHHOM TrpaHULbl ee Bo3jesblBaHUA. JTo Llen-
TpaibHbIH, lleHTpasbHO-UYepHO3eMHBIH U faxke 3anajHo-
Cubupckuit 1 BoctouHo-CUGUPCKUHI pETHOHBL.

Jlnsa pacuimpeHus apeasia BO3JeJIbIBAHUSI MYyCKaTHOH
TBIKBbI Y PO/ BUKEHUSsI B 60Jlee ceBepHble perHoHbl HE06-
XOJIUMbI paHHecIeJible COPTa, BbIBEIEHHI0 KOTOPBIX B Ha-
cTosilllee BpeMs NpujaeTcs 6osblioe 3HayeHUe. CienyeT
OTMETHUTH, UYTO B peecTpe cesleKIJMOHHbBIX JOCTHXKeHUH Ha
2019 r. 3apeructpupoBaHo 40 COPTOB THIKBbI MYCKaTHOM,
M3 KOTOPBIX JIUIIb NATh OTHOCATCS K paHHeCHeJblM, YTO
coctaBsaseT 12,5%. CpejHepaHHUX HECKOJIbKO 6oOJIblie —
ceMb (17,5%). Ilpu aToM cpejHepaHHUEe BbIBeJEeHbl MUHO-
ctpaHHbIMU ¢upMmamu: Sakata u Enza Zaden. OctasnbHble
npe/icCTaBJeHBI cpeJiHeCHebIMH, CpeAiHeN03HUMU
¥ no3HUMHU copTamu (State Register..., 2019). lllupokas

HacJle[jICTBEHHAsl W3MEeHYUBOCTb TBhIKBbl MYCKAaTHOH IO-
3BOJIsIeT BBISIBUTb NepPCNeKTUBHBIN MCXOJHBIM MaTepual
JU151 CO3JJaHHU s COPTOB, IPUCIIOCOGIEHHBIX /1151 BO3/e/IbIBa-
HUS B pa3HOOOPa3HbIX NPUPOJHO-KJIMMAaTHYECKUX 30HAX.

CyefyeT OTMETHUTb TaKXe, YTO GOJIbIIMHCTBO BO3/e-
JIbIBAeMbIX COPTOB ThIKBbl MYCKaTHONH OTHOCATCS K AJIMH-
HomseTUucThiM (oT 2,5-3,0 1o 4,0-5,0 M u 60os1ee). YaiuHe-
HUe IJleTel mposBssieTcs B Gpa3bl [[BeTeHUsI U 06pa3oBa-
HUS 3aBsI3el, BIJIOTh J]0 co3peBaHus. [lieTH, pazpacTascs,
CMBIKAIOTCS B MEXAYPAAbAX U 3aTPYAHAIOT MeXaHU3UPO-
BaHHYI0 MeXAYPAAHYI0 06paboTKy U pyuHble NPOMOJIKHU.
JIMHHOIIJIETUCTOCTD YCJ0XKHAET Takxke Y60pKy ypokas.
Cy4eToM 3TOro oco6oe 3HaueHHUe B ceJIeKLUU NPUJaeTCs
CO3/IaHUI0 COPTOB, YAOOHBIX [JJI1 BO3/eJ/bIBaHUS, UMelo-
MIMX KOMHNAKTHYIO UJIHM KOMIAKTHO-KYCTOBYI0 $opMy pa-
CTEeHHUS.

Eme paHee U3BeCcTHbIN yueHbIH, Ucclei0BaTe b 6axye-
BbIX (ThikBeHHbIX) pacTeHuil K. U. [lanraso B pa6orte «Ce-
JIeK1IUs1 6aX4yeBbIX KYJbTyp», ONY6JIUKOBAaHHOHN B KJIacCH-
yeckoM Tpyzae BUP «TeopeTrnueckue 0CHOBBI CeJIEKI|UHU pa-
CTeHUI», 0TMeyvaJl, YTO NJEeTUCTOCTb 6aXyeBbIX ABJsAETCS
OTpUILAaTebHON 0CO6EeHHOCThIO: MelllaeT MeXaHU3UPOBaH-
HOU MEXAYpsHOH 06paboTKe, TpeObyeT OTBOAUTH 0O0JIb-
Hve nJollajgu NUTaHus apby3aM, JbIHAM U ThIKBaM; 103-
TOMY BecbMa 3aMaHYUBbIM /Jisl CeJleKL{MOHepa sIBJseTCs
co3/laHue KOPOTKOIJIETUCTBIX U fla’ke KYCTOBBIX MPOJYK-
TUBHBIX $opM 6axyeBbix (Pangalo, 1937).

BakHeHIIMM HCTOYHUKOM B BBISIBJIEHUU U CO3JaHUU
HCXOJHOI'0 MaTepuaJa AJisl pa3HbIX HalpaBJeHUH ceJek-
UM ABJIsleTCsa GoraTelmas koaneknusa BUP, psaj o6pasios
KOTOPOH 06/1alal0T LEeHHbIMU MOPPOOHOJOTHUUECKUMU
Y X03SWCTBEHHbIMU NMpPU3HAKaMHU (paHHECIEJNOCTb, MPO-
AYKTUBHOCTb, Ka4yeCTBO, YCTOMYUBOCTb K OMOTHYECKUM
1 abMOTHYeCKUM cTpeccopaM). BmecTe ¢ TeM Hajo oTMe-
THUTb, UTO B KoJlleKiuKM BUP Heo6xoquMble A1 cesleKIuU
06pasIbl € KYCTOBBIM THUIIOM pacTeHUH UMEITCS TOJbKO
V TBIKBbl TBEPJOKOPOM U THIKBBI KpymnHomyaogHoi (Elats-
kova, 2019). Ha ux ocHOBe co3/1aH psiJi KyCTOBbIX COPTOB,
NpUHAJJIeXKamux K3TuM Bugam (‘KycrtoBass opaHkeBas’,
‘TpuboBckas kyctoBas’, Jlyd, ‘/lHenponeTpoBcKasi KyCcTo-
Bas’, ‘Yaei6ka', ‘KyctoBas 3os0Tas’, ‘Masnbika’, ‘MaTtpeuwi-
ka' 1 Ap.). BoTinyue oT TBepAOKOPOH M KPYIHOIJIOJAHOH,
V TBIKBbl MyCKAaTHON 06pa3Libl ¢ KycTOBOWH popMoi pacTe-
HUSA OTCYTCTBOBAJIHU.

B npouecce usyyeHus: KoJJeKIUU ThIKBbl MyCKaTHOU
HaMM oGHapy»eHa KycToBas (MyTaHTHasi) dopma cpeau
pacTtenuit o6pasuya us CLIA ‘Early Butternut’ k-017 (Tekha-
novich, 2005). Pactenus 3Toit GopMbl KOMIAKTHO-KYCTO-
Bhle (0,8-1,0 M), co cO6IMKEHHBIMU MEXK /A0y 3JIUSIMU JJIUHON
3-4 cM U MeJKUMH, cjJerka roppupoBaHHBIMU, OKPYTIJO-
MOYKOBUJHBIMHM, TeMHO-3eJIeHbIMU JIUCTbAMU. I[l104bI
MeJIKMe, IIapOBU/HO-CIIJIIOCHYTON GOopMbI, KOpUYHEBATO-
JKeJTOM okpacku, Maccor 1,0-1,5 kr. MKOTbh opaH»KeBas,
MJIOTHO-XPYCTALIAs, C XOpolUM BKycoM. [lo BereTalMoH-
HOMY TMepuojJly OTHOCUTCHA K mo3jHecnesbiM (120-130
AHel). [lyTeM caMoomnbleHUsI pacTEHUN KyCTOBON GOpPMBbI
B TeUeHUe HeCKOJIbKUX JIeT MoJydyeHa JOCTAaTOYHO OJHO-
poaHas kycToBas JuHus KJI 745 (puc. 1), umeroias cyie-
CTBeHHble HeJOCTAaTKU: 103/JHEeCIeJIOCTb, HU3Kasl MPOoJyK-
THUBHOCTb, MEJIKOTIJIOAHOCTD. [103TOMY 04eHb BaXKHO MOJIy-
YUTb YJIy4llIeHHYO0 110 3TUM IpU3HAKaM KyCTOBY10 GOpMY.

B cBA3M C BBIIIEN3JI0)KEHHBIM N0CMAB/AEHA Yeb — Bblf-
BUTb U CO3/JaTh UCXOAHBIM MaTepHaJl C NOBbIIIEHHON Npo-
JYKTHBHOCTBIO Y XOPOLIMM KayeCTBOM /iJ15 CeJIeKLU U paH-
HecIeJIbIX KYCTOBBIX U KOPOTKOMJIETUCTBIX COPTOB ThIKBbI
MYCKaTHOM.
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Puc. 1. KycroBasi inHus TeikBbl KJI 745 ceneknumn Ky6aHckoii onbITHOM cTaHuu BUP,
aBTopbl: I A. TexanoBuy, A. I. EnankoBa, 10. A. Enankos ($oTo A. I EnankoBoit)

Fig. 1. Bushy pumpkin line KL 745 bred at the Kuban Experiment Station of VIR,
authors: G. A. Tekhanovich, A. G. Elatskova, Yu. A. Elatskov (photo by A. G. Elatskova)

Ma’repnan U MeToAbI

MaTepuasioM sl UCCIeJOBAHUs CTYXKUJIN 06pasLibl KOJI-
JIEKLMU TBIKBBI MYCKaTHOHM pa3/MYHOro reorpadpuyeckoro
IPOMCXOXKEHHUs], TIpe/iCTaBJIeHHble MeCTHbIMU paioHHUpO-
BaHHBIMU U ePCIEKTUBHBIMU COPTAMH, @ TAKXKEe TUOPHULAMH
Y JIMHUSIMU Pa3HbIX [TOKOJIEHUH, NMOJYyYeHHbIMU B poLecce
pa6oThl. ExxerojHbIl 06'5€M KOJIJIEKIIMOHHOTO U CEJIEKIIOH-
HOro MaTepuaJja Bkoual 35-40 o6pa3uos. UcciesoBaHus
IPOBe/IeHbI B 0JIEBBIX YCI0BUAX KyGaHCKOH ONBITHOM CTaH-
nuu (Ky6anckas OC - ¢unuan BUP) no MeToguke nusyyeHus
U noaepxanus kostekuuu (Fursa et al.,, 1988b; Piskunova,
2020) u MeTonuKe ceneKUUM OGaxueBbIX Ky/abTyp (Fursa,
1988a).

M3yyaeMble 06pa3ubl NOABEPrajUCb HCKYCCTBEHHOMY
OIIbLJIEHUIO /1JIs1 IOJTyYyeH!s BoIpaBHEHHOT0 MaTepuasa. Bel-
JleJIeHHble OT CaMOOTbLIEHHsI 06pasLbl ¥ JIMHUU HCIIOJIb30-
BaJIM B CKPELIUBAHUAX AJIsI MOJydyeHUs ru6puoB. C nesbio
M3y4yeHHUsl HacaenoBaHUs GopMbl (rabuTyca) pacTeHUs JJs
CKpeIlMBaHUs MoAGHUpasn 06pasiibl € YeTKO Pa3MYUMbIMH
npU3HaKaMU. XapaKTep Hac/eJ0BaHUs MPU3HAKOB U3y4aJIH
Ha BO3MOXKHO GOJIbLIIEM KOJIMYECTBE PACTEHUH B THOPUAHBIX
IOTOMCTBAX, @ UX FeHeTUYeCKUH KOHTPOJIb ONIpeJesIsiiv Me-
TOJOM X% B mpoluecce MU3y4yeHHsI UCNIBIThIBaeMble 06Pa3libl
KOJIJIEKIIU U CeJIEKIIMOHHBIA MaTepHaJl OLleHHBaJIM Ha paH-
HeCcHesoCTb, NPOAYKTHBHOCTb, KayeCTBO, YCTOMYMBOCTb
K 60JIe3HSAM.

Pe3y/IbTaThI M 06CYKIEHHE

B pe3ysnbraTe H3ydeHUs 06pasLOB KOJJIEKLHUH, THOpHU-
JIOB M JINHUH BblJleJIeH UCXO/HBbIH MaTepuaJ, 06Jajalolui
LeHHBIMU MOP}OOHOIOrMYECKUMH U X031 CTBEHHBIMU IPH-
3HaKaMH{ /11 Pa3BUTHS NEPCIEeKTUBHBIX HAlpaBJeHUH ce-
JIEKIIUM THIKBbI MyCKaTHOH.

JU1s ceJleKLIMM Ha CKOPOCIEJIOCTh NMPeJCTaB/IAIT UHTe-
pec paHHecIesible 06pasLbl C BEreTallMOHHBIM MEPHOZOM
90-97 nuet: k-3549 (fAnonwms), ‘Butternut’ (k-4205),
‘Waltham Butternut’ (k-4613), ‘Early Butternut’ (r-017) u3
CIIA; k-4235 (AprenTtuna); ‘OpexoBwiii’ (Poccus) (pwuc. 2,
a, 6). [ToMMMO BBICOKOH CKOPOCIEJNIOCTH, OHU 00J1aJJal0T XO-
pouIMM co4yeTaHWeM NpoAyKTHBHocTU (3,8-6,9 Kr/pact.)
Y KayecTBa IJIOJOB (cosep:kaHue cyxoro BemectBa 10,2-
14,5%, BKyc 4,0-4,8 6a/11a). [To NpoJyKTHBHOCTH IIpeBBILIe-
HUe Ha/J| CTaHAAPTHBIM copToM ‘Mapus’ (k-5601) cocTaBuio
oT 26,7 no 130%, no cofepaHUIO CyXOro BelleCTBAa OHHU
ObLJIIM HAa YPOBHE WJIM He3HaYuTesbHO (1,2-3,2%) ycTynanu
crangaprty (13,4%) (ra6auna). U3 BblenepeyrclIeHHbIX
o6paser ‘Early Butternut’ nmpezcraBsisis co60# CJIOXKHYIO IT0-
NyJALUI0 M0 TabUTyCy pacTeHUH, ¢popMe M Macce MJIOJOB,
XapaKTepy PUCYHKa, TOJIINHE MAKOTH, ee OKpacKe U CTPYK-
Type. [lyTeM MHOrOKpPaTHOI'0 MHIyXTa OTOMpPAaeMbIX pacTe-
HUM 13 KOJJIEKIMOHHOTO o6pasua ‘Early Butternut’ Beigese-
Ha paHHecnesas (96 gHeit), MHoromaozgHas (3-4 mioga),
BBICOKONIPOAYKTHBHasA (5,4 Kr/pacT.), C BBICOKUM KauyeCTBOM

Puc. 2. O6pa3ser ‘OpexoBbIii’ 13 Ko/UIeKI MU Ky6aHcKoii onbITHOM cTaHuu BUP,
aBTopsl: [ A. TexanoBuy, A. I. EnankoBa, 10. A. EnankoBs; a - BHemnHU#M Buj; 6 - moasl (¢poto A. I EnankoBoit)

Fig. 2. Accession ‘Orekhovy’ from the collection of the Kuban Experiment Station of VIR,
authors: G. A. Tekhanovich, A. G. Elatskova, Yu. A. Elatskov; a - the plant; 6 - fruits (photo by A. G. Elatskova)
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(copeprkaHue cyxoro BemectBa 14,5%, Bkyc 4,5 6asia) Ko-
poTkomieTucTass ¢opMa, 06pasyrouias KOPOTKOIUIUHIPH-
yeckye IIoAbl Maccod 1,5-1,8 kr. MIKOTh NMJIOTHO-XPYCTS-
1masi, IpKo-opaHXKeBasl, CJ1afKasl.

Eme paHee, kak 0TMe4YeHO, Cpei1 pacTeHUH 3TOro o6pas-
11a 6b1J1 06HAPYXEeH KOMIAKTHO-KYCTOBOM MyTaHT C raGUTy-
coM pacteHus 0,8 M C MeJKMMU LIAPOBUHO-CIIIOCHYTOH
dopmel mmogamu Maccoit 0,9-1,5 kr. ComeprkaHre CyXoro Be-
1ecTBa B IJ10/1ax — Ha ypoBHe 8,0-9,0%, Bkyc - 3,8-4,0 6aJ-
Jia. MyTaHT CJIYXKUT BaXXHBIM MCTOYHHKOM B CeJIEKIIUU Ky-
CTOBBIX COPTOB ThIKBbI MyCKaTHOﬁ, MPUTOAHBIX AJIA MEeXaHU-
3UPOBAHHOI'O BO3/1€JIbLIBAHHA.

U3 cpegHepaHHUX U cpeJiHecnesbix o6pa3uoB (105-
110 gHe#t) BbICOKAsg NUPOAYKTHUBHOCTb (4,8-7,3 Kr/pacrt.)
B COYETAHUH C XOPOLUIMM Ka4yeCcTBOM (Cofep>KaHNe CyX0To Be-
mectBa 9,0-10,5%, Bkyc 4,0-4,5 6a/11a) oTMeyeHa B 06pas-
nax: ‘Auasy-Akkukygza’ (k-3952, Anonus), ‘[lamoB-kangy’
(Bp.k-2088, Tamxukucran), ‘AutapHas’ (KOC BUP), no3gHe-
cnenblit ;ApabaTtckas’ (k-4191, Kpeim) (puc. 3). Beigenen-
Hble 00pas1bl 10 MPOAYKTUBHOCTH MPEBBICUIJIMN CTAHJAPT Ha
60-143,3%, ano KavyecTBy (cofep:kaHHe CYXOTO BellecTBa
9,0-10,5%, BkyC 4,0-4,5 6assa) 6blIM HA YPOBHE UJIH OJIU3-
KM K cTaAapty (‘Mapus’). BeimenepedncieHHble 06pasibl
JIOCTaTOYHO YCTOWUYMBEI K 60/1e3HAM (MydHHUCTas poca, 6ak-
Tepro03, BUPYCHasl MO3auKa), K CTPECCOBBIM YCJIOBUSM Kapbl
W 3aCYXH U MOTYT CJIYXXUTb EHHBIMHW UCTOYHUKAMMU [JIA Ce-
JIEKUH KaK paHHeCHeJIblX, TaK U CpeJiHe- U MMO3IHECIeJIbIX
KYCTOBBIX U KOPOTKOIIJIETUCTBIX COPTOB.

JI0B IVIETH YAJUHSIOTCA W paCTeHUs] CTAaHOBATCH AJMHHO-
IJIETUCTBIMMU, TO €CThb HabJ/I10AaeTCsl CMeHa JJOMUHHUPOBAHHUS.
Ananus pacuierienus B F, nokasasn ciefiyroliee Hacaie10Ba-
HUe NpH3HaKa: TH6PU/bI NPeJICTABIAIN CA0XKHbIe MOMYJIs-
MU U JlaBajid paclienyieHde Ha KyctoBble (0,7-1,2 M), Ko-
poTtkomnetuctsie (1,3-2,0 m), cpeane- (2,1-3,0 M) ¥ JJIMHHO-
mieTuctole (6osiee 3,0 M). OGbeAUHUB MJIETUCTbIE THUIIbI
(KOpoTKO, cpeJiHe- W JINHHOIJIETUCTbIe) B OAUH GEHOTHI],
MOXHO yTBePXK/JaTh, UYTO KyCTOBOCTb GJIM3Ka K peljeCCUBHO-
My XapakTepy HacJefoBanus. B F, npoucxoaut pacuiensie-
HUe Ha IJIETUCTbIe U KYCTOBble B MPUGJU3UTEBHOM COOT-
HOIIEeHUH UX PeHOTUIIMYEeCKHUX KJI1accoB 3 : 1, 4To cBUJETE/b-
CTBYeT 0 MOHOT€HHOM XapaKTepe pacliel/eHus].

B rubpuanbix nonynsauusax F,-F, Opexosbiii x Ku 745,
Apabartckas x K 745, k-4135 x Ku 745, Early Butternut x
K1 745 c npuMeHeHHeM MHIYXTa U UHAUBU/AYyaJbHO-CEMEM-
CTBEHHOTO 0T6GOpa BblJieJIeHbl KOMIIAaKTHO-KyCTOBbIE U KO-
pPOTKOIMIETUCThIE POPMbI PACTEHUHN MO BOXKHEUIIUM X0351H-
CTBEHHO-II0JIE3HbIM NPU3HAKaM (paHHeCNeJ0CTb, IPOAYK-
THBHOCTb, KQUeCTBO, YCTOWYUBOCTh). B F, onu ObLIM JOCTa-
TOYHO OJHOPOAHBI 110 NMPU3HAKY KYCTa, HO pa3/M4ajuch 10
dopMe, okpacke GpoHa U PUCYHKY IJIO/A, TOJIHHE, OKpacKe
Y CTPYKType MSKOTH. B ce/leKIMOHHOM NHUTOMHHUKe JAaHa
ouneHKa rubpugiaMm F, 1Mo OCHOBHBIM XO3AMCTBEHHO-TIOJIE3-
HbIM TIpU3HAaKaM, pe3y/JbTaThl KOTOPOH NpesCcTaBJeHbl
B TaOJIMIE.

[lyTeM caMoonblIeHUs 0TO6PAHHbIX B MOKoJIeHUsX F —F,
pacTeHUM co3JaHbl CeJIeKLIMOHHbIE JIMHUK C pa3HOoG6pas-

Puc. 3. CopT ThIKBbI ‘Apabartckas’ (¢oto A. I EnankoBoi)

Fig. 3. Pumpkin cv. ‘Arabatskaya’ (photo by A. G. Elatskova)

WHTepecHble pe3y/bTaThl MOJyYeHbl IPU U3YYEHUU TH-
OpH/I0B OT CKpelLIMBaHUs Pa3HbIX 110 MOPHOBHO0I0THYECKUM
NpU3HaKaM 006pasloB KOJUIEKIUH, UMEIOLIUX IMJIETHCThIA
THII C KycTOBOH popMoi. CKpelBaHUs IPOBOJUJIH C LiEJIbI0
yJIy4LIeHUs] KyCTOBOM GOpMbI U BbISIBJIEHUS HOBBIX UCTOY-
HUKOB KYCTOBOI'O U KOPOTKOMJIETUCTOrO TUNA. JI/1s1 CKpelu-
BaHHUS UCII0JIb30BaJIM JIy4lllle COPTA OTEYEeCTBEHHOH U 3apy-
0GEXKHOM ceJleKLIMM C pa3HOM [JJIMHOM BereTalMOHHOIO
nepuoja: paHHecnesnblie - ‘OpexoBbiit, ‘Early Butternut’ (k-
017), o6pasen, u3 ApreHTuHsbl (k-4235) U no3aHecne bl -
‘Apabarckas’ (k-4191). Ilpu 3TOM 6o0Jiee NPOAYKTUBHLIE
IJIETUCTbIE COPTA MCIO0JIb30BA/IN B KAYeCTBE MaTEPHUHCKOTO,
a KyCTOBYI0 GOpMY — B KQU€CTBE OTILOBCKOTO POAUTEIS.

[IpoBeseHO U3yvyeHue Hacle0BaHUsA GOpPMBI (rabuTyca)
pacTeHUH y ruOpU/0B OT CKpPELIUBAaHUSA MJIETUCTBIX COPTOB
C KyCTOBOM JIMHHMEH. YCTaHOBJIEHO, YTO y TM6pH/0B F, B Ha-
YasIbHBIN Nepuo/ Beretanuu (LBeTeHHe U 00pa3oBaHue 3a-
Bsi3el) NMpOSBJISETCH KOPOTKOMJIETUCTOCTb — MPOMEXKYTOY-
HBIM XapaKTep Hac/le0BaHUs, a 3aTeM 10 Mepe pocTa ILJIo-

HbIM MNpOSIBJIeHUEM MOPPOOHUOIOTUIECKUX U XO3SIUCTBEH-
HbIX NpU3HAKOB. OHU HCHBITAaHbl B KOHTPOJIbHO-3JIUTHOM
MUTOMHHUKE B KOJIMYECTBe 3-4 ceMel KaXk[oro rubpua c e-
JIbIO BBISIBJIEHUSI JIYULIUX 10 KOMILJIEKCY IPU3HAKOB. Xapak-
TEPUCTUKA BbIPABHEHHBIX 110 FAaOUTYCY paCTEHHUS U M0 IPU-
3HaKY IJ10/1a CeJIeKLMOHHBIX INHUH MTPUBe/ieHa HIKE.

KycroBbie 1maum KJI (0,8-1,2 M)

KycroBas siunusa KJI 648. Pannecnenas. Beigenena y ru-
6puga F, Early Butternutx KJI 745. O6pasyeT OKpyIJo-
CIJIIOCHYThIe CBETJIO-KOPHUYHEeBble IJIOAbI CpeJHel Maccoi
2,5 KI; IpOAYKTUBHOCTDb pacTeHus - 4,5 KI. MSIKOTb OpaH:xe-
Basi, MOTHas, ToawuHou 3,0-4,0 cM, Xopollero kKaiecTBa
(comepxaHue cyxoro Beuecta 12,3%, Bkyc 4,3 6a1a). Be-
reTalMOHHbBIN epuos — 95 gHel.

KycroBas nunus KJI 652 (puc. 4, a, 6). PanHecnesnas. Bol-
nenena y rubpuaa F, Opexosbiit x KJI 745. O6pasyeT mapo-
BUHO-CIJIIOCHYTble TEMHO-KpPEMOBBIE C I'yCTO-OpaHXKeBOM
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IJIOTHOM MSAKOTBIO IJIOABI cpeiHel Maccol 3,0 KT ¥ NpoAyK-
TUBHOCTBIO 4,2 KI/pacT., Xopollero KayecTBa (cojep:xkaHue
cyxoro BewecTBa 9,7%, Bkyc 4,0 6asia). BereTaniuoHHbIN
nepuof - 93 gHs.

KyctoBasi sinnua KJI656. PaHHecnesas, NpOAYKTHUB-
HOCTb - 4,3 Kr/pacT. Bowigenena yrubpuga F, x-4235 x
KJI 745. Tlnoab! yKOpouyeHHO-TpyLIeBUJHOH POpPMBI, Cpe-
Helt Maccoi 2,9 KT U ¢ IpKO OpaH>KeBO-KPacHOM MJIOTHO-XPY-
cTsAlLled MSKOTBIO OUeHb XOPOIlIero BKyca (cojep:aHue cy-
xoro BemecTBa 11,2%, Bkyc 4,3 6aJya). BeretannoHHbIN
nepuoj - 94 fus.

Hapsay c KycToBbIMU BblJleJIeHbl KOPOTKOIJIETUCThIE Pa-
crenud - 1,3-2,0 M, noTeHLMa/l NPOAYKTUBHOCTU KOTOPBIX
He yCTymnaeT AJUHHOIJIETHCTBIM.

KopoTtkomierucrsie aiuanu KIJI (1,3-2,0 m)

KIIJ1 168. BoijjesieHa B rUOPUAHON MONYJISLMUA OT CBO-
60/IHOTr'0 OMNblIeHUs C KycToBOW ysinHUeld KJI 745. PacteHus
00pa3yoT WAapOBUAHBIE U OKPYIJIO-OBaJIbHbBIE MJIOAbI CPEJ-

Hell Maccoll 5,7 kr. [IpoAyKTUBHOCTb pacTeHus — 6,8 Kr. OT-
JIn4aeTcsl BBICOKMM KauecTBOM (coZiepikaHMe CYXOTo Bellle-
ctBa 13,6%, Bkyc 4,5 6asia). BereTanuoHHBIN mepUoOA -
92 AHsL.

KILJT 640. Boigesiena y ru6puga F, Apabatckas x KJI 745.
06pa3yeT KOPOTKOOBaJ/IbHbIE U IIAPOBU/HbIE CI1a00CETMEH-
TUPOBaHHbIE IVIOZbI C OPAHXKEBO-KeJTbIM GOHOM, cpefiHel
Maccoi 5,5 KT M IPOAYKTUBHOCTBIO pacTeHUs 6 KI. MAKOTb
SIpKO-OpaHXeBasi, TOJICTas, MJIOTHAs, XOPOIIero KayecTBa
(comeprkaHue cyxoro BelectBa 9,8%, Bkyc 4,0 6asa). Bere-
TalMOHHBIN nepuof - 98 gHell. O6yafaeT XopoLIen JIekKKO-
CTbI0. YCTOWYMBA K MyYHUCTOU poce U GaKTepHO03y, 3aCyX0-
ycToiuuBa (puc. 5).

KIJT 680. Beigenena yrubpugaF, k-4235x KJI745.
06pasyeT yKOpOUeHHO-TpylLIeBU/AHbIE U [IapPOBU/AHO-CILIIOC-
HyThle 6ypo-opaH»KeBble IJ10/ibl cpefiHel Maccolt 2,7 Kr. [Ipo-
JYKTUBHOCTb pacTeHus - 4,9 KI. MSIKOTb I'yCTO-OpaHXeBas,
TOJIIMHON 3-4 cM, IJIOTHAs, XPYyCTALas, XOpOLIero KayecT-
Ba (cosepxaHue cyxoro BemwecTBa 10,2%, Bkyc 4,0 6asa).
BereTanuoHHbl# nepuof - 95 fHEH.

Puc. 4. KycroBasi tuHus TeIKBbI KJI 652 ceneknuu Ky6aHckoii onbITHOM craHiuu BUP,
aBTopbl: [ A. TexanoBuy, A. I. EnankoBa, 10. A. Enankos;
a - BHelHUH BUJ; 6 - miozas!l (doto A. I EnankoBoi)

Fig. 4. Bushy pumpkin line KL 652 bred at the Kuban Experiment Station of VIR,

authors: G. A. Tekhanovich, A. G. Elatskova, Yu. A. Elatskov;
a - the plant; 6 - fruits (photo by A. G. Elatskova)

Puc. 5. Koporkonierucrasi 1uHus ThiKkBbI KIIJI 640 cenexkuuu Ky6aHckoii onbITHOM ctaHuu BUP,
aBTopbl: [ A. TexanoBuy, A. I Enankosa, 10. A. Enankos
(doto A. T. EnankoBoit)

Fig. 5. Short-vined pumpkin line KPL 640 bred at the Kuban Experiment Station of VIR,
authors: G. A. Tekhanovich,, A. G. Elatskova, Yu. A. Elatskov
(photo by A. G. Elatskova)
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BbiBOABI

1. B pesynbTaTe uccjie0BaHUs CpeiU 06pa31i0B ThIKBbI
MyCKaTHOM KoJsiiekuuu BUP BblZiesieHbl HOBble UCTOYHUKHU
paHHecIeJI0CTH, MPOJYKTUBHOCTH, KayecTBa JJisl Mepclek-
THUBHBIX HallpaBJeHUH cesneknuu: K-4205, k-3549, k-4613,
K-4235, k-3952, k-4191, Bp.k-2088.

2. UsyyeHo HacnegoBaHue GopMbI (rabuTyca) pacTeHUs
y TUOPUIOB OT CKpeLIMBaHUSl KycTOBOW JuHUU KJI 745
C AJIMHHOIVIETUCTBIMU COPTaMH, YCTAaHOBJIEH MOHOTeHHBIN
XapaKTep HacJleJ0BaHUs IPHU3HaKa KYCTOBOCTH, ONpejieisie-
MbI pelLecCCHBHBIM reHoM bu (bush).

BoigeneHbl mepcrneKTHBHble KycToBble JiMHUK (KJI):
KJ1648, KJ1652, KJ/J656 wukoporkomietructble (KIIJI):
KIIJT 168, KILJI 640, KIIJI 680 p/s cesieKUyMU paHHeCHebIX
KYCTOBBIX U KOPOTKOIIJIETUCTBIX COpTOB. [IpuBejeHO uX
KpaTKoe oNucaHue.

Paboma sbinosiHeHa e pamkax zocydapcmeeHHo20 3ada-
HUSl CO02/1aCHO memamuveckomy nsaaHy BHP no npoekmy
Ne 0662-2019-0003 «[eHemuueckue pecypcbl 080UHbIX U 6aX-
yegblXx Kyabmyp Mmuposoli kosasexkyuu BHUP: sggekmusHbie
nymu pacwupeHusi pasHoobpasusi, packpblimusi 3dKOHOMEPHO-
cmell HacsedcmeeHHOoll U3MeHYU80CMU, UCNO/1b308AHUS adan-
mugH020 NOMeHYUaa».

The research was performed within the framework of the
State Task according to the theme plan of VIR, Project No. 0662-
2019-003 “Genetic resources of vegetable and cucurbit crops in
the VIR global collection: effective ways to expand their diver-
sity, disclose the patterns of hereditary variability, and use their
adaptive potential”.
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AkTyanbHOCTh. MukpocaresnutHble (SSR) Mapkeps! B Ha-
cTosillee BpeMs LIMPOKO MPUMEHSIOTCA KaK AJIs UCCie/j0Ba-
HUSl TEHETHUYeCKOro pa3HooOpa3us KOJUIEKIHH IJIOJOBBIX,
B TOM 4ucie s6ygouu (Malus x domestica Borkh.), Tak u ass
reHOTUNHMPOBAaHUS OT/AEeJbHBIX 00pasLoB. B kpymHeimen
B Poccum kosunekuuu si610Hu BUP coxpansitoTcs copta, co-
3/IaHHBIE Ha MATH OINBITHBIX CTaHLMAX BUP B pasHoe Bpems.
JlaHHBIEe copTa paHee He M3Y4aJIMCh C UCIOJb30BaHUEM MHU-
KpOCaTeJJIMTHBIX MapKepPOB.

Marepuasibl U1 MeTOAbL. V3yyeHo 35 copTOB sI6JI0OHU CeJek-
v BUP 1 yeThipe poguTesbckrie GOpMBI € HCIIOJIb30BaHUEM
Ha6opa u3 10 SSR-mapkepos (CH02c02b, CH03d01, CHO1f03b,
CH02d08, CH02c02a, CH05e03, CH02c09, CHVf1, CH01hO01,
COL). ®parmenTHbIH aHau3 npoBezeH Ha ABI Prism 3130xl.
Pe3ynbrathl. Y 35 copToB s16/10HH cesiekunu BUP BbIsiBieHO
97 aJuiesiel 1o lecATH U3y4eHHbIM JokycaM. KosndecTBo as-
JleJled Ha JIOKyC BapbupoBasio oT 5 (CH02c02b) po 17
(CHO2c02a).YacToTa yHUKaJIbHBIX ajlyieJiel cocTaBuia 26,8%,
peakux annener - 12,4%. YpoBeHb HHPOPMATHBHOCTH Map-
KepoB BapbupoBas ot 0,49 (CH02c02b) no 0,91 (CHO2c02a)
npu cpegHeM 3HadyeHuu 0,76. [lokasaTesnn oxxusaeMol U Ha-
6J110/1aeMOM I'eTepO3UTOTHOCTH JJIsi WU3yYEeHHOH BbIGOPKH
B cpeaneM coctaBuiu 0,79 u 0,56 coorBeTcTBeHHO. KiacTep-
HBIM aHaJ/IM3, TPOBE/IEHHBIN 10 pe3y/bTaTaM HUCC/IeJOBaHUS,
He BBIIBUJI YETKOT'0 pa3/ie/IeHUs] COPTOB 110 MECTY ITPOUCXOXK-
JleHus], O/IHAKO BBbIABUJ JUPepeHIaLo COIIaCHO pOJo-
CJIOBHBIM.

Background. Microsatellite (SSR) markers are now widely
used both for studying genetic diversity in fruit crop collec-
tions, including apple (Malus x domestica Borkh.), and for
genotyping individual accessions. The apple collection held
by VIR, being the largest in Russia, contains cultivars bred
at five experiment stations of VIR. These cultivars not only
meet the requirements of horticulture in the region of their
origin, but also are interesting as sources of valuable traits
for breeding programs. However, these cultivars have not
previously been studied using microsatellite markers.
Materialsand methods. A setof 10 SSRmarkers (CH02c02b,
CH03d01, CHO1f03b, CH02d08, CHO02c02a, CHO05e03,
CHO02c09, CHVf1, CHO1h01, COL) was used for genotyping
35 apple cultivars developed at VIR and four parental forms.
Fluorescently labeled PCR products were separated by cap-
illary electrophoresis on ABI Prism 3130xl.

Results. In 35 apple cultivars from VIR, 97 alleles were
identified at ten studied loci. The number of alleles per locus
varied from 5 (CH02c02b) to 17 (CH02c02a). The frequency
of unique alleles was 26,8%, with 12,4% for rare alleles.
Polymorphism information content (PIC) values varied
from 0,49 (CH02c02b) to 0,91 (CHO2c02a) and averaged 0,76.
Expected and observed heterozygosity levels averaged 0,79
and 0,56, respectively. Cluster analysis did not reveal a clear
division of cultivars according to the place of origin (experi-
ment stations of VIR), but revealed clustering according to
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3akJil04eHue. BolsiBJIeH BBICOKHMH YPOBEHb MOJUMOpdU3-
Ma 35 copToB s6J10HU ceseknuu BUP c ucnosnbzoBaHueM
necsatu SSR-mapkepoB. /laHHbIEe 06 aJ1J1IeJIbHOM COCTaBe U3-
Y4YE€HHBIX COPTOB MOTYT 6bITb HCIIOJIb30BAaHbI AJI UX UEH-
TUPUKAUU U B JaJbHEHIIEM JJisl YCTAHOBJIEHUS MPOUC-
XO/I€HHU S COPTOB C HEU3BECTHOU pOLOCIOBHOM.

KiroueBsble coBa: Malus x domesticaBorkh., SSR-mapkepbsi,
reHeTHYeCKoe Pa3HOO6pa3ye, TeHOTUIIHPOBAHHUE.

Conclusion. A high level of polymorphism was observed in
35 apple cultivars from VIR using ten SSR markers. The ob-
tained data on the allelic composition of the studied cultivars
can be used for their identification and contribute to more ef-
ficient collection management. Further studying and SSR ge-
notyping of VIR’s apple collection and comparison with the
data obtained in the presented work can help to identify the
origin of cultivars with unknown pedigrees.

Key words: Malus x domestica Borkh., SSR markers, genetic
diversity, genotyping.

BBegenue

Kosunekuus 16,1001 BcepoccHCKOro MHCTUTYTA FeHETH-
YeCcKHUX pecypcoB pacteHuit uMenu H.M. BaBusiosa (BUP) ca-
Mast KpynHas B Poccuiickoit ®@efjepanivy v HacCUHUThIBaeT 60-
siee 3800 06pasiioB, cpein KOTOPBIX MPeCTABAEHbl BU/bI
poja Malus Mill,, pasHoBuaHOCTH, GOPMBI, COPTA OTEYECT-
BEHHOU U 3apy06eXHOH cesleKL[HH, CTApOMeCTHbIe COPTa, TH-
OpUABL.

CoTpyAHHKAMHM ONBITHBIX CTAHIIUK — dunnasoB BUP, rae
MO/IIEPXKUBAETCSl KOJJIEKIUSI 00pa3loB s6J0HH, B pa3Hble
roZibl 6B CO3/JjaH PsJ COPTOB C MPUBJIEYEHHEM COXPAHSIO-
IUXCSl B KOJJIEKLMH TEeHOTUIIOB. ITH COPTA COOTBETCTBYIOT
TpebOBaHUAM, KOTOpbIE NTPebABJSET CaZJOBOJICTBO B peru-
OHe MX co3faHus. KpoMe TOro, oHM MHTEpeCHb! KaK UCTOY-
HUKH IIeHHBIX IPU3HAKOB /IJ1s1 BK/IIOUYEHHS B CeJIEKI[MOHHbIE
nporpammel. Tak, copTa s16J10HU cesieKIuu KpbIMCKOH OMbIT-
HO-CeJIeKIIMOHHOW CTAHIIMM B HAcTosilliee BpeMs BXOJSAT
B pallOoHUpPOBaHHbINA copTUMeHT CeBepo-KaBka3ckoro peru-
oHa Poccun ¥ ABJIAIOTCA X0Opollel aJbTepHaTUBON 3apy6ex-
HBbIM COpPTaM B IIPOMBIIIJIEHHOM IIJIOZIOBOACTBE. VX MOKHO
HCNOJIb30BaTh U KaK MCTOYHUKH BBICOKOM YpOXXalHOCTHU
Y yCTOWYMBOCTH K OCHOBHBIM I'PUGHBIM 3a60JIeBaHUAM MPHU
CO3/JaHUM HOBBIX copToB s1610HU (Eremin, 2008).

CoBpeMeHHbIe NOAXO0/bI K COXPAaHEHUIO U U3Y4YEHHIO0 TeHO-
$oH/1a M/I010BBIX KYJBTYpP BKJIOYAIOT B Ce6s1 KOMILJIEKC GHO-
MeTPUYECKHUX, GNOXUMHYECKUX U FeHeTHYeCKUX MeTo/[0B. Co-
TPYAHUKAMU ONBITHBIX CTAHI[MH XOPOIIO U3y4eHbl MOpdoJIo-
rUyecKre U IOMOJIOTHYeCcKHe MPU3HAKH COPTOB sIGJIOHU Ce-
sekuun BUP. Crenyromuii 3Tan paboThl € JaHHBIMUA COpTa-

MU - HU3y4YeHUe TeHeTHYecKoro pas3Hoobpasus U co3jaHue
reHeTHUYeCKUX NacnopToB ¢ ucnosibzoBanueM /JHK-mapkepos.

OL[HI/IM M3 4YaCTO HUCIOJIb3yEeMbIX METOJ0B Ir€eHOTHUIIUPO-
BaHHA COPTOB HGHOHI/I, d TaKXe U3y4YeHUd UX TeHETUYEeCKOTro
pasHoo6pa3us sBjsieTcsas MeTon SSR-(Simple Sequence Re-
peats)-MapKUpOBaHHS, B OCHOBE KOTOPOTO JIEXXHUT aHaJW3
BapHabesbHOCTH MHUKPOCATEJIMTHBIX JIOKYCOB reHoMa. [lo-
CKOJIbKY Ha CETOAHSIIIHUHN JIeHb JIJis sI0JIOHU U3BECTHO 3Ha-
YUTEJIbHOE YHCJIO MHUKPOCATE/JVIMTHBIX MapKepoB C BbICO-
KUM ypoBHeM nosumopdusma (Liebhard et al., 2002; Silfver-
berg-Dilworth et al., 2006), JaHHBIH! MeTO/ yCHEIIHO UCHOJIb-
30BaJICS TPY U3yYEeHUH FreHeTUYeCKOro pa3Hoo6pasus U AJ1s
reHOTUIIMPOBAHUA O0TeyeCcTBeHHbIX (Suprun et al., 2015; Ku-
likov et al., 2018; Pikunova et al., 2018) u 3apy6eXHbIX cOp-
ToB s16/10HH (Lassois et al., 2016; Pereira-Lorenzo et al., 2017;
Baric etal,, 2020).

Ileab uccaedosarnust - SSR-reHoTunupoBaHue 35 copToB
s16/710HU cesieKunU BUP 1 onleHKa MX reHeTH4YeCKOroO pa3Ho-
006pasusl.

[TosryyeHHbIE pe3y/abTAaThl MOTYT ObITh HCI0JIb30BAHBI
AJI TIOATBEPXKAEeHUS COOTBETCTBUSA COPTY IPU pa3MHOXKe-
HUU U AIMUHUCTPHUPOBAHUU KOJIJIEKIITMOHHBIX Hacamaeﬂnﬁ
H6JIOHI/I, d TaKXe [Jid YTOYHEeHUA POJOC/TIOBHBIX COPTOB.

Ma'repnam,l U MeTOoAbI

MaTepuasioM A5l UCCIAe0BAHUS MOCAYKUIN 35 COPTOB
a6a0HU (Malus x domestica Borkh.), co3maHHBIX Ha NATH
ONMBITHBIX cTaHIUAX BUP, u yeThipe poauTenbckue GopMsl,
HCI0JIb30BaHHbIE MPH CO3/JaHUU psijia copToB (Tab.r. 1).

Ta6/iuua 1. CopTa s16/10HH, MCI0/Ib30BaHHbIE JJIs aHA/IM3a

Table 1. The studied apple cultivars

Homep no
HasBaHmue copTa (cHHOHUM) / KaTtasiory BUP /
Cultivar (synonym) VIR catalogue
number

Ipoucxoxaenue / Origin

KpbiMckas onbITHO-cesleKMoHHas ctaHnuss BUP (KOCC BUP)

Benoe ConHLe 44979 KJIOH copTa Pristine

Jleto Kpacnoe 44999 KJIOH copTa Dayton
Jlyducroe 45000 KJIOH copTa Sunrise
Llenpocthb 45373 kJI0H copTa Williams Pride
3osioToii [ToTok 44989 kJ10H copTa GoldRush
Ky6anoyka 45349 KJIOH copTa Enterprise
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Ta6auna 1. [IpogomxeHue
Table 1. Continued

Ha3sBaHue copta (cMuHOHUM) /
Cultivar (synonym)

Homep no
KaTtasiory BUP /
VIR catalogue
number

Ipoucxoxaenue / Origin

Bousirorpajackas onbiTHasi crannus BUP (BOC BUP)

MasnbryeHkoBckoe (MosogexHoe)

27861

Boiken x XKurysneBckoe

HwxHeBosnkckoe (ApoMaTrieckoe)

22345

cestHell copTa [lunuHKa JIMTOBCKast OT CBOGOAHOTO OMbLJIEHUS

Maiikonckas onbiTHas cranuusa BUP (MOC BUP)

3Be3aHOE 29311 HEU3BECTHO, TUOpUAHBIN dona MOC BUP
3umHee MOC BUP 12912 cesiHel] copTa Bramtot oT cB060IHOTO OIIBLIEHUS
WBan MuuypuH 23836 Melba x Beccemsanka MuuypuHcKas
KpacHoe 3umHee 17343 Penet CumupeHnko x Mclntosh
KpacHoe KaBkasckoe 15264 [Mapmen 3os0T0M x McIntosh
Huxouait BaBusios 15268 HEU3BECTHO, TUOpUAHBIA dona MOC BUP
Hos6pbckoe 15269 Heu3BeCTHO, TM6puaAHbIA doHg MOC BUP
OceHb 15270 HeU3BeCTHO, ru6puAHbIN dpona MOC BUP
[lapmen ®eBpanbckuii 15215 Heu3BeCTHO, rubpuaHbid dpong MOC BUP
[Momapoxk lllyHTyKa 12913 McIntosh x Penetr CuMmupeHko
[IpeBocxopHoe lllyHTyKCKOE 17373 HeW3BEeCTHO, TUOpUAHBIN doua MOC BUP
Pe6pucroe XKentoe 15258 HeU3BEeCTHO, ruOpuAHBIN dona MOC BUP
Penert IlyHTyKCKHI 12911 HeM3BeCTHO, ru6puAHbIM dpona MOC BUP
PymsHoe Bosibiioe 15272 HEU3BECTHO, TUOpUAHbIN dona MOC BUP
Ve eqeHme 23849 cestHel] copTa 3oJs10T0e [IpeBocxosHOE

OT CBOGO/HOTO OIbLJIEHUSA
[Ipodeccop 'prorep 15271 HeU3BeCTHO, TM6puaAHbIA doHg MOC BUP

CpeaHea3uaTcKkas onbITHasA ctaHnus BUP* (COC BUP)

3esenka BHPa 21714 HeusBecTHO, rubpuaHbiid ong COC BUP
Pener BUPa 21754 HEU3BECTHO, rubpuAHbIi ponx COC BUP
IlaBs10BCcKas onbITHasA crannuss BUP** (IIOC BUP)

KopaoHoBKa 800 cestHell copTa besbdiep-kuTakika oT CBO60JHOTO ONbLJIEHUS
Kopmait 28082 cestHel] copTa Wealthy oT onblLIeHUS TBLIBLION 0KHBIX COPTOB
KpacHoekoe 9227 cesiHel] copTa BesbdJuiep-kuTaiika OT CBOGOZHOTO ONbLIEHUS
JleHuHrpajckas 3ejieHKa 9224 cesiHen] copTa besnbdJuiep-kuTaiika 0T CBOGOZHOTO ONIbLIEHUS
JlenuHrpagckuii CuHan 891 cestHell copTa besbdiiep-kuTalika oT CBO60JHOTO OMbIJIEHUS
Jlenunrpagckoe Kesaroe 9223 cesiHel] copTa besnbduiep-kuTaiika OT CBO60HOT0 ONbLIEHUS
Jlro6umMuna TapaceHKO 914 cesiHell copTa besnbdep-kuTakika oT CBO6G0AHOTO ONbLIEHUS
HoBorognee 1045 cestHel] copTa Besbduiep-kuTaiika oT cBO60JHOTO ONbLIEHHUS
[TamukeBuda KpacHoe 1143 cesiHen] copTa besnbdJuiep-kuTaiika 0T CBOGOZHOTO ONIBLIEHUS
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Ta6sinna 1. OkoHYaHHe
Table 1. The end

Homep no
Ha3BaHue copra (cuHOHUM) / Karasiory BUP / .
Cultivar (synonym) VIR catalogue Mpoucxoxaenue / Origin
number

Poautennsckue GpopmMbl

Benboep-kuTanka 204 Benbdaep Kentoiid x Kutaiika KpynHomiogHas
Kurynesckoe 15369 BopoBuHnka x Wagener

PeneT CUMHpEHKO 65 MPOUCXOXK/eHe HeU3BEeCTHO

Wealthy 631 cestHel BULIIHETJIOLHOW CUGUPCKOH s16J10HU

* — onbITHasd craHuust BUP go 1991 r. (TaumkeHT, Y36ekckas CCP).

** — ¢ 2015 r. HayyHO-NIpOU3BOACTBEHHas 6a3a «[lymkunckue u [laBiaoBckue JabopaTopuu BUP»
* — an experiment station (branch) of VIR until 1991 (Tashkent, Uzbekistan)

** _ since 2015, Pushkin and Pavlovsk Laboratories of VIR

JHK BblAensn U3 CBEXUX MOJIOABIX JIUCTbEB C UCMOJIb-
30BaHueM Habopa ZR Plant/Seed DNA Mini Prep (Zymo Re-
search) corylacHO MUHCTPYKIUU IPOU3BOJUTES.

Jlns npoBeZieHus paboThl 66111 0TOo6paHbl 10 SSR-Map-
kepoB: CH02¢c02b,CH03d01,CHO01f03b,CH02d08,CH02c02a,
CHO05e03, CH02c09, CHVf1, CHO1h01 u COL (Gianfranceschi
etal, 1998; Liebhard et al., 2002; Vinatzer et al., 2004). Am-
nnaudukanuo OTOGpaHHBIX AJs aHajau3za SSR-J10KycoB
npoBoguau B Tepmonukaepe T100 Thermal Cycler (Bio-
Rad) c ucnosb3oBaHMEM peaKTHBOB IPOU3BOJCTBA «/lua-
nart JITa.» u npaiiMepoB npousBogcTBa 3A0 «EBporen» co-
[JIaCHO ycJ0BUSAM, onucaHHbIM L. Gianfranceschi c coaBTo-
pamu (1998). [Ipsimble npaiiMmepsl cofepxkand GpayopecLeH-
THY10 MeTKY (R6G, 6-FAM nnu TAMRA).

®parmMeHTHbIM aHa/IM3 NPOBOAU/IM Ha aBTOMAaTH4YeCKOM
reHeTu4yeckoM aHanuzaTope ABI Prism 3130xl B 000 «Cun-
ToJ1». [loslydeHHble pe3y/abTaThl aHAJIU3UPOBAIN C UCHOJIb-
30BaHueM nporpamm Peak Scanner v1.0 u GeneMapper v4.1
(Thermo Fisher Scientific).

PacueT yacToT as1esiel, yncia YHUKaJbHbBIX (4acToTa
BCTpe4yaeMoCTH He 6oJiee 1%) u peikux (4acToTa BcTpeya-
eMOCTH He 6oJiee 5%) ajiesiell, a TakKe 3Ha4YeHUH MOKa3a-
Tesied HabuoAaemol (H ) u oxxunaemoit (H ) rereposurot-
HOCTH IIPOBOJUJIN C UCI0JIb30BaHUeM Makpoca AJis1 MS Excel
GenAlEx6.41 (Peakall, Smouse, 2012). 3nauenue undpopma-
TUBHOCTHU MUKpOcCaTe/JIUTHOro jiokyca — PIC (Polymorphism
Information Content) onpejessiiy ¢ TOMOLbIO POrPaMMbl
PICcalculator (Nagy et al., 2012).

PacueT ko3¢ dunenTa reHeTHyecKoro cxoactna Jlakca
Mexy o6pasnamMy NPpOBOJAUJIU C UCIIOJIb30BaHHEM NIPO-
rpamMmbl PAST 3.16 (Hammer et al,, 2001). Ha ocHOBe k03¢-
dunuenTa Jaiica 6611 IpOBEeJEeH KJIACTEPHbIA aHATU3 METO-
noM Neighbor-Joining (NJ) B nporpamme MEGA X (Kumar
etal, 2018).

Pe3ynbraThl 4 06CyXKAeHUE

Y 35 npoaHa/IM3UPOBAHHBIX COPTOB SIGJIOHU CeJIeKLUU
BUP 6b1110 BbIsIBJIEHO 97 ajljie/IbHbIX BAPUAHTOB 10 AECATH
M3y4eHHbIM JIoOKycaM. KosinyecTBO aJliesielf Ha JIOKyC BapbU-
poBasio ot 5 (CHO2c02b) pno 17 (CHO2c02a) u B cpefHEM cO-
ctaBuso 9,7 (Tabu. 2).

B KaXkj0M U3 M3y4YeHHbIX JIOKYCOB ObLIM UAEHTHUPULIU-
pOBaHbl yHUKaJIbHbIE ajlJIey, a Aa5J10KycoB COL v CHOZ2c02a

YJaJI0Ch BbISIBUTD L1ECTb U YeTblpe YHUKAIbHbIX alJIeJIbHbIX
BapHaHTa COOTBETCTBEHHO (CM. TabJ1. 2). YacToTa yHUKaIb-
HBIX ajliesiedl coctaBuia 26,8%, peakux amienei - 12,4%.
YHuKanbHble aiend BoisiBaeHbl y 13 (37,1%) HU3ydyeHHbIX
COpTOB, a 60JIblIIe BCEr0 TAKUX aJllesled 0OTMe4YeHOo JJIs COp-
ToB ‘Besoe conHue’ (5), ‘3umHee MOC BUP’ (3) u ‘Pener
WMynTtykckuit’ (3). Kaxzapli U3 HccaeJOBaHHBIX COPTOB
s16JI0HU XapaKTepU30BaJICsl YHUKAJIbHBIM JJIsl JaHHOU BBI-
60pkU HA6OPOM aJlyiesiel 110 BCeM 1eCSITH U3y4eHHBIM JIOKY-
caM, KOTOpble MOTYT OBbITb UCIOJIb30BaHbl AJIS UX UAEHTU-
dukanguu.

YpoBeHb MUHPOPMATHUBHOCTH HUCIOJb30BaHHBIX JJIS1 aHA-
JIN3a MUKPOCATEe/UINTHBIX MapKepoB GbL1 JOBOJBHO BbICO-
KHUM: cpefHee 3HavyeHue mnokasatesns PIC cocraBusio 0,76
u BapbupoBaJio ot 0,49 (pns okyca CHO2c02b) no 0,91 (mnas
Jgokyca CHOZ2c02a). TlokasaTenu oxuZaeMod W HabGJIoAae-
MOU reTepo3UrOTHOCTH /151 U3y4eHHOU BBIGOPKU B CpefiHEM
coctaBuiu 0,79 u 0,56 cooTBeTCTBEHHO (CM. TabI. 2).

CpaBHeHHe NOJIy4eHHBIX JAaHHBIX C pe3yJbTaTaMu Jpy-
TUX UCCJIe[JOBAaHUM OTeuyeCTBEHHOTO U 3apy0eKHOro reHo-
doHza s16/10HU TOATBEPKAAET, UTO MOTUMOPGU3M MUKpOCa-
TeJJINTHBIX JIOKyCOB COPTOB s16J10HU cesiekuuu BUP focra-
TOYHO BbICOK. Tak, mpu ucclefoBaHUM MNoJUMOpU3Ma
12 SSR-y10kycoB 31 cOBpeMeHHOI'0 OTe4YeCTBEHHOr0 cOopTa
s16/10HU cenekyuy CeBepo-KaBKa3cKkoro 30HaJIbHOTO Hay4-
HO-HCCJIel0BaTe/bCKOI0 UHCTUTYTA CaJI0BOACTBA M BUHOT-
pazapctBa (CK3HUNCuB) u Bcepoccuiickoro Hay4yHo-Kcce-
JI0BAaTeJIbCKOTO MHCTUTYTa CeJeKUUU IJIOAOBBIX KYJbTYp
(BHHUMUCIIK) 66110 BhIsiBAEHO 93 annens (7,75 annened Ha
Jokyc), nokasaresib PIC B cpegHeM coctaBui 0,72, Habatonae-
Mas U oxkugaemasi rereposurotocts - 0,78 u 0,75 cooTBeT-
ctBeHHO (Suprun etal, 2015). AHanu3 16 copToB s16J1I0HU
cesleKLIMM Bcepoccuiickoro cesieKIMOHHO-TEXHOJIOTHYECKO-
ro UHCTUTYTA Ca/I0BO/CTBA U NUTOMHUKOBOAcTBA (BCTUCIT)
o 10 SSR-yokycam BbisiBUJ 75 assiesiell Ipy cpefiHeM MOKa-
3aTesie uHPopmaTUBHOCTU 0,72 U CpefHUX 3HAYEHUSIX
H =0,838uH, = 0,752 (Kulikov et al., 2018). B pamkax mac-
WTabHOr0 UCCIeJoBaHUS GPaHLY3CKON KOJIJIEKLIUU 516JI0HU
nast 1084 gMNIOMAHBIX T'e€HOTUIIOB C MCIIOJIb30BAaHUEM
21 SSR-mapkepa HailzeHbl 410 annenel, us HUx 228 pejkue
(55,6%), npu cpeaHelt uHGopMaTHBHOCTH JioKyca 0,80 (Las-
sois et al,, 2016). AHas1u3 737 reHOTUIIOB 16JI0HU U3 UCIaH-
ckoM koJieKuu 1o 13 SSR-y0kycam no3Boiua ugeHTudu-
uupoBatb 242 annens (161 penkue), cpefjHee 3HA4YeHUeE
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Ta6smua 2. lanHble o noiuMmopdusme SSR-10kycoB 35 copToB s16;710HU ceeknuu BUP

Table 2. SSR loci polymorphism data for 35 apple cultivars developed at VIR

Yucto Jlnana3oH Yucao Yucao
e pa3sMmepa pPeAKux YHHUKaJIbHbBIX
ﬂ[?:c};cs/ a;é:ﬁﬁgi': 0{ ¢parmeHTOB, IH / anneseu / annesneu / PIC H, H,
alleles Fragment size Number of Number of
range, bp rare alleles unique alleles
091 0,66 0,92
CHO2c02a 17 (18) 132-233 3(4) 4 (4) (091) (069) 091)
0,76 0,17 0,78
CH03d01 9(9) 87-112 0(0) 2(2) (0.75) (0.21) (0.78)
0,77 0,74 0,79
CHO1f03b 8(8) 138-182 0(0) 2(2) (0.77) (0.77) (0.79)
0,84 0,80 0,85
CH02d08 12 (12) 218-261 3(2) 3(3) (083) 0.79) (085)
0,49 0,34 0,58
CHO02c02b 5(5) 76-125 0(1) 2(2) (0.48) (0.33) (0.57)
0,74 0,43 0,77
CH05e03 10 (11) 158-202 3(5) 3(2) (075) (0.46) 0.78)
0,84 0,60 0,86
CHO02c09 9(9) 236-260 1(0) 1(1) (0.84) (0.62) (0.86)
0,72 0,69 0,75
CHVf1 7(7) 135-174 1(1) 1(1) 072) 067) (0.76)
0,77 0,69 0,79
CHO1h01 8(8) 113-131 0(0) 2(2) (0.75) (0.67) (0.77)
0,75 0,51 0,73
COL 12 (12) 208-246 1(1) 6 (6) (0.71) (0.49) (0.73)
Bcero 97 (99) - 12 (14) 26 (25) - - -
CpeaHee i 0,76 0,56 0,79
aHaueHHe 2 (2 L4 () 259 (053 0.75) | (057 | (0,78)

* B CKOOKaX yKa3aHbl I0Ka3aTe Iy JJIs1 Bcel U3yuyeHHOH BbIGOPKH (39 06pa3noB)
PIC - undopmMaTUBHOCTD JIOKyca; H - HaGojaeMas reTeposuroTHocThb; H, ~ o’y iaemMas reTeposuroTHoCTh

*values for the entire analyzed set are parenthesized (39 accessions)

PIC - polymorphism information content; H - observed heterozygosity; H, - expected heterozygosity

MoKasaTeJsisi OXHJaeMOW TeTepO3UTOTHOCTHU COCTABHUJIO
0,81 (Pereira-Lorenzo etal., 2017). SSR-reHoTUIIUpPOBaHUE
600 06pa3ioB 6JI0HHU, BKJIOYASA JUIJIOUJHbIE U TPHUIJIO-
WHbIe CTapble U COBpeMeHHbIe COPTa U MOABOH, 0 14 Mu-
KpOCaTeJJINTHBIM JIOKyCaM IO3BOJIMJIO BBISIBUTH B CpeJ-
HeM 19,4 asntesisi Ha JIOKYC, TPU 9TOM 3HAaY€HHe II0Ka3aTeJ s
WHOpMaTUBHOCTU BapbupoBasio ot 0,750 g0 0,897,
acpesHee 3HaYeHHUe HAGJI0/JaeMOU reTePO3UTOTHOCTH CO-
craBuJio 0,84 (6e3 sokyca COL) (Baric et al., 2020).
JlocTaToO4uHO BBICOKHMH ypOBeHb MOJUMOpH3Ma Cpeau
35 copToB s16/10HU cesieKid BUP MokeT GbITh CBSI3aH C K-
POKHM pa3HOO6pa3veM HCXOJHOTO MaTepuasa, UCIOJIb30-
BAHHOTO IpHU UX co3jaHuu. Kosneknusa sa6aouu BUP kpym-
Helmas B P®, ogHa U3 KpymHEHIINX B MUpE U TPeJJOCTaBJIS-
eT 60JIbIlIoe pa3HOO6pa3ure IeHHBIX COPTOB U GOpPM AJis ce-
nekyuu. s co3jaHus COPTOB M3yYeHHOW BBIGOPKU OBl
WCIOIb30BaH MaTepHas Pas3MYHOTO IMPOUCXOXKAEHUS,
BKJIFOYAsl KaK COBpPeMeHHble, TaK W CTapOJaBHHUE OTeyecT-
BeHHbIe U 3apy6exkHble copTa. Hampumep, copra Kpbimckoit
OTIBITHO-CEJIEKIIMOHHOH CTAHI[UU SIBJISIOTCS IOYKOBBIMU My-
TaHTaMU COPTOB, co3aHHbIX B 1990-e rr. B CILIA u Kanage,

a /i1 OJIyYeHUs PYTUX COPTOB U3yYeHHOU BBIGOPKH ObLIN
HCI0JIb30BAaHBI CTapble OTeYeCTBEHHbIE U 3apybeKHbIe Cop-
Ta (‘Benbdaep-kuraiika), ‘becceMmanka MuuypuHckas, ‘Perer
CumMupeHnko), ‘Mcintosh’, ‘Melba’, ‘Wealthy’ u gp.) (cm. Ta6.1. 1).
Kpowme Toro, /151 16/10HHU B I1€JIOM OTMeYaeTCsI BBICOKUH ypo-
BeHb reTepO3UrOTHOCTH U NOJUMOpH3Ma reHOMa, CBS3aH-
HBIA CO CJIOKHBIM THOPHUAHBIM IPOUCXOXKAEHUEM JAaHHON
kynbTyphl (Peace et al,, 2019).

Jis 39 usydyeHHBIX 06pas1oB, BK/IIOYABIIUX COpTa Ce-
snexnuy BUP u yeTbIpe poauTenbckue GopMbl, 6bLIH PACCUH-
TaHbI MOKa3aTe u Ko3pPpHuImeHTa NONMapHOro reHeTUYEeCKO-
ro cxozacTsa Jlakica, cpeiHee 3HaYeHHE KOTOPOTO COCTABUJIO
0,30. MakcumasbHOe cxoAcTBo (0,88) 6bLIO OTMeYeHO IJis
coptoB JleHuHrpazackass 3eseHka U ‘Kopponorka' (I1OC
BUP). Tax:xe BBICOKHMH ypOBEHb CXOJICTBA OTMEYEH MEXAY
copramu ‘KopgoHoBka' u JleHuHrpajckuid CunHam, JleHWH-
rpajckas 3esenka u JlenuHrpagckud Cunan’ (0,77) (I1OC
BUP). MunumanbHbIi ypoBeHb cxo/cTBa (0) BbIABIEH [
12 map copToB, KOTOpbIE MOJHOCTHIO OTJIMYAIOTCS IO aJ-
JiesibHOMY cocTaBy. [Ipu aTom 10 map BKJ/IIOYAIOT COPT ‘3UM-
Hee MOC BUP".
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MeHbIIIMEe YPOBHU CXO/ICTBA € pyruMHu u copT ‘Tlogapoxk lyH-
Tyka. Bropo#i kj1actep GopMUPYIOT AeBATbH COPTOB Maiikor-
CKOM W ueTbipe copTa KpbIMCKOUH OMBITHO-CENEKIIMOHHON
cTaHIMH, a Takxke copT ‘KpacHouekoe' [1aBJIOBCKOUM OMbIT-
HoOU cTaHuuu. TpeTui kiactep Bk/ItodaeT 16 06pasiios, B TOM
yucsie copta Bosirorpajgckoi, CpefHea3snaTCKOW OMBITHBIX
CTAHIUH, NSTh COPTOB MalKOICKON OMBbITHOM CTAaHIIUU U IO

Ha ocHOBaHMU MNOJIy4eHHBIX JAHHBIX OblJa MOCTpOEHa
JleHZporpaMMa, Ha KOTOPOH UccielyeMble 06pasibl 6J0HU
00pasyoT TPU OCHOBHBIX KjacTepa (pucyHok). [lepBbiii Kja-
cTep 06'beJUHSET LIeCTb COPTOB [1aBJIOBCKOM ONBITHOHN CTaH-
1y, copT cesekuuu H.B.Muuypuna ‘Benbdep-kuTanka)
a oTJeIbHBIA MojkiacTep GopMHUpPYIOT JiBa copTa MalKom-
CKOM OIbITHOM cTaHIuH — ‘3uMHee MOC BUP’, umeB111e Hau-
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PucyHok. leHgporpaMmma, NOCTpOeHHas N0 AaHHBIM aHa/IKM3a NOJIUMOp¢PU3Ma MUKPOCATE/IMTHBIX JIOKYCOB COPTOB
s6;10HM MeTogoM Neighbor-Joining:
@ - copta KpbiMckoi onbiTHO# ctannuy; O — copta Bosirorpagackoit onbitHo# ctannuy; Ml - copta MaiKkorncko# onbITHOM
crannuu; O - copra CpegHeasuaTcKod ONBITHON CTaHIUK; A — copTa [1aBJIOBCKOM ONBITHON CTaHIIMK

Figure. Dendrogram based on microsatellite loci polymorphism data of apple cultivars,
constructed using the Neighbor-Joining method:
@ - cultivars of Krymsk Experiment Breeding Station; O - cultivars of Volgograd Experiment Station; B - cultivars of Maikop
Experiment Station; O - cultivars of the former Central Asian Branch of VIR; A - cultivars of Pavlovsk Experiment Station
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ABa copTa [laBioBckod M KpbIMCKOM ONBITHBIX CTaHLUH.
Kpome Toro, B AaHHbBIH KJacTep nonagaoT copTta 2Kurynes-
ckoe’, ‘PeneT CumupeHko’ u ‘Wealthy’ (cM. pucyHoOK).

TakuM 06pa3oM, KJ1acTepr3alLUU [0 MeCTy IPOUCXOXK/e-
HUS COPTOB He HabJIl0Aanoch, YTO MOXeT OBbITh CBSI3aHO
€ pa3HOOOpasyveM MaTepuaJia, UCI0Jb30BAHHOIO AJIsl UX 0-
JIy4eHHUA Ha ONbITHBIX cTaHLUAX BHUP.

B To ke BpeMs HabJro/ja1ach KJaacTepyUsalysi COPTOB MO
POJIOCJIOBHBIM, JJI1 TNOATBEPXKAEHHs KOTOPBIX B aHa/lIM3
ObLIU B3SIThl HEKOTOPBIE pOAUTENbCKHE PopMbl (CM. Ta6J1. 1).
Tak, copt KuryneBckoe’' KjacTepusyeTcss BMeCTe C COPTOM
‘MasnbryeHKOBCKOE, copT ‘PeHeT CUMUpeHKO' - ¢ copToM ‘Kpa-
cHoe 3uMHee’, ‘Wealthy’ - ¢ copTom ‘Kopmait’ (cM. pucyHOK).

KpoMe Toro, coBMeCTHO KJIaCTepU3YIOTCs LIECTb COPTOB
[TaBy0BCcKOM onbITHOU cTaHUuU: ‘KopoHOBKA, JleHUHTpaj-
ckas 3eseHka, JlenuHrpagckuil CuHan, JleHUHIrpajcKoe
Kentoe', Jlrobumuna Tapacenko' u ‘TlamkeBuya KpacHoe'
U copT ‘Benbdiiep-kuTaiika, oT CBO6GOJAHOTO ONBLIEHUS KO-
TOPOT0 NPOU3OILLIM BhllleNepevyucjeHHble copTa. OfHaKo
copra ‘KpacHouiekoe’ u ‘HoBorojiHee', Tak)xe oJiyueHHbIE OT
CcBOOOJIHOrO onblLIeHUs copTa ‘Benbdsep-kuTaiika), Ha JieH-
JporpaMMe NonajawT B APyTHe KJacTephl.

[ns aBeHaAuaTHU U3yYeHHBIX COPTOB cenekyuu BUP He-
WU3BECTHbI poauTeabckue GopMbl (CM. TabJ1. 1), TOCKOJIBKY
KOJIJIEKTHBbI aBTOPOB, CO3/aBIIMX 3TH COPTa, U3HAYAJIbHO
He MpeJOoCTaBUIMU Takoh nHPopmauuu. [losyyeHHble JaH-
Hble M0 a/lIeJIbHOMY pa3Hoo6pasuio SSR-710KycoB no3BoJIA-
10T NPeJIoJI0XKUTb OGIIHOCTb MPOUCXOXK/JEHUS] HEKOTOPBIX
COPTOB C HEU3BECTHOW POJOCJ0BHOM, HanpuMep ‘3Be3aHOE’
U ‘Pymsinoe bBosibiioe’ cesnekuuud MalKOICKOW ONbITHOH
cTaHLMU. [lasbHellIee U3yyeHHe 06pas1ioB s16J10HU U3 KOJI-
nexkuuu BUP c ucnonb3oBanueM SSR-MapkepoB cMOXkeT 1o-
3BOJIMTb ONPeieIUTh POAOCTOBHbIE 3ITUX COPTOB.

3ak/iloueHue

TakuM o6pa3oM, BIepBble IPOBeJleHHOe HCCJe/J0BaHNe
reHeTUYECKOTr0 Pa3HOooOpas3us COPTOB sIGJIOHU CeJIeKIIUU
BUP c ucnosib3oBaHMEM [eCTU MUKPOCATENJIUTHBIX MapKe-
POB MO3BOJIUJIO BbIIBUTh JOCTATOYHO BbICOKUH YPOBEHb UX
nosnMopousmMa. [losydeHHble JaHHbIe 06 ajljeJIbHOM COCTa-
Be M3yYeHHBIX COPTOB MOTYT ObITb MCIOJIb30BAHbI JJI UX
naeHTUPHUKALMY, B TOM 4YHC/Ie NPU paboTe C KoJJIeKLHEN
(pa3MHOXKeHUe, epe3ak/iajika, nepegaya o6pasuos). Jaib-
Hellllee u3yyeHHe U SSR-TEHOTUNHPOBAHUE KOJIJIEKIIUU
s16,10HU BUP u cpaBHeHUe C TOJYyYEHHBIMU B IPEJCTaBJIEH-
HOH paboTe AaHHBIMH MOXeT M03BOJIUTb YCTAHOBUTD IPO-
HCXOXK/IeHHe COPTOB, pOJUTeIbCKHe POPMbI KOTOPBIX HEU3-
BECTHBL

Pa6oma evinosHeHa 6 pamkax 2ocydapcmeeHHo20 3a0a-
HUsl co2nacHo 6t00xcemHbiM npoekmam BUP no meme Ne 0662-
2020-0004 «Koanekyuu BUP gecemamu8HO pasmMHOMCaeMblX
Kynemyp (kapmodgpens, nnodosvwle, 1200Hble, 0eKOpamugsHble,
s8uHozpad) u ux dukux podudell — uzyyeHue U payuoHa/bHoe
ucnosb3ogamue» unpu noddepxcke epanma PPDPU 17-29-
08020.

The work was done within the framework of the State Task
according to the theme plan of VIR, Project No. 0662-2019-
0004 “Collections of vegetatively propagated crops (potato,
fruit, berry and ornamental crops, grapes) and their wild
relatives at VIR: studying and sustainable utilization’, and
supported by the grant from the Russian Foundation for Basic
Research, No. 17-29-08020.
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AKTyanbHOCTB. BbisiBieHHe 3GdeKTHbIX MHOTOJIETHUX
JleKOPaTHUBHBIX JIMAH AJISl TOPOJICKOTO 03eJleHeHUs ropo-
JI0B MUMeeT 6oJbllIOe 3HauYeHUe JJisl COBpeMeHHOH ypba-
HodiopucTUKU. llesib paboThbl - HM3YUYUTb OCOOGEHHOCTH
L BETEHUsI ®KUMOJIOCTH SITOHCKOU Lonicera japonica Thunb.
MaTepuaabl ¥ MeTOAbl. MaTepHuaoM IBUJUCh PAacTeHUS
L. japonica, pacTtyieil B ycaoBusix l0xxHoro Y36ekucraHa.
Ha6stonenust nposoauau B 2019, 2020 r. coryiacHo o61ie-
NPUHATBIM MeTOAUKAM.

PesyabTaThbl U 3aKk/049eHHue. CouseTue L. japonica ABAS-
eTcs MOJINTeJUYeCKUM, HeOorpaHUYeHHBIM JAUGOTpHEM,
[IBETKH PacoJiokKeHbl Ha 60KOBbIX OCSIX IEPBOr0 NOpsAKa.
[IBeTkHU 060emnoJible, 3uroMopHble. PacnyckaHue BETKOB
B COLBETHUSIX NPOUCXOAUT akponeTasnbHo. [leproj 1BeTe-
HUA B ycaoBUsAX I0kHOTO Y36eKkucTaHa cocTaBJgeT MOYTH
150-170 fHelt (canmpeJsisi U 0 KOHLIA aBrycra). B nBeTkax
>)KMMOJIOCTH HabJtoJjaeTcsl AUXOraMusl B BUJe NMPOTepaH-
Apuu. [lepBoit HacTynaeT My»ckas $asa [jBeTeHUs, KOTO-
pas HauuHaeTcs yepes 1,5-2,0 yaca nmocjie pacKpbITHS BeH-
4yrKa. 3aKkaH4YMBaeTcsd 3Ta pasa ycbIxaHUEeM ThIYMHOK. CITy-
cTs 36 4acoB NocJle paclnyCcKaHUs L{BeTKa BEHUMK CTAHO-
BUTCH KeJIThIM, U TBIYMHKU HAYUHAIOT YCbIXaTb. ITO XKEH-
ckasg ¢asza. B TeuyeHue ciaeayromux 84 4acoB CTOJIGUK
NecTHKa HayuMHaeT MeJ|JIeHHO yCbIXaTb, OJJHAKO BEHYHUK
I|BeTKa Jep>KUTcs 0 96 yacoB. [Ipoj0/1KUTEeTbBHOCTb XKeH-
ckoll dasbl nBeTeHUsl cocTaBJjseT 60 4acoB. L.japonica
npeACTaBJseT 3HAUUTEeJbHbIM HHTepec AJs BepTHUKaJb-
HOTO O3eJIeHeHUs HaceJleHHbIX MYHKTOB. PacTeHus Aeko-
paTHUBHBI AJIUTeJbHOe BpeMs. [lepCeKTUBHO H3yueHUe
3TOT0 BHJA KaK 3pUPHOMACJUYHOTO pacTeHUsl, TaK Kak
B HEM COJIep>KUTCS 3HAaUUTeJbHOE KOJIMYeCTBO repMaKpe-
Ha D.

Knro4deBsble c0Ba: )KUMOJIOCTbD, nBeTeHHe, 10JIOBbIE (1)33}:;1
BeTEeHUA, JeKOPAaTUBHbIE, BEDTUKAJIbHOE O3€JIEHEHUEe.

Background. Identification of spectacular ornamental pe-
rennial lianas for urban landscaping in southern cities is
important for modern urban greening programs. The aim of
this work was to study flowering peculiarities of Japanese
honeysuckle (Lonicera japonica Thunb.).

Materials and methods. The target material was honey-
suckle plants growing in the environments of Southern Uz-
bekistan. Observations were conducted in 2019-2020 using
conventional approaches.

Results and conclusion. The inflorescence of L. japonica is
an open dibotryoid, with flowers arranged along the lateral
axes of the first order. Flowers are bisexual, zygomorphic.
Blossoming of flowers in inflorescences occurs acropetally.
The flowering period is almost 150-170 days (starts in April
and lasts until the end of August). Dichogamy in the form of
proterandry is observed in honeysuckle flowers. The male
flowering phase comes the first. [t starts 1.5-2.0 hours after
the opening of the corolla and ends with the drying of the
stamens. The corolla turns yellow 36 hours after the bloom-
ing of the flower and the stamens begin to dry out. This is
the female phase. Over the next 84 hours, the pistil begins to
dry out slowly, but the corolla of the flower lasts up to
96 hours. The duration of the female flowering phase is
60 hours. L. japonica is of considerable interest for vertical
landscaping of urban communities. Plants remain ornamen-
tal for along time. Studying this species as an essential oil
plant is promising, since it contains a significant amount of
germacrene D.

Key words: honeysuckle, flowering, sexual phases of flowe-
ring, ornamental, vertical gardening.

BBegeHue

Pon Lonicera L. (cem. Caprifoliaceae Juss.) - skumosiocTb -
BritodaeT 103 Buja (umeronive 287 CHHOHUMUYECKHX Ha-
3BaHui) (The Plant List, 2013). Buas! aToro poja pacnpo-
CTpaHeHbI BO Bcex ob6sacTax CeBepHoro noJymapus (yme-
peHHas 30Ha EBpasuu u CeBepHOW AMEPHUKH), eJUHUYHbIE

BU/Ibl OTMeYeHbI /151 ceBepHOU APpuku. OCHOBHas ke Macca
BHU/IOB >)KMMOJIOCTU IIPOUCXOJUT poAoM U3 ['mmasaeB u Boc-
ToyHOU A3um. B Poccum oTMmeueno Hannuue 14 (15) BUJOB,
BO ¢duiope Y36ekuctana - 20 BUAOB. ITO NPEeUMYyLeCTBEHHO
OJIHOZIOMHBI€ KyCTapHUKH U /WM JIMaHbl - OoT 15 cM (kapsu-
KOBBIe BU/IbI) U AocTUratoimue 6 M BeicoThl (Koropachinsky,
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3HauUTe/IbHOE YHCJI0 BUO0B poja Lonicera BblpalliuBaloT
JIOCTaTOYHO IIHMPOKO KaK JeKopaTUBHble pacTeHus (M3-3a
NpUBJIeKaTeJbHOCTU B [IEPUOJ LIBETEHHUS U IIJIOJJOHOLIEHHS],
U3s1eCTBa KPOHBI U JIMCThEB KaK B IepHUOJ BereTallMH, Tak
v oceHHel okpacku) (Jefferson-Brown, 1999; Evtukhova,
2000; Abbs, 2003; Habarov et al,, 2010; Zeng et al,, 2017). Ha
TeppUTOpUU Poccry HecKoJIbKO BH/IOB XKMMOJIOCTH 06pasy-
10T Cbel06HbIe 0/ bL: L. kamtschatica Pojark, L. edulis Turcz.
[syn. L. venulosa subsp. edulis (Turcz. ex Freyn) Vorosch.],
L. turczaninovii Pojark., L. pallasii Ledeb., L. baltica Pojark.
[syn. L. caerulea subsp. pallasii (Ledeb.) Browicz]; L. altaica
Pall. [syn. L. caerulea subsp. altaica (Pall.) Gladkova]. B mupo-
BOM yi0pe BUIOB CO CheJOGHBIMU IJIOIAMU (0JIbIIIE, OTHAKO
MHOTHe M3 HUX peJiKUe KaK B IPUPOJe, TaK U B KyJbType:
L. iliensis Pojark.; L. praeflorens Batalin; L. fragrantissima
Lindl. & ].Paxton; L. gracilipes Miq.; L.standishii Jacques;
L. utahensis S. Watson; L. griffithii Hook. f. & Thomson (Svy-
azeva etal, 2011; Koropachinsky, Vstovskaya 2012; Soroko-
pudov, Kuklina, 2016). MHorue Buzb! poaa Lonicera Mopo3so-
CTOMKH, 3acyxo- WU coJsieycToduuBel (Savushkina, Leonov,
2009). 3To OoTKpbIBaeT 6OJIbILIKE NEPCIEKTUBEI 51 BBeje-
HUsI BUJIOB 3TOT0 Pojia B KaueCTBe JleKOpaTUBHBIX pacTeHUH
JL1s1 03eJIeHEeHUs TOPOZIOB Y HaceJeHHBIX IIYHKTOB, a TaKXe
ceJIeKIIMM HOBBIX COPTOB, JAIOIIUX BKYCHble H I0JIe3HbIE
oAbl HekoTopble BU/ABI XKUMOJIOCTH B Ky/bTYpe JOCTUTa-
I0T 3Ha4yuTeJbHOro Bo3pacTta- Ao 150 saet (Firsov, Byalt,
2017; Firsov etal,, 2017,2018a, 2018Db).

B TpaAuIMOHHOM KUTANHCKOM U HAPOAHON MeULHE Ha-
el cTpaHbl UCMOJIB3YIOT IBETKH, CBEXeCOOpaHHble Aro/ibl
L. caprifolium L., L. japonica Thunb. u L. edulis, roTOBAT 0TBap
13 cTe6Js1ell ¥ HaCTOU JINCTheB. X NPUMeHSI0T NpU rUnepTo-
HUH, FacTPpUTaX U MaJIOKPOBUHY, IPU paHaX, 03KOrax U f3Bax,
IpU BUPYCHBIX U 6aKTepuabHbIXx MHPeknusx. [lokasaHo,
YTO 3KCTPAKT JIMCThEB XKUMOJIOCTH CHOCOGCTBYET AEeTOKCH-
Kallu¥ - O4YMILAeT KOXY, a Takke IUMQY U KPOBb OT BpeiHBIX
NPOAYKTOB MeTabo0/IM3Ma, OCTATKOB TSKEJbIX MeTaJlJIOB
U IpyruX TOKCHUHOB. [IpenapaTbl »KMMOJIOCTH OKasblBalOT
MOYeroHHOe, paHO3aXHUBJsAWIlee, 06e360/MBawOLlee U aH-
TUCENTHYeCcKoe JelCcTBHe; 3KCTPAKThbl IJIOAOB U JIUCThEB
NPUMEHSIOT [IPU NPUTOTOBJIEHUH KOCMETHYEeCKUX CPesCTB
(Kyosev, 2000; Gabibova, Asadulaev, 2008). B cTte6ssx L. ja-
ponica cofepiKaTcs CalOHWHBI, B JIMCTbSIX — TaHHUHBI,
B [|BETKax HaiZieH uHo3utoJ (yukaorekcas-1,2,3,4,5,6-rek-
cou) (Schlotzhauer et al., 2002).

HexoTopble 0CO6EHHOCTH CTpPOEHHsl IIBETKOB M IiBeTe-
HUSl CUHEIUVIOJHBIX (ChbeJO0OHBIX) KUMOJIOCTENH OTpaXKEHbI
B pa6otax M. H. [InexaHnoBoii (Mochalova, Plekhanova, 1986;
Plekhanova, 1986; Plekhanova, Vishnyakova, 1986). Ho ansa
JIpeBeCHbIX JIMaH (>KMMOJIOCTH KanpudoJib, AMOHCKAsA) 3TU
BOINPOCHI HE OCBELEeHBI.

L|BeTKHU KUMOJIOCTH SANOHCKOU (L. japonica) ABASIOTCSA
NpHUBJIeKaTeJbHbIMU [IJIs1 MHOXKeCTBA 3KOHOMMUYECKH BaX-
HbIX YellyeKpbLIbIX - HOUYHBIX 6a6ovek (6pakHUKOB). Ha
pasHbIX $pa3ax pa3BUTHS IIBETKOB (B TeUueHHEe EePBOM HOYU
LBETEHUS U MOCAEeAYIIINX 24 yacoB) B 3GUPHOM Macie U3
HUX ObLIM HUAEHTUQPULUPOBAHb! JIeTy4yhe KOMIOHEHTHI.
lepmakpeH D Gb1J1 OCHOBHBIM KOMIIOHEHTOM BO BceX $aszax
[IBETEeHUS; JIMHAJIO00J U a-papHe3eH NOSABJAINCH B BbICO-
KUX KOHLIeHTpPALUUsAX B TOJbKO 4YTO OTKPBITBIX LBETKaX
Y IIBETYLIUX TepBble CYTKH, HO UX COJlep>KaHHue GbLIO 3Ha-
YUTEJbHO CHUXKEHO B HOYHble yachbl. Houblo IBETKU cofep-
’)KaJli 3HAYUTEJbHOE KOJMYeCcTBO 3dupHOro macnaa (Jo
0,7%), B cocTaBe KOTOPOTO HUAeHTUPULHUPOBaHbI QeHUJI-
NpoNaHOUJHble COeJMHEHHs], a TakXke OOGHapy)KeHbI cec-
KBUTEPNEHOBbIN yrieBogopof (repmakped D) u ceckBu-
TepIeHOBble CIUPThI: papHe30J, HEPOJUAOJ, o-KaJUHOJ

u siuHanoos (Schlotzhauer etal, 2002; Ilies etal, 2014;
Boyarskikh, 2017). d¢upHble Macia ¢ BBICOKHM COJlepKa-
HUeM repMakpeHa D nokasbIBaloT BbIpaXKeHHY10 aHTHOKCH-
JaHTHYI0 akTuBHOCTb (Sarikurkcu etal, 2016). 3dupHoe
MacJio 3TOro BU/ia, TpUAalollee LBeTKaM JyIIHCTBIN 3anax,
MOXKHO HCII0JIb30BaTh B apoMaTepanuu (llies et al., 2014).
YcTaHOBJIEHO NPOTHBOPAKOBOE U aHTUAHTUOTeHHOe JeHCT-
BHUe 3KCTPaKTOB U3 L. caprifolium (Turgut et al., 2016). Ilo-
clefiHYe MyO6/MKalMY M0Ka3blBaOT NepCeKTUBb] UCNOJIb-
30BaHUs 3QUPHOrO MacJjia 3TOTO BU/IA, COAepKalllero B Co-
CTaBe ellle U NayyJeBbId CIUPT, B KayeCTBe MHCEKTHLHAA
Y/WJu pelesljieHTa NPOTHUB pa3HbIX BUJ0B MOCKUTOB, Npe-
HMYLIeCTBEHHO NPOTUB KoMapoB (Muturi et al., 2019). I1o-
Jbl cbelo6HOT0 BUAa L. caerulea L. conepxaT BuTaMuHbI C,
K u P-aktuBHble BenjectBa (Boyarskikh, 2017).

[y6mkanuit o noJpo6HOCTAX LBETEHUS U CMEHBbI M10J10-
BbIX pa3 y BETKOB L. japonica HeT.

Ilenb pabombl - U3y4YUTb OCOOGEHHOCTH aHT3KOJOTHU
(AIMTENBHOCTH NMOJIOBBIX Qa3 IiBeTKa U CyTOUHYI0 AUHAMU-
Ky 1BeTeHus1) L. japonica.

MaTepnan U METOoAbI

[Ipu onpe/iesieHN U N0J1a IBETKOB IPUHATA TEPMHUHOJIO-
rusg A.M.Herpyap (Negrul, 1935), 3.T.ApTiouieHKo
u An. A. ®énoposa (Artyushenko, Fedorov, 1979).

L. japonica - BrOIWUNACS KYCTapHUKOBBIA BU/JI, B yCJIO-
BHUSX Y36eKUCTaHa — 3UMHe3eJIeHbIH, JOCTUTAUN 4-6 M
B BBICOTY (pHc. 1).

Pe3y/bTaThl U UX 0GCYKAEHHE

Jluctbs y L. japonica npocTele, 6e3 TPUJIUCTHUKOB. JIu-
CTOBble IIJIACTUHKU MPOJOJIrOBaTO-IMIeBU/IHbIE, HA BeEp-
XyUIKe OCTPOKOHEYHbIE, M0 Kpaw IeJbHbIE, B OCHOBAHUU
OKpYTJIble, CBEPXY TEMHO-3€eJIeHble, CHU3Yy CBETJIO-3€eJIeHbIE,
JKUJIKOBaHUE MEpPUCTO-CETYATOE, JIUCTOPACIOJIOKEHUE CY-
npotuBHoe. HuwxHue suctes (4,5-6,5cMm g u 2,5-4,0 cm
mup.) KopoTkoyepeuikoBble (0,9-1,3 cM), BepxHue (1,8-
2,5 cm 1. u 1,5-2,0 cm up.) cuasiure, caMble BepxHue — 1,2-
1,5 cm 1. m 1,0-1,5 cM wup.; B na3yxax MocjaeJHUX Pacrosio-
JKEeHBbI [|BETKH.

CouBeTue L. japonica — c/10’kHast KUCTb. Y3 Ma3yx IMCTbEB
OTXOJSIT GOKOBbIE OCU IIepBOro nopsaka. Kaxgas ocy 3akaH-
YyHBaeTcsd JByMs LBeTKaMU. COI[BETHS 3TOr0 BHU/IA }KUMOJIO-
CTHU SIBJISIIOTCS CJIOXKHBIMU GOTPHUOUIHBIMHY, TUIA «CJI0XKHAS
kucTb» (puc. 1, 2) (Artyushenko, Fedorov, 1979). llpu saTom
couBeTue L. japonica iBJsieTCs MOJUTETUYECKUM, HEOTPAHU-
YeHHBbIM JU6OTpUEM, LBETKU PACIOJIOKEHbI HAa GOKOBBIX
ocsIX IepBoro nopsjka. lipeTku (BMecTe ¢ AJUHOW MECTUKA
JocturaioT 5,5-6,0 cM AJ1.) UMET KOPOTKHE LBETOHOXKKU
(2,5-3,0 MM AJ1.), KOTOpBIE SABJSIOTCS 60KOBBIMHU OCSIMHU BTO-
poro nopsizka (cM. puc. 2, b). Ha MecTe npukpensieHus 1BeT-
KOB K OCSIM [1epBOT0O NOPsi/IKa UMEITCS MPULBETHUKH [IJIH-
Ho# 1,5-1,7 cM u mmpunoit 0,8-0,9 cM (C KOPOTKUMHU YepeLl-
kamu gauno#t 0,3-0,4 cm).

LiBeTku o6oenoible, 3uroMmopduelie (puc. 3). Yameyek -
5, onu Menkue, 0,2-0,3 cm gJ1. U3 c1abo pa3BUTON yalleyKu
BBIXOJUT BEHYMK, Ha KOHLEe pa3/ie/IeHHbIH Ha MSThb JOJEH,
JIENIECTKOB B BepXHel ry6e 4eTbipe, B HIXKHEN — OfMH. BeH-
4yuKd (3,5-3,8 cM JJ1.) c Havas1a [BETEeHUs GeJIble, TO3KeE KeJl-
Teruue, ¢ Tpyokoi (2,8-3,0 cM A1), AyuikcTble (0CO6EHHO
apoMarT LIBETOB YCUJIMBAETCS B BeYepHee U HOYHOE BpeMs).
TerunHOK - 5 (2,5-3,0 cM /171.), OHU IPUKpPETJIEHBI K 3€BY BEH-
YHKa U paBHBI OTTU6Y, roJible. JlinHa crosnbuka — 5,3-5,5 cM.
PobLiblie Tpexpas/iesbHOE U pacnoJiaraeTcs Haj, NblJIbHUKA-
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Puc. 1. lIBetenune Lonicera japonica Thunb.:
A - 06mmii BuJ pacreHus, b - coneTune
(¢oto X. K. xxymaeBa; Tepmes, Y36ekuctan, 2020 r.)
Fig. 1. Flowering of Lonicera japonica Thunb.:

A - general view of the plant, b - inflorescence
(photo by Kh. K. Dzhumaev; Termez, Uzbekistan, 2020)

Puc. 2. Cxema reHepaTHBHOro noéera Lonicera japonica Thunb.
A: 1 - uBetymuii no6er; 2 - Ha4aI0 MY>XCKOH $a3bl IBETeHUSsT; 3 — IONEPEYHbIH Cpe3 IBETKA;
4 - xeHcKas asa [[BeTeHHUs; 5 — IJI0JbI
B: cxeMa pacnycKaHuUs [IBETKOB B COLBETHH (CxeMa aBTOPOB)

Fig. 2. Scheme of the generative shoot of Lonicera japonica Thunb.
A: 1 - flowering shoot; 2 - beginning of the male flowering phase; 3 - the transverse cut of the flower;
4 - female flowering phase; 5 - fruits
B: scheme of blooming flowers in an inflorescence (the authors’ scheme)
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Puc. 3. ®a3sl uBetenus Lonicera japonica Thunb. (Tepmes, Y36ekucras, 2020):
A - packpsbiBaomuiics nsetok (14.05.2020 r,, 18:00);
My>kckas ¢a3a uBereHus: b - uepes 2 u (14.05.20, 20:00), B - yepe3 10 1 (15.05.20, 04:00),
I' - yepe3 12 4 (15.05.20, 06:00), [ - uepe3 24 4 (15.05.20, 18:00);
E - xxeHckas ¢a3a: yepe3 36 4 (16.05.20, 06:00), 2K - yepe3 48 4 (16.05.20, 18:00), 3 - yepe3 84 4 (18.05.20, 06:00);
U - u3aMeHeHMs jBeTa PbLIbLA (My)XcKas dpasa U eHcKast ¢pasa; CTPesJKOH 0TMeUeHO PhLIbLie)
(doto X. K. xxymaena)

Fig. 3. Flowering phases of Lonicera japonica Thunb. (Termez, Uzbekistan, 2020):
A - an opening flower (05/14/2020, 18:00);

male flowering phase: b - after 2 hours (05/14/20, 20:00), B - after 10 hours (05/15/20, 04:00),

I' - after 12 hours (05/15/20, 06:00), [ - after 24 hours (05/15/20, 18:00);

E - female phase: after 36 hours (05/16/20, 06:00),

2K - after 48 hours (05/16/20, 18:00), 3 - after 84 hours (05/18/20, 06:00);

U - changes in the color of the stigma (male phase and female phase; the arrow marks the stigma)
(photo by Kh. K. Dzhumaev)
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Mu. [ly10Abl TEMHO-CUHETO 11BeTa, 6-8 MM JJIMHOU, BHYTpHU
MSKOTH HaXO/ITCs MeJIKUe KOPUYHEBBIE CEMEHa.

[To HaMIKM HaGJIIOIEHUSM, B YCIOBHUSX FOXKHOI'0 Y36eKuc-
TaHa BereTaTUBHbIA MepUOJ pacTeHUs] HAaYMHAETCsS B IO-
cnefHel fekaje deBpassi — B IepBOH JieKaje MapTa U Ipo-
JloJKaeTcs 10 HOos0ps Mecsla (mepyuoj, akTUBHOM BereTa-
Uy coctaBiaseT 275 = 5 fHel) (puc. 4). XKumosiocTh sANoOH-
CKasl sIBJISIeTCSI 3SUMHe3eJIEHbIM pacTeHUEM U 3UMOH He cOpa-
ChIBAeT JIUCThs. B pasy 6yTOHU3AL MU KUMOJIOCTb BCTYNAET
B KOHIlE ampeJisi, HayajJo LIBETEHUS OTMeYaeTcsl B IepBOH
JleKaZie Masi, KOHell [[BETeHHUs - BO BTOPOU MOJIOBUHE aBTy-
cTa. MaccoBoe LBeTeHHe MPUXOJUTCSA HAa Mall-uoHb. [110b!
HaYMHAIOT CO3PEBATh B CEHTSAOPE-OKTAOPE, IOJIHOE CO3PeEBa-
HUe IJIOAOB MPOJOJKAETCH 10 KOHLA HOosA6ps. B ycioBusx
CankrT-IleTepbypra B OTKPbITOM I'pyHTe He 3UMOCTOMKa. He-
OJIHOKPATHO ObLJIU MONBITKU BBEJEHHUS 3TOTO BUJA B KYJib-
TYpY, HO Yepe3 HeCKOJIbKO JIET PaCTeHH s BbINAJJaJIH.

CxeMa pacnycKaHusl IIBETKOB B COLBETHUSIX OJHOI'0 Mobe-
ra rokasaHa Ha pucyHke 2, b. PaciiyckaHue [BETKOB B COI|Be-

THUSIX MPOUCXOAUT aKpOIeTaJbHO - IBeTeHHe WUJEeT CHU3Y
BBepX: ePBbIMU PaCNyCKalTCsA Bce LIBETKHU (YeThIpe IBeT-
Ka) HWXHero sipyca moovepesHO, pacHoJOKeHHble CYNpo-
TUBHO, a3aTeM IO0CJe0BaTe/]bHO pPacClyCKalTCs LBETKHU
C/1eAyIOIHUX BEPXHUX IPYCOB.

PacnyckaHnue 1iBeTKOB L. japonica HaurHaeTcd B 18 4yacoB
Y MIPOZioJiKaeTcs 1o 24 4acoB HOYM. B 3To BpeMs ycuinBaeT-
csl apoMarT IIBETKOB: OH CHJIbHee, 4YeM JHeM. DTOT apoMaT
NpUBJIeKaeT HACEKOMbIX-ONbUIUTENEH, KaK JHEeBHBIX —
Hemaris fuciformis (Linnaeus, 1758), Ho B 60JibllIell cTENEHU
HOYHbIX 6a604eK-6pa>KHUKOB U3 pofioB Macroglossa u Sphinx
(cemeiicTBO BpaxkHuky, Sphingidae) c oyeHb JJIMHHBIMU XO-
60TKaMU. ITOMY BUAY )KHMOJIOCTH CBOMCTBeHHa daseHodHU-
aud, i couHropuaus. OcHoBHas Macca (42%) 1BeTKOB
pacnyckaeTcs K 22 yacaM, Ipy TeMIlepaType HOYHOT0 BO3/y-
xa (AJa ycaoBUH 10XKHOTO Y36ekucraHa) +34°C M OTHOCH-
TeJIbHOH BJIQXKHOCTHU Bo3ayxa 42%. TakuM 06pa3oM, IBETKHU
YKUMOJIOCTH SIMOHCKOM XapaKTepH3YIOTCs BeUepHUM THUIIOM
pacnyckaHHs, KOTOpoe npojoKaeTcsl 6 4acoB (puc. 5).
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Puc. 4. ®enocnekTpsl Lonicera japonica Thunb., BeipameHnHoro B ycaoBusax Tepmesa (Y36ekucras, 2020)

Fig. 4. Phenological spectra of Lonicera japonica Thunb. grown under the conditions of Termez, Uzbekistan (2020)
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Puc. 5. /luHaMuKa pacnyckaHue IBeTKOB Lonicera japonica Thunb. (Tepmes, Y36ekucras, 2020)
(o ocu OpAMHAT — YKCJIO PACTYCTHUBIINXCS IIBETKOB, 10 OCH aGCIUCC — BPEMSI CYTOK)

Fig. 5. Blooming dynamics of Lonicera japonica Thunb. (Termez, Uzbekistan, 2020)
(the Y axis shows the number of blossoming flowers, and the X axis shows the time of the day)
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JIIMTeNIbHOCTb LIBETEHHS] KaXKJIOro IIBeTKa COCTaBJSIET
1,5-2,0 nusa (42-48 4). [IMTENbHOCTb LBETEHUS OJHOTO
[BETOHOCHOTO mo6era - 35-40 gHel, NpPoOAO/KUTENbHOCTD
[BETEHHUs] OJHOU 0COGH B YCJIOBHUSX lora Y36eKHUcTaHa Co-
CcTaBJisieT 06bIYHO 5, a B peIKUe roJibl — 10 6 MecsleB. B ne-
pUOJ LIBETEHUS [IBETKOB CaMbIX BEPXHUX SIPYCOB B HUKHUX
YacTsX COLBETUSI MPOUCXOAUT 06pa3oBaHUE U CO3PEBAHUE
JIO/IOB.

B 1iBeTKax >KMMOJIOCTH HaGJII0/IaeTCsl JUXOTaMusl B BUjie
npoTepanapuu. [lepBoli HacTynaeT My»ckas ¢asa LBeTe-
HUS, KOTOpast HauMHaeTcs yepes 1,5-2,0 yaca nocJjie packpbl-
THsI BeHYUKa (bIJIbHUKYA HAYUHAKT PACTPECKUBATHCS U aK-
THUBHO PacHpOCTPaHSATh MbUIbLY); 3aKaHYUBaeTcs 3Ta dpasa
yCbIXaHHUEM ThIYUHOK. Myxckasi ¢pasa LBETEeHHUS NMPOJ0JDKa-
erca a0 10-12 yacoB. BuguMo, 3a HOYb HOYHbIE 6a00YKHU
YHOCSIT BCIO MbUIbLY, U NbIJIBHUKH CTAaHOBSTCS MEHbLIE IO
pasmMepy. Ho Bce e HEKOTOpOe KOJIMYECTBO MbLIbIbI B MblJb-
HUKaX OCTAeTCs, U ThIYUHKU NPOJAOJIKAIT PYHKIHOHUPO-
BaTb 10 24 4acoB MOCJe paclyCKaHUs LIBETKA, 3aTEM MeJ-
JIEHHO U3TU6AKTCS BHU3 U 3aChIXAIOT.

BeHUYMKH [IBETKOB OT MOMEHTA HayaJia [IBETEHUS U B Te-
YeHHe MepPBbIX CYTOK UMEKT Oe/J0BaThbld OTTEHOK, 3aTeM
CTAHOBSITCS KeJThIMU (C MOMEHTa Haydasa >KeHCKOW ¢asbl
1BeTeHus ). [I[pryeM KesIThle BETKU UCTOYAIOT 60JIee CUJIb-
HbII apoMarT, yeM GeJible.

B nepuoj pacnyckaHusi BEHYMKOB THIYMHKU W MECTUKU
HaxoZsATCS OJ, BepxXxHEH T'yOoM, Mmocie BCKPbITHs BEHYHKA
OHU HAUMHAIOT PaCcHpsIMJIAThCS, Bbl1aBasiCh U3 3eBa BEHUUKA
MOYTH HA OJMHAKOBOM PacCTOSIHUU (CM. puc. 3, A); pu 3TOM
NeCTUKU (pbLIbLia) U THIYMHKU (MbLIBHUKWA) OGpalieHbl
BBepX. B MOMEHT pacnyckaHus [[BETKA CTOJIOUK MeCTUKA Ha-
XOAUTCS YyTh HUXKe ThIYMHOK (cM. puc. 3, b). Ho yepe3 10-
12 yacoB mocJe 1 BETEHUS CTOJIOMK IIeCTMKA HauMHaeT BO3-
BBIIIATHCA HaJ, ThIMMHKaMU CHavyaJsia Ha 9 MM, a BO 2-# JieHb
uBeTeHus g0 18 mm (cm. puc. 3, [ [, E, 2K, 3). PeuibLia cTaHo-
BUTCS1 He TOJIbKO BbIllIE, HO W JJIMHHEE ThIYMHOK, B TO Ke
BpeMsl JJIMHA pblLAbliAa JOCTUrAET A0 5,5CM U CTAHOBUTCS
JJIMHHEE ThIYUHOK Ha 5-7 MM (B MY»CKOH ¢dase [iBeTeHUs UX
JJIMHA cocTaBJsiia 4,6-4,7 MM). 3TO CBUZETENbCTBYET O Ha-
JINYUH SIBJIEHHUS TePKOTraMUU B [|BETKE, KOTOPOE CI0CO6CTBY-
eT MepeKpecTHOMY oNblieHU0. Ho B IpoMeXxXyTKe BpeMeHU
1BeTeHUs ¢ 12 10 24 yacoB 06HApYKMBAETCsl COBMelleHue
ABYX $as: B 3TOT EPUO/ B [IBETKE MOXKET MPOU30UTHU CaM00-
nblieHue. Bugumo, A/ LBeTKOB L. japonica XapaKTepHO
Y CaMOOIIblJIEHUE — B BUJle ABTOTaMUHU WJIU Jlake FeHUTOHO-
raMuu.

B MOMeHT pacnyckaHusl LIBeTKa JIONACTH PbLIblia 3eJe-
Hble, yepe3 24 yaca, Korja ThIYMHKU HAaYMHAT U3ru6aThCs
BHU3 U YAAJSATbCS OT CTOJIOMKA, IBET PbLJIbIa MEHSETCS OT
3€JIEHOT0 /10 CBETJI0-3€eJIeHOTO (UJIH JJaKe 10 CBETJ/I0-KEJTO-
ro), a LIBET BEHUYHKA MEHSETCS OT GEJIOT0 [0 CBETJIO-XKEITO-
ro Y nepexojuT BIKeJThIHA. JIomacTu pbLIblia CTAHOBATCS
JIMOIKUMH U SIPKO-OJIECTAIIMMU H3-3a BbIJI€JIEHUS KUJKO-
CTH, YTO CBU/IETEJbCTBYET O FOTOBHOCTU HX K ONBIJIEHHUIO.
C aTOro MOMeHTa B [JBETKe HAUMHAETCS KeHCKasl ¢pasa 1iBe-
TEHHUs.

CnycTs 36 4acoB IOCJIe pacnycKaHUs [IBETKA BEHYMK CTa-
HOBUTCSI KE€JTbIM M TBIYMHKHA HAa4UMHAIOT yCbIXaTb, a KEH-
ckas ¢pasa 1BeTeHUSs NMPOAoIKaAeTCs. B TeueHUe caeay0omux
84 yacoB CTOJIGUK MeCTHKAa HAaYMHAET MeJJIEHHO YChIXaTh,
O/IHAKO BEHYHK LIBETKA JIep>KUTCS [0 96 yacoB. TakuM o6pa-
30M, IPOJO/KUTENbHOCTD }KEHCKON da3bl LIBETEHUS COCTAB-
aseT 60 4acoB, a NPOAOJKUTENBHOCTb LIBETEHUS OJHOTO
1BeTKa — 96 yacos.

[lnomoHoOLIEHHE pacTeHUH L. japonica TpOUCXOAUT B TOU
Ke T0CJIe/I0BAaTEbHOCTH, YTO U BETEHHE — aKPOIEeTaJbHO.

Jlns1 cpaBHEHUSA: B YCJIOBUAX ropHoro /larectaHa OCHOB-
Hble $asbl UBeTeHUs L. caprifolium coBnaZalwT ¢ TAKOBBIMU
y L. japonica a5t ycnouit Ys6ekucrana. OfHaKo nepuo/ Be-
reTalluy >KUMOJIOCTH Kanpudosb B /JlarecTaHe HECKOJbKO
Kopoue U cocTaBisieT 218-220 aHeil. LiBeTeHUe HaUMHaAeTCs
BO BTOpOM Jekaje Masl U NPOAOJLKAETCS [0 KOHLA HIOHS,
IJIOJbl CO3pPEBAIOT B KOHIle HIoJisl. BcxoxecTb ceMsiH co6CT-
BeHHOU penpoaykuuu gocturaeT 54%, BCXO/Ab! NOSIBJISIOTCSA
Ha 25-30-# nenb nocie nocesa (Gabibova, Asadulaev, 2008).

BbiBOABI

- Lonicera japonica Thunb. mpejcTaB/isieT 3HAYUTeEJb-
HbIN UHTepec [/ BepTUKaJIbHOT'O 03€eJIeHeHUs] HaceJleHHbIX
MYHKTOB I0XKHOTO Y36eKHCTaHa Kak HOBOe MepCrleKTUBHOe
JleKopaTUBHOe pacTeHHe. PacTeHUs JleKOpaTUBHBI 0 9 Me-
caues. [leproa 11BeTeHUs AJUTCSA OKOJIO 5 MecslieB.

- [lepcrieKTHBHO M3y4yeHMe 3TOro BUJA KaK 3dHUpHOMa-
CJIMYHOTO PacTeHHs], TaKk Kak B 3GUPHOM MacJle 1{BETKOB CO-
Jlep>KUTCsl 3HAYMTeIbHOe KOJIM4ecTBO repMakpeHa D.

- /laHHBIe 110 U3yYEHUIO L|BETEHHs, OIbLJIEHUs U CMEHbI
reHepaTUBHBIX (a3 LBETEHUs KUMOJOCTH SNOHCKOH, MOJIy-
YeHHble B YCJOBUSX l0Ta Y36eKHCTaHa, MOXXHO HCII0JIb30-
BaThb B UCC/Iel0BaHUSX APYTUX BUAOB 3TOT0 poja.
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AKTyanbHOCTB. JIIONUH Y3KOJIUCTHBIN (Lupinus angustifo-
lius L.) - Ba>kHas1 BbICOKOOEJIKOBasi KOpMOBAas U CUJiepallu-
OHHasl KyJbTypa, NepcHeKTUBHAsA TaKXe /AJIs HPOJ0BOJIb-
CTBEHHOTO MCHOJIb30BaHUs. JTO MJIACTUYHbBIN BU/J|, TPOU3-
BOJMMBIA B Pa3/IMYHbIX 3KOJIOTO-reorpaduvecKux ycJo-
BUSX, U e JUHCTBEHHBIN U3 BO3/le/IbIBa€MbIX BU/OB JIIOMH-
Ha, aJlal TUPOBAHHBIN K BLICOKMM CEBEPHBIM LIMPOTAM — /10
60° c. m1. [locTeneHHoe pacliMpeHHe NPOU3BOJCTBEHHBIX
nJolaed NpuBesio K HAKOIJIEHUIO NAaTOTeHOB, Mopae-
HUIO NT0CEBOB JIIONIMHA BpeJHbIMU OpraHM3MaMH U 3HAYU-
TeJIbHBIM NOTepsiM ypoxkas. CejileKLMsl ¥ BO3JeJibIBaHUe
YCTOUYUBBIX COPTOB — HAaUbOJIEe BHITOJAHBIN U 9KOJIOTHYE-
CKH 11eJ1eco06pa3HbIi coco6 60pb6bI € 60JIE3HSIMHU U Bpe-
AuTenssMU. M3ydeHue BUAOBOrO coOCTaBa aTOreHOB U IO-
HCK MCXOJHOT0 MaTepuasa - Heo6X0AUMble 3Tallbl CeJeK-
LMY pacTeHUH Ha UMMYHUTET.

Marepuas uMetoauka. Ha cesepo-zamage PP (CaHkT-
[MeTepoypr, [lymkux) B 2019 r. uzyunau 101 obpa3zen L. an-
gustifolius u3 konnekuuu BUP, B 2020 .- 62 0o6pasua us
3TOM e BbI6OPKU. B 1abopaTopuu NpoBoJUIN MUKOJIOTU-
YeCKyl 3KCIepTH3y C UCHO0Jb30BaHMEM arapu3oBaHHOMU
KapTodesbHO-caxapo3Ho cpenbl. CTelneHb MOpaXKEHUS
pacTeHUd 6GOJIe3HSIMU U 3acejIeHUs] BpeJUTENsIMU OLeHU-
BaJIU B IEpHO/, LiBeTEeHUs, NJI0Z,006pa3oBaHUsl U CO3peBa-
HUS C TOMOIIbI0 6aJIJIOBBIX IIKaJI.

Pe3y/ibTaThl ¥ BBIBOABI. BbIsABUIN WHUPOKUHN KPYT Bpea-
HbIX OPraHU3MOB, OKa3bIBAIOUIMX HeraTHUBHOE BO3/eMCT-
BHe Ha POCT U pa3BUTHe pacTeHUH JIIONHMHA Y3KOJUCTHOIO.
JloMUHUpYOIUKA BpegUTeb - JNUHOBas Tiasd (Macro-
siphum albifrons Essig), koTopas BliepBble 06Hapy»KeHa Ha
TeppuTtopuu Poccuiickoit ®eepanuu. BeisiBjieH KOMIIEKC
FPUOHBIX MATOreHOB, CpeJlu KOTOPBIX HauboJiee pacmnpo-
CTpaHEeHbI U BpeJOHOCHBI BO36yauTe M dy3apuo3a, 6ypou
NSATHUCTOCTH JIMCThEB, MYYHUCTOU POCHI, Cepoil U Gesion
rHuJieid. BoijiesieHbl 06pa3Libl JOMKHA Y3KOJUCTHOTO, Xa-
pakTepusymLiuecs cJaboi CTeNeHbI0 MOPaXKEHU s MaTore-
HaMHu.

KiroueBsle ciioBa: Lupinus angustifolius L., 60y1e3HH, Bpe-
JIUTEJIH, YyCTOMYMBOCTD, IOPAXKEHHE, CTENEHb 3aCeJIEHHO-
CTH.

Background. Narrow-leaved lupine (Lupinus angustifo-
lius L.) is an important high-protein forage and green ma-
nure crop, also promising for food use. This is a plastic spe-
cies produced under various ecogeographic conditions and
the only cultivated species of lupine adapted to high north-
ern latitudes - up to 60° NL. Gradual expansion of lupine
production areas led to the accumulation of pathogens,
damage to lupine crops by harmful organisms, and signifi-
cant harvest losses. Breeding and cultivating resistant vari-
eties is the most profitable and environmentally sound way
to control diseases and pests. Studying the species composi-
tion of pathogens and searching for source material are the
necessary stages of plant breeding for immunity.

Materials and methods. A set of 101 accessions of L. angus-
tifolius from the VIR collection were studied in the north-
west of the Russian Federation (Pushkin, St. Petersburg) in
2019, and 62 accessions from the same set in 2020. Myco-
logical examination of the affected leaves was carried out
on potato sucrose agar medium under laboratory condi-
tions. The degree of damage to plants by diseases and infes-
tation by pests was assessed during the period of flowering,
fruit formation and ripening using point scales.

Results and conclusions. A wide range of harmful organ-
isms were identified for their negative impact on the growth
and development of narrow-leaved lupine plants. The domi-
nant pest was the lupine aphid (Macrosiphum albifrons Es-
sig), discovered in Russia for the first time. A whole set of
fungal pathogens was identified, among which the most
common and harmful were the causative agents of Fusarium,
brown leaf spot, powdery mildew, gray mold, and Sclerotinia
stem rot. Narrow-leaved lupine accessions with weak de-
grees of pathogenic damage were selected.

Key words: Lupinus angustifolius L., diseases, pests, resis-
tance, damage, degree of colonization.
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JlronuH y3koaucTHBIN (Lupinus angustifolius L., Fabaceae
Lindl.) - BaxkHass KopMoBasi U CUJEepaLMOHHAs KYJbTYypa,
nepcrneKTUBHAs TaKxe JJIsl IPOJJOBOJIbCTBEHHOTO HCIOJIb-
30BaHusa (Vishnyakova etal, 2020). 3To miacTU4YHBINA BU[,
NPOU3BOAUMBIN B Pa3/JIMYHBIX 3KOJIOTO-reorpadUyecKux
YCJIOBUSIX, U eJUHCTBEHHbIN 13 BO3/e/IbIBaeMbIX BU/IOB JII0-
NIMHA, aJlallTUPOBAHHbIA K BBICOKUM CeBEPHBIM MIMPOTAM —
10 60° c. 1. B EBpone ero paccMaTpuBalT Kak aJlbTepHATHU-
By cOe — IJTaBHOMY HCTOYHMKY PaCTHUTeJbHOTO 6Gesika s
KOpPMOIIPOM3BO/ICTBA U MPOJO0BOJILCTBEHHBIX Liesiel (Gresta
etal, 2017), TeM GoJiee YTO BCJIeCTBUE IIUPOKOTO paclpo-
CTpaHeHUs reHeTHYeCKU MOAMGUIUPOBAHHOIO UMIIOPTHO-
ro COEBOr0 ChbIpbsl MHOTHE NOTPeOUTEeNN OTHOCATCS K coe
c npeay6exaeHueM. Vi3BecTHO, UTO ceMeHa JIIONIMHA COZEep-
»)KaT B cpefiHeM 0KoJsio 35% 6eJIKkoB, a HEKOTOpbIe BbICOKO-
6esikoBbIe copTa - 60s1ee 40% (Tomczak et al.,, 2018). JIronun
Y3KOJIUCTHBIM MeHee TpeGoBaTeJleH K YCJIOBUAM BO3/eJIbl-
BaHHUS 10 CPAaBHEHUIO C JPYTHMH 3€PHOOOGOBBIMH KYJIBTY-
paMy, XOpOLIO MPUCIOCOGJeH K pa3IMYHbIM THIIAM I0YB,
OTJINYAETCs] BBICOKOH NPOAYKTUBHOCTbIO B HEGJIAronpusT-
HBIX JJI1 COM MOYBEHHO-KJIMMaTHYeCKUX yca0BUAX Poccum
(Artyukhov, Podobedov, 2012). [To CeBepo-3anaZjHoMy peru-
OHy pailloHupoBaHO 25 U3 27 3aperucTpUpPOBaHHbIX B PO
copToB (State Register..., 2020).

OcHOBHOU QaKTOp, OrpaHUYUBAKIUN TPUMEHEHUE JII0-
IIMHA B KaueCcTBe KOPMa U B MUIEeBON MPOMBIIIJIEHHOCTH, —
TrOpbKUH BKYC Y TOKCUYHOCTb BCJIe/ICTBHE BBICOKOTO COZlep-
’KaHHA B ceMeHax U 3eJleHOM Macce ajKaJIOU/0B XUHOJIU3U-
JMHOBOrO psja. TeM He MeHee OCEeBHbIe MJIOIA/M JIIOIHMHA
B Poccuu exxero/jHo yBeJIMUMBAIOTCS, YTO CTA/I0 BO3MOXKHBIM
B pe3yJibTaTe CO3/JjaHHsI HU3KOAJKaJOW/HbIX COPTOB, ajal-
TUPOBAHHBIX K Pa3/JIMYHBbIM YCJI0BUSAM npouspactaHus (Ar-
tyukhov, 2015).

CHMKeHMe cojlepKaHUs aJIKaJIoW/J0B B pacTeHUIX U pac-
IMIMPEHUE TOCEBHBIX ILIow@dgeil L. angustifolius npuseso
K CWIbHBIM 3MUPUTOTHUAM. JIIOIIMH MOXET NopakaTbCsl MHO-
FUMU BUJIJaMU TpU6GOB U HacekoMbixX (Shapkina etal., 2011).
Cpean ¢uTONaTOreHHbIX I'pU6OB HauboJiee BpPeJOHOCHBI
B Poccuu Bo36yauTesnun antpakHosa (Colletotrichum gloeo-
sporioides (Penz.) Penz. & Sacc.), dysapuosa (Fusarium oxy-
sporum Schl.) u cepoit ruunu (Botrytis cinerea Per.) (Pimo-
khova et al.,, 2020b). Tak, pacnpocTpaHeHHe dy3apro3a U aH-
TPaKHO3a IPUBEJIO K CyLl[eCTBEHHOMY COKpallleHHUIO 10CEBOB
JKeJITOTO U 6esloro JIIONMHA, OAHAKO COpTa Y3KOJHUCTHOIO
JIIOTIMHA NOpaXkaloTcs STUMHU 60JIe3HSIMU B MeHblIel cTele-
Hu (Yakusheva, Solovyanova, 2001; Debelyj, 2012).

Bblcokasi BJIQXKHOCTb U OTHOCHUTEJIbHO HEBBICOKHE TeM-
nepaTypbl B IepU0/| BereTalluu SABJIAIOTCS ONTHMaJbHBIMU
YCJIOBUSIMHU JJisl pa3BUTHUS cepoi U 6esiod (BO3GYAUTEND —
Sclerotinia sclerotiorum (Lib.) de Bary) ruueit. 3Tu 3a6oJie-
BaHUS NPEeJCTABJAT yrpo3y AJsS MHOTMX CeJIbCKOXO351M-
CTBEHHBIX KyJbTYp, B TOM YHCJe U JiJIsl HECKOJIbKUX BHUJIOB
sawonuHa (Boland, Hall, 1994; Amselem et al,, 2011; Elad et al,,
2016). OcHOBHbIe CUMITOMBI 60JI€3HEN - BOJSHUCTBIE 3a-
THUBaMOLIMe MSTHA, Ha KOTOPBIX OTMevaloTcs cepbli (Botrytis
cinerea) wnu 6Genbld (Sclerotinia sclerotiorum) MuLeauy.
WcTouHUKOM MHQEKIMH MOTYT GbITh pacTUTe/IbHbIE OCTAT-
KM, I0YBa U ceMeHa. [laToreHsl mopakaloT NpaKTUYeCKH Bce
Ha/|3eMHble 4acTU pPAacTeHUM, a HaKaIlUIMBasCb B CeMeHaXx,
CHMKAIOT UX BCXO0XKECTb U 00YCJI0BJINBAIOT TMbeb POPOCT-
KOB. BpICcOKast CKOPOCTb pa3BUTHSI U paCpOCTpaHEHHUs I'PU-
60B HabJII0/laeTCs B 3arylleHHbIX MOcCeBaX C BJQXKHBIM MHU-
KPOKJIMMAaTOM B Ha/iNOYBEHHOM NPOCTPAHCTBE U MeXAY pa-
CTEHUSIMH, YTO NPUBOAUT K 3HAYUTEJIbHbIM NOTEpsIM ypo-

’Kasi, BILUIOTb 0 rubenu pacreHudt (Davidson etal, 2007;
Pimokhova et al., 2020Db).

3Ha4YUTENbHBIN yiep6 MOCeBaM JIIOIMHA MOXKET HAaHECTHU
BO30YAUTE/b 6YpOU MATHUCTOCTH JIUCThEB — rpub Pleiochae-
ta setosa (Kirchn.) S. Hughes. HakaninBasicb B BEpXHHUX CJ105IX
MOYBbI B BH/le CIIOD, aToreH HanboJiee BPeJOHOCEH B Iep-
Bble HeJleJIM pOCTa pacTeHUH, Korjja OH PUBOAUT K KOpHe-
BOM 'HUJIM U ru6esu no6eros. [lopaykeHre B3pOCJbIX pacTe-
HUU NposiBJseTCs B BUJe 6YPbIX WM KOPUYHEBBIX NATEH,
a TakKe OMNaJleHUsl HWXKHUX JINCTbeB, YTO 06YyCJIOBJIMBAeT
He3HauuTesbHble TOTepu ypoxkas (Sweetingham, 1990).
OCHOBHBIMHM MeTOJaMHU 60pbOBI C NATOreHOM SIBJISAIOTCS Ce-
BOOGOPOT U CO3JjaHUE YCTOMUYUBBIX copToB JjtonuHa (Luckett
etal, 2009). P setosa He mopakaeT 3JlaK{, II0O3TOMY HUX HC-
M0JIb3YIOT KaK MPOMEeXYTO4YHble KYJbTYypbl B CEBOOGOpPOTE
(Sweetingham, 1990).

OpHoM M3 HauboJiee pacpoCTPaHEHHbIX 60Jie3HEH, Mo-
pakalolMX pacTeHUs JIIOMKHA, CYUTAeTCs MyYyHHUCTass poca
(Bo36ynuTenn - Erysiphe communis Grev. f. lupine Roum). I1a-
TOr'eH NPOsIBJIsSEeTCS B BUJle 6eI0ro My4YHHUCTOTO HajleTa Ha
JIACTBAX U CTeO6JAX, a IPU CUJIbHOM NOpaKeHUH MPUBOAUT
K 3aCbIXaHUIO U ONafleHHI0 JUCTheB. OCHOBHBIM UCTOYHUKOM
HHOEKUUU OOBIYHO CJIYXKAT MNOpaKeHHble PaCTUTEJbHbIE
OCTaTKU U AUKOPACTYLIMH JIONUH MHOrosieTHUH (Rutskaya,
2018).

JlronuH MoOXeT ObITb 3acejieH HeCKOJbKHUMM BHAAMU
Tieit (Holman, 2009). OfHUM U3 OCHOBHBIX BpeJUTeeN CHU-
TaeTcs JIIONUHOBas T Macrosiphum albifrons Essig (cemeit-
ctBo Aphididae Latreille, uiu HacTosiiiue T/u), IUTaHUE KO-
TOPOH NPUBOJUT K YBAAAHUIO PAaCTEHUN U CHIXKEHHUIO Ypo-
’)KalHOCTH, 2 IPU MacCOBOM pa3MHOXEHUHU — U K TH6eJn pac-
TeHull (Carter et al., 1984; Hinz, 1992; Ferguson, 1994; Kor-
dan etal.,, 2008). U3BeCTHO, YTO TVIM SIBJASIIOTCS IVIABHBIMU
nepeHOCYHMKaMu BUPYCHBIX 6o0Jie3Hell. Hanbosiee BpesoHoOC-
HBIMU [IJIs1 JIIOIIMHA BO BCEM MUDPe SIBJISIOTCS BUPYC >KeJTOH
Mo3auku ¢acosu Phaseolus virus 2 Smith (BYMV - bean yel-
low mosaic virus) v BUpyc Mo3auku orypua Cucumis virus 1
Smith (CMV - cucumber mosaic virus) (Kurlovich, Golovchen-
ko, 1989; Jones, McLean, 1989; Jones et al., 2008).

PacnpocTpaHeHre QUTONATOreHOB B IOCEBAxX JIIOIMKMHA
eXeTrofiHO NPUBOJUT K 3HAUUTEJbHbIM IOTEpPSM ypoKas.
B HacTosillee BpeMsl B CHCTeMe 3alUThl paCTeHUH JOMUHU-
pyeT nmpuMeHeHUe XUMHUYecKHUX MeTonoB (Pimokhova etal,
2020a), YTO 3KOHOMUYECKU 3aTPATHO U OKa3bIBaeT HEraTUB-
HOe BJIMSIHMe Ha OKpY»Kalollyto cpefy. CesieKIus U Bo3/eJbl-
BaHHe COPTOB JIIONHMHA, 06/1ala0UX YCTOMYUBOCTBIO K 60-
JIe3HSIM U BpeJuTeJIsIM — HauboJlee BBITOJHBIN U 9KOJIOrHYe-
CKH 11eJ1ecO06pa3HbIi c1oco6 60pbObI C BpeHBIMU OpraHu3-
MaMu. OfjHaKo ypoBeHb QUTONATOJOTHYECKUX HCCIe0Ba-
HUH KaK NPOU3BOJCTBEHHBIX MOCEBOB KYyJbTYpbl B P®, Tak
U KoJutekuuu BUP ganek ot Heo6xoauMoro. C 1eJibIo paciiu-
peHHs MPOU3BOACTBEHHOI0 apeasa JIOIHHA Y3KOJHUCTHOTO
Ha ceBepo-3anazie PO Heo6xoAMMO U3y4YeHUE JTUMUTUPYIO-
IIMX 3TOT Npouecc GaKTOpPoB, B TOM YHCJe paclpocTpaHe-
HHUSA BpPeIHbIX OPraHU3MOB.

Lenv Hacmosiwell pabomosl - GUTOCAHUTAPHBIA MOHUTO-
PHUHT U OLleHKa CTeNeH! NopaXkeHusl BpeAHbIMU OpraHU3Ma-
MU 06pa3LO0B JIONKHA Y3KOJIUCTHOrO U3 Kosiekiuu BUP Ha
ceBepo-3anaje Poccum.

MaTepnanbl U METOoAbI

B noJieBbIX YCI0BUSIX HAYYHO-NPOU3BO/CTBEHHON Ga3bl
«[lymkuHckue u [laBnoBckue sabopatopuu BUP» (IIIIJ1
BUP, CankT-IleTepOypr, r. [lymkun) B 2019 u 2020 r. usyya-
JIU BUIOBOM COCTAB HAaCEKOMBIX U BO30OyAUTe el 6oie3Hel,
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MOpaXKaLIMX 06pa31ibl JIIOINHHA Y3KOJIUCTHOTO PAa3JUYHOTO
MPOUCXOXJeHus U3 Kosiekuuu BUP. MaTtepuanom g us-
ydyeHus B 2019 r. cayxkua 101 o6pasen L. angustifolius: 90 -
COpTa U ceJieKIIMOHHbIe JUHUH, 10 - MecTHble 06pa31bl (K-
96, k-140, k-331, k-511, k-372, k-1526, k-1534, k-1546,
k-3412, k-3715) uonHa gukas ¢dopma us [lanecTuHsl (K-
288). B 2020 r. uccnepoBaau 62 o6pasia U3 3TOro ke Habo-
pa: 57 - copTa U ceJieKIIMOHHbIe JIMHUH, 5 - MeCTHble 06pas-
bl (k-96, k-140, k-511, k-1526, k-1546), HauGosiee MpuUCHO-
cobJIeHHble K YCJI0BUSIM ceBepo-3anaZa Poccuu U BbI3peB-
mue B 2019 1.

YcioBUsI pOBeJleHHs ONBITOB B TeYeHHUE JBYX JIeT pas-
JINYAJIMCh [VIaBHBIM 06pa3oM 1o cyMMe ocaJKoB. Tak, B HIOHe
u aBrycte 2020 r. Beinasio B 2-3 pasa 60Jblie 0CaIKOB, Y€M
B 2019 r. (Tabsuua).

5 - oueHb cusbHOE (> 76%).

Jlnst Bo36yAuTE el MyYHHUCTONU POCHI, OYPOU MATHUCTO-
CTH JIMCTBEB, CEPOU U 6esI0N rHUJIed onpejesiiv M0Lab
MOpa)KeHHs paCcTeHUH rpr6OM B NPOLIeHTaxX. YPOBEHb YCTOM-
YHBOCTH COpPTa K py3apro3y U BUpycaM ONpe/eIs/iv Mo Npo-
LIEHTHOMY COOTHOLIEHHI0 YHCJa IOpaXKeHHbIX pacTeHui
K 001LeMy YHCJIY Ha JeJIsTHKE.

3aceJIeHHOCTb COPTOB JitonuHa Macrosiphum albifrons
OlleHUBaIM myTeM ocMoTpa 20-25 pacTeHUH KaxIoro
o6paslia B Iepuo/ IiBeTeHus, J104006pa30BaHUsA U cO3peBa-
HUS, PyKOBO/ICTBYSICb ODUTMHA/JIbHOM ILIKaIO0M:

1 - pacTeHue He 3acesieHo, JM60 eJMHUYHbIe 0COOU Ha
pacTeHUY;

2 - He 6oJiee 5 He6OIBIIKX KOJIOHUH (< 20 oco6elt) Ha pa-
CTeHUY;

Ta6smmua. [loroagnsie ycaoBus (CankT-IleTepO6ypr, lymkun; 2019, 2020)
Table. Weather conditions (Pushkin, St. Petersburg; 2019, 2020)

MeTeopoJsioruyecKkue ycjJa0BUs
l'oabl u3yyeHus I[lapameTpshl
Mait HioHb 500008 Asrycr

Temnepatypa, °C 12,1 18,7 16,6 17,0
2019

CyMMa 0caZiKkoB, MM 73,0 23,0 93,0 49,0

Temnepatypa, °C 10,0 19,1 17,6 17,2
2020

CyMMa 0caZiKkoB, MM 25,0 66,0 91,0 102,0
Cpeatye Temnepatypa, °C 11,3 15,7 18,8 16,9
MHOTOJIETHH1E CyMMa ocaZikoB, MM 46,0 71,0 79,0 83,0

HUpeHTUdUKaANMIO TPUGOB MPOBOJAUIN B J1IaGOPATOPHH.
JlIsi MUKOJIOTUYECKOH 3KCIePTHU3bl MOPaXKEeHHbIE JINCTbS
cobupasu B GyMakKHble HAKeThl, HO/ICYLINBAJIH U XPAHUITU
B Xos04uabHUKe. PparMeHTHl MOpaXKeHHBbIX TKaHEH pa-
CTeHUH C pa3JIMYHBIMU CHMIITOMaMH NopaxeHus Guromna-
TOTeHaMH IOMeIljaJid B MapJieBble MeUIOYKH, TPOMBIBAJIN
2 9 oA CTpyel BOJOMPOBOAHOHN BO/BI M IOBEPXHOCTHO Jie-
3uHUIMpoBasu B TedeHHue 1 MUH 0,1-IpOIEeHTHBIM pac-
TBOPOM HHUTpaTa cepebpa, 3aTeM MPOMBIBAJNU HECKOJIBKO
pa3 CTepUIbHON BOJIOM CO CTPENTOMHUIMHOM M PacKJIabl-
BaJM B4YalIKK [leTpu Ha NOBEpXHOCTH arapu3oBaHHOU
KapTodesbHO-caxapo3HOH cpeibl. Yallku HHKYOUPOBAIU
B TepMocTaTe npu 24°C B TedyeHUe 7 CYTOK, a 3aTeM IpHU
aputemHoM ocBemeHun (Radchenko etal., 2019). Beigese-
HUe ¥ pa3MHOXXeHNe Ipu60B NPOBOANIN Ha KapTodeTbHO-
caxapo3HoM arape: 1000 My kapTodesbHOr0 3KCTpaKTa
(1800t kaptodens Ha 4500 My Boxbl), caxapo3a (40r),
arap-arap (40 r).

OnpesiesieHNe TaKCOHOMUYECKON MPUHAJJIEKHOCTH Ta-
TOreHOB B ToJIe U JlabopaTopuu npoBoawsy o M. K. Xoxps-
koBy c coaBTopamu (Khokhryakov et al.,, 2003). Hacekombix
WJIeHTUOUIMPOBAJN C IIOMOIIBIO OHJIAHH-ONpee/TUTe s
(Favret, 2021) 1 nHpOpMaMOHHOTO caiiTa JJis Onpejesie-
Hua HacekoMbIx InfluentialPoints.com (https://influential-
points.com/Gallery/Macrosiphum_aphids.htm).

[Ipu onleHKe yCTOWYHUBOCTH COPTOB JIIOIMHA K TATOreHaM
pPyKoBoACTBOBa/NNCh GasutoBoy mkanoi (Vishnyakova etal.,
2018):

1 - ouens csaboe nopaxenue (< 10%);

2 - canaboe (11% - 25%);

3 - cpenHee (26% - 50%);

4 - cunbHOe (51% - 75%);

3 - He 6oJiee 10 KosIoHUH cpeiHUX pa3MepoB (20-50 oco-
Oeil) Ha pacTeHHUH;

4 - 6osipLIMEe KOJIOHUH TiieH (> 50 ocobeit) Ha pacTeHUY;

5 - BCe pacTeHHe 3acesIeHO TJISIMY, I06ery yBsLAIOT.

Pe3y/IbTaThl M 06CYK/JeHHe

HaunHas co BTopoii nosoBuHbI aBrycra 2019 r. (oT 1Be-
TeHHUsI 0 co3peBaHHUs 6060B), HAabJIIOAAIN MacCOBOe pas-
MHOXXeHHe JIIONUHOBOU Tiau Macrosiphum albifrons (pucy-
HOK): YMCJIEHHOCTb HAaCeKOMBIX Ha OT/eJIbHBIX PacTeHHAX
npeBbimana 1,5 Teic. oco6elt Ha no6er. CuibHO (4-5 6ay0B)
3acesisiiMch TJael 9 06pa3nos: k-96, k-140, k-331, k-1344,
k-1351, k-1405, k-1406, k-1481, k-1685, y KOTOpbIX HAGJIIO-
JlaJI1 CKpyYHBaHHe BepXxylleK cTe6/iel, CKpyurBaHHe U OChI-
IaHUe JINCThEB, @ TaKXKe ONaJleHue IBETKOB. B cpesjHel cTe-
neHu (3 6asu1a) moBpexAanuch 6 06pasuos: k-1342, k-1613,
K-2448, k-2265, k-2439, k-2868. [eTepOoreHHBIMHU 110 YCTOM-
YUBOCTH OKasauucb 13 coptoB L. angustifolius: moBpexjeH-
HOCTb OT/ZleJIbHBIX PACTEHHUH 3THX 06pa31l0B BapbUpOBasa OT
1 510 4 6assioB. Ha pactenusix 73 o6pa3ioB ¢puTodara He Ha-
osroganu. Cienyet oTMeTUTD, YTO M. albifrons cautaeTcs UH-
Ba3MBHBIM GUTOPAroM ceBepoaMeprUKaHCKOT0 IPOUCKOMKAe-
Hus. B EBporne B/ BepBble 6blJ1 0OTMeYeH Ha MOCeBAX JIFOIH-
Ha B 1981 r. B AHIVIMH, 3aTeM MPOU30LLIO €ro CTPEMUTEb-
Hoe paccesienue. B nepBom gecatunernu 2000-X ro/1oB Hace-
KoMoe BIiepBble oTMeveHO B besapycu (Zhorov et al., 2017).
JlaHHBIX 0 BCTPEYaeMOCTH BHJA Ha TeppuTtopuu PP MbI He
Hamid. Ha ceBepo-sanmage PO sronvHOBas T/ BbISBJIEHA
HaMHU BIIepBbIe.

Ha oTzaesnbHBIX pacTeHUAX HaGJI0/1a/IM HeOO0 IbIIK e KOJI0-
HUM rOpoxoBo# Tiu (Acyrthosiphon pisum Harris).
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PucyHok. BpeaHble opraHu3Mbl JIIONUHA y3KoaucTHOro (CankT-Iletep6ypr, llymkun; 2019, 2020 rr.):
a - monuHoBas s (Macrosiphum albifrons Essig); 6 - myuHnucTas poca (Erysiphe communis Grev. f. lupine Roum);
B - Oypas NATHUCTOCTb JIUCTheB (Pleiochaeta setosa (Kirchn.) S. Hughes)

Figure. Harmful organisms on Lupinus angustifolius L. (PushKkin, St. Petersburg; 2019, 2020):
a - lupine aphid (Macrosiphum albifrons Essig); 6 - powdery mildew (Erysiphe communis Grev. f. lupine Roum);
B - brown leaf spot (Pleiochaeta setosa (Kirchn.) S. Hughes)

Bcsien 3a MaccoBbIM pasMHokeHueM Macrosiphum albi-
frons HabJr0ja/1M CUJIbHOE NTOpPAXKEHHEe PacTeHUH BUPYCHbI-
MU 3a00/1eBaHUSAMU. Y GOJIBHBIX PACTEHUH JINCTOYKHU MeJlb-
YaJlu U CBOPAYUBAINCh BHYTPb K LEHTPAJbHOH JKUJIKE,
a 6066l TeMHesd. [lopakeHHe BHUpYyCaMHU B IepUO[, IJIOJ0-
o06pa3oBaHUs NPOSIBJIAJIOCH B BU/Ie IOYePHEHUsI 6060B, TEM-
HBIX ISITEH W I10JIOC HA cTe6Jie, a TaKXkKe >KeJITEIIUX JIMC-
TheB. YaCTUYHOE WJIH NOJIHOE NTopaXkeHHe 6060B Y pacTeHUH
BOCIPUMMUUBBIX COPTOB COCTaBJIsI0 6osiee 70% OT 0611ero
KOJINYEeCTBa.

JlabopaTopHOe HccieJoBaHUE PACTUTEJIbHOIO MaTepHa-
JIa C pa3JIMYHBIMU CUMITOMaMu nopakeHus B 2019 r. noka-
3aJ10 JJIOMUHUPOBAHUE NAaTOTeHHbIX I'PU6GOB U3 pofoB Fusari-
um Link, Botrytis P. Micheli ex Pers., Sclerotinia Fuckel u Stem-
phylium Wallr,; BbIsiBJIeHBI TaKXKe canpoTpodHble PUOHI U3
pognos Alternaria Nees, Cladosporium Link u Epicoccum Link.
MuKoJIOTHYeCKUH aHa/IU3 C1y4YalHO OTO6PaHHBIX, TIATE Ib-
HO IIPOMBITBIX U IPOPOLIEHHBbIX CeMsIH L. angustifolius noka-
3aJl HaJIMuMe BHyTpUCeMeHHOH nHekuuu Sclerotinia sclero-
tiorum.

duTocaHUTApHBI MOHUTOPHHT TOCEBOB JIIONKHA y3KO-
suctHoro B 2020 r. mokasaJi, UTO pacTeHUs ObLIN MOPaXKeHbI
NpPeUMyLIeCTBEHHO BO30YAUTEIsIMA MyYHUCTON pockl (Ery-
siphe communis), 6ypoil NATHUCTOCTY JUCTbeB (Pleiochaeta
setosa) v dy3apuosa (Fusarium oxysporum). HeaHauuTesb-
HOe pa3BUTHe (OTAe/bHbIe CUMIITOMbBI HAa PACTEHHUSAX) GBIJIO
XapaKTepHO JiJisl aHTpaKHo3a (Bo30yauTesnnb — Colletotrichum
gloeosporioides), cepoii w 6esoit rHusel (Botrytis cinerea
u Sclerotinia sclerotiorum cooTBETCTBEHHO). BbIsIBJIEHBI TaK-
e JionuHoBass s (Macrosiphum albifrons), 6akTepuos
Y BUPYCHbI€ 3a00JIeBaHUSI.

OueHMJIM CTeNeHb NOpaXKeHUs: 62 06pa3ioB JIIMHA y3-
KOJIUCTHOTO MYYHHUCTOHM POCOH (CM. pUCYHOK). YcTOHYMBO-
ctbio (1 6ann) k Erysiphe communis XapakTepu30BalUCh
5 o6pa3nos: k-2570, k-3816, k-3926, k-3947, k-3457; 13 usy-
YeHHBIX GOpPM ObLIM MOPaXKEHBI B CpeJiHel cTeneHu (3 6aj-
s1a): k-3062, k-3457,k-3503, k-3607, k-3623, k-3805, k-3814,
K-3832, k-3842, k-3920, k-3923, k-3932, k-3939. ['eTeporen-
HBIMM 110 YCTOWYMBOCTH OKasaiuch 3 obpasua L. angustifo-
lius (k-2446, k-2831, k-3172), 41 copT BOCHPUUMYUB
(4-5 6ass0B) K MaTOTEHY.

Bos6ygutenem Pleiochaeta setosa He MOpakaJMCb WU
MOpaXKaJMch oueHb cabo (1 6asn) pacreHus 11 coptoB (k-
2089, k-2570, -3814, k-3426, k-3503, k-3457, k-3327,
K-3805, k-3929, k-3932, k-3949); ymepenHo#l (3 6asia)
YCTOHYMBOCTBIO XapaKTEePU30BaJIUCh 26 U3yYEHHBIX GOpM;
BOCIPUUMYHUBEI (4-5 6as10B) K Gypoy NSTHUCTOCTHU 25 06-
pasLoB JIIOIMHA Y3KOJIUCTHOTO (CM. PUCYHOK).

OueHU/IN CTelleHb NopaXkeHUs: Bo36yauTesneM ¢ysapuo-
3a (Fusarium oxysporum) Bcex pacTeHUH 06pasLoB L. angus-
tifolius. Boigennnuy 36 ycroiuuBsbix (1 6aJi) cOpTOB, CUMITO-
MbI 60JIe3HU He BbIsIBJIEHbI Y 19 U3 HUX, cia6o (2 6asia, 11-
25% pacrenuii) nopaxasaucb 18 o6pasnos. CpeiHUM ypOB-
HeM yCTOW4YMBOCTH (3 6asia, 26-50%) XapakTepu30BaJUCh
5 u3ydyeHHbIX 06pasuoB. CopTa sronuHa ‘Onurapx’ (x-3814,
Poccusi), ‘L-155" (x-3502, [Mosbma), ‘GRC-5060A" (k-3556,
Ipeuunsi) HauboJsiee BocHpUUMYMBBI K maroreHy (52,9%,
71,4% u 86,6% NoOpakeHHbIX PaCTEHUH COOTBETCTBEHHO).
B pe3ysbTaTe CUIBHOIO Pa3BUTHUS GY3apHO3HOI0 YBsALaHUS
HabJ1104a/11 THGeNb OTAe/IbHBIX PACTEHUH.

B 2020 r. Ha noJiax [1I1J1 BUP oTMeuanu ymMmepeHHOe pac-
npoctpaHeHue cepoil rHuiu (Botrytis cinerea). He3Hnauu-
TesbHble cUMNTOMBI (1 6ay1, < 10% nopaxeHHus no6eros)
Hab6/ofanuch Ha 42 udyvyaeMbix o6pasuax L. angustifolius.
Hau6osiee ycToW4MBBIMU OKa3aIuCh 06pa3Lbl K-96 U k-3816,
Ha KOTOPBIX CHMITOMBI NOPaXKEHUsI He BbIsIBJIEHBbI. Bojiee
HU3KHUH YPOBEHb YCTOWYMBOCTH (2 Gassia) XapaKTepeH JJis
18 n3y4eHHbIX 06pa3LoB. Ha pacTeHHsX MHOTUX 06pasLoB
Hab6JII0la/Id PeJiKHe CUMIITOMbI OPaKeHUsI 6esI0f THUJIbI0
(Sclerotinia sclerotiorum).

PacnipoctpaneHue JitonuHoBod ™iu (Macrosiphum albi-
frons) B 2020 r. 6b110 HE3HAYUTEJIBLHBIM. Bo BTOpO# M0JIOBUHE
aBrycra HabJIro/jald OT/e/IbHble He6GoJiblre KosloHuu M. albi-
frons Ha ieBsITH 06pa3Lax JIIOIKHA Y3KOJUCTHOTO (K-96, K-140,
k-2089, k-2183, k-2248, k-2446, k-2570, k-2662, K-3565).
B KOHIle aBrycTa U3-3a pe3KOoro MOHMXEeHUsS TeMIIEPAaTyphl Ha
pacTeHUsIX OTMeYasld JIMIIb OT/AEeJbHbIX HACEKOMBbIX.

YyeT BUPYCHBIX 3260JIeBaHUH NPOBOJUJIM JBAXK/bI, B Ie-
pHOJ LIBeTEeHUS U co3peBaHusl. HaubGosiee cuibHOE IpoOsiBIIe-
HU€e CUMIITOMOB OTMeYaJld B Hayajle CeHTs0ps. Habronanu
YacTUYHOE WM TOJIHOE MOpPaXKEHHe OTAesbHbIX pacTeHUH
32 copToB sitonuHa. CUMIITOMBI TOPaXKEHUS He BbISIBJIEHBI HA
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30 o6pasnax, oueHb caaboe (< 10% pacTeHuit) nposiBieHue
60JIe3HM OTMeYeHO Ha pacTeHUsAX 9 o6pasnoB. Heckosbko
6osbLielt (11-25% pacTeHuit) cTeneHbo NMopaXkeHUs MaTo-
reHaMy XapaKTepu3o0BaJuCb 17 u3ydyeHHbIX o6pasuos. Ca-
MBIMH BOCHPUUMYUBBIMU (26,3-35,3% pacTeHuii) okasa-
auck copTa ‘CuHuit ankanouaHbeid N1’ (k-1481), ‘ST238’ (k-
1586), ‘Borre’ (k-1593), ‘Blaue susslupinen’ (x-1613), ‘Graf
schwerin rote’ (k-1685), ‘HemunHoBckuii 846’ (k-1981). Cyas
[0 CUMIITOMaM 3a00JieBaHUM, Mbl [T0JIaraeM, 4TO OCHOBHOM
Bpe/ pacteHusaM B ycaoBusx [II1J1 BUP HaHocAT Bupyc »xe-
ToW Mo3auku ¢aconu (BYMV - bean yellow mosaic virus)
Y BUpycC Mo3auku orypua (CMV - cucumber mosaic virus).

He3HauuTesbHOE pa3BUTHE B BH/Ie OTAENbHbIX CUMIITO-
MOB IOpakeHUsl pacTeHUH UMeJiM aHTPaKHO3 U 6aKTepHo3
JonuHa. bosbliee pacnpocTpaHeHHe MHOTHX I'PUGHBIX 60-
siesHeit B 2020 r. o cpaBHeHUI0 ¢ 2019 I. MOXKeT GbITh CBsi3a-
HO € 6OJIbIIMM KOJIMYeCTBOM OCaZKOB B IIepHO/| BereTaluu
pacTeHu.

TakuMm 06pa3oM, B pe3ysbTaTe MacCOBOTO CKPUHHUHIA
dparmeHTa KoOJIJIEKLMHU JIOMUHA Y3KOJUCTHOTO B YCJIOBUSX
ceBepo-3amnaia PO BbIsiB/IEH IUPOKUU CIEKTP IPUOHBIX, BU-
PYCHBIX U 6aKTepHalbHbIX UHPEKIHH, a TaKkKe [iBa BU/IA Ha-
ceKoMbIX-BpejuTesneil. CiefyeT NMoA4YepKHYTh, UTO C TaKOH
CTeleHbl0 JeTaau3aluu (UTOCAHUTAPHBIM MOHHUTOPHHT
B /JaHHOM pervoHe poBeJieH BIepBhIe.

CuyuTaeM HY>KHbIM OTMETHUTb, UTO B peTPOCIEKTHBE BOC-
NPUUMYUBOCTD K 60J1€3HAM KOJJIEKLUH JIIOIIMHA Y3KOJIHUCT-
Horo BUP ouenuBaniach oueHb ¢pparMmeHTapHO. MOXKHO yII0-
MSHYTb CaMblil MaclITaGHBIA CKPUHUHT MO YCTOWUYUBOCTHU
YacTH KOJIJIEKLMHU K ¢y3apuo3y. OH 6blI NpoBesieH Ha Tpex
HHOeKHOHHbIX ¢poHax B BpsHckol, KueBckoit u JleHUH-
rpajicko 06/1acTaAX. YCTaHOBJIEHO, YTO 6GOJILIIMHCTBO 06pas-
1LJOB NPOSBJISJIM YCTOHYUBOCTb TOJIbKO Ha OJJHOM U3 HH}EK-
IMOHHBIX GOHOB. boJiee Toro, ycToluuBble B OAHOM pervoHe
06pas1ibl 6bLJIM BOCIPUKMMYHUBEI K 60s1e3HU B Apyrux (Kurlo-
vich et al,, 1990).

AKTyanbHOU Npo6seMoOl SBJSIETCS CO3/aHUE COPTOB,
06J/1aaI0UX TPYNNOBONH U KOMILJIEKCHOM YCTOWYHMBOCTBIO
K BpeJlHbIM OpraHuM3MaM, YTO NPUAACT UM MJACTUYHOCTb
Y NM03BOJIUT 3aHUMAaThb 06LIMPHBIE TPOH3BOACTBEHHbIE apea-
Jibl. [lepBBIM 3TANoOM CO3/jaHUsI TAKUX COPTOB J0JIKHO OBITh
BbISIBJIEHHEe BUJ0BOTO cocTaBa 6oJsie3Hel U BpejuTesei
B KaXK/JOM KOHKPETHOM pervuoHe.

3ak/iloueHue

BrnepBbie npoBefeHbl QUTOCAHUTAPHBIA MOHUTOPUHT
Y OlleHKa CTeleHU IOPa)KeHUs BPeAHBIMM OPTraHU3MaMH
KOJIJIEKIITMOHHBIX 06pa31{0B JIIOIHMHA Y3KOJHUCTHOIO Ha CeBe-
po-3anajze P®. BoisiBieH A0BOJIBHO WKMPOKUM Kpyr martore-
HOB, OKa3bIBAaIOUIUX HeraTHUBHOe BO3JleHCTBHME Ha pOCT
Y pa3BUTHe pacTeHUH. JJOMUHUPYIOLUIMM HaceKOMbIM-Bpe-
JUTeJIeM sIBJsieTcs JIoUHOBad s (Macrosiphum albifrons),
MaccoBOe pa3MHOXKeHHe KOTopoil Habtoganu B 2019 r. B He-
3HAYUTEJbHOM KOJIMYECTBe BCTpedaeTcsl ropoxoBas TJs
(Acyrthosiphon pisum). BbisiBJeH KOMILJIEKC TPUOHBIX MATO-
reHOB, Cpe/ii KOTOPBIX HauboJiee pacpocTpaHeHbI U BpeJo-
HOCHBI Fusarium oxysporum, Erysiphe communis, Pleiochaeta
setosa, Botrytis cinerea, Sclerotinia sclerotiorum. OTMe4eHO
HopakeHHe pacTeHUH BUPycaMH, a TaKxKe OT/e/IbHble CUMII-
TOMBI 6GaKTepuo3a. BbisiBjieHbI 06pa31ibl JOMHUHA Y3KOJIUCT-
HOT0, XapaKTepU3ywlLidecs C1a00i CTENeHbI0 MOPaKEHUs
MYYHHUCTOH POCOH, GYPOU MATHUCTOCTHIO JTUCThEB, Gy3apuo-
30M, Cepoit U 6es10¥ THUBI0. B mepcneKTuBe MpeCTOUT BhI-
SIBUTb JAMHAMHUKy H3MEHYMBOCTH HMHPeKIHOHHOro ¢oHa
Y CTeleHH [T0Pa)kaeMOCTH pacTeHUH 10 rofam.

Paboma svinosneHa npu noddepoicke Pocculickozo ¢poHOa
¢yHdamenmanvHuix  uccaedosanull (npoekm Ne 20-016-
00072) u 6 pamkax 2ocydapcmeeHH020 3a0aHuUsl CO2AACHO me-
mamuveckoMy naavy BHP no npoekmy Ne 0662-2019-0002
«HayuHoe obecneueHue 3¢pgheKmusHO20 UCNO1b308AHUS MU-
p08020 2eHOPOoHAA 3epHO60608bIX KYAbMyp U UX OUKUX pOdu-
uell kossiekyuu BUP».

The research was supported by the Russian Foundation for
Basic Research (Project No.20-016-00072) and within the
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AxtyanbHocTb. XenTtas pxxaBuuHa (Puccinia striiformis
West.) - BpeZijoHOCHOe 3a60JIeBaHUe 3ePHOBBIX KyAbTYD. Ha
3KcnepruMeHTaJbHbIX noJsax BUP B [lep6enTe ([larectan)
u [lymkune (CeBepo-3anaZjHbli peruoH) cCUCTeMaTHYECKH
OTMeyaeTCsd 3HAuYUMMOe IOpaKeHHe >KeJITOM pPKaBUMHOU
[I0CEBOB KOJIJIEKIIMOHHBIX 06pa3ioB. [/ OLleHKHU YCTOH-
YUBOCTH U NOCJeyIolero oTéopa UCXOLHOTO IS CeJlek-
I[MU MaTepHaJja Heo6X04MM MOHUTOPHUHT BUPYJIEHTHOCTH
JIOKaJIbHBIX NOMYJISALUHI TaTOreHa ¥ KOHTPOJIb 0c060 onac-
HbIX UHBA3WBHBIX Py U3014T0B PstS1 u PstS2.
MaTepuaJjibl 1 MeTOABL B [lep6eHTe JTUCThS C ypeAUHHUOITYC-
TyJIaMU GbUTH COBpaHbI C 06pa3LoB MATKOU U TBep/0H mile-
HULBL, B [IylIKKMHe - ¢ MATKOM MUIEHUIIbl U TPUTHUKAJe. AHa-
JIU3 BUPYJEHTHOCTH NaTOTeHa BJabopaTOpPUH MPOBOJUIN
C MCI0JIb30BAaHUEM MEX/AYHAPOJHOTO U eBpOIeiicKoro Ha6o-
pa copToB-gudPepeHIUaTOPOB U U30TEHHBIX Yr-TMHUU AVO-
cet. B2020r. BmoseBbIX yca0BUsAX B /lepbeHTe H3y4YHIN
YCTOWYMBOCTb TECTEPHOTO Habopa Ha BbICOKOM €CTeCTBEH-
HOM HHQeKIMOHHOM ¢oHe. [l BBIsIBJIEHUS] MHBA3HWBHBIX
n3onaToB (PstS1, PstS2) ncnosnbszoBanu SCAR-Mapkepsl.
Pe3yabraThl M 06CyxaeHHe. Bcero onpesneneno 18 ¢peHo-
TUIOB BUpPYyJeHTHOCTH (pac) P striiformis (4 B lepGeHTe,
14 B [lymikuHe). Bbicokoll 3ddexkTHBHOCTBIO B dase mpo-
POCTKOB B 06€MX TOYKAaX XapaKTEPHU30BaNIMUCh Ir'eHbl Y15, Yr10,
Yr15, Yr17, Yr24 v Yr26. B no/ieBbIX yCJI0BUSIX UMMYHHYIO pe-
aKIMIO MOKa3aJu JUHUU Avocet c reHamu Yr5, Yr7, Yr8, Yri0,
Yr15, Yr24, YrAR u copta-guddepenunarops! ‘Vilmorin 23/,
‘Moro’, ‘Reichersberg 42’, ‘Heines Peko’, ‘Nord Desprez’, ‘Com-
pare’, ‘Carstens V', ‘Spaldings Prolific, ‘Heines VII. YmMepenno
ycToW4uBbI JIMHUSA Jupateco 73R (mopaxeHHOCTH 70 5%)
v copta ‘Heines Kolben’, ‘Strubes Dickkopf’ (5-10%). C uc-
[10JIb30BAaHHUEM MOJIEKYJISIPHBIX MapKepoB B MyIIKHHCKON
KoJlJIeKUMU P, striiformis BbISIBJIEHO 2 U30J1siTa UHBAa3UBHOHU
rpynnsl PstS2.

KnrwouyeBble co0Ba: »KesTasd pKaBUMHA, BUPYJIEHTHOCTD,
YCTOWYUBOCTB, Yr-rensl, Triticum aestivum, Triticum durum,
TpuTukasie, SCAR-Mapkepsl.

Background. Yellow rust (Puccinia striiformis West.) is
a harmful disease of cereal crops. Significant yellow rust in-
cidence has systematically been registered on VIR’s experi-
mental fields in Derbent (Dagestan) and Pushkin (North-
western Russia). Resistance assessment and subsequent
selection of resistance sources for breeding require proper
monitoring of the virulence in the pathogen’s local popula-
tions. The purpose of this work was to characterize the vir-
ulence of P. striiformis on VIR’s experimental fields in Der-
bent and Pushkin, and use molecular markers to find out
whether the studied P. striiformis isolates belong to any of
the most dangerous invasive groups PstS1 and PstS2.
Materials and methods. In Derbent, leaves with uredinio-
pustules were collected from bread and durum wheat ac-
cessions; in Pushkin, from bread wheat and triticale plants.
The pathogen’s virulence was analyzed in the laboratory us-
ing the world and European sets of differential cultivars,
and isogenic Avocet Yr lines. In 2020, the resistance of dif-
ferential sets was tested in the field in Derbent under a high
natural infection pressure. SCAR markers were used to
identify the invasive PstS1 and PstS2 isolates.

Results and conclusion. A total of 18 phenotypes (races) of
P. striiformis were identified (4 in Derbent, and 14 in Push-
kin). The Yr5, Yr10, Yr15, Yr17, Yr24 and Yr26 genes manifest-
ed high effectiveness in both locations. In the field, immune
responses were observed in the Avocet lines with the Yr5,
Yr7, Yr8, Yr10, Yr15, Yr24 and YrAR genes, and in the differen-
tial cvs. ‘Vilmorin 23’, ‘Moro’, ‘Reichersberg 42’, ‘Heines Pe-
ko’, ‘Nord Desprez’, ‘Compare’, ‘Carstens V’, ‘Spaldings Pro-
lific’ and ‘Heines VII'. Moderate resistance was recorded for
the line Jupateco 73R (damage up to 5%), and cvs. ‘Heines
Kolben’ and ‘Strubes Dickkopf” (5-10%). Using molecular
markers, 2 isolates from the invasive group PstS2 were
identified in the Pushkin collection of P. striiformis.

Key words: yellow rust, virulence, resistance, Yr genes,
Triticum aestivum, Triticum durum, triticale, SCAR markers.
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BBeaeHue

Bo36yauTesb )eaToN pxKaBUUHBI — I'pub Puccinia striifor-
mis West. - nopaxkaeT 60Jiee 20 BUI0B KYJbTYPHBIX U JUKUX
3JIaKOB, B TOM 4HCJIe MILEHMIy, POXKb, TPUTHKaAJe, SUMeHb
Y aruJionc. 3abosieBaHe OTMevyaeTcsl Ha JIMCTbSX, TUCTOBBIX
BJIarajidllaX, KOJIOCKOBBIX YellysIX H, pee, Ha CTebJsAX
B BHJle JIMMOHHO-XeJITbIX YpPeJUHMOIYCTYJI, pachoJaraw-
IIMXCS TPOJIOJIbHBIMU psAlaMU. B oTiinuue OoT Apyrux Bo36y-
JUTeJed pKaBYMHbI MUIeHUIbI, P striiformis pa3BuBaeTcs
B YCJIOBUSIX IOHMKEHHBIX TeMmepaTyp (2-15°C) npu noBsI-
LIeHHOU BJaXkHOCTU Bo3ayxa (Chen, 2005), 4T0 TIUMUTUDPYET
IIMPOKOe pacnpocTpaHeHHe Irpuba, B OT/IMYKe OT 6oJlee MJia-
CTUYHBIX BUJOB P, triticina Erikss. u P. graminis Pers.

Jlo HeflaBHero BpeMeHU 3a60J1eBaHMe BO BCEM MUpe UMe-
J1o pernoHaibHOe 3HayeHue. B 2000-x rogax apeas Bo36yu-
TeJIsl paCIIMPUIICS U YCUJIUJIACh €0 BPeJOHOCHOCTb. INUdU-
TOTUHHOE pa3BUTHe 0OJIE3HU PETY/ISAPHO OTMevaeTcs B 3a-
najgHoi EBpone, LleHTpanbHoU U BocTouHo# Asuu, Appuke,
CeBepHoii Amepuke u Actpanuu (Koyshibaev, 2002;
Hovmgller etal,, 2002; Chen, 2005; Wellings, 2011; Chen
etal, 2014; Brar, Kutcher, 2016). O6yc/si0B/IeHO 3TO MOsIBJIE-
HHEeM U CTPeMUTeJIbHBIM PaclpoCcTpaHeHHWeM HOBBIX arpec-
CUBHBIX M30J/IITOB, aJalTUPOBAHHBIX K BBICOKUM TeMIlepa-
TypaMm. [lepBassi BbICOKOMHBa3HWBHasi TpyIa H30JATOB
(PstS1) o6pasoBasiack B BoctouHoit Appuke B Hadase 1980-x
rozoB. CycTss HeKOTOpoe BpeMsl U3 Hee BblJe/IMJach ce-
CTpUHCKas JUuHUs PstS2, v 06e rpynnbl HOTyYUId LIMPOKOE
pacnpocTtpaHeHue no Bcemy mupy (Walter et al,, 2016). Uzo-
JIAThl 06€eUX TPYII 40 HACTOSILEro BpeMeH! HIUPOKO Mpej-
ctaBJieHbl B BocTouHo#t Appuke (Ali et al.,, 2017).

HzonsaTel Pstl BnepBble 3a¢pukcupoBanbl B 2000 1. B Ce-
BepHOU AMmepuke, aB 2002 .- B ABcTpasnuu. B HacTosiee
BpeMs B ro/ibl 3SNUGUTOTUH OHU JJOMUHUPYIOT B 3TUX PEruo-
Hax. M3ossThI PstS2 npeBanupytoT B CeBepHoi Adpuke U 3a-
najgHoi Asuu. B EBpone oHU BrepBble 3aperucTpUpOBaHbI
B HayaJsie 2000-x ros0B, HO He MOJYYUJIM LIMPOKOTO pacnpo-
CTpaHeHMUs Huyallle BCero OTMevaloTCs ClIopajudecKu
(Hovmgller etal,, 2020). B 2016 r. usonsTsl rpymnmnbl PstS2
o6Hapy»KeHbI B coceJHUX ¢ Poccueil cTpaHax AsepbaiipkaHe
u YkpauHe (Hovmgller etal, 2015; 2019). Usoaater PstS1
U PstS2 xapakTepu3ylOTCsl BbICOKOH BapHabeJbHOCTbIO 110

BUPYJIEHTHOCTU U MUKpPOCATeJJIMTHBIM MapKepaM, YTO yKa-
3bIBaeT Ha UX BbICOKHUH 3BOJIOIMOHHbIN IOTEHIMA U HEOO-
XOAMMOCTb ITOCTOSTHHOTO MOHUTOPHHTA NOMYJAsSLUN. JKOHO-
MHYecKass 3HaYMMOCTb 3a60J1eBaHUsA NpeJioNpeiesieT Npo-
BeJleHUe olleperkarolllell cesJleKLMU Ha YCTOWYUBOCTD K KeJl-
TOU pKaBUMHE BO MHOTHUX cTpaHax mupa (Ali et al., 2017).

Ha skcnepuMeHTanbHbIx noceBax BUP B [lep6enTe (Poc-
cus, [larectan) u [lymkune (Poccus, CeBepo-3anasHbii pe-
TMOH) CUCTeMaTUYeCKH OTMevaeTcsl 3Ha4UTeIbHOe Iopaxe-
HHUe eJITON pP>KaBUMHOW 06pa31[0B 3epHOBBIX KyAbTYp. [l
KOpPPEeKTHON MHTepIpeTaluy pe3yabTaToB GUTONATOJIOTH-
YeCKON OlleHKM M 0T6Oopa MepCleKTUBHBbIX JAJs CeJeKIUU
HCTOYHUKOB YCTOMYHUBOCTH HEOGXOAUM MOHUTOPHUHI BUDY-
JIEHTHOCTH JIOKaJIbHBIX TMOMY/IALUM NaToreHa U XapakTepu-
cThKa 3¢QPeKTUBHOCTH M3BECTHBIX T'€HOB YCTOWYMBOCTHU
K KelTOH pkaBuMHe (Yr-reHoB). /lo HacToOsIIero BpeMeHU
Takue ucciaefjoBaHus B [lep6eHTe u [lylikuHe He MPOBOAU-
JIUCh.

Ileau danHotll pabomebl: 1) oxapaKTepu30BaTb BUPY/IEHT-
HOCTb BO30YAUTEJS KEeJTOW prKaBUMHBI Ha 3KCIEPHUMEH-
TaJbHbIX noceBax BUP B [lep6enTe u [lyumikuHe; 2) ¢ Ucnosb-
30BaHHEM MOJIEKY/ISPHbIX MapKepoB onpefesuTb NpUHak-
JIEXKHOCTb U3y4eHHBIX U30JIATOB P, striiformis kK ”HBa3UBHbIM
rpynnam PstS1 u PstS2.

MaTepnaJl A METOoAbI

C60op xkenToH prkaBYMHBI (JIMCTbEB C ypeJUHUOIYCTYJIa-
MU) NPOBOAMJIM Ha MoJisX JlarecTaHCKOM OMBITHOM CTaH-
uuu - ¢unuana BUP (JOC BUP) u HayuyHo-nnpou3BOACTBEH-
Holi 6a3bl «[laByoBckue U [lymkuHckue nabopatopund BUP»
B 2020 r. B larecTtaHe JIUCTbSl C yPEAUHUONYCTYJIAMU COOU-
pasiv c 06pa31oB MATKOW U TBepAoM nueHu1 b, B [IylkrHe -
€ MATKOM NIIeHUIbI ¥ TPUTHKaJe. B 0601X pernoHax HabJ11o-
JlaJIi BBICOKYIO CTelleHb pa3BUTHUS 6OJIe3HU Ha eCTeCTBeH-
HOM UH}eKIIMOHHOM ¢oHe (puc. 1).

AHanu3WpoBasu BUPYJEHTHOCTb 89 MOHOMYCTY/JIbHBIX
HU30JIATOB MAaTOreHa, B TOM 4ucjae 64 nymKUHCKUX (mo 32
C MATKOW MIIEHULbl U TPUTHUKaNe) U 25 nepbeHTcKux (15
c Markoit, 10 ¢ TBepAoi nuieHunpl). OrpaHUYeHHas XU3He-
Ccroco6HOCTb ypefuHHOcHop P striiformis B cyxoM rep6ap-
HOM MaTepHasie, IPUCJaHHOM B KauecTBe MHPEKLMOHHOTO

Puc. 1. [lopaxkeHHOCTb TPUTHKAJIe BO30YAUTE /IEeM »KeJITOM PKaBYMHBI Ha onbITHOM noJie BUP B Ilymkune (2020 r.)

Fig. 1. Triticale affected by the yellow rust pathogen on the experimental field of VIR in Pushkin (2020)
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MaTepuasa u3 /JlepbeHTa, IMMUTHpPOBaJa NoJydyeHHue 6ojiee
pelnpe3eHTaTUBHON BbIOGOPKU M30/ATOB. [laHHas npob/ema
3aTpyAHseT paboTy ¢ 3TUM NAaTOreHOM BO BCex J1abopaTopH-
gax mupa (El Amil et al.,, 2020; Hovmgller et al.,, 2020). [sig pa-
60TbI C MYIIKWHCKON MOMyJslel NaToreHa UCIoJb30Baau
CBeXecoOpaHHble JTUCThS.

PasMHoOxeHHe UHPEKIIMOHHOT0 MaTepHasla, KJIOHUPOBa-
HUe U U3yYyeHHe BUPYJEHTHOCTH NMONy/sALUH rpuba mpoBo-
JWIW 1Mo opuUruHasbHOM MeToguke (Gultyaeva, Shaydayuk,
2020). Brauasne 10-12-gHeBHble pacTeHUs1 06pa3L0B-AU-
depeHLNaTOPOB ONPBICKUBAIM CyCllEeH3HWEeHl crnop B MaJo-
TOKCUYHOU AJ1s1 pacTeHud xkuakoctd NOVEC 7100 (koHLeH-
Tpauus 10° cnop/mut). PacTeHus: HAaKpbIBaIM KapKacoM C Io-
JIN3TUJIEHOM (/IJ151 CO3/JaHUS BIQXKHOM KaMephbl) U BblIepKU-
BaJii B TeMHOTe npu TeMnepatype 10°C. CrycTs CyTKU N0JIU-
3TUJIEH CHUMaJM U pacTeHUsi NepeHOCHJH B KJIUMaTuye-
ckyo kamepy Versatile Environmental Test Chamber MLR-
352H (SANYO Electric Co., Ltd.). [lsis uHKy6auuu pacTeHun
HCIOJIb30BAJIM C/efylolMe napaMeTpbl: 16 4acoB Ha CBETY
(15000-20000 nrokc) mpu TemnepaTtype 16°C; 8 yacoB 6e3
ocBeuleHus npu temiepartype 10°C. [IposiBieHne cuMmnTo-
MOB HabJitofanu cnycts 12-18 gHel nocie 3apakeHus.

Jl1s XapaKTepUCTUKU BUPYJIEHTHOCTH aTOreHa UCIOJIb-
30BaJIM U30TeHHbIe TUHUU copTa ‘Avocet’ (AvS NIL) c renamu
Yrl, Yr5, Yr6, Yr7, Yr8, Yr9, Yr10, Yrl5, Yrl7, Yri8, Yr24, Yr26,
Yr27, YrAR, YrSp v copta-guddepennuaropsnl (‘Chinese 166’
(Yr1), ‘Lee’ (Yr7, Yr+), ‘Heines Kolben’ (Yr6, Yr+), ‘Vilmorin 23’
(Yr3), ‘Moro’ (Yr10, YrMor), ‘Strubes Dickkopf” (YrSD, Yr+), ‘Su-
won 92/0mar’) (YrSu, Yr+); eBponeickuii ‘Hybrid 46’ (Yr4,
Yr+), ‘Reichersberg 42’ (Yr7, Yr+), ‘Heines Peko’ (Yr6, Yr2),
‘Nord Desprez’ (Yr3, YrND, Yr+), ‘Compare’ (Yr8, Yr19),
‘Carstens V' (Yr32, Yr+), ‘Spaldings Prolific’ (YrSP, Yr+),
‘Heines VII' (Yr2, Yr+)). CemeHa JJaHHbIX HA60POB OBLIM JIIO-
6e3H0 mpefocTaBieHbl A. C. PcanueBbiM (Kazaxcran, Hayu-
HO-HCCJIel0BaTeAbCKUI HHCTUTYT NPo6jieM 610JIOTHYeCKON
6€e30MacHOCTH).

Tun peakyuu onpegendanud no Iwkajae G.Gassner
u W. Straib (1926). Pactenus c 6annamu 0-2 OTHOCUJHU
K YCTOWYUBBIM, a 3,4 U X - K BOCIPUHUMYHUBBIM. /lJ151 KaXK10-
ro U3oJisiTa rpuba uccjaesoBaHUsl NPOBOAUIU B BYKpaT-
HOH MOBTOPHOCTHU. B ciiyuae HecoBnajeHus THUNa peaKL MU
3KCHEepHMeHT NOBTOPSAJU [0 NOJy4YeHUs CTabUJIbHBIX pe-
3yJIbTaTOB.

O1eHKY reHeTHYeCKUX AUCTAaHLUN MeXAy ypeauHHUO-
o6pa3laMy MaToreHa Ha pa3HbIX BHJAX-X03sieBaX B Treo-
rpaduyecku oT/aJleHHbIX perMoHaX NIPOBOAUJIN 110 HHJEK-
cy Fst c ucnosib3oBaHueM nakerta nporpamm GenAlEx (on-
nuss AMOVA).

B noneBbix ycaoBusix JJOC BUP usy4yuan ycToiuuBOCTb
copToB-AudPepeHIUaTOPOB U Yr-muHUN Avocet K KeJaToH
prkaBYMHe Ha BbICOKOM eCTeCTBEHHOM HHPEeKIIMOHHOM poHe
(mopaxkeHue BOCIPUUMUYUBOTO KOHTpoJst 60-80%). UHTEH-
CHUBHOCTb INOpaXkeHUsl OLleHUBaJU 10 MOAUPHUIMPOBAHHON
mkase Ko66a (Mclntosh et al.,, 1995).

C rucrnosb30BaHMEM MOJIEKYJISPHBIX MapKepoB OLieHU-
JIU IPUHAAJIEKHOCTD AePOEHTCKUX U MYIKUHCKUX U30J15-
TOB K BbICOKOArpecCHUBHbIM MHBA3MBHBIM rpynnam PstS1
u PstS2 (Walter etal., 2016). [l aHa/M3a MCNOJIb30BaIU
SCAR-mapkeps! SCP19M24 (SCP19M24al u SCP19M24a2)
u SCP12M26 (SCP19M26al u SCP19M26a2). U3oaaTkl, OT-
Hocsimuecs K rpynmne PstS1, uMeroT npoAyKThl aMminduKa-
MU Bcex 4eTbipex MapkepoB (SCP19M24al- 485 mH,
SCP19M24a2 - 385 nH, SCP19M26al - 491 nH, SCP19M26a2 -
262 nH); u30sAaThl rpynnbl PstS2 - mapkepoB SCP19M24al,
SCP19M24a2 u SCP19M26a2. ¥ u30JITOB, He OTHOCSIIIAXCS
K 3TUM /IByM I'pyININaM, CHHTe3UPYIOTCSA NPOAYKTbI aMIInU-

Kauuu MapkepoB SCP19M24a2, CP19M26al u SCP19M26a2.
Bripenenue JIHK 13 MOHONYCTYJIBHBIX U30JIITOB IPOBO/U-
sy o Mmetoguke A. F. Justesen et al. (2002). /lsis nocTaHOB-
ku [1LP npuMeHsi/iu mapaMeTphbl, pe/yioxkeHHble S. Walter
etal. (2016). dnekTpodope3 NPOBOJUIU C UCIIOJIb30BAHU-
eM 1,5-nmpoueHTHOro araposHoro ress B TBE-6ydepe.

Pe3ysbTaThl U 06CYKAEHUE

H3yyeHHas KoJJIeKIMsl U30J5TOB NpescTaBeHa 18 de-
HOTHUIIAMHU BUPYJeHTHOCTH (pacamu). CocTaB pervoHasb-
HBIX NMOMYJIALUM rpuba Ha pa3HbIX BHUJAX pacTeHUH-X03s51eB
CyllleCTBEHHO BapbUpOBaJi; 0611e GeHOTUIbI CpeJIh HUX He
o6Hapy»keHbI. [IyIIKUHCKYe U30JIIThl C TPUTHKAJIe U MATKOH
MIIeHUIb]l 6bLIN NpejAcTaB/aeHbl 14 peHoTUIaMU BUPYJIEHT-
HOCTH (1o 7 $eHOTUIIOB Ha KaXX/0oM BuJe-x03siiHe). Cpeau
JlepOeHTCKUX U30JITOB BbIsIBJIEHO YeTbipe peHoTuna (3 Ha
MATKOH, 1 Ha TBep/j0¥ MILIEHULE).

BupyneHtHocTh P striiformis Ha o6pa3snax MIIEHUIIbI
v TpuTHKale B [lepbeHTe U [lylkuHe npejcTaBeHa B Tab-
auue 1. CpesHee yucao ajejeid BUPYJIEHTHOCTH Y U30Js-
TOB IIaTOTeHa BapbUpoBaso oT 14 (AepbeHTCKuUe ¢ TBEpAOH
nueHunpl) fo 7,7 (OyLIKUHCKHe C TpuTuKasne). [asa gep-
6EHTCKHUX U MYLUKUHCKUX U30JISITOB C MATKOM MIIEHUIIbI 3TOT
nokasaTeJib 6611 cxoZieH (13,3 u 13,6 COOTBETCTBEHHO).

Boicokoil adpPpeKTHBHOCTBIO B [IByX NMyHKTaX U3y4eHUs
XapaKTepU30BaJUCh TeHbl Y75, Yr10, Yrl5, Yrl7, Yr24 u Yr26.
A6contoTHO HeapEeKTUBHBI TeHbl Yr2, Yr6, YrSu (BUpy/ieHT-
HocTb U30s15T0B 100%). Ha fpyrux uHuax HabJ oA pas-
HOOOpa3ue U30JIATOB 110 BUPYJIEHTHOCTH (cM. Ta6.1. 1). 3Ha-
YeHHs 4acTOT BUPY/NEHTHOCTH K OGOJIBLIMHCTBY Yr-IMHUMN
y 1epOeHTCKUX U NYLKUHCKUX KoJuleKuud P striiformis
C MATKOM MIIeHUIbl 6bIM 6JU3KHU. OTMeYeHbl HEKOTOpble
pas3jnyMs N0 BUPYJEHTHOCTU K copTaM ‘Carstens V' (Yr32,
Yr+) u ‘Nord Desprez’ (YrND, Yr3, Yr+) (33 u87%; 66 u 12%
COOTBETCTBEHHO).

lenbl Yr5, Yr10 u Yrl5 oTHOCATCA K rpymnne BbICOKO3®-
dekTuBHBIX Bo BceM Mupe (Hovmgller et al, 2020). U305TH],
BUPYJIEHTHBIE K Y724, OTMe4aloTcsl OTpaHUYeHHO Ha MATKOMH
MUIeHUIlE B cTpaHaxX BocTouHoit AQpukH u 3anaHoi A3uu.
Ha eBpormnelickoéi TeppUTOpPUH BUPYJEHTHOCTb K Yr24 enu-
HUYHO oTMeuaeTcd ¢ 2006 I. Ha TpUTHUKaJle.

B poccuiickux u 3apy6exHbIX COpTax MATKOH MIIEeHUIIbI
UIMPOKO pacnpocTpaHeHsbl renbl Y19, Yr18w Yr17.T'en Yr9 no-
KaJIU30BaH B MIIEHUYHO-p>KaHOU TpaHciaokauuu 1BL.1RS,
Hecyllel Tak»Ke reHbl yCTOMYMBOCTH K 6ypoit (Lr26), cTe6-
JieBoH (Sr31) p>kaBUMHE U MYYHUCTOU poce (Pm8). Jnutenb-
Hoe BO3/ieJIbIBaHMe COPTOB C 3TOM TpaHcaoKauuel B Poccuu
npejonpejesnuso norepio appekTUBHOCTHU reHa Lr26 u, Be-
posaTHo, Yr9. l'en Yrl8 HaxoAUTCA B KJacTepe CreHaMu
ycToyuBocTHU Lr34 Sr57_Pm38. JleficTBUE 3TUX TEHOB MPO-
SIBJISIETCS 110 TUIy KOJIMYEeCTBEHHOW YCTOMYMBOCTH B dase
B3pOCJbIX pacTeHUU. ['eH Yrl7 OTHOCUTCS K rpylme reHOB
YCTOMYHUBOCTHU B3pOCJbIX pacTeHu (adult plant resistance
gene). OH JIOKaJIM30BaH B TpaHC/AOKauuu oT Aegilops ventri-
cosa Tausch. u cuensieH creHaMu YCTOWYHMBOCTH K Gypou
(Lr37) u crebaeBoit (S5r38) pxkaBuriHaM. U30/151ThI, BUPYJIEHT-
Hble K IMHUU AvYrl7, IMpOKO Npe/CcTaB/JeHb] B 3al1a/JHOEB-
poneNCcKUX CTpaHax, Iie HOBCEMECTHO BO3/leIbIBAIOTCS COp-
Ta C3TOU TpaHciaokanued (Hovmgller etal, 2015, 2019,
2020).

CorytacHo uHAekcy Fst, nymknHckas u jep6eHTcKas KoJl-
JIEKLIMHU U30JTOB P, striiformis Ha MATKOM MILIEHULE UMENU
yMepeHHble pa3auuus. U30/ATbl € TPUTHKale U TBepAoH
MIIEeHUIb] CYIleCTBEHHO OTVIMYAJINCh OT HUX U pPasjinyaluch
Mex [y co6oi (puc. 2).
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Principal Coordinates (PCoA)

D Td

oP Tr

Coord. 2

P Ta

¢ D Ta

Coord. 1

Puc. 2. MHOromepHas JuarpamMMa reHeTH4eCKHX PacCTOSIHUM MeXAY AepOeHTCKUMHU U NYIKUHCKUMHU U30/19TaMH1
Puccinia striiformis West. c pa3HbIX pacTeHuii-x03s1eB (2020 r.):
D_Ta - nep6eHTCKHe U30JIATHI ¢ MATKoU nineHunbl; D_Td - nep6eHTCKYe U30JISThI C TBEPIOU MIIEHHUIIbI;
P_Ta - nymKHHCKHUE U30J9Thbl ¢ MATKOM niueHuLbl; P_Tr — nymkuHCcKUe U30J9ThI C TPUTHKAJIE

Fig. 2. Principal coordinate analysis plot showing genetic distances between Derbent and Pushkin isolates
of Puccinia striiformis West. collected on different host plants (2020):
D_Ta - Derbent isolates from bread wheat; D_Td - Derbent isolates from durum wheat;
P_Ta - Pushkin isolates from bread wheat; P_Tr - Pushkin isolates from triticale

B nonessix ycsnoBusix JOC BUP Ha BbICOKOM ecTeCcTBeH-
HOM MHPEKIIMOHHOM PpoHEe UMMYHHOU peakLuel (0TCcyTCT-
BHe CHMIITOMOB IIOPa)KeHUs]) XapaKTePU30BaJIUCh JUHUHU
Avocet crenamu Yr5, Yr7, Yr8, Yr10, Yr15, Yr24, YrAR u copTta-
nuddepenuuatopsl ‘Vilmorin 23’ (Yr3), ‘Moro’ (Yri0, Yr-
Mor), ‘Reichersberg 42’ (Yr7, Yr+), ‘Heines Peko’ (Yr6, Yr+),
‘Nord Desprez’ (Yr3, YrND, Yr+), ‘Compare’ (Yr8, Yr19),
‘Carstens V' (Yr32, Yr+), ‘Spaldings Prolific’ (YrSP, Yr+),

‘Heines VII' (Yr2, Yr+). [lopaxkeHHOCTb JIUHUU Jupateco 73R
creHoM Yrl18 He mpeBbimaJa 5%. YMepeHHO yCTOWUYMBBI
(mopaxxeHHocTb 5-10%) copTa ‘Heines Kolben’ (Yré6, Yr2),
‘Strubes Dickkopf’ (YrSD, Yr+, Yr25). lunuu Avocet c reHa-
mu Yr17, Yr18, YrSp, Yr27 v copt ‘Chinese 166’ (Yrl) umesnu
yMepPEeHHO BOCIPUUMYHUBYI0 peakuio (25-30%), a octasib-
Hble COpPTa W JIMHUU — BblCOKOBocnpuumMuyusyw (50-80%)
(Tab. 2).

Ta6smmna 2. [lopaxkeHHOCTD JIMHUM-AU P PepeHNaTOPOB A1 KeJITOH prKaBYUHbI
Ha /larecTaHCcKo# onbITHOM ctaHuuu BUP (2020 r.)

Table 2. Damage of differential lines by yellow rust at Dagestan Experiment Station of VIR (2020)

Ten JIunus / IlopaxeHHOCTB, Ten JIunus / IlopakeHHOCTH,

COPT C TeHoM Yr % COPT C reHoM Yr %

Yr1 Yr1/6*Avocet S 60 -80 Yr1 Chinese 166 25-30

Yr5 Yr5/6*Avocet S, 0 Yre, Yr2 Heines Kolben 5-10

Yré Yr6/6*Avocet S 60 - 80 Yr3 Vilmorin 23 0

Yr7 Yr7/6*Avocet S, 0 Yr10, YrMor Moro 0

Yr8 Yr8/6*Avocet S 0 YrSD, Yr+, Yr25 Strubes Dickkopf 0-5

Yro Yr9/6*Avocet S 60 - 80 YrSu, Yr+ Suwon 92 /0Omar 50-70

Yrio Yr10/6*Avocet S 0 Yr4, Yr+ Hybrid 46 5-10

Yr15 Yr15/6*Avocet S 0 Yr7, Yr+ Reichersberg 42 0

Yr17 Yr17/6*Avocet S 25-30 Yre, Yr+ Heines Peko 0

Yri8 Yr18/6*Avocet S 25-30 Yr3, YrND, Yr+ Nord Desprez 0

Yr24 Yr24/6*Avocet S 0 Yr8, Yr19 Compair 0

YrSp YrSP/6*Avocet S 25-30 Yr32, Yr+ Carstens V 0

Yr27 Yr27/6*Avocet S, 25-30 YrSP, Yr+ Spaldings Prolific 0

Yri8 Jupateco 73R 1-5 Yr2, Yr+ Heines VII 0

YrAR YrR/6*Avocet S, 0 Eg;‘;ggirq““ﬁ ]S‘l‘gzz;ct‘i’ble 60 - 80
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C ucnosb30BaHWEM MOJIEKYJISPHBIX MapKepoB OlieHU-
JIY IPpHUHA/LJIEXKHOCTb AepOeHTCKUX U MYIKUHCKUX U30J15-
TOB K BbICOKOArpeCcCUBHBIM WHBAa3MBHBLIM rpynmnam PstS1
u PstS2. llpeactaBuTenu rpynnel PstS1 He o6Hapy»KeHBI,
IpY 3TOM B IYIIKUHCKOM KOJIJIEKIIUU BbISIBJIEHBI JIBA U30-
JISITa, OTHOCSLIMXCS K UHBa3uWBHOU rpymnne PstS2 (puc. 3),
YTO yKa3blBaeT Ha UX BO3JAYIIHBINA 3aHOC C COCeTHUX Tep-
puTopui. HecMoTps Ha 3To, N0 HallleMy MHEHHIO, OCHOB-
HbIM UCTOYHUKOM MHPEKIMH KeJTON P>KaBUUHBI A5 3ep-
HOBBIX KYJbTYyp Ha 3KCHepHMeHTaJbHbIX noceBax BUP
B [lymkuHe u JlepbeHTe ABASOTCA AUKOPACTYIHe 3JIaKH,
KOTOpble LIMPOKO MPOU3PACTAIOT B €CTECTBEHHBbIX L€HO-
3ax BOKpyT. Hanmpuwmep, B koHIe oKTsA6ps 2020 r. MbI Ha-
6.J110/ja/11 TIopaXkeHHe 3JIaKOBbIX TPaB KeJTOH prKkaBUMHON
Ha rasoHax M napkax r.[lymkuna. Ha JOC BUP B 2021r.
pa3BUTHe 6OJIE3HU Ha 3/IaKOBBIX TpaBaX, NIpou3pacTalo-
IIUX BOKPYT CTaHIUH, U KOJIJIEKIJHUOHHBIX 06pa3Lax AUKHUX
BU/I0B ObIJI0 OTMEYEHO y3Ke B cepeinHe peBpasis. COOTBeT-
CTBEHHO, IpU 6/1arONPUATHBIX NOTOJHbBIX YCJIOBUAX MATO-
TeH C JUKHUX 3/1JaKOB MOXKeT 3apa3uTh U KYJbTypHble BUABI.
Takoe pacnpocTpaHeHHe UHdeklUHU B /lepbeHTe paHee
ObIJI0 TMOKAa3aHO [AJisi BO30yAUTesNsl Oypoll prKaBYUHBI
(Berlyand-Kozhevnikov et al., 1978). /loka3aHo, 4TO OCHOB-
HOU (MaTepuHCKOMN) monyssinueit P. triticina B roxHoM /[la-
recTaHe sIBJISIeTCS COBOKYIIHOCTb KJIOHOB NaTOreHa, napa-
3UTHUPYIOLUX B TeYeHHe rojia Ha Nblpee U JPYyrux MHOIO-
JIeTHUX 3Jlakax. PaHHel BecHOH, a MHOTZAa U C OCeHU 6o-
JIe3Hb MNOsIBJISETCA Ha pa3/JIMYHBbIX OJHOJETHUX 3JaKax.
PacnpocTpaneHue mnonysnsiuuid Bo36yguTesss 60JIe3HU
C MHOTOJIETHHX 3JIaKOB Ha MOCEBBI MIIEHUIbI HAUMHAETCSA
C pa3BUTHUSA KJIOHOB, KOTOpble MOTYT MapasuTHUPOBATh Ha
COOTBETCTBYIOLIUX PACTEHUAX-X0351eBaX.

Bricokoe pa3HooGpa3ue BO3OYAUTEJS KEJATOU piKaB-
YMHBl Ha JUKOpPACTYLIMX 3JaKaxX 6b110 nokasaHo B CIIA.

[Ipy U3y4YeHUHU KOJIJIEK MU U30a5TOB P. striiformis c 11 Bu-
JI0B IMKOPACTYLHUX 3JIaKOB WAeHTUUIIMPOBAHbl U30J5-
Tbl, BUPYJIEHTHbIe K MATKoU nuenuue (f. sp. tritici), kK sume-
H1o (f. sp. hordei), Kk 060MM BHUAM, a TaKXKe KO P>KH, TPUTH-
KaJie u pyruM 3jakam (Cheng et al., 2016). 3To cornacyert-
Cs1 € BBICKa3aHHBIM HaMU Npe/NoJIoKeHHeM 0 COXpaHEeHUH
HHOEKI MU KeJTTOU prKaBYMHBI B U3y4aeMbIX reorpaduyec-
KHX perMoHax.

3ak/iloueHue

BrepBble npoBejieH aHa/JAW3 BUPYJEHTHOCTH MOMYJsi-
LUHA BO3OYJUTEJS XKeJTOU prKaBYMHbBI HA 06paslax Imiie-
HUIIbI U TPUTHKAJIE, BbIpalllUBaeMbIX Ha KOJJEKIMOHHbBIX
noceBax BUP B [lep6enTe u [lymkune B 2020 r. OxapakTe-
pU30BaHbl pPacoBbli cocTaB, 3QPEeKTUBHOCTH Yr-reHOB
Y CcllellMa/iM3alys naToreHa K pasHbIM xo3sieBaM (TBepAas
Y MATKad NIIeHUNa, TpUTUKaJe). B noseBbix ycioBusax Ja-
rectanckoit OC BUP Ha BbICOKOM ecTeCTBEHHOM UH}EKLIU-
OHHOM QOHe U3yyeHa YCTOMYMBOCTb U30T€HHBIX Yr-TUHUN
Avocet u copToB-AuddepeHHaTOPOB.

B ¢paze npopocTKOB BbICOKOH 3¢ PEKTUBHOCTHIO XapaK-
TepUu30BaJUCh reHbl Yr5, Yrl0, Yrl5, Yrl7, Yr24 v Yr26. Jlu-
HUU C 3TUMHU F'eHaMHU GbLJIM yCTOUYMBLI Takxke Ha JI0C BUP,
3a uck4YeHueM AvYrl7. B pase npopoCTKOB NYIIKUHCKHUE
U AepbeHTCKUe U30a5ThI P. striiformis ¢ MATKOH MIIEHULbI
yMepeHHO pas/inyauch Mex/y o601 110 BUPYJE€HTHOCTH.
CyIllecTBEHHO OTJIMYaJUCh OT HUX H30JATHI C TBepAOH
MIIEeHUIIbl ¥ TPUTHKAJIE.

C ucrmosib30BaHUEM MOJIEKYJISIPHBIX MapKepoB B MyLl-
KUHCKOHW KoJiieKkuuu Puccinia striiformis BbIsiBJIEHBI U30-
JISITBI, OTHOCSI{HECSI K 0C060 OMacHbIM UHBA3UBHBIM I'pyII-
naM PstS1 u PstS2, yTo 06ycioBJIEHO, CKOpee BCEro, aspo-
reHHBbIM 3aHOCOM UHQEKIHUHU.

M SCP19M24
al a2 al a2

a)

SCP19M26

M SCP19M24 SCP19M26
al a2 al a2
0)

Puc. 3. 3nexktpodoperpammsl I[P uszonaros Puccinia striiformis West. co SCAR-mapkepamu SCP19M24 u SCP19M26:

a) HaJIM4YMe MPOoAyKTa aMIIMuKanuu ¢ Mapkepamu SCP19M24a1l, SCP19M24a2, SCP19M26a2
u otcyTcTBUe ¢ SCP19M26al yka3piBaeT Ha NPUHAAJIEKHOCTD U30JIATOB K Pst2 rpynie;
6) HaTMYMe TPOAYKTOB aMIINPHUKALMK ¢ MapkepaMu SCP19M24a2, CP19M26al, SCP19M26a2
u orcyTcTBUe ¢ SCP19M24al yka3bpiBaeT Ha OTJIMYKe U30J1ATOB OT Pstl u Pst2 rpynn

Fig. 3. Gel electrophoresis of Puccinia striiformis West. isolates after amplification of the SCAR markers SCP19M24
and SCP12M26:
a) the presence of an amplification product with the markers SCP19M24a1, SCP19M24a2 and SCP19M26a2,
and the absence with SCP19M26al indicate that the isolates belong to the Pst2 group;
6) the presence of amplification products with the markers SCP19M24a2, CP19M26al, SCP19M26a2,
and the absence with SCP19M24a1 indicate the difference of the isolates from the Pst1 and Pst2 groups
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Bce @gumonamosozuueckue uccnedo8aHust 8blNOHEHb!
npu noddepaicke Poccutickozo Hay1Ho20 ¢poHOa, npoekm Ne 19-
76-30005. Ypedunuoobpasybwl P striiformis 6bLiu cobpaHbl
€ 06pasyos 3epHO8bLIX KyAbmyp, usydaemsix 6 [lywkure u Jep-
6eHme 8 pamKkax 2ocydapcmeeHHo20 3adaHust BUP no npoek-
my Ne 0662-2019-0006 «Ilouck, noddepicaHue Hu3Hecnocoo-
HOoCcMu U packpblmue nomeHyuaad Hacs1edcmeeHHol U3MeH-
4yugoCcMu Mupo8oll KoAAeKyuu 3epHO8bIX U KDYNSIHBIX KY/Abmyp
BHP da5 passumus, onmumMu3upo8aHH020 2eHOAHKA U payuo-
HA/bHO20 UCNO0/1b308AHUS 8 CeNeKYUU U pacmeHuesodcmaes.

All phytopathological research was supported by the Rus-
sian Science Foundation, Project No. 19-76-30005. Samples of
P. striiformis urediniospores were collected from cereal crop
accessions studied within the framework of the State Task to
VIR, Project No.0662-2019-0006 “Search for and viability
maintenance, and disclosing the potential of hereditary varia-
tion in the global collection of cereal and groat crops at VIR for
the development of an optimized genebank and its sustainable
utilization in plant breeding and crop production’.
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T @edepasbHblli uccaedosamenvekull yeHmp
Bcepocculickuti uHcmumym 2eHemuyeckux
pecypcos pacmeHuli umenu H.H. Basusosa,
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2 HayuoHaswvHblll uccaedosamenvekutl Huxcezopodckutl
2ocydapcmeenHblil yHusepcumem umenu H.H. Jlo6auesckozo,
603950 Poccus, 2. HuxcHuti Hogzopod, np. I'azapuHa, 23

Background. The greenbug (Schizaphis graminum Rondani)
can significantly reduce the yield of barley and other cereals
in the southern regions of Russia. Cultivation of resistant
varieties can significantly limit the pathogen’s harmfulness.
At the same time, specific interaction with the genotypes of
the host plant, characteristic of S. graminum, requires a con-
tinuous search for new resistance donors to broaden the
genetic diversity of barley cultivars.

Materials and methods. The resistance of 178 accessions
of barley landraces from Uzbekistan to the Krasnodar
greenbug population was tested in laboratory experiments.
Juvenile plants were infested with aphids of different ages,
and when the susceptible control died (cv. ‘Belogorsky’), re-
sistance was assessed ona 0 to 10 (plant death) rating scale.
Plants with a damage rate of 1-4 points (up to 30% of the
leaf surface being damaged) belonged to the resistant class;
damage rate of 5-8 points indicated moderate resistance of
plants, and that of 9-10 meant susceptibility. In addition, we
assessed the aphid damage of the winter barley cultivar
‘Post’, protected by the previously identified resistance
gene Rsgl.

Results and conclusions. We identified 52 barley acces-
sions as heterogeneous for the studied trait. In six acces-
sions, plants with high (points 3 to 4) and moderate (5 to 8)
resistance were identified; 6 accessions were differentiated
into 3 phenotypic classes: resistant, moderately resistant,
and susceptible; and in 40 accessions the manifestation of
the resistance component varied within 5 to 7 points (from
31 to 60% of the leaf surface being damaged). The distinctly
expressed resistance of 12 accessions is controlled by al-
leles of resistance genes that differ from Rsgl. After selec-
tion for resistance, the identified accessions can be used in
breeding.

Key words: Hordeum vulgare L., Schizaphis graminum Ron-
dani, genes for resistance, plant breeding.

AxTyanbHocTb. OGbIKHOBEHHas 3J1akoBasi Tis Schizaphis
graminum Rondani cnoco6Ha cyIiecTBeHHO CHU3UTb ypoO-
KaWHOCTb AYMEHS U JIPYTHUX 3JIaKOBBIX KYJbTYP B I0XKHBIX
peruonax Poccuu. BpenoHocHoCTh duTOdara MoxeT Jiu-
MHUTHPOBATH BO3/e/IbIBaHNE YCTOWUYHUBBIX COPTOB. B TO ke
BpeMs XapaKTepHoe Jid S. graminum cnenudryeckoe B3a-
UMOJleliCTBME CTreHOTHUIIAaMU DaCTEHHUA-X03fMHA OIlpeje-
JIleT He0OX0JMMOCTb MOCTOSTHHOIO MOMCKAa HOBBIX JIOHO-
pPOB YCTOMYMBOCTHU AJI pacCllMPeHHUs reHeTHYeCKoro pas-
HOOGpa3usi COPTOB AYMEHH.

MaTepuasibl 1 METOABI. B 1a60paTOPHBIX 9KCIIEPUMEHTAX
U3YYUJIU YCTOWYMUBOCTh 178 06pa310B MECTHOr0 YMEHH
U3 Y36eKkHucTaHa K KPaCHOJAPCKOH MOMYyJIALUM HAaceKOMO-
ro. lOBeHU/IbHBIE pACTEHUA 3ace A1 Pa3HOBO3PACTHBIMHU
TJAMU W IIpU rUbesrd BOCHPUHMMYHUBOTO KOHTPOJA (COpT
‘Besoropckuit’) oleHUBaNIN YCTOMYUBOCTB IO 1IKaJe oT 0
1o 10 (rubesb pacteHui). K kaccy ycToHYMBBIX OTHOCUIIH
pacTeHus c 6ayssnamu 1-4 (nmoBpexaeHo 1o 30% JucToBOK
MOBEPXHOCTH), MOBPEX/AEHHOCTb 5-8 6aJjIoB CBUJETEJb-
CTBOBaJa 06 YyMepeHHOU YCTOUYHUBOCTH pacTeHUH, 9-10 -
0 BOCIIPUMMYHUBOCTH. KpoMe TOro, OLleHUJIM MOBpEXJEeH-
HOCTb TJIeH copTa 03UMoro suMeHs ‘Post’, koTopbli 3amu-
IeH UJeHTUPHUIMPOBAHHBIM paHee IeHOM YCTOHYHUBOCTH
Rsgl.

Pe3ysibTaThl U BEIBOAI. Boiiesiniu 52 reTeporeHHbIX 10
M3y4eHHOMY NPU3HAaKy 06pa3L0B AYMeHs. Y eCcTH o6pas-
IIOB BBISIBJIEHbI pacTeHHs C BbICOKOU (3-4 6assia) uyMme-
peHHo# (5-8 6aJ1/10B) yCTOWYMBOCTBIO, 6 06pa3noB fudde-
peHLMpOoBaHbl Ha 3 pEeHOTHUNHMYECKUX KJjacca: yCTOHYH-
BbIH, yMEpPEHHO YCTOWYHBBINA, BOCIPUUMYUBLIH, ay 40 06-
pasLoB NposiBJeHHEe YCTOMYMBOTO KOMIIOHEHTA BapbUpO-
BaJIo B pejiesax 5-7 6assoB (noBpexaeno ot 31 o 60%
JINCTOBOW NOBePXHOCTH). OTYETIMBO BbIpa’KeHHas yCTOM-
YUBOCTb 12 06pa310B KOHTPOJIUPYETCS aJlJIeJsIMUA TeHOB
YCTOMYMBOCTH, OTIMYaroIUMuUcsa oT Rsgl. Tlocse oT6opa
M0 YCTOHYMBOCTH BblJeJHUBLINECH 06pa3lbl MOTYT GBbITh
UCII0JIb30BaHBbI B CEJIEKIIUH.

KnwouyeBsle ciaoBa: Hordeum vulgare L., Schizaphis grami-
num Rondani, reHbl yCTORYMBOCTH, CeJIEKIIUs paCTeHUH.
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Introduction

Cereal crops in Southern Russia are significantly damaged
by greenbug (Schizaphis graminum Rondani). Breeding and
cultivation of resistant varieties is the radical, cheapest and
most environmentally friendly way to reduce the harm. The
insect is characterized by differential interaction with host
plants, which determines the need for a constant search for
new resistance donors for breeding.

There are two known genes controlling the resistance of
barley (Hordeum vulgare L.) to S. graminum, effective against
certain greenbug biotypes in the United States. Korean winter
barley varieties, Omugi and Dobaku, were used to develop
commercial cultivars protected by the dominant Rsgl gene,
which controls resistance to greenbug biotypes B-G, I-K,
CWR, and WWG, but not to H (Atkins, Dahms, 1945; Puterka
etal, 1988; Anstead et al., 2003). The second dominant gene,
Rsg2, which determines resistance to the same greenbug bio-
types as Rsg1 but, unlike Rsg1, is effective against the TX1 bio-
type, was identified in P1 426756 from Pakistan (Merkle et al.,
1987; Anstead et al.,, 2003; Porter et al., 2007).

According to the results of our experiments, barley land-
races are a valuable enrichment source for the bank of genes
effective against S.graminum. For example, astudy of
1358 barley accessions from the countries of East and South
Asia resulted in finding heterogeneous forms with different
expression levels of their resistance to the Krasnodar green-
bug population. High resistance in 98 accessions is controlled
by alleles nonidentical to the alleles of the previously identi-
fied Rsg1 gene (Radchenko et al,, 2014).

Studying 48 barley accessions from Uzbekistan for resis-
tance to the Krasnodar population of S. graminum disclosed
a rather high (18.4%) frequency of forms differing in the level
of resistance expression. High resistance of at least three ac-
cessions is controlled by alleles different from Rsgl (Rad-
chenko etal., 2017). It should be mentioned that the tested
set is only a small part of the accessions that arrived to the
VIR collection from Uzbekistan. The purpose of this study was

to complete the research into the hereditary diversity of bar-
leys from Uzbekistan in the context of their resistance to
greenbug.

Materials and methods

Laboratory experiments were conducted to assess 178 ac-
cessions of local barleys from Uzbekistan for their resistance
to the Krasnodar population of S. graminum collected at the
Kuban Experiment Station of VIR, Gulkevichy District. Besides,
the winter barley cv. ‘Post’ (k-31204, USA) with the earlier
identified resistance gene Rsg1 was also included in the tests.

The tests were carried out in a controlled light room,
where the air temperature was maintained at 20-25°C.
Aphids were cultivated on wheat seedlings of cv. ‘Leningrads-
kaya 98'. Plant tissues necrotize in the places of greenbug
feeding, making it possible to assess the damage. To assess
resistance, seeds were sown in rows into plastic trays filled
with nonsterile potting soil. Each tray contained two rows of
the nonresistant control cv. ‘Belogorsky’ (k-22089), 10 rows
of the tested accessions, and cv. ‘Post’.

Mixed-age aphids were dropped on juvenile plants
(4-5 insects per plant), and when the control died (usually
10-14 days after colonization), resistance was assessed using
the scale from 0 (no damage) to 10. Plants with points 1 to 4
(up to 30% of the leaf surface was damaged) were classified
as resistant, and 9 to 10 as susceptible (Radchenko, 2008).
The accessions identified as resistant were retested.

Results and discussion

The screening resulted in identifying 52 heterogeneous
accessions. Six accessions yielded plants with high (points 3
to 4) and moderate (5 to 8) resistance, 6 accessions were dif-
ferentiated into 3 phenotypic classes: resistant, moderately
resistant, and susceptible (Table), and in 40 accessions the
manifestation of resistance varied from 5 to 7 (31 to 60% of
the leaf surface was damaged).

Table. Greenbug resistance scores in barley accessions

Ta6smua. 06pa3ubl AYMeHs, BblJe/IMBIINECS N0 YCTOMYMBOCTU K 0GbIKHOBEHHOI 3/1aKOBOM T/1e

VIR catalogue No. / Accession / Variety / Resistance scores /
Ne mo katasory BUP O6Gpaser, Pa3HOBHUHOCTH YcroiiunBOCTb, 6a/L1
2995 Local pallidum 3,7,9
5104 « nigrum, pallidum 3,4,7
6104 « pallidum 3,5
6105 « pallidum, pyramidatum 3,7,8
6110 « pallidum, nutans 3,4,7
26086 « pallidum 3,7,9
26090 « pallidum 3,5,8
26119 « pallidum 3,7,9
26128 « pallidum 3,7,9
26133 « pallidum 3,59
26160 « pallidum 3,59
27894 Nutans 54 nutans 3,4,8
31204 Post (control) pyramidatum 7,8,9
22089 Belogorsky (control) pallidum 9,10
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Significant variability of the studied trait may be induced
by the expression of genes with low expressivity and/or
(more likely) the presence of clones differing in virulence to
the tested barleys in the Krasnodar greenbug population.

The earlier (Radchenko et al,, 2017) assessment of 48 ac-
cessions from Uzbekistan succeeded in identifying one resis-
tant barley form and two heterogeneous ones, with the dam-
age score in their resistance components from 3 to 8, or
6.25% of the total number of accessions tested. In these ex-
periments with 178 barley accessions, 12 heterogeneous
forms were identified for distinct manifestations of the trait
(points 3 to 4) in plants of the resistance component, or
6.74%.

The damage on cv. ‘Post’ plants with the Rsgl resistance
gene varied from 7 to 9 points, i.e., clones virulent to this cul-
tivar prevailed in the Krasnodar greenbug population. Obvi-
ously, the accessions whose damage in their resistance com-
ponents scored 3 points (Table) were protected by alleles of
resistance genes that differ from the previously identified
Rsg1 gene.

Conclusions

As aresult of testing 178 local barley accessions from Uz-
bekistan, afairly significant (6.74%) percentage of plant
forms with distinct manifestations of greenbug resistance
was observed. Heterogeneous forms were identified, differing
in the expression level of resistance to the Krasnodar popula-
tion of Schizaphis graminum. The distinctly expressed resis-
tance in 12 accessions is controlled by alleles of resistance
genes that differ from the previously identified Rsgl. The
identified accessions are of interest for immunity-targeted
barley breeding.

HccnedosaHnue ebinosHeHo npu noddeprcke POPHU (epanm
Ne 20-016-00048) u 8 pamkax 2ocydapcmeeHH020 3a0aHusl co-
2n1acHo memamuyeckomy naavy BUP Ne 0662-2019-0006 «Ilo-
UCK, noddepaicaHue #u3Hecnoco6HOCMU U packpvlmue nomeH-
yuaaa Haca1edcmeeHHoll U3MeH4U8oCmu MUpo8oll KoA1eKyuu
3epHO8bIX U KpynsiHblx Kyabmyp BUP das pazgumus, onmumu-
3UPOBAHHO20 2eH6AHKA U PAyUOHA/NbHO20 UCNO/1b308aHUS
8 cesleKyuU U pacmeHuesoocmaey.

The research was supported by the Russian Foundation for
Basic Research (Grant No. 20-016-00048) and performed with-
in the framework of the State Task according to the theme plan
of VIR, Project No. 0662-2019-0006 “Search for and viability
maintenance, and disclosing the potential of hereditary varia-
tion in the global collection of cereal and groat crops at VIR for
the development of an optimized genebank and its sustainable
utilization in plant breeding and crop production’.
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42, 44 Bolshaya Morskaya Street,
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B o3HameHoOBaHUe ouepefHOro, 134-ro JHA poOXKAEHUA
H. U. BaBusioBa ny6JinkyeM acce M. A. BuuiHsakoBoil «Yesio-
BeK, CTOsILIMI Ha r1o6yce». OHO HAMCAHO B KauyeCcTBe BBOJ-
HOM CTaTbH K UCNIAaHOSI3bIYHOMY NepeBoy KHUru H. U. BaBu-
noBa «[laTb kKoHTHHEeHTOB» — «Cinco continentes». 3To u3aa-
Hue Bbilio B 2015 r. B Mcmanuu B HEGOJIBIIOM U3aTebCT-
Be Libros del Jata roposa bunb6ao. M. A. BuliHsikoBa npuHs-
Jla HEeNOCpeACTBEHHOE y4yacTHe Bero co3jaHud. byayuu
3HaKoOMa C U3jiaTesieM U peJJaKkTOPOM KHUTH — ObIBLIMM Ipe-
nojlaBaTesieM 60TaHUKU yHUBepcuTeTa CTpaHbl backos ['yc-
TaBo PeHoGasecoM, 06paTUBILIMMCS K Hel 32 IOMOLbIO B Ca-
MOM HayaJle CBOEro M3/laTesbCKOro MyTH, OHA CIOCO6CTBO-
Bajia coBeplIeHUI0 GOpMaJbHOCTEH, CBSI3AaHHBIX C aBTOP-
CKUM IIpaBOM, MepeBOAY, CHabGXEHUI HWJLIIOCTPATUBHBIM
MaTepuasoM, paspelleHHuI0 HEeKOTOPbIX OGOTaHUYEeCKUX
Y JIMHTBUCTHUYeCKUX 3aTpyAHeHuil (Vishnyakova, 2017). Pa-
60Ta HaJ, KHUTO! 3aHsJ1a 60Jiee BYX JIET.

JlaHHoe 3cce 6bLIO OMYyGJIMKOBAHO TOJIBKO HAa HMCIAHCKOM
s3blKe. [I[puBOJJUM ero pyccKosI3bIYHbIM OpUTHHAI.

The forthcoming 134th birthday of Nikolai Vavilov has in-
spired the editors to publish the essay The Man Standing on
the Globe written by Dr. Margarita Vishnyakova as the intro-
ductory article to the Spanish translation of Vavilov’s Five
Continents (Cinco continentes). This book was published in
2015 by Libros del Jata S.L., a small publishing company in
Bilbao, Spain. Margarita Vishnyakova was directly involved
in the process of publication. She was acquainted with
Dr. Gustavo Renobales, a former professor of botany at the
University of the Basque Country, who became the book’s
editor and publisher. As soon as the publishing process was
initiated, Gustavo sought Margarita’s aid. She helped to
overcome formalities associated with copyright and assist-
ed with translation and selection of illustrations, also con-
tributing to the solution of some botanical and linguistic
problems (Vishnyakova, 2017). It took two years to finalize
the publication.

This essay was published only in Spanish. The original Rus-
sian version is presented here.

Hukosait BaBuIOB - JIMYHOCTD MJIAHETAPHOT'O MacIlITa-
6a. KpynHelmuit yuenslit XX Beka, OH OCTaBWJ HeU3IJIaU-
MBbIH cjie[; B HayKe U B OpraHHU3allUM CeJbCKOT0 X03s1HcTBa
B CBOeM cTpaHe, 0KasaB HeMaJjioe BJHSHHE U HAa MHUpPOBOe
3eMJlefiesIne.

WHTepec yueHOro K MUPOBBIM PacTUTENbHBIM pecypcaM
KaK HCTOYHHUKY 6JIarOCOCTOSIHUSI 4eJioBeYecTBa Havascs
C U3y4YeHHUs UCTOPUU 3eMJle/le/IbiecKUX IMBUIN3aL Ui, B of-
HOH U3 cBoux pa6oT H. BaBusoB (1932) nucan: «M3ydyenue
MHPOBOTO 3eMJIeJleJIUs HaIJIIZHO CBUJETEJbCTBYET O He-
YCTPONCTBE 3eMHOrO IIapa Aa)Ke € TOYKU 3peHUs 3J1eMeH-
TapHOI'0 HCIOJIb30BaHUSI MPUPOJHBIX pecypcoB» (Vavilov,
1932, p. 23). UMeHHO 06YyCTpPONCTBY 3€MHOrO Liapa NyTeM
COBEPIIEHCTBOBAHUSA 3eMJefleIusl U paljiOHaJIbHOTO HC-
[10J1b30BaHUSI «MHPOBOI'O COPTOBOI'O U BHUJOBOTO pa3HO-
06pa3us pacTEeHUI», YYEeHbIH MOCBATHUJ CBOK >XH3Hb. OH
ChITpaJl BeAyIYI0 pOJb B Pa3BUTUM HAyIHOM ceJseKIuu
B CCCP, B M0oJIHOM COPTOCMEHE KYJbTYPHBIX PAaCTeHUH, BO3-
JesbiBaeMblx B cTpaHe B 1920-1930rr, B 3HA4YUTEJNbHOM
paciiMpeHUH UX BUJJOBOTO COCTaBa.

Eme B Mosogoctu H.BaBusioB chopmynupoBas CBOHO
YKM3HEHHYI0 33/la4y KaK NocTKeHHe «punocoduu 6bITUSY,
110/ KOTOPOH MoApasyMeBaJl OCMbICJIEHUE UCTOPUH, pa3BU-
TUSl U pETMOHA/IbHBIX 0COGEHHOCTeHM Takoro riao6ajJbHOr0
sIBJIEHUs], KaK MUPOBoOe 3eMJiefiesine. /ljisl 3Toro oH myTelle-
CTBOBaJI 10 MUPY, U3y4yas MUPOBOe paszHoobGpa3ue pacTu-
TeJIbHBIX PECYPCOB, MIPOUCXOXKAEHHE U 3BOJIIOLUIO KYJAbTYP-
HBIX PaCTeHUH, MeCTa BXOXK/AeHUs B KyJIbTYPY Pa3HbIX BU/IOB,

CINCO
| CONTINENTES

LA MIRADA ATENTA
LIBROS « DEL = JATA

TPY/IbI 110 IPUKJIAJITHOW BOTAHUKE, TEHETUKE Y CEJIEKLIMHY 182 (3), 2021



M. A. VISHNYAKOVA

HalMOHAJIbHbIe U UCTOPUYECKHE TPAAHUIIMU UX HCI0JIb30Ba-
HUf, OyTH MHUTPALUM PAacTeHUH BMeCTe C llepecesieHUIMU
HapozoB. OH cobupas ceMeHa U YepeHKH, 3a4acTyI0 B TPYA-
HOJIOCTYIIHBIX palOHaX, MOPOI0 PUCKYs KU3HBIO, I/ TOTO,
YTOOBI B3STh JIydlllee JJis paCTEeHHEBO/CTBA CBOEH CTpaHbI,
YTO6Gbl NMPHUBE3TU «...CTPOUTEJIbHBIK MaTepuas”’ — BUbBI
Y cOpTa - C HeOOXOJUMBIMH ONpeZeseHHbIMU OT/ebHbIMU
CBOMCTBAaMH, KOTOPBIE JO/DKHBI OBITh UCIIOJIb30BaHbI COBET-
cKoH ceneknueit...» (Vavilov, 1939, p. 55).

OnHAKO yYeHbIH He MOXKET CTaBUTh IepeJ; CO60H HCKJIIO-
YUTEJIbHO YTUJINTApHbIE 33/1a4. B OCHOBe JIIOOBIX IPAKTH-
YECKUX JJOCTH)KeHHUH JieXKaT QyH/JaMeHTaJbHble HCCIe/0Ba-
Hus. TeopeTtuyeckue paspa6otku H. W. BaBusoBa, co3ngas-
Hble IIOYTH CTOJIeTHE Ha3af, 0 CUX [0p He YyTPaTUJIU CBOeH
AKTyaJIbHOCTH, HU60 N0 MacIITabHOCTH U IIyOMHE OHU
Ha/JI0JITO NMPEeJBOCXUTUIN CBOE BpeMs. YyeHHe 06 UMMYHHU-
TeTe, 3aKOH I'OMOJIOTUYECKUX PSAJIOB B HACJIe[ICTBEHHOU U3-
MEHYHUBOCTH, TEOPHS [IeHTPOB IPOUCXOXKEHUS KyJIbTYPHBIX
pacTeHUH, yueHHe 0 BUJe, yieHHe 00 UCXOAHOM MaTepHuase
IS cesleKUuM, AuddepeHLHaNbHAsg CHCTeMaTHKa pacTe-
HUH. ITO Zja/IeKo He MOJIHBIN NTepeyeHb KPYNHBIX GyHJaMeH-
TaJbHBIX TPYZOB y4yeHoro. UM HamucaHo GoJsiee 300 cTaTei
¥ MoHorpaduH, 6osblIas 4acTb KOTOPBIX MOCBSAIIEHA MPO-
6/ieMaM pa3BUTHS 3eMJieJleJds B Pa3HBIX YTroJiKaxX U IMpH-
POJHBIX 30HaX 3eMHOTO Iapa. BoJbIIKMHCTBO 3THX PaGoT
MOSIBUJIOCH B pe3y/IbTaTe IKCIeAUIMOHHBIX 06C/IeJ0BaHUH.

Kak e ciy4usioch, YTO BbICOKAs IJIaHETapHasi MUCCHUS
BbINaJIa BBIXO/IY U3 MPOCTON PYCCKOW CEMbHU, BBIMYCKHUKY
MOCKOBCKOTO CeJIbCKOX03IMCTBEHHOI'0 HWHCTHUTYTA, MOJY-
YUBIIEMY B HEM CKPOMHYIO CHEI[MaJbHOCTb arpoHoMa? Kak
MOJIyYUJIOCh, YTO MOJIOZOW 4YeJIOBEK, MyUYUTEJIbHO ONpejie-
JIIBLIIUHACS C BBIGOPOM >KU3HEHHOI'0 MYTH, O YeM CBU/IETEJb-
CTBYIOT €ro JHEBHUKH U NMHUCbMa, CO BpEMeHeM OBJIaJleJl M0-
3HAHUSIMH, O3BOJIMBIIMMHU MY ObITh KPYITHBIM CIIelHaIH-
CTOM BO MHOT'MX OMOJIOTUYECKUX AUCLUIIJIMHAX, 3aHATD KJII0-
yeBble MO3UIIMU B paCTEHHEBOAYECKOHW HayKe W OpraHU3a-
I[U{ CeJbCKOTO X035IMCTBA IeJIOW CTPaHbl, CTaThb BCEMUPHO
NPU3HAHHBIM y4YeHBIM, KaK HUKTO JpPyroH, MOHHMAaILUUM
npo6JIeMbl MUPOBOTO 3eMJIe/iesnst?

Wmenno nueBHUKY Hukosast BaBuioBa, KoTopble OH BeJl
B CTY/IeHUECTBE, U €ro JINYHbIE MMCbMa MOMOT'YT HaM B OTBe-
Te Ha 3TOT Bomnpoc. [loctynuB B MOCKOBCKUH CeJIbCKOX03511-
CTBEHHbIN UHCTUTYT B 1906 I., OH C IepBOro Kypca yBJIeKcs
eCTeCTBO3HAHMEM, JIAPBUHHU3MOM, BONPOCAMH H3MeHYHUBO-
CTH ¥ HaCJIeZICTBEHHOCTH, IBOJIIOI[UU pacTeHHH. MHOTO Bpe-
MEHHU OH YJeJisyI 9KCIePUMEHTANTbHON paboTe, U3yvasi BO-
NPOCHI MUTAHUS, UMMYHUTETA PAaCTEHUH, OBJIa/ieBasi OCHO-
BaMH ceJIeKIWH. B OJHOM M3 muceM OH IHcal: «HA4yasICs
Y HOBBIYM LIMKJI: JIeTHHe HabJofeHus. CaMoe [[eHHOe U HYX-
Hoe. Ha ouepezi MpoCMOTP COTEH COCYZOB U THICSY JIeJITHOK
C ONKCaHKMeM, Pa3MbIILIEHUAMHU...»!. K OKOHUaHHIO HHCTUTY-
Ta OH OMpeJeU/ICSI CBbIGOPOM CIelHaTbHOCTH — arpoHo-
MHUsl, KyJIbTypHble PACTEeHHUs], UX U3y4eHHEe U COBEPIIEHCTBO-
BaHHeE MyTEM CeJIEKIINH, UX BbIpallliBaHNe U IPOU3BOJCTBO
B COOTBETCTBYIOLIUX MPHUPOHO-KJIMMATHIECKUX 30HaX.

Ha cTyneHueckue rojibl NpUILIOCH NEPBOE My TELIECTBHE
H. BaBusioBa - Ha KaBkas. 3To 6bL1a 3KCKYpCHS, TOCBSAIEH-
Hasl 3HAKOMCTBY C IIPUPOJON GoraTtoro ¢popHCTUYECKOTO
palioHa, 3apOHMBIIAs B AYIIy MOJIOJOTO KCCIe0BaTe s XKe-
JIaHWe «BHUJIeTb MUp». B fajipHelieM mocjaeAyloT Moe3aAKd
B UpaH (Ilepcuro), Ha [Tamup, B AdpranucraH, crpans! Cpesn-
3eMHOMOpbs, A6uccunuio U dputpelo, B CeBepHyto u l0x-
Hyo Amepuku, flnonHuro u Kurall, Ha octpoB ®opmosa,
B MHOrouMcJIeHHble yrosku CoBeTckoro Corosa. Becero H. Ba-

' TIucemo H. U. BaBmiosa x E. H. Caxaposoii or 28 mrons 1911 ¢
(Vishnyakova, Klychkova, 2012).

BUJIOB noceTus 50 rocyiapcTB U /iBe ToAMaHAaTHbIE TEPPU-
TopuH ([lanectuny u kHskecTBO TpaHcuopganuio) (Goncha-
rov, 2012). MupoBoe co0G6IIECTBO YYEeHbIX NIPU3HABAJIO ETO
KaK BbIJAIOlIerocsi MyTellecTBEHHUKA. 3a 3KCHeAUIHI0
B AdraHucTaH U 3a noceljeHHe HeusBecTHoro Mupy Kada-
pHUCTaHa OH 6bLT Harpax/eH Mefajbio ['eorpaduyeckoro 06-
mectBa CCCP, koTopass HasblBasach «3a reorpaduyeckuit
MOJIBUT».

OH He ycmes HamucaTb KHUTY O CBOMX HyTelIeCTBUSAX
TaK, KaK 3aZlyMbIBaJl. MHOTHe BIleyaT/JeHUs] OCTAJHCh JUILIb
B BU/Jle HeGoJsbIIuX dparMeHToB. Ho uzaeosiorus skcnenu-
uuii H. U. BaBusioBa B cxaToil popMe XOpouio OTparkeHa
B ero nNucbMax K »xeHe, EneHe BapysnHoH, koTopas 6bl1a ero
y4YEHUILEH, KOJIIETOH, eIMHOMBILITIEHHUKOMZ,

W3 camMoili mpOJO/KUTENbHON 3KCIEJUIIMK 110 CTpaHaM
CpenusemHoro mops B 1926-1927 rr. BaBusioB nucas: «Ilo-
JAbIToXkUBato Cpefju3eMbe <...> B 0611eM Noe3/ika 6blia yiad-
Has. Co6paH orpoMHbIN MaTepuas. Y koe-4To cAesaHo AJs
dunocoduu. Bee ele mMaso, Tak Jajeko A0 OBJIAJEeHUS MU-
poM, a OBJIaJIeTh UM Hal0. ITO 3ajjaya )KU3HU. W Goiblie 3T0-
ro caenatb HekoMy» (Vishnyakova, 2016, p. 308). U nanee us
pa3HbIX CTpaH TejerpadHbIM CTUJIEM: «..IUTYyAUpYyl0 Apa-
BUIO...», «...ITa/INIO0 MOYTH NOCTHUT...», «...CHPHIO0 HEMHOTO I10-
CTHUT...».

Takue >xe KOpOTKHe CBOAKU OH nucas EneHe u u3 apyrux
noesziok. «4yBCTBY10, UTO A1 GUIOCOPUH ObITUSA CAUILIKOM
MaJsIo 3HAaK TPONUKHU U cybTponuku» (Vishnyakova, 2016,
p- 333), - nucan ox B 1930 r. mo nyTu u3 Auriiuu B CIIA. U ve-
pe3 Tpu Mecsia u3 MeKcuku: «... 17151 dusocodpuu 6bITHS, [10-
poras, Ha/lo TyT 6bITb U MUP HaZlo BUAeTb. OCTa/I0Ch HEMHO-
ro. CerofiHs MOHAJ 3a JileHb 00JIble, YeM U3 BCeX KHUT 4U-
TaHHbIx» (Vishnyakova, 2016, p. 338).

[locenoBaTesIbHO OH KM3y4aJs Te palOHbI 3eMHOTO 11apa,
rJle, O ero yoexXJeHUI0, MOXKHO OblJI0 COOPATh LeHHENHLITHI
pacTuTesbHbIN MaTepras. 06paboTKa NPHUBO3UMBIX CEMSH
Y repbapueB Mo3BoJIMJIA ONY6GJMKOBATh Psifi LIEHHBIX TpPY-
Jl0B, CpeAi KOTOPBIX y>ke B 1926 . 6b11H «LleHTpbl mpouc-
XOXKJIeHUs KYJbTYPHBIX pacTeHUH». OH NepBbIM B MUpe yKa-
3aJ1 Ha LeHTpbl $opM0o06pa30BaHUS U COCPEZIOTOUEHUSI Be-
JMyaiiiero pasHoobpasusi pacTUTeJbHBIX GOpPM, OTKyJa
MOTYT ObITb MOYEPNHYTbl UCTOUHUKHU L|eHHbIX '€HOB, HYX-
HBIX /151 CeJIeKLIMOHHON PaboThbl WJIM JJs1 HEelloCpe/CTBEH-
HOTO BHeJpeHHsl B CesbCKOe X03sicTBO. OH NMOHMMaJ, YTO
Al TakoW o6mupHOM crpaHbl, kak CCCP, 3aHuMarnoieit
1/6 yacTb cyuy, c ype3BblYalHO Pa3HOOOPA3HBIMU KJIMMa-
TUYEeCKHMMU U TOYBEHHbIMU 30HaMH, He06X0JUMO OTPOMHOe
COpTOBOE pa3Hoo6Gpa3ue NMPUCHOCOBJeHHBIX K 3TUM 30HaM
Y B TO K€ BpeMsl BbICOKONPOJYKTUBHBIX pPacTeHUH, KoJoC-
ca/IbHBIA MCXOAHBIM MaTepHas Ajs cejekuuu. «Ecau komy-
160 HyKeH UCXOAHBIM MaTepuaJ JJis ceJleKI 1Y, [I/is BBefle-
HUSA B KyJIbTYPy TOTO WJIM KHOTO BU/IA, TO OTOMTH OT KOHIIel-
LMY reorpadUyecKUx LIeHTPOB Pa3BUTHS POJOB U BUJOB OH
He MOXeT, TaK Kak reorpadus BUJi0B, COPTOBOT0 U BU/I0BOTO
pa3Ho06pa3us AeHCTBUTENBHO CYLIECTBYET, U OHA €CTb OC-
HOBHOU dakT aBostouuu» (Vavilov, 1939, p. 55).

H. BaBusioB, a mo3jiHee COTPYAHUKHU €ro UHCTUTYTa CO-
6paJii AecATKHU ThicsIY 06pa3L0B pacTeHUH, OMOJIHSAA KOJI-
JIEKIMI0 MUPOBBIX TeHETUYECKHUX PeCypCcoB, KOTOPYIO OH CO-
3/laJ1 KaK OJJHO U3 [IepBbIX U KPyMHEeHIINX B MUPe XPaHUJINL]
MHPOBOTO reHOPOH/Aa PAaCTUTEbHBIX PECYPCOB B PyKOBOAU-
MOM MM HHCTUTyTe. B 3TOM HHCTHUTYTe, pacnoJoKeHHOM
B CaHkT-IleTep6ypre (J/leHHHrpa/ie) U U3BECTHOM BCEMY MU-
py kak BUP, wiu uHcTUTyT BaBU/IOBa, MOCTYNaBUIMKA MaTe-
puaJ u3y4dajau, CUCTeMaTU3UPOBaJIH, BbIAEJISAIM Jydliie 06-
pasipl A/ CeJeKLHOHHOTO Y/ydllleHHsI WM HelocpesicT-

2 TlucbMma k E. Bapyaunoii (Vishnyakova, 2007).

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING 182 (3), 2021



e 182(3),2021 M. A. BUIIIHAAKOBA

BEHHOI'0 MCIIOJIb30BaHUA B NIPOU3BOACTBe. Yxe kK 1940T.
BUP nonosiHU cesibCKOX0351HCTBEHHOE TPOU3BOACTBO CTPa-
Hbl 254 coptamu (Vavilov, 1965).

Ellle npH >KM3HU yYEeHOTO LIeHHOCTb CO3/laHHOM UM KOJI-
JIEKIIMM ObLJIa 0CO3HaHa crnenuanaructaMu. B 1935 . oguH u3
Be/lyLIMX arPOHOMOB CTpaHbl akafeMuk H. M. TysnaiikoB nu-
cas H. BaBunoBy: «Balieil moucTuHe HeyTOMUMOM U HEYTO-
JIUMOY 3Hepruu Mbl 0653aHbl TEMU OFPOMHBIMHU LIeHHOCTSI-
MU, KOTOpble MbI MOKA ellle COBCEM He Hay4YW/HUChb LIeHHUTb
U Jake NMOHUMaTb. CaM 5 TOJIBKO B IOCJEJHIOI IMOe3/Ky
c BaMM MOHSJ ¥ BOCIIPUHSJT TO UCKJIIOYUTENbHOE 110 LleHHO-
CTH 60raTCcTBO, KOTOPOE JOCTaBUIU Bbl Halllell cTpaHe CBOU-
MU NyTeLIeCTBUSAMHU M NPHBE3eHHbIMU KOJJIeKLUAMU. [1a
MeHsI 3TO JI0JITO OblJIO AeJI0M KOJIJIEKIIMOHEPCTBA, U TOJIbKO
3a nocJie/iHee BpeMs 51 I04yBCTBOBaJI COBEPLIEHHO SICHO, UTO
3HAYUT JJig Hac 3Ta Bamia pa6ora»®.

Hay4yHbIMU OpHeHTHpaMHu B reHeTHYecKOM pa3Hoob6pa-
3UH, COCPeJlOTOYeHHOM B KOJIJIEKIMH, CTalu paboThbl
H. U. BaBusioBa «['eorpaduyeckue 3aKOHOMEPHOCTH B pac-
npejieJieHUU TeHOB KYJIbTYPHBbIX pacTeHU» (1927), «Jlun-
HeeBCKUU BUJ Kak cucteMa» (1931) u co3naHHbId UM qud-
depeHLMaNbHBIN 60TaHUKO-Teorpadpuieckuit Metos (1962).
YdeHbI BHepBble yKasal Ha TO, YTO BUAbl pacTeHUH
«...B CBOeH 3BOJIIOLMY, B Ipoliecce CBOEro pacceseHust U3
NepBUYHBIX 04aroB BHU/006pa30BaHUs pacnaauch Ha OIlpe-
JleJleHHble 3KOJIOTUYeCKHe U reorpapuyeckde TIpynnbi»
(Vavilov, 1962, p.492). Hanpumep, KyJAbTypHble pacTeHUs],
BO3/lesIbIBaeMble B CTpaHax 3amajHoro u ceBepHoro Cpeau-
3eMHOMOpbs, B TeUeHUe MHOTUX BEKOB NOJABEprajuch Tlia-
TeJIbHOMY OT6O0pY, KyJbTUBUPOBAJHUCh Ha IJIOAOPOJHBIX
[0YBaX, BYCJAOBHUAX MATKOTO KJMMaTa U B 6OJIbIIMHCTBE
CBOEM XapaKTepU3yI0TCS MOIIHBIMU pa3MepaMHu, KPYIHbIMU
IJIOJJAMU U ceMeHaMMU. B 3acylIMBBIX YCI0BUAX CTPaH H0XK-
HOM Y BOCTOYHOW 4acTed CpeJM3eMHOMOPCKOro 6GacceiiHa
IPOU3PACTAIOT CKOPOCIeJsible PAcTeHHs, aJJalTUPOBaHHbIe
K 3acyxe W xkape. «..B ux quddepennuanuu Ha arpo-skoJio-
rudeckue v reorpaduyeckue rpyminbl, MOXXHO OTMeTUTH Na-
paJiiesiu3M He TOJIbKO 10 MOpd0oIori4ecKuM NpU3HakKkaM, HO
U 1o $U3HOJIOTMYECKUM U 6HOJIOrMYecCKUM 0COOGEHHOCTSIM.
JTo MpHBeJIO HAC K YCTAaHOBJIEHNIO 06/1acTel JIOKaIU3aluu
oInpe/ie/IeHHbIX TUIIOB C ONlpeJie/IeHHbIMU PU3U0I0THUECKU-
MU u MopdosiornieckuMu npusHakamu» (Vavilov, 1962,
p-499). «..Mbl 3HaeM, rje JOKaJU30BaHbl NPOJYKTHUBHBIE,
KpynHoceMsiHHble (GOpMbI, TAe HaJ0 HCKaTb pacTeHHUs
C IPOYHOM COJIOMOM, cOpTa yCTOHYUBbIE K ONpefiesleHHbIM
rpubHbIM 3a6osieBaHuaAM» (Vavilov, 1962, p.500). «...[as
IPaKTHUYeCcKOTro pellleHUs BaXKHeHIIMX ceJIeKIIMOHHBIX 3a4a4
Mbl JIO/DKHBI IIPeXJie BCero 3HaTh, UTO MMeeTCsl MO BCeM,
HMMeIOUIUM NpaKTUYeCcKUH UHTepec Ky/JbTypaM B MUpe» (Sci-
entific Legacy, 1987, p. 114). 3HaHus BCEro MUPOBOI'0 pa3Ho-
o6pasus KyJabTyp BaBusoB Tpe6oBas OT BceX COTPYAHUKOB
CBOEro MHCTUTYTA, AeBU30M JJI1 KOTOPbIX CTaJl ero NpH3bIB:
«BupoBer; o/KeH CTOSAATh Ha IJ1o6yce».

Takoil cucTeMHbIM nmoAaxoA obecreyns camoMmy H. BaBu-
JIOBY U €ro NnocJjeoBaTe/]sIM aipeCHbIN NOUCK HYXHBIX A1
cesieKMU GopM. U3BeCTHO, UTO H/Jiesl «3eJIeHOT0 OUCKa», TO
ecTb c60pa reHeTHUYeCKUX PecypcoB pacTeHUH, NpUHaAJIe-
JKUT He eMy. AMepHKaHCKHe yieHble - «KOXOTHUKH 3a pacTe-
HUAMU» U3 Blopo pacTeHHeBoAcTBa /lenapTaMeHTa 3eMJle-
fenuns CIIA - Hayanu o6ceiloBaHMe 3eMHOTO L1apa C LeJIbio
cbopa LleHHOro MaTepuasa JAJs UHTPOAYKLHUH B CTPAHy o-
paszo paHblle. Ho oHM 0co6eHHO TLIaTeJbHO 06C/IeJ0BaIN
palioHbI c HauboJiee BbICOKOPA3BUTBIM MHTEHCUBHBIM 3eM-
JlefiesiieM, 60TaHUYECKHe CaJibl, a TAaKXKe TPOIUKU U TPOIIHU-

3Mucbmo H. M. TynaiikoBa « H.W.BaBusioBy ot 19 dpespass
1935 r. (Savina, 1995).

yecKHe OCTpoBa CHX Gorareiiiedl pacTUTEIbHOCTBIO
(Fairchild, 1939). H. BaBusioB opraHusoBaJl 3KCIeJULHUOH-
HYI0 JlesITeJIbHOCTb CBOEr0 MHCTUTYTa HAa HHbIX OCHOBOIIOJIA-
raliUx NpUHOUNAX. Teopusi LEeHTPOB MPOUCXOXKJEHUS
U y4yeHUe 06 3KoJioro-reorpaduyeckoit auddepeHyuanuu
pacTeHUM o6ecneynIv MOUCKY LIeHHOT0 JJIs CeJIeKI[ MY MaTe-
puasa 6ojiee OCMbICJEHHbIH U LieJleHalpaBJeHHbIH Xapak-
Tep. 3HayeHUe 3TOTO0 yYyeHUs He YTPaTU/IO aKTyaJbHOCTH
B HacTosllllee BpeMs, KOT/la MMPOUCXOAUT MacCOBOe UCYe3HO-
BeHHe NMPUPOAHBIX JIAHAWAPTOB U CUCTEM HNPUMHUTHUBHOIO
3emsefenus. CoxpaHeHue reHOQOH/I0B KYJIbTypPHOU U Ju-
KOU $Jiopbl HEBO3MOXKHO 6€3 M3y4YeHHsl PerHOoHOB, IJe pas-
HooGpa3ue KyJbTYPHBIX PACTEHUI U UX AUKUX pOAUYel Hau-
60J1ee BeJIMKO.

B 1932-1933 rr. H. BaBusioB nucan us KxxHoi AMepuKku:
«Punocoduro Kopauabep s HOCTUT, AyMalo, 4TO JJOCTATOYHO,
YTOObI HA CTO JIET ONpPeJIeJIUTh, UTO JleJIaTh CeJleKLHOHepaM»
(Vishnyakova, 2016, p.345). «Ho Hajo nucaTh A0 4epTa -
GoJibliMe KHUTK. UTOOBI HAa ThICAYY JIET JJaTh 3aHATHUH JI0-
asm» (Vishnyakova, 2016, p. 346). «Eciu Bce ymacTcsi - TO
OyZeT elle YaCTb MUPA B MOPAA0K npuBeeHa» (Vishnyakova,
2016, p. 342). «Teneps r1aBHOe Uuaus 1 Kutail. U BoT U Bce,
Becb Mup» (Vishnyakova, 2016, p. 343).

HuTepecHo, uto H. . BaBuioB HUKOrZa He CTpeMuUJICH
B ABCTpaJIMI0, HaBepHsKa 3Hasl, YTO 3TOT KOHTUHEHT, HaChl-
LIEHHbI YHUKaJbHOW W pa3Hoo6GpasHoi ¢JopoH, He 3HaAJ
3eMJleJle/ivsl 10 HOBelIlero BpeMeHU U KyJIbTypHas ¢Jopa
TaM NOSIBUJIACh TOJIbKO C IPUXOZ0M eBponeiieB. A BOT B ['u-
MaJjasx OH MNpejoJsaral y3HaTb U YBUAETb MHOToOe, AJs
TOTO YTOGKI MOMOJHUTD U 0606IUTh «GUT0COPUI0 OBITUSI».

Ho Wnpus u KuTaii Tak ¥ 0CTa/IMCh IPOGEJIOM B CKJIA/(bl-
BaeMOM UM MUPOBOM NasJie. He ycnes oH 1 HanucaTb MHOTOE
13 3agymaHHoro. Ero cyap6y csoMasa MallMHa CTaJIMHCKUX
penpeccuii. BaBusioBa apectoBanu B skcneAunuu — B Kapna-
Tax B aBrycte 1940 r. EMy npegbsiBUIN OGBUHEHUE B «IIMHU-
OHCKO-BpPeJIUTEbCKON U MBEPCHOHHOHN paboTe MO MOAPHI-
BY X03s1icTBeHHOW 1 060poHHON Mouiu CCCP» (The execu-
tioner’s justice, 1999, p.265) u3aTo4uId B TOpPbMY. B 3a-
KJIIOUYEeHUM OH nucaa GyHJaMeHTalAbHbIH Tpyx «HcTopus
MHPOBOTO 3eMJefiesus». [1ucas no naMaTH - 6e3 KHUT, HEB-
HUKOB, reorpaduueckux KapT. ITOT TPYZA He JlollleJI 10 Hac.

26 suBaps B CapaToBckoil TiopbMe H. U. BaBusioB ckoH-
yaJicsl OT UCTOLIeHUs U COMYyTCTBYIOLMX 6oie3Hel. YestoBek,
MOCBATUBILINHI CBOIO KM3Hb IPOrpeccy yesloBeYecTBa, CTpe-
MSAIIUNACA HAKOPMHUTb €ro KaueCTBeHHOHW Mullel, mpeBpa-
TUTb CeJbCKOX0351CTBEHHbIE YIo/ibsl CBOEH CTpaHBbI B ILJIO-
JIOpPOZIHBIe M0J14, MacTOHUIIA U cajibl, yMep OT roJioja.

Ho ocTanuch ero Hay4Hble TPY/bl, OCTAJICS €T0 HHCTUTYT
Y paboTaloliuil B HeM reH6aHK MHUPOBBIX FeHETUYECKUX pe-
CypCOB, a [JIJaBHOE — 0CTaJ1ach U/1e0JIOTHS ero Hcciel0BaHuH,
paccyMTaHHasl Ha UCTOPUYECKYIO U IJIJaHeTapHYo Nepcrek-
TUBBI.
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