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VJIK 58:575:631.522/.524:633/635:632(066)
TPY/IbI 10 NPUKJ/IAZJHOM BOTAHUKE, TEHETUKE Y CEJIEKLIMM. T. 182, Bpin. 2. CII6., 2021. 174 c.

[lo nToram MHBeHTapU3alMH NPOJAEMOHCTPUPOBAHBI IEPCIIEKTUBLI COXPAaHEHHUS JUKHX POAUYel KyJIbTYpHbIX pacTeHUH Ka-
pauaeBo-Uepkecuu. OnpesiesieHO BJIUSHNE TEMIIEPATYPHOTO PEKMUMa Ha JJAGOPATOPHYIO BCX0KECTh U SHEPIHI0 IPOPACTAHHUS
acTpara’/ioB Y BJMsSHUE PeaKLMH Ha IPOBU3al1I0, YYBCTBUTEIbHOCTH K GOTONEPHUOAY U COGCTBEHHO CKOPOCIEJOCTH Ha Npo-
JLO/DKATEIbHOCTb Pa3BUTHSA 00pas3LioB fuMeHs U3 /larecTaHa OT BCXOZO0B J10 KoJiolleHHs. [laHa olleHKa X035HCTBeHHBIX NpU-
3HaKoB 06pa31oB uydsl (Cyperus esculentus L.) 1 TOATOTOBKH KJIy6EHBKOB K JIJINTEJbHOMY XpaHEeHHI0. Fi3y4eHbl X031 CTBEH-
HO IleHHble NPU3HAKH 06pa3noB orypua kosaekuuu BUP B 3oHe HukHero [ToBosxkbs. [IpoBesieH cpaBHUTEIBHBIN aHAIU3
XMMHYeCKOro COCTaBa M pa3Mepa KpaxMaJlbHbIX IPaHyJ B 3epPHOBKAX AUIJIOUJHOTO U TeTPANJOUAHOr0 COPTOB CaxapHOH Ky-
Kypy3bl. PaccMoTpeH reHow Vitis rotundifolia Michx. ¢ ucnosb3oBaHHeM MeTO/|0B CEKBEHUPOBAHUS TPpeThero nokosieHus (Ox-
ford Nanopore Technologies). BrisiBiieHO reHeTH4YecKoe pa3HOOOpa3He AUKOPACTYIIUX BUJOB U COPTOB 3€MJITHUKH IO FeHy
FanAAMT apomaTH4ecKoro KoMILiekca maofoB. O6cyxaaeTcs BAUsAHUE J0oKyca BLpl, KOHTPOJIMPYIOIero CHHTE3 MeJlaHMHa
B KOJIOCe STUMeHs, Ha pa3Mep U Bec 3epHa. [I[poaHa/iM3upoBaHO HacJleJOBaHNe BbICOKOW CKOPOCTH pa3BUTHUsI JUHUM Pumakc
u Puko sspoBo#t Msirko#l nuieHuIpl Triticum aestivum L. /laHa XapaKTepUCTHKA HOBBIX COPTOB OTEUYECTBEHHOM CeJIEKIUU: TPy-
v g1t CpepHero Ypasna, kaprodesns ana Pecny6arku KoMy, oBca SspoBOro yHUBEpCaJbHOTO HCIOJIb30BAHUSA /11 PETHOHOB
Cubupu u lanpHero Boctoka. C momoupio mrpux-koga JHK naentudunuposansl o6pasusl Tinomiscium petiolare Hook .f. &
Thomson n3 BbeTHaMa. McciiegoBaHbl Mopdosioruyeckre 0co06eHHOCTH HU3KOIIEHTO3aHOBOTr0 3epHa pkU. B ru6pugHbIX KOM-
OMHALMAX OTOOPAHBI TEHOTUIIBI IPOBOM TBEPAOU MILIEeHHULIb, 06/1a/Jal0I1e YCTOHYHUBOCTbBIO K OMCKOM MOMYJ/ISALIUK BO36yUTeE-
Jisl cTe6J1eBOM pXkaBYMHbI. COpHBIE pACTEHHUS U COpHast $pJiopa 006CYyKAAITCA KaK OCHOBA GUTOCAHUTAPHOTO PAHOHUPOBAHUS.
[IpencraByiensl uctopuda fedatesabHocTd BUP nm. H. U. BaBusioBa B rofibl BOMHBI, a TaKXKe >KU3HEHHBIN NIyTh U Hay4YHad Jed-
TeJibHOCTB [1. A. /lu6poBa — OCHOBaTeJIs1 HAYYHOI0 IJIOZOBO/CTBA Ypasa.

Ta6u1. 50, puc. 49, 6ubanorp. 427 Ha3B.

J1s pecypcoBeioB, 60TAaHUKOB, TeHETUKOB, CeJIeKI[HOHEPOB, Ipeno/aBaTe/iell By30B 6M0JOrHYeCKOro U ceJlbCKOX035H-
CTBEHHOT'0 TPOUIS.

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. Vol. 182, iss. 2. SPb., 2021. 174 p.

Prospects for the preservation of crop wild relatives in Karachay-Cherkessia are discussed, considering the results of their in-
ventorying. The effect of temperature patterns on laboratory germination rates and energy of Astragalus L. has been assessed,
and the impact of responses to vernalization, photoperiodism, and earliness per se of barley accessions from Dagestan on the
duration of the period from shooting to heading is analyzed. Agronomic traits of chufa (Cyperus esculentus L.) are evaluated, and
methods are proposed to prepare its nodules for long-term storage. Economically useful features of cucumber accessions from
the VIR collection have been studied in the Lower Volga environments. The chemical composition and size of starch granules in
grain have been compared and analyzed in diploid and tetraploid sweetcorn cultivars. Genome assembly of Vitis rotundifolia
Michx. using third-generation sequencing (Oxford Nanopore Technologies) is discussed. Genetic diversity has been descried in
wild species and cultivars of strawberry for the FanAAMT gene controlling fruit flavor volatiles. Effects of the BLp1 locus, which
controls melanin accumulation in the barley ear, on the size and weight of seeds are discussed. Comparative analysis has been
made to study the inheritance of a high development rate in the Rimax and Rico lines of spring bread wheat (Triticum aes-
tivum L.). New cultivars of domestic breeding are characterized, including pear for the Middle Urals, potato for the Komi Repub-
lic, and spring oat for universal uses in Siberia and the Russian Far East. The DNA barcode has been used to identify Tinomis-
cium petiolare Hook.f. & Thomson from Vietnam. Morphological features of rye grain with low pentosan content have been
studied. Spring durum wheat genotypes have been identified in hybrid combinations for their resistance to the Omsk popula-
tion of the stem rust pathogen. Weeds and weed flora are reviewed as the basis for phytosanitary zoning. Historical essays are
presented on wartime activities of the Vavilov Institute and in memory of Porfiry Dibrova, a founder of scientific pomiculture in
the Urals.

Tabl. 50, fig. 49, ref. 427.

Addressed to genetic resources experts, geneticists, plant breeders and lecturers of biological and agricultural universities
and colleges.
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W3yyeHue JUKUX poAuyel KyJbTYPHBIX pacCTEHUH KaXJ0-
ro KOHKPeTHOT0 pervoHa sIBJsieTCS BakKHeHllel cocTas-
HOM 4acCTbl0 OLleHKHM COCTOSIHUS eHeTHYeCKUX PecypcoB
pacTeHu# cTpaHbl. 0c0O6eHHO 3TO aKTyaJbHO A5 XapaKTe-
pHU3YIOLIMXCS OTPOMHBIM BU/A0BBIM PacTUTEbHBIM pa3Ho-
06pa3neM perdoHoOB poccuiickoro KaBkasa. B pa6oTe us-
JIOXKEHBI pe3y/bTaThl U3yYeHUsl JUKUX poJuyuel KyJabTyp-
HbIX pacTeHu# ([IPKP) B npupojHbIX pacTUTENbHBIX CO06-
mectBax KapavaeBo-Yepkecckoit Pecny6/uku. ABTOpoM
NpoBeJieHbl MHBEHTAapHU3alUsl U aHaJIM3 BUA0BOr0 COCTaBa
JPKP pecny6auku. Cnucox IPKP HacunTbiBaeT 516 BUJOB,
oTHocsAmuxcA K 134 pogam 36 ceMeWlCTB, U3 KOTOPBIX
449 BusioB u3 107 pogoB 33 ceMeHCTB SBJAAKTCA abOpH-
reHHbIMU. [lo BUpoBOMy pasHoo6Gpasuw JIPKP aupupyeTt
JxeryTUHCKUM ¢opuctuyeckuil paiton (391 Buj), B Ap-
XbI3CKOM U YYKYJIAHCKOM palioHaxX BCTpeyarTCs COOTBET-
ctBeHHO 350 1 346 Bu0B, B YepkecckoM - 301 Bu.

Buabl 6bIM paHXUPOBAHBI 10 X03WCTBEHHOM I|eHHOCTH
Y 3KOHOMHUYecKoH 3HauuMocTH. K 1 paHry oTHeceHo 149 Bu-
JI0B, KO 2 paHry - 17 BUzi0B, k 3 paHry - 32 BUJa, K 4 paHry -
97 BUJ0B, K 5 paHry - 222 Buja. [lo TUNy X03AHCTBEHHOTO
HCINOJIb30BaHUSA Mpeob6aZarT BUAbl KopMoBoro (158)
u nuieBoro (136) Ha3HaueHUs, B KaueCTBe JieKapCTBEH-
HbIX IpUMeHsI0TCcA 60, MeJOHOCHBIX — 54, IEKOPATUBHBIX —
53, TexHUYeCKUX - 51, peKyJIbTHBAILMOHHBIX — 5 BU/I0OB.

Ha ocHoBe aHanu3a pacnpoctpaHeHus BujioB JIPKP Ha us-
y4yaeMoOHd TeppUTOPHUU U UX OLEHKH MO X03ANHCTBEHHBIM
Y 6H0JIOTUYECKH [IeHHBIM IPU3HaKaM, 10 KpUTEPUSIM peJ-
KOCTH U YSI3BUMOCTH COCTaBJIEH CITMCOK MO/ JIeKalIUX IPU-
opuTeTHOMY coxpaHeHu1o BUuzoB JIPKP KapayaeBo-Yepke-
cuu. [IpuBejieHa KapTa MeCTOHAXOX/AeHUH 3TUX BUJIOB Ha
TEPPUTOPUH pecnyOMKH, JaHbl peKOMeHJallMu1 M0 UX 3¢-
beKTHUBHOMY COXpaHEHHUIO.

KiroueBble cj10Ba: coxpaHeHHUe in situ U ex situ, reHeTH4e-
CKHe pacTuTesibHble pecypchl, KapayaeBo-Uepkecckas Pec-
ny6Ji1Ka, 0c060 oXpaHseMble NIPUPOAHbIe TEPPUTOPHH.

Studying wild relatives of cultivated plants in each specific
region is an essential component in assessing the state of
national plant genetic resources. This is especially true for
the regions of the Russian Caucasus, with its tremendous
diversity of plant species. This paper presents the results of
exploring crop wild relatives (CWR) in natural plant com-
munities of the Karachay-Cherkess Republic. The author
conducted an inventory of CWR and analysis of their species
composition in Karachay-Cherkessia. The CWR list includes
516 species belonging to 134 genera of 36 families; in this
list, 449 species from 107 genera of 33 families are native to
this region. The Dzheguta floristic district is the richest in
CWR species diversity (391 species). There are 350 and
346 species in the Arkhyz and Uchkulan districts, respec-
tively, and 301 species in the Cherkessk district.

Species were ranked according to their agricultural value
and economic importance: the 1st rank was assigned to
149 plant species, 2nd rank to 17, 3rd rank to 32, 4th rank to
97, and 5th rank to 222 species. In the context of their eco-
nomic use, the species for feed (158) and food (136) pur-
poses dominated over those for medicinal (60), mellifer-
ous (54), ornamental (53), industrial (51), and revegetation
(5) applications.

The list of priority conservation species was compiled for
CWR of Karachay-Cherkessia according to the criteria of
rarity and vulnerability, based on the analysis of the CWR
species distribution over the studied area and their assess-
ment for useful economic and biological traits. A map show-
ing localities of these species within the Republic is present-
ed, and recommendations are given for their effective con-
servation.

Key words: in situ and ex situ conservation, plant genetic
resources, Karachay-Cherkess Republic, specially protected
natural areas.

BBeaeHue

KapauaeBo-Yepkecckas Pecny6snka (KYP) pacnosoxe-
Ha Ha ceBepo-3amnaze Kaskasa. [lo 'naBHoMy KaBkasckomy
XpeOTy OHa rpaHUYUT c [pysueit u A6xa3ueil, Ha 3amaje -
c KpacHomapckuM kpaeM, Ha ceBepe — co CTaBpONOJbCKUM
KpaeM, Ha BocToke - ¢ KabapauHo-bankapueit. O61as mio-
1a/ib TEPPUTOPUH cocTaBJisseT 14,3 ThIC. KB. KM.

Penved pecny61mku oueHb pa3HOO6pa3eH, OHA NMPOCTH-
paeTcs oT [IpejkaBKka3cKkux paBHUH A0 [1aBHoro KaBkascko-
ro xpe6Ta. MUHUMaJIbHasi BbICOTA COCTaBJsIeT 0KoJio 400 M
(puky6aHCcKasi paBHUHA), K IOTYy HAOJIOAAETCS MOCTENEeH-
HOe NOBBIIIeHHe BbICOTHI K BeplinHaM bokoBoro u [J1aBHOTO
KaBka3sckoro xpe6Tta fo 4000-5000 M. [To popme penbeda
BCI0 TEPPUTOPHIO MOXKHO pa3fie/IuTh Ha CeBepHYI0 PaBHUH-
HO-XOJIMUCTYIO 4aCTb Y FOPHYI0, K KOTOPOH OTHOCUTCS CH-
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cTeMa Xpe6GTOB, NPOCTUPAIOIMXCA NapaJliesbHO [J1aBHOMY
KaBkasckomy xpe6Ty: Jlecuctsii, [lacTouHbIN, CKaMUCTBIH,
[lepenoBoii, BokoBoi# v [1aBHbIN. [OpHas 30Ha UMeeT CUJIb-
HYI0 pac4JIeHEHHOCTb pesibeda ¢ BHICOKUMHU TOPHBIMH Xped-
TaMU U IVyOOKUMHU ylenbsiMU pek (Zernov et al.,, 2015). Oko-
g0 80% mnsowaau pecrnyGMKH JIEKUT Ha BBICOTE BbIlle
1200 M Hazg ypoBHEM MOPS (H. y. M.).

XapakTep pesibeda onpezesnsieT BePTHUKAJIbHYIO KJIHUMa-
THYECKYI0 NOSICHOCTb M IPUPOJHYI0 30HAJBHOCTb TEPPUTO-
puu KapauaeBo-Yepkecuu. [IppuHATO BbIAENATD YETHIPE KIH-
MaTHYeCKHX 10s5ica: yMEPEHHO KOHTHHEHTAJIbHBIH, yMepeH-
HO TeIJIbIH, YMEPEeHHO BJIAXKHBIM W yMEPEHHO XOJIOJHbIN
(Shilnikov, 2010). C yBesinueHHEM BBICOThI IPOUCXOJUT CHU-
YKeHHe CpeZHEr0Z0BOM TeMIlepaTyphl Bo3ayxa oT +8,5°C no
0°C 1 yBesIM4eHUE roJJOBOTO KOJIMYECTBA 0CaAKOB OT 520 MM
Ha paBHHHe J10 2500 MM B BBICOKOTOpPHBIX paiioHax. CeBep-
Hasl 4acTb PeCHyOJIUKH PacroyaraeTcs B CTENHON 30He, 10K-
Has - BJiecocTenHol (B npepesax [lactéuiHoro u Ckanu-
cTOro XpeOTOB), IECHOH U albIIMHCKOHN 30HaX. BereTanuoH-
HbIA NEepuoJ; Ha ceBepe pechny6iuku — 182 nHsA, Ha 1ore
(B ropHbIX paiioHax) - ot 50 g0 75 gHen.

Ha TeppuTopuu pecnyGJMKH HPOXOAUT BOAOPA3ZEI
Mexy pekaMu A3oBo-YepHomopckoro u Kacnuiickoro 6ac-
ceriHoB. K UepHoMopckoMy 6acceiiHy oTHocsaTcs KyGaHb
U ee nputoku: TebGepa, Manbii 3esnenuyk, Bosboi 3esen-
uyyk, Kadap, Akcayt, Mapyxa, Ypyn, Bosabmas Jla6a. Bosb-
IIMHCTBO M3 HUX CBOE HAyaJo OGepeT CJieJJHUKOB [J1aBHOTO
KaBka3zckoro xpe6Ta. K pekam Kacniniickoro 6accelina oTHO-
carcsa Kyma u [logkyMok, 6epylye cBoe Ha4yalo Ha CKJIOHAX
CkaJsucroro xpe6ta. B BepxoBbsix pek Ha bokoBoM u [J1aB-
HoM KaBka3ckoM xpe6Tax HMMeeTcsl 0O0JbIIOe KOJHUYEeCTBO
03ep JieJHUKOBOTO mpoucxoxeHus. Bcero B KUYP 419 6ob-
IIUX ¥ MaJIbIX PEK NPOTAKEHHOCTBIO CBBIIIE 4 ThIC. KM.

[TouBel KapauaeBo-Uepkecckoil Pecny6yimku oTHOCATCA
B OCHOBHOM K KaBKa3CKOH TrOpHO-JyroBO-JIECHOH U rOpHO-
crenHod npoBuHIMK KaBka3scko-KpeIMckol ropHo# o6uia-
ctu. PopMupoBaHUe U pacnpe/ie/ieHHe T0YB B FTOPHBIX palo-
Hax NOAYMHEHO 3aKOHY BepTHKaJbHOW 30Ha/bHOCTH. [lo
Mepe NoAbeMa B rOphl peJKaBKa3CKHe YepHO3eMbl CMEeHS-
I0TCS IPeJrOPHBbIMU U FOPHBIMM YepHO3eMaMH, Jjajiee Cle-
JYIOT TOPHO-JIeCHble Oypble, TOPHOJIECHBIE IOJ30JIMCTHIE,
rOpPHO-/I0JIMHHbIE AJIIIOBHA/IbHBIE JlepHOBbIE KHUCJbIE, TOP-
HO-JIyrOBblE, TOPHO-/I0JINHHBIE a//II0BUA/IbHbIE JIYTOBbIE KH-
cJ/ible ¥ TOPHO-/I0JIMHHbIE aJI/II0BUA/IbHbIE JIYTOBO-00JI0THBIE
noyBbl. PacnaxaHHOCTb 3eMesb B pecny6JIMKe COCTaBJsieT
okoJ10 30% (okosi0 50% B paBHUHHOM 4YacTH, okoso 20%
B TOpHOH). B paBHUHHOM 30He, T/ie 3HAUUTENbHBINA NPOLIEHT
pacnaxaHHbIX 3eMeJb, 06pasyeTcs 06/1acTb MOBBILIEHHOH
aKTHUBHOCTH BeTpa. B mepuog ¢ MapTa fo anpeJis, Korza ele
[0YBA He NMOKPBITA YCTOMYMBON PacTUTENBbHOCTbIO, TOBEP-
XHOCTHBIH CJIOH NMALIHU BbIAYBAETCS CUJIbHBIMU U NPOZOJI-
YKUTEJbHBIMU BETPAMH.

B dopmupoBanuu pacturtenpHocTd KapauaeBo-Yep-
Kecckol Pecny6/1MKH, HapAAY ¢ reorpapuyecKUM I0JI0Ke-
HHeM, 6OJIBLIYIO POJIb ChIIPaJH JUTOJIOT U, XapaKTep pe-
abeda, N0YB, 30HAJBHOCTb KJIMMAaTHYeCKUX YCJIOBUH, UX
M3MeHeHMe BO BpeMeHU. CeBepHbIe YaCTH pecnyOINKH 3a-
HHUMAIOT CTENH U OOLIMPHBIE CebCKOX03AHCTBEHHBIE yTO-
Jibsl Ha MecTe pacnaxaHHbIX cTenel. lllupokosiucTBeHHbIE
Jleca 06pa3y0T HYXKHUK TOPHBIM MOSC HA BBICOTAX OKOJIO
800-1600 M. B HacTosLlee BpeMs 3HAaYUTEJNbHbIE MaCCUBDI
3THUX JIECOB BBIPYOGJIEHBI WMJM HApylIeHbl WHTEHCHUBHBIM
BBINIACOM CKOTA. XBOHHBIE Jieca 06pa3yoT BEPXHUH JIeCHOH
nosic Ha BeicoTax oT 1500 go 2300 M. BepxHsasa rpaHuna
Jleca B pa3HbIX palloHaX NPOXOJUT B UHTEpPBaJe BBICOT OT
1900 o 2400 m. Boluie siecHOro pacmnoJiaraeTcs cy6aJib-

nuiickui nosic (1900-2500 M) ¢ BBICOKOTPABHBIMU JIyTaMH.
BeicoTn! oT 2400 g0 3000 M 3aHMMAIOT aJbNUUCKUE ayTa.
CaMbIii BBICOKHUH — CyGHHUBAJIbHBIN MOSIC C HECOMKHY ThIMHU
rpyNNUpPOBKaMU CKaJ U ocblned. CpeJHAsA JIeCUCTOCTh
TeppuTopuu - okoJsio 30% (Zernov, Onipchenko, 2011).

bsiarogapss orpoMHOMy pa3HOO6pa3vid MPUPOAHBIX
Ja"AmapTOB 6J1aroNpUsTHBIE YCAOBHUS AJIS CBOETO CYLIECT-
BOBAaHHUSl Ha M3y4aeMOM TeppUTOPHUH HAXOAAT HE TOJIbKO
pa3Hble 3K0JI0OTHYeCKHe IPYNIbl pAaCTEHUH, HO ¥ BUABI CAMO-
ro pasjnyHoro reorpaduyeckoro nporcxoxaeHus. Ilo cee-
JIeHUsIM pa3HbIX aBTOPOB, ¢yiopa peruoHa HaCYUTHIBAET OT
1900 mo 2200 BuoB cocyauctbix pactenui (Shilnikov, 2010,
2011; Zernov, Onipchenko, 2011; Zernov et al.,, 2015).

Bo BcepoccuiickoM MHCTUTYTE FeHETUYeCKHUX PecypcoB
pactenuit uMm. H.U. BaBusnosa (BUP) BepyTcst niaHoMepHbIe
HCC/IeJOBaHUS Pa3HO06pa3usl JUKUX POANYEH KyJbTYPHBIX
pactenuii (JPKP) c uesbio pa3paboTKku eAMHON HAIMOHAJb-
HOM mporpaMMbl coxpaHeHMsI reHOQOHAA in situ, KoTopas
YYUTBIBAeT MNPUPOAHBbIE U 3KOHOMHUYECKHEe OCOGEHHOCTH
Poccum (Chukhina et al,, 2020). B pamkax 3To# pa6oTb! 6bLTH
NpoBe/ieHbl MHBEHTapu3auus U aHaaus BuioB JAIPKP Ha Tep-
putopun KapauyaeBo-Uepkecuu u BblfesieHbl BUABI AJA
NPHUOPUTETHOIO COXPAHEHHS.

Ycsi0BHbIE 0603HAYE€HUS M TEPMUHBI

JPKP (Aukve poauyu KyJbTYPHBIX PAacTeHHH) - BUJBI
OpUPOAHON (JIOpEI, 3BOJIIOLMOHHO-TEeHETHYECKH OJIM3Kue
K Ky/JIbTYPHBIM pacTEeHUsIM, BXOASIINE C HUMH B OJUH DOJ,
HaInpsIMyIo BBeJleHHble B KYJIbTYPY WJIH yYacTBYIOILHEe B CO-
3[JaHUU COPTOB KYJBTYPHBIX paCTeHUH MyTeM HCI0Jb30Ba-
HUSA B CKpellMBaHUAX (HaMepeHHO WJIM CIOHTAaHHO), a TaKXKe
NOTEHIMAJbHO MPUTOAHbIE AJI1 BBEJEHUS B KyJbTYPY WU
HCI0JIb30BAaHUSA B IPOLiecce NMOJIydeHH s HOBBIX COPTOB (Sme-
kalova, Chukhina, 2005, 2011);

KI'TIB3 - KaBka3ckuil rocyfAapCcTBeHHbIN IPUPOAHBIN 3a-
noBeaHUK UM. X.I. [llanoImHUKOBA;

KK KYP - Kpacnas kuura KapasaeBo-Yepkecckoii Pecry6-
JIVKHY;

KK P® - Kpacnas kHura Poccuiickoit ®enepanuy;

KYP - KapauaeBo-Yepkecckas Pecrny611Ka;

OOIIT - oco60 oxpaHsieMble IPUPOJHbIE TEPPUTOPUY;

CoxpaHeHHUe ex situ — COXpaHeHUEe BU/I0B B KOJIJIEKLUSX;

CoxpaHeHUe In Situ - cOXpaHeHHe BUJOB B MeCTax HX
€CTeCTBEeHHOTO0 [TPOU3paCTaHMUs;

TITIBE3 - TeGepAUHCKUI roCyapCTBEeHHBIN MPUPOAHBIN
6uochepHbIi 3a0BeJHUK.

Martepuaj 1 METOAbI

Marepuanamy AJs1 UCCIeOBaHUSA NMOCAYXUIN Trepbap-
Hble GoH/ bl BcepoccuicKOro MHCTUTYTA TeHETUYECKUX pe-
cypcoB umeHu H.W. BaBunosa (WIR), BoraHn4yeckoro HHCTH-
TyTa uMeHu B.JI. Komaposa PAH (LE), pesysnbTaThl aKcneau-
uuii BUP, B ToM yuncie c yaactuem aBTopa (2009, 2014, 2016
1 2019r1.), aTakxe JuTepaTypHble ucToyHUKH (Galushko,
1978, 1980a, 1980b; Takhtajan, 2006; Ivanov, Chotchayeva,
2008; Red Data Book.., 2008; Takhtajan, 2008; Shilnikov,
2010, 2011; Onipchenko etal, 2011; Zernov, Onipchenko
2011; Dzhatdoeva, 2012; Takhtajan, 2012; Red Data Book...,
2013; Zernov, 2013, 2014, 2015; Chotchayeva, 2016; The
IUCN Red List..., 2020).

dnopucTryeckue uccae[0BaHUS NPOBOAUINCH 06IIe-
HNPHUHATBIM NIPU U3y4eHHUU GJIOpbI MAapUIPYTHBIM METOLOM
B 3eseHuyKckoM, KapayaeBckoMm, Horaiickowm, [Ipuky6aH-
ckoM, YpynckoM, YcTb-/J>keryTuHCKOM, Xa6e3CKOM aJiMHU-
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HUCTPATUBHBIX paloHax KapayaeBo-UYepkecckoit Pecny6-
JIUKH.

/[l BbI6G0pa IPHOPUTETHBIX 00BEKTOB U My TeH COXpaHe-
HHUA UCITOJIb30BAJIN METOAUKY COXPAHEHUA in situ reHeTHU4e-
CKHX PacTUTEJbHBIX PeCypcoB, afallTHPOBAHHYIO AJS Tep-
puTtopuu Poccuu (Smekalova et al,, 2011). [insa onpesenenus
CTEeNeHU X03SWCTBEHHOH LIEHHOCTH W 3KOHOMUYECKOH 3Ha-
YHMMOCTH HCI0JIb30BaJIOCh PAaHXXMPOBAaHHUe BU/0OB, pa3pabo-
TaHHOEe B OTJlesie arpOOOTAHUKHU U in Situ coxpaHeHus BUP
(Smekalova, Chukhina, 2005). [Ipu cocTaBieHUH KapThl Obl-
Jla ucroJib30BaHa nporpamma Maplnfo 10.

06cyxeHNe U pe3yabTaThl

[lo pe3ysibTaTaM COGCTBEHHBIX UCCJE€IOBAHUHN U JIUTE-
paTypHBIM JaHHBIM OblJa NpOBeJeHAa HWHBEHTapH3alus
BugoB IPKP ¢soper KapayaeBo-UYepkecuu. CocTaBiieH aH-
HOTHUPOBaHHBIN cniucok BUAoB JJPKP, cogepxkauuit uadpop-
Manuio o 516 Bugax, oTHocsamuxca k 134 popam 36 ce-
MeHCTB, U3 KOTOophix 449 BuA0B U3 107 posioB 33 ceMeiCcTB
ABJIATCA abopurenHbIMU (Bagmet, 2019). Mbl co4/1u HY -
HBbIM BKJIOUHUTD B UCCJIeJOBAaHWE aIBEHTUBHbIE HATYPaAJIU-
30BaBLIMECS U NPOSABJSIOIINE TEeHJEHIIMI0 K HaTypaJr3a-
uuu BUAbL [lo HalleMy MHeHMIO, pacCIpOCTPaHEHUEe 3TUX
BU/JIOB TpebyeT AasibHeHIIero HabaIAeHU.

TakcoHoMuYeckui aHaau3 BuaoB JPKP nokasaJ, 4yTo
no kosiMyecTBY BU10B JIPKP npeo6sianatT cemelicTBa Poa-
ceae Barnhart (140 BuzgoB, uau 27% oT 0611ero 4ucaa BU-
noB JJPKP), Fabaceae Lindl. (84 Buga, unu 16%), Rosaceae
Juss. (70 BugoB, uau 14%). Illo kosu4ecTBy BUI0B abopH-
reHHbIX JJPKP - To ke cooTHomeHue (120, 83 u 63 Buja co-
OTBETCTBEHHO). B po/j0BOM clleKTpe caMbIM MHOTOYHCJIEH-
HbIM siBJsieTCcs poJ Rosa L. (27 BUJI0B); 32 HUM CJEAYIOT
poap! Trifolium L. (25 BupnoB) u Festuca L. (24 Buja).

B reorpaduyeckoM aHasn3e MBI HCNOJIB30BaJd JaHJ-
madTHO-dopucTUYecKoe paloHupoBaHue A. C.3epHoBa
u B.I. Onunuenko (Zernov, Onipchenko, 2011), corsacHo ko-
Topomy TeppuTtopus KUP pasznesnena Ha yeTeipe GJIOpUCTH-
YeCcKHUX paroHa:

a) o o 6)
No XO3AUCTBEHHOM

LEeHHOCTU M SKOHOMMUYECKOM 180

160

3HAYUMOCTH 140

250 120

222 100

200 80

60

150 40

20

100 0
50
0

1 panr

2padHr 3 paHr 4dpanr 5paur

Yepkecckuil (Upk.) - palloH paBHHUHHBIX CTeNel I0XKHO-
pycckoro Tuna (pa3HOTPaBHO-KOBBLIbHbIE, IPEATOPHbIE KO-
BbIJIbHO-TUITYAaKOBO-PAa3HOTPABHbIE, PA3HOTPABHO-KOBbIJIb-
HblE);

JoxeryTrHckui (/pKr.) - palloH HaropHbIX CTelel U re-
MHKCepOdHUTHBIX (OCTenHeHHbIX) JiecoB Ckanuctoro u Me-
JIOBBIX XpeOTOB;

Apxbi3ckuit (Apx.) - paioH Me30QUTHBIX IHUPOKOJIUCT-
BEHHBIX JIECOB U BJIQXKHBIX BbICOKOTOPHH 3amaJiHOKaBKa3-
CKOTO THIIa;

YukynaHcKU# (Y4K.) - paioH KcepoMe30QUTHBIX LIUPO-
KOJINCTBEHHBIX JIECOB U CYXUX BBICOKOTOPHUH L@HTPAIbHO-
KaBKa3CKOTo THUIIa B BepXHeM TedeHUH p. Ky6aHb.

Hanbosiee HachllleHHBIM 110 BHUOBOMY Pa3HOOOpA3HI0
JPKP oxka3zancsa [>KeryTUHCKUN QJIOPUCTUYECKUH pailoH
(391 BuA). ITO BIIOJIHE 3aKOHOMEPHO, TAaK KaK UMEHHO 3/1€Ch
HauboJIblllee KOJUYECTBO THUIIOB MECTOOOHUTAHHWH U mepe-
XOAHBIX 30H MeXJy HHUMHU. B ApXbI3CKOM M YUYKyJAaHCKOM
pailioHaxX BCTpevyawTcs coOTBeTCTBeHHO 350 u 346 BUJOB.
B camoM ceBepHOM cTenHOM YepkecckoM (JIOPUCTHYECKOM
paiione npouspacraet 301 sug JPKP.

Buzb! 6611M pacnipefiesieHbl 0 X03IMCTBEHHOH I[€HHO-
CTH ¥ 3KOHOMHUYECKOH 3HaYMMOCTH U 10 THIy XO3SHCTBEH-
HOTO HCIo/b30BaHus (puc. 1).

[IprOPUTETHBIMU K COXpPAHEHHIO SIBJISIOTCS BUABI Iep-
BBIX JIBYX PAHTOB, a TaK)XKe 3H/AEMUKH U BU/bI, BKJIIOYEHHbIE
B KpacHyto kHury Poccun, MexxyHapoAHBIM KpacHBIH CrU-
COK peAKUX UM Hcdesawouux Buaos (MCOII), Kpacuyio kHury
KapauaeBo-Uepkecuu (Tabsuia). CorsacHO 3TUM KpUTEpPHU-
AM IIPUOPUTETHBIMHU K COXpaHeHHUI0 Ha TeppuTopuu KUP mMo-
I'yT O6bITh peKoMeH10BaHbl 225 BuoB JIPKP, ogHako MHorue
BU/IbI NIEPBOI'0 Y BTOPOTO paHra LIMPOKO PaclpoCTpaHEeHbI
Ha M3y4YyaeMOH TeppUTOPHUH U He HYKAAI0TCSA B oxpaHe. bbli
NpoBeJieH WH/JMBUAYAJIbHbIA aHANIN3 KaXKA0T0 U3 3THUX BU-
JIOB 110 BCTPEYaeMOCTH U PaClpoCTPaHEHHIO Ha U3y4yaeMoM
TEPPUTOPUH, B pe3yJibTaTe KOTOPOro COCTaBJIEH NpeJiBapu-
TeJbHBIA crnucok BUAoB JPKP, mprHopUTeTHBIX K coxpaHe-
HUIO Ha TeppuTopuu KapayaeBo-Yepkecuu. Ha ocHose fo-
crynHoi nuHopmanuu (WIR, LE, Chukhina, 2008; Dzyuben-

no TNy MCcNo1b3oBaHWA

100%

Puc. 1. Pacnipeaesienne BuaoB IPKP no x03sa/cTBeHHOU IEHHOCTH U 3KOHOMUYeCKOH 3HaYUMOCTH (a)
U [10 TUNY X03AHCTBEHHOIr0 UCNO0JIb30BaHus (6)

Fig. 1. Distribution of CWR species according to their agricultural value and economic importance (a),
and their economic uses (6)
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Ta6smua. Buasl IPKP KapauyaeBo-UYepkecckoii Pecny6/1uKHY, BK/II0OUeHHbIe B KpacHble KHUTY pa3/IMYHOrO paHra
Table. CWR species of the Karachay-Cherkess Republic included in the Red Data Books of various ranks

X
< N~ I~
~ = [} O =
= £ 7 £a g
& © (")
9 = =] =S ~ 0
g ~ g‘ = Q é a O ¢ S~
E g m £ =98 2'S &S
= = £ £s5 S E ] 5
Buzpi / 8 555 EE’% na3 SS
Species & 285 g & SE8& S5
E ns 2 <9 o ag2- =
b ° = e=) & © & o ~
= s (=) [ X O = = =
) & ©° S g0 § = o=
] = ©n <B-B-) = O 8
% = 2 5 s/ g = =@
= g B e 3 2
13) o=
£ - £ 8 3
) ©z »n v
A
Allium ursinum L. 1 EP, KP 3(R) LC
Amygdalus nana L. 2 EP, KP, 3C 2(V) DD
Corylus colurna L. 4 KP 2(V) 2(V) LC
Beckmannia eruciformis (L.) Host. 1 EP, KP, 3C, BC LC
Crambe steveniana Rupr. 4 KP 3(R) DD
Elytrigia stipifolia (Czern. ex Nevski) Nevski 2 EP, KP 2(V) 3(R)
Festuca sommieri Litard. 5 KP 3(R) 3(R)
Laurocerasus officinalis M. Roem. 4 KP 3(R) LC
Linum flavum L. 3 EP, KP 3(R)
Mespilus germanica L. 1 KP LC
Rhus coriaria L. 4 EP, KP 3(R) VU
Secale kuprijanovii Grossh. 3 KP 2(V) 1(E)
Sorbus graeca (Spach) Lodd. ex Schaukr. 5 EP, KP 1(E) LC
Thymus pulchellus C. A. Mey. 5 KP 2(V) 2(V)
Vavilovia formosa (Stev.) Fed. 3 KP 2(V) 1(E)
Vitis sylvestris C. C. Gmel. 2 EP, KP 1(E)

[Ipumeuanue: KP - KaBka3 Poccuiickuii; EP - EBponetickas Poccust; 3C - 3anagHas Cubupb; BC - Boctounas Cubups;
1(E) - Haxozsmuics noJ yrpo3oi ucyesHoBeHus; 2(V) - ysI3BUMBIH, cOKpalamuics B yucaeHHocTy; 3(R) - peakui;
LC - HauMeHbLMe onaceHust; DD - nebuuut ganublx; VU - ysi3BUMBIH

Note: KP - Russian Caucasus; EP - European Russia; 3C - Western Siberia; BC - Eastern Siberia; 1(E) - Endangered;
2(V) - Vulnerable, declining in number; 3(R) - Rare; LC - Least Concern; DD - Data Deficit; VU - Vulnerable

ko N.I, Dzyubenko E.A., 2008a, 2008b; Smekalova, 2008; Red  Pecny6uuku (puc. 2). Kapra Bk/to4aeT Touku c60pa Tex BU-
Data Book..., 2013; Shilnikov, 2011; Moscow Digital Herbari- 0B, mo koTopsIM yjasochk HalTH HHopManuio. Kpome me-
um..., 2020) nmocTpoeHa 3/IeKTPOHHAs KapTa pacIpocTpaHe-  CTOHAXOX/I€HWH BHJIOB HAa KapTy HaHeCEHbI IPaHUIIbI 3a10-
HUSI 3THX BHJOB Ha TeppuTopuu KapadaeBo-Uepkecckoil  BeJHHKOB U GJIOPHUCTHUYECKUX PAHOHOB.
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Puc. 2. KapTa MeCcTOHaX0KAeHUll IPUOPUTETHBIX K coxpaHeHU10 B 0B /IPKP B KapauaeBo-Uepkecun
[IpuMeydaHue: 3eJIeHON ITPUXOBKOM 0603HAaUYEHbI TepPUTOPUH 3anoBeJHUKOB: 1 - KaBkasckuii (KI'TIB3);
2 - Te6epauHckuit yuactok Te6epaunckoro (TTTIB3); 3 - Apxbisckuii yyactok Tebepaunckoro (TTTIB3);
pacuug@posKy NoAHbIX HA38AHUL 3aN08eJHUKO8 CM. 8 pasdeie «Yc108Hble 0603HAYeHUS1 U MepMUHbLy, C. 10

Fig. 2. The map of Karachay-Cherkessia with localities of priority conservation CWR species
Note: green hatching indicates the territories of nature reserves: 1 - Caucasus Nature Reserve;
2 - Teberda part of the Teberda Nature Reserve; 3 — Arkhyz part of the Teberda Nature Reserve

[IoMMMO KPAacCHOKHM>KHBIX BU/IOB B CIHHCOK BKJIIOYEHBI
BUJbI 1 1 2 paHra, OTJIMYAIIKECT HAaUOOJIbIIEN PeJKOCThIO
Ha TeppPUTOPHUU peclybJIMKH, a TaKKe OBCsHUIA llBeseBa
KaK y3KOJIOKaJIbHbIA 3HJeMUK KapadyaeBo-Uepkecuu. B pe-
3yabTaTe cnucok BugoB JIPKP KapauaeBo-Uepkecuwu, npeg-
JlaraeMbIX K IPUOPUTETHOMY COXPaHEHHIO, HACYUTHIBAET
22 Bupa:

1. Allium ursinum L. - Jlyk MeaBexu#, yepemuia. Paur 1.
Penxuii BuA c cokpamarouMcsa apeasoM. TpeTHUYHBIH pe-
JUKT. [InmeBoe. O6UTaeT B TEHUCTHIX IIHMPOKOJIUCTBEHHBIX
Y XBOMHBIX Jiecax. PacnpocTpaHeHue: B IOMMEHHBIX Jiecax
Ky6aHu B paBHMHHOH 4YacTH pecnyOJUKH U Ha CEeBEPHBIX
cksioHax Ckasnucroro xpe6Tta Ao 1100 M H.y. M. (Upk., Jxr,
Apx., Yuk.). 0603HaueH Ha kapTe @.

PekomeHdayuu no coxpaHeHuo: 0XpaHa u3eecmHol nony-
aayuu 8 TI'TIB3, nouck Hogbix MecmoHaxoxcdeHull 6 KYB co-
XpaHeHue 06pasyos ex situ 8 konsekyuu BUP,

2.Amygdalus nana L. - MuHjanbs Hu3kuil. Paur 2. Peg-
KHH, COKpaUlalIUNACca B YUCJEHHOCTH BUJ, HA H0KHOM rpa-
HULe apeasa. [lekopaTUBHOE, TEXHUYECKOe, PEKYJIbTUBALU-
OHHOe, MeZloHOCHOe. O6HUTaeT B CYXMX CTeNsX, Ha KaMeHHU-
CTBIX CKJIOHax. [IpeamoyuTaeT KapOGoOHaTHBIE CyOGCTPAThIL.
PacnipocTpaHeHre: OAHO [JOCTOBEpPHOE MECTOHAXOXJAEeHHe
Ha ceBepe pecny6auky (Upk.). 0603HaueH Ha KapTe K.

PekomeHdayuu no coxpaHeHuio: NOUCK HOBbIX MECMOHAXO-
scdenuli Ha meppumopuu K9P moHumopuHz cocmosiHusl us-
8eCMHbIX NONYASIYUU, COXPAHEHUEe 06pa3yos ex situ 8 Ko11ek-
yuu BUP

3. Beckmannia eruciformis (L.) Host. - BekmaHUs1 06bIK-
HoBeHHas. Panr 1. Ouenb peakuii Buj. KopmoBoe. O6uTaer
B CBIPBIX MecTax Io Geperam pek ¥ BojoeMoB. PacnpocTpa-
HeHHe: yka3biBaeTcs s Yepkecckoro ¢GJOpUCTHYECKOTO
paiioHa pecy6JINKH.

PekomeHdayuu no coxpaHeHur: ymoyHeHue MecmoHaxo-
scdeHull Ha uzyvaemoli meppumopudu.

4. Corylus colurna L. - JlemuHa apeBoBuJHasd. PaHr 4.
Penxuii, cokpawammuicsa B YMCJeHHOCTH BU/J,. TpeTHUHBIN
penukT. [MumeBoe. OGUTaET B COCHSKAX, IUPOKOJIUCTBEH-
HbIX M CMeUIaHHbIX JiecaX. PacmpocTpaHeHUe: B OKPECTHO-
cTsax aysa Bepxuss Te6epza, B BepxoBbsix peku Ky6anu (Apx.,
Yuk.). 0603HaYeH Ha KapTe €.

PekomeHdayuu no coXpaHeHuro: OXpaHa U3BECMHbIX NONy-
asyutl 8 TI'TIB3, ymoyHeHue MecmoHaxoxcoeHull 8 OKpecmHo-
cmsix ayaa Xa6es u no p. boavwas Jlaba, coxpaveHue 06pasyos
U3 MeCmHbIX honyasiyuli ex situ 8 koanekyuu BUP.

5. Crambe steveniana Rupr. - Katpan CteBeHa. PaHr 4.
Penxuil BuA c cokpawjamoiuMcs apeajoM. JHAeMuK [lpen-
kaBKa3bs ¥ KpbiMa. [TuiieBoe. OGUTAET B CTENsX, HA CyXUX
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CTeNMHBbIX CKJIOHaX. PacnpocTpaHeHHe: B OKPECTHOCTSAX
r. Yepkecck u no p. bosibmoi 3enenuyk (Upk., Jxr.). 0603Ha-
4eH Ha KapTe (X).

PexomeHdayuu no coxpaHeHu: NOUCK HOBbIX MECMOHAXO-
scdeHuli Ha meppumopuu KYP MOHUMOpUHZ COCMOSIHUSL U3-
8eCMHbIX NoNyAsYull, COXpaHeHue 06pasyos ex situ 8 Ko/1ek-
yuu BUP.

6. Elytrigia stipifolia (Czern. ex Nevski) Nevski - IIbipeit
KOBBLJIEJIUCTHBINA. PaHr 2. Pegkuil BUJA € cOKpallaroLiAMcs
apeasioM. JHzAeM BocroyHoro IlpuyepHomMopbsa, HuxHen
Bousru u [IpeakaBka3bsa. KopmoBoe. O6uTaeT B cTensx, Ha Cy-
XUX CTEIHBIX CKJIOHAX, 00HaXKeHUSIX MeJla M U3BeCTHsKa. Pac-
npocTpaHeHue: B 6acceiiHe p. [>kamarat, TeGepaa, Kusruy,
Jnbrapkad ([Ixr., Apx., Yuk.). 0603HaueH Ha kapTe A.

PexomeHdayuu no coxpaHeHur: oXpaHa u3eecmHsIx nony-
sayuti 6 TI'TIB3, nouck Hoebix MecmoHaxodcdeHull 8 KYP co-
XpaHeHue 06pa3y08 u3 MeCmHbuIX NONYAsYull ex situ 8 Kos/1ex-
yuu BHUP.

7. Festuca sommieri Litard. - Oscanuia Combe. Paur 5.
Penkuii Bua. JuaeMuk 3anagHoro u LlentpanbHoro KaBkasa.
O6uTaeT Ha CKAJHUCTBIX U LEOGHUCTBIX MECTaX OT BEPXHETO
npejeJsa Jjieca o CyGHUBaIbHOTO Nosica. PacipocTpaHeHue:
yKa3blBaeTcs AJ1s1 Bbicokoropuit bokosoro u [y1aBHoro Kas-
Ka3CcKoro xpe6ToB. Vi3BeCcTHO AiBa JOCTOBEPHBIX MECTOHAXO-
KJEeHUU B BepxoBbsiXx peku TeGepga (Yuk.). O603HaueH Ha
kapte [l

PexomeHdayuu no coxpaHeHur: oXpaHa u3eecmHsIx nony-
sayuti 6 TI'TIB3, nouck Hoebix MecmoHaxodcdeHull 8 KYP co-
XpaHeHue 06pa3y08 u3 MeCmHbulX NONyAsYull ex situ 8 Ko//1ex-
yuu BHUP.

8. Festuca tzvelevii E. B. Alexeev - OBcaHuua liBesnesa.
Paur 5. Pegkuii BuA. Y3K0I0Ka/NIbHBIA 3HeMUK KapayaeBo-
Yepkecuu. [loanexxut perroHasbHOM oxpade. (Takhtajan,
2006; Shilnikov, 2010, 2011). O6uTaeT Ha JyrOBbIX U CKaJIU-
CTBIX CKJIOHAxX B CyOaIbIMHACKOM mosice. PacipocTpaHeHue:
TOJIbKO B BepXHel dacTu 6acceriHa p. Ypyn (Apx.). O603Ha-
4eH Ha KapTe (K.

PexomeHdayuu no coxpaHeHu: NOUCK HOBbIX MECMOHAXO-
scderuli 8 KYB MOHUMOpUH2 COCMOSIHUSI U38ECIMHbBIX NONY/S-
yuti, coxpaHeHue o6pasyoe u3 MeCmHbvlX nonyasayull ex situ
8 Koiekyuu BHUP.

9. Isatis tinctoria L. - Baiiga kpacusibHas. Panr 1. Pen-
kuit By (Galushko, 1980a; Shilnikov, 2010). KopmoBoe, Tex-
HU4deckoe. OGUTaEeT HA OCTENHEHHBIX CKJIOHAX, y Aopor. Pac-
MpoCTpaHeHue: yKa3blBaeTcs AJs Yepkecckoro GJIOpUCTH-
yecKoro paroHa pecny6.ukH (Shilnikov, 2010).

PexomeHdayuu no coxpaHeHuio: ymo4HeHUe MecmoHaxo-
JcdeHuli Ha usyuaemoli meppumopuu.

10. Laurocerasus officinalis M. Roem. - JlaBpOBUILHSA
JlekapcTBeHHad. PaHr 4. Pegkuii Buj. TpeTUYHBIN KcepoTep-
MUYeCKHUU pesUuKT. [IuieBoe, 1eKapcTBEHHOE, TEXHUYECKOE.
O6uTaeT B MIMPOKOJUCTBEHHBIX U CMEIIAHHBIX JlecaX, BbICO-
KOTOPHBIX 3apOoC/IsX KyCTapHUKOB U KpHBoJIechsx. Pacnpo-
CTpaHeHMe: B BepxHeM TeyeHUM pek Tebepga u Bosbiias
JlaGa (Apx., Yuk.). 06o3Ha4eH Ha KapTe §.

PexomeHdayuu no coxpaHeHur: oXxpaHa u3eecmHsIx nony-
aayuti e TI'TIB3, nouck Hoebix MecmoHaxodcdeHull 8 KYP co-
XpaHeHue 06pa3y08 u3 MeCmHbuIX NONYAsYull ex situ 8 Ko//1ex-
yuu BHUP.

11. Linum flavum L. - JleH kentbiii. Panr 3. Haxoaauuii-
csl MO/, yTPO30M MCYEe3HOBEHUSI BU/| Ha 3aMaJiHOM TpaHULe
apeasa (Lysenko L.0., Lysenko A.V,, 2017, p. 951). /lekopaTuBs-
Hoe, TexHH4YecKkoe. OGUTAET B CTEMNsX, HA CYXUX KaMEHUCThIX
CKJIOHAX M OCBINAX, NpeANoYUTaeT KapboHaTHBIe Cy6GCTpa-
Thl. PacipocTpaHeHue: npuypoyeH K cucreMe [lacToUIHOTO
xpe6Ta ([xr.). 0603HaveH Ha kapTe V.

PekomeHOayuu no coxpaHeHuio: NOUCK HOBbIX MeCMOHAX0-
scdeHuli Ha meppumopuu KYP mMoHUMOpuHz cOCMosiHUsl u3-
8eCMHbIX nonyasyull, coxpaHeHue 06pasyo8 u3 MecmHulX no-
nyasyuli ex situ 6 konnekyuu BUP,

12. Mespilus germanica L. - MyuiMyna repMaHcKas.
Panr 1. Pegkuit Buga. IluieBoe, fekopaTUBHOE, TeXHUYe-
CKoe, MeZloHOCHOe. OGUTaeT B JINCTBEHHBIX Jlecax. Pacnpo-
CTpaHeHHUe: yKa3blBaeTcs AJisd ApXbI3CKOro u J»keryTuH-
cKoro GpJIOpUCTHYECKUX PAHOHOB peclyb6IHKHY.

PekomeHOayuu no coxpaHeHur: ymoyHeHue MecmoHaxo-
JcdeHuli Ha usyvaemoli meppumopuu.

13. Pisum elatius Bieb. - Topouiek Bbicokuii. Panr 2. Peg-
kuii BuJ (Galushko, 1980a; Shilnikov, 2010). ITumeBoe, kop-
MoBoe. O6HTaeT B 3apOC/ISaX KyCTAPHUKOB, Ha JIECHBIX I0JISI-
Hax U oNyuLIKax. PacipocTpaneHue: BCTpeyaeTcs B BEPXOBbAX
p. Ky6anb u B okpecTHocTax Yepkeccka (Upk., Yuk.). 0603Ha-
4eH Ha KapTe @).

PekomeHOayuu no coxpaHeHuo: NOUCK HOBbIX MECMOHAXO-
scderuli Ha meppumopuu KYP, coxpaHeHue 06pa3yos us mecm-
HbIX hony/asiyull ex situ 8 koanekyuu BUP.

14. Rhus coriaria L. - Cymax Ay6uibHbId. Panr 4. Peg-
kud Buj. Kceporepmuyeckuil pesukr. Ilumesoe, sekapcT-
BeHHOe, TexHHYeckoe. O6UTaeT B COCHSIKAX, 3apOCJsX KycC-
TapHUKOB, Ha KaMEHHUCTBhIX CKJOHax. PacmpocTpaHeHHe:
B OKpecTHOCTAX TI. Tebepaa U B fonuHe p. Jpxkamarat (Yuk.).
OGo3HaveH Ha KapTe A.

PekomeHOayuu no coXpaHeHur: OXpaHa U38eCMHbIX nony-
aayuti e TI'TIB3, nouck Hosbix MecmoHaxodxcdeHuli ¢ KYB co-
XpaHeHue 06pasyoe u3 MecmHbulx nonyAssyutl ex situ 8 Ko/1ex-
yuu BHUP.

15. Secale kuprijanovii Grossh. - Poxp KynpusHosa.
Panr 3. Haxoaswmuiicsa noz, yrpo3oi HCue3HOBEHUS BUJ. JH-
neMuk bosbioro KaBkaza. [lumeBoe, kopMmoBoe. O6UTaeT
Ha cy6aJbIUICKUX JIyrax 10 BepXHeH IrpaHHuIle Jieca, IeCHbIX
noJIIHAaX, CKJIOHAax M ocblnAX. PacmpocTpaHeHue: B Bepxo-
BbsIX pek Bosibmas Jla6a, Ypyn, Bosbioit 3esneHuyk (Apx.).
O6o3na4eH Ha kapTe ]

PekomeHOayuu no coXpaHeHuro: OXpaHa U38eCmMHbIX nony-
aayuti 8 TI'TIB3 u KI'TIB3, nouck HOBbIX MeCmOHAXoXcOeHUll
8 KYB, coxpaHeHue 06pa3yos uz MecmHbulx nonyasiyull ex situ
8 kos1ekyuu BUP.

16. Sorbus graeca (Spach) Lodd. ex Schaukr. - Ps6unHa
rpeveckas. Panr 4. Haxoasuuiics nos yrpo3oi ucyesHoBe-
HUA BUA. [IneBoe, JeKopaTUBHOe, MeJoHOCHOe. O6uTaeT
Ha U3BECTHSIKOBBIX CKaJaX. PacnpocTpaHeHue: NpuypodyeH
K cucteMe [lactoumHoro xpe6rta (J»xr.). O6o3HayeH Ha
kapre (.

PekomeHOayuu no coxpaHeHuio: NOUCK HOBbIX MeECMOHAX0-
scderuli 8 KYP, MOHUMOpPUHE COCMOSIHUSI U38ECMHbBIX NONY/S-
yuti, coxpaHeHue o6paszyo8 U3 MeCcmHbuiXx nonyasayutl ex situ
8 kos1ekyuu BUP.

17. Thymus pulchellus C. A. Mey. - TUMBSIH KpacUBeHb-
Kui. PaHr 5. Pegxuii, cokpalarIUicsa B YUCIEHHOCTH BU/.
JHgemuk IlpenkaBkasbs. O6GUTAaeT B pa3peXeHHBIX PacTH-
TEeJIbHbIX TPYNINHUPOBKAX Ha CYXHUX CTEMHbIX KaMEHUCTBIX
Y CKQJIUCTBIX CKJOHaX. [IpuypodyeH K BbixoAaM runca. Pac-
npocTtpaHeHue: Ha CkasucToM XpeGTe U ero ceBepHbIX OTPO-
rax ([xr.). 0603Ha4eH Ha KapTe (@)

PekomeHOayuu no coxpaHeHuio: NOUCK HOBbIX MeECMOHAX0-
scderuli 8 KYP, MOHUMOpUHE COCMOSIHUSI U38ECMHbBIX NONY/S-
yuti, coxpaHeHue 06paszyo8 u3 MeCcmHbiXx nonyasayutl ex situ
8 kos1ekyuu BUP.

18. Trifolium apertum Bobrov - KjeBep OTKpBITHIH.
Paur 1. Peakuil BUA Ha BOCTOYHOU rpaHule apeasa (Ga-
lushko, 1980a; Dzyubenko N.I., Dzyubenko E.A., 2008b).
KopMoBoe, MefjoHOCHOe. OGUTaET B CTENAX, HA CYXUX CKJIO-
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HaX, COJIOHLIeBATbIX MeCTaX, raJjliedHHuKax. PacnpOCTpaHe-
HUe: yKasbiBaeTca Ajsd Yepkecckoro U J»keryTHHCKOTO
¢dopuctuyeckux paroHon (Galushko, 1980a).

PekomeHdayuu no coxpaHeHuio: ymo4HeHue MecmoHaxo-
JcdeHuli Ha usyvaemoli meppumopuu.

19. Trifolium fontanum Bobrov - KieBep KJHO4YeBOH.
Paur 2. Penkuii Buj. JHaemuk KaBkasa (Dzyubenko N.I.,
Dzyubenko E.A., 2008a; Shilnikov, 2010). KopmoBoe, MejoHO-
cHoe. OGUTaeT Ha ChIPBIX JIyTax, o 6eperamM, y gopor. [Ipuy-
pOUYeH K BepXHeMy U cpeJjHeMy mnosicaM rop. Pacnpoctpane-
Hue: no pekaMm Te6epga u YukysnaH (Yuk.). O603HaueH Ha
kapre (©).

PekomeHdayuu no coxpaHeHu0: NOUCK HOBbIX MECMOHAX0-
sicdeHuli ¢ KYP MoHumopuHa cocmosiHust u36eCmHbuIX nony/s-
yuti, coxpaHeHue o6pasyoe u3 MeCmHbvlX nonyasayutll ex situ
8 Koss1iekyuu BUP.

20. Vavilovia formosa (Stev.) Fed. - BaBusioBuss kpacu-
Bas. Panr 3. Haxoasawuiica noj yrpo3oil HCUe3HOBEHUS BU/
Ha 3amaJHOM rpaHMle apeasia. Bo3aM0OXHO, MCYe3HYBLIHM.
JHzeM bosbmoro Kaskasa u llepegneit Asun. Kopmosoe.
O6uTaeT Ha MEJIKOLEGHUCTBIX OCBINSX U MOPEHAaX B aJIbIUM-
CKOM U CyOHUBAJIbLHOM Nosicax. PacnpocTpaHeHUe: H3BeCTeH
C 3anaZiHBIX OTPOroB Jab6pyca. [lociesHre c60pBI JAaTUPY-
1oTcst 1960 rogom (WIR) (Yuk.). 0603Ha4eH Ha KapTe .

PekomeHdayuu no coxpaHeHur: nouck u3sanosedosaHue
COB8PEeMEHHbIX MeCMOHaXoxcdeHull 8uda, coXpaHeHue o6pas-
Y08 U3 MecmHbIX honyasayuli ex situ 6 koasekyuu BUP.

21. Vicia villosa Roth - T'opoiek moxHaTbIi. Paur 1. Kop-
MoBoe. Eme copok JsieT Hazaz cuutascs peakum (Galushko,
1980a). B coBpeMeHHBIX KOHCIEKTaxX (Jopbl NPHUBOAUTCS
6e3 ykasaHus KaTeropuu peakocTtu (Zernov, Onipchenko,
2011) unu orcytcryeT (Shilnikov, 2010). O6uTaeT Ha Tpa-
BAHBIX CKJIOHAX, B 3apOCJsAX KyCTapHUKOB. PacmpocTpaHe-
HUe: B CTENHbIX paloHax Ha ceBepe pecnyoynku (xr.). 060-
3HayeH Ha kapre [X].

PekomeHdayuu no coxpaHeHu0: NOUCK HOBbIX MECMOHAX0-
sicdeHuli ¢ KYP MoHumopuHa cocmosiHust u36eCmHbuIX nony/s-
yuti, coxpaHeHue o6pasyoe u3 MeCmHbvlX nonyasayutl ex situ
8 kos1iekyuu BUPR

22. Vitis sylvestris C. C. Gmel. - Bunorpaz siecHo#. PaHr 2.
Haxopsamuiicsa nos yrpo3oi ucuesHoBeHus Buz, [luiesoe, fe-
KopaTuBHoe. O6GUTaeT B OMMEHHBIX Jiecax M Ha OMyIIKaX.
PacnpocTpaHeHue: no HWKHeMy TedeHUIO peku Masblil 3e-
JeHuyk (Upk.). OGo3HaueH Ha kapTe ).

PekomeHdayuu no coxpaHeHu0: NOUCK HOBbIX MECMOHAX0-
sicdeHuli 8 KYP MoHumopuHe cocmosiHusl u3eecmHoll nony/s-
Yuu, CoxpaHeHue o6pasyoe u3 MeCmHbublX nonyasyutll ex situ
8 koss1iekyuu BUPR

Brienepeuurciennnlie Buzabl IPKP nogsiexart nepBooye-
peaHoi oxpaHe Ha TeppuTopum KapayaeBo-UYepkecuu.

CoxpaHeHHe TeHETUYECKHUX PeCypCoB pacTeHUH J0JKHO
OCYLIECTBJSATLCS B COBOKYINHOCTH JABYyMs NyTAMH (ex situ
U in situ). B cocTaBe NPUPOAHBIX PACTUTEIBHBIX COOGIECTB
HanboJsiee 11e/1€C006pPA3HBIM SIBJSETCS COXpaHEHUEe BHUJOB
B IIpe/ieiax ye CO3/JaHHbIX 0060 0XpaHsAeMbIX IPUPOAHBIX
Tepputopuii (Smekalova etal, 2011). BKYP cymectByer
cetb OOIIT, cpeay KOTOPBIX NEpBOE MECTO 3aHUMAIOT 3aro-
BeJHHUKHU.

[lnomans KaBkasckoro sanoBefHMKa Ha TePPUTOPHUHU
KYP - okosio 12,5 ThIC. ra, yTo cocraBiaseT 4,5% maoiaau
BCero 3al0BeJiHUKA. DTO BbICOKOIOPbsl HAa KpalHeM I0ro-3a-
najie pecny6J/IMKHY, Ha rpaHuLe ¢ KpacHogapckuM kpaeMm (cM.
puc. 2).

OCHOBHBIE MEpONpPUATHUA N0 U3YYEHUIO U COXPAHEHHUIO
¢dsopel KapawaeBo-Uepkecuu npoBoasaTcs B TeGepAMHCKOM
3aMoBeJHHUKE, PACcloI0KEHHOM Ha CEBEPHOM MaKpPOCKJIOHE

naBHoro KaBkasckoro xpe6Ta U ero oTporoB. 3alOBeJHUK
3aHMMaeT oAb 83,2 ThIC. ra U COCTOUT U3 JIBYX Y4aCTKOB
(cMm. puc. 2): Te6epanHCKOTo (B BEpX0OBbsX peku Tebepra v ee
MPUTOKOB) U ApXbI3CKOTO (B fosimHe peku Kusruu). Cpegu
TUIIOB PACTUTEJNbHOCTH 3/eCh TOCHOACTBYIOT Jieca (36%
MJIOIIA/AM), OOLIMpPHbIE IJIOLAAX 3aHUMAIOT Jiyra (28%), aa-
Jiee CJeAyIOT CKaJibl, pOCChIU U ocbinu (26%), okosio 10%
TEPPUTOPUM 3aHATO JeAHUMKaMH (Onipchenko etal, 2011).
®iopa TeGepAnHCKOTr0 3an10BeJHUKA HacYUThIBaeT 1210 BU-
JI0B COCYAMCTBIX paCTEHUH, U3 KOTOPbIX 228 BU/I0B OTHOCAT-
¢ K JUKHUM pOJiMYaM KyJbTypHBIX pacTeHUl. Ha pucyHke 2
HarJIHO NpeJCTaB/JeHo, YTO JIMIIb HeGo/IblIast YacTb BU-
foB JIPKP, npuopUTeTHBIX K COXpaHEHMIO, BCTpPeYaeTcs Ha
TEePPUTOPUHU 3aNI0BEJHUKOB. B TebepANHCKOM 3amoBeJHUKE
coxpaHsITcs ceMb BUJOB (Allium ursinum, Corylus colurna,
Elytrigia stipifolia, Festuca sommieri, Laurocerasus officinalis,
Rhus coriaria, Secale kuprijanovii), oauH Bupn (Secale
kuprijanovii) coxpansieTci B KaBka3ckoM 3amoBeJHUKE.
Buapl, mpouspacTamwliiye B CeBepHOU CTENHON 4acTH pecnyo-
JuKH, He oxBadeHbl ceThio OOIIT u TpeGyOT peryssipHoro
MOHHUTOPHHTIA U I0NOJHUTEIbHBIX MEP OXPaHBbI.

3akJ/iloueHue

[IpoBeseHHBIE MCCIeA0BaHUA NTOKa3aly, YTO HA TEPpU-
Topuu KapadaeBo-Uepkecckoil Pecny6imku mpouspactaeT
516 BugoB JJPKP u3 134 pogoB 36 ceMeNCTB, Cpeilv KOTOPBIX
449 BuioB u3 107 pogoB 33 ceMeNCTB ABJSAOTCA aOOpUTeH-
HbIMH. HauboJsee 6oraT o BugoBomy coctaBy JPKP Jxery-
THUHCKUM JIOPUCTUYECKUH paloH: 3[echb Npou3pacTaeT
391 Bua. Ilo Tumy X03AWCTBEHHOIO MKCIOJIb30BaHUA IIpe-
o6JiafaoT BUbI KopMoBoro (158) u numesoro (136) HasHa-
yeHus. Ha TeppuTOprU 3an10BeJHUKOB COXPAHAIOTCA 228 BU-
noB JIPKP, yTo coctaBasieT okoJio 44% OT UX 00Iero KoJiu-
YyecTBa.

ITo cymme kpuTtepueB BbifesneHbl BUabl JPKP, 3acayxu-
Balollle NPUOPUTETHOr0 COXPaHEHUs Ha TEPPUTOPHUHU pec-
ny6ynku. 0co60ro BHUMaHUA 3aCJAYKUBAOT 15 BUJI0B, KOTO-
pble He BCTPEYalTCs Ha 3aloBeAHBIX TeppuTopusax. Eme
ceMb BH/IOB COXPAHSIIOTCS B 3alI0BeIHUKAX.

Jis 3ddeKTHBHOr0 COXpaHEHHs peKOMEeH/[yeMbIX BU/I0B
HeOoOXO0AUMBI KOHTPOJIb 32 COCTOSIHUEM U3BECTHBIX MOMYJIs-
LIUH, TOUCK HOBBIX MECTOHAX0XJEHUHN U paljMOHa/lIbHOE CO-
YyeTaHHe MeTO/0B COXpaHeHus in situ U ex situ.

Paboma evinosxeHa no memamuyeckomy naaHy BHUP no
npoekmy Ne 0662-2019-0005 «Packpbimue nomeHyuaaa
u paspabomka cmpamezuu payuoHA/AbHO20 UCNO/1b308AHUS
2eHemMu4ecko20 pasHoo6pasust pecypcos KOpMoablx Ky/Abmyp-
HbIX pacmeHull u ux dukux poduyetl, COXpAHIEMO020 8 CeMeH-
HbIX U 2epbapHblx kKoanekyusix BUP» ¢ ucnoss3osaruem ¢oH-
dos 'epbapust Ky1bmypHbIX pacmeHuli Mupd, ux Jukux poou-
uell u copHbix pacmenuti (WIR) u I'ep6apus svicwux pacme-
Hutl BomaHnuveckozo uHcmumyma um. B.JI. Komaposa (LE).

The research was performed within the framework of the
State Task according to the theme plan of VIR, Project No. 0662-
2019-0005 “Disclosing the potential and developing a sustain-
able utilization strategy for the genetic diversity of forage crops
and their wild relatives preserved in the seed and herbarium
collections at VIR’, using VIR’s Herbarium of the World’s Culti-
vated Plants, Their Wild Relatives, and Weeds (WIR), and the
Herbarium of Higher Plants held by the Komarov Botanical In-
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The effect of temperature regimes
on laboratory germination rates
and germination energy of Astragalus L.

T. V. KORNIEVSKAYA

Altai State University,
61 Lenina Ave., Barnaul 656049, Russia
B galtsovatw@yandex.ru

AkTyanbHOCTb. TeMnepaTypHbIA PeXUM OKasblBaeT Cy-
IleCTBEHHOe BO3JeHCTBUE HAa (pepMeHTATHBHYH aKTHUB-
HOCTb ceMfAH. OnTHMaJIbHble TeMIepaTypbl 3alyCKaloT
$H3HUKO-XUMHUYECKHE PeaKLU1 CEMEHHU U HHUIIMUDYIOT ero
npopacTtaHue. ONTUMYM TeMIEPATYP 3aBUCUT OT 3KOJIOT0-
reorpapuyecKux YyCJOBUH INPOUCXOXKJEHUS TaKCOHA
M yCTAHABJIMBAETCH ONBITHBIM Y TEM.

Martepuanbl M MeTOAbL. O6beKTaMU HCCJEeOBAaHUSA MO-
CJIYKUJIM CeEMeHa TpeX BUJI0B poaa Astragalus L. (A. cicer L.,
A. onobrychis L., A. sulcatus L.), cobpaHHBbIe C MOJIOABIX TE€HE-
pPaTUBHBIX PacTeHUH, UHTPOAYLMPYEMBIX B CyXOCTENHOH
3oHe KynyHngpbl. C ucnosb3oBaHueM ABYXPAKTOPHOTO AHC-
NEePCUOHHOI0 aHaJIM3a U3yYeHO BJIHSHUE TeMIIepaTyPHBIX
pexxumoB (+4..+8°C, +10..420°C, +20...+32°C) u BUJ0BOH
NPUHAAJIEKHOCTH acTparajoB Ha JIaboOpaTOPHYIO BCXO-
KEeCTb W 3HEPTUI0 NpopacTaHus ceMsaH. OneHka Jsabopa-
TOPHOHM BCXOXKECTHU CeMsH NpPOBeJeHA 110 MeTOJUYEeCKUM
pexoMeHganuaM M. M. HumypaToBoii u K. I. TkayeHKko.
Pe3yabTaThl. [JUCIIEpCHOHHBIN aHA/JIU3 NMOKa3aJ CYLeCT-
BEHHOe BJIMSIHMe TeMmepaTypHoro pexuma (51-54%)
u BugocnenududHocTH (23-24%) Ha BCXOXKECTb U IHEpP-
rUI0 NpopacTaHus ceMsH acTparasoB. CemeHa A. onobry-
chis mpopacTalT B IIMPOKOM CIEKTpPE IMOJIOKUTEJbHBIX
TeMnepatyp (ot +4..+8°C no +20...+32°C). [Ipu ucnosb3o-
BaHUHU TeMIepaTypHoro pexuma +10...+20°C sa6oparop-
Hasl BCX0XeCTb ceMsiH A. onobrychis v A. sulcatus cocTaBuJjia
100%. OnTuMyM TeMHepaTyp, ONpejessIOIIUX MaKCH-
MaJIbHY0 J1abopaTOPHYI0 BCXOXKeCThb ceMsH A. cicer, Haxo-
nutca B auanasoHe +20...+32°C. Huskue noJsioXkuTeabHbIe
TeMnepaTypsl (+4..+8°C) He apdeKTUBHBI /15 IpopacTa-
HUsA ceMAH A. cicer.

3akJo4yeHMe. [lofo6paHbl ONTHMaJbHbIE TeMIEPaTyp-
Hble pEeXHMbl JJfl NpOpaliMBaHUS CeMsSH acTparaJos:
+10...4+20°C gns A. onobrychis, A. sulcatus v +20...+32°C gas
A. cicer.

KniwueBsble cioBa: Astragalus, TeMnepaTypHble JHanaso-
HbI, IOCEBHbIE Ka4eCTBa CEMSIH.

Background. The temperature regime has a significant ef-
fect on the enzymatic activity of seeds. Optimum tempera-
tures trigger physical and chemical reactions in the seed
and initiate its germination. The optimum temperature de-
pends on the environmental and geographical conditions in
the area of ataxon’s origin and is determined experimen-
tally.

Materials and methods. The target material of the study
were seeds of three Astragalus L. species (4. cicer L., A. ono-
brychis L., and A. sulcatus L.) collected from young genera-
tive plants introduced in the dry-steppe zone of Kulunda.
The effect of temperature conditions (+4...+8°C, +10...+20°C,
+20...+32°C) and species-specific attribution of Astragalus
plants on laboratory seed germination percentage and en-
ergy was studied using the two-factor analysis of variance.
The assessment of laboratory seed germination was carried
out according to the guidelines by M. M. Ishmuratova and
K. G. Tkachenko.

Results. The analysis of variance showed a significant ef-
fect of the temperature regime (51-54%) and species speci-
ficity (23-24%) on the germination percentage rate and
germination energy of Astragalus seeds. The seeds of A. ono-
brychis germinated under a wide range of positive tempera-
tures (from +4..+8°C to +20..+32°C). The temperature
range of +10...+20°C was optimal for A. onobrychis and A. sul-
catus, with 100% germination. The optimum temperature
that determined the maximum laboratory germination of
A. cicer seeds was in the range of +20...+32°C. Low positive
temperatures (+4...+8°C) were not effective for germination
of A. cicer seeds.

Conclusion. The optimum temperature conditions for ger-
mination of Astragalus seeds were identified: +10...+20°C for
A. onobrychis and A. sulcatus, and +20...+32°C for A. cicer.

Key words: Astragalus, temperature ranges, sowing quali-
ties of seeds.

BBegenue

O/iHUM U3 Han6oJiee BRXKHbBIX YCJIOBUM J1Jisl TPOpaCTaHHUs
ceMsiH SIBJISIeTCSl TeMIlepaTypa MpopaliiBaHus, YCUINBaK-
masi GepMeHTaTUBHYI0 aKTHUBHOCTb CEMEHHM U HHUIUUPYIO-
mias npormecc npopactanus ceMsH (Ovcharov, 1976; Simlat
etal, 2016). [Ipopactanue ceMsIH pa3JIMYHbIX BU/IOB NPOKC-
XOJUT MPHU pa3HbIX TEMIEPATYPHBIX pexxuMax. CylecTByeT
TPU Pa3HOBHU/HOCTH TEMIIEPATYP, OKa3bIBAOUIMX BJIUSHUE
Ha Mpolecc MPopacTaHus CeMsIH: MUHUMaJsIbHas (6a3oBas),

MaKCHMaJslbHasi W ONTHMaJsbHas. MUHUMaJbHasi W MaKCH-
MaJIbHasi TeMIlepaTypbl SBJSIOTCA NMpeJeJbHBIMU [ pa-
CTEHUH: MPU UX MOHIKEHHWU W TOBBIIIEHUM NpPOpACTaHHe
CeMsIH CTaHOBHUTCS HeBO3MOXHBIM. [IpesiesibHbIE TeMIlepa-
TYpPBI CBSI3aHBI C PA3JIMYHBIM OITHMYyMOM aKTUBHOCTH ¢ep-
MEHTOB U QpU3UKO-XUMHYECKUMH OCOGEHHOCTSIMU OesIKOB
B CeMeHaX Pas3HbIX BUJOB U cOpTOB pacteHu# (Watt, Blum-
berg, 2012). YpoBeHb aKTHBHOCTH GEPMEHTOB CEMEHH CBs-
3aH C 3KOJIOTMYECKHUMHU YCI0BUSIMU 06WTaHus Buja (Ovcha-
rov, 1976). OnTrMasibHasi TeMIepaTypa — 3TO TeMIlepaTyp-

TPY/IbI 110 IPUKJIAJITHONM BOTAHUKE, TEHETHUKE Y CEJIEKLIMH 182 (2), 2021



T. V. KORNIEVSKAYA e 182(2),2021

HBIH iManasoH, IPU KOTOPOM CKOPOCTb IPOPACTaHUs CEMSTH
ABJIAETCA CaMOH BBICOKOHW. ONTHMasbHble TeMIepaTypbl
NpPOpPALIMBAHUSA CEMSH YCTAaHABJIMBAIOTCS ONBITHBIM NMyTEM
C y4eTOM 3KO0JIOr0-reorpadpuuecKkoro pacnpocTpaHeHHUsl BHU-
noB (Baskin C.C., Baskin J.M., 1998). TemnepaTypHbIH ONTH-
MyM NpopacTaHus ceMsiH BU/I0B Fabaceae jieXxuT B npejiesiax
ot +5 no +20°C (Miiller et al,, 2019). CemeHa AUKOPACTYIIUX
606OBBIX TPOIMUYECKUX U CYyOTPONMUYECKUX 06Js1acTei o6Jia-
JIAl0T BBICOKOM BCXOXKECTbIO NPH TeMIlepaTypax oT +16 jo
+36°C (McDonald, 2002). Ha mpopacTanue ceMsiH U pocT 3a-
poApIlla HEKOTOPBIX BU/IOB MOJIOKUTEJNBHO BJIUSAIOT HE I0-
CTOSIHHBIE, a NepeMeHHble TeMnepaTyphl (Kaye, 1999; Ba-
leyev, Bukharov, 2013).

Bupnbl cemeiicTBa Fabaceae Lindl. 6osiee 4yBCcTBUTEIBHBI
K BBICOKMM TeMIlepaTypaM B oTiHude oT Poaceae Barnh.
v Brassicaceae Burnett. YacTo BbICOKHe JIeTHHE TeMIlepaTy-
PBI 1 3acyxa He M03BOJIAIOT 6060BbIM IPOPACTATh B [10JIEBBIX
ycaoBusx (Tribouillois etal, 2016). [lna mox6opa onTH-
MaJIbHBIX CPOKOB CeBa acTparaJioB Heo6X0 UMbl INTy60KHe
3HAHUA O MeXaHU3Max NPOpPACTaHUA CeMSAH H3ydyaeMbIX
BU/IOB IIPU PA3HBIX TEMIEPATYPHBIX pexxuMax. B HacTos-
Iee BpeMs CYLIECTBYIOT JIMIIb OOGpPBIBOYHBbIE CBEJEHHS
0 BJIUSIHUM TeMIepaTypHbIX PEXXHUMOB Ha BCXOXECTb ce-
MsIH HEKOTOPBIX acTparasoB. Tak, HanpuMep, TeMIepary-
pa +5°C pe3ko CHMXKaeT BCXOXKeCTb ceMsH Astragalus aus-
tralis (L.) Lam., a +15...425°C 3Ha4uTe/NbHO yJaydllaeT UX
BcxoxecTh (Kaye, 1999). OnTuManbHOU 151 popaujuBa-
Hus ceMsiH A. membranaceus (Fisch.) Bunge siBisieTcs TeM-
neparypa +10°C (Zhou etal.,, 2012). Y ogHo/NIeTHEr0 BUAA
A. arpilobus Kar. & Kir. ceMeHa ycnemHso npopacTaiT B K-
pOKOM Arana3oHe TeMnepartyp ot +2...+5°C go +25...+30°C,
B TO BpeMs Kak y Apyroro BuJa, A. tennessensis A. Gray ex
Chapm., MakcHuMaJIbHasl BCX0’KECTb CEMSIH MOXET 6bITh 110-
nydena npu +25°C (Baskin C.C., Quarterman, 1969; Long
etal., 2012). [Jeavto Hacmosiwezo uccaedos8aHusi CTaJIo U3y-
YeHHe BJIUSHUSA PA3HBIX TEMIIEPATYPHbBIX PEKUMOB Ha Ja-
60paTOPHYI0 BCXOXKECTh TPeX BUJOB acTparasos, HUHTPO-
AYLHUPYyEMBIX BYCJOBUAX CyXod crenu (MuxaWJ0BCKUN
paiion, AnTaiickuii kpai).

Ma’repnamﬂ U MEeTOoAbI

CemeHa Tpex BU10B pojia Astragalus L. - A. cicer L. (acTpa-
rajq HyTOBbIH), A.onobrychisL. (actparan 3cmnapLeTHBIN)
U A. sulcatus L. (actparan 60po3gyaThiii) — cOOpaHbl C UH-
TPOJYKIIMOHHOTO y4acTKa B OKPECTHOCTX C. [TonyamMku Mu-
XaHJIOBCKOTO paiioHa Antalickoro kpasi B 2014 r. ¢ pacTeHU#
MOJIOZIOT'0 TeHePaTHBHOI0 BO3PAaCTHOTr0 cOCTOsAHUSA (puc. 1).

a) b)

0,2 mm
—

o ®g

Y A. cicer ceMeHa cpegHero pa3mepa, 2-2,5 MM JAJIMHOM.
[TosoXkeHHe B MPOCTPaHCTBE OTHOCUTEJNBHO OCH U30THYTOE.
CeMst IOYKOBUAHON GPOPMBI, XKeJITOTO I[BeTa, UMeeT QYHHUKY-
JIIOC (CEeMSIHOXKKY), KOTOPBIH ¥ 60/IbIIMHCTBA CEMSIH GBICTPO
omazaeT. Ha MecTe ceMSIHOXKKH OCTaeTcsl BAABJIEHHBIN ce-
MEeHHOH py64YHMK oKpyriol ¢popMbl. [IoBEpXHOCTb CEMEHU TO-
Jlasi, pOBHasl, IMIajKas, 6GJiecTsALias, JHUIIeHHass NPUJATKOB
Y BBIPOCTOB.

CemeHa A. sulcatus cpepHero pa3Mmepa, UMeWT JJHHY
1,5 MM, mupuny - 1 MMm. PyHUKyNI0C ONafaeT NpU CO3peBa-
HHUM CeMsIH U pacTpecKMBaHUM 6060B. CeMeHHOH pPyGUYMK
B/laBJIEHHBIH, OKpYyT/IoH ¢opMel. CeMsi OKPYT/ION MOYKOBUJ-
HOM popMbI, MHOTZA YILJIOLEHHOE C 6OKOB, JIMILEHO NPUJAT-
koB. [losoxkeHHe ceMeHM B MPOCTPAHCTBE OTHOCUTEJIBHO
rJIaBHOM ocu u3orHyToe. OKpacka ceMeHH OT KOPUYHEBOM 10
O6ypOo-KOpHYHEBOH, HepaBHOMepHO mNATHUCTasA. [loBepx-
HOCTb CEMEHH roJias, IMajKas, 6sectamas. CeMeHa pacnpo-
CTPaHSIOTCS BOKPYI MaTEPUHCKOTO pPAacTEHUs aBTOXOPHO,
BBICBHINASACh U3 CO3PEBLIUX JIByCTBOPYATHIX GOOOB.

Y A. onobrychis cemeHa cpeaHero pa3Mepa, AJUHOU
2-3,5 MM, mwprHo# 1-1,5 MM. PyHUKYIIIOC He cOXpaHsieTCs
npu ceMeHax. CeMeHHOW PyOUYMK BJaBJIEHHBIH, OKpYI/ION
¢dopmel. CeMeHa MMEIOT pasJdyHyl0 GopMy: NPaBUJIbHYIO
OKpYIJIyI0, MOYKOBUAHYI JIM60 HeNpaBU/IbHYIO MHOTO-
yroabpHyo. CeMeHa, 3a4acTyIo yIUIOLleHHbIe ¢ GOKOB, JIKIIe-
HBbI IPUJATKOB, OTHOCUTEJIbHO [VIaBHOM OCH B ITPOCTPAHCTBE
MMeIT U30THyTOoe NoJsiokeHHe. OKpacka ceMeHH BapbUpyeT
OT CBET/IO-KOPUYHEBOM, NATHUCTOMN 0 TEMHO-KOPUYHEBOH,
MOYTH YyepHOH. [IoBepXHOCTb ceMeHH roJiasi, I1aAkas, GJe-
craumasa. CeMeHa pacIpOCTPaHSIOTCA NPH MOMOLIM CYyXUX
JIMacIop, MOCKOJIbKY 60661 A. onobrychis He cIOCOGHBI caMo-
CTOSITEIbHO BCKPbIBATbCS.

CeMeHa acTparaJjoB NMpopaliUBaJHUCh C UCI0Jb30Ba-
HHUEM KJMMaTUYEeCKUX KaMep, KOTOpble MOAJepKUBaATU
nepeMeHHble TeMIepaTypHble JAuanasoHbl: +4..+8°C,
+10...+20°C, +20...+32°C. CeMeHa, npeBapUTeJbHO CKapU-
buIMpoBaHHbIE KOHLIEHTPUPOBAHHOMN CEPHON KUCJIOTOH,
npopamuBasuch Ha cBeTy. OleHKa 3HEpPruu npopacTa-
HUS acTparaJjoB NPOBOJUJIACh HA YeTBepThle CyTKHU. Jla-
60paTopHas BCXOXeCThb OlleHMBaJaCh Ha CeibMble CYTKHU
CO JHs HayaJja IpopacTaHUs CeMsIH. YCJI0BUSA Mpopalu-
BaHUs, CPOKHU OoNpeJiesIeHUsI IHEPTUHU NPOpacTaHUs U Ja-
60paTOPHOM BCXOXECTH CEMSIH acTparasjoB co6/I0JaIUCh
Ha OCHOBe MeTOAuYeCKUX pekoMeHaanui (Ishmuratova,
Tkachenko, 2009). [l.1s1 BbISIBJIEHU ST HAUMEHbILEH CYILECT-
BeHHOH pasHuubl (HCP ) cpennux apudmeTnyecknx
3HaueHUH dpakTopa (TeMnepaTypsrl) NIpoBeAeH JUCIEPCH-
OHHBIY aHAJIU3.

0,2 mm 0,2 mm

Puc. 1. ®oTo cemsH: (a) - A. cicer L., (b) - A. onobrychis L., (c) - A. sulcatus L. (boTo aBTOpa)

Fig. 1. Seed images of (a) - A. cicer L., (b) - A. onobrychis L., (c) - A. sulcatus L. (photo by the author)
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OGcyxkaeHUe pe3y/IbTaTOB

W3y4yeHo BJMSIHME TpexX TeMIepaTypHbIX (GOHOB
(+4..+8°C; +10...+20°C; +20...+32°C) Ha BCX0XXE€CTb U 3HEp-
TUI0 IpOpacTaHMs CEMSH acTparasos.

JlucriepCcMOHHBIM aHA/IN3 MOKa3aJl CyLeCTBEHHOe OTJIH-
4yre JJabopaTOPHOU BCXOXKECTH U SHEPTUH NMPOpaACTaHHUS ce-
MsiH A. onobrychis ot TakoBoH y A. cicer v A. sulcatus npy TeM-
neparype oT +4 0 8°C, B To BpeMs KaK JJOCTOBEPHOI'0 OTJ/IU-
yus Mexay A. cicer v A. sulcatus He BbisiBsieHO. [Ipu Temnepa-
Type oT +4 o +8°C ys1abopaTopHas BCXoxecTb A. onobrychis
coctaBusia 88%, a aHeprus npopacranus - 73% (a6 1).

JnamnasoH Temnepatyp oT+4 n0 8°C He adpdeKkTHBeEH /1
npopactanus ceMsiH A. cicer u A. sulcatus: na6opaTopHas
BCcx0oxKecTh A. cicer coctaBuna 2%, ay A. sulcatus — 10%. Hus-
KHe TO0JIOKUTeNbHble TEMIEPATypPhl 3alePXKUBAIOT Npopa-
cTaHue ceMsiH A. cicer u A. sulcatus, ceMeHa OCTalOTCS HEHa-
OYXIIMMHU Ha MPOTSKEHUHU 15 CyTOK.

[Ipu Temnepartype oT +10 0 +20°C 1abopaTopHas BCX0-
»KeCTb U 3Heprus npopactanus A. onobrychis u A. sulcatus
JIOCTOBEPHO OT/IM4YatTcs Ha ypoBHe p = 0,05 ot A. cicer. Cy-
LIeCTBEHHOW pasHUllbl MeXAay A.onobrychis u A. sulcatus
He BbISIBJIEHO.

JHeprus npopactaHud A. cicer CyleCTBEHHO OTJIMYAETCA
OT JBYX JIpyTUX BUJ0B, MEXAY KOTOPbIMH JJOCTOBEPHBIX OT-
JIMYMH TI0 3TOMY NIOKa3aTesll0 He 06Hapy>KeHO.

[Ipu noBbIlIeHUH TeMnepaTypsl Ao +10...+20°C 1abopa-
TOpHadA BCXOXECTb YJIydlllaeTCd y TpeX BHUAO0B acTparaiosB.
CeMeHa npopacTarwT Ha 3-5 cyTku. TeMnepaTypHbIi UHTED-
Bas1 oT +10 70 +20°C siB/1IeTCSA ONTUMABHBIM AJ151 A. onobry-
chis u A. sulcatus, Bcx0oxecTb IpU KOTOpoM coctaBuia 100%,
ayA. cicer - 66% (Ta6J. 2).

JloCTOBEPHBIX OTJIMYUH B J1aGOPATOPHOM BCXOXKECTH
MeXAy BUAaMu npu TeMnepartype +20...+32°C He oGHapyxe-
HO.

JHeprus npopactaHusa ceMsH A. cicer CylleCTBEHHO OT-
JIM4YaJach OT JPYrUX BHJOB acTparajioB, MeXAy KOTOPbIMU
CyIeCTBEHHOH pa3HUIbI B 3HEPTUU NPOPACTaHUs He BbISB-
JIeHO.

Juanason Temnepatyp oT +20 jgo +32°C adpdexTuBeH
JiJ1s1 IpopacTaHus ceMsiH A. cicer, 1abopaTopHasi BCX0XKeCThb
koToporo coctaBuia 83%. [Ipu +20...+32°C 66% ceMsiH A. ci-
cer IPOPOCJIO HA TPEThHU CYTKU. Y A. onobrychis u A. sulcatus
C MOBBILIEHHEM TeMIlepaTypsl A0 +20...+32°C mabopaTopHas
BCXOXXECTh CeMsH He3HayMTeJbHO CHIDKasach: Jo 91%
y A. onobrychis u 10 93% y A. sulcatus (Ta6.1. 3).

Ta6smmna 1. Baussaue Temnepatypsl +4...+8°C Ha BCX0XKeCTb M JHEPTUI0 IpopacTaHus acTparaios (Astragalus L.)

Table 1. The effect of the temperatures +4...+8°C on seed germination percentage and energy of Astragalus spp.

BcxoxecTb, % JHeprus npopacrtanus, %
Bubl NMOBTOPHOCTH NMOBTOPHOCTH
I II 111 IV Cp. 3Ha4. I II 11 10" Cp. 3Hay4.
Astragalus cicer L. 0 7 0 0 2 0 3 0 0 1
A. onobrychis L. 80 77 93 100 88 77 60 57 97 73
A. sulcatus L. 7 7 17 10 10 0 3 7 3 3

Ta6una 2. BrusiHue Temnepartypsl +10...+20°C Ha BCX0XKeCTh U IHEPTrUI0 IPopacTaHus acrparajios (Astragalus L.)

Table 2. The effect of the temperatures +10...+20°C on seed germination percentage and energy of Astragalus spp.

Bcxoxects, % JHeprus npopactanus, %
Buabi NOBTOPHOCTH MOBTOPHOCTH
I II 11 IV Cp. 3Ha4. I II I IV Cp. 3Ha4.
Astragalus cicer L. 80 80 60 43 66 70 67 50 40 57
A. onobrychis L. 100 100 100 100 100 83 97 97 97 94
A. sulcatus L. 100 100 100 100 100 100 100 100 100 100

Ta6una 3. BrussHue TeMnepartypsl +20...+32°C Ha BCX0XKeCTh U IHEPruIo NpopacTaHus acTparajos (Astragalus L.)

Table 3. The effect of the temperatures +20...+32°C on seed germination percentage and energy of Astragalus spp.

BcxoxecTs, % JHeprus npopacranus, %
Bubl TNIOBTOPHOCTH TNIOBTOPHOCTH
I II 11 1A% Cp. 3Ha4. I II 11 1\" Cp. 3Ha4.
Astragalus cicer L. 83 80 87 83 83 67 60 73 63 66
A. onobrychis L. 100 77 100 87 91 97 77 87 83 86
A. sulcatus L. 100 97 73 100 93 97 97 70 77 85
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C vcnosib30BaHUEM JBYX(PaKTOPHOIO JHUCIEPCHOHHOIO
aHaJ/IM3a U3yYeHO BJAMsIHHE ABYX He3aBUCUMBIX IlepeMeHHbIX
(dakTopoB): A - TeMnepaTypHOro pexxuma, B - Buga actpa-
rajia Ha J1abopaTOPHYIO BCXOXKeCTb CEMSIH.

Pe3ysnbTaTbl AUCHEPCHOHHOrO aHaJjM3a B3auMoOJei-
cTBUA GAaKTOPOB NMO3BOJIAKT CYJUTh O TOM, YTO OOJIblIee
BJIMSIHYME Ha BCX0KeCTb CeMSIH acTparaJioB oka3blBaJ pak-
Top TeMnepaTypsl. TemnepaTypHbI# pexuM +4...+8°C oka-
3aJ CyIlleCTBEHHOe BJIMSIHME Ha BCXOXXECTb U 3HEPTHI0
npopacTaHUsi OTHOCUTEJbHO J[BYX JPYTUX pPEeXHUMOB
(+10...+20°C u +20...+32°C), KOoTOpBIE CTATUCTUYECKH He-
3HAYMMO OTJIMYAJIHUCh APYT OT ApyTa.

Ha pucyHke 2 nokasaHa pa3/iMiHasi CTelleHb BJAMSIHUS Ha
J1abOPaTOPHYI0 BCXOXKECTb U 3HEPTHI0 POpacTaHUs TeMIle-
paTypHBIX pexkuMoB (dakTop A), BUJOBOH NPUHAAIEKHOCTH
actparaJioB ($akTop B), a Takke B3aUMOJEeNUCTBUSA ITUX PaK-
TOPOB MeXAy co6oit (A*B).

TakuM o06pa3oM, TeMIepaTypHbId pexuM Ha 51,3%
oTpejiesisieT BCXOXECThb CeMsIH U Ha 53,7% uX 3Hepruio npo-
pacranus. BujoBas cnerudUyHOCTb acTparajoB OKa3blBaeT
CyllleCTBEHHOE BJIMSIHHE Ha JabopaTOPHYI BCXOXeECThb
Y 3Heprumw npopacranus (22,8-24,0%). [lpyrve, He yYUTHI-
BaeMble HaMU GaKTOPbI OKA3bIBAIOT MaJyIO0 A0JII0 BIAUSHUS
Ha paccMaTpHBaeMble HAMH TapaMeTpsl (4,8-5,8%).

JMcnepcHOHHBIM aHA/IU3 MOKas3aJl CyllecTBEHHOE B3aH-
MozeictBue (16,6-21,1%) n3yyaeMbIX GaKTOPOB, YTO CBU-
JleTeJIbCTBYeT O BUJOCIeLIMPHUYHOM XapaKTepe OT3bIBUUBO-
CTH J1a6OPATOPHON BCXOXECTH U SHEPTUH NPOPACTAHUSA Ce-
MsIH pojia Astragalus K TpeM YpOBHSIM TeMIepaTypHOIo pe-
KUMa.

Y A. onobrychis ceMmeHa mpopacTa/y B LIUPOKOM CIIEKTpPe
MOJIOKUTEJbHBIX TeMnepaTyp oT +4°C go +32°C (puc. 3).
TemnepaTypHbI¥ Auana3oH oT +10 g0 +20°C onTuUMaJseH AJs
npopacTaHus ceMsiH A. onobrychis. [Ipu TakoM TeMmmnepartyp-

Puc. 2. ®aKkTOpBI, BJAMSIOIIYE HA Ja60paTOPHYI0 BCX0XKeCTh (A) ¥ 3Hepruio npopacranus (B)
actparanos (Astragalus L.): TemnepaTyprn‘fl peXXuM, BUJ, acTparasja 4 ux B3aumogeiicreue (%).

YcnoBHbIe 0603HAYEHUS:

- TeMIepaTypHbIH pexuM (A); [

- BU/bI acTparasos (B);

B - BBaI/IMOAeI/ICTBI/Ie dakTopoB AU B; | - npoyue GaKTOpHI

Fig. 2. Factors affecting laboratory germination percentage (A) and germination energy (B) of Astragalus spp.:
temperature regime, species specificity, and their interaction (%).

Legend:

- temperature regime (A); |

- Astragalus species (B);

[ - interaction between factors A and B; [ - other factors
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Fig. 3. Interaction between factors A and B in their effect on laboratory germination percentage (a)
and germination energy (b) of Astragalus spp.
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HOM peXXuMe JJabopaTopHas BCXOXKecTb A. onobrychis poctu-
rasa 100%. JanbHelillee NOBBIIIEHHWE TeMIepaTypbl [0
+20...+32°C He3HAUUTEJNBHO CHIKAJIO JIAOOPATOPHYIO BCXO-
)ecTb A. onobrychis no 91%, a 3Hepruio npopactaHus [0
86%.

[Junanason temnepatyp +4..+8°C He 3ddekTUBeH [/
npopactanus ceMsiH A. sulcatus. Ilpy 3TOM TeMnepaTypHOM
pexuMe y acTparaJsia 60po3f4aToro npopocso juib 10% ce-
MaH. [loBbllienne Temnepartypsl Ao +10...+20°C conpoBox-
JlaJI0Ch YBeJTMYEHUEM JIA60PATOPHON BCXOXKECTH A. sulcatus,
KOTOopasi JAOCTHraja MaKCHUMasbHbIX 3HadeHU# (100%).
JanbHelee mnoBblIeHHe TeMminepaTypbl Ao +20..+32°C
CHMXKaJIO J1abOpaTOPHYI0 BCXOXKECTh TaK e, Kak Uy A. ono-
brychis.

Y A. cicer cemeHa He mpopacTajyd NPU HU3KHUX IMOJIOXKHU-
TeJIbHbIX TeMIlepaTypax. OnbITHBIM nyTeM yCTAaHOBJIEH OIl-
THUMaJIbHbIN [IJI1 IpOpacTaHusl ceMsH A. cicer TeMneparTyp-
HbIH pexum (+20..+32°C), mpu KoTopoM JabopaTopHas
BCX02eCTb cocTaBu1a 83%, a sHepruda npopactaHud - 66%.

3ak/iloueHue

W3ydyeHo BiMAHMEe Tpex TeMIepaTypHbIX pPeXHUMOB
(+4...+48°C, +10...+20°C, +20...+32°C) Ha BCXOXECTb U 3HEp-
TUI0 IPOPACTaHUA UHTPOAYLIUPYEMBIX B YCJIOBUAX CYyXOCTeI-
HoW 30HbI KynyHab! actparanos: Astragalus cicer, A. onobry-
chis u A. sulcatus.

OnpeaeneH})I ONNTHUMAJIbHbIE TeMIIepaTypHbIe AUAIllAa30-
HBI [IJI IpOpalMBaHuA ceMAH acTparajnoB. Cemena A. ono-
brychis mpopacTalT B LIMPOKOM CIEKTpe MOJIOKHUTETbHBIX
TemnepaTtyp (oT +4..+8°C go +20...+32°C). OnTUMaIbHBIM
TeMIlepaTypPHbIM PeXHUMOM [iJI IpopacTaHus ceMsH A. ono-
brychis siBnsietcsa quanasoH +10...+20°C.

CemeHa A. sulcatus 3¢ peKTUBHO IPOPACTAIOT NPU TEMIIe-
patypHoM AguanasoHe +10...+20°C, KoTopbli BJISETCS ONTHU-
MaJIBHBIM [OJId 3TOro BHJA. BoJsiee BBICOKHE TeMIepaTyphbl
(+20...+32°C) cHMKAOT JJaGOPATOPHYIO BCXOXKECTb U 3HEpP-
ruto npopactanus A. onobrychis v A. sulcatus.

Jlna npopactanuda ceMaH A. cicer ONTUMaJleH JUana3oH
TemnepaTyp +20...+32°C, npu KOTOpOM J1abopaTopHast BCX0-
»)KeCTb Y dHeprus NnpopacTaHus MakcuMaJbHbl. Huskue mno-
JIOKUTebHble TeMmnepaTypb! (+4...+8°C) He 3ddeKTUBHBI
JJ1s1 IpopacTaHus ceMsH A. cicer.
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AKTyanbHOCTb. B TeyeHue naTu et B CeBepo-3anaZHoOM
peruoHe Poccuu (Cankr-IleTep6ypr, [lymkuH) u Ha CeBep-
HoM KaBka3ze ([larecras, r. lep6eHT) u3yya/id napaTUIU-
YeCcKy0 U3MEHYHUBOCTb CKOPOCTHU Pa3BUTHUSA 06pa3L0B s4-
MeHs1 U3 /JlarecTaHa. B KOHTpacTHBIX KJMMaTH4YeCKHUX
yCJIOBUSAIX OLleHUBaJH BJIUSHNE peaKI U1 Ha IpOBU3aALUIO,
NPOJOKUTENbHOCTH GoToNeproia U COGCTBEHHO CKOPO-
CIeJsIOCTH Ha pa3BUTHe JarecTaHCKUX AuMeHel. [lofo6HO-
ro poja UccJel0BaHUS NO3BOJISOT BbIIBUTh aJallTUBHO
LieHHble GOpMBbI /15 UCII0JIb30BAHUS B CeJIEKL U H.
MartepuaJiel 1 MeToAbl. [Ip1 03MMOM U IPOBOM CPOKax ceBa
B JlarecTaHe U3y4HJ/IH NPOAOJLKUTEIBHOCTb NEPHUO/iA KBCXO-
Jibl — KoJiollleHHe» 12 BbIGOPOK 06pa3Li0B SUYMeEHs, B IPOBOM
noceBe cpaBHUIU 20 BBIGOPOK B JBYX pervoHax. McmnoJib3o-
Ba/IM SMIMPHUYECKUIN NOKa3aTeslb CKOPOCTH Pa3BUTHUA pa-
CTeHUN - KpUTEePUH «IpeBblllieHHe Nepruoja “BCXoJbl — KO-
JlolleHe” JaHHOro 06pasla Haj, ero MMHMMAaJbHbIM 3Haye-
HUeM 1o Bbei6opke» (III1BK).

Pe3ybTaThl U BBIBOABI. BrisiBiIeHBI cKOpOCHeible 06pas-
Lbl TYMEHsI C HU3KOH HOpMOU peakuuu: k-3772, k-15013,
k-15034, xk-15036, k-15186, k-15192, x-21803 u k-23785, co-
yeTawlue €Jabyr0 4yBCTBUTEJbHOCTb K KOPOTKOMY do-
TONEPUOAY U IPOBU3UPYIOIUM TeMIlepaTypaM, KOTOpble
NpeACTaBASAIT UHTepec JJs ceJeKLUU B peruoHax, rje
NPOJOJKUTENbHOCTD BereTallMOHHOI 0 IepuoAa sABJsAeTCs
JUMUTHUPYOWUM GaKTOpOM. BinsiHue peakuuy Ha IpOBU-
3allMlI0 1 KOpoTKoro ¢oTomnepuoAa Ha NPOAOJIKUTEJb-
HOCTb pa3BUTHUs 06pas3LoB suYMeHs U3 JlarecTaHa OT BCXO-
JIOB [0 KOJIOIIeHUsI BcpenHeM cocTaBisieT 8(5,1-10,6)
JHel, cobCTBEHHO cCKopocneaocTu - 6 (4,8-8,2) aHeil. [a-
paTUnuyeckas U3MeHYMBOCTb OTpaXkaeT pa3aMax BapbUpo-
BaHUs JAHHBbIX NokasaTesed. CKOPOCHENOCTb MeCTHBIX
sAyMeHel B [larecTaHe onpeJie/ISII0T, IpexX/ie BCero, ipoBU-
3upylolide TeMIepaTypbl U HEYYBCTBUTEJbHOCTb K KO-
POTKOMY JHIO.

KioueBble cioBa: Hordeum vulgare L., ycioBusi cpejpl,
HOpMa peaKLiMH, CKOPOCHEJNOCTb.

Background. Paratypic variability of the development
rates of barley accessions from the Republic of Dagestan
was analyzed for five years in the Northwest of Russia
(Pushkin, St. Petersburg) and in the North Caucasus (Der-
bent, Dagestan). Responses to vernalization, photoperiod-
ism and earliness per se were tested in contrasting environ-
ments to assess their effect on barley development. Such
studies make it possible to identify valuable adaptable plant
forms in the barley germplasm collection for further use in
breeding practice.

Materials and methods. In Dagestan, the duration of the
period from shooting to heading was measured for 12 sam-
ples of barley accessions in winter and spring sowing trials.
Twenty samples sown in spring in both regions were com-
pared. An empirical indicator of plant development rate was
used for barley: the criterion “the number of days by which
the period from shooting to heading of an accession exceeds
the minimum across a sample” (DPSH).

Results and conclusions. Early barley accessions with
alow norm of responsiveness were identified: k-3772,
k-15013, k-15034, k-15036, k-15186, k-15192, k-21803 and
k-23785 - they combined weak sensitivity to a short photo-
period and vernalizing temperatures, so they are promising
for breeding in regions where the length of the growing sea-
son is a limiting factor. The effect of the responses of barley
accessions from Dagestan to vernalization and a short pho-
toperiod on the duration of the period from shooting to
heading was on average 8 (5.1-10.6) days and on their earli-
ness per se 6 (4.8-8.2) days. Paratypic variability reflects
the range of variation for these indicators. In Dagestan, ver-
nalization temperatures and insensitivity to a short day are
the main factors determining the earliness of local barleys
in their native environment.

Key words: Hordeum vulgare L., environmental conditions,
norm of responsiveness, earliness.
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Ycnexu B cO3JaHUM KOMMePYeCKUX COPTOB AUMEHS KyJ/Ib-
TypHOro (Hordeum vugare L.) 06ycs0BeHBI BEICOKOH 3K0JI0-
rMYeCKOM MJIACTUYHOCTBIO KyJbTYphl. Pasinyua copTos no
NIPOAO/IXKUTE/JIbBHOCTU BEreTaliMoOHHOIO0 Ilepuoga CBA3aAHbI
C aZJlaTUBHOCTBIO K Pa3/IMYHbIM KJMMaTH4YeCKUM paKTopaM
(Lukyanova et al., 1990).

[Ipo0/>XKUTENIBHOCTD Pa3BUTUA PaCTeHUH AYMEHS OT
BCXO/I0B /10 KOJIOIIEHHU s ONpeJiesisieTCsl FeHaMU, KOHTPOJIU-
PYIOIIMMU THI pPa3BUTHSA, CJa0YI0 YyBCTBUTEJbHOCTb
K ¢oToneproay v COGCTBEHHO CKOPOCIEJNOCThb. THUI pa3BU-
THUS KOHTPOJIMPYIOT JIOKAJU30BaHHble B XpPOMOCOMax
4 (4H),7 (SH) u 5 (1H) renst Sh, Sh2 u Sh3 (Takahashi, Yasu-
da, 1956, 1971), koTopble BOOCJEACTBUM ObLIM 0603HaYe-
Hbl VRN-H1, VRN-H2, VRN-H3. Y ssuMeHs UAeHTUPUIIUPOBA-
HO 5 IJIaBHBIX T€HOB U 9 JIOKYCOB KOJIMYECTBEHHBIX NPHU-
3HakoB (quantitative trait loci - QTL), koHTposUpyOIL KX
nepuoJ, pa3BUTHUA [0 KoJolleHUs. CpeAu HUX JIOKAJIHU30-
BaHHBbIe B xpoMocoMax 2 (2H) u 5 (1H) reuns! Ppd-H1 v Ppd-
H2 (photoperiod response) U AeTepMHUHUPYWOIHE peak-
LU0 Ha spoBU3auuio reHbl VRN, nokain3angus KOTOPBIX
COBIHaJIa C MOJIOXKEHUEM UJIeHTUPHUIIMPOBAHHBIX paHee re-
HOB Sh. B Bo3/ie/ibIBaeMbIX COpPTax Yallle BCero uAeHTudu-
uupytoT ajanenu VRN-HI v VRN-H2, a VRN-H3 BcTpevaeTcs
pesnko. JloMUHAaHTHBIN ajienb Ppd-H1 KOHTpOJUPYeT Gbl-
CTPYI0 peakLHI0 Ha yJJHuHeHHe (OTONepHoja U paHHee
KOJIOILIeHHE B YCJOBUSX AJIUHHOTO JIHS; IPU KOPOTKOM ¢o-
TOINlepUo/ie paHHEe KOJIOIeHHEe KOHTPOJIUpPYyeT JOMHUHAHT-
HbIH annenb Ppd-H2. Ha ¢oHe reHoB, e TEPMUHUPYOIUX
doToneprogUYecKy0 peakIMI0 U TUI Pa3BUTHUSA, 3HAYU-
MO€ BJIMAHHE HA NPOAOJI)KUTEJbHOCTb PAa3BUTHUA pacTe-
HUH OKasbIBAalOT KOHTPOJHUPYIOIHE COOCTBEHHO CKOPO-
cnesocThb (earliness perse) rennl eps (Laurie etal., 1994,
1995). CkopocnesocTs (early maturity) u ci1abyro 4yBCTBU-
TeJbHOCTb K GOTONEePHOAY JeTePMUHUDPYIOT reHsl Eam5,
Eamé6, eam7, eam8, eam9 u eam10, KoTOpble JIOKAJU30BaHbI
B xpomocomax 5H, 2H, 6H, 1H, 4H u 3H cooTBeTcTBEeHHO
(Franckowiak, Lundqvist, 2012).

JlarecTaH, rfie Ha BecbMa OrpaHUYE€HHON TEPPUTOPUH
OTMe4dYaeTCAd MHOXeCTBO KOHTPACTHBIX IMOYBEHHO-KJIMMaA-
THUYEeCKUX YCJOBUH, IBJIIeTCS OJJHUM U3 HauboJiee UHTepe-
CHBIX peruoHoB $opM006pPa30BaHUSA KYJbTYPHBIX pacTe-
Hu# (Vavilov, 1957). U3yuyeHue npuMepHO MOJOBUHBI KOJI-
neknuu PenepasbHOro Uccaef0BaTeNbCKOrO IleHTpa Bee-
POCCUHCKOr0 MHCTUTYTA FeHETHYECKUX PeCypCcoB pacTe-
Hui umenu H.W.Basusosa (BUP) noxasano, uto cpeau
MeCTHBIX s4MeHel JlarecTaHa npeo6JaZal0T CpejHecIe-
nble opmel (Batasheva etal., 2014). C ucrnosib30BaHUuEM
MOJIEKYJIADHBIX MapKepoB CTPYKTYPUPOBAHO BHYTPHUBHU-
JI0BO€e pa3HOOOpasue JJareCTaHCKUX siUMeHeH, BbIsIBJIEHbI
3HAUYUTEJIbHBIH NMOJUMOPPU3M U reTeporeHHOCTh 60JIb-
IUHCTBA GOPM I10 YCTOMYUBOCTH K BpeJHBIM OpraHU3MaM
(Abdullaev etal., 2014). ¥ pacTeHuii MecTHOro o6pasra U3
Jlarectana k-14891 6blia BbISIBJieHA HOBas MyTalUs
B CMBICJIOBOH MOCJIE/IOBATENBHOCTH reHa eam8 (Abdullaev
etal,, 2015). PeHoTUNNYECKUN CKPUHHUHT MM03BOJIUJI BbI/Jl€e-
auThb 40 npeAnosiaraeMbelX HOCUTeJ el reHa eam§, ABIAI0-
IIMXCS UICTOYHUKAMHU €1a60H GOoTONnEPUOJUIECKON YyYBCT-
BUTeJbHOCTH (Zveinek, Kovaleva, 2018).

[Ipofi0/IKUTENBHOCTD PAa3BUTHS OT BCXOZOB 0 KoJjolle-
HUA 265 06pasioB suMeHs U3 JlarectaHa u3y4asiy Npu sipo-
BOM cpoKe ceBa B CeBepo-3amnajHoM pervoHe Poccun (CaHKT-
[letep6ypr, [lymkun) u o3umMoM - Ha CeBepHoM KaBkasze (/la-
rectay, I. [lep6eHT). MccienoBaHHble GOPMBI UMEJH BbICO-
KyI0 HOPpMY peaKLiUH U 6bLIM 60siee cKopocnebIMu B Jlarec-

TaHe (Zveinek etal, 2016). [Ipu usydyeHuu 172 o6pasioB
B IPOBOM II0CEBe JarecTaHCKUe s'UMEHU Ha ceBepo-3amaje
CTpaHbl OKa3alUChb 6oJiee CKOPOCHE/JBIMH 110 CpaBHEHHUIO
c toroM /JlarectaHa, TO eCTb CKOPOCIIEeJIOCTb MECTHOI'O sTUMe-
Hsl B yCJIOBHUSIX apeasia ero 06UTaHHUs oNpejesisiy IMTaBHbIM
o6pa3oM spoBU3MpymoLiMe TeMnepaTypbl (Zveinek etal,
2020).

Lleab Hacmoswux uccsedosaHuli - U3y9UTh NapaTUIINYe-
CKyI0 U3MEHYUBOCTb X HOPMY peaKL UM NMPHU3HAKA NMPOJLOJI-
YKUTEJbHOCTb IIePUOJA «BCXO/bI — KOJIOLIEHHEY, & TAKXKe BbI-
ABUTHb BJIMAHHE PEAKIUH HA APOBHU3ALHNI0, YYBCTBHUTEJbHO-
cTU K poTonepuosy M CO6CTBEHHO CKOPOCIHEJOCTH Ha CKO-
pOCTb pa3BUTHUA AuMeHel JlarectaHna B ycjoBusax CeBepo-3a-
naza Poccuu u KOxHoro /larectaHa.

MaTepnamﬂ U MeToAbI

MaTtepuasioM Ajsl UcCCaefoOBaHUsA cayxuad 170 o6pas-
OB sfipoBOro siuMeHs U3 JlarectaHa. MccienoBaHus MpoBo-
JWJIM B TeUEHUe NATH JIET B BYX 3K0JIOr0-reorpadpuieckux
30Hax: Ha CeBepHoM KaBkase (/larecTaHckas onbITHasi CTaH-
uud - ¢usman BUP, 10C BUP, I0xxub1# [arectaH, 1. Jlep6eHT)
nHa CeBepo-3anaze Poccuu (Hay4HO-NPOM3BOACTBEHHAs
6a3a «IlymkuHckue u [1aBnoBckue sabopatopuu BUP», III1J
BHP, CankT-IleTep6ypr, . [Iymkux).

Jlns kayMMaTU4YecKHUX YCJI0BUM pacnoJiokeHHoU y Ka-
cnuiickoro mops JJOC BUP xapakTepHbl HENPOAOKUTEb-
Had MArkas 3UMa, paHHsASA BeCHA, YMEePEeHHO XapKoe cyxoe
JIeTO U BJIaxkHad Temvas oceHb. Kinmar B [II1Jl xapakTepusy-
eTCs YMEepeHHO X0JI0JHOW 3UMOU U BJIaXKHBIM YMEPEHHO Te-
IJIBIM JIeTOM. B Ta6sune 1 npuBeseHbl MOTOAHbIE YCI0BUS
B [lepyuo/, NpoBeJeHUsA onbIToB. O4eBUJHBI CpeJHEMHOIO-
JIeTHUE pa3s/iM4vs N0 TUAPOTEPMUYECKOMY PEXUMY B ABYX
NyHKTax UsydyeHusd. TemnepaTypHbidi pexum Ha JIOC BUP
B [IEPUOJ] «BCXO/Ibl — KOJIOLIeHHe» (ampesib, Mad, UIOHB) 10
roZiaM M3y4eHHs MaJIo pa3/iM4asics U OblI BhILIe CPeHEMHO-
roJIETHUX JIaHHBIX. XOpoLIeH BJaroo6ecrneyeHHOCThIO BhlJie-
asyica 2013 r. 3acyu/IMBbIMU MecsillaMU OKas3aJIMChb allpesib
u U1oHb B 2012 1, a Takke maii B 2014-2017 rr. Temnepatypa
BO3/lyXa BO BpeMsl nmpoBejeHHUs onbiToB B IIIIJ1 BUP (Ma#,
HIOHb, WI0JIb) OblJa BbIlIe CPeJHEMHOTOJIETHUX JAaHHBIX
B2012-2016 rr., anosieBoil ce3oH 2017 r. okasajicsa mpo-
xJaHbIM. Hu3Kas Bjaroo6ecrneyeHHOCTb Ha ceBepo-3amaje
Habuoganack B 2012 r., B Hayasie moJjieBbIX ce30HoB 2016
n 2017 r., aTtakxe uuwoge 2014 r.; cylecTBeHHOe NepeyB-
JIa)kHeHHe oTMedeHO B Uiojie 2016 u 2017 r. CpeHeMecAd-
Has TeMIlepaTypa Bo3Ayxa B Hayaje BereTaluu («BCXOJbI»,
«kyieHue») B [1I1J1 BUP (mait) okasasach BhIllE, YEM B alpe-
sie Ha JOC BUP, a B nepuoyg «koJiomeHrue» — Ha060poT. Obec-
nedyeHHocThb Bjaaroi B [1I1J1 BUP 6b11a Bcerga Boilie. Takum
06pa3oM, yCI0BUs IPOBEIEHUS IKCIIEPUMEHTOB CYLIeCTBEH-
HO pasJsnyanuce: [1I1JI BUP - apoBusupyromux temnepatyp
HeT (poBOM MOCeRB), AJHUHHBIN JAeHb, HU3KUE MOJIOXKUTEb-
Hble TeMIlepaTyphl U BBICOKOE KOJIMYeCTBO OCAaAKOB B IlepU-
ox Beretauuy; 10C BUP - apoBusupywomye tTemnepaTypbl
ecTb (03MMBIH MoceB) JIM60 OTCYTCTBYIOT (pOBOM IOCEB),
KOPOTKHH JeHb, AJ THJAPOTepMHUYECKOr0 peXMMa Xapak-
TepHbl BbICOKHE IOJIOXKUTEJbHbIE TeMIepaTypbl U HU3KOe
KOJIN4eCTBO 0Ca/J{KOB.

CpaBHUBaJIY 12 BbI60POK 06pa31ioB TYMEHS IPH 03UMOM
Y IpPOBOM CpPOKax IMoceBa, a Takke 20 BEIGOPOK, U3y4eHHBIX
npu sspoBoM nocese Ha JJOC BUP u B [111J1 BUP. 06'beMbI BbI-
GOpOK MpeJicTaBJ/eHbl B Tabunax 2 u 3. [Ipu 03uMoM nocese
Ha JJOC BHP o6pas3sibl BbIceBaIM BpyYHYIO B Hayasle jeKkabps
(2012 r.) u B TpeThel Aekase okTaAOpa (2013-2014rr.) Ha
JesissHKax momazbio 1 kB. M. ApoBoit moceB Ha /I0C BUP
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Ta6smmua 1. [lorogHble yCa0BUS B IEPHOA, KBCX0AbI — KOJIOLIEHHE» SYMEHS
Table 1. Weather conditions during the shooting-to-heading period of barley

MeTeopoJioruyeckKye ycji0BUs BereTanuu
lFoapl n3yyeHus IlapameTpsI Anpenn Mai Hionp 1700019
JOCBUP | IIIIJI BUP | AOC BUP | IIJI BUP | AOC BUP | IIIJI BUP
Temnepatypa, °C 13,5 13,5 19,6 16,3 24,8 20,9
2012
CyMMa ocaZiKoB, MM 2,3 16,7 21 27,7 6,4 17,4
Temnepatypa, °C 11,7 16,3 18 21,6 23,7 20,7
2013
CyMMa 0caZiKoB, MM 52 80,3 19 55,8 21 90,8
TeMnepaTtypa, °C 11 15,8 19,9 17 23,9 22,4
2014
CyMMa ocaZiKoB, MM 20 67,9 14 86,9 48 21,4
TemnepaTtypa, °C 13 17,5 18,2 18 23,5 19,6
2016
CyMMa 0caZiKoB, MM 14,7 17,8 15,3 63,8 54,8 174,2
Temnepatypa, °C 10,5 9,4 17,1 13,6 22,5 16,5
2017
CyMMa 0caZikoB, MM 16,1 13,4 15,9 68,5 34,5 122,5
Cpenmue Temnepatypa, °C 9,1 11,3 15,9 15,7 21,3 18,8
MHOTOJIETHHE | cyyvva ocapkoB, MM 19 46 25 71 18 79

Ta6una 2. CraTucTuyecKkue nokasareau kpurepus IIIIBK 06pa3noB suMeHs, pearupyoiux Ha IpoBU3auI0
Table 2. Statistical parameters of the DPSH criterion for barley accessions responding to vernalization

«IlpeBbIIeHNE TEPUOAA “BCXOABI — KoJIOoMIeHue”
HaJi ero MUHUMa/IbHBIM 3HaueHueM» (IINBK), xau Peaxuus Ha
Toa v cpok ceBa APOBU3ALMIO,
06Bem Pazmax Cpeanee, CranjgapTHoe JHU
omu6Ka
BBIGOPKH BapbUPOBaHUA . OTKJIOHEHH e
cpejHeil

2012, 03uMblii noCeB 2-16 65+0,3 2,86
77 10,6*

2016, spoBoii noces 5-34 17,1+0,7 5,74

2012, o3uMBbIii ToCeB 0-16 58+0,3 2,56
103 6,9*

2017, spoBoi moces 8-18 12,7+0,2 2,23

2013, 03UMBIH ITOCEB 0-15 7,7+0,3 2,45
74 10,3*

2016, apoBoi moceB 8-34 19,1 +0,5 4,67

2013, 03UMBbIH OCEB 1-13 8,1+0,2 2,20
94 5,3*

2017, spoBo#i oceB 8-18 13,4 +0,2 2,00

2014, 03uMblii noCeB 0-17 99+0,3 2,78
70 9,3*

2016, spoBoii noces 3-34 19,2+0,6 4,71

2014, 0o3uMbI{ OCEB 0-13 8403 2,74
62 51*

2017, apoBoy moceB 6-18 13,5+0,3 2,28

* — pas3INyus 110 CKOPOCIIEJIOCTH MeX /Ay 06pa3liaMy, BeIpallleHHBIMU IIPU pa3HbIX CPOKaxX CeBa, CyliecTBeHHbI pu P = 0,001
* - differences in earliness between the accessions grown under different sowing schedules are statistically significant at P=0.001
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Ta6smmua 3. CraTucTuyeckue nokasare i kpurepus IIIIBK o6pa3noB suMeHsi, pearupyromux Ha ¢oTonepuoz,
Table 3. Statistical parameters of the DPSH criterion for barley accessions responding to photoperiod

«IlpeBbIlIeHNE NEPUOAA “BCXOABI — KOJIOMIEeHue”
MecTo Ha/| eT0 MUHMMAaJIbHBIM 3Ha4eHueM» (IIMBK), juu Peaknus
’ Ha ¢poTonepuoz,
ROZRS VR CHUN 06BbeM Pazmax CpeaHee, oIIMOKA Cra”njgapTHoe JHU
BBIGOPKH BapbHpOBaHUsA cpejHei OTKJ/IOHEHH e

[II1J1 BUP 2012 0-17 9+0,6 4,10
53 9,1*

J10C BUP 2016 0-34 18,1+ 0,8 5,74

[II1J1 BUP 2012 0-16 7,3%0,4 3,00
53 5,5%

J10C BUP 2017 9-16 12,8+ 0,3 1,95

[II1J1 BUP 2013 0-12 6,4+0,4 3,10
53 9,5%

J10C BUP 2016 4-31 159+0,7 5,34

[1I1J1 BUP 2013 0-8 2,4+04 2,31
37 4,7*

JI0C BUP 2017 4-11 7,1+0,3 1,87

[II1J1 BUP 2014 0-18 6+0,5 3,96
62 10,7*

J10C BHP 2016 3-34 16,7+0,9 6,73

[II1J1 BUP 2014 0-15 5604 3,14
78 6,6*

J10C BUP 2017 6-16 12,2+0,2 2,49

[II1J1 BUP 2016 3-17 10,1+ 0,3 2,71
65 8,8*

J10C BUP 2016 7-34 18,9+ 0,6 4,89

[II1J1 BUP 2016 3-13 8,6+0,3 2,28
59 4,6*

J10C BUP 2017 10-16 13,2+0,3 1,89

[1I1J1 BUP 2017 2-15 7,8+0,3 2,84
78 10,2*

J10C BUP 2016 7-34 18+0,6 5,28

[II1J1 BUP 2017 1-12 6,8+0,2 2,13
112 5,8*

JI0C BUP 2017 6-17 12,6 £0,2 2,33

* — pa3/INyus 110 CKOPOCIeJIOCTH MeXly 06pa3liaMy, BhIpallleHHbIMHU NIPU pa3HbIX CPOKaxX CeBa, cyliecTBeHHbI pu P = 0,001
* — differences in earliness between the accessions grown under different sowing schedules are statistically significant at P = 0.001

OCyILleCTBJIAJIM B KOHLe anped, B [1I1J BUP - B nepBoii no-
soBuHe Mas. Pa3y MOJHBIX BCXOJ0B OTMeYaIn JJaTOH, Korja
Ha TIOBEPXHOCTH IIOYBBI II0KA3aJMChb pa3BepHYBIINECS
B BepXHeH YaCTH JINLCTOYKH GoJiee 75% pacTeHU Ha JiessIH-
ke. KoJslonmeHre oTMeyasny Ipy BbIJIBIXKEHHUH K0JIOCA U3 BJIa-
rajivila nocjaeHero JucTa HarnosoBuHy. KosoueHnue cayura-
JIY TIOJIHBIM MIPH BBIKOJIAIIMBaHUM 75% pactenuii (Loskutov
etal, 2012).

Jl1s1 KOPPEKTHOTO CpaBHEHHUsI CKOPOCTH Pa3BUTHS JKC-
NepUMEeHTaTbHBIX BBIGOPOK 06pa31[0B SYMeHs B pa3JIMIHbIX
3KoJioro-reorpaduecKux 30HAX PACCYUTBHIBAIU KPUTEPUN
«IpeBbILIEHHE TEepUoAa “BCXOJbI — KOJIONIEHHE” JTaHHOTO
o6pasna Haj, ero MUHUMa/JbHbIM 3HaY€HHEM 110 BBIGOpKe»
(IMBK), To ecTh U3 3HA4YeHUsI CKOPOCTH Pa3BUTHS 06pasna
J10 KOJIOLIEHHUS] BBIYUTAIM MUHHUMAaJbHOE, KOTOpOe HabJIio-
JlaJii 10 BCEM H3yYeHHBIM B JAHHOM IyHKTe 006pasnam
(Zveinek et al., 2016).

Jlng pacyeTa CTaTUCTUYECKUX NT0Ka3aTe el MCI0/1b30Ba-
i1 nporpamMmy Excel, ;ocToBepHOCTD pa3inuuii onpezesaiv
c nomo1bio t-kputepus CteiofenTa (Dospekhov, 1985).

Pe3ynbTaThl M 06CyK/IeHNe

[l OLleHKU BJIMSIHUS SIPOBU3UPYIOLIUX TeMIepaTyp Ha
CKOPOCIEOCTb TYMeHsI CPaBHUBAJIY 6 BBIGOPOK OZJHUX U TEX
Ke IpOBBIX 06pa31oB, BbiceBaBmuxcs Ha JI0C BUP npu o3u-
MOM U IpDOBOM CPOKax CeBa. JTH BBIOOPKU NPEACTaBJSIOT
c060¥ COBOKYIHOCTb GOPM, Pa3/IMYAIOLIUXCS 10 PeaKIIK Ha
sapoBusanuio. /s BeIUJIeHeHUs] Takux $OpM HAULIM pas-
HocTb Mexay ITIBK kaxzoro o6pasina npu 03UMOM U SIpO-
BOM IIOCEBe U MOJIyYeHHBIN psiji paclpe/ieJuId B JiBe IPyI-
nbl (puc. 1): 1 - pearupytor Ha sipoBusanuio (IIIIBK o6pas-
I[OB IIPH 03UMOM ceBe Ha 3 U 6oJiee AHEN MeHbIIle, 4YeM MPU
SpoBOM); 2 — He pearupyloT Ha saposusanuio ([IIIBK o6pas-
1[OB IPU 03UMOM ceBe Ha 3 ¥ 6oJjiee HEH GOJIbIE, YEM MPU
SIPOBOM, BKJIIOYAs «HY/IeBYIO TOUKy» 0 + 2 JiHs).

CpaBHW/IM 6 BBIGOPOK pearupyroliux Ha SPOBU3ALHIO
006pasloB ¥ pacCYMUTAIN YHCIOBOE 3HAYEHUE UX PeaKIHu.
JJ1s1 3TOTr0 Hax0AM/IM PA3HOCTb MEX/AY CPeIHUMH 3HAYeHUsI-
mu [1TIBK BbIGOPOK MpU IpOBOM M 03UMOM CpOKax ceBa. Pe-
aKIUs Ha sApoBHU3aNMI0 KoJsiebasack oT 5,1 go 10,6 nHel
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Puc. 1. Hapa'mrmqecxasl HU3MEHYHUBOCTb peaKIlMH Ha APOBU3aALlUI0 06p831l0B A4MeHH U3 /larecraHa

Fig. 1. Paratypic variability of the vernalization response in barleys from Dagestan

(cM. Ta6u1. 2). Cpennue 3HadeHus IIIBK BeiGopok mpu sipo-
BOM U 03MMOM IIOCEBE JJOCTOBEPHO pasjnvaauck. Bce cpas-
HHUBaeMble BbIOOPKH 06pas10B, BbIpallleHHbIX IPU IPOBU3H-
pYIOLIMX TeMIlepaTypax, 0Ka3aJuCb 3HAUUTEJIbHO 60Jiee CKO-
pocIebIMU.

Jlns onpe/iesieHus1 BAUSAHUS YyBCTBUTEJIBHOCTH K KOPOT-
KoMy QOTONepHoAy Ha CKOPOCTb Pa3BUTUSA SUMEHsI CPAaBHU-
Bau 10 BbIGOPOK OAHMX U TeX e IPOBBIX 06Pa31[0B, U3y4YeH-
Hbix Ha JI0C BHUP uBIIIlJl BUP npu sipoBoM cpoke ceBa
(puc. 2). Ucrios1b30Basv TaKoH e MeTOAUYECKUH MOJX0/, YTO
Y NIpY M3y4YeHUH peaKLUH Ha ApoBU3anuio. Haliu pasHocTe
mexnay [MBK gasa kaxzgoro o6pasua, usyyeHHoro Ha /J10C
BUP (kopoTkuii feHb) u B III1IJ1 BUP (gyiMHHBIN AeHb), a 3a-
TeM NOJIyYeHHBIH psiJi pacnpesiesIUId B 2 rpyninbl (CM. puc. 2):
1- 4yBcTBUTENbHBIE K KOpoTKOoMy ¢oTonepuogy (IITIBK
o6pasuoB Ha JIOC BUP Ha 3 u 6osiee fHell 6oJiblie, yeM Ha
[IT1JT BUP); 2 - c1aboyyBCTBUTENbHBIE K KOPOTKOMY doToIe-
puony (IIBK o6pasuos Ha /IOC BUP Ha 3 u 6oJiee AHel MeHb-
e, ueM Ha [1I1J1 BUP, Bkito4asi «HysieBy10 TOUKy» 0 + 2 Hs).

CpaBHuU 10 BbIGOPOK, COCTaBJIEHHBIX U3 pearupyouux
Ha KOPOTKHUH JileHb 06pas1i0B sTUMeHs, U pacCUUTalN YUCI0-
BOe 3HaYeHHe peaKuu. [/ 3TOro HaXo4UJIM Pa3HOCTb MeX-
Ay cpeanumu 3HadeHussMHU [TIBK Bb160pok 06pa3noB suMe-
Hsl, BEreTUPOBaBLIMX Npu KopoTkoM (JOC BUP) u giinHHOM
(TITLJT BUP) gHe.

BiMsiHMe KOPOTKOro JHSA Ha NMPOJOJDKUTENbHOCTh pas-
BUTHA 06pa3loB fuMeHs U3 JlarecTaHa BecbMa OY€BUJHO:
BCe BBIOOPKH YYBCTBUTEJBHBIX K KODOTKOMY GOTONEPHUOAY
$opM XxapaKTepHU3yITCs BbICOKOM CKOPOCIEIOCTbIO B yCJIO0-
BUSX AJIMHHOTO JHA (CM. Ta6J1. 3). CKOpOCTb pa3BUTHS TUMe-
Hs Ha [IOC BUP (kopoTkuii ieHb) BO BCeX CIyvasix 6bL1a MeJ-
nenHee, yeM B [1I1JI BUP (asivHHBIN feHb). Peakuus Ha dpoTo-
nepuoj Bapbupyet oT 4,7 10 10,7 fHel.

Jlns1 onpefieieHUs] BJIMSIHUSI T€HOB COOCTBEHHO CKOpPO-
CTeJIOCTH Ha MPOJOJKUTEbHOCTD Pa3BUTHSA OT BCXOJ0B /0
KOJIOIIEeHUSA U3yYUJH 12 BBIGOPOK, COCTABJIEHHBIX U3 pearu-
pYIOLIMX Ha APOBHU3alLMI0 U KOPOTKHUH ¢oTonepuosn dpopM

(Ta6u. 4). Kak ykasbIBaJoCh BbIIE, CKOPOCTb PAa3BUTHS Y-
MeHs [0 koJioeHus (CP) onpegnensieTcss reHaMu, KOHTPOJIU-
PYIOLMMU peaKLuio Ha spoBusanuio (AP), ciabyro yyBcTBU-
TeJbHOCTb K poTonepuony (PII) u co6cTBEHHO cKopocrme-
noctb (CC), cnepoBarensHo CC = CP - (AP + ®II).

[lokasaTesn peakLMM Ha SpOBU3aLMI0 U GoTomepHof
paccuMThIBaIM Ha OCHOBe cpeAHux 3HaueHUH IINIBK aByx
BbIGOPOK (cM. TabJ1. 2, 3), moatoMy dopmMysia pacueTa cobCT-
BEHHO CKOPOCHEJIOCTH NPUHUMAET CJeAYOIUN BUA:

CC=CP/2 - (AP + ®II).

HanpuMep, co6CcTBEHHO CKOPOCIEJIOCTb 06Pas10B TYMe-
Hfl, pacCUMTaHHAsA Ha OCHOBe MHQOpMaLUU IO BbIGOpKaM
J0C BUP 2012 (o3umsrii noces), JOC BUP 2016 (sapoBo#i mo-
ceB) u [II1J1 BUP 2012 (sipoBoii moceB), TakoBa:

cC=(65+171+9 +181)/2 - (10,6 + 9,1) = 5,7 (cm.
Tab6J1. 4).

Pasmax BappHpoBaHMs MO BceM 12 M3y4eHHBIM BbIGOD-
KaM [iJIs peaKLlMM Ha sipoBU3aluio coctaBua 5,1-10,6 fHs,
B cpegHeM 7,9 1,1 aHd, cTaHAAPTHOE OTKJIOHEHHWE paBHs-
Joch 2,47; peakuus Ha ¢oTonepro, BapbrupoBaja oT 4,7 1o
10,7 nHeli, B cpegHeM 7,7 £1,1 AHA NOYTHU IPU TAKOM XKe
CTaHAAPTHOM OTKJOHeHUHU (2,41); pa3Max BapbHUpPOBaHHUS
CcOGCTBEHHO CKOpOCINea0CcTH 1o 12 BeibopkaM cocTaBu 4,8-
8,2 nHg, B cpegHeM - 6,2 + 0,5 1HA pU cTaHAAPTHOM OTKJIO-
HeHuH 0,54. TakuM 06pa3oM, Ha CKOPOCTb Pa3BUTHS U3yYEeH-
HbIX B IlymkuHe u /JlepbeHTe BbIGOPOK 06paA3LOB sUMEHS
BJIMSJIM C/Ie[lylollMe MPU3HAKH: peaKLUs Ha SPOBU3ALHIO
Y KOpoTKuH ¢doTonepuoy (= 8 fHell), a TakKe COOCTBEHHO
CKOPOCHEJOCTh (x 6 JHEelH).

Jl1s1 larecTaHCKUX ;TYMeHeH XapaKTepHa 3HAuYUTesbHast
napaTUNUyeckass U3MEHYHUBOCTb, TO €CTb BbICOKAass HOpMa
peaKLuy; IPU 3TOM NPeBaMPYIOT GOPMBI, pearupyolye Ha
SIPOBHU3ALMI0 U KOPOTKUH OTONEPHUOA, YTO U ONpeJessieT
CKOPOCTb pa3BUTHs siuMeHs u3 JlarecraHa (cM. Ta6J. 2, 3).
BMecTe c TeM BbljieJIeHa U I'pyMa 06pasLoB, cJ1abo pearupo-
BaBIIMX B TeYEHHE MATH JIET U3yYeHUs Ha APOBU3ALMIO U KO-
poTkuii poTonepuog (Tab.. 5, 6).
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Puc. 2. [lapaTunuyeckas U3MeHYHMBOCTb peaKIiui Ha ¢poTonepuos 06pasnoB suMeHs U3 larectaHa
Fig. 2. Paratypic variability of the photoperiod response in barleys from Dagestan

Ta6mmna 4. CO6CTBEHHO CKOPOCINEJ/JI0CTh 06pa3LoB SYMEeHA
Table 4. Earliness per se of barley accessions

Mecro, YUK | wanpommsanmo | CoSCTRGHHO
roAbl U3yYeHHUsI 110 BBIGOPKaM, U poTonepuof, clopocnenocts,

JHH JHU it

JIOC BUP 2012 (03.11.) - 10C BUP 2016 (sip.11.) 6,5+17,1 10,6

TIJ1 BUP 2012 (sap.n.) - JOC BUP 2016 (sap.m.) 9+18,1 91 >7

JIOC BUP 2012 (03.11.) - I0C BUP 2017 (sip.1.) 58+12,7 6,9

TIJ1 BUP 2012 (sip.n.) - JOC BUP 2017 (sp.mm.) 7,3+12,8 55 o

J0C BUP 2013 (03.m.)- J0C BUP 2016 (s1p.11.) 7,7 +19,1 10,3

TIJ1 BUP 2013 (sip.ni.) - I0C BUP 2016 (sip.1w.) 6,4 +15,9 9,5 e

J0C BUP 2013 (03.1m.) - J0C BUP 2017 (sp.1.) 8,1+13,4 53

TI1J1 BUP 2013 (sap.1.) - JOC BUP 2017 (sip.1.) 24+71 4,7 i

J0C BUP 2014 (03.1m.) - J0C BUP 2016 (sap.1.) 9,9 +19,2 9,3

II1JT BUP 2014 (sap.n.) - OC BHAP 2016 (s1p.m.) 6+16,7 10,7 >

JIOC BUP 2014 (03.1.) - /I0C BUP 2017 (sip.ii.) 8,4 +13,5 51

[I1J1 BUP 2014 (sp.n.) - JOC BUP 2017 (sap.m.) 56+12,2 6,6 o2
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Ta6una 5. 06pa3nbl AYMEHs], He pearupywiiie Ha ApOBU3aLMI0, C HU3KOIl HOPMOIl peaKiMu

Table 5. Barley accessions with a low norm of responsiveness that did not respond to vernalization

Ioka3aTe/b peaKkuy Ha IPOBU3ALHI0, JHH AJl7IeJIbHOE COCTOSIHUE FeHOB*
o
= 5 3 5 3 B 3 5 8 5 8 5 8
= $3 3 3 3 g2 g2
S g E g E g E g E g B g E
= = = = = N = O = O = O ha N )
£ z 2 Z 9 Z 9 Z 9 z 2 z 2 = T T
& s O = o = © = O s © s © E E E
= e =" = S [~ =" [~ =" = S = N N
5 | 8% | 2% | 88 | 8% | 8& | g§&
E ) & > < 5 > ) )
2 N - N - 0N 0N v <+ - H -
- o - o - © - O - O - O
S N S N (=] (=N S N (=2
] N N I Q It
3772 - - 6 1 5 0 R D R
11458 2 1 8 7 7 6 R D D
11462 -1 -2 4 2 4 2 R D D
11475 6 2 8 4 9 5 R D R
14154 - -1 - - 7 R D R
15013 0 0 0 0 6 6 R D D
15021 -2 -2 -2 -2 4 4 R D R
15034 - - 4 -2 8 2 R D R
15036 6 2 3 -1 7 3 R D R
15177 -2 0 5 7 5 7 D D D
15183 -2 1 1 6 4 9 D D D
15186 4 0 3 -1 5 1 D D D
15192 8 6 6 4 5 3 R D R
15979 - -2 1 5 - 1 - D R
17430 0 -2 5 2 4 - R,D R
17438 0 -2 7 5 7 5 R D R
17908 - 5 - 3 - 4 R D R
18171 - - 5 0 6 1 R D R
21745 - - 3 2 4 3 D R D
21803 3 1 0 -2 3 1 R D R
21805 0 - - -2 6 -1 R D R
21809 - - 4 1 1 -2 - D R
21821 - -2 - -2 - -1 R D R
21822 - 1 - 2 - 2 - R, D D
23785 - - 3 -1 5 -1 R D R
30082 2 -1 0 -2 3 0 D R D
30091 - - - 5 - 6 R D D

[IpuMedaHue: «-» — o6paser; He ObLI B OIBITE;

* - yHPOpMaNYs 110 alJIeJJbHOMY COCTOSHUIO reHoB (R - penieccuBHBIH, D - OMUHAHTHBIN) NpUBOAUTCA 110 KaTasory MUpoBoO# KoJI-
nexnuu BUP (Abdullaev et al.,, 2017)

Note: “-” means that the accession was not included in the experiment;

* — information on the allelic status of the genes (R - recessive, D - dominant) is presented according to the Catalogue of the VIR Global
Collection (Abdullaev et al., 2017)
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Ta6smua 6. 06pa3ubl AYMEHs C HU3KOI HOPMO# peaKi My, cJ1aG04YyBCTBUTE/IbHbIE K poTONEpUOAY
Table 6. Barley accessions with a low norm of responsiveness, weakly sensitive to photoperiod

B INoka3aTe b peakuyv Ha poTonepuos, AHU EUTBRITTEOE o
E COCTOSIHUE T€HOB
E N © N R o <+ © + > O © O N © NN
= | 33|33 | 58| 53|25 | 5|35 | 355|353 | 33 - | o
5 | o | aa | ae| o | as | ae | aa | ae | e | aa | R OF| T
c |B% | 2% | %% 2= | 2= | =2z | 2= | 2= | B2 | == |8 &£ 8
E HO | Ry | RO | Ru | mU | =mO HO | mO | O | =HO & ~
= |88 |ES|ES|ES|ES| 8% | ES|ES|E%|8s
3772 7 2 - - - - 7 - 4 -1 R R D
14891 9 - - - - - 4 - 0 - R R D
14894 - -1 - - - - - 0 - -2 R R D
15008 - - - - 11 12 0 1 - - R R D
15013 6 6 - - 1 1 0 0 0 0 D D R
15022 - - 3 -1 - - - - 1 - R R D
15034 - 0 3 -2 - - 5 -1 4 -2 RD | RD D
15036 5 1 4 1 - - 7 3 4 0 R R D
15184 - -2 - - 0 3 -2 1 - -2 R R D
15186 0 -2 3 0 1 -2 5 1 1 -2 D R -
15192 2 0 3 2 18 16 4 2 3 1 D R -
17431 1 0 - - 6 5 1 0 2 1 R R D
17910 - 1 - 1 - -2 - -1 - - R D R
18026 - 0 - 12 - - - 1 - - R R,D D
18178 -2 - - - - - 3 - - - R R D
18179 8 - - - - - 2 - 3 - R R D
18185 - 6 - 5 5 16 - 2 - 2 D R D
18186 - 4 - 2 0 9 - -1 - 2 R,D R -
21756 - 2 0 4 7 10 - - - - R R D
21761 - - - 0 - - - 0 - 3 R R D
21766 6 -2 5 -2 7 -1 7 -1 1 -2 R R D
21767 -1 -2 5 4 6 4 1 -1 -2 -2 D R D
21803 0 -2 2 1 - - 0 -2 -1 -2 D R D
21809 7 4 8 1 9 6 6 3 -2 -2 D R D
23785 6 2 - - - - 7 1 - - R,D R D
30082 5 2 - - 7 4 3 0 7 4 D R R

[IpuMeuaHue: «-» — 06pasel He ObLI B ONbITE; * - MHPOPMaIK 10 a/1/1eJIbHOMY COCTOSIHUIO ['eHOB (R - penieccuBHBIH, D - JOMUHAHTHBIH)
npuBojuTcs no Karanory mupoBoit kosutekuuu BUP (Abdullaev et al.,, 2017)

Note: “~” means that the accession was not included in the experiment; * - information on the allelic status of the genes (R - recessive,
D - dominant) is presented according to the Catalogue of the VIR Global Collection (Abdullaev et al., 2017)

[TokasaBiIMe HU3KYI0 HOPMY peakLuUH o6pasubl c1abo  Ha 3 u 6oJiee JHeH OOJIbllE, YeM NPU SIPOBOM, BKJIIOYAs «HY-
4yBCTBUTEJbHBI K KOpOoTKOMY ¢oTonepuoay (IIIIBK o6pas-  sieByro Touky» 0 + 2 fHs).
noB Ha JJOC BUP Ha 3 u 6oJiee jHeli MeHblie, yeM B [TI1J1 BUP, BrisiBjieHO 27 He pearupymolyUx Ha sipoBU3aLUI0 U 26
BKJIIOYAsl «HYJIEBYIO TOUKy» 0 + 2 HAA) U (M/1M) He pearupy-  CJabO4yBCTBUTEJBHBIX K poTonepHosy o6pasLoB sUMeEHs
10T Ha sipoBu3anuio (IIIIBK o6pasunoB mpyd 03MMOM ceBe  C HU3KOW HOpPMOH peakuuu (cM. TabJ. 5, 6), KOTOpble mpea-
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CTaBJISIIOT MHTEpeC JJIs ceJIeKIIUM Ha CKOPOCIeJOoCThb B TeX
peruoHax, rae JJIMHA BereTalMOHHOTO NepHoAa SIBJSETCS
JIUMUTHPYOWUM ¢akTopoM. Oco6bIi HHTepecC peCcTaBJIs-
0T 06pa3usl k-3772, k-15013, k-15034, k-15036, k-15186,
Kk-15192, k-21803, k-23785 u k-30082, coueTaroinye ob6a
npusHaka. JIOMMHaHTHBIN a/ulesnb re’a Vrn-HZ aBiadetca
ONpesie/IAI0IINM B KOHTPOJIe THIA Pa3BUTHA sS4YMeHs (CM.
TabJ1. 5). JlaHHBIH JIOKYC COAEPKUT CepHI0 MHOXKECTBEHHBIX
asnieniedt (Takahashi, Yasuda, 1956), koTopble MOTyT KOHTPO-
JINPOBaTh pa3HOOGpa3Hylo peakl{io Ha IpoBU3aLUI0. B Ha-
LIMX ONBbITAX BblJieJI€eHHble 00Pa3Lbl SUMEHS He pearupyoT
Ha spoBU3UpYyloliKe TeMiepaTypsl. Ciabass YyBCTBUTE/b-
HOCTb K KOPOTKOMY GOTONEepHUOAY AarecTaHCKHUX 06pasLoB
SYMeHs1 MOATBEPXKAAIOT U Pe3y/NbTaTbl FeHETUYECKOTOo H3-
ydeHuUs (cM. Tabu1. 6). PerjeccuBHbIN ansenb reHa Eam8 u fo-
MHUHAHTHBIH a/ienb PPD-H2 neTepMUHUPYIOT CJIabyio 4yB-
CTBUTEJBHOCTb K KOPOTKOMY GOTONEPUOAY, a ZOMUHAHTHIN
aysienb PPD-H1 yckopsieT pasBATHe A4YMEHA Ha JAJIMHHOM
JiHe. PasHble reHeTUYECKUE CUCTEMBI JJONOJHSIOT APYT APY-
ra. B TeueHue nATH JIeT B 060UX MYHKTax U3ydeHus obpaser
K-15013 6b1J1 cCaMbIM CKOPOCIIENIBIM CPeAr BCEH KOJIIEKIIUU
JareCTaHCKHUX sTYMEHEH.

3ak/iloueHue

fymenu /[larecraHa CUJIbHO NOABEpXKEHbl NapaTUIIAYe-
CKOM U3MeH4YMBOCTU. CpeJii HUX BBISIBJIEHO 27 He pearupylo-
LIMX Ha ApoBU3anuio popM, a 26 c1abouyBCTBUTENbHBI K KO-
poTkomy poTtonepuoay. leBsaTs 06pa3noB (k-3772,k-15013,
k-15034, k-15036, k-15186, k-15192, k-21803, k-23785
1 K-30082) coveTraloT o6a MpH3HAKa U XapaKTepU3yHTCsS
HU3KOM HOpMOM peakiuu. BoiesieHHble GOPMBI ABASIOTCA
HCTOYHUKAMU CKOPOCIIEJIOCTH U NPEeACTaBJSIOT HHTepec
JUIS ceJIEKIIUM B perMoHax, Ijie AJIMHA BereTallMOHHOrO Ile-
pro/a AABIsIeTCs JUMUTHPYIOIUM GaKTOPOM.

[lokasaHo, YTO Ha HPOJOJIKUTENbHOCTb PAa3BUTHS OT
BCXOJI0B J10 KOJIOLIEHHs 06pa31oB ssuMeHs U3 JlarectaHa, u3-
yueHHBIX B CeBepo-3anmagHoM peruoHe Poccuu (CaHkT-Ile-
TepOypr, [lymkuH) u CeBepHoMm KaBkase ([larectan, r. Jlep-
6eHT), OKa3bIBaIOT BJMSIHHUE peaKlUs Ha SPOBU3AINI0 U KO-
poTkuil doTonepuoy (B cpesHeM - 8 fHell), a TaKKe COOCT-
BEHHO cKopocmnesocTb (6 gHel). BappupoBaHue AaHHBIX
NMpU3HAKOB cocTtaBssio 5,1-10,6 nua, 4,7-10,7 gua u 4,8-
8,2 fHA cooTBeTCcTBeHHO. [lapaTUnuyeckass U3MEHYUBOCTb
OTpakaeT pa3Max BapbUpOBaHUs 3TUX IOKa3aTeJield. YcrTa-
HOBJIEHO, YTO SIPOBU3UPYIOIMEe TeMIIepaTyphl U c1abast yyB-
CTBUTEJBHOCTb K KOPOTKOMY AHIO OOYCJOBJIMBAIOT CKOPO-
CIesI0CTb MeCTHBIX popM ssuMeHs B JlarectaHe.

Paboma evinosiHeHa 6 pamkax zocydapcmeeHHo20 3ada-
HUsl co2/1aCHO memamuveckoMmy njaawy BHP no npoexkmy
Ne 0662-2019-0006 «Ilouck, noddepixcaHue HU3ZHECNOCOOHO-
cmu u packpblimue nomeHyuaaa HacaedcmeeHHoU uaMeH4u-
8ocmu MUupogoll KOANEKYUU 3epPHOBbIX U KPYNSIHbIX KYAbmyp
BHUP 0s5 pazeumusi onmuMu3upo8aHHO20 2eHOAHKA U payuo-
HA/bHO20 UCNO/1b308AHUS 8 CeAeKYUU U pacmeHuesodcmees.

The research was performed within the framework of the
State Task according to the theme plan of VIR, Project No. 0662-
2019-0006 “Search for and viability maintenance, and disclos-
ing the potential of hereditary variation in the global collection
of cereal and groat crops at VIR for the development of an opti-
mized genebank and its sustainable utilization in plant breed-
ing and crop production”.
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Background. Chufa is one of the most promising rare oil-
seed crops. The issues of preserving and obtaining high-
quality seed material are very important. The development
of long-term genebank storage techniques for chufa nodules
is a pressing task.

Materials and methods. We studied 18 chufa germplasm
accessions of various origin. The field study was conducted
in 2010-2012 under the environmental conditions of Kras-
nodar Territory, Russia. Protein and oil content was ana-
lyzed according to the guidelines on the methods of quality
control and safety of bioactive food additives (R 4.1.1672-
03..., 2004); vitamin E according to the guidelines on the
methods of analyzing the quality and safety of food prod-
ucts (Skurikhin, Tutelyan, 1987); fatty acid composition in
line with IUPAC (1979) and GOST R 512677-2006, using an
IIRGCS chromatograph.

Results and conclusions. The study of valuable agronomic
characters in chufa accessions showed that the height of
plants varied from 49 to 69 cm; the number of nodules per
plant from 80 to 110 pcs; the weight of nodules per plant from
18 to 49 g; the weight of nodules per plot (1 m?) from 101 to
393 g. Their oil content varied from 13.1 to 21.06 g/100 g,
and protein content from 6 to 10%. Chufa accessions con-
tained large amount of vitamin E: 19.23 to 35.23 mg/100 g.
The content of saturated fatty acids in chufa oil was 17.75 to
20.99%, monounsaturated fatty acids from 68.21 to 71.55%,
and polyunsaturated fatty acids from 9.94 to 12.17%. A tech-
nique of preparing chufa nodules for long-term storage was
developed. The optimal time to assess germination energy
is four days, with 11 days for germination percentage. Stor-
age of chufa nodules for three years at atemperature of
+20°C causes a decrease in their germination by 15-16%.
When stored under low positive (+4°C) or negative temper-
atures (-18°C and -196°C), their germination percentage
remained unchanged.

Key words: yield, oil content, protein, tocopherol, fatty
acids, germination percentage, germination energy.

AKTyanbHOCTb. Yyda siB/isieTCS NepcrneKTUBHON MaJsiopac-
NPOCTPaHEHHOH MacJHU4YHOH Ky/nbTypoi. [loaToMy Bompo-
CBI 10JIy4eHHsI BBICOKOKA4eCTBEHHOTO IOCEBHOI'0 MaTepH-
aJjla npuo6peTaroT 60JiblIOe 3HaYeHHe. AKTYaIbHOU SIBJIS-
eTcsl pa3paboTKa METOAUKH JJHUTENbHOIO XpPaHEHUs KJIy-
06eHbKOB 4y(dbI B reH6aHKAX PACTUTEJBbHBIX PECYPCOB.
Martepuajibl M MeTOAbl. MaTepuajsoM JJil MCCIeOBaHUSA
nocayuau 18 06pasuoB yydbl pasaUYHOIO HPOUCXOXKJE-
Hus. [loneBoe n3ydenue nposoguaoch B 2010-2012 rozax
B ycaoBusx KpacHozgapckoro kpast Poccuiickoit @epepanuu.
CopepxaHue Gesika M Mac/a MPOAaHAJU3UPOBAHO B COOTBET-
CTBUHU C PyKOBOZACTBOM IO KOHTPOJIIO ¥ 6€301aCHOCTH 6HO-
JIOTUYECKH aKTHMBHBIX IHINEBbIX JAo6aBok P 4.1.1672-03
2004, ButamuHa E - MeTomaMu aHa/siM3a KayecTBa U 6e3-
ONMACHOCTH NUIIEBBIX NMPOAYKTOB. AHAJIM3 XUPHO-KUCJIOT-
Horo cocTtaBa - IUPAC (1979), 'OCT P 512677-2006, c nomo-
mbto xpomaTtorpada IIRGCS 5300. BcxoxkecTh U BAaXKHOCTD
KJY6EeHbKOB — 10 METOJUKAM, PEKOMEHJyEMBIM /151 CEMSTH
cenbckoxo3siiicTBeHHbIX KyabTyp (FOCT 12038-84 u'OCT
12041-82).

Pe3ynbTaThl W 3aKJI04eHUe. l3yuyeHHe X03AHCTBEHHO
LIeHHBIX IPU3HAKOB 4y bl 10Ka3aJ10, YTO BbICOTA paCTEHUH
HM3MeHsJIach B pejesax oT 49 10 69 cM, KOJTUYECTBO KJy-
6eHbKOB o HOro pacTeHusi — oT 80 go 110 WITYK, Bec Kay-
6eHbKOB — 0T 18 10 49 1, BeCc KJ1y6eHbKOB C AieasiHKY (1 M?) -
oT 101 1o 393 r. CopepxkaHue MacJia BapbUpoBaiock oT 13,1
no 21,06 /100, 6enka- ot 6 Ao 10%, Butamuua E - ot
19,23 po 35,23 Mmr/100 r. [loka3aTe b HACBILEHHBIX XKHUDP-
HbIX KHCJOT B MacJje Kayb6eHbkoB uyybbl - oT 17,75 fo
20,99%, MOHOHEHACBILeHHbIX )XUPHBIX KUCJIOT - oT 68,21
fo 71,55%, nosMHEeHacChILeHHbIX XUPHBIX KUCJOT - OT
9,94% po0 12,17%. OnTuMasbHOe BpeMs AJis onpefeseHUs
3HEPruy NpopacTaHus — YeThIpe JHs, BCXOXKECTH — OJMH-
HaAuaTb. XpaHeHUe KJIy6eHbKOB Yydbl B TeYEHHE TPEX JIET
npu Temnepatype +20°C BbI3bIBaeT CHUXKEHHE UX BCXOXKe-
cTu Ha 15-16%. [Ipu XpaHeHUU B yCJIOBUSAX HU3KHUX I0JO-
)KUTeJNbHBIX (+4°C) 1 oTpuLaTe bHbIX TeMnepaTyp (-18°C
1 -196°C) BCX0XKeCTb 0CTaeTCsA HeM3MEeHHOM.

Knwo4yeBble c10Ba: ypo:kallHOCTb, MAaCJIMYHOCTb, O€JIOK, TO-
KodepoJ1, )KUpPHbIE KUCJIOThI, BCXOXECTh, IHEPTUs MpopacTa-
HMUS.
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Introduction

Cyperus esculentus L. is a perennial herbaceous plant of
the Cyperaceae family, which naturally grows in the Mediter-
ranean countries and in Africa, along the banks of the Nile.
The nodules of this plant are considered one of the earliest
food sources known to mankind. It is recognized that they
were cultivated by the ancient Egyptians, starting from 5000
BC (Allouh etal, 2015). The C. esculentus nodules are com-
monly known by several names, such as chufa, ground al-
monds, and tiger nut. Chufa is cultivated in some European
countries: the Netherlands, Switzerland, Germany, Poland,
Hungary, as well as in some African countries: Mali, Benin and
Ivory Coast, as an oilseed and nut-bearing plant. It is grown
on an industrial scale in Spain.

In agriculture, it is cultivated as an annual plant. C. escu-
lentus is the only cultivated species of the genus Cyperus. Its
valuable nutritional qualities are determined by the content
of proteins, oil, carbohydrates and micronutrients in the
nodules (Nizova, Kon'kova, 2008; Codina-Torrella etal,,
2014). Micronutrients include potassium, phosphorus, mag-
nesium, calcium, sodium, iron, zinc, copper, and vitamin C
(Suleiman et al., 2018). Chufa oil is used for food purposes.
Oleic acid dominates in the oil composition of chufa: its con-
tent is comparable to that in olive oil (Arafat etal., 2009).
Chufa oil also contains considerable amounts of essential
fatty acids, phytosterols, phospholipids, fat-soluble vita-
mins, and tocopherols (Ezeh etal., 2014; Shakhova etal,,
2014). According to the data produced by M. A. Allouh et al.
(2015), chufa consumption increases the level of testoster-
one in human blood. The experiments by C. Imo et al. (2019)
showed that even ethanol extracts from chufa did not pro-
duce an expressed negative effect on animal liver function.
Using chufa as a natural preservative in confectionery, bak-
ery, meat and other food industries is considered quite
promising (Kuznetsova etal.,, 2019; Glotova etal., 2010).
Studying the possibility of isolating such natural bioactive
compounds with their subsequent use as preservatives to
prolong the shelf life of natural products is a promising
trend for the development of food industry. Whole-ground
chufa nodules were reported to have an extensive shelf life,
despite their significant oil content. The research per-
formed by I. V. Bobreneva and A. A. Baioumy (2019) ascer-
tained the possibility of using chufa as a dietary supplement
for preventing and normalizing cardiovascular diseases
and confirmed its potential for the food industry in increas-
ing the shelf life and nutritional value of various types of
meat products. The optimal amount of chufa in the composi-
tion of meat products is 5% (Bobreneva, Baioumy, 2019).

The carbohydrate composition in chufa favors its use in
the diet of patients suffering from metabolic syndrome, in-
cluding diabetes mellitus (Sabiu et al.,, 2017). Due to its unique
properties, chufa is an excellent object for inclusion in the list
of Biological and Technical Life Support Systems as the main
link that regenerates food, water and air in closed space sys-
tems (Motorin et al., 2009; Shklavtsova et al., 2014).

Chufa is also widely used for producing the traditional
Spanish drink Horchata de chufa (Butova etal, 2019). It is
a white-colored refreshing drink with a pleasant taste. The
production of horchata has great economic importance for
the food industry in Spain, especially for Valencia, the main
region of chufa cultivation. About 90% of the chufa harvest is
used for making horchata, with an annual consumption of up
to 50 million liters. Horchata production has an estimated re-
tail value of 60 million euros per year (Rosell6-Soto et al.,
2018a; Rosell6-Soto et al., 2018b).

Analyzing physical and chemical properties of chufa oil,
such as density, viscosity, or acid, iodine and cetane values,
shows that chufa oil can be used for biodiesel production
(Sidohounde et al., 2018). Chufa flowers rarely, forming small
seeds, so it is propagated vegetatively, with nodules devel-
oped on underground shoots from special swellings, in the
end of the tillering stage. Considering great practical interest
in this crop, the problem of its preservation in plant gene-
banks is very important. Plant genetic resources are pre-
served in genebanks usually as seeds, but in the case of chufa
it is quite difficult to obtain seeds, especially under northern
latitudes, so it seemed relevant to explore the possibility of
chufa germplasm conservation in the form of nodules, as the
propagules of chufa plants. With this in view, the purpose of
this work was to study valuable agronomic characteristics of
chufa nodules and develop methods for determining nodule
germination and preparation for long-term storage under the
conditions of a genebank, including the analysis of the impact
of different storage temperatures on germination.

Materials and methods

Eighteen chufa accessions of various origin from the VIR
collection served as the target material for the study. The
field study was conducted in 2010-2012 in the environ-
ments of Krasnodar Territory, Russian Federation (Kuban
Experiment Station of VIR). Protein and oil content was
measured according to the guidelines on the methods of
quality control and safety of bioactive food additives
(R4.1.1672-03..., 2004). The fatty acid composition analysis
was performed in accordance with standard methods
(IUPAC..., 1979; GOST R 512677-2006..., 2007). The compo-
sition of fatty acid methyl esters (FAME) was studied using
the CARLO ERBA STRUMENTAZIONE IIRGCS 5300 chro-
matograph (Agilent Technologies, USA). Vitamin E content
was measured in accordance with the guidelines on the
methods of analyzing the quality and safety of food pro-
ducts (Skurikhin, Tutelyan, 1987).

To assess germination, the nodules were sprouted up in
wet paper rolls in a thermostat at a temperature of +25°C.
Methods for determining germination percentage basically
conformed to those prescribed for large seeds in the Inter-
state Standards (GOST 12038-84..., 2016). Moisture content
in the nodules was measured according to the Interstate
Standards (GOST 12041-82...,, 2004). Prior to their place-
ment for storage, the nodules were dried according to the
technique recommended for the FAO genebanks (Genebank
Standards...,, 2014) in the drying room at a temperature of
+18...+20°C and a relative humidity (RH) of 10-12%. Then,
the nodules were hermetically packed in vacuum-laminated
foil bags, 25 nodules per bag. Since there is currently no
method for storing chufa nodules, sample packages (several
packages for each variant) were stored under different tem-
peratures (+20°C, +4°C, -18°C, and -196°C).

Results and discussion

The study of valuable agronomic traits in chufa acces-
sions showed that the height of plants varied within the
range from 49 to 69 cm, the number of nodules per
plant from 80 to 110 pieces, the weight of nodules per
plant from 18 to 49 g, and the weight of nodules per plot
(1 m?) from 101 to 393 g. In terms of yield, nine accessions
exceeded the average: k-1 (Russia) with 116%; k-2 (Russia)
with 114%; k-7 (Poland) with 101%; k-10 (Bulgaria) with
114%; k-12 (Benin) with 113%; k-21 (Belarus) with 107%;
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k-14, k-16 and k-17 (Ivory Coast) with 103%, 111% and
190%, respectively. The weight of 1000 nodules was higher
than the reference in the following 9 accessions: k-1 (144%),
k-2 (153%), k-7 (106%), k-9 (108%), k-10 (144%), k-15
(125%), k-17 (163%), k-21 (144%), and k-23 (102%). The
best earliness was observed in k-12 from Benin: it matured
earlier than the average schedule (118 days). The accession
with the latest maturation was k-20 from Ukraine, with the
growing season of 127 days (Table 1).

sweet potato, being comparable with that in cereals, such as
rice and sorghum (Suleiman et al., 2018). The following ac-
cessions were identified as the best in terms of protein con-
tent in nodules: k-18 (Ivory Coast) with 6.75%, k-11 (Mali)
with 6.76%, and k-9 (Bulgaria) with 6.79%. Chufa oil con-
tains large amount of vitamin E: according to our data, the
range of its variability was 19.23 to 35.23 mg/100 g of oil.
Nutritional and physical properties of oil largely depend on
the amount and composition of tocopherols (vitamin E) -

Table 1. Valuable agronomic traits of chufa accessions from the VIR collection (2010-2012)

Ta6mna 1. X039l CTBEHHO LleHHbIe IPU3HAKH 06pa3LoB 4ydsl u3 koyuieknuu BUP (2010-2012)

Growing season
VIR 8 / _ 5 Weight of 1000 nodules /
catalogue BereTanyoHHbIN Yield / YpoxaiiHocTh Macca 1000 K1yGenbKoB
No. / Origin / nepuoj,
e e + to the e 0 [ ceeiie % of the
m
KaTaJjory Days / aan | average / gI‘/Mz average / g/r reference /
BUP * K cp. % K cp. % K CT.
1 Russia / Poccus 121 0 240 116 340 144
2 Russia / Poccusa 120 -1 237 114 360 153
7 Poland / Iosbia 121 0 210 101 250 106
8 Bulgaria / Bosarapus 122 +1 186 90 150 64
9 Bulgaria / Boarapus 122 +1 203 98 255 108
10 Bulgaria / Boarapus 123 +2 236 114 340 144
11 Mali / Manu 119 -2 195 94 235 100
12 Benin / BeHun 118 -3 234 113 150 64
Germany /
13 122 +1 155 75 130 55
lepmanus
Ivory Coast /
14 , 122 +1 214 103 170 72
Kot-p'ViByap
\ Coast
15 vory,oas / 122 +1 204 99 295 125
Kot-g'ViByap
Ivory Coast /
16 124 +3 230 111 160 68
KoT-x'UByap
Ivory Coast /
17 , 123 +2 393 190 385 163
Kot-p'ViByap
19 Russia / Poccus 122 +1 203 98 190 81
20 Ukraine / YkpauHa 127 +6 101 49 170 72
21 Belarus / Benapycb 121 0 221 107 270 144
23 France / ®pannus 125 +4 146 71 240 102
25 Ukraine / YkpanHa 125 +4 111 54 165 70

The analysis showed that oil content in chufa accessions
varied from 13.1 to 21.06 g/100 g, and protein content from
6 to 10% (Table 2). The following accessions were identified
for the highest oil content: k-13 (Germany) with 20.5 g/100g
of the product, k-21 (Belarus) with 21.01 g/100 g, and k-11
(Mali) with 21.06 g/100 g. Protein content in chufa nodules
is higher than in starchy root crops, such as cassava or

bioactive compounds that increase the oil’s nutritional val-
ue. Moreover, tocopherols are natural inhibitors of highly
non-limiting fatty acids and other easily oxidizable sub-
stances (Ezeh etal.,, 2014). The following accessions were
identified for their high total vitamin E content: k-7 (Po-
land) with 35.23 mg/100 g, k-11 (Mali) with 26.54 mg/100 g,
and k-19 (Ivory Coast) with 26.35 mg/100 g.
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Table 2. Oil, protein and vitamin E content in the nodules of chufa accessions from the VIR collection

Ta6auna 2. CoaepKaHMe Mac/a, 6ejika M BUTaMuHA E B o6pasnax Kay6eHbKOB 4ydbl U3 Koslieknu BUP

0il, g/100 g of the Vitamin E,
VIR catalogue No. / Origin / product / mg/100 g of oil / Protein, % /
Ne o xatasiory BUP IIpoucxoxaenue Macno, r/100r BurtamuH E, Benok, %
NpOAYyKTa mr/100 r macia

1 Russia / 18.73 25.84 5.85
Poccus

2 Russia / 17.21 25.06 6.52
Poccus

7 Poland / 18.42 35.23 6.40
MMosba

8 Bulgaria / 18.35 24.37 6.49
Boarapusa

9 Bulgaria / 18.22 22.34 6.79
Bosrapusa

10 Bulgaria / 17.24 25.00 6.69
Boarapusa

11 Mali / 21.06 26.54 6.76
Mauu

12 Benin / 20.26 25.40 4.17
benun

13 Germany / 20.50 23.07 5.66
[epmanua

14 Ivory Coast / 1451 23.95 454
Kot-x'VByap

15 Ivory Coast / 15.25 24.15 5.60
Kot-p'UByap

16 Ivory Coast / 13.21 24.90 5.84
Kot-n'iByap

17 Ivory Coast / 14.11 24.00 5.59
Kot-p'UByap

18 Ivory Coast / 14.56 23.85 6.75
Kot-p'VByap

19 Ivory Coast / 19.77 26.35 5.62
Kor-x'UByap

20 Ukraine / Ykpauna 17.41 19.23 5.33

21 Belarus / Benapycb 21.01 24.32 4.56

23 France / ®pannusa 20.15 24.90 6.30

The fatty acid composition of chufa oil is characterized by
high content of oleic acid. In the course of our research, k-20
(Ukraine) was identified for the highest content of oleic acid
in oil (71.29%). Palmitic acid content in the studied acces-
sions varied from 12.86% to 14.53%, stearic acid from 2.83%
to 5.78%, linoleic acid from 9.72% to 11.93%, linolenic acid
from 0.15% to 0.29%, and arachidic acid from 0.39% to
0.80% (Table 3).

The content of saturated fatty acids (SFA) varied from
17.75 to 20.99%. The lowest SFA content was observed in the
accessions: k-7 (Poland) with 17.75%, and k-20 (Ukraine)
with 17.89%. Chufa oil is a valuable source of monounsatu-

rated fatty acids (MUFA) (Mohdaly, 2019). The MUFA content
ranged from 68.21 to 71.55%. The highest content was identi-
fied in the accessions: k-20 (Ukraine) with 71.55%, and k-13
(Germany) with 70.76%. The content of polyunsaturated fat-
ty acids (PUFA) varied from 9.94 to 12.17%; the highest per-
centage was observed in the accessions: k-10 (Bulgaria) with
12.17%, and k-14 (Ivory Coast) with 12.07% (Table 4).
Individual accessions were selected according to a set of
valuable agronomic traits: k-7 (Poland) for its yield, 1000 nod-
ule weight, oleic and linoleic acid contents, high content of
vitamin E, and low SFA content; k-9 (Bulgaria) for its
1000 nodule weight, and high protein content; k-11 (Mali) for
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Table 3. Fatty acid composition in the nodules of chufa accessions from the VIR collection, % of the total (C)

Ta6auna 3. )KUPHOKHMC/IOTHBIHM COCTaB Mac/ia 06pa3noB KJI1y6eHbKOB 4y(dbl n3 Kotekuuu BUP, % ot cymmsi (C)

VIR catalogue No. / Origin /.
Ne nio KaTasory & C14:0 | C16:0 | C16:1 | C18:0 | C18:1 | C18:2 | C18:3 | C20:0

IIpoucxoxgenue

BUP

1 Russia / 015 | 1428 | 028 | 387 | 6940 | 11.09 | 029 | 064
Poccus

2 Russia / 014 | 1429 | 030 | 535 | 6815 | 1098 | 024 | 055
Poccus

7 Poland / 015 | 1414 | 027 | 283 | 7014 | 1162 | 022 | 063
[Monbiia

8 Bulgaria / 013 | 1379 | 028 | 460 | 6923 | 1110 | 022 | 0.66
Boarapusa

9 Bulgaria / 014 | 1392 | 028 | 513 | 6793 | 11.70 | 026 | 0.64
Boarapusa

10 Bulgaria / 013 | 1387 | 033 | 488 | 6811 | 1193 | 024 | 051
Bosrapus

11 Mali / 012 | 1316 | 025 | 476 | 69.89 | 1090 | 024 | 067
Mauu

12 Benin / 014 | 1286 | 021 | 537 | 7023 | 1017 | 021 | 080
benun

13 Germany / 015 | 1361 | 030 | 487 | 7046 | 972 | 022 | 067
lepmanus
Ivory Coast /

14 , 003 | 1426 | 041 | 468 | 6797 | 1185 | 022 | 057
Kot-g'ViByap

15 Ivory Coast / 015 | 1449 | 038 | 439 | 6829 | 1153 | 022 | 054
Kor-p'UByap
Ivory Coast /

16 , 017 | 1437 | 022 | 448 | 6973 | 1046 | 018 | 039
Kot-p'ViByap
Ivory Coast /

17 , 019 | 1412 | 032 | 485 | 69.60 | 10.00 | 015 | 077
Kor-x'UByap
Ivory Coast /

18 , 014 | 1395 | 032 | 456 | 6878 | 1143 | 024 | 058
Kot-p'VByap
Ivory Coast /

19 , 013 | 1436 | 037 | 408 | 6923 | 11.02 | 021 | 059
Kor-a'UByap

20 Ukraine / 012 | 1404 | 026 | 318 | 7129 | 1036 | 020 | 055
Ykpanna

21 Belarus / 014 | 1453 | 031 | 578 | 6798 | 1052 | 021 | 054
besapych

23 France / 013 | 1444 | 028 | 569 | 6857 | 1010 | 025 | 053
®pannua

high oil, protein, vitamin E and oleic acid contents; k-12 (Be-
nin) for earliness, yield, and oleic acid content; and k-13 (Ger-
many) for oleic acid and MUFA content. Our research showed
that the oil, protein and total vitamin E contents were diffe-
rent in accessions of African and European origin (Codina-
Torrella etal. 2014), which was confirmed by the studies
where the metabolomic method had been applied to reveal
differences in the geographical origin of chufa (Rubert et al,,

2018). In European accessions, the oil content ranged from
17.21 to 21.05 g/100 g of the product, protein from 6.53% to
11.21%, and vitamin E from 22.34 to 35.23 mg/100 g of oil.
African accessions contained 13.21 to 20.06 g/100 g of oil,
and 5.32% to 7.04% of protein, while their vitamin E level
varied from 23.85 to 26.54 mg/100 g of oil. No significant dif-
ferences in the composition of fatty acids were found between
the two groups of accessions.
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Table 4. The content of saturated and unsaturated fatty acids in the oil extracted from the nodules of chufa accessions
from the VIR collection

Ta6auna 4. CogepKaHve HACBILEHHBIX U HEHACHIIIEeHHBIX )KUPHBIX KMCJIOT B MacJ/ie 06pa3oB KJ1y6eHbKOB 4y (bl
u3 Koyuteknuu BUP

VIR catalogue No. / Origin / Y. SFA / Y. MUFA / Y. PUFA /
Ne no karainory BUP IIpoucxoxaenue Y HXK Y. MHXKK Y, [MTHXKK
1 Russia / Poccus 18.94 69.68 11.38
2 Russia / Poccus 20.33 68.45 11.22
7 Poland / [Mosbma 17.75 70.41 11.84
8 Bulgaria / Bosirapus 19.18 69.51 11.32
9 Bulgaria / Bosrapus 19.83 68.21 11.96
10 Bulgaria / Bosirapus 19.39 68.44 12.17
11 Mali / Manu 18.71 70.14 11.14
12 Benin / BenuH 19.17 70.44 10.38
13 Germany / l'epMmaHus 19.3 70.76 9.94
14 Ivory Coast / Kot-g'UByap 19.54 68.38 12.07
15 Ivory Coast / Kot-g'ViByap 19.57 68.67 11.75
16 Ivory Coast / Kot-g'UByap 19.41 69.95 10.64
17 Ivory Coast / Kot-g'UByap 19.93 69.92 10.15
18 Ivory Coast / Kot-g'ViByap 19.23 69.10 11.67
19 Ivory Coast / Kot-g’'UByap 19.16 69.6 11.23
20 Ukraine / YkpauHa 17.89 71.55 10.56
21 Belarus / Benapycb 20.99 68.29 11.23
23 France / ®panuusa 20.79 68.85 10.35

The nodule sprouting technique was tested on one of the
studied accessions: k-14 in the VIR catalogue (Ivory Coast).
During the process of germination, the emergence of shoots
and roots was observed. Germination energy was assessed on
the shoots and roots that reached the nodule size. Assessment
of germination percentage took into account robust shoots
(from one to three), twice or more times longer than the nod-
ule, with well-developed adventitious roots (Figure 1, 2).

Germination percentage was assessed on the 7th and
11th days. The results showed that seven days were not
enough to assess germination, because new full-fledged seed-
lings continued to appear after that. The optimal time for de-
termining the germination energy was found to be 4 days, and
germination percentage 11 days. The initial values of germi-
nation energy and percentage were 20.0+2.5% and
80.0 * 2.5%, respectively. After measuring the germination
percentage, the seedlings were planted into pots with soil for
greenhouses (turf: 91.7%, limestone flour: 7.1%, NPK ferti-
lizer: 1.2%) and left for further growth to make sure that they
would grow into full-fledged plants (Figure 3).

Then the plantlets were transplanted into the open
ground. The analysis of yield was made in the end of the grow-
ing season (Figure 4).

Nodule preservation experiments were carried out using
the example of k-14, an accession from Ivory Coast. One of the
requirements for successful long-term storage of plant germ-
plasm is low moisture content. Before the start of the experi-

ments, nodules had moisture content of 5.4%. For storage, the
nodules were dried in adrying room at atemperature of
+18...+20°C and a relative humidity (RH) of 10-12%. In the
process of drying they were periodically weighed and their
moisture content was measured. After drying in adrying
room for three months, the weight of the nodules became
constant at 4.2-4.4% moisture content. Germination percent-
age before and after drying remained unchanged (80 * 2.5%).
The nodules prepared in this way were hermetically packed
in vacuum-laminated foil bags and stored for a long time at
different temperatures: +20°C, +4°C, -18°C, and -196°C (in
liquid nitrogen) for further research. After three-year storage
under different temperature conditions, their germination
energy and germination percentage were tested. The experi-
ments were performed in four replications. It was shown that
the germination energy, regardless of the storage option, av-
eraged 4.5 + 2.9%. Germination percentage of nodules stored
at +20°C decreased by approximately 15-16%. Under low
positive (+4°C) and negative temperatures (-18°C and
-196°C), germination percentage remained unchanged (Fi-
gure 5). A decrease in germination energy in all storage op-
tions may be explained by the drying of nodules before place-
ment for storage and, accordingly, by the slowdown of the
initial stage in their germination process.

Thus, even short-term storage of chufa nodules at room
temperature adversely affects their germination. Further ex-
periments should demonstrate what time schedules and tem-
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Fig. 1. Four-day-old sprouts from chufa nodules (assessment of germination energy)
Puc. 1. YeTbIpexAHEeBHbIE IPOPOCTKH KJIYGEeHbKOB 4y}l (O1leHKa IHepruy NpopacTaHusi)

Fig. 2. Eleven-day-old sprouts from chufa nodules (germination percentage assessment)
Puc. 2. OgUHHAALATHAHEBHbIE NPOPOCTKHU KJIyGeHbKOB 4ydbl (0LleHKa BCX0XKEeCTH)

Fig. 3. Chufa in the greenhouse (Pushkin and Pavlovsk Laboratories of VIR)
Puc. 3. Yyda B Teniune (HayyHo-npousBoacTBeHHas 6a3a «IlymkuHckue u [laBnoBckue 1a6opatopun BUP)
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Fig. 4. Chufa in the experimental field (Pushkin and Pavlovsk Laboratories of VIR)

Puc. 4. Yyda Ha onbiTHOM noJsie (HayyHo-npou3sBocTBeHHas 6a3a «IlymkuHckue u [laBioBckue ja6opaTopuu BUP)

Germination, %

Initial germ. +20°C

80,0 80,2 79,6 79,5

+4°C

-18°C -196°C

Temperature

Fig. 5. Chufa nodule germination percentage after 3 years of storage under different temperatures

Puc. 5. BcxoxecTs K1y6eHbKOB 4y(dbI nocjie 3-X JieT XpaHeHHUsA B Pa3/IMYHbBIX TEMIIEPATYPHBIX YCJIOBUAX

peratures are most suitable for the long-term storage of chufa
nodules.

Currently, one of the urgent problems for both Europe and
Russia is to improve nutrition patterns of the population and
increase the share of natural and environmentally friendly
products in the daily diet (Konarev etal, 2019; Sabo etal,
2018). The main problem of such products is their short shelf
life, while the use of chemical preservatives not only negates
the benefits of a natural product, but also harms the human
organism. This is especially typical for perishable products.
To solve this problem and increase the shelf life of natural
products, it is promising to use plants with natural antioxi-
dant potential, such as chufa. The main components in the
antioxidant system of chufa nodules are tocopherols, mainly
y-tocopherol and a-tocopherol (Yeboah et al., 2012). The use

of chufa accessions with a high content of vitamin E (k-7, k-11
and k-19) is promising for the development of this trend in
the food industry.

The key factors for successful long-term storage of chufa
nodules are humidity and temperature patterns. High mois-
ture and high drying temperatures reduce the content of pro-
tein, oil and fiber in chufa nodules (Omale et al.,, 2020).

A comprehensive study of C. esculentus requires perform-
ing molecular genetic studies aimed at obtaining maximum
sizes of chufa nodules in order to optimize the processing
technology. It is also necessary to develop a biotechnological
method for producing a natural preservative from chufa and
conduct medical research into the effect of chufa products on
carbohydrate and lipid metabolism among patients with dia-
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Conclusion

The results of our research show that the chufa collection
accessions manifest significant genetic diversity in their bio-
chemical composition. Chufa accessions have been selected
for a set of valuable agronomic features. The selected acces-
sions can be used as source material in breeding programs.

A technique was developed for measuring germination
percentage, and preparation for long-term storage was car-
ried out. The optimal age of the shoots from chufa nodules to
assess their germination energy was found to be four days,
with eleven days for germination percentage assessment. It
was shown that three-year storage of chufa nodules at +20°C
caused adecrease in their germination by 15-16%. When
stored at low positive (+4°C) or negative temperatures (-18°C
and -196°C), their germination percentage remained un-
changed.

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’.

Paboma 8bino/1HeHA 8 pamKkax 20cyo0apcmeeHH020 3a0aHUs
coanacHo memamuveckomy naaHy BUP no npoekmy Ne 0662-
2019-0001 «Konnekyust MacAu4HbIx U NpsiOUNbHbIX KYAbmMyp
BHUP: noddepicanue, uzyyeHue, pacuiupeHue 2eHemu4ecKozo
DPA3HO06pPA3USI».
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AkTyanbHOCTb. OJHO! U3 TJ106aJIbHBIX IPO6JIEM YesoBe-
YyecTBa B HACTOsIlee BpeMsl SIBJISIETCS OXXKUPEHHE U U36bI-
TOYHBIH Bec. [Jis 1edeHUs U NpoPHUIAKTUKYU 3TOU 60JIe3HU
Bpau¥ peKOMeHYIOT NOTPe6IsTh 60JIbIlIe OBOILIEH, B 4acCT-
HocTHU orypuoB. HecMoTpsa Ha To uTo Poccus BXOAUT B 4u-
CJIO KPYIHBIX NpPOU3BOJUTEJNEH, CpeJHAS ypPOXKAWHOCTh
orypua 6oJiee 4eM B /iBa pa3a HUKe 10 CPAaBHEHHUIO CO CTpa-
Hamu EC. [lns1 yioBeTBOpeHUs NOTPeGHOCTEN HAaceIeHUS
NPUXOJUTCS JOTOJHUTENbHO UMIIOPTUPOBATh HEJLOCTAI0-
Y0 PO YKL HI0. B CBA3M € 3TUM 0YeBHU/IHA aKTYaJbHOCTh
yBeJIMYeHHU s TPOU3BOJCTBA U NPEX e BCEro 3a CYeT MOBBI-
HIEeHU s yPOXKAUHOCTH.

Martepuassl U MeTOAbl. cciie0BaHUSA MPOBOAUJINCE HA
ONBITHBIX y4yacTKax BousrorpaJckodl onblTHOM CTaHL MU
BUP. MartepuasioMm AJisi M3y4eHHUS] HOCTYKHUJIU 0Opa3Iibl
koJuleknuu orypua BUP. B uccnesoBanuax ucnosb3osa-
JIUCh pa3paboTaHHbIe U NpUHATHIEe B BUP MeToauK Y.
Pe3y/ibTaThl M BBIBOABI. bbl/M M3ydeHbl TaKHe XO3AHCT-
BEHHO LleHHbIe IPU3HAKH, KaK YPOKaHHOCTb, Macca u JJI1-
Ha IJI0J1a, OKpacKa LINIOB, COZEepKaHHue CyX0oro BellecTBa
Y caxapoB. BeisiBsieHa 3aMeTHas npsiMasi KOppeJsiiiHOHHas
CBSI3b MEX/Y NMapou «JJINHA — Macca IJIofa» U yMepeHHas
npsiMast MeX/y Npu3HaKaMH «yPOXKaHHOCTb — JJIMHA 1JI0-
Jla», «<ypoxKaMHOCTB — Macca IJI0/ja», «CyX0e BeLeCcTBO — ca-
xapa». [IpoaHa/JM3UpOBAaHbI IMOKa3aTeJd IPUTOJHOCTHU
006pasIoB K 3aCOJIKe U KOHCepBHUPOBAaHUIO. PekoMeH0Ba-
Hbl 00pa3lbl, KOTOPble MOXXHO HCI0JIb30BaTh B CeJIEKI[H-
OHHOM pa6oTe. CesiaH BBIBOJ, O TEPCIEKTUBHOCTH CeJieK-
I[MY Ha X0351ICTBEHHO [|eHHbIe TPU3HAKU Ha OCHOBE JIJIUH-
HOIJIOAHBIX GopM orypua us crpad 0ro-Boctounoit Asuu
u [lanpHero BocToka.

KuroueBsle caoBa: Cucumis sativus L., ypoxallHOCTb, MOD-
dosiornyeckrve NpHU3HAKU MJIOAA, COZEpKaHHE CaxapoB
Y CyXOro BelllecTBa.

Background. One of the global problems presently faced by
humanity is obesity and overweight. For treatment and pre-
vention of this disease, doctors recommend consuming
more vegetables, cucumbers in particular. Despite the fact
that Russia is one of the major cucumber producers, its av-
erage yield is more than twice lower than in the EU coun-
tries. To meet the demand of the population, it is necessary
to additionally import the missing products. In this regard,
the urgent need for an increase of cucumber production is
obvious, and first of all, by raising the yield.

Materials and methods. The research was conducted at
the experimental sites of Volgograd Experiment Station of
VIR. Accessions from VIR’s cucumber collection served as
the material for the study. Methods developed and accepted
by VIR were used in the research.

Results and conclusions. Such agronomic characteristics
asyield, fruit weight and length, thorn color, dry matter and
sugar content were studied. A noticeable direct correlation
was found between fruit length and fruit weight, and mode-
rate direct correlations were observed between yield and
fruit length, yield and fruit weight, dry matter and sugars.
The indicators showing suitability of accessions for salting
and canning were analyzed. Accessions that can be used in
breeding practice are recommended. A conclusion is made
about the prospects of breeding for valuable agronomic
traits using long-fruited forms of cucumber from the coun-
tries of South-East Asia and the Russian Far East.

Key words: Cucumis sativus L., yield, fruit length, fruit
weight, sugar content, dry matter.
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3. X. CYXAHBEPJJUHA e A.A.TPYIIMH e T M.IIMCKYHOBA

BBegenue

Orypern (Cucumis sativus L.) - oiHa U3 caMbIX MOMYJsIp-
HBIX OBOLIHBIX KyJbTYp B MUpe. COIVIaCHO CTaTUCTUYECKUM
JAaHHBIM [Ipo0BOILCTBEHHOM U CEJIbCKOX0351CTBEHHOM OP-
raHusaguu  OOH  (DAO), orypubl KyJIbTHBUPYIOTCSH
B 138 cTpanax Mupa. BeccnopHeIM JiMJiepoM B BblpalivBa-
HMHU OrypuoB aBiasgeTca Kutall, koTopbii npoussesa B 2019 1.
70 338 971 ToOHHY 3TOM OBOILHOM NPOAYKIMH, YTO COCTABJISA-
eT 80% oT MupoBoro npousBoAcTBa. Cieaywiiue JBa MecTa
3aHuMawT Typuusa u Poccusa c npousBoACTBOM B 36-42 pasa
MeHbIINM 1o cpaBHeHUIo ¢ Kutaem (FAOSTAT, 2020).

lllupokasi HONyJIAPHOCTD OTypLiA 0G'bSICHSETCS ero X0po-
LIMMHU BKYCOBBIMH KayeCTBaMHM, BBICOKOH ypOXaWHOCTBIO,
CKOPOCIEJIOCTbI0, PEHTAa6e/bHOCTHI0, BO3MOXKHOCTBIO M0JTY-
YyaTh MPOJYKIMIO B TeUeHHe KpyT/ioro roga. Oryper UCHoJib-
3yeTcsl Kak JAUEeTHYEecKoe, MpopUIaKTHYECKoe, JieueGHOe
Y KOCMeTH4ecKoe cpeZcTBo. [InieBast LleHHOCTDb OTypIia He-
3HaYMTeJNIbHA, TaKk Kak 95-98% Macchl 1mJoja COCTaBJISEeT
Boza. biarofapst Hu3KoM KaysopuitHocTH (B 100 r cogepkuT-
cs1 Bcero 14 kasopuit) ero MoXHO OTHECTH K paspsAy JUeTH-
YeCcKUX NpoAyKToB. KpoMe Toro, TapTpoHOBasi KMC/IOTA, CO-
JlepKallasics B OTrypLax, 3ajepXKUBaeT NMpeBpalleHue yrie-
BO/IOB B KHPBI.

Takum 06pa3oM, oryper sABJIsSETCS AOCTYNHBIM AUETHYe-
CKMM TNPOAYKTOM JJI1 MPOPUIAKTHUKH U JIedeHUsI TaKoro
Mporpeccupymouiero 3abo/ieBaHusl HaceJeHHs, KaK OXHUpe-
Hue. [lo naHHbIM BceMupHO# opraHusanuu 3paBooxpaHe-
Hus, 6osee 1,9 musnapaoB (39%) B3pocsioro HaceseHHs
MJIAaHEeTHhI cTapiie 18 jleT UMerT U36BITOYHBIM Bec, U3 HUX
cBbiiie 650 MmuytmoHoB  (13%) cTpagarT oXUpeHueM
(World Health Organization, 2020).

HecMoTpsa Ha To yTo Poccus BXOAUT B YHUCJIO KPYHNHBIX
HpOl/IBBOL[HTEJIefI, OHa BbIHYX/I€Ha JOMOJIHUTEJIbHO UMIIOP-
TUPOBAaTh OTypLbI [JIA YAOBJETBOPEHUA HYXK/ HaceJeHHUA.
Tak, B 2013 r. umMmnopT coctaBus 223 Thic. TOHH (Chekmarev,
Mamedov, 2015). [lo HamuM pacyeTaM, ecjy pa3feJUuTb 06b-
eM IpOAYKLUMH OrypLa, NpOU3BEeJEeHHOW B TedyeHHe roja
B Poccuy, Ha YHC/IEHHOCTD ee HacesleHus], TO B CpeiHEM IIPU-
JeTCcs BCero okoJio 37 rpaMM B IeHb Ha 4YeJIOBeKa, UTO IBHO
HeJI0CTAaTOYHO /ISl 3[J0POBOTO NMUTaHUs U TpebyeT yBesnye-
HHA IPOU3BOACTBA B HECKOJILKO pas3.

Eciu yuutsiBaTh, 4TO B Poccuy 0cCHOBHOE IPOX3BOACTBO
OTyplLa COCPEJOTOYEHO B IOKHBIX pervoHax, B YUCJIO KOTO-
pbix BxoauT U HikHee [loBo/IKbe, cesleKIIMOHEPAM HEO6XO-
JUMO BBIBOJUTDb COPTA ¥ TUOPHU/IbI, OTJIUYAKOIHUECS BBICOKOHN
YPOXKalHOCTBIO U NPUCIIOCOOJEHHOCTbI0 K TaKUM OTpHIia-
TeJbHO CKa3bIBAIOIMMCS Ha NPOLYKTUBHOCTH ¢akTopam,
KaK BBICOKHE TeMIlepaTyphbl, HU3KaAd OTHOCUTEJIbHAA BJIAX-
HOCTb BO3/yXa, 4acTble 3aCyXH U CyXOBEMU.

Heo6xoa1M0 0C060 OTMETUTH, YTO «...B HACTOsIII[ee Bpe-
Ms B Poccuu 0CHOBHOM 06'beM TPOU3BO/CTBA OT'YPIIOB COCpe-
AO0TOYEH B JIMYHBIX HO[[COﬁHbIX XOBHﬁCTBaX, KOTOpbIe JAKOT
o 80% sTo#l mpoaykuuy, T. e. Poccusi B 06/1aCTH POU3BOJI-
CTBa OTYPLOB, /ia U B 1ieJIOM OBOILlel, BepHYJIach U3 CTaJUU
MNPOMBIIIJIEHHOI'0 MPOU3BOACTBA K HATYPAaJIbHOMY XO3SUCT-
BY, UTO Tpe6GyeT COOTBETCTBYIOIHUX KOPPEKTUB CeJIeKI[MOH-
HBIX Nporpamm. IlepBocTeneHHoe 3HayeHue NPU ITOM IIPU-
06peTalT YpOXKaWHOCTb, BKyCOBble U TOBAapHble KauecTBa
MPOJYKIUH — OCHOBHBIE COCTaBJSAIOIINE KOHKYPEHTOCIIO-
COOGHOCTH COPTOB U FMOpPHUOB, HCIOJIb3YEMbIX B YAaCTHOM
cexkTope» (Burenin etal., 2014, p. 11).

Llesb Hawux uccaedogaHuli - MPOBECTU CKPUHUHT MUPO-
BOM koJuekuuu orypua BUP B ycnoBuax Huxnero IloBou-
Kb, BBIABUTH 061].(]/16 3aKOHOMEPHOCTH B IPOABJIEHUH HEKO-
TOPBIX XO3IMCTBEHHO LIEHHBbIX NPU3HAKOB OTYypLa, YCTaHO-

BUTb KOppEJSIIMOHHbIE CBS3U MEXJYy HUMH U BbIJEJUTh
Jiydiiive 06pasiibl, KOTOpble MOXXHO PEKOMEH/I0BaTh B Kaye-
CTBE HCXOHOTO MaTepuaJa AJisi CeJeKIHH.

MaTepPlaJIbl U MeTOoAbI

B naHHO pa6oTe 0600611eHbI Pe3ybTaTbl MHOTOJIETHUX
WcceJ0BaHUM, NPOBOAUBIIMXCA Ha Bosrorpazckoi omnbIT-
HOM cTaHuU B niepuof ¢ 1961 no 2018 r. CTaHUsl HAXOAUT-
cs1 B CeBepHOU 30He Bouro-AxTy6uHCKON moiMbl. Kinmart
30HbI 3aCyUIJIMBbIM KOHTHHEHTaIbHbIA. CyMMa aKTUBHBIX
TeMIepaTyp 3a BereTallOHHbIN NTepHUOJ B CpPeZIHEM COCTaB-
ssteT 3200-34002C, yToO MOJHOCTBIO OGecneyrnBaeT NOTpes-
HOCTH orypua B Temie. HegoctaTok 0caZjkoB B JIETHUM NepU-
of, Bcero 120-150 MM, BBIHY>KJj@aeT BbIpaIlUBaTh OTYPIbI
TOJIBKO Ha NOJIMBE.

[TouBEI y4acTKa, HA KOTOPOM NPOU3BOJUJIOCH U3y4YeHHe
KOJIJIEKIIUH, TTOMMeHHbIe, CBeT/I0-KallTaHOBbIE, 10 MEeXaHU-
YeCKOMY COCTaBY IJIMHUCTbIE U TSXKEJNOCYTJIMHUCThIE. YyeT-
Has MJIOWA/Jb JIeJITHKH COCTaBJsia 5 M?, pacTeHUsl pa3Me-
masu no cxeme 25 x 70 cM. ArpoTexHUYeCKUH YX0/ BKII0YaJl
MOJIUB C UCI0JIb30BaHUEM KaleJbHOT0 OPOIIEeHUs, TPOIO0JI-
KM, pbIXJIeHHe, 60pb0y C 60/1e3HIMU U BPeAUTENSIMH, TPeX-
KpaTHOe BHeCEHHEe MUHEePATbHbBIX Y00peHUH.

MaTepuasioM A5l U3yYeHHUs TOCIYXKUJIU OTe4eCTBEHHbIe
Y 3apy0exHble 06pasiibl orypla MUpPOBoU KoJutekinuu BUP.
Bolia nsydyeHa ypoxailHocTb 399 06pa3ioB, Macca Ijoja
y 457, nivHa mioaa y 273 v onpesiesIeHo CoJiepKaHue CyXOoTo
BelllecTBa U caxapa y 819 o6pasios.

H3yyeHHe oCyleCTB/IAJOCh B COOTBETCTBHU C METOAM-
yecKUMHU ykaszaHusiMu BUP (Pyzhenkov, Yuldasheva, 1977).
Kaxablli o6pasel; usydascs B TedeHHe Tpex JieT. Peryssp-
Hble C60PbI 3eJIeHLa TPOBOAUIIY Yepe3 1-2 AHS U 110 ypoxKalo,
COGpaHHOMY 3a BeCb IEPHO/ MJIOAOHOIIEHUs, B pacyeTe Ha
1 mM? onpefensiiv yporkalHOCTb 06pasia.

1 OLleHKHU X034MCTBEHHO LieHHbIX IPU3HAKOB OrypLa
HCI0JIb30Ba/IM LIKaJIbl, PeKOMEH/J0BaHHble B MeX/yHapoa-
HoM kJaccupukarope CIB Buga Cucumis sativus L. (Murtazov
et. al, 1980), mo KOTOPBIM IJIOA AJUHOU MeHbIIIEe 5 CM cYUTa-
eTcsl Oo4eHb KOpoTKuM, 5-10cM - kopoTkum, 11-20cm -
cpeaHuM, 21-30 - guHHBIM, 6osblie 30 — OYeHb AJUHHBIM.
Orypubl Maccodl mioja MeHblie 50T OLEHUBAKOTCA KakK
odyeHb Mesikue, 50-100r - menkwue, 101-200 T - cpenHue,
201-400 r - xpynHble, 60sb11e 400 T - oueHb KpynHbIe. Co-
Jlep>kaHue CyXOro BelllecTBa B miose MeHee 3% kuaccudu-
LUpyeTcsl Kak HU3Koe, 3-4% - cpenHee U 6oJiee 4% - Kak
BBICOKOE.

Buoxrumuyeckuil aHa/IM3 MPOBOAUJIU B CTAHIIMOHHOH J1a-
6opaTopuy 6HMOXUMHUH 10 NPUHATHIM B BUP MeTogukam (Er-
makov, 1987). Cojep>kaHue CyXOoro BelllecTBa ONpeJessiiv
BBICYLUIMBAaHUEM /10 IOCTOSIHHOT'O OCTATKa, CaXapoB — MO Me-
ToAy beprpaHa.

CTaTUCTUYECKYI0 06PabOTKY JaHHBIX OCYLIECTBJISIN MO
I H. 3aiiueBy (Zaitsev, 1973) u ¢ Mcnoib30BaHUEM NPOTrPaM-
MHOU HaCcTPOHKH «[lakeT aHa/M3a» TaGJIUYHOTO MpoIeccopa
Microsoft Excel.

PESYJIbTaTbI u 06cy)l<,qe1-me

H. U. BaBusioB oOpalas BHUMaHHE CeJIEKIIMOHEPOB Ha
TO, YTO CeJIeKUUA OJIMKallero GyAylero AOJKHA BKJIIO-
4yaTb CI/IHTe3I/Ip0BaHHbIe 3HaHU4, BCKprBa}O]_uPle COpTOByK)
aMIJIUTYAY BU/IOB, CHCTEMY BU/I0B, KpallHUE BapHUaHThI, aM-
IJIUTYAY QU3NOJIOrHYECKUX, XUMUYECKUX U UHbIX CBOWUCTB
(Vavilov, 1965). MHOrosieTHHE UCCJIeIOBaHUS, IPOBEJEHHbIE
Ha KOoJIJIEKLMH orypua Ha Bosirorpa/ickoi onbITHOM CTaHLUHU
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BUP, no3BosinM co3aaTh 0GIIMPHYIO 633y JaHHBIX JAJIs BbI-
SIBJIeHUs1 OOLIMX 3aKOHOMEpPHOCTeH H3MEeHYMBOCTH psja
IPU3HAKOB U CBA3eH MeX/y HUMU. Mi3y4eHbl Takue NpU3Ha-
KM, KaK YpOXKalHOCTb, Macca M JiJIMHA MJIOZQ, OKpacka IIH-
TI0B, @ TAKXKe COZiepXKaHKe CaxapoB U CyXOro BeIlleCcTBa, Olpe-
JleJISII0I e BKYCOBble KauyeCTBa OTYPLOB U NPUTOAHOCTb UX
K 3aCOJIKe.

Kak n3BecTHO, yeM GoJiblLiel CTeleHbl0 U3MEeHYHMBOCTH
o6JiafjaeT NMpH3HAK, 10 KOTOPOMY BeJIeTCsl CeJIeKIHUsl, TeM
60JIbLIIE BOSMOXKHOCTEH Y ceJIeKI[MOHepa JOOUTHCS X0opolile-
ro pesysnbTata. [loaToMy AJ151 onpesiesieHUsI CTeNleHH BapHa-
6eJIbHOCTH NPHU3HAKOB ObLIM BBIYUCJIEHbI KO3GOULNEHTHI
BapuabesnbHocTH. [lo I H. 3alineBy, npu koaddunueHTe Ba-
puanuu MeHblie 10% cTeneHb BapuabesbHOCTH CYUTAETCS
He3HauuTeNbHOH, OoT 10 10 20% - cpegHeit, Gosbuie 20%
Y MeHbllle Wi paBHO 33% - 3HayuTesibHOU. Ecsiv 3Hauenue
ko3 uureHTa BapualMu He npeBbliaeT 33%, TO COBOKYI-
HOCTb CYHUTAETCS OJAHOPOAHOH, ecnu 6osibiie 33%, To HeoA-
HOpoAHOM (Zaitsev, 1973).

B Halux vccief0BaHUSAX AJIS1 YPOXKAUHOCTH K03ddUIu-
eHT Bapuanuu coctaBua 54,3%, aasa maccel mioga - 41,7%,
aauHbl ozaa - 30,5%, cyxoro BemectBa - 10,3% u a4 caxa-
pa-15,3%.

Takum o6pa3oM, HanGoJiee epPCIeKTUBHO BECTU CeJeK-
I[MI0 Ha TOBbILIEHHE YPOXKaWHOCTH, Macchl M JJIMHBI 11042
orypua.

Tak>ke GBIIM U3y4eHBI KOPPeNALMOHHbIE TAPHbIE CBS3U
MeX/y YKa3aHHBIMM Bblllle IPU3HaKaMu. Pe3ysbTaThl npu-
BeJieHbl B Tabsune 1.

(Russian Statistical Yearbook, 2018), B To BpeMs Kak nepezo-
Bble K0s1x03bl CCCP B TpuAaLaThie rojibl MpoILJIOro CTOJIETUSA
NoJIy4asld ypoxau orypua 2o 6,5 Kr/M? B OTKpbITOM IpyHTE
(Yakimovich, Sheremetyevsky, 1938).

ITo nanHbIM [IpO0OBOILCTBEHHOM U CEJILCKOX03MCTBEH-
Ho# opranusanuu OOH (PAO), cpeaHss ypokallHOCTb OTryp-
na B 2017 r. B ctpanax EC paBHssack 5,45 kr/m? (FAOSTAT,
2020).

TakuM 06pa3omM, AJs1 TOTO YTOGBI JOrHATh cTpaHbl EC,
Poccun Heo6XOJMMO MOBBICUTH YPOXKAWMHOCTh Orypua Io
KpalHel Mepe B 2-3 pasa.

B pe3ysbTaTe MHOTOJIETHEr0 HU3y4YeHUS KOJUJIEKIUU
orypua Ha Bosrorpagckoi onbiTHOM ctaHuuu BUP Boizene-
HbI 06pa3Lbl, TPEBBICUBLIKE T10 YPOXKANHOCTH CTAHJAPTHBIN
copT ‘O6UJIBHBIN’ B TPH U GoJiee pa3a (Tab.. 2). HecomHeHHo,
3TU 06pasiubl ABJSKTCA IEHHBIM HCXOJHBIM MaTepHaIOM
JUISL CeJIEKITUH.

[lo pesysnbTaTaM HalIMX MCCJIEJOBAaHUU 0Opaslbl pac-
MpeJiesIUCh 110 TPYyTIaM CJAeAyIUM 06pa3oM:

* 110 JJIMHE IJI0/Ia: OYE€Hb KOPOTKHE — OTCYTCTBYIOT, KO-
poTkue - 82 o6pasna (30,1%), cpenuue -175 (64,4%), naius-
Hble - 13 (4,8%) u oueHb AJMHHEBIE - 2 06pa3ua (0,7%);

e [0 Macce IJIOJAa: O4eHb MeJikue — 8 o6pasuoB (1%),
mesikue - 251 (33,8%), cpeguue - 430 (57,9%), KpymHbie -
52 (7%) v o4eHb KpymnHble - 2 06pasua (0,3).

TakuM o6pa3oM, B U3yYeHHOM KOJIJIEKLIUOHHOM HaGope
npeo6saZaau 06pasiubl CpeiHUE MO JJIMHE W Macce IJIOoJa.
06pa3ipbl, BbIJEJUBLINECS 10 Macce U AJIMHe IJI0/1a, TpUBe-
JeHbl B Tabiunax 3 u 4.

Ta6auna 1. Koa¢pduuyeHTh NapHBIX KOPpeJIslUi X035 CTBEHHO [leHHbIX IPU3HAKOB 06pa3LoB orypua
(Boarorpaackas OC - ¢pusman BUP, 2001-2018 rr.)

Table 1. Pair correlation ratios of agronomic characters in cucumber
(Volgograd Experiment Station of VIR, 2001-2018)

Iloka3saTesnb / | YpoxailiHOCTb, Kr/M? / | Macca mioza, r/ | yimHa mioaa, cM / Cyxoe Caxapa, % /
Indicator Yield, kg/m? Fruit weight, g Fruit length, cm IR 0/ Sugars, %

! ! ! Dry matter, % !

YpoxxaliHOCTb 1,00

Macca nuioga 0,42 + 0,046* 1,00

JlavHa noaa 0,43 £ 0,056* 0,58 £ 0,043* 1,00

Cyxoe -0,03 -0,15 + 0,034* 0,14 + 0,067** 1,00

BeLLECTBO

Caxapa 0,15 + 0,065** -0,002 -0,07 0,47 +£0,027* 1,00

* - K03 PHULMEHTDI KOPPEJALHHY, JOCTOBEPHBI Ha 1-MPOLEHTHOM YPOBHE 3HAYHMOCTH
** — K03 PULMEHTHI KOPPEJISIUY, JOCTOBEPHBI HA 5-POLEHTHOM YPOBHE 3HAYUMOCTH

* — correlation ratios are statistically significant at the 1% level of significance
** — correlation ratios are statistically significant at the 5% level of significance

KauecTBeHHas oljeHKa TECHOTBI CBSI3U OblJa JjlaHa Ha OC-
HoBe wiKajbl Yennoka (Makarova, Trofimets, 2002). 3amer-
Has npsiMasi CBfA3b HabOJIofjajsach MeXJy NMapoH «JJMHa —
Macca IJ10/ia»; yMepeHHasl npsMasi: «ypoXKalHOCTb — JIJIMHA
IJIOZla», YPOXKAHHOCTb — Macca IJI0Ja», «Cyxoe BeleCTBO —
caxapa»; ciabasi 00paTHas: «CyXoe BeL[eCTBO — Macca IJI0Za»
U «CyXO0e BellleCTBO — JJIMHA IUIofa»; c1abas npsMas: «ypo-
J)KallHOCTb - cojiepaHMe caxapa». B ocTajbHBIX ciy4asx
KOppeJIsiIUOHHAsA CBSI3b MPAKTUYECKU OTCYTCTBOBAJIA.

[To ganHbIM PoccTaTa, cpefHss YpOXKalHOCTb OTYPLIOB
oTKpbITOro rpyHTa B Poccuu B 2017 r. coctaBsina 2,0 kr/m?

AHanusupys JAaHHble, NpHBeJleHHble B Tabiunax 2-4,
MOXKHO CJeJlaTh BbIBOJ, YTO abCOJIOTHOE O6OJIBIIMHCTBO
00pasIi0B, BBIZIEJUBIINXCS M0 Macce U JJIMHE M0/, TPOKC-
xoaaT 13 l0ro-BoctouHoit Asuu u [lanbHero BocToka.

H3BecTHO, UTO 3HAYMUTe/JbHAs 4YacTb ypoxkas OTYpLOB
B Poccuu 3aroraBiinBaeTcCs BIPOK — 3acaMBaeTCs, MapUHY-
€TCA U KOHCEepBUPYeTCH. K IJjioAaMm, nNpeJHa3Ha4yeHHbIM AJiA
3aCOJIKH, NMPeABbABJIAITCS ocobble Tpe6GoBaHuUs. (Yakimov-
ich, Sheremetyevsky, 1938; Samsonova et al., 1983). [Ipex e
BCEro, OHU JIOJDKHBI cofiepkaThb oT 1,8% u 6osiee caxapoB
JUISL TOTO, YTOOBI 06eCeYuTh HOPMaJIbHBIA XOJ Mpolecca
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Ta6smmua 2. 06pa3ubl orypiia, BblAeJIUBIIMECS 110 YPOKAHHOCTH
(Boarorpaackas OC - ¢usinan BUP, 2001-2018 rr.)

Table 2. Cucumber accessions identified for their yield
(Volgograd Experiment Station of VIR, 2001-2018)

Ypo:xaiiHocTs, kr/m? / Yield, kg/m?

Ne no katasory BUP / | Ha3BaHme o6pa3sua / IIpoucxoxaeHue /
VIR catalogue No. Accession name Origin

cpeaHAA / mean min-max
K-4484 205 Cucumber TaiiBaHb 17,7 7,0-20,0
K-4526 Berliner Aal lepmanus 17,0 10,0-24,0
Bp.k-3885 Tasty Bright F, Hupepnangbl 17,1 11,0-24,0
K-4270 Tasty Green F, CIIA 16,6 14,0-19,0
Kk-4490 Tianin mini cucumber Kuran 20,7 19,0-23,0
K-4545 Yeo leam sam chuk oi I0>xHas Kopest 17,5 16,0-21,0
k-4355 Zhong nong Ne 15 Kurait 15,6 7,0-23,0
Bp.k-3701 Zungsunyerum-oi l0knas Kopes 27,5 26,9-31,0
Bp.Kk-3999 MecTHBIN AzepbaiigxaH 20,2 9,0-40,0
Bp.k-4004 MecTHbIN Azepb6aiimkaH 26,2 11,0-39,0
Bp.K-3998 MecTHbIH Azepb6aiimxaH 17,1 4,3-27,6
K-4901 MecTHBIH Azepb6aiimkan 17,0 7,0-24,0
Bp.K-3841 TsaHb-y3UHBb 1H N2 6 KuTai 19,1 14,0-26,0
k-4498 TaHb-y3uHb H N2 7 Kurait 17,7 16,0-20,0
Bp.K-3840 TAHBb-y3UHB 510 N2 5 Kurait 19,5 14,0-28,0
K-3568 O6unbHbIN (cTanzapT) | Poccus 51 2,1-7,2

Ta6smua 3. 06pa3ubl orypua, Bble/IMBLIINECA N0 Macce NJIOAA
(Bosrorpagckas OC - ¢punuan BUP, 1961-2018 rr.)
Table 3. Cucumber accessions identified for their fruit weight
(Volgograd Experiment Station of VIR, 2001-2018)
Macca ioaa, r /
Ne no katasiory BUP / HasBanue o6pasna / IIpoucxoxaenue / Fruit weight, g
VIR catalogue No. Accession name Origin cpeansia / .
mean min-max

Bp.k-3597 Duke Anonus 276,5 218-335
Bp.K-3667 Yamato Sanjyaku Anonus 283,0 250-315
K-4552 Ne 3 BbeTHam 345,0 270-430
K-3997 Ochiai Fushinari Anonusa 303,8 278-340
Bp.K-3664 Santou Anonus 359,5 344-375
Bp.K-3554 Shaatung Suhyo Cross F1 | fnonus 332,7 255-378
k-4941 Slicing Early Set F1 Hupepaanabl 290,0 240-315
k-4943 Tasty Green F1 Hupepaanzbl 348,3 277-420
K-4490 Tianin mini cucumber Kurai 425,0 380-445
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Ta6uinna 3. OKoHYaHue

Table 3. The end

Macca niioaa, r /
Ne no karasiaory BUP / Ha3sBaHue o6pa3na / IIpoucxoxaeHue / Fruit weight, g

VIR catalogue No. Accession name Origin cpeansisa / .

min-max
mean

K-4420 Guliru Anonus 485,0 430-497
Bp.K-3832 Zhong nong Ne 11 Kurait 284,0 247-331
K-4498 JluHb-eHb N2 2 Kutai 310,0 262-347
Bp.k-3073 JITMHOTIOAHBI Kurai 325,0 294-370
Bp.k-3839 TaHb-y3UHb AH N2 4 Kuran 284,0 230-348
Bp.k-3840 TaHb-y3UHB 1H N2 5 Kurait 274,0 238@320
K-4498 TaHb-y3uHb 1H N2 7 Kurai 363,7 215-530
Bp.k-2801 - Kopesa 300,0 251-324
Bp.K-3714 Petrel TaliBaHb 265,0 220-310

Ta6una 4. 06pa3nbl Orypua, BelAeIUBIINECs 0 AJTHHE IJ10Ja
(Bosrorpagckas OC - ¢usnan BUP, 2001-2018 rr.)

Table 4. Cucumber accessions identified for their fruit length
(Volgograd Experiment Station of VIR, 2001-2018)

Ne no kaTasory JnuHa mioga, cm /
BUP / HaszBaHue o6pa3ua / IpoucxoxaeHue / Fruit length, cm
VIR catalogue Accession name Origin
No. cpeAHsaA / mean min-max
K-4484 205 Cucumber TarBaHb 21,7 17-26
K-4542 Changchun mici Hupepnaubl 26,5 21-32
k-4371 Hsia Tzu Huangkua lepMmanus 21,8 14-30
k-4510 Hybrid Pegasus 10. Kopes 26,5 23-30
k-4549 Kaga Aonaga Anonus 24,1 17-30
Bp.K-3862 Man chuncheongiang madi 10. Kopes 25,4 19-27
K-4523 Northern President F1 Jlanus 20,2 18-22
Bp.K-3885 Tasty Bright F1 Hupepaaub 25,0 23-27
K-4270 Tasty Green F1 CIIA 25,0 16-29
K-4490 Tianin mini cucumber Kurait 21,5 20-25
K-4482 Ting Xu hao Kopes 25,3 21-30
Bp.K-1997 Jl3ubau Anonus 22,5 18-27
K-4930 Kuraltickue Kurai 25,0 18-29
Bp.k-4056 - Kurait 32,5 30-35
Bp.K-4061 - Kurai 31,0 26-35
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6poxxkeHus. [loBbILIEHHOE COZlepXKaHME caXapoB o6ecneyrBa-
eT BbICOKO€e KaueCTBO NMPOAYKTa PH 3aCOJIKE.

U3 usy4yeHHbix HaMu 819 o6pa3yos 389 (47,5%) cozmep-
»aJiu oT 1,8 1 GoJiee MPOLIEHTOB CaxapoB, TO €CTh IPUTOHbI
10 3TOMY [TOKa3aTeJIo AJIs1 3aCOIKH.

Jli1s1 KOHCEPBHBIX COPTOB XapaKTepPHbIM MPU3HAKOM SIB-
JisieTCcsl MPOYHas, IJIOTHAsl CTPYKTypa MAKOTH IO/, KOTO-
past onpejessieTcs COAepXKaHUeM LieJJII0JI03bl U EKTHHOB,
BXOZSIINX B COCTaB CyxXoro BemiecTBa. COrJlacHO HaIIUM HC-
cJ1el0BaHUAM, 06pa3Iibl C HU3KUM COZlepXKaHHeM CyXOro Be-
ecTBa B IJI0JAaX OTCyTCTBOBaIH, 49 o6pasuos (5,6%) ume-
JIY CpeJiHMe IToKa3aTesau 1 760 06pasnoB - Beicokue (94,4%).
TakuM o6pa3oM, abcoI0THOE GOJIBIIMHCTBO 06PA31I0B OTJ/IH-
YaJIMCh BBICOKUM COZIepP’KaHHEM CyXOro BellecTBa.

[t 3aco/IKy NpeANoYTeHHe OTAAeTCs OryplaM, HMer-
LIMM YEPHYI0 WJIM KOPUYHEBYI0 OKPACKy IIUIIOB. Bripoyew,
y COBpeMEHHBIX TMOPH/IOB OTyplia GesIoLIUIIble TJI0bl TaK-
»Ke TPUTOJHBbI AJs 3aconkU. Cpeau 06pasLoB, U3yYEHHBIX
HaMHU 110 3TOMY IpU3HaKYy, 55% o06J1aamu GesbIMU IIUIaMH,
39% - yepHbIMH, 4,9% - yepHBIMU U GesbiMy, 0,9% - Kopu4-
HeBbIMH U 0,2% OBIIM IVIaJKUMH, 6€3 LIKUIIOB.

OAHUM U3 OCHOBHBIX TPEOOBAHUH, IPebsIBJIsIEMbIX K 3a-
COJIOYHBIM OT'ypLIaM JJisi KOHCEpPBHUPOBaHUS, SIBJISAIOTCS Orpa-
HUYeHUs 1o JuinHe (A0 14 cM AJid JJIMHHOIJIOAHBIX GopM),
AnameTpy (He 6oJiee 5 cM) M UHAEKCY IJI0/, TO €CTh COOTHO-
LIEHUIO JVIMHBI K AUaMeTpy (He MeHee 2,5).

Mexay TeM JJIMHHOILIOAHBIE OTYPIBI MPU HEGOJIBIIOM
JAUaMeTpe IJI0[a UMEKT 3HAYUTENbHYIO AJUHY. TaK, OTypIibl
CeBepHol, llenTpanbHol U I0KHOM K/IMMaTH4YeCKUX NpoO-
BuHLMHN KuTtaa coprorunos [leknHckui u Kuraiickuil 3mMee-
BU/HBIN AocTturatoT B aauHy 40-100 cM. (Tkachenko, 1967;
Yuldasheva, Stepanova, 1986).

Kpowme Toro, miosb! O/LKHBI 06/1a/JaTh TOHKOH, HEXXHOU
Y TIOPUCTOM KOXKULIEeH, YTOOBI He 3a/iepKUBATh poLecc AUd-
¢y3uun. Copra c rpy60¥ KOXUILEH MaJONPUTOAHBI /s 3aCO-
J1a, ¥ UX MPUXOJUTCS HAaKaIbIBaTh UJIM UCII0Jb30BaTh OoJiee
MoJio/ible 1okl Takke MepBOCOPTHASA MPOAYKIUS MOTyYa-
eTCsl U3 OTYPLIOB, UMEIOIINX MaJeHbKYI0 CEMEHHYI0 KaMepy
C OTCYTCTBUEM IYCTOT.

[IpuHuMas Bo BHUMaHHUe, YTO HaceJleHUe Hallel CTpaHbl
TPaAULMOHHO OTAABaJIO NMpeJNOoYTEeHHEe MeJIKO- U CpejiHe-
IJIOAHBIM OTypLiaM, a TaKXKe YYUThIBasA TpeboBaHHUs KOHCED-
BHOU NMPOMBILIJIEHHOCTH, 0T€YeCTBEHHbBIE CeJIEKIIMOHEPHI [0
HeJlaBHEr0 BpeMeHU ObLIU BBIHYKZEHbl OPHEHTUPOBAThCS
Ha BbIBeJIeHHE COPTOB Or'yplia UMEHHO TaKOTO pa3Mepa, uTo,
€CTEeCTBEHHO, OTPaHUYMBAJIO MOBBILIEHUE YPOXKAUHOCTH.
B HacTosIlee BpeMsl y Hace/JleHUs1 Hayald IprobpeTaTh Bce
OOJIBIIYI0 TOMYJASPHOCTh JAJUHHOIUIOAHBIE OTypIpbl [lo-
CKOJIbKY 0K0Js10 80% NpOAYKLMU BbIpaliUBAETCS B YAaCTHBIX
X03HCTBaX U KOHCEPBUPYETCS B IOMAIIHUX YCJIOBUSAX, OTpa-
HUYEeHHe 110 JJIMHE IIJIOZA Oryplia NOTePSJIo CBOI aKTyallb-
HOCTb.

B 3ak/it04eHHE MepeyucsnM U Apyrue MpeuMyllecTBa
AJIMHHOIIOAHBIX orypuoB. H. H. TkaueHko, onucbiBasi oryp-
ubl u3 Uuauu, Kurtasa u AnoHuy, npex/e Bcero nopaascs
OTPOMHBIM pa3HO06pa3reM HUX COPTOBOro cocraBa. Tosbko
B CeBepHOM KuTae o HacyuTasn 6oJiee 250 copToB. Orypubl
3THUX CTPaH 06J1aJal0T TAKKUMH HENPEB30UAEeHHBIMHU CBOMCT-
BaMH, KaK BbICOKasl yPOKAWHOCTh, CKOPOCIEJIOCTh, HEXKHAs
KOXXHUIIQ, PEKPACHBIN BKYC, CUJILHO BbIpa>K€HHAsl MapTEeHO-
Kapnusi, MaJleHbKasi ceMeHHasl KaMepa, CloCOGHOCTb J0JIb-
LIe COXPaHATb TOBapHble KAyeCTBa 3eJieHIja. ABTOp TaKXKe
0Cc0o060 BbIJieJIsI/l X 3aMevaTe/IbHble 3aC0JI04YHble KauecTBa,
U, YTO OCOGEHHO BaXKHO JJI1 KJIMMAaTHYECKUX YCaoBUNA Hu-
*kHero [10BO/IKBS, MO3HECIIENIOCTh U MOBBILIEHHYIO Kapo-

croiikocThb (Tkachenko, 1967). OH pekoMeH/I0Ba/l OTEYECT-
BEHHBIM CeJIeKI[MOHepaM IIHMpe HCI0Jb30BaTh 6OJIbIION
COPTUMEHT Oryplia 3TOr0 perdoHa B KayecTBe HCXOJHOIO
MaTepuasna JJid ceJeKLUU.

HemasoBa)kHO Y TO, 4YTO AJIMHHOILIOAHBIE COPTa BblJe-
JIAI0TCS TaKXKe 10 OTHOCUTEJIbHON YCTOMYHUBOCTH K JIOXKHOU
MYYHHUCTOH poce, ABJISAIOIIEHCS OCHOBHBIM GaKTOpPOM, Orpa-
HUYMBAKILUM ypoxkalHOCTb orypua. B. W. [Ienkenkos, aHa-
JIN3UPYs PEruoHbl NPOUCXOXKJEHUSA COPTOB OrypLa, YCTOM-
YUBBIX KJIOXKHOM MYYHHUCTOH pOCe, YCTAaHOBWJ, YTO OHHU
B OCHOBHOM IIPOMCXOJAT U3 IEPBUYHOTO LieHTpa IPOUCX0XK-
JleHus orypua - MHAUM Y U3 BTOPUYHBIX LleHTpoB - KuTas,
fAnonuu, BeeTHama, bupmsbl, Henana, UHg0He3uH, poccuii-
ckoro JlaneHero Boctoka (Pyzhenkov, 1977). Hamwu ucciefo-
BaHHUA TaKXe NOATBepAUJIN, YTO OIYpLbl U3 LIeHTPOB POUC-
XOXKJEHUS 00/1aZIal0T OTHOCUTEJbHOM YCTONYMBOCTBIO K ITe-
POHOCIOPO3Y U BBIAENSIOTCS CPeiy OCTaIbHBIX 06Pa3IioB 110
ypoxaiiHocTH (Sukhanberdina et al.,, 2019).

TakuM 06pasoM, BIOJHE OYEBHUAHO, YTO JJIUHHOILIOJ-
Hble GopMBbI orypua 06J1a/jal0T 3HAYUTEBHBIMU PeUMYyILe-
CTBAaMM /JJ1s1 TPOU3BO/CTBA U SIBHO 3aCJAY>KUBAIOT 60JIbLIETO
BHMMaHHA CO CTOPOHBI ceJleKLIMOHepoB Poccuu.

3ak/iloyeHue

B pe3ysbTaTe npoBeZieHHOTO CKPUHUHTA MUPOBOM KOJI-
Jgekyuu orypua BUP no ocHOBHBIM X03SWCTBEHHO LI€HHBIM
MPHU3HAKaM IIPH BbIpAllUBAHUU B OTKPBITOM I'pPyHTE B YCJIO-
BUAX ApKOro 3acyuinBoro kianmara HuxHero [ToBosnkbs
OBLJIU MOJIyYEeHbI CIe[YIOIHe Pe3yJIbTaThl:

e yCTAaHOBJIEHBbI 3aMeTHbIe U YMepeHHble NpPAMbIe KOp-
pendaluu MeXAy TaKMMU NPU3HAKaMM, KaK YpPOXKallHOCTb,
Macca Y AJIMHA IJI0/3, a TAKXKE MEeX/y COJlep>KaHHUEeM CYXOro
BellecTBa U caxapa;

¢ BblJIeJIEHBI 00pPa3Iibl, KOTOpPble HauboJiee MPUCIOCO6-
JIEHbI K KJIUMaTU4Y€CKHUM YyCJIOBUAM aax—moﬁ 30HBbI, OTJINYa-
I0TCA BBICOKOM YPOXXallHOCTBIO U KaueCTBOM IPOJYKLMH.
BoJIbIIMHCTBO M3 HUX MpeJcTaBJeHbl o6pa3iaMmu U3 lOro-
BocTtounoit A3uu u [lasibHero BocToka;

* OomnpeaesieHO, 4YTO 3HAa4YUTeJIbHAad 4YaCTb H3YYEHHBIX
00pasnoB 006/1aZlaeT TaKUMU HeOOXOJUMbIMH CBOMCTBaMHU
JUISl 3aCOJIKY, KaK BBICOKOE COJlepKaHKe caxapa U CyXoro Be-
uiecTBa.

Hcnosib30BaHue B CesIEKIIMH BblIeJIEHHBIX 06Pa310B I0-
3BOJIMT CO3/aTh BBICOKONPOJYKTHUBHBIE COPTA M FHOPUABI
AJId OTKPBITOI'O TIPYHTA, NOJHOCTbIO YAOBJIETBOPUTH IIO-
TpeOGHOCTh HaceJIeHUs Hallledl CTpaHbl B 3TOM 3aMeyvaTeJib-
HOM OBOII€ U OTKA3aThCs OT €ro UMIOPTA.

Paboma ebvinosHeHa 6 pamkax 20cydapcmeeHHo20 3ada-
Huss no memamuyeckomy naavy BHP no npoekmy Ne 0662-
2019-0003 «IeHemuueckue pecypcbl 080UWHbIX U 6AX4esbix
Kynbmyp mupogotl koasekyuu BUP: agpgpekmueHble nymu pac-
WUpeHust pazHoo6pasusi, packpbimusi 3aKOHOMepHocmell Ha-
c/1edcmeeHHOU U3MeHYUB80CMU, UCNO.16308AHUS1 A0ANMUBHO20
nomeHyuana.

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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AKTya/NIbHOCTB. Y/IyullleHHe BKYCOBbIX KauecCTB Y IMUILEBOH
LIEHHOCTHU CaxXapHOM KYKypy3bl CeJIeKIIMOHHO-TeHETHYECKH-
MH METOAAaMHM aKTyaJbHO. TeTpamouiHbIH COPT CaxapHOH
KyKypy3bl ‘bakcaHckas caxapHas’ (k-23426) uMeeT psij npe-
MMYILECTB 10 BKYCOBBIM M TOBapHbIM KayecTBaM NepeJ Tpa-
JULMOHHBIMU AMIJIOUAHBIMU copTaMu. llenb uccienoBa-
HUSl - OlNpe/ieJieHe OTJIMYUTEbHBIX GHOXHUMUYECKHX OCO-
OeHHOCTEH, BIUSAIOIMX HA BKyCOBbIE KaYyeCTBa 3TOr0 COPTA,
B CPAaBHEHUM C JUIJIOUAHON KyKypy3od (copT ‘PaHHss Jla-
KOMKa').

MarepuaJjibl ¥ MeTOAbI. [IpoBe/ieHa OlleHKa pa3Iuyui de-
HOTUNMYECKUX NPU3HAKOB pacTeHU aAumiougHod (2n)
U TeTpaIionAHou (4n) Kykypy3sl. MeToioM HHGpaKpacHO
CMEKTPOCKONHHU U3y4Y€eHO pa3niie GHOXMMHUYECKOI0 COCTa-
Ba 3€PHOBOK I10 COZlepKaHMIO 6eJsika, KpaxMmasa, Macia. Me-
TO/IOM T'a30-)KU/JKOCTHOH XpoMaTorpaduu C Macc-CHeKTpo-
MeTpHel U3yyeHO HaKOIJIEHHEe MeTaGoJIMTOB B CyXOH 3ep-
HOBKE.

Pe3ynbraThl. CpaBHEHUE GEHOTUNMYECKUX NPU3HAKOB pa-
CTEHUH AUTIOUIHOM (2n) ¥ TeTpamIouJHOH (4n) KyKypy3bl
N0Ka3aJo, YTO CTPYKTypa IOYaTKa, coAepxaHue Oesika
Y MacJia y TeTpamouAHOH Jydlie. AHaIu3 MeTaboJIMTOB MO-
KasaJl, YTO B 3epHOBKAX TETPAIJIOUAHON KYKypy3bl U3MeHS-
I0TCSI KOJIMYECTBEHHbIE I10Ka3aTeJud XUMHYECKUX KOMIIO-
HEHTOB 6€3 M3MeHEeHHsl KayeCTBEHHOIo COCTaBa. XUMHue-
CKUH COCTaB MeTa6oJMTOB 3epHa 4Nn-KyKypy3bl XapaKTepH-
3yeTCcsl YCUJIEHUEM CHHTe3a OOJIbIIMHCTBA OpPraHUYECKHX
KUCJIOT U CBOOOJHBIX aMUHOKHUCIO0T, GOCPOpPHON KHUCIOTHI,
JKUPHBIX KUCJIOT, HEKOTOPBIX MOHOCAXapu/oB, GEHONbHbIX
coeiMHeHUH U puTOoCTEpOsIOB. HabrojaeTcsl CHUXKEHHE Co-

Background. Improving the taste and nutritional value of
sweetcorn using genetic selection techniques is an impor-
tant trend. The tetraploid sugary maize cultivar ‘Baksans-
kaya sakharnaya’ (k-23426) has a number of advantages in
terms of taste and marketability over traditional diploid
varieties. The purpose of the research was to identify the
distinctive biochemical characteristics that affect the taste
of this cultivar in comparison with the diploid reference
(cv. ‘Rannyaya Lakomka’, c-1775).

Materials and methods. The differences in phenotypic
traits between diploid (2n) and tetraploid (4n) maize plants
were assessed. Infrared spectroscopy was used to study the
difference in the biochemical composition of kernels in
terms of protein, starch and oil content. Accumulation of
metabolites in a dry kernel was studied using gas-liquid
chromatography with mass spectrometry.

Results. Comparison of the phenotypic traits in 2n and 4n
sweetcorn plants showed that 4n had a better ear structure,
protein and oil content. Analysis of metabolites showed that
quantitative indicators of chemical components changed in
kernels of the 4n sweetcorn without changing the qualita-
tive composition. The chemical composition of the metabo-
lites in 4n sweetcorn grain was characterized by an in-
crease in the synthesis of most organic acids and protein
amino acids, phosphoric acid, fatty acids, some monosac-
charides, phenolic compounds, and phytosterols. A de-
crease in the content of most polyhydric alcohols, disaccha-
rides, trisaccharides, some monosaccharides, and phenolic
compounds was observed. An inhibitory effect of a su2 gene
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JilepKaHHs GOJIbLIMHCTBA MHOTOATOMHBIX CHHPTOB, Jycaxa-
PUZOB, TPHUCAXapHLOB, HEKOTOPBbIX MOHOCAXapUAOB U de-
HOJIbHBIX coeJUHeHUH. OGHapyKeH UHTUOUPYIOIUN 3 deKT
Jl03bl reHa Su2 Ha pa3Mepbl KpaxMasbHbIX TPaHyJL.
3aks0o4eHue. Pe3ynbTaThl HCCIeAOBAaHUMA MOKa3ald, 4YTO
COPT TEeTPaNJOWAHOHN caxapHOH KyKypy3bl ‘BakcaHckas ca-
XapHast’ UMeeT YJIyUIIeHHYI0 CTPYKTYpy IoYaTKa U CYILecT-
BeHHble OTJIMYUsl OT AUIUIOUAHON MO 6MOXMMHUYECKOMY CO-
CTaBY, BJIUSIOLME HA BKYCOBbIe KaueCTBa.

KniwueBble caoBa: Zea mays L., su2, sHjocnepm, 3apoAblLy,
MapKep, TeTPaIJIoOn/, AUIJION/], 6HOXUMUYECKHUH COCTaB, 06-
hiMe caxapa, kosiekuus BUP.

Conclusion. The studies showed the advantage of the 4n
sweetcorn over the 2n one due to its improved ear structure
and biochemical composition, which positively affected the
taste qualities.

Key words: Zea mays L., su2, endosperm, germ, marker, tet-
raploid, diploid, biochemical composition, total sugars, the
VIR collection.

BBeaeHue

[IponsBoACTBO caxapHOH KyKypy3bl M IPOAYKTOB €ee IIe-
pepaboTKH € KaXKAbIM roJloM IpHo6GpeTaeT Bce GOJIBIIYIO MT0-
NyJsIpHOCTb U pacnpocTpaHeHue B Poccuu u ctpanHax CHI
BkycoBble kauecTBa caxapHOH KyKypy3bl IBJISIOTCS CAMbIMH
Ba)XXHBIMU I10Ka3aTeJsIMHU [JIsl MOBBIIIEHUS] NMOTPeGUTENb-
CKOTO HMHTepeca K3TOMYy IPOJYKTY U yBeJU4YEeHUS peHTa-
6eJIbHOCTH TPOU3BO/ICTBA OPUTHHA/IBHBIX 10 MUIIEBOH L[eH-
HOCTH copToB. [loTpe6JieHne KyKypy3bl B MHpe 110 CTpaHaM
Ha 2018-2019 rr. cocraBuio B CIIA 315,341 man T, B Ku-
Tae — 276,987 muiH T, B EBponelickoM corwse - 63,185 MsiH T,
B bpasusun - 66,5 muH T. CoeguHenHsble llltaTe aBasioTCcs
BeAyIIMM OTpebUTe/IeEM KYKYpPYy3bl BO BceM Mupe. B 2018 .
Cpe/THECTaTUCTUYECKUN aMepHuKaHel noTpe6usa 3,06 Kr
CBeXel cJaJIKod KyKypy3sl, Toraa kak B 2010 r. moTpebute-
HUe cocTaBsao 4,17 kr (Shahbandeh, 2019). B P® kyabTypa
caxapHOM KyKypy3bl TOJIbKO HauMHAeT HaGupaThb MOMyJasp-
HOCTb B ITPOU3BO/ICTBEHHBIX 10CEBAX: €€ MJIOLAM MaJI03Ha-
YUTEJbHBI U COCPEZOTOYEHbI B OCHOBHOM B HEGOJIBLTNX dep-
MepCKHX U YaCTHBIX TEIUIMYHBIX X035 CTBaX.

B Poccun B 2012 1. BnepBble HAa MUPOBOM UM OT€YeCTBEH-
HOM PBIHKe OBOIIHON KYKYypy3bl ObLJI CO3/JaH COPT TeTparJio-
WJHOM caxapHOH KyKypy3bl, KOTOpPbIA XapaKTepH30BaJICA
KpPYyIHBIM TOYaTKOM M KpynHbIMH 3epHoBKaMu (Khatefov,
Shcherbak, 2012). Copt ‘BakcaHckasi caxapHast’® SIBJISIETCSA
€/IMHCTBEHHBIM B MUpPe TETPAIJIOUAHBIM COPTOM CaxapHOH
KYKypy3bl, BHECEHHBIM B PeecTp Ce/IeKI[HOHHBIX J0CTHXKe-
Hui PO. B cBA3M € pocTOM NONy/IsIpHOCTH KaK AUIJIOU/IHOH,
TaK ¥ TETPAIVIOUZAHON caXapHOH KyKypy3bl, CpeJiy ceJleKI1-
OHEPOB aKTya/IbHbI HCCIe0BaHUsI F€HETHYECKOI0 KOHTPO-
Jis1 MOp$OGHOTOruiecKUX MPU3HAKOB PAaCTEHHs U Ka4ecTBa
OUOXMMMYECKOT0 COCTABa, BJIUSIOIMX Ha [[BET, 3aNaX U BKY-
coBble KadecTBa 3epHa (Mahato etal, 2018; Flora, Wiley,
1974; Zili¢ et al,, 2011).

B cesekiuy NUIEBOM KYKypy3bl C OTKPBITHEM T'€HOB
sugary endosperm (su), sugary extender (se), waxy endosperm
(wx), amylase extender (ae), dull endosperm (du), shrunken en-
dosperm (sh), opaque-2 (0,), floury-2 (fl,) n Apyrux, MyTanuu
KOTOPBIX W3MEHSIOT XapaKTePUCTHUKHU 3HJO0CIepMa y KyKy-
PY3BbI, YCKOPUJIUCh UCCJIeJOBAHUS 10 UCKYCCTBEHHOMY MOJie-
JINPOBAaHUIO BKYCOBBIX KadyeCcTB 33 CYeT OHOXHMHYECKOTO
coctaBa 3epHa (Paliy, 1989; Sotchenko, Novoselov, 1995;
Boyer, Shannon, 2011; Wang, Larkins, 2001). [lo HacTosiIero
BpeMeHHU BCe ceJIeKIIMOHHO-TeHeTHYEeCKHe UCCIeJOBaHuUs 10
BBE/IEHUIO TAKUX MyTallUH B reHOM KYKYpY3bl IPOBOAMIH Ha
JUIJIOUJHBIX TEHOTHIAX, U JINLIb OT/eJIbHble aBTOPhI CPaB-
HUBaJIM 6MOXUMHUYECKUH COCTAaB FeHOTHIIOB KyKypy3bl pas-
sudHou miougHoctu (Paliy, 1989; Khatefov, 2019). Ha nume-
BBIX MOJBUAAX KYKYpy3bl U, B YaCTHOCTH, TETPAIIOUJIHON
caxapHOM KyKypy3e NofoGHbIe BONPOCHI M BOBCE He U3y4a-

sin. TeTpamioniHas KyKypy3a Oblya BepBble co3zaHa B 30-X
rogax npouutoro Beka JI. @. Panzponbdom. Pacrenus u oco-
6eHHO 3epHOBKU TETPAIJIOWJHON 3y6OBHU/IHON W caxapHOH
KYKypy3bl XapaKTepU3YyIOTCs O6oJsbliell H3MeHYMBOCTBIO
pa3MepoB BereTaTHUBHBIX YacTed W XMMHYECKOro COCTaBa
3epHa o cpaBHeHwuo ¢ qumionaHou (Khatefov, Shcherbak,
2002; Novoselov, Khatefov, 2011).

W3 13 n3BeCTHBIX F€HOB, KOHTPOJUPYIOIIUX MPU3HAK Ca-
XapHOI'0 3HJOCNepMa, HauboJIblllee pacnpocTpaHeHHe Ha-
IIJIM TPU U3 HUX: sugary (su), srunken (sh), sugary extender
(se) (Paliy, 1989; Motto etal., 2010; Hartings etal, 2012).
Hanbosbinee pacnpocTpaHeHHe B IPOU3BOACTBE HMEIOT
copTa M ru6publ caxapHOHM KYKYpy3bl, CO3ZaHHbIE HA OCHO-
Be reHa Su ¢ coJiep>kanueM caxapa 5-10%. 3To o6bsICHSAETCA
60JIbLIIEH TEXHOJOTUYHOCTBIO U YL06CTBOM BBIpAIlUBaHHS,
NPUTOAHOCTBIO /IJIsl MEXaHU3WPOBAaHHON Y6OPKHU U mepepa-
OGOTKH 3epHOBOK, HECYIIMX aJlJIeJJM 3TOr0 I'eHa, 4YeM eHbI
cnagkout (sh) c comepkaHueM caxapa 7-15% wu cymepcian-
Ko# (su, se) ccopepxaHueM caxapa 20-30% KyKypy3bl
(Garkushka et al., 2010; Pairochteerakul, 2018; Wilson, Mo-
han, 1998; Abd El-Hamed et al,, 2011; Zhang et al., 2019).

Co3zaBasi AMIUIOWJHBIE THOGPHUJBI, COYeTawOIUe He-
CKOJIBKO PeLleCCUBHBIX MyTalllH, CeJIeKI[HOHEPDBI MOTYT HU3-
MeHATb BKYCOBble KadecTBa 3epHa. B ciyyae cesekuuu ca-
XapHOM W JpyryX MHULIEeBbIX NOABUAOB KYKYpy3bl Ha TeTpa-
IJIOUIHOM YpPOBHE CeJIEKIIMOHEepy HPHUXOAUTCS pPaboTaThb
C YHMCJIOM XPOMOCOM B reHOMeE B /iBa pa3a 60Jiblle JUILJIOU/-
HOTO. JTO [T03BOJISIET 00’ beJUHUTD GOJIbIIE [IeHHBIX aJlIeel
reHOB, BJIHSAIOIIMX Ha XMMHUYECKUH COCTaB 3epHa B OJHOM
rubpugaoM renotuine (Khlestkina et al.,, 2016; Khatefov et al.,
2018). [ToaToMy cesreKnusi rMOPUA0B CaxapHOH KyKypy3bl Ha
TETPaIJION/IHOM YPOBHE CyIeCTBEHHO pacIIHpsieT Auana-
30H BKYCOBBIX U IIUTATEJbHBIX KAYECTB 3epHA, UMeeT 60J1b-
Ile BO3MOXXHOCTEHN [JIS ONTUMaIbHOTO COYETAHUS Pa3HbIX
reHOB, BIMSIOLIMX HAa NIPU3HAKKU KaK dHJOCIEepPMa, TaK U 3a-
poJbliia B oiHOM reHoMe. Onipe/ieJieHre U3MEHYMBOCTH Ha-
KOILJIEHUS crleliuPpHIeCcKUX MEeTab0JIUTOB B 3aBUCUMOCTH OT
reHOTHIIa MOTYT GbITh UCI0JIb30BaHbl B KAYECTBE GHOXUMU-
YeCcKHUx MapKepoB KyKypy3sl (Chesnokov, 2019; Nerling et al.,
2018; Jompuk et al., 2020; Motto et al., 2010).

Llenv daHHOU pabombl — onpefie/ieHHE OTIMYUTETbHBIX
0COOEHHOCTEH, BIUSIOLUIMX HA BKYCOBbIe Ka4yeCTBa COPTA Te-
TPAIJIOUJHOM caXapHOU KyKypy3bl B CDAaBHEHHUH C IUTIJIOU/ -
HOW.

MaTepuam,l H MeTOoAbl

s uccoieoBaHUM GBIJIM UCIIOJIb30BaHbI 06pa3Ilbl, FO-
MO3UTOTHBIE MO TeHY SuZ2, COPTOB JUIJIONJHOU (‘PaHHsS
JlakoMka’, c-1775) u TeTpansionHoH (‘bakcaHckas caxap-
Hast', K-23426) caxapHOH KyKypy3bl U3 KOJIJIEKIIUK Beepoc-
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CHUMCKOTO MHCTUTYTA eHeTUYeCKUX pecypcoB pacTeHUH
uM. H.W. BaBusnoBa (BUP). MHccrnenoBanuss npoBefeHBI
B 2018-2019 rr., Ha TeppuTOpHUU ONBITHO-NIPOU3BOCTBEH-
Horo xo3dgicTBa «HapTtan» npu UHCTUTyTe CeNbCKOTo XO-
3aicTBa KabapauHo-Bankapckoro HayyHoro neHTpa PAH
(MCX KBHL, PAH). CesnleKIIMOHHBIM y4YacTOK PacloJioXKeH
B IIpefesiax npearopHoi 3ousl CeBepHoro KaBkasa, Ha Bo-
JopasjeJie pek YpBaHb - Hasbuuk.

[TouBBEI B OCHOBHOM IIp€/ICTaBJIEHB] JTYTOBBIMU YepHO3e-
MaMu. CofieprkaHue ryMyca B IaXOTHOM CJIOe He IIPeBbIIIaeT
2,64%, peakyys MOYBEHHOTO pacTBOpa 0 BCeEMY IOYBEHHO-
My npoduw cpegHenesnoyHas (pH 8,1), co cpeaHel eMKo-
CTBhIO TOIJIOIEHUS] B MaXOoTHOM cJioe (32 mr/skB. Ha 100r
[I0YBBI), KOTOpPAsi YMEHBIIAETCs TOCTENEHHO C YBeJIMYeHHUEM
[IyOUHBI. 3HaYeHUs cofiepXkaHHusl KapbOHATOB B MAaXOTHOM
CJI0e BapbUPYIOT OT cpejHero (6,7%) Ha MOBEPXHOCTH [0
BbIcOKOTO (13,6-14,7%) Ha riyouHe. 06eCIe4eHHOCTD M0Y-
Bbl NOABWXHBIM ¢ochopoM odenp Huskasa (0,4 mr/100r
MI0YBBI), a 0OMEHHBIM Ka/IMeM - oyeHb Bblcokast (8 r/100 r).

KimMaT 30HBI XapakTepusyeTcs KaK YMepeHHO KapKuH
npu cyMMe akTUBHBIX TeMnepatyp 3000-3200°C u ymepen-
HOM YBJQXHeHUU (Ko3dduuueHT yBaaxHeHus - 0,5-0,9),
rUpoTepMuYecKkuil kosdpduiueHt cocrasaser 0,9-1,2.
B 1es10M 3a nepuozA uccaeJ0BaHUM POCT U pPa3BUTHE KYKypy-
3bI IPOXOUJIN IPU U3OBITKE TeIlIa U AiepUIUTe BIATH.

HWcneiTaHre Bcex 06pasLoB KyKypy3bl IPOBOJUJIU B JIBY-
KPaTHOM NOBTOPHOCTH B OJJMHAKOBBIX arpOTEXHHYECKUX
YCJIOBHUSX, YTO NMO3BOJIMJIO HUBEJHPOBAThH BJHsSHUE BHELI-
Hell cpeJbl Ha nokasaTesu. /[leJsHKU JBYXpsAKOBbIE, IJIO-
wazbio 4,9 M2, lllupuHa Mmexaypaauii — 0,7 M, rycToTa CTOS-
Hus - 50-60 Thic. pacTeHUH Ha 1ra. U3MepeHUsl U y4eThl
nposoauar Ha 10 pactenuax u 10 moyaTkax B ABYKPaTHOMH
MOBTOPHOCTH.

W3yyeHrne ¢eHOTHNHYECKUX MPHU3HAKOB JIMHUH oOCy-
ecTBJIAIM 110 MeToAnKe BUP (Shmaraev, 1985), arpoTexHu-
YecKre MepONpHUATHS — 110 METOAMYECKUM YKa3aHHUSM IO
NPOU3BOJACTBY THOPUJHBIX ceMsH KyKypy3bl (Sotchenko
etal, 2019). OnpefesieHre 06GIIUX CaXapoOB B CYXUX 3€pPHOB-
kax npoBoauan o 'OCT 26176-91 (GOST 26176-91...,2018).
OnvcaHue 6MOMeTpUYECKHX IOKa3aTesied JaHbl COIJIACHO
«lInpokomy yHubHLIHPOBaHHOMY KiaaccudukaTtopy CIB Bu-
Aa Zea mays L.» (Kukekov, 1977). ConepkaHUe B CyXUX 3ep-
HOBKax 6eJika, KpaxMaJia, Macja ONpejessJii MeTOJOM HH-
¢dpakpacHol creKTpockonuu Ha mnpubope Infratec 1241
Grain Analyzer (llIBenus). AHanu3 MeTaGOJIMTOB B 3epHe
IPOBOJMJIM C IOMOLIBIO Ta30-)KUAKOCTHON XxpoMaTorpadpuu
c macc-cnektpoMmeTpueit (I?’KX MC) Ha xpomaTorpade Agi-
lent 6850 c KBaJpynoJbHbIM MacC-CEJEKTUBHBIM [J[€TEKTO-
pom Agilent 5975B VL MSD (Agilent Technologies, CII1A) B oT-
nfese 6uoxumun BUP. )KupHOKHMCIOTHBIN cocTaB Macja Cy-
XUX 3epeH KyKypysbl onpeessanu ¢ nomoubio KX Ha xpo-
Marorpade «Kpucrann 200M» B tabopaTopuu Bcepoccuii-
ckoro HUHW mMacanunbix KyabTyp uMenH B.C.IlycroBoiiTa
(BHUHMMK). MosyyeHHbIe pe3yabTaThl 06pabaThIBaIHU C 10-
Mo1bio nporpamMMel UniChrom (Loskutov et al., 2016).

Mopddosioruio BelesIeHHbIX IPaHy/l KYKYPY3HBIX Kpax-
MaJIOB OIpeJe/isIi CIOMOIbI0 CBETOBOM MHKPOCKOIHH.
Kpaxmas nomernanu Ha npeJiMeTHO€e CTEKJIO U OKpaIlXBaIx
Kaniei pactBopa Jlroross (pacTBop iojia B BOJJHOM pacTBO-
pe HoanAa Kaaus). 3aTeM npenapaT HaKpbIBaJIX TOKPOBHBIM
CTEKJIOM U CJIeTKa IPHKUMaJIU JJisi paBHOMEPHOTO pacrpe-
JleJIeHUs1 KpaxMaJsIbHbIX IpaHyJI [0 CTeKJI0M. 36bITOK Kpa-
cUTeJIs yNAJISAIN C TOMOLIbI0 QUABTPOBATbHOM 6yMaru. AHa-
JIM3 IpaHy/ KpaxMaJjia npooauy npu 400-KkpaTHOM yBesu-
YeHWU C IPUMEeHEeHHeM CHHero QuibTpa NMOJA ONTHYECKHUM
Mukpockonom «Mukpomeg 3 JIOM LED» B npoxo/siieM cBe-

Te ¢ $oToHaca kol Ha MuKpockon Oplenic psc600-15c (B51)
(Oplenic Corp., USA). kciepuMeHTa/bHbIEe JaHHbIE aHAJIU-
3UpOBaJId MeTOZOM 6GHOMETPHUYECKOH CTAaTHUCTUKHU 110
b. A. locniexoBy, onpenensau HCPO’5 U OTKJIOHEHUE OT cheﬂ'
(Dospekhov, 2014).

Pe3ysbTaThl

Pe3ysbTaThl CPaBHUTE/IBHOTO aHAIM3a PaCTeHUH JUTLIO-
WJHOW U TETPAIJIOWJHOMW CaxapHOM KYKypy3bl NOKa3sasi,
YTO TeTPANJIOWHbIN reHOTHUII (copT ‘bakcaHckas caxapHas')
B CPaBHEHMH C JUIIOUAHBIM (copT ‘PaHHss JlakoMKa') nMe-
eT NperMyIecTBa 10 MHOTHUM CeJIeKLIMOHHO IIeHHBIM IpPHU-
3HakaM (Tab.. 1).

PasMepsl noyaTka, 3epHOBKH U 3apojbllla y TeTparJo-
HJIHOTO COPTa 3HAUYMUTEJbHO KpYIHee, YeM Yy AUIJIOUHOTO,
YTO SABJSETCA AJI CaXapHOHW KyKypy3bl O4YeHb Ba)KHBIM
KaueCTBEHHBIM Ipu3HakoM (puc. 1, 2). [loaTomy npoBeseHue
aHa/M3a AUHAMHUKH U 0COGEHHOCTEN HAaKOIJIEHUs BellecTB,
OTpeie/IAI0IUX BKYCOBble KauecTBa 3epHa, IPHU NepeBoje
C JUIJIOUHOTO YPOBHS Ha TeTPAIUIOUAHBIM BaXXHO [AJIs
oTnpe/iesIeHUs] BEKTOPOB CeJIEKI[IMOHHOTO YJIy4IlIeHUs] HOBBIX
COPTOB U THOPHU/IOB CaXapHOU KYKYpY3bl.

J1s1 cesleKIIMOHEPOB M TEXHOJIOTOB 110 epepaboTKe Chl-
pbA CaxapHOHN KYyKypy3bl B BUJie I104aTKOB MOJIOYHOM cCIle-
JIOCTH Ba’KHOE 3HaUeHVe UMEIOT TaKue IPU3HAKH, KaK KpyII-
HbIM MOLIHBINA CTebesib, CIOCOOHBIN BblepXaTh 1-2 movar-
Ka, KPYNHbIA MHOTOPSAAHBIA N0OYaTOK [PEeUMYyLeCTBEHHO
LUJMHAPUYECKON (QOpMBI, C KPYNHBIMU U BBICOKUMH 3ep-
HOBKaMH, pOBHOH OKpacKo# 3epHa U COZiep>KaHHeM CaxapoB
oT 7% 1o 30%, B 3aBUCHMOCTH OT TeHOTHUIIA U TpeGOBaHUMN
noTpebuTess. BaxkHoe 3HaueHHe MMeeT apoMaT CBapeHHbIX
MOYaTKOB, KOTOPBIN JJO/DKEH GbITh 6€3 TOCTOPOHHHUX NPUMe-
ced. CopT Kykypysbl ‘BakcaHckasi caxapHass' HOJIHOCTBIO
yAOBJIETBOPSIET BCEM 3TUM TPeOGOBAHUSAM, 32 UCKJII0YEeHHEM
dopMbl moyaTka, KOTOpass OJMXKe K CJIa6OKOHYCOBHIHOH,
YyeM K JUJIMHAPUYECKOH.

Pe3ysnbTaThl aHa/M3a COZep>KaHUS MeTaboJIMTOB B 3ep-
HOBKax 2n- 4 4n-KyKypy3bl [10Ka3aJl, YTO yBeJU4YeHHe [,03bl
reHa suZ B /iBa pa3a, He U3MeHss GUOXMMHUYECKOIo COCTaBa,
HNPUBOAUT K MOAUPHUKALUH UX KOJUIECTBEHHOT'0 COOTHOLIIEe-
Hus (TabJ. 2).

AHasn3 nokasaJi, YTO TeTpanJouAHas caxapHas KyKypy-
3a B CPAaBHEHUH C JUILJIOUAHON COLEPKUT 60JIbIlIe TAKUX OP-
raHWYECKHX KHUCJIOT, KaK MOJIOYHAst U 2-TUIPOKCUIIPOIIHOHO-
Basl, yCTynasi ed 1o CoJlep>KaHUI0 SHTAapHOU U 16JI09HOM KHC-
J10T. OT cofiep>KaHUsl OpraHUYeCKUX KUCIOT U UX KOJIM4ecTBa
3aBUCAT BKYCOBble (KHCJbIE) U KOHCEPBUPYIOIINeE KauyecTBa
3epHOBKH, ee apoMar.

OAHUM U3 BaXKHBIX 3JIeMEHTOB [JIsl BHYTPHUKJIETOYHBIX
OGMOXMMHYECKUX IPOLeccoB sBJsAeTcs ¢docdop, KOTOpBIH
B BU/ie $pocHOPHON KUCIOThI BXOJUT B COCTAB HYKJIEHMHOBBIX
kucsoT. [1o cogeprkanuro ¢ocHopHOU KUCIOThI TETPAILJIOU-
Hble 3e€pHOBKM B 3,94 pasa NpeBBIAKT 3TOT NOKa3aTe/b
y AUIUIOUAHBIX. MHOIOaTOMHbBIE CIIUPTHI YYacCTBYIOT B Gop-
MHPOBAaHMHM CJIAJJKOBATOTO BKyCa B 3epHOBKE CaxapHOH Ky-
Kypy3bl. AHa/IN3 KOJIMYeCTBa MHOI'0OATOMHBIX CIIUPTOB B 3ep-
HOBKe I10Ka3aJl, YTO TeTPaIJIoOMHast KyKypy3a yCcTynaeT AU-
IJIOUJHOW MO COZEP>KaHUIO [JIMILEPOJIa, SPUTPUTOIIA, Tpeu-
TOJIa, apabUHUTOJIA, AYNbIUTOJIA, THO3UTOJa, MUOMHO3UTO-
JIa, 32 MCKJIYeHUeM KCWIMTOJA, COZepXKaHHe KOTOpPOro
PaBHO TAaKOBOMY Y JUILJIOUAHOHN KyKypPY3Hbl.

CozeprxaHre GesiKa W ero aMUHOKHCJOTHBIA COCTaB
3HAUUTEJIbHO BJIMSET HAa BKYCOBbIe U MUTaTeJbHble Kaye-
CTBa caxapHOH KyKypy3bl. Oco6y0 IIeHHOCTh NpeJCcTaB-
JIIIOT He3aMeHHMble aMHUHOKHCJOTHI, K KOTOPBIM OTHO-
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Ta6una 1. OCHOBHBIE CeIeKIIMOHHO IleHHbIe IPU3HaKM copToB ‘bakcaHckas caxapHas’ (4n) u ‘PanHsas Jlakomka’
(2n) caxapHO# KyKypy3bl, BhIpallleHHbIX Ha opomienuu (MCX KEHL| PAH; 2018/2019 1)
Table 1. Main agronomic characters of sweetcorn cultivars ‘Baksanskaya sakharnaya’ (4n) and ‘Rannyaya
Lakomka’ (2n) under irrigation (Institute of Agriculture, Kabardino-Balkarian Scientific Center, RAS; 2018/2019)

PanHAa JlakoMKa bakcaHcKkas
e i Rannyaya Lakomka | Baksanskaya Reforence (2
(ref) sakharnaya
YpokallHOCTb NOYAaTKOB B TEXHUYECKOU
cnesiocty (6e3 06epToK), T/ra 4,8 9,8 +5,0
(mpu HCP = 0,24 T/ra)
BbIX0a KOHAUIMOHHBIX IOYATKOB, % 93 +22,32 94 + 20,68 +1,0
I'pynna cnesoctu o cucreme A0 150 400 +250
BricoTa pacTeHus 156,3 + 34,3 225,8 £+56,25 +69,5
Yucno noyaTKOB Ha pacTeHUHU 1,0 £ 0,02 1,8+ 0,03 +0,8
KyctucrocTs, IT. 1,3+£0,39 1,0+0,15 -0,3
JliHa noyaTka 15,0 + 4,50 22,5+6,75 +7,5
Yucsio psZ0B 3epeH Ha OYaTKe, IIT. 14,5 + 4,35 18,3 £5,49 +3,8
Yucno 3epeH B psAy Ha NOYATKe, LIT. 36,2 + 4,34 45,5 +5,46 +9,3
BricoTa 3epHOBKH, MM 8,0+ 0,96 12,0 £ 1,44 +4,0
Macca 1000 3epen, r 170 £ 42,5 260 + 65,0 +90
CozepxkaHue Kpaxmasa* 64,4 +1,28 63,2+1,58 -1,2
CozmepkaHue Genka* 13,1+£0,26 16,3 +£0,32 +3,2
Copeprkanue maciaa* 6,1+0,12 7,5+0,15 +1,4
oo | Sy —
Bxkyc** Ciagkuu Cragkuu -
-
[BeT** Kentoii CBeTJIO-KeJIThIH -

[Ipumedanue: * - ananus UK-cekTpoMeTpun npoBe/ieH Ha CyXHX 3epHOBKaX;

ok onpezesieHo OPpraHoJIeNTHYeCKUM METOAO0OM /A CBAPEHHbIX [I04YaTKOB MOJIOYHOH CIIeJIOCTH

Note: * - IR spectrometry analysis was performed on dry kernels;
** — determined organoleptically for boiled milk-ripe sweetcorn ears

3
2

Puc. 1. Pasmepsl 3epHa AUIIOUAHOM (C/1eBa) U TeTPaNJIOUAHOM (cnpaBa) caxapHoOii KyKypy3sl (cM)

Fig. 1. Grain sizes of diploid (left) and tetraploid (right) sweetcorn (cm)
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Puc. 2. [loyaTKM caxapHo# KyKypy3sl (CM) AUILIOUAHOrO copTa ‘PaHHsAsA JlakoMKa’ (csieBa)
M TeTpamIouAHoOro copra ‘bakcanckas caxapHas’ (cnpasa)

Fig. 2. Sweetcorn ear sizes (cm) of the diploid cv. ‘Rannyaya Lakomka’ (left)
and tetraploid cv. ‘Baksanskaya sakharnaya’ (right)

Ta6smna 2. Coaep>kaHue OCHOBHBIX XMMHYeCKHUX KOMIIOHEHTOB B CyXOM 3epHe
JUIIONAHOM M TeTPANJIONAHOM KyKypy3bl

Table 2. The content of main chemical components in dry grain of diploid and tetraploid sweetcorn

Pansasa J/lakoMKka, 2n BakcaHckas caxapHas, 4n /
Buoxumnyeckue KomnoHeHTs! /
. . (cranpapr) / Rannyaya Baksanskaya sakharnaya,
Biochemical components
Lakomka, 2n (ref.) 4n
MoOJIOYHas 0,32 +0,05 0,44 + 0,09
2-TUJIpOKCUNIPONIMOHOBAsA 0,06 £0,02 0,23+£0,21
Opranutieckue AHTapHas 0,22 +0,12 0,17 + 0,04
KHCJIOThI
VML EpUHOBAsI 0,05+0,01 0,08 +£0,02
A6109Hasa 1,36 +0,37 0,73+0,43
Heopranuieckue docdopHas 0,85 + 0,40 3,35+ 1,00
KHUCJIOThI
[JIMLEPOJT 2,40 £ 0,39 1,30+ 0,27
3PUTPUTOJ 3,91+ 0,55 2,20+1,77
TpeiTo 0,07 £0,02 0,03 £ 0,02
MHOroaTOMHbIE KCHJIUTOJI 0,04 +0,01 0,04 +0,03
CIMPTHI apa6UHUTO 0,26 0,06 0,16 + 0,09
JYJIBLUTOJ 5,77 £ 2,80 3,69 12,76
HHO3UTOJI 0,68+0,10 1,26 £ 0,48
MHOWHO3UTOJI 4,80 +0,32 1,69 1,32
o-aJJaHUH 0,60 + 0,04 0,92+0,41
TJIMIUH 0,51+£0,03 0,84 +0,18
BaJIUH 0,08 0,02 0,20+ 0,09
CsoGonurle NpoHH 1,19+ 1,01 22,08 £ 14,72
AMHUHOKHCJIOTBI
cepuH 0,05+ 0,02 0,11 £ 0,09
TPEeOHUH 0,03 +0,01 0,14 + 0,09
acnaparuHoBast 0,14 £ 0,09 0,10 £ 0,04
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Ta6mna 2. OKoHYaHHue
Table 2. The end

Panssa /lakoMka, 2n BakcaHckas caxapHas, 4n /
Buoxumuyeckre KomnoHeHThI /
. . (cranaapt) / Rannyaya Baksanskaya sakharnaya,
Biochemical components
Lakomka, 2n (ref.) 4n
acrnaparuH 0,09 £ 0,04 0,39 £ 0,29
CroGoanwle OKCHUIIPOJIUH 0,09 + 0,05 0,22+0,11
aMUHOKHCJIOThI
[J1yTaMUH 0,16 £0,07 0,13+0,07
naJbMHUTHHOBAasA 15,49 +1,13 16,56 + 4,05
JIMHOJIeBasi 26,87 £ 1,61 28,41 + 8,45
KupHbie BaKI[eHOBas 14,41+ 1,29 15,10 + 3,69
KHACTOTEI oJIeMHOBas 0,58 + 0,04 0,82 0,20
CTeapHUHOBast 2,96 + 0,44 3,05+1,14
apaxyuHoBas 0,18 £ 0,06 0,19 +£0,02
Tpeosel rineposi-3-pocdar 0,43 £ 0,04 0,48 £0,23
apabuHo3a 0,20 + 0,06 0,49 + 0,16
[leHTO3BI
pu6o3a 0,24 £0,07 0,69 £ 0,28
dpykTo3a 24,24 + 4,63 33,24 + 24,07
cop6o3a 0,62+0,16 2,03+1,31
rajlakTosa 27,72 £ 25,71 6,38+ 3,67
Fexcoser II0K03a 207,03 + 178,85 75,48 £ 43,34
MaHHO3a 2,77 £2,18 1,03 +0,51
a-MeTUITIOKOGypaHo3u /[, 0,27 + 0,24 3,26 + 2,57
[VIIOKO3aMHUH 0,01 +0,00 0,03+0,02
caxapo3sa 613,14 + 31,64 557,10 + 24,04
Jucaxapusbl MaJIbTO3a 0,16 £ 0,06 0,11 £ 0,04
MeJnbuo3a 5,50 £2,51 2,85+1,61
Tpucaxapusbl paddpuno3a 21,02 + 8,04 10,68 + 5,02
4-ruApOKCUIIMHHAMOBas
DeHOMBHbIE KHCIoTa 0,18 £0,15 0,16 £ 0,08
coeJIMHEeHHUs
depynoBas kucjaora 0,08+0,03 0,13 +0,08
KaMIIecTepoJ 0,67 £0,10 2,121,776
duTocteposbl CTUTMacTepoJI 0,30 £ 0,05 0,71+0,14
B-cutoctepon 3,65 +0,44 6,63 +1,40

CATCS BaJIMH, U30JIeHLIUH, JIEHL[UH, IU3UH, METUOHUH, Tpe-
OHUH, TpuntodaH, peHuMaNaHUH, TUCTUJUH U APTUHUH.
Pe3ysibTaThl aHA/IM3a COAEPXKAHUS HE3AMEHUMbIX aMHHO-
KHCJIOT B 3epHe caxapHOH KYKypy3bl I0OKa3aJH, YTO B Te-
TpanJou/HbIX 3ePHOBKAX COJlEp>KaHUe BaJiMHa B 2,5 pasa,
a TpeoHHHa B 4,7 pasa Bbllle, UyeM y guniougHoi. [lo kosiu-
YeCTBY 3aMEHUMbIX aMUHOKUCJIOT TeTpPaIMJOUAHbIE 3eP-
HOBKH CYII€CTBEHHO NPEBLIIAT 3HAYEHU S JUIIJIOUJHOH,
a cofiep>xaHue npoJsinHa B 18,5 pasa Bbllile 3HaYeHUs CTaH-
papta. CozepaHUe acmapariHOBOW KHCJOTHI B TeTpa-

MJIOUJHOM 06pasiie 6JM3K0 K 3HaYeHUI0 JUIIJIOUJHOU Ky-
Ky pYy3bl.

JKupHble KUCJIOTHI BJUSIOT HA BKYCOBbIe KQYeCTBa U 0CO-
6eHHO 3amax MHULIeBbIX NPOAYKTOB, B TOM YHCJIe Ha Xapak-
TepHBbIM apoMaT U BKYC 3epHa CaxapHOW KyKypy3bl. Y BbIC-
IIMX PAaCTEHUH [Jl0Jis OCHOBHBIX XXUPHBIX KHUCJOT B COCTaBe
pacTUTeNbHBIX )KUPOB 04eHb Bbicoka (0 90%). Ee cocTas-
JIIIOT B OCHOBHOM INa/IbMUTHHOBAsA, OJIEMHOBAs M JIMHOJIe-
Basi KUCJOThI. AHaJ/IN3 )KUPHOKHUCJIOTHOTO COCTaBa 3epHa ca-
XapHOM KyKypy3bl (IaJIbMUTHHOBAs, JIMHOJIEBAs], BaKIeHO-
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Basl, 0JIEMHOBas, CTeapHHOBasl, apaxWHOBasi) IoKa3aj, YTO
B TeTPAMJIOUAHOM 00pasiie 3Ha4YeHUS KaK HAChIIeHHBIX, TaK
W HEHACBIIEHHBbIX »XWPHBIX KWUCJIOT HEMHOrO BbIlle, 4YeM
y AUIIOUAHOM. Takue e pa3inyrs HabJIJar0TCs 10 CoJlep-
KaHUI0 HE3aMEHHMBbIX XHUPHBIX KUCJIOT (JII/IHOJIeBaH, oJieu-
HOBas).

MoHocaxapu/ibl MPeJCTABAAIT CO60U MPOU3BOAHbIE
MHOTOQTOMHBIX CIUPTOB U CJIYy>KAT UCTOYHUKOM IJid CHHTEe-
3a JiucaxapH/ioB (caxapo3a, MaJbT03a, JIaKT03a), 0JIurocaxa-
PUJIOB U NOJIMCaXapyUAoB (LiessloJI03a U KpaxMmais). MHorue
M3 HUX 06J1aJjal0T CJAJKUM BKYCOM, HO HMEIOTCS Ipafaluu
oT 663BKyCHbIX /10 TOPbKHUX BELeCTB, BJIMAKIHUX Ha BCE BKY-
COBble KayecTBa 3epHa, B TOM YHCJIe CaXapHOM KyKypy3bl.
AHanus oGpasuos BbIABUJI Y AUIJIOUJHBIX 3€pHOBOK ITOBbI-
IIIeHHOe CoJiep’KaHhe B OCHOBHOM I'eKCO03 — rajlaKTO3bl, IJI10-
KO3bl U MAHHO3bI, TOT/]a KaK TETPAIJIONAHbIEe 06pa31ibl UMe-
JIY BBICOKHE 3HaYeHUsT PPYKTO3bI, COPOO3bI, A-METHIITIIOKO-
dypaHo3u/a, IIIOKO3aMHHA, a TakKe IeHTo3 (apabuHO3a,
pu603a) u Tpuos (rnnepos-3-pocdar).

Jlucaxapu/ibl UTPAIOT He MeHee 3HAaYUMYIO0 POJib B CTPYK-
Type BKyca 3epHOBOK CaxapHOH KyKypys3bl. B npupope cambl-
MM pacrnpocTpaHeHHbIMU JucaxapuaMu ABJIAIOTCA caxapo-
3a (TPOCTHHKOBBIM caxap), JlakTo3a (MOJIOUHBIH caxap)
W MaJIbTO3a, NMpHUYeM IocC/JedHAA B CBO60[LHOM COCTOAAHHUH
BCTpeyaeTcsl [0BOJIbHO pejako. Hanbosiee 3HAaUMMBIMU U3
HUX SIBJISIIOTCSI MaJIbTO3a U 1[eJ1JI06103a, KOTOphIe MpeJCTaB-
JIIOT CO60M NMPOAYKTHI THAPOJIN3a KpaxMaJsia U LeJJ110J103bl
COOTBETCTBEHHO. Pe3y/bTaThl aHa/IM3a NOKa3aalu 6oJiee Bbl-
COKOe CofiepKaHre AMCAaxXapHU0B U TPUCAXapUJ0OB Y JUILIO-
M/IHBIX 006pPa31[0B, YeM Y TETPAIIOU/HBIX.

denosnbHBIE CcOEJMHEHUs OO6YCJOBJIMBAIOT YCTOMYH-
BOCTb IJIOJIOB U OBOLIEN K PUTONATOreHHBIM MUKPOOpra-
HHU3MaM, NPUAAIT BKYC, TEPNKOCTb, apoMaT MU OKpacKy
npoAyKTaM. AHa/su3 cojep>KaHusd 4-TMJPOKCULMHHAMO-
BOY U GpepyIOBOM KUCJOT B 3€pHOBKAX CaxapHOH KyKypy-
3bl 10Ka3aJ1, YTO ypOBEHb 4-TUPOKCUIJMHHAMOBOM KUCJIO-
ThI B JUIJIOUIHBIX 06pa3jaX HEMHOTI'0 BhILIE, a GepyI0OBOH
KHCJIOTHI B 1,6 pa3a HUXKe, YyeM y 06pas31Li0B TeTPANJIOUAHON
CcaxapHOH KYKypy3bl.

W3 cTepuHOB pacTUTENBHOTO NPOUCXOXAeHUs (uTo-
CTEPHHOB) B pacTeHHUsIX HauboJiee YacTO COAEPKATCSA CHU-

TOCTEPHUH U CTUIMACTEpUH, ABJAKOIIHEeCd npeflleCTBEeH-
HUKaMU BUTaMHHa D, moaToMy npu nepepaboTKe U OYUCT-
Ke PacTHUTEJBHOIrO ChIpbsl NOTEPU CTEPUHOB CTaparoTCs
CBeCTU K MUHUMYMY. Pe3ysbTaThl aHa/M3a cojep>KaHUA
CTEpUHOB (KaMIIeCTEPOJI, CTUTMACTEPOJI, -CUTOCTEpPOJI)
MOKa3aJiy, YTO TeTPpaNJOUJHble 3ePHOBKH COZlepKaT 60J1b-
me CTepUuHOB, YeM IAHIIJIOUJHBIE. [lo COEPXaHHUIO KaM-
necTepoJia 3HaYeHUsl TeTPaNJOUJHbIX 06pa3L0B MpeBHI-
CUJIU AunouaHble B 3,16 pa3a, a no cojep>kaHUI0 CTUTMa-
cTeposa U f-cutocTepoJa - B 2,36 u 1,81 pasa cooTBeT-
CTBEHHO.

WHrubupoBaHue mnpolecca IOJHMepHU3aLHUHU CaxapoB
B KpaxMaJs BciefcTBUe 3¢deKToB reHa suZ NposBJsSETCS
B BU/le CHI>KEHUS1 HAKOIIJIEHUs1 KpaxMaJjia B 3epHe caxapHOH
KyKypy3bl. KiltoueBasi posib B 3TOM Ipoliecce NPUHAAJIEKUT
caxapHbIM cuHTa3aM SS (sucrose synthase), o6pasyoouium
bUTOIIMKOTEH KakK MpeJllecTBEHHUK aMujoneKkTHHa. Kpo-
Me TOT0, 3TH MYTaHThI XapaKTepu3yoTcs AeUIUTOM TaKUX
bepMeHTOB, KaK M30aMMJa3bl U MyJUIyJaHasbl, Hapyllaro-
IMe BeTBJIEHHEe KpaxMaJoB. ITO, B CBOIO 0uepe/ib, IPUBOAUT
K BBICOKOMY HAaKOIIJIEHHIO CaxapOB U CHIKEHUIO cojep:ka-
HUSA Kpaxmasa (James etal., 1999; Myers et al., 2000; Zhang
etal,, 2007).

[Ipu nepepaboTKe KyKypy3HOTo 3epHa Ha KpaxMaJl U Io-
60YHbIE MPOAYKTHI METOZ0M «3aBO/] HA CTOJIE», pa3paboTaH-
HoM Bo BHUM kpaxmasonpoayKToB, KpaxMaJ OT NO604YHOMH
MPOAYKIUHU TPYAHO OTAEJNAKTCA IIPU CenapupoBaHUM Kpax-
MaJio-6eJIKOBOHM CyClleH3UM. AHA/IM3 KpaXMaJIbHbIX TpaHyJ,
BbIZI€JIEHHBIX I10 3TOU TEXHOJIOTUH U3 L[HHHOH[[HOﬁ " TeTpa-
IJIOWJJHOW CaxapHOW KYKypy3bl, I0OKa3aJl, 4TO B 3HJOCIepMe
4n-KyKypy3sl 06pa3yloTcsi 60jiee MeJKHe IpaHyJ/Ibl, pa3Me-
pom ot 0,7 5o 5,0 MmkM (puc. 3), yeM y 2n, 4YTO NOATBEPKAAET
vcciefoBaHus, npoBefeHHble llyi JI. ¢ coaBTopamMu (Cui
etal., 2014) Ha AMIVIOWHBIX NOABUAAX KyKypy3sl. [Ipu aHa-
JIM3e CoZepKaHus KpaxMaJia B 3epHe U ero KoppeJssiiui ¢ co-
Jlep>kaHueM 6eJika 1 MacJia He 6b1JI0 06HAPYKeHO KaKUX-JIH-
60 OTKJIOHEHHUH OT CyIleCTBYIOIIEeH 3aKOHOMEPHOCTH, XapakK-
TEepHOM JJ1s1 AUIJIOUAHBIX TEHOTUIIOB. AHa/IM3 N10Ka3aJl, YTO
y TeTPAIJIONJHON KyKypy3bl coZiep)kaHue Oeska M MacJja
B 3epHe HMMeeT O6GpaTHYI 3aBHCHUMOCTb OT COZEpP)KaHUS

KpaxmaJia.
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Puc. 3. Pa3aMepsbl KpaxMaJIbHbIX IPaHyJI, BblJeJIEHHBIX U3 IHA0CIEepMa JUILJIOUAHOTO copTa ‘PaHHss JlakoMKa’
(c1eBa) B cpaBHEHMH C rPaHy/IaMH4 TETPANJIOUAHOIO copTa ‘bakcaHckas caxapHas’ (cmpaga).
YBenuueno B 400 pa3 (10x40) c cuiHUM cBeTOPHUIBTPOM, OKpacKa KpaxMasbHbIX 3epeH pacTBopoM Jlroross

Fig. 3. The sizes of starch granules isolated from the endosperm of the diploid cv. ‘Rannyaya Lakomka’ (left) in
comparison with those of the tetraploid cv. ‘Baksanskaya sakharnaya’ (right).
Magnified 400x (10x40), with a blue optical filter; starch granules stained with Lugol’s iodine
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3. B. XATE®OB e B.H.XOPEBA e 10.A. KEPB e T. B.IEJEHTA
B. B. CH/IOP e A.H. JEMYPHUH e B.T. IOJIbAIITEWH

B 1abopaTOpHBIX YCA0BUAX yAAeTCs BbIPAabOTATh Kpax-
MaJsl U3 TeTPalJIOWJAHON CaxapHOU KyKypys3bl C rpaHy/aMH
2-5 MkM. [IpudeM A1l 3TUX IpaHy/l XapaKTepHa He CBOMCT-
BeHHasl HATHBHOMY KyKypy3HOMY KpaxMmaJly HOpHCTas
CTPYKTypa. AHa/M3 OCTABIIMXCA Ha CUTaX KpaxMasbHBIX
rpaHyJ1 oKasasl, 4YTo y AUIJIOUJHOI0 FreHOTHIIA OCTATOK He-
3HAYUTEJIbHO 60JIblIE, YeM OCTATOK Y TeTPANJIOUJHOTO, UTO
KOCBEHHO CBUJETEJbCTBYeT 0 GOPMUPOBAHUU 6oJjiee MeJi-
KHX KpaxMaJIbHBIX I'PaHyJ/ y TeTPAIJIOUJHOTO copTa caxap-
HOM KyKypy3bl, 4eM Y AUIJIOU/JHOTO.

O6cyxaeHue

Pe3ysbTaThl HCCIeJOBAaHUN MMOKA3aJIH, YTO TETPATJIOU-
Had caxapHas KyKypy3a BBITOJHO OTJIMYaeTcda OT JUIJIOUJ-
HOM MO psAAY CeJeKLMOHHO LIeHHBbIX NMPU3HAKOB. OCHOBHOM
MPU3HAK CaXapHOU KYKYpy3bl, paJJd KOTOPOTO 3TOT MOABUJ
BO3/IeJIbIBAETCS U NOTPEOGJISETCS B CBEXKEM U KOHCEPBHUPO-
BaHHOM BH/I€, - 3TO COJiepKaHNe caxapoB, HApPABHE C APYTH-
MM €€ BKYCOBbIMH Ka4eCTBaMHU. AHa/M3 XMMHU4YEeCKOT'0 COCTa-
Ba [I0Ka3aJl, YTO IPUCYTCTBHUE GoJsiee 4YeM Tpex ajjiesiei reHa
suZ B 3HJOCIIepMe TeTPAIJIOUJAHOM CaXxapHOM KyKypys3bl He
BJIMSIET Ha COJZiepXKaHMe OBIINX caxapoB, TOTAA KaK 110 Cofep-
»)KaHUI0 HEKOTOpBbIX M3 HUX (apabuHO3a, pub03a, cop603a,
A-MEeTUJIVIKOYPaHO3HU/], [VIDKO3aMUH) HabJII0Jalu 3Ha-
YeHHUs BbllIe, a 10 APYTUM (TrajakTo3a, IJII0K03a, MaHHO3a,
caxaposa, MajbT03a, Meaubrosa, papduHo3a) HMKe, yeM
y AUIJIOUAHOMN caxapHOW KyKypy3bl. [Ipu aToMm copepxaHue
KpaxMaJia B CYXHUX 3€pHOBKax y [[PII]JIOHAHOFI U TeTpanjouna-
HOM caxapHOW KyKypy3bl MMeeT OJUHAKOBble 3HAaueHUS:
(64,4 +1,28Mr/100r 1 63,2 + 1,58 Mmr/100 r cooTBeTCTBEH-
HO), YTO CBU/IETEJbCTBYEeT 06 OTCYTCTBHUU BJIMSHUS JOTOJ-
HUTEJbHBIX aJlJieJiell TeHOB SuZ Ha MPOLEeCcChl MOJMMepHU3a-
MU CcaxapoB HpH GOPMUPOBAHHM KpaxXMasIbHBIX TpaHyJI.
BbIsiBJIEHO JIMILb YTHETAlLee AelCTBYE JLONOJTHUTENbHBIX
aJsljiesiell TeHa SuZ Ha pa3Mepbl KpaxMaJlbHbIX IPaHyJ1 B 3ep-
HOBKaX TeTPaIlJIOWJHOM caxapHOH KyKypy3bl. MeTaGoJu-
YeCKHe IPoLecChl U UX NPOAYKTHI, BJIUAKIIWE Ha BKYCOBbIE
KayecTBa 3epHa TeTPalJIOUJHOM caxapHOM KyKypy3bl, He-
COMHEHHO, IPe/ICTaBJIAI0T HAayYHbI UHTEPeC KaK pe3yJbTaT
COBOKYITHOI'O0 JeWCTBUA GOJIbIIET0 YHC/IA aljiejied TeHOB,
yeM MMeeTCsl B reHoMe y JUIJIOUHOM KyKypy3bl. Ucciego-
BaHUS OCOGEHHOCTEW CHUHTEe3a W HAKOIJIEHUS Pa3/IMYHBIX
OGUOXMMMYECKUX BEIeCTB B KJIeTKe U TKaHAX 3epHa KyKypy-
3bI CO3JAKT NNEPCHNEeKTUBY AJid NHHOBALIMOHHBIX CEJIEKIIUOH-
HBIX TEXHOJIOTHMH C BO3MO>XHOCTbIO ynpaBJieHUA XUMHU4YECKU-
MU peaKIUsMH BHYTPH KJIETOK 3HAO0CIepMa U 3apo/bliia 3a
CYeT peryJIMpPOBaHUS YK C/Ia MHOXKECTBA I'eHOB (Sugary, waxy,
sugary extender, amylase extender, dull, shrunken, opaque-2,
floury-2 v ip.), BIUSIOUIMX HA ee BKYCOBbIe KayecTBa. [1oaTo-
My onpeJie/ieHHe 0CO6eHHOCTENH BUOXUMUYECKUX TPOAYKTOB
oOMeHa BellleCTB B KJIETKe, TKaHHU, OpraHe C y4eTOM YMCJIa
T€HOB U UX COYETAaHHUA B COPTAX C AUNIJIOUJAHBIM U TeTpallJio-
HJHBIM T€HOMOM CTaHOBUTCSI IEPCNIEKTUBHBIM U 3ddeKTHB-
HbIM HHCTPYMEHTOM CeJIEKIITUOHHBIX HCCHEAOB&HHﬁ, Ha-
MpaBJIECHHbIX Ha olpeaesieHWe NMOTEeHIHUa/la WX reHeTu4de-
CKOM U pEHOTHUIHYECKOW M3MEHUYMBOCTH, B TOM YHUCIE AJS
BbIABJIEHUA BAXXHBIX U LIEHHBbIX AJIAd CeJIEKIUHU U TPOU3BOA-
CTBa MPU3HAKOB.

3akJ/iloueHue

3epHO TeTpaIrJOUAHON caxapHOH KyKypy3bl copTa ‘bak-
caHCcKas caxapHas' (k-23426), B cpaBHEHUH C AUIJIOWHBIM
coprtoM ‘PanHss JlakoMka’ (c-1775), xapakTepusyeTcsl U3Me-
HEHHEM KOJINYECTBEHHbIX, HO HE Ka4YeCTBEHHbIX XapaKTepH-

CTUK ee OHOXMMHUYECKOro NpoQuJisi, KOHTPOJUPYIOLIETO
BKYCOBbIE U TOBapHble IPU3HAKHY, a TaKXKe GeHOTHIa pacTe-
HHS, ToYaTKOB U 3epHOBKU. CopT ‘BakcaHckas caxapHas' xa-
pakTepu3yeTcsl MaKCUMaJbHOM BbIPa)XEHHOCTbIO CaMbIX
NpUBJIeKaTe/IbHBIX JJI1 CaXapHOW KyKypy3bl NPU3HAKOB —
ypo’XKkasi TOBAapHBIX [IOYATKOB, Pa3MepOB MOYaTKa U 3epHa.
AHanmus coeprKaHUA OCHOBHBIX XUMHUYE€CKHUX KOMIIOHEHTOB,
BJIMSIOLIMX Ha BKYCOBble KayecTBa 3€pHa, MOKa3as MOBbI-
IIeHHOe cojepXaHue Geska M Macaa y coprta ‘BakcaHckas
caxapHasi’ B CpaBHEHUH C AUIJIOUAHBIM copToM ‘PanHss Jla-
KOMKa'.

Pe3synbraThl 60jiee TOHKOrO aHa/lIu3a MeTaboJIMTOB
B 3epHe [I0Ka3aJiy, YTOo B 3epHe copTa ‘bakcaHckas caxapHast’
HabJiroaeTcs G6oJibliee, yeM y copTa ‘PanHsAs JlakoMka), Ha-
KOIJIEHHE TaKHX BeLleCTB, KaK OpraHu4ecKre KUCIO0THI (32
HCKJIIOYEHUEM sIGJIOUHOU KHUCA0ThI), GochopHasi KHUCJIOTA,
CBO6OZHbIE aMUHOKHC/IOTHI (33 UCKJIIOYEHHEM acnaparuHo-
BOM KHCJIOTBI), )KUPHBIE KUCJIOThI, HEKOTOPble MOHOCAXapH-
Abl (PpykTO3a, cop603a, a-MeTUITTIOKOPYPAHO3HU/, TIHOKO-
3aMHH, apabuHO03a, pu603a, mulepos-3-pocdar), GeHob-
Hble coefuHeHUs (depysnoBasg Kucja0Ta) U GUTOCTEPOJIBL.
CHMKeHH e coAeprKaHUud 6MOXMMHYECKUX KOMIIOHEHTOB
B 3epHe copTa ‘bakcaHckas caxapHasi’ 06HApYKeHO 10 TaKUM
BellleCTBaM, KaK MHOTOAaTOMHbI€ CIIUPThI (33 HUCKJ/IDYEeHHEM
HMHO3UTOJIA), AUCaXapU/bl U TPUCAXapHU/BI, a TAKXKe HEKOTO-
pble MOHOCaxapuZbl (rajJakTo3a, III0K03a U MaHHO03a) U de-
HOJIbHbIE COeJJMHEHUS B BU/Je 4-TUIPOKCUIIMHHAMOBOM KUC-
JIOTHI. AHa/IN3 pa3dMepoB KpaxMaJIbHbBIX I'PaHYJI, U3BJIEYEH-
HBIX W3 COPTOB CaxapHOW KykKypy3bl ‘PaHHss JlakoMka’
U ‘bakcaHckasl caxapHas' IMMOKasaJ Hajluduve 6oJiee MEeJKUX
rpaHyJ/l KpaxMaJjia B TeTPalJOU/IHbIX 3€PHOBKaX.

Paboma ebvinosHeHa 6 pamkax 20cydapcmeeHHo20 3ada-
HUSl CO2/1ACHO MeMaMuYeckoMy NAAHY:

- BHP no npoekmy Ne 0662-2019-0006 «Ilouck, noddep-
JHCaHUe HCU3HeCnoCoGHOCMU U pacKpblmue NOMeHyuaaa Ha-
C/1€0CMBEeHHOIl U3MEHYUBOCMU MUPOBOU KOA/NEeKYUU 3epHO-
8bIX U KpynsHulX Kyaemyp BUP das pazeumus onmumusupo-
8AHHO020 2eHOAHKA U PAYUOHA/ILHO20 UCNO/Ib308AHUS 8 CeNeK-
yuu u pacmeHuegodcmeer;

- BHUH kpaxmasonpodykmos — ¢puauasa PIrEHY «DHI]
nuwesblx cucmem um. B.M. [op6amosa» PAH Ne 585-2018-
0015 «Paspabomamb meopemuyeckue U npakmu4eckue 0CHO-
8bl 2/1y60K0l nepepabomku Kpaxmanacodeprcauje2o coipbsi Ha
0CHO8E CUCMEMHO20 AHA/IU3d e20 MeXHO/A02U4ecKUX ceolicmes
u paspabomams MeXHO102UU U381eHEeHUS Kpaxmaaa u 6eaKo-
8bIX KOHYEeHMpamos ¢ NpuUMeHeHUeM MeMOPAHHbIX MEeXHO/10-
2uli u GUOKOHBEPCUU CbIPbSIY.

The research was performed within the framework of the
State Task according to the theme plans of:

- VIR, Project No. 0662-2019-0006 “Search for and viability
maintenance, and disclosing the potential of hereditary
variation 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”;

- All-Russian Scientific Research Institute for Starch
Products, branch of the V.M. Gorbatov Federal Research Center
for Food Systems of the RAS, No. 585-2018-0015 “To develop
theoretical and practical foundations for deep processing of
starch-containing raw materials based on a systematic analysis
of their technological properties, and to develop technologies
for extracting starch and protein concentrates using membrane
technologies and bioconversion of raw materials’.
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CeBepoaMepUKaHCKUHA UMMYHHBIH K 60J1€3HAM BHJ, BUHO-
rpaga Vitis rotundifolia Michx. (mogpon Muscadinia Planch.)
paccMaTpuBaeTCs KaK IOTeHIMaJIbHbIN JOHOP F€HOB yCTOM-
YUBOCTH K ONACHBIM 0O0JIe3HSIM BHUHOIpaja - OUAUYMY
umuaaeso. Copt ‘Dixie’ - eqUHCTBEHHBIH NpeACTABUTENb
Buza V. rotundifolia, coxpaHsieMbIH B KOJIJIEKIIUSIX ex Situ Ha
TeppuUTOpUU Poccuu, a MMEHHO B KoJJIeKIIUM Bcepoccuit-
CKOT'0 MHCTUTYTA TeHETUYEeCKUX PeCypCoOB pacTEHHUH MMe-
Hu H.U. BaBusoBa (BUP) B moseBeix ycioBusix KpeiMckoi
OTBITHO-CEeJIEKIIMOHHOM CTaHIUU — puinasia BUP.

[ nosydyeHuss vHPopManMU O MEPBUYHOH CTPYKType
¢parmenToB reHomHo# JIHK gaHHOro copra 6611 UCIOJIB30-
BaH MeTO/, CEKBEeHUPOBAHUS TPEThEro MOKOJEeHNs Ha ILJIaT-
¢dopme MinlON, a Taxkxe mpuBJIeYeHbI Pe3yJbTAThl CEKBEHU-
poBaHus Ha mwiatdopme [llumina, umeromuecsa B 6a3ax gaH-
HBIX.

B cTaTbe mpezcTaB/ieHO NMOAPOGHOE ONMMCAHHE IOC/EL0Ba-
TEeJIbHOCTH JeWCTBHUH [J1s CEKBEHUPOBAHHS TeHOMa BUHOT-
paZia ¥ MOJIHOTeHOMHOU c60pKu. MoauduIMpoBaHHbBIN Me-
TOJ, BKJIIOYAeT OCHOBHbBIE 3Talbl OPUTHHAJIBHONW METOJIHUKH,
peKoMeHI0BaHHOU mnpousBoauTeseM MinlON: 1) Beigese-
Hue /IHK; 2) nogroroBka 6M6JUOTEK /11 CEKBEHUPOBAHMUS;
3) cekBeHupoBaHue Ha MinlON u 6uonHpopmMaTHUyeckas 06-
paboTKa [JaHHBIX; 4) OJIHOT€HOMHasi COOpKa METOA0M
de novo (c6opka c ucnosb3oBaHueM JaHHbIX ONT u c6opka
c kom6uHanue# aanHbix ONT u [llumina); 5) onenka kauyect-
Ba NOJTHOTEHOMHOM COOPKHU. ITal 4 BKJIIOYAJI He TOJIBKO CEK-
BEHHUpPOBaHUe de novo, HO U aHAJIU3 UMEKIUXC 6UOUHPOP-
MaTHYECKHUX JAHHBIX, YTO MO3BOJIMJIO YMEHBUIUTb OMINOKH
Y IOBBICUTh TOYHOCTb INpHU CHOPKe H3y4aeMoro reHoMma.
JIHK, Be1ZiesieHHas U3 JIMCTheB copTa ‘Dixie’, 6bl1a ceKBeHHU-
poBaHa c ucnoJsib3oBaHueM AByx a4eek MinlON tuna R9.4.1.

KiroueBble C/I0Ba: BUHOTPA/[], FTeHOMHasi COOPKa, MOJHOTe-
HOMHOE CeKBeHHPOBaHHE, MMMYHHbBIA BHUJ, F€HbI yCTOWYH-
BOCTH.

The immune North American grapevine species Vitis rotun-
difolia Michaux (subgen. Muscadinia Planch.) is regarded as
a potential donor of disease resistance genes, withstanding
such dangerous diseases of grapes as powdery and downy
mildews. The cultivar ‘Dixie’ is the only representative of
this species preserved ex situ in Russia: it is maintained by
the N.I. Vavilov All-Russian Institute of Plant Genetic Re-
sources (VIR) in the orchards of its branch, Krymsk Experi-
ment Breeding Station. Third-generation sequencing on the
MinION platform was performed to obtain information on
the primary structure of the cultivar’s genomic DNA, em-
ploying also the results of [llumina sequencing available in
databases. A detailed description of the technique with
modifications at various stages is presented, as it was used
for grapevine genome sequencing and whole-genome se-
quence assembly. The modified technique included the main
stages of the original protocol recommended by the MinION
producer: 1) DNA extraction; 2) preparation of libraries for
sequencing; 3) MinION sequencing and bioinformatic data
processing; 4) de novo whole-genome sequence assembly
using only MinION data or hybrid assembly (MinION+Illu-
mina data); and 5) functional annotation of the whole-ge-
nome assembly. Stage 4 included not only de novo sequenc-
ing, but also the analysis of the available bioinformatic data,
thus minimizing errors and increasing precision during the
assembly of the studied genome. The DNA isolated from the
leaves of cv. ‘Dixie’ was sequenced using two MinION flow
cells (R9.4.1).

Key words: grapevine, genome assembly, whole-genome
sequencing, immune species, resistance genes.
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BBegenue

Bunorpag (Vitis viniferal.) siBisieTci 3KOHOMHYECKHU
3HauyuMoM Juis Poccuiickoit ®enepanuu KyabTypoH. [lo gan-
HBbIM MeX/yHapOAHOH OpraHu3aliyd BUHOTPAJapCcTBa U BU-
Hozenus (OIV) 3a 2016 ., Bo BceM MUpe BUHOTPAJAHUKH BO3-
IeJIbIBAlOTCA Ha IJIolagu ~7,5 MJIH ra, BKja4das 95 Teic. ra
Ha TeppuTtopuu P®. OcHOBHBIE TPOGIEMBI BUHOIPaAApCTBa
CBsI3aHbl C BOCIPUMMYMBOCTBIO KYJIBTYpPbl K pUTONATOre-
HaM | BpeauTessiM. Cpean rpu6KOBBIX GoJie3HEH HauboJee
OomacHbIMM cuuTaroTcsa ouauyM (Uncinula necator Burill.),
muageio (Plasmopara viticola Berl. et Toni.), cepas rHUIb
(Botrytis cinerea Pers.), domorncuc (Phomopsis viticola Sacc.)
Y aHTPAKHO3, BO36yAUTeIeM KoToporo siBisieTcst Elsinoe am-
pelina Shear. [losly4yeHre KaueCTBEHHOTO YpoXKasi HANPSAMYIO
3aBUCHUT OT PUTOCAHUTAPHOTO COCTOSIHUS HACAKJEHUH.

Hawn6osiee onacHbIM [ Ky/lbTYPbl BUHOTPaZa SIBJISETCS
ouauyM - 6HoTpodHBIN PuUTONATOreH, BHI3BIBAIOIIMI Ha-
CTOSILY0 MyYHUCTYIO POCY BUHOTpaiHOM J103blL. [laToreH no-
pakaeT He TOJIbKO JIUCTbS, HO ¥ IPO3/H, YTO NPUBOAUT K I10-
TepsIM ypoxKasl ¥ CHIKeHHI0 KadecTBa sArof. Arofpl pactpec-
KUBAIOTCs], TPELMHBI JOXOAAT JI0 CEMSIH, YTO BeJleT K 3arHU-
BaHUIO SITOJ, U CyLIeCTBEHHOMY YXYALIEHHI0 HX KauecTBa
M3-3a IOBBILIEHHON KUCJIOTHOCTH U IOHM>KEHHOTI'0 coZlepKa-
HHS aHTOLIMAHOB U caxapa.

He MeHee BpeflOHOCHBIM SIBJSIETCS MUJJIbIO, KOTOPBIN
MopakaeT NMOYTH UCKJIIOYUTENbHO MOJIOJbIE 3eJIeHble Nobe-
T'Yl U JIUCTbS, BCIEACTBYE YEro 3a/iep>KMBaeTCs ¥ OCTaHABJIU-
BaeTCs MPOIlecc Co3peBaHUs BUHOTPa/a. Aropl nopaxaroT-
cs1 3HAYMTEJbHO PeXe, UeM JINCThSI M COLBETHS; B 3aBUCHUMO-
CTH OT CTENEHH 3PEJIOCTH AT0J UX NOopaXKeHHe MUJIZbIO NPO-
ABJISIETCS pas/jiyHO. BUHa M3 BUHOrpaja, YaCTUYHO INopa-
)KEHHOTO MWI/bIO, UMEIOT CleluPpUIecKUid ropbKOBaThIN
NPUBKYC Y HENIPpUATHBIN 3anax. KauecTBo Aroj cHuxaeTcs,
OHU COZIepKaT MaJIo caXapa, MHOTO KUCJIOT, Ype3MepHo 6ora-
Thbl 6€JIKOBBIMHM Y NIEKTUHOBBIMH BelLlleCTBAMM, JAIOT BUHA,
HeyCTOHYMBbIe K OaKTepHaJbHbIM 3a00JiIeBaHUSAM U NMpe-
pacnoJioXKeHHbIe K OKUCJIEHUIO.

HWcnonb3oBaHue GYHTHLIHMAOB IMOMOTaeT KOHTPOJIHUPO-
BaTb Pa3BUTHe I'PUOKOBBIX 60JIe3HEH, 0ZJHAKO Ha 06paboTKHU
npuxoautca 10 20% oT 3aTpaT Ha NPOU3BOACTBO BUHOIPa-
Ja, IpU 3TOM HAHOCUTCS BpeJ, OKpy:Kamwllel cpese. Kpome
TOTO, B IOC/IeIHEE BpeMsl B TPEH/] BXOAUT NOTpPebIeHHe 3KO-
JIOTUYECKH YUCTHIX MULIEBLIX IPOAYKTOB, I03TOMY CIPOC Ha
opraHuyeckoe, GUOAMHAMUYECKOe 3eMJefeue U Iepepa-
GOTKY 9KOJIOTMYEeCKH YHMCTOH NMpOAyKLHUH pacTeT. Hawyd-
el aJbTEPHAaTUBON XMMUYECKOU 3alllUTe ABJSETCS Co3/a-
HHE HOBBIX COPTOB C TeHETHYECKU 06YCJIOBJIEHHON YCTONYH-
BOCTBIO K IaTOTeHaM.

OZHUM M3 YHUKAJbHBIX HCTOUHUKOB I'€HOB yCTOHYUBO-
CTH K OMAMYMY U MUJIZBIO [JIS CeJIeKIIMU BUHOTpaJa sIBJIseT-
cs1 ceBepoaMepukaHckui Buj V. rotundifolia Michx. - BuHO-
rpaf KpyIJIOJIUCTHBIN, MyckaauH (syn. V. muscadina Raf.;
Muscadinia rotundifolia (Mich.) Smal.), oTHOCsAIWKICA K MTOA-
poay Muscadinia Planch. [IpoMbil/iIeHHBIE TIAHTAIL[AHA 3TOTO
BruHOrpaza B CIIA aBA0OTCA OCHOBOM IIMPOKO pacnpocTpa-
HEHHOTO B IOXKHBIX IITATaxX NPOM3BOACTBA MYCKaJHHOBOIO
coKa Y BUHA. JTOT BUJ MOXHO CYHUTATb NPAKTHYECKU UM-
MYHHBIM K BO36YAUTEJNSM OWJUYM U MUJJbIO, OAHAKO HC-
[10/1b30BaTb 3TOT L€HHbIH UCTOYHHUK IeHOB YCTOWYMBOCTHU
JUIS CeJIeKLMHU eBPONEeMCKUX COPTOB BUHOrpaja 3aTPyAHHU-
TesibHO. Ecotu BUAbI mogpona Euvitis Planch. jierko ckpemu-
BaIOTCSI MEXAY COO0H, TO NOJYYUTb TMOpUJbI MexAay V. vini-
fera (moppop Euvitis, 38 xpomocom) u V. rotundifolia (mogpon
Muscadinia, 40 xpoMocoM) paHee yAaBaIoCh C 6OJIbILIUM TPY-
JIOM, IPH 3TOM THGPUAHBIE CESHIbI CTAHOBUJINCH GEepPTUIIb-

HBIMH TOJIBKO NocJie ux nosumaouausanuu (Volynkin et al.,
2010). OueBUAHO, YTO HU CO3/JJAHHBIN paHee CeJIeKLIMOHHBIN
rubpUAHBIHN MaTepuas c yuactueM V. rotundifolia, Hu maTe-
pyaJi, NoJy4YeHHbIH BHOBD C I]€JIbI0 TIOMCKA [€HOB YCTOWYH-
BOCTH K OUJUYMY, MUJIZbI U QUIJIIOKCEPe, HE yJACTCSA MC-
M0JIb30BaTh IieJIeHANpaBJeHHO 6e3 HHGOpPMaLUK 0 FeHOMe
JIOHOpa TeHOB YCTOMYMBOCTH - UMMyHHOT0 BUza V. rotundi-
folia.

Jlo HacTosiero BpeMeHH B 6a3e AaHHbBIX Sequence Read
Archive (SRA) u European Nucleotide Archive (ENA) 6bl1u
npeJcTaBJeHbl pe3yJIbTaThl YeThIPEX IPOEKTOB 110 CEKBEHU-
poBaHUI0 nosiHOro reHoMa V. rotundifolia c ucronb3oBaHueM
miatdopmel [llumina. OHM cofepKaT apXKBbI KOPOTKHUX ITPO-
yreHuit IHK aToro Buga gaunHoi go 150 nH. Bosiee mosHyo
nHdopmanuio o reHome V. rotundifolia MOXXHO MOJYIUTD 1y-
TeM NPOUYTEHUs MPOTSKEHHBIX ({0 COTEH ThICAY IIAp HyKJe-
oTujoB) mnociaenoBaTesbHocTedl JHK cucnosb3oBanuem
CEeKBEHATOPOB «TpeThbero nokoJieHus» — Pacific Biosciences
(PacBio) Single Molecule Real-Time (SMRT) u Oxford Nano-
pore Technologies (ONT) MinION. B oTsin4ue oT ceKBeHUPO-
BaHuA KopoTkux (100-300 nx) ¢parmentoB JHK Ha miaat-
¢dopme Illumina, 3T cekBeHATOPB! «JJUHHBIX NPOYTEHUN»
MO3BOJISIOT MOJIYYUTb paciinppoBKy GpparMeHTa MOJIEKYJIbI
JAHK B 100 u 6osiee Thics4 nap ocHoBaHUH. Kpome Toro, ¢ no-
sIBJIEHUEM TaKHUX TEeXHOJIOTMH CeKBEHHPOBAHUS MOJYYUJI
IIMPOKOEe PaclpoCTpaHeHHe TaK Ha3blBaeMbIH MeTOJ| «TH-
O6pUAHON COOPKU» TMOJHOpa3MepHbIXx reHoMoB (Grigoreva
etal, 2019). IlIpu rubpuaHON c60pKe AJUHHBIE IPOYTEHUS
c cekBeHaTopoB PacBio niu ONT npespocTtaBasioT nHGoOpMa-
U0 06 06LIel CTPYKType reHoMa, a KOPOTKHE MPOYTEHUS
cmatdopmel Illumina yTOYHAT COOPKY B KOHKPETHBIX
y4acTKax U napaJijieJJbHO KOPPEKTUPYIOT OIIMOKH, KOTOpbIe
SIBJISIFOTCSL CJ1IaGbIM MECTOM TEeXHOJIOTMH CeKBeHHPOBAHUSA
TPeThero NOKOJIeHUSI.

[IpuMeyaTesbHO, YTO BapHaHT IMOJy4YeHUs] THOPUAHOU
c60pKY, 10 KpaiiHell Mepe 6aKTepHaTbHbIX TEHOMOB, 110 pe-
3yJbTaTaM KOMOWHUPOBAHHUA JAaHHBIX CEeKBEHHPOBAHUSA
ONT+Illumina oxasascsi 3¢dexTnBHee BapuaHTa PacBio+
[llumina, o6ecneynBast 60Jiee BLICOKOE KAa4eCTBO U TOYHOCTh
nosiHoreHoMHoro npoutenus (De Maio et al., 2019).

CoBceM HeZlaBHO C UCIOJIb30BAaHUEM TEXHOJIOTMH CeKBe-
HupoBaHus PacBio (Pacific Biosciences) u ontudeckoro kap-
TupoBaHus (Bionano’s Next Generation Mapping, NGM) 6b11
Ony6JIMKOBAaH MPENpPUHT MEPBOW BEePCUM MOJHOTEHOMHOU
c6opku Muscadinia rotundifolia (= Vitis rotundifolia) copta
‘Trayshed’ c pacnpegenenvem npourenuit JJHK mo xpomoco-
MaM (Cochetel et al., 2020).

Hacrosimas craThbsl mocBsillleHa pe3yJbTaTaM CEKBEHH-
poBanus reHomuoit JHK V rotundifolia copra ‘Dixie’ cuc-
[0JIb30BaHMEM HaHomopoBoro cekseHatopa MinlON wu co-
3/IaHUI0 Ha 3TOW OCHOBE BEPCHU IMOJHOT€HOMHOM CGOPKHU
3TOro0 BHJIA METOZOM de Novo C UCIO0JIb30BaHUEM HCKJIIOYH-
TeJIbHO JJaHHBIX HAHOIIOPOBOIr'0 CEKBEHUPOBAHUS U THOPUA-
HBIM METO/IOM (C IpUBJIeYeHHEM pe3y/IbTaTOB CEKBEHUPOBA-
HUd Ha miaatdopme Illumina, nMerouuxcs B 6a3ax AaHHBIX).
CeKBeHUPOBaHUE de NOVO U aHAIU3 UMeIUXCs 6UOUHPOP-
MaLMOHHBIX JJAHHBIX 03BOJIMJIM YMEHBIIUTD OIKNGKU U I0-
BBICUTb TOYHOCTb IPH COOPKe U3y4aeMoro reHomMa

Marepuan

B kauecTBe 006bEKTa HMCCAELOBaHUSA OblJ MCIOJb30BaH
copt ‘Dixie’ - efMHCTBEHHBIN NpeACTaBUTEb CEBEPOAMEPH-
KaHCKoro Buza V. rotundifolia, coxpaHseMblil B )KHBOM BU/Jie
Ha KpbIMCKO# ONMBITHO-CEJIEKIIMOHHOW CTAaHIMU — uirasie
BUP (r. KpsiMck, KpacHomapckuit kpait), KyZa oH 6611 HHTPO-
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ayuupoBaH B 1992 1. u3 CIIA u3BeCTHbIM OTeYeCTBEHHBIM
ammnesiorpadom B. A. Hocysnbuakom. C 1992 no 1994 r. Ha [1aB-
JIOBCKOM onbITHOU cTaHuu BUP (. CankT-IleTepOypr; HbIHE
Hay4HO-NPOM3BOACTBeHHas 6a3a «IlymkuHckue U [laByios-
ckue siabopatopuu BUP») o6paser nmpoxo iU KapaHTHHHYO
npoBepky. [locsie mpoxoxkaeHUs KapaHTHHA B 1995 T. caxkeH-
bl OBLTK TIepeaHbl Ha KPBIMCKYI0 ONBITHO-CEJIEKI[MOHHYIO
CTaHIMIO, I/le UX U BbICAJUJIU B KOJIEKIH0. C60p JIUCThEB
JIJ1S1 aHAJIM3a OCYLIeCTBIIsICSA B OKTSA6pe 2019 ., 3aTeM MaTe-
puas 661 JMOQUIBHO BBICYIIEH U MCIIOJb30BaH [Jis BbIJe-
nenust JHK.

MeToab!

IepBelii aTan. Boidesnenue JHK u3 auoguauszuposaH-
HbIX JIUCMbE8 8UHO2PAJA

Jlnsa Boigenenusa JJHK ncnosb3oBasu koMMepueckui Ha-
60p DNeasy Plant Mini Kit (Qiagen). Pa3pyieHnue kieTouHOH
CTE€HKH B JIMCTbAX OCYLIEeCTBJIAJIOCH C UCIIOJIb3OBAHUEM XU -
Koro aszoTa ¥ romoreHusaropa Tissue lyser LT (Qiagen).

BTopoii atan. [lodzomoeka 6u6auomek 04151 ceK8eHuU-
posaHus Ha naam¢opme MinlON

CeKBEeHUPOBAaHHE MNPOU3BOAUJIOCH C UCIIOJb30BaHHUEM
npubopa MinlON (OxfordNanoporeTechnologies). BbLiu 3a-
JeWCTBOBaHbI /Be NPOTOYHbIe fAyelku TUna R9.4.1. [logro-
TOBKa GMOJIMOTEK M 3arpy3ka Ha sSiYeHKH OCYyIeCTBJIsJIaCh
C UCToJIb30BaHMeM HabGopa Ligation Sequencing Kit 1D
(MinION). [l npUroToBJIEHUsT KOXKA0H U3 6HOGIMOTEK HC-
10/1b30Ba/I¥ npuMepHO 2000 HI BICOKOMOJIEKYJIAPHOH 04U-
mwenHou JIHK. Ilepen mogroroBkoit 6ubavorek JHK 6bL1a
¢dparmMeHTHpOBAHA C UCMOJIb30BaHUeM KoJsioHOK g-TUBE (Co-
varis), COTrJIaCHO IPOTOKOJIy NMpou3BoAuTesis. OKXuJaeMblid
pasmep ¢parmeHToB coctaBua 10 000 mH 1 12 000 nH Asa
MepBOU U BTOPOU GUGJIMOTEK COOTBETCTBEHHO.

TpeTuii satan. Ilpoyedypa cekgenHupogaHust Ha MinlON
u 6uouHghopmamuyeckast 06pa6omka daHHbIX

TexHOJIOTMSI CEKBEHHPOBAaHMS Ha HAHOIOpAaX MOJpasy-
MeBaeT NoJiyyeHre HHOpManuu 06 U3MeHEeHHUH NTOTeHIHa-
JIa CUJIBI TOKA IPU MpoxoxKgeHuu MoJiekysiel JIHK yepes Ges-
KOBYI0 TNOpYy. B3aBHCUMOCTHM OT CTPYKTYpbl a30THCTOTO
ocHoBaHuA (A, G, T, C), cua Toka U3MeHsSeTCs [0-Pa3HOMY.
TakuM 06pasoM, «CbIpOH» CUTHaJ CEKBEHUPOBAHUS Mpej-
CTaBJIIET COOOM 3aMuCh U3MeHEeHHUs cuJlbl ToKa (fast5) c mo-
Molbio nporpamm pycoQC. [is nocieaywuux 6uouHpop-
MaTHUYeCKUX ONepalii TaKoW GMHAPHBIA CUTHAJ HEOOXOIU-
MO JAEeKOAWPOBATb U IlepeBeCTH B IIHPOKO PICHOJIbByeMbII‘/'I
Y NIOA/lepKUBaeMblil y»Ke pa3pabOTaHHBIM HPOrpaMMHBIM
o6ecnieuenreM (I10) ¢opmart. C 3TOH LeEbI0 CHIPON CHUTHAJ
fastS mpoxoguT mpoueAypy pacrno3HaBaHUS HYKJIEOTH]IOB
(basecalling), koTopas mepeBoAUT UHGOPMALIKIO O HYKJIEO-
tugax A, G, C, T u3 6unapHo# 3anucH fast5 B popmar fasta/
fastq (de.NBI Nanopore..., 2019). Ha cerogHsIHNM JeHb J0-
CTYIHO HECKOJIbKO IPOTpaMM /Il TAKOW KOHBEPTALUH, Cpe-
au Hux: chiron, flappie, guppy, scrappie (Wick etal., 2019).
B AaHHOM HCCJIeJOBaHUH ObLI NMpUMEHEeH OAWH K3 CaMbIX
IIUPOKO HCIOJIb3yeMbIX W TOYHBIX aJITOPUTMOB JAEKOAUPO-
BaHuda guppy V.0.1.11.

[locne mnpeoGpasoBaHUsl CUTHaMA ObLI OCYLECTBJIEH
KOHTPOJIb Ka4eCTBa CEKBEHUPOBAHHsI C IOMOILbIO IPOrpaMM
pycoQC (Leger, Leonardi, 2019) u poretools (Loman, Quinlan,
2014). KoHTpoJib KauecTBa MO3BOJISIET MOJYYUTh HHPOpMa-
IIMI0 0 6A30BBIX CTATUCTUYECKUX MIOKA3aTEJISIX IPOBEJEHHO-
ro CeKBEHHPOBAHUSA: 00llee KOJUYEeCTBO NMPOYTEHHUH (pHU-
JI0B), KOJTMYECTBO PUOB, YCIEIHO MPOLIEJIINX NPOLEAYPY

pacnosHaBaHusl HykJeoTuzZoB, N50 - mokasaTesb Hempe-
PBIBHOCTH UYTeHUsl, 0003HAYAKIUI MUHUMAJIbHYI0 JJIUHY
npoyTeHUs Ajs 6osee nosoBUHBI (50%) Bcex Moy4eHHBIX
pUJOB, MeAiaHa AJVHBI PUJOB U MeJuaHa KayecTBa, olpe-
nensiemoro 1o mkane Phred (Q) (Ewing, Green, 1998). [lna
buAbTpanUK BO3MOXKHOM KOHTaMHUHAMK 6HUGIMOTEK Yesio-
Beyeckod JIHK wucnosp3oBanu mporpammy minimap2 (Li,
2018). YTeHHs1 HU3KOTO KayecTBa C 60JIbIIONH BEPOSTHOCTEIO
OIIKOOK, ompezesseMol no nokasaresw Phred <=8, u ure-
HUSA JunHON MeHee 500 mH 6bLIM OTPUJIBTPOBAHBI C TIOMO-
mbio NanoFilt (De Coster et al., 2018).

YeTBepThlii 3Tan. llo1HoO2eHOMHas c6opka V. rotundi-
folia memodom de novo daa danHweix ONT u c6opka 2u-
6puUdHbLIM Memodom

Jlsist cOopKU reHOMa MeTOA0M de NoVo IPUMEHSIJICS aJlTo-
putM (pipeline) minimap2/miniasm (Li, 2016), KkoTopbI# s1B-
JISleTCsl OAHUM M3 HauboJsiee IIHPOKO HCIOJIb3YEeMbIX MPHU
c60pKe AJUMHHBIX IPOYTEHUH, U TIOApa3yMeBaeT MocIe0Ba-
TeJIbHOE BbINOJIHEHHEe HECKOJIbKUX 3TanoB (puc. 1). OgHako
ajropuTM minimap2/miniasm He BkJIIOYaeT B cebs Iara
KOPPEeKTUPOBKM BO3MOXHBIX OMIMOOK MPOYTEHUH, MOJIY-
yeHHbIX ¢ MinlON. KpomMme Toro, 1pu ucnob30BaHUU TOJIb-
ko yTeHui ¢ MinlON npu c6opke de novo o6pasyeTtcs 60Jib-
110e KOJIMYeCTBO NYCTOT B COOPKe, TaK Ha3bIBAEMBIX «I'3-
noB» (gaps), U3-3a HePaBHOMEPHOCTH MOKPBITUS. ITH NPO-
6J1eMbl 4aCTHYHO peIIAnTCs MNPOLeAYPOH MNOJUPOBKHU
(polishing) c60pku, nosy4eHHOH € MCIIOJIb30BAHUEM JIJTUH-
HBIX IPOYTEHUH, TyTeM ee HaJ0XKeHHsI Ha MHOXEeCTBO KO-
POTKHX, HO MHOTOYHMCJEHHBbIX INPOYTEHUH, MOJYyYEeHHbIX
c[llumina. [loaToMy MBI JONOJHUAM PYTUHY minimap2/
miniasm elle oJHUM 3TaNoOM - KOppeKIjuel OMUBOK C Io-
MOIL[bIO HAJIOKEHUS MOJy4eHHON COOPKU AJUHHBIMU UTe-
HUSAMH Ha cbipble npouyTeHUs Illumina u ONT, ucnonb3ys
nporpamMMmbl Racon (Vaser etal, 2017) u Pilon (Walker
etal, 2014) (cm. puc. 1). s aToro U3 6a3bl JAHHBIX ChIPbIX
npouteHuit (SRA) renomuoit IHK V. rotundifolia 6b11u uc-
M0Jb30BaHbl puJbl, nosaydeHHble clllumina HiSeq2500,
obecnevyrBawue 30-KpaTHOE MOKPBITHE TeHOMAa 3TOTO
Buja (Bioproject SRX2868329: WGS of Muscadine Grape
[ Vitis rotundifolia]). Racon 6611 MCIIOIB30BaH /151 BYX pa-
YH/OB KOPpPEKIUH NMoJy4YeHHOH c6opku U Pilon gns Tpex
payH/I0B IpoueAypbl ee pUHANBHOU «ITOJUPOBKU» (polish-
ing). DTO NO3BOJIMJIO CHU3UTh YaCTOTY OLINGOK CEKBEHHU-
pOBaHHUS, KOTOpble XapaKTepHbl AJsA AJUHHBIX DHUJOB
¢ MinlON, ¥ yMeHbIIUTH KOJHUYECTBO MNPONYCKOB B MOJY-
YeHHOU c60pKe, TEM CaMbIM YBEJUYUB J0J110 ckadpdos10B
cpesy Bcex pparMeHTOB.

JlonIOJIHUTEIBHO OblJI IPUMEHEH allbTePHATUBHBIN MO/~
XOJi K ITOJIy4eHHI0 NI0JIHOTeHOMHOHU c60pkH de novo V. rotun-
difolia - ruGpUAHBIM METOAOM. ITOT METO/] MOJPa3yMeBAET
M3HavYa/lbHOe KOMOMHHUPOBAaHWE KOPOTKHX U AJUHHBIX NIPO-
YTEHUH, KOTOopoe BbimoJiHAeT nporpamMmma SPAdes (hybrid
SPAdes) (Antipov et al,, 2016). Kak u B npeabiAylLeM ciaydae,
OBIIM HCIOJIb30BAaHbl paHee ONyGJHKOBaHHbIE KOPOTKHE
puzpl ¢ [llumina HiSeq2500 (Bioproject SRX2868329: WGS of
Muscadine Grape [Vitis rotundifolia]), koMGMHUpOBaHHbIE
C pe3yJibTaTaMu cekBeHUpoBaHUA Ha MinlON.

AnropuTM rU6pHUIHON COOPKU BKJIIOYAET B cebst COOPKY
KOpPOTKUX Npo4yTeHUH rpadamu e BpronHa c nocienyoueMm
3aKpPBITHEM «IPOIYCKOB» COOPKH C OMOILbIO AJIUHHBIX PU-
Z0B. OTJIMYHUTENBHON 0COGEHHOCTBIO aJrOPUTMA SIBJISETCS
aBTOMaTHYeCKUU MOAGOp HauboJiee MOAXOASIIMX K-MepoB
(k-mer - xopoTkHe ¢parMeHTHl PUAOB BapbUPYIOIIEH JJI1-
HbI, Ha KOTOpble pa30UBAIOTCA NPOYTEHUS AJIs1 NOCAeAYIo-
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OaHHble minlON
nocne
thunbTpaumum
(noKpbITHe ~20x)

2 payHaa Koppekuuu
cHopku
(n.o0. racon)

Mowck nepekpbITUA
(n.0. minimap2)

CospaHve cGopku ¢
NOMOLLEIO NEePEKPLITHIA
(n.0. miniasm)

Koneeprauun c6opkw B
thopmare .gfa B hopmar
fasta (yrunura awk)

OanHHbie lllumina
13 6asbl AAHHBIX
SRA
(NoKpbITHE ~30X)

CKoppeKTupoBaHHas
cbopka B chopmarte
fasta

BripaBHuBaHue
(n.0.bwa, n.o. samtools)

3 payHaa nonupoBKK

(n.o. pilon)

Puc. 1. Cxema npouecca (pipeline) c6opku renoma Vitis rotundifolia meTomom de novo
1o pe3y/JbTaTaM ceKBeHUpoBaHUs Ha MinION c ucnosib30BaHHMEM NporpaMMsl minimap2/miniasm

Fig. 1. Flowchart of the Vitis rotundifolia genome assembly by the de novo method based on the results of sequencing
on the MinION platform using the minimap2/miniasm pipeline

IIsaTelii 3Tan. OyeHka Kayecmea no/1H02eHOMHOII c60p-
ku V. rotundifolia

JlJ151 OLleHKH KayecTBa COOPKHU U ee pparMeHTHPOBAHHO-
CTH NoJIHOreHoMHast c6opka V. rotundifolia, monyyeHHas By-
Ms1 pa3/JIMYHBIMU CIIOCO6aMH, Obl1a TPOAHAIU3MPOBAHA C I0-
Moo BUSCO V.3.0.2 (Benchmarking Universal Single-Copy
Orthologs) (Siméo etal, 2015; Seppey etal, 2019). BUSCO
npejcTaByseT cob6oid 6MOMHPOPMATUUYECKUN HMHCTPYMEHT,
KOTOPBIH T03BOJIIET OLEHUTb KayecTBO MOJHOT€HOMHOH
COOPKH, NMOJyYeHHOH M3 MHOXeCTBa KOPOTKUX MPOYTEHHH,
OCHOBBIBAsICb He HAa TEXHUYECKUX NAapaMeTpax, KaK, HalpH-
Mep, nokasaTtesb N50 UM CTaTUCTHYECKOE pacnpejesieHue
JUIMH TIOJIyYeHHBbIX KOHTHUTOB, a IPUHMMas BO BHHUMaHHe
«CMBICJIOBOM» MapaMeTp COGPAaHHOrO0 reHOMa - IOJIHOTY
Npe/ICTaBJEeHHOCTH I'€HOB, OPTOJIOTH KOTOPBIX BCTPEYAIOT-
csl, HanpuMep, 6osee yeM y 90% Buaos Embryophyta. [Ipu
aToM BUSCO mpuHuUMaeT BO BHUMaHHeE NPEUMYIECTBEHHO
yHUKaJIbHBIE reHbl (single-copy orthologs).

AnroputM BUSCO BkJ/IO4aeT TpH 3Tana:

1) mouck QYHKIMOHAJIBHBIX MOCJeJ0BaTEJTbHOCTEN
B aHaJIM3UPYyeMOU COOpKe Ny TeM ee BbIpaBHUBAHUS METO-
noM tBlast Ha ofjHy U3 JOCTYNHBIX 6a3 JaHHBIX T€HOB-OPTO-
noroB BUSCO;

2) NpOTHO3UPOBAHUE CTPYKTYPbl I'€HOB JJIs1 BbISIBJIEH-
HbIX QYHKIMOHAJIBHBIX I0C/I€0BaTEIbHOCTEN C IOMOIIBIO
nporpaMmbl Augustus (Stanke et al.,, 2006);

3) 3aKJIIOYUTENBHBIA 3Tal, KOTOPBINA ONpeJesiseT, Ha-
CKOJIBKO BbIsIBJIEHHBIE B C60pKe QYHKI[MOHA/IbHbIE OCIE/0-
BaTeJIbHOCTH SIBJISIIOTCS OJIHOpa3MepHbIMU. Ec/in UX y1MHa
HaxXxOJUTCS B IpefieslaX ABYX CTAaHJAPTHBIX OTKJIOHEHHUH OT
JUIMHBI T0C/Ie/JOBaTE/IbHOCTEH T'eHOB-OPTOJIOTOB JaHHOW
rpynmnbl B BUSCO, aHHOTMPOBaHHBIM reHaM NPHCBaUBaeTCs
crartyc «nosHopa3MepHbii» (Complete BUSCOs). [TosiHOpas-
MepHble I'eHbl, 0GHAapyKeHHbIE He B €JUHCTBEHHOW KOIHH,

OTHOCATCS K rpymnme «ay6aupoBaHHbIH» (Duplicated). Ya-
CTUYHO BOCCO3/IaHHbIe FeHbl K1acCUQULIMPYIOTCA KaK «ppar-
MeHTHpoBaHHbIe» (Fragmented), He OGHApy)KeHHbIE T'€HBI
KJIacCHQUIMPYIOTCS KaK «OTCyTCTBYylomue» (Missed). [uas
aHa/IM3a ABYX BEpPCUH MOJHOreHOMHOU c6opku V. rotundifo-
lia ucnonb3oBanu 1614 nocyiefoBaTeNbHOCTEN OPTOIOTHY-
HBIX TeHOB U3 6a3bl JaHHbIX BUSCO BbIcmux pacteHui (Em-
bryophyta) embryophyta_odb 10.2019-11-20.

[TomaroBelii MpPOTOKOJ TpejcTaBjaeH B [IpunoxeHnu 1
(Supplementary Materials 1)

Pe3ynbTaThl

CekeeHuposaHue MinlON, pacno3HagaHue HyK/1eomu-
008, KOHMPO.J1b Ka4ecmea npoYmeHull

JBe sdeiiku MinION (tun R9.4.1) 6bL1M UCIOJIB30BaHBI
[LJIS1 CEKBEHHPOBaHUA JByX 6ubnoTek reHoMHol IHK, BbI-
JleJieHHoU u3 iuctbeB V. rotundifolia (copt ‘Dixie’). [lepef 3a-
rpy3Koi B siueliKy nepBasi 6ubroTeka cofepxkaua 1008 Hr
JHK (c koHLeHTpanued 84 Hr/MKJ), BTOpasi 6UGJIHOTEKA —
1152 Hr (96 Hr/mxku1). BpeMsi paGoThbl OAHOM sTUeKU B cpef-
HeM cocTaBuJI0 48 4. Bcero c iByx siueek ObLJIO MOJIy4€HO
1748 466 npoutenuii (fanee - pugon) (Tabu. 1).

[locne nekoAaupoBaHUA chlporo curHasia fast5 Bfastq/
fasta ¥ KOppeKI MK OIIHGOK C MOMOILbIO gUPPY ObLJIO MOJIyYe-
Ho 1738535 pugoB. [l mosiyueHHbIX PUJOB NPOU3BEJH
KOHTPOJIb Ka4ecTBa C MOMolLbio pyroQC, moy4yuB TakHe cTa-
THCTHYECKHe NI0Ka3aTeH, KaK KOJIM4eCTBO PUJOB, KOJHYe-
CTBO OocHOBaHMH, N50, MeJUaHbI JJIMH U KayecTBa pPHU/IOB.
[TokasaTesb N50 (MMHMMaJbHas IJIMHA, KOTOPYIO UMeJH 60-
Jiee TOJIOBHMHBI MOJIy4YeHHBIX PUJIOB) MO pe3y/ibTaTaM 3amy-
CKa nepBoi sueiiku cocraBu 7310 nH, BTOpoil - 14600 nH.

! Electronic supplementary material. The online version of
this article: (https://doi.org/10.30901/2227-8834-2021-2-63-71).
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Ta6smna 1. O61mas CTaTUCTUKA «ChIPBIX» JAaHHBIX CEKBEHUPOBaHMS ABYX 6U6/1M0TeK reHOMHOM JTHK
Vitis rotundifolia, nony4eHHbIX ¢ ABYX siueeKk MinlON c nomombio nporpammel NanoStat V.0.8.1u3 nakera Nanopack

Table 1. General statistics of “raw” sequencing data for two Vitis rotundifolia genomic DNA libraries obtainedfrom
two MinlION cells using the NanoStat V.0.8.1 program from the Nanopack package

CTaTUCTHYECKHMI NOKa3aTe b 3HayeHuUe
Cpennss ayvHa puza (mH) 5,987.6
CpepnHee kavyecTBo puja (Phred) 12.3
Meznana fyivHbI pyuja (TH) 4,142.0
Mepauana kayectBa puza (Phred) 12.5
00611ee KOJIMYECTBO PUIOB 1,748,466
N50 asiuHbI pyuja (mH) 9,514
Bcero npounTaHo HYKJIEOTH/OB (ITH) 10,469,195,297
>Q5 1744047 (99.7%) 10468.0Mb
>Q7 1740159 (99.5%) 10465.2Mb
>Q10 1478525 (84.6%) 8862.5Mb
>Q12 1040592 (59.5%) 6223.0Mb
>Q15 119125 (6.8%) 497.8Mb

Ton 5 puAoB € TyymiuM KadecTBoM no mkase Phred (a1uHa, nH)
1 20.4 (422)
2 20.1 (334)
3 20.0 (1241)
4 20.0 (525)
5 19.9 (252)
Ton 5 caMbIX AJIMHHBIX PUAOB - JJIMHA (KayecTBO no mkaJsie Phred)

1 122768 (13.1)
2 121913 (9.3)
3 113066 (10.0)
4 112400 (8.7)
5 112314 (11.7)

Meananbl aauH pugoB coctaBuid 3500 mH s nepBoM
s4eiiku 1 6380 nH - 151 BTOpO# (Tab.. 2).

Ha csiepytomem sTane aHasin3a JaHHBIX OCYLIeCTBUJIN
dUAbTpanuio0 NPOYTEHUH HHU3KOrO0 KAauyeCTBa, KOPOTKUX
NpPOYTEHUN U HanboJiee BepPOSTHBIX NPOYTEHUH MHOPOA-
Ho¥t JJHK. [lns ynaseHus BO3MOXXHOM KOHTaMHUHALUK OHO-

JIOTHYeCKHMM MaTepHuaJsioM Yes0BeKa NpoueAypy puabTpa-
IIUY NPOM3BeEJIM C IOMOLIbI0 minimap2. Bcero 6611 yaaieH
41501 pug (~2%), cogepxxkaBmuit 100% cxoacTBo ¢ pede-
pPEHCHBIM TeHOMOM 4esioBeka. NanoFilt npumenunu pis
$uIbTpanMy 1o NoKa3aTesssM KayecTBa NPOYTEHUH (Bepo-
SITHOCTH BCTPETUTDb OLIMGOYHO PACIIO3HAHHBIN HYKJIEOTH])

Ta6una 2. OCHOBHBIE CTATUCTHYECKHE XapaKTEePUCTUKHU AAaHHBIX ceKBeHUpoBaHus ONT mocJie npoueaypsl
pacno3HaBaHMsA HyKJ1eoTHA0B (basecalling c momMolbio guppy), NoJiy4eHHbIX C IOMOLIbI0 pyroQC

Table 2. Main statistical characteristics of the obtained data after nucleotide recognition procedures
(basecalling) using pyroQC

KosinuyectBo Homep KonunuyectBo KonnuyectBo MeauaHa MeauaHa KayecTBa N50
AKTUBHBIX NIOP AYEHKU puzosB OCHOBaHMMI JJIAHBI no mkasie Phred
481 1 1220594 5732084000 3530 11.809 7310
455 2 517941 4729669000 6380 11.373 14600
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Y AJIMHBI PUAOB. [IJ15 moc/ieyomero aHaa1u3a OblJIM coxXpa-
HEHbl pH/bl, UMeWlIYe IMOKa3aTeJlb KayecTBa MO LIKaJe
Phred He mMeHee 8 u giuHy npouteHus 6osee 500 nH. [Toce
$UABTpALUK 10 3TUM NTOKa3aTe M Noayduan 163 5299 BeI-
COKOKAuyeCTBEHHBIX PHJIOB, COCTABUBIIUX B 00OLIEH CI0XKHO-
cty 6osiee 10 mapg (10 197 618 064) nu. OTduapTpOoBaHHbIE
pUibl HU3KOTO KavyecTBa COCTaBUIM 5,9% OT o61iero yucaa
NPOYTEHUH.

[IppHrMas Bo BHMMaHMe ONyGJIMKOBAHHBIN pasMep re-
HOMa Ky/nbTypHOro BuHorpaga (V vinifera) B ~486 Tbic. TH
(Canaguier etal., 2017), MO>XHO NMpPeAIOJOXKUTb, YTO ITOJIY-
YeHHbIA 06'bEM JAHHBIX 00€eCreYruBaeT MOYTH 21-KpaTHoe
«ITOKPBLITHE» ceKBeHHpyeMoro reHoma V. rotundifolia. Takas
rJy6rHA IPOYTEHUH M03BOJISIET OCYIECTBISATh COOPKY Me-
ToZO0M de novo 6e3 HcHoJb30BaHUsl pedepeHCHOro reHoMa
(NCBI...,, 2020).

[lo pe3ynbTaTaM KOMOMHUPOBAHUSA KOPOTKHUX U JJIMHHBIX
MPOYTEHUH HaMHu ObLIM NPOTECTHPOBAHBbI pasHble JJIMHbI
k-mepos (21, 33, 55, 77 nH). B kauecTBe Hanbosee pe3ysbTa-
TUBHOH AJITOPUTM ABTOMATUYECKU BBIABUJI LJINHY k—MepOB
77 nH. C6opka Obla NPOTECTUPOBAHA HA OCHOBHbIE CTAaTH-
CTUYeCKHe IoKasaTesJu CIhnoMolbl mnporpaMmbel QUAST
(Gurevich etal, 2013). O6was gauHa COOPKH COCTaBUJIA
539 M6 (MJIH I1H), 4YTO COOTHOCHUTCS C aHAJIOTUYHBIM [T0Ka3a-
TeseM s pedepercHoro renoma V. vinifera, pasmMep KoTo-
poro 6bl1 ompezesneH B~486 M6 (Canaguier etal, 2017).
B Tabsnne 3 npejcTaB/ieHbl OCHOBHbIE CTaTUCTHYECKUE TI0-
Ka3saTeJid KauecTBa IOJIHOTeHOMHOU c6opku V. rotundifolia,
MOJIy4eHHOM C UCT0JIb30BaHUEM de novo, MpUBJieKast TOJIbKO
JlaHHble HaHoNopoBoro cekBeHHpoBaHus (ONT) u ucnosb-
3ys gaHHble [llumina u ONT (ru6puaHbIi MeTOA).

[lo pesynbpraTaM cpaBHEHMS JBYX NOAXOAOB K IoOJy4Ye-
HUIO NOJTHOTeHOMHOH c6opku V. rotundifolia ycTaHoOBJIEHO,

YTO 06a METO/Aa UMEIOT CBOU NPEUMYILeCTBa U HEJOCTATKHU.
TuOpUAHBIA MeTO/, MO3BOJISIET HOJYYUTh OOJIblIee KOTHYe-
cTBO cKadpPo/IZI0B, OHAKO NPU ITOM COOPKA MOJTyIaeTCs Ha-
MHOTO 6oJsiee ¢pparMeHTHUPOBAHHOM, 4eM IpHU COOPKe C UC-
[10/Ib30BaHUEM TOJIbKO JaHHBIX HAHOIIOPOBOI'O CEKBEHHUPO-
BaHusA. C60pKa de novo c ucnosb3oBaHueM minimap2/mini-
asm c nocjaeAywilei npoueypon nosupoBku (polishing) na
celpble puabl [llumina gaeT BO3MOXKHOCTb MOJYYUTh GoJiee
AJavMHHBIE cKad$osiibl, 0IHAKO B TOPa3/[0 MeHbIIEM KOJIHYe-
CTBe, U3-3a 4ero 60J1b11asi YacTh HCCIeyeMoro reHoMa OCTa-
eTcsl He IOKPBITOH ckaddogamMu.

[losy4eHHbIe pa3HBIMHU CIIOCOGAMU /iBE BEPCUHU MOJHO-
reHOMHOU c6opku V. rotundifolia pasivyanTCcs Takxe I10
KOJINYECTBY BBISIBJIEHHbIX MOBTOPSAIUUXCA MOCJeJ0Ba-
TesbHOCTeH. [Jlisg MX HUAeHTHPUKALUM B NOJYyYEHHBIX
c60pKax UCIOJIb30BaJIH aJrOPUTM «MacKUHTa» (masking),
KOTOPBIA MNO3BOJIIET HAaWUTHU U CKPBITb NOBTOPBLI NyTeEM
CpaBHEHHUs IOJHOIeHOMHOH COOpPKH M JOCTYNHBIX 6a3
JaHHBIX IMOBTOPSMIOLIUXCS 3JIEMEHTOB CIIOMOLIbI0 IpPO-
rpaMmbl Repeat Masker (Tarailo-Graovac, Chen, 2009). lns
CcOOpKH, NOJTYYeHHOH IM6PUIHBIM MEeTO/I0M, BBISIBUJIH T10-
BTOpPBI 0611l NPOTAKEHHOCTHIO 1 651 434 nH, /11 cO0pKHU
c ucrnosib3oBaHueM AaHHbIX ONT - mouTu B 3,5 pasa MeHb-
me (484 681 nH).

Ha pucynke 2 npejcraB/ieHbl pe3ysbTaThbl OLEHKU M0JI-
HOTBI NpPeACTAaBJEHHOCTH I0CJe0BaTeJbHOCTEH OpTOJIO-
TMYHBIX TEHOB B C60pKe de novo, MoJIy4eHHOH ¢ HCI0JIb30Ba-
HueM JaHHbIX ONT ¥ ru6pUAHBIM METOZOM.

B niesjoM MOHO 3aKJIIOYHUTh, YTO 06e BepCUU COOPKHU
YAOBJIETBOPSIOT IOKa3aTeJJsIM NpeACTaBJeHHOCTH B HUX
[0CJe/J0BaTeJbHOCTEH T'€HOB-OPTOJIOrOB, YHHBepcasb-
HbIX 4151 Embryophyta, xoTs c6opka rubpuAHbIM METOLOM
BBITJIAUT GoJiee dparMeHTUPOBAHHOM. Pe3ysbTaThl aHa-

Ta6una 3. OCHOBHbIE XapaKTepUCTUKHU NOJIHOTeHOMHOM c60pku Vitis rotundifolia, nonyyeHHO# MeTOAOM de novo
M TUGPUAHBIM METOA0M IO pe3y/IbTaTaM OLleHKH ¢ moMoibio QUAST

Table 3. Main characteristics of the Vitis rotundifolia whole-genome assembly by the de novo and hybrid methods
according to the results of the assessment using QUAST

6 ] O ) Gl C6opka de novo ONT+Illumina C6opka de novo, UCKITIOYNTE/ILHO
(ru6puaHbIi MeToA) (IH) ucnoJib3ya JaHHble ONT (mH)-
KosinuecTBO KOHTHUTOB (>= 0 1H) 809 308 2039
KosmdectBo koHTHTOB (>= 1000 1H) 43425 2037
KosnuectBo kKoHTUTOB (>= 5000 nH) 15430 2020
KosmdectBo koHTHrOB (>= 10000 11H) 9292 1998
KosmdectBo koHTHUrOB (>= 25000 11H) 4056 1808
KosinuectBo KoHTHUTOB (>= 50000 11H) 1516 1493
06was ajauHa KOHTUTOB (c60pkH) (>= 0 mH) 428439 192 386 122 654
KosnuectBo ckadpdonnon 84 025 2039
Cambl#i JIMHHBIA ckad oy 319 841 2353788
N50 24761 374 653
N75 6901 173 204
L50 4103 293
L75 12 305 669
GC% 33,31 33,94
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Missing BUSCOs: 3.41%
Fragmented BUSCOs: 2.29% —\ \

Missing BUSCOs: 5.64%

Fragmented BUSCOs: 9.11% _\ \

\_ Complete BUSCOs: 94.30%

\__ Complete BUSCOs: 85.25%

Puc. 2. IlpecTaB/IeHHOCTb NOCJA€40BaTe/IbHOCTENH OPTOJIOTHYHBIX FeHOB U3 6a3bl JaHHbIX BUSCO BhICIIMX pacTeHUH
(Embryophyta) B nos1HoreHoMHO# c6opke Vitis rotundifolia, nosiy4eHHO# MeTOA0M de novo € UCNI0JIb30BaHUEM
HMCK/JII0YUTeAbHO JaHHBIX ONT (a) u ru6pugaeiM MetoAoM (ONT+I1lumina) (b)

Fig. 2. Representation of orthologous gene sequences from the BUSCO database of higher plants (Embryophyta)
in the de novo whole-genome assembly of Vitis rotundifolia obtained using only ONT data (a)
and the hybrid method (ONT+Illumina) (b)

snu3a BUSCO BBISIBUJIM HECKOJIBKO GOJIbIIIE MOJIHBIX ITOCIe-
JloBaTeJIbHOCTeW reHOB-opTosioroB (Complete BUSCOs)
A1 C6OPKH C MUCIOJIb30BaHUEM HCKJIIOYHUTENTBHO AAHHBIX
ONT, 4TO MO>XXHO OG'bSICHUTh IPOCTOTOH NpeiCKa3aHMs re-
HOB /1151 [I/INHHBIX HeNPePbIBHBIX YTeHUH. C Apyroi cTopo-
HBI, Cy/A s 110 TOKA3aTeJasAM 061Ied AJUHbI COOPKH U KOJIH-
4YyecTBa KOHTHUTOB U CKadpP0JII0B, MOXKHO 3aKJKYHUTh, YTO
cO0pKa rUOPUAHBIM METO/IOM IOKpPhIJIA 60Jiee NPOTsKEH-
HYI0 4aCTb YHUKaJbHBIX Y4aCTKOB reHOMa, yeM cHopka
C MCMoJIb30BaHKEM minimap2/miniasm.

[IpesnoXkeHHast HAMU IOJTHOT€HOMHAs C60pKa UMMYH-
Horo Buza V. rotundifolia MoeT ObITb TaKKe ITPOAHAJIN3U-
poBaHa C TOYKH 3peHHUs UJeHTHUPUKALUN [OMOJIOI UUHBIX
y4acTKOB C ONyGJMKOBAaHHBIM T€HOMOM KYJIbTYpPHOT'O BH-
Horpaga V. vinifera 12X (International Grape Genome Pro-
gram, GenBank assembly accession: GCA_000003745.2)
Y OL|eHKH CTEeNEeHU CXO/CTBA FeHOMOB 1By X BUA0B. OcOOBIH
MHTepeC MOXeT NpPeACTaBJATh BbIpaBHUBAHUE I0JIyY€EH-
HOH c60pkH Ha 12 xpomocomy B reHoMe V. vinifera, rae pa-
Hee 6bl1 KaptupoBaH Jyiokyc RUN1/RPV, acconuupoBasn-
HbIH cycToiynBocThio Kouguymy (RUN1) wumunageio
(RPV1).

HUccnenoBanue Cochetel et al. (2020), ony611MKOBaBIINX
nepBy0 Bepcuio c6opku renoma V. rotundifolia, no3Bosnio
poaHaJU3UPOBATh PA3/IMYUA B CTPYKTYpe 3TOro0 JOKyca
RUN1/RPV1 y ummyHHoro V. rotundifolia (copt “Trayshed’)

v nopaxkaemoro V. vinifera (copT ‘Sauvignon blanc’). Jlokyc
RUN1/RPV1, ¢rankupoBaHHBIN ABYyMS MHKPOCATEJJIUT-
HbIMM Mapkepamu VMC4f3.1 mVMC8g9 (Barker etal,
2005), npoTsKeHHOCThIO 5 MJIH Map OCHOBaHWU ObIJ pac-
mudpoBaH HaxpomocoMe 12 V. vinifera. AHasorn4HbIN yya-
cTOK Ha xpomocoMe 12 y V. rotundifolia cooTBeTcTBOBaJ
WHTEepBaJy NMOYTH 7,3 MJIH [IH BCJIEACTBHE MHOTOYHCJIEH-
HBIX Y NJIMKaLM{ BHYTPH 3TOT0 yyacTKa reHoMa. B npepe-
JIaX 3TOro MHTepBaJsia Ha XxpoMocoMe 12 y V. vinifera 6111
uaeHtuouupoBannsl 33 R-reHa u3 cemedictBa NBS-LRR
(Nucleotide binding site leucine-rich repeat), posb KoTO-
phIX B OPMHUPOBAHUH YCTOWYUBOCTH K IAaTOr€HAM OIKCa-
Ha J|J1s1 MHOTUX BU/IOB PacTEHHUMH, B TOM YHCJIE U BUHOTpaja
(Zini etal., 2019). [lnsa V. rotundifolia B ToM e JIOKyCe BbIfi-
BuJH 57 reHoB NBS-LRR, nmpuueM ofiuH KJj1acc 3TOTO ceMel-
ctBa reHoB, TIR-X co cnenu$uyHbIM JOMeHOM, OblJ O6GHa-
pyXeH TOJBKO BTreHoMe yycTtoHuuBoro V. rotundifolia
(copT ‘Trayshed’). [IpucytctBue reHoB TIR-X nmoctynupyeT-
Cs1 B Ka4eCTBEe OJHOM M3 BO3MOXKHBIX MPUYMH YCTONYUBO-
ctu V. rotundifolia x utonarorenam (Cochetel etal., 2020).
AnasioruyHblil aHanu3 CTPYKTypbl jsokyca RUN1/RPV1
y eme oxHoro copta V. rotundifolia (copt ‘Dixie’) ¢ yesnnio
BbISIBJIEHUsI BCTABOK, JleJIellui, IOBTOPOB MOXET GbITh I10-
JIE3HBIM [IJ1s1 YTOYHEHUS BEPOSITHbIX [€HOB-KaHJHU/ATOB,
onpeJensioIUX ycrouduBocThb V. rotundifolia x onpuymy
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3ak/iloueHue

B HacTosi1el cTaTbe Npe/CTaBJAeHbl METOAUKA U PE3YJlb-
TaThbl OJIHOTEHOMHOTO CEeKBEHHPOBAaHHUSI UMMYHHOTO BHJA
Vitis rotundifolia Ha npumepe copTa ‘Dixie’, BbITOJIHEHHOTO
C MCTIOJIb30BaHWEM CEKBEHATOpa «TPETbEro IOKOJEHUs»
MinION (Oxford Nanopore Technologies). bosiee 1,6 MJIH BbI-
COKOKaueCTBEHHBIX NMPOYTEHUH AJUHON ~5 ThIC. IH, COCTa-
BUBILUX B 0611eH CJI0)KHOCTH 60Jiee 10 MJpA 1TH, GBI JEeMo-
HUPOBaHbI B 6a3bl JaHHbIX NCBI, SRA, ENA u focTynHbI AJ1s
HcnoJsib3oBaHusA. [IoMHMO eOHUPOBAHHBIX «CHIPBIX» NPO-
YTEHUH, TakKe OblIa co3/laHa u ony6aukoBaHa B NCBI Bep-
cusl MOJIHOreHOMHOM c6opku V. rotundifolia, BeinosiHeHHas
«THOPUAHBIM» METOJAOM, C KOMOMHHPOBAaHHEM JAJMHHBIX
MpoYTeHUH, nosydeHHbIX ¢ MinlON, u kopoTkux puzos Illu-
mina, AOCTYNHBIX U3 6a3 AaHHbIX. CO3JJaHHBIN HCCJe10Ba-
TeJbCKUHM pecypc MoXeT ObITh MCIOJIb30BAH AJIsI MOJIEKY-
JISIPHO-TEHETUYeCKON HAeHTHUPUKALUN TeHOB yCTOHYUBO-
CTH K 60JI€3HSIM U BpeAUTEJsIM BUHOTPA/a, JOHOPOM KOTO-
PBIX SIBJISIETCS 3TOT CeBEPOAMEPUKAHCKUHN BU/,

JocmynHocmb daHHbIX

Coipble JaHHbIe CEKBEHUPOBaHUSA reHoma Vitis rotundi-
folia nByx siueex minlON 65111 AeOHMpPOBaHBI B 623y AaH-
HbIX HanuoHa/bHOTO LleHTpa GUOTEXHOJIOTUYECKOW HH-
dopmanuu CIIA (U.S. National Center for Biotechnology In-
formation, NCBI) (NCBI..., 2020) u 6a3y ganHbix SRA (Se-
quence Reads Archive) (Bioproject: PRINA649974; Biosam-
ple: SAMN15690594; SRA ENA: SRS7124084). [lanHble
c6opku rubpuaHbiM MeToAoM (hybrid SPAdes) gocTynHbI
B 6a3e naHHbIX ENA (PRJNA649974).

HccnedoeaHue 8vinoiHEHO npu @uUHAHCO80U noddepicke
PODHU e pamkax HayyHo20 npoekma Ne 19-316-90007.

The study was funded by the Russian Foundation for Basic
Research in the framework of Research Project No.19-316-
90007
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Genetic diversity in wild species and
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AKTyaJbHOCTb. BaxKHOU NmoTpeOGUTEbCKON XapaKTepu-
CTUKOH NJIOJ0B 3eMJISSHUKHU SIBJIsSIeTCS UX apoMaT. 3Hauu-
TeJIbHbIH BKJIaJ B GOpMUpOBaHHe apoMaTa NJ0/0B 3eMJIs-
HUKHU BHOCUT MeTHUJaHTpaHUJaT. Cojilep>kaHWe MeTUJIAH-
TpaHUJIaTa B IJ10JjaX 3eMJISIHUKU KOHTPOJUPYeTCS FeHOM
FanAAMT (MetunTpaHcdepasa aHTPaHUJIOBOU KUCJIOTHI).
WpenTudukanusa reHeTUYeCKUX JeTepMHHAHT JAaHHOTO
NpHU3HaKa MO3BOJISIET BeCTHU IieJieHallpaBJeHHbI 0T60p
NepcrneKTUBHBIX $OPM Ha OCHOBe guarHoctuyeckux JIHK-
MapkKepoB. llesqblo HacTosIero MccjaefoBaHUSA SIBJSAIOCh
HM3y4yeHUe aJlJleJIbHOr0 pa3Hoo6pasus reHa apomara ILJIo-
10B FanAAMT y pukopacTyLUuX BUJOB U COPTOB 3eMJISTHU-
KU AAJ151 BbISIBJIEHUS NTepCNIeKTUBHbBIX FTeHOTHUIIOB.
MaTepuasibl 41 MeTObl. 06'beKTaMHU UcCJIeJOBAHUSA ABJIS-
JIUCb AUKOpAcTyliue BUJAbI poAa Fragaria L., copTa 3eM-
kayHukH (F. x anaschata Kantor) 1 copTa 3eMJIsIHUKHU caf0-
Bo#l (F. x ananassa Duch.), UHTpoAyLUpOBaHHble U3 pas-
JINYHBIX 39K0JIOT0-reorpadpuyecKux peruoHOB IpoU3pacTa-
Hus. g ugentudukanuu reHa FanAAMT vcnosib3oBajiu
mapkep FanAAMT.

Pe3yibTaThl M BBIBOJBI. B aHa/uMsupyeMoil KoJIeKLUU
reHOTUIIOB 3eMJISHUKU reH FanAAMT uaeHTudUIUpOBaH
y 36,4% d¢opM, BTOM 4YucCJe- yAUKOPACTYLUX BHUJOB
F. moschata Duch., F. vesca L., F. virginiana subsp. platypetala
(Rydb.) Staudt u copta 3emkayHuku ‘Kynuuxa'. Cpegu npo-
aHaJU3UPOBAHHBIX COPTOB 3eMJISIHUKU CaJIoBOM TreH
FanAAMT BbisiBjeH y 31,6% 06pa3noB, Npy 3TOM cpeAu
0TeyeCTBEHHBIX COPTOB reH FanAAMT uaeHTudUUpOBaH
y 27,3% $opmM, cpenu 3apybexkHbix - y 37,5% dopm. Ilep-
CHeKTHBHBIMU HCTOYHUKAMU BBICOKOTO COJepKaHUs Me-
TUJaHTpPaHUNaTa BIJIOJAaX SBJAKTCA JUKOpacTyliue
BuAkl F. vesca, F. moschata u F. virginiana subsp. platypetala,
copT 3eMKJYHUKHM ‘Kynmuuxa', a TakKe copTa 3eMJISSHUKHU
caioBoil oTedyecTBeHHOU (‘BolinHHas’, ‘3eHuT’, JlacTouka,
‘He3HnakoMmka', ‘DeliepBepk’, ‘llapckocenbckas’) v 3apy6ex-
Ho# (‘Karmen’, ‘Ostara’, ‘Samson’, ‘Symphony’, ‘Troubadour’,
‘Vima Tarda’) cesiekliMM, y KOTOPbIX HUAeHTUOUIUPOBAH
JyHKLMOHANBbHBIN ajyenb reHa FanAAMT. Y ocTanbHBIX
W3y4YeHHbIX TeHOTUIIOB 3eMJAHUKUA Mapkep FanAAMT oT-
CYyTCTBYeT, 4YTO, IPeJI0JI0KUTENbHO, CBUJETeJbCTBYET 06
OTCYyTCTBUU reHa FanAAMT.

Kso4yeBbie cjoBa: dapoMaT IJIOAOB, ME€TUJIAHTPAHHUJIAT,
MOJIEKYJIApHbl€ MapKepbl, TEHOTHUII.

Background. An important consumer trait of strawberry
fruits is their aroma. Methyl anthranilate makes a consider-
able contribution to the fruit flavor. The methyl anthrani-
late content in strawberry fruits is controlled by the
FanAAMT (anthranilic acid methyltransferase) gene. Identi-
fication of genetic determinants for this trait facilitates tar-
geted selection of promising forms based on diagnostic DNA
markers. The purpose of this study was to study the allelic
diversity of the FanAAMT fruit flavor gene in wild straw-
berry species and strawberry cultivars for identification of
promising genotypes.

Materials and methods. The objects of this study were
wild species of Fragaria L. as well as F. x anaschata Kantor.
and F. x ananassa Duch. cultivars of different ecogeographic
origin. The FanAAMT gene was identified with the dominant
marker FanAAMT.

Results and conclusion. In the analyzed collection of
strawberry genotypes, the FanAAMT gene was identified in
36.4% of the forms, including the wild species F. vesca L.,
F. moschata Duch. and F. virginiana subsp. platypetala
(Rydb.) Staudt, and cv. ‘Kupchikha’ (F. x anaschata). Among
the analyzed F. x ananassa cultivars, the FanAAMT gene was
found in 31.6% of the tested forms, specifically in 27.3% of
the 22 Russian cultivars, and 37.5% of the analyzed foreign
ones. Promising sources of high methyl anthranilate con-
tent in fruits were identified: wild spp. F. moschata, F. vesca,
and F. virginiana subsp. platypetala; cv. ‘Kupchikha’ (F. x ana-
schata); Russian garden strawberry cvs. ‘Bylinnaya’, ‘Zenit’,
‘Lastochka’, ‘Neznakomka’, ‘Feyerverk’ and ‘Tsarskoselska-
ya’; and foreign garden strawberry cvs. ‘Karmen’, ‘Ostara’,
‘Samson’, ‘Symphony’, ‘Troubadour’ and ‘Vima Tarda’, in
which the functional allele of the FanAAMT gene was found.
In the remaining studied strawberry genotypes the marker
FanAAMT was not detected, which presumably indicates
that the FanAAMT gene is absent.

Key words: fruit flavor, methyl anthranilate, molecular
markers, genotype.

TPY/IbI 110 IPUKJIAJITHONM BOTAHUKE, TEHETHUKE Y CEJIEKLIMHK 182 (2), 2021



A.S.LYZHIN e [ V.LUK'YANCHUK

. 182(2),2021 o

BBegenue

3emnsinuka (Fragaria L) - poAi MHOTr0JIETHUX TPaBsIHU-
CTBIX pacCTeHUH, HACUUTHIBAIOIIUN OK0JIO 25 BHU/IOB pa3jiny-
HOTO YPOBHA IUIOUAHOCTH (2%, 4%, 6%, 8%, 10x) c 6a30BbIM
yucaoM xpomocoM x =7 (Liston etal, 2014). BoszenbiBae-
Mble copTa U GOpPMBI 3eMJISTHUKH OTHOCATCS K CUHTeTH4e-
CKOMY OKTOIUIOUAHOMY BUAY F x ananassa Duch. (8x = 56),
06pa3oBaBLIEMYCSl B pe3yJbTaTe CIIOHTAaHHOW THOpHUAHM3a-
uuu F virginiana Duch. u E chiloensis (L.) Mill. (Hancock et al.,
2003). Ilpu atoMm AJyivTesibHAs CeJIeKLIUS B Ipejiesiax BUJA
E x ananassa mocpejCTBOM MeXCOPTOBBIX CKpelMBaHUN
Y MHOPUJIMHTA XOTh U CIOCOGCTBOBasa (pOPMHUPOBAHUIO
y COBpeMeHHBIX COPTOB TaKUX XO3HCTBEHHO L|€HHBIX MPU-
3HAKOB, KaK BBICOKasl YPOXXaWHOCTb, KPYMNHOILJIOJHOCTB,
TPAHCIIOPTA6ebHOCTh, HO NpHBeJa K 3HAYUTEJbHOMY CHH-
JKEHHUI0 TeHEeTH4ecKOro pasHoob6pa3vsi COBPEMEHHBIX COp-
TOB, a TaKXKe K 3JIMMHUHAIIUM HEKOTOPBIX IPU3HAKOB, [0 He-
JlaBHEro BpeMEeHM CYMTABIIMXCS HecyllecTBeHHbIMU (Lei
etal, 2002, Noguchi et al., 2002). K yucsy Takux npr3HaKkoB
OTHOCHTCSI ¥ apOMarT IJIOZ0B, I03TOMY MHOT'HE LIMPOKO BO3-
JleJIbIBaeMble COPTa 3eMJISTHUKHU 00J1a/1al0T HEBBIPAXKEHHBIM,
cna6eiM apomaTtoM (Negri et al,, 2015, Ulrich, Olbricht, 2016,
Bianchi etal,, 2017).

Buael pozna Fragaria XapaKTepuU3yHOTCHA pas3M4YHOU
CTeNeHbI0 BBIPA)XEHHOCTH apomara mjaoJoB. [Ipu aTom
GOJIBIIMHCTBO AUKOPACTYIIUX BUJOB 3eMJISTHUKH, B 4aCT-
HocTH F. vesca L., F. moschata Duch., F. virginiana, F. nilger-
rensis Schlecht ex J. Gay, o6/s1aal0T 60Jsiee BbIpa’KeHHbBIM,
MHTEHCUBHBIM apoOMaTOM [0 CPaBHEHUIO C KyJbTHUBHUDYe-
MbIMU dopMaMH F. x ananassa, 4To 06yCJI0BIEHO INUPOKUM
CHEKTPOM JIETYUYUX apOMaTHYeCKUX COeJUHEHUH B IIJI0AAX
Y BBICOKUM YPOBHEM UX HakomseHHus (Aharoni et al., 2004;
Ulrichetal.,2007). HanpruMep, KOHLleHTpaL U JIETYYUX Op-
raHM4eCcKHUX coeJMHeHUH B I1o4ax F. virginiana npesblia-
eT aHaJoruyHyt yF xananassa B15pa3 (Ulrich etal,
2007). FeHOoTHUNIBI 3eMJISTHUKH cafioBoH (F. x ananassa) Tak-
’Ke 3HAUUTeJIbHO Pa3JIMYaTCs 10 HAKONJIEHUIO OTAe/b-
HbIX KOMIIOHEHTOB apOMaTH4YeCcKOro KOMIJIeKca MJIOZ0B
(Zorrilla-Fontanesi et al., 2012; Schwieterman et al., 2014).

XapaKTepHbI NPUATHBIM apoMaT IIOLOB 3eMJIAHUKHU
00yCJIOBJIEH COZePKaHUEM GOJIBIIOTO KOJIUYECTBA JIETYIUX
apoMaTo06pasyoIiNX OpraHUYeCcKUX BellecTB (albAerubl,
KEeTOHBI, CIIUPTHI, TeprneHbl, GpypaHOHBI, cepocojeprKaliie
COeIMHEHUs U Ap.), 06l1ee YUCI0 KOTOPBIX B IJIOJAX PEBBI-
maeTt 360 (Cumplido-Laso etal, 2012; Schwieterman etal.,
2014; Song et al., 2016). [Ipu aTOM HaubGoJee 3HAYUTENbHBIN
BKJIJ| B GOpMUPOBaHHE apOMAaTHYECKOT0 NPodUIs NJI0J0B
3eMJITHUKHU BHOCAT 0K0J10 20 coeJUHEHUH, K YUC/TY KOTOPBIX
OTHOCHTCSI METUJIOBBINA 3pUpP aHTPAHUIOBOH KHUCJIOTHI (Me-
THJI-2-aMUHOOEH30aT, METU/IAHTPAHUIAT). Beicokoe cozep-
’)KaHWe MeTHJIaHTpaHW/IaTa B ILIOJAX JUIJIOMJAHOTO BHJA
E vesca npujjaeT UM «TUNUYHbIH» 3€MJISHUYHBIH apoMar.
B nyiomax kynpTUBUpyeMbIXx $opMm E x ananassa MeTHJIaH-
TpanusaaT BcrpevaeTcs: pegko (Ulrich etal, 1997; Urrutia
etal, 2017).

KoHleHTpanus MeTUJIaHTpaHUIATa B IJIOAAX 3eMJISTHU-
KU B OCHOBHOM JleTepMHUHHUPOBAaHAa T€HOTUIIMYECKH (BKJIAJ,
reHOTHUIa B U3MEHYUBOCTb COZEPXKaHUS MeTHJIaHTpaHUIa-
Ta cocTtasJseT 6osee 65%) (Urrutia etal, 2017). [Ipu aTom
WIeHTUPULMPOBAH reH-KaHAUAAT — contig 1885 (FanAAMT),
KOJAUPYIOIIMA B reHOMe 3eMJISHUKH CaJloBOM METUJITPaH-
cdepasy aHTpaHUIOBON KUCIOThI, KOTOPasi y4aCTBYeT B CHH-
Te3e MeTUJIAHTPAaHMW/IaTa B IJ10Jax. Perpeccrs TpaHckpunTa
reHa FanAAMT npuBOAUT K NPaKTHUYECKH NOJTHOMY UHTHOU-
POBAHUIO CMHTE3a MeTHJAHTPAaHW/IATa, YTO MOATBEpPKAAeT

[JIaBHyI0 poJsib reHa FanAAMT B opMHpOBaHUM NMpHU3HAKa
(Pillet et al.,, 2017). UaenTHUKALMSA ITAaBHBIX IeTEPMUHAHT
6MOCHHTe3a MeTHJIAaHTPAaHW/IAaTa B IJIOAAX 3€MJITHUKH I10-
3BOJIsIET BECTH IieJleHalpaBJeHHbIH 0T60P NepCcreKTUBHBIX
$opM Ha 0OCHOBE MOJIEKYJISIPHBIX MapKepPOB.

Llenvio uccnedosanus SABAANOCh U3y4YeHHe aJlIebHOrO
pa3HooO6pa3us reHa apomara miofoB FanAAMT y pukopa-
CTYLIMX BU/IOB U COPTOB 3€MJISTHUKHU JJIs1 BBISIBJIEHUs Iep-
CIEeKTHUBHBIX T€HOTUIIOB /IJIs1 BOBJI€YEHHsI B CeJIeKIMOHHBIN
[pouecc N0 COBEepPLIEHCTBOBAHMIO apoMarTa IJI0f0B.

MaTepnam:I U MeToAbI

UccnenoBanus npoBegenbl B 2019-2020 rr. B kayecTBe
6HM0JIOTMYECKUX 00 BEKTOB UCI0J1b30BaHbl T€HOTUIIbI 3eMJIS-
HUKH reHeTu4deckor kossiekunu PTBHY «®enepanbHblil Ha-
yunbld HeHTp (PHL) nm. U.B. MuuyprHa»: 4 fukopacTymux
BuAa poza Fragaria® (E vesca L., E moschata Duch., E virgini-
ana subsp. platypetala (Rydb.) Staudt, E ovalis (Lehm.) Rydb.),
2 copra 3emkayHukHu (E x anaschata Kantor) u 38 copToB
3eMJITHUKM cafioBo (F x ananassa Duch.), nuHTpogyuupo-
BAaHHBIX U3 PA3JIMYHBIX 3Konoro-reorpac])1/1qec1<nx PErMoHoOB
npouspactanus (Tabu. 1).

JkcTpakuusa ToTaibHOM [JHK reHoTUnoB 3eMJISSHUKHU
ocyuecTBasaack corsiacHo Metoay DArT (DArT, 2014) ¢ mo-
andukanusamu (Luk’yanchuk et al., 2018).

Jna  uaeHTUOUKALMKM a/JIeJIbBHOTO COCTOSIHUSL TeHa
FanAAMT vcnonb3oBany npaiiMepsl FanAAMT For (5’-GGGATT
GAATGCAATTTGTCTATTTTGCCTTTTTTTCTGTA-3) 1 FanAAMT
Rev (5-GAACACTAGCATCCCAATCCA-3) (Pillet et al., 2017).

PeakunoHHasi cMech 06LMM 06beMOM 15 MKJI cofieprka-
ga 1,5 MM Taqg-6ydepa, 2,0 MM cMecH Ae30KCUHYKJIEO3U/[T-
Tpudocoaros, 2,5 MM xsnopuza maraus, 0,2 U Taq-nosume-
pasbl, 0,2 MKM kaxgoro npaiMepa u 20 Hr reHomHo# JIHK.
Bce komnoHeHThI npousBeeHbl dupmoit Thermo Fisher Sci-
entific (CIIA).

[TonuMepasHyo [[eNHYI0 peaKIyio MPOBOJUIN B aMILIH-
¢duxatope T100 (BIO-RAD, CIIIA) mo nporpaMMe: HayaJbHast
JeHaTtypauus — 3 MuH npu 95°C, ganee 20 uukJios: 30 ¢ mpu
95°C, 30 ¢ mpu 62°C (-0,5°C/uukun), 45 c npu 72°C; nanee
25 nukaos: 30 ¢ mpu 95°C, 30 c mpu 52°C, 45 c npu 72°C; pa-
Jlee GuHaNbHAsA 3JI0HTalus — 5 MUH npu 72°C.

PasjesieHue NmpoAyKTOB aMIJIMUKALUKM TPOBOJUIU
3JIeKTpodOpeTHYECKHUM METO/IOM B arapo3HoM reJie (KOH-
LeHTpalus arapossl 2-NpoleHTHas1, 6ydepHasa cucTeMa —
1x TBE). Onpejesnenue pa3mepa aMIJIMKOHOB TOBOAMWJIU
cucnosb3zoBaHueM Gene Ruler 100 bp Plus DNA Ladder
(Thermo Fisher Scientific, CIIA).

PeSyJIbTaTbI H 06cy)l<;(elme

B pe3ysibTaTe CpaBHUTENBHOT0 aHAJIN3a TEHOMOB 3€MJISI-
HUKH cajioBoit copToB ‘Florida Elyana’ u ‘Mara des Bois’, pas-
JIMYAKIIKUXCS 10 COAEPKAaHUI MeTHUJIaHTPaHUJIATa B IJIO-
Jlax, aTakXe H3ydyeHUs rubpupHoro mnoromctBa Florida
Elyana x Mara des Bois ycTaHOBJ/IEHO, UYTO HaKOTIJIEHHE METH-
JIAHTPAHWJIaTa B IJIOAaX 3eMJIAHUKH B 3Ha4YUTEJbHOM cTene-
HU OTpeZiesIeTcs IKCcrnpeccuel 0AHOro QYHKIMOHATbHOIO
reHa, HYKJIEOTHJIHasl I0CJIeI0BAaTEJIbHOCTh KOTOPOro Ha
97,12% uleHTMYHA aHHOTHPOBAHHOMW MOC/I€10BATEbHOCTH
reHoMa E vesca, kopupyrouieid MeTUITpaHchepa3y aHTpaHU-
JIOBOM KHUCJIOTHL. [lpeAmosiaraeMbli reH (reH-KaHAUJAT

! HaspaHus JMKOpPaCTYIMX BULOB NPUBeeHbI 1o A. A. 3y6osy (Zubov,
2004)
1 The names of wild species are given according to A. A. Zubov (Zubov,
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Ta6mua 1. AHaIU3UpyeMble re HOTUIIbI 3€MJITHUKH
Table 1. The analyzed strawberry genotypes

Fragaria L. Ipoucxoxxaenue / OpuruHaTop
TenoTun / Genotype Origin / Originator

E vesca L.

EBpomneiickas yactb Poccun
F. moschata Duch.

E virginiana subsp. platypetala

(Rydb.) Staudt British Columbia, Canada

F ovalis (Lehm.) Rydb.

Anéna

Pycuy

3eHUT

Cynapyuika

dDeAepaanbn‘/'I Hay‘il-[blﬁ CeJ'IeK].[I/IOHHO-TeXHOJ’lOI‘I/I‘{eCKI/Iﬁ LEeHTp CaA0BOACTBaA

BopoBuukas
Y MUTOMHUKOBOACTBA, Poccus

Tpounkas

Ky6ara

lapuua

He3snakoMka

l'upnsupa Arpodupwma Iouck, Poccus

Kynuunxa . .
KoknHCKHH onopHBIH NyHKT PeiepaJbHOT0 HAy4YHOTO CeJIeKIIMOHHO-

TEXHOJIOTUYECKOT 0 IEeHTpPa CaJ0BOACTBA U IMTOMHHUKOBOACTBA, Poccus

CtypeHyeckas

KpbIMcKkas onbITHO-cesieKIMoHHas cTaHus PejepasbHOrO UCC/Ie40BaTENbCKOTO
BolinHHas LleHTpa BcepocCUMCKUI UHCTUTYT reHeTUYECKUX PeCypPCOB PaCTEHUH HUMEeHU
H.HM. BaBunosa, Poccusa

I/IHCTI/ITyT APOUHXEHEPHBIX U 3KOJIOTUYECKUX np06neM CeJIbCKOX03MCTBEHHOTO

Llapckocenbckast
pPOU3BOJCTBA, Poccus

MO OpzieHa TPyAOBOro KpacHOTo 3HaMeHH HUKHUTCKUN 60TaHUYeCKUH caf —
Hauuonanbhubiii HayyHbil neHTp PAH, KpbiM, Poccusa

JlacTouka

diiopa

Ha6pannua denepanbHBIN HayYHBIN LeHTpP M. U.B. MuuypuHa,

Apkas Poccusa

QeitepBepk

Ypoxkaiinas LI/

DecTHBANLHAS denepanbHBIN UCC/IE0BATENBCKUM IIEHTP Becepoccniickuii MHCTUTYT reHeTHYeCKUX
pecypcoB pactenuid uMenu H.U. BaBusoBa, Poccus

KapHaBan

Poccuiickuii rocyjapcTBeHHBIHN arpapHblil yHUBepcuTeT - MCXA umeHHu
K.A. Tumupssesa, Poccusa

OsIMMIMHCKas HaZexaa

Symphony Mylnefield Research Services Ltd, United Kingdom

Troubadour United Kingdom
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Ta6auna 1. OKOHYaHHEe
Table 1. The end

Fragaria L. Ipoucxoxaenue / OpuruHaTop
lenoTun / Genotype Origin / Originator
Polka
Korona PRI, Netherlands
Ostara
Vima Tarda Vissers International BV, Netherlands
Elianny
Gebr. Vissers, Netherlands
Kimberly
Barlidaun
Marshall USA
Samson
Karmen Czech Republic
Tokado Japan
Aprica
Murano CIV, Italy
Quicky

1885) 611 KapTupoBaH Ha LG IV reHoma F x ananassa v no-
snyuns HazBaHue FanAAMT (Pillet et al., 2017). CexBenupoBa-
HUe LiesieBbIX y4yacTKoB reHoMa ‘Florida Elyana’ (MeTusaH-
TpaHWJIaT npoxyuupyetcs) 1 ‘Mara des Bois’ (MeTus1aHTpa-
HUJIAT He NPOAYLHMpYeTcs) MoKasajo Hajuyue nsATH SNPs
B 16 HyK/JleoTHAaX B IPOMOTOPHOHN o6siacTu reHa. [Ipakime-
pbl FanAAMT For/Rev amMnanduuupyioT c5’ KOHILA reHa
04119 (F vesca) dpparmenTsl pasMepoM 350 1 okoJio 1500 nH
®parmeHT pasmepoM 350 MH NPUCYTCTBYET y BCeX T€HOTH-
1oB 3eMJIITHUKU. PparMeHT pasmepoM 1500 mH amminbuLu-
pyeTcst TOJbKO ¥ GOPM € BBICOKHM COZlep>KaHHeM MeTHJIaH-
TpanusaTa B miogax (Pillet et al., 2017).

B aHasmu3upyeMoil KOJJIEKLIUM TeHOTUIOB 3eMJITHUKHU
redH FanAAMT vpentudunupoBaH y 36,4% o6pas1oB BUJ0B
U copToB (mpuMep HJeHTUHKALMY NPUBEJIeH Ha PUCYHKe,
pe3yJabTaThl - B TabJiule 2).

Cpeau M3YYEeHHBIX JUKOpPACTyLIUX GOPM 3eMJISTHUKHU
reH FanAAMT BrisiBnien y F. vesca, F. moschata v F. virginiana
subsp. platypetala. Y 3emnsiHuku oBasibHOU (F. ovalis) reH
FanAAMT otcyTcTByeT. Boicokoe copepxaHUe MeTUJIAH-
TpaHuJaTa B IJIoAax Fvesca u F. moschata noATBepKAaeT-
csl TakxXke JUTepaTypHbIMU AaHHbIMU (Negri etal., 2015,
Urrutia et al., 2017). Kpome Toro, rern FanAAMT uaentTudu-
IIUPOBaH y copTa 3eMKJYHUKH ‘Kymunuxa', KOTOpbIH sBJS-
eTCsl MeXXBU/I0BBIM ru6puioM F. x ananassa x F. moschata u,
NpeANoJ0XKHUTENbHO, HacJeJoBaJ BbICOKUH YypOBEHb CO-
Jlep>)kaHUsl MeTUJIAaHTpaHUWJATa B IIoAax oT F. moschata.
[Ipu atom copT ‘Tpounkas’ red FanAAMT ot F. moschata ne
yHacJsegoBaJ (ueseBod pparmeHT okosio 1500 mH oTCyT-
CTBYeT).

Cpenu npoaHaJM3UPOBAHHBIX COPTOB 3eMJISSHUKHU ca-
foBoi red FanAAMT BoisiBiieH y 31,6% o6pasnos. [Ipy aToM
cpeau poccuiickux coptoB red FanAAMT naentuduiupo-
BaH Y 27,3% dopM. Heo6x0 MO TaKKe OTMETHUTB, UTO psif,

OTedyeCTBEHHBbIX COPTOB HMeeT o0O0ljee MPOUCXOXJEeHHUe
(Ta6.. 3).

B uactHocTH, copTa ‘3eHuT, ‘DeitepBepk’, ‘Dyopa’, Ypo-
skaiiHas UIUI' u ‘fIpkast’ mosty4eHbl B KOMOUHALMHY CKpeEIUBa-
HUa Senga Sengana x Redcoat. Ilpu sToM y Tpex copToB
(‘Daopa’, ‘Ypoxaitnaa UIJI, ‘Apkas’) ren FanAAMT oTcyTcT-
ByeT, a copTa ‘3eHUT U ‘DellepBepk’ XapaKTepHU3yIOTCS Ha-
JIM4yueM B reHOMe JlaHHOTo reHa. Kpome Toro, copT ‘Senga
Sengana’ ucnoJsib30BajICs NPU NMOJIyYeHUHU copToB ‘U36paH-
HULa U ‘Pycud, y KOTOpBIX LieJleBOM INpOAYKT Mapkepa
FanAAMT, no HawMM AaHHBIM, TaKXe OTCYTCTBYET, a COPT
‘Redcoat’ mosydyeH B koMGUMHaLMM cKpeljuBaHus Sparkle x
Valentine, rge copt ‘Valentine’ xapakTepusyeTcsi BBICOKUM
coJlep>kaHeM MeTWIaHTpaHusiaTa B maogax (Hirvi, Honk-
anen, 1982). B cBs13U c BbIIIEU3/I0’)KEHHBIM HCTOYHUKOM r'eHa
FanAAMT pns coptoB ‘3eHuUT U ‘©OeilepBepK, MPeANOT0KHU-
TeJIbHO, fIBJsAeTcs ucxoaHass ¢dopma ‘Redcoat. Kpome Toro,
BCe COpTa 3eMJISTHUKH OTe4eCTBEHHOU CesleKLUU C UJeHTHU-
dunrpoBaHHbIM reHoM FanAAMT noJiy4yeHbl € y4acTHEM 3a-
pyOeXHBIX COPTOB B nepBoM (‘3eHUT, ‘DeitepBepk), ‘Llapcko-
cesbckas’) uan BTopoM (‘BeuivHHas’, JlacTodka’) mokoste-
Huu. CopT 3eMassHUKU ‘He3HakoMmka' (‘Berepa’) Takxe OblLa
nosiyyeH B EBpone. Pe3y/sibTaThl 103BOJISIIOT NPE/IION0XKHUTD,
4yTO red FanAAMT B reHomnasMy COpTOB 3€MJITHUKHU OTeYe-
CTBEHHOM cesleKLIUM MOT 6bITb MHTPOrPECcCHpPOBaH Kak OT
HCXOAHBIX JJUKOPACTYIUX BU/IOB, TaK U BOBJeYeHHEM B I'i-
OpU/U3aLUI0 3apPYOEKHBIX COPTOB.

Cpeau u3ydeHHbIX GOpM 3eMJIAHUKHU 3apyOexHOH ce-
Jekuuu red FanAAMT uwaentudunuponat y 37,5%. Heo6-
X0JJUMO OTMEeTHUTbh, YT0 copT ‘Mara des Bois’, ucrosib3oBaH-
Hbll ]. Pillet etal. (2017) nsis BbIsIBIeHUS] TeHETHUYECKUX
JleTepMUHAHT GMOCHHTEe3a MeTHJIAaHTpaHUJIaTa B IJ0Jax
Y XapaKTepU3yWIUNHCcsa oTCyTcTBUeM reHa FanAAMT, no-
JIYYeH C UCMOJIb30BaHUEM B rubpuu3anuu copra ‘Ostara’

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING 182 (2), 2021



e 182(2),2021 JIBDKUH e H. B. IYKBbAHYYK

PucyHok. dneKkTpodopeTrndeckue npodpuau MapkepHbix ¢parmeHTOB reHa FanAAMT y pa3HbIX TeHOTHIIOB
3emyAHMKU: 1 - ‘BopoBuikas’, 2 - ‘Elianny’, 3 - Jlactouka), 4 - ‘Korona), 5 - ‘Kimberly’, 6 - ‘Adpxkast’,
7 - ‘Tpounkast, 8 - ‘Ostara’, 9 - ‘Quicky’, 10 - ‘Aprica’, 11 - ‘OeiiepBepkK’;
M - MapKep MOJIEKYJ/ISIPHOTO Beca
Figure. Electrophoretic profiles of marker fragments of the FanAAMT gene in different strawberry genotypes:
1 - ‘Borovitskaya) 2 - ‘Elianny’, 3 - ‘Lastochka’, 4 - ‘Korona) 5 - ‘Kimberly’, 6 - ‘Yarkaya’, 7 - ‘Troitskaya’,
8 - ‘Ostara’, 9 - ‘Quicky’, 10 - ‘Aprica’, 11 - ‘Feyerverk’;
M - molecular weight marker

Ta6auna 2. A/iesibHOe pa3HooGpa3sue reHa FanAAMT apoMaTH4YeCKOro KOMILJIeKCa IJIOJ0B
y AMKOPACTYIIMX BUAOB 1 COPTOB 3eM/IATHUKH

Table 2. Allelic diversity of the FanAAMT fruit flavor gene in strawberry cultivars and wild species

Fragaria L. FanAAMT
Tenorun / Genotype 300 mu /300 bp 1500 n= /1500 bp
F vesca L. + +
F. moschata Duch. + +
F virginiana subsp. platypetala (Rydb.) Staudt + +
F ovalis (Lehm.) Rydb. +
Anéna +
Boposunkasa +
BruinHHas + +
l'upnsaupa +
3eHUT + +
W36panHuna +
KapHaBan +
Ky6ara +
Kynuuxa + +
JlacToyka + +
HesnaxkoMka + +
OsIMMIMKACKas HaZexaa +
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Ta6inna 2. OKoHYaHue
Table 2. The end

Fragaria L. FanAAMT
ReHCTY L S Rtne 300 nn /300 bp 1500 x /1500 bp
Pycuy +
CtyzeHyeckas +
Cynapyuika +
Tpounkas +
Ypoxkaiinas LI/ +
PeiiepBepk + ¥
dectuBanbHas +
diiopa +
Lapuua +
Lapckocenbckas + +
[Onmnon +
fApkas +
Aprica +
Barlidaun +
Elianny +
Karmen + +
Kimberly +
Korona +
Marshall +
Murano +
Ostara + +
Polka +
Quicky +
Samson + +
Symphony + +
Tokado +
Troubadour + +
Vima Tarda + +

HpnMeanue: CUMBOJI «+» YKa3bIBa€T HA HaJIM4He d)parmeHTa YyKa3aHHOI'o pa3Mepa

«,n

Note: the “+” symbol indicates the presence of the specified fragment
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Ta6auna 3. [IpoucxoxkaeHNe aHaIU3UPyeMbIX COPTOB 3€eMJITHUKHU

Table 3. Origin of the analyzed strawberry cultivars

Coprt / Cultivar Kom6uHanusa ckpemuBaHus / Crossing combination
Anéna HeT goctynHo# nHGopManuu
BopoBunkas Hagexpa x Red Gauntlet
BblivHHas [lepcukoBas x Cesner, BUP-228613
T'upasupa HeT noctynHo#i nuHGopManuu
3eHUT Senga Sengana x Redcoat
H36paHHULA decTuBanbHas x Senga Sengana
KapHaBan [TamsaTHaa x PaHHASA N10THasA KJ. 26V
Ky6ara Ky6eHnckas x Holiday
Kynuuxa E x ananassa x F. moschata
JlacTouka 922-67 x [IpuBnekaTesbHas
HesHakomka CesiHel] HEM3BECTHOTO IPOUCXOXKEeHUSA

OuMnuiicKas HaZexaa

HeTt poctynHoi uHpopmManuu

Pycuy ®ectuBanbHasg Pomamka x Cropnpus Osnmnuazae
CryneH4eckast FB, (E x ananassa x F. moschata)
Cypapyuika ®decTtuBanbHas x Roxana
Tpouukas F x ananassa x E. moschata
Yporxaiinas LIV Senga Sengana x Redcoat
deitepBepk Senga Sengana x Redcoat
decTuBasbHasA O6usbHas x Premier

diopa Senga Sengana x Redcoat
Lapuna Venta x Red Gauntlet
Llapckocenbckast [TaByioBuanka x Holiday

IOHuon HeT goctynHo#i nH$opmManuu
fApxkas Senga Sengana x Redcoat
Aprica Het goctynHoit undopmanuu
Barlidaun MDUS 2359 x MDUS 2713
Elianny HeT poctynHoi uHpopmManuu
Karmen Georg Soltwedel x Sparkle
Kimberly Gorella x Chandler

Korona Tamella x Induka

Marshall F x ananassa x cB. onblIeHHe
Murano R6R1-26 x A030-12

Ostara Red Gauntlet x Masherahs Daurernte
Polka Unduka x Sivetta

Quicky CIVN251

Samson Het goctynHoi nuHpopmanuu
Symphony Rhapsody x Holiday

Tokado HeT goctynHo#i nuH$opmManu
Troubadour 61AM68 x US2650

Vima Tarda Vima Zanta x Vicoda
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(xkom6uHanus ckpewuBanusa (Humi Gento x Ostara) x (Red
Gauntlet x Ostara)), y KOTOpOro, COrJIaCHO HalllUM JIaHHbIM,
reH FanAAMT npucyTtctByeT. Kpome Toro, copra ‘Llapcko-
cesnbckas’ ¥ ‘Symphony’, xapaKTepusywuidecsi HaJUu4ueM
reHa FanAAMT, uMel0T pOACTBEHHOEe NMPOUCX0XKAeHue (1o-
JIydeHbl ¢ yyactueM copTta ‘Holiday’, koTopsi#i, mpegmoJio-
YKHUTEJIbHO, MOT ObITh JJOHOPOM aHAJIU3UPYEMOTO I'eHa).
OTHOcUTe/IbHOE TNpeo6sajlaHie y COPTOB 3apy6exKHOH
cesiekuMM reHa FanAAMT MoxeT 06bSCHATHCS UX FreHeTHYe-
CKOH 6JIM30CTBIO BC/IE/ICTBHE AKTUBHOTO NPUMEHEHUS B TH-
OpuAM3aLMH HECKOTBKUX UcXoAHBIX popM (Lei et al,, 2002),
0/lHa U3 KOTOPBIX MOIJIA SABJIATBCS OHOPOM reHa FanAAMT.

3akyyeHue

TakuM 06pa3oM, MPOBeieHO U3y4YeHHUE asJeJIbBHOrO Io-
aumopousma reHa FanAAMT, peTepMUHUPYIOLETO COAEp-
»KaHUe MeTUJIaHTPaHU/IaTa B IJ10JaX 3eMIsSHUKY. PyHKIMO-
HaJIbHBINA asienb FanAAMT vpentudunuposaH y 36,4% us-
yuyaeMbIx ¢opM. Cpeay MpoaHaIM3UPOBAHHBIX COPTOB 3€M-
JITHUKU cafioBoi reH FanAAMT BoisineH y 31,6% 06pa3ios,
IPH 3TOM CPeJid POCCUICKUX cOPTOB reH FanAAMT BblsiB/IeH
y 27,3% ¢opM, cpean U3yyeHHbIX GOpPM 3eMJITHUKH 3apy-
6exxHoM cesnekuuu -y 37,5%. [lepcnieKTHBHBIMU HCTOYHHUKA-
MU BBICOKOT'O CO/Iep>KaHHs METHJIAHTPAHMJIATa B IJIOJAX 10
pe3ysbTaTaM aHaJu3a a/JIeJIbBHOTO COCTOSIHUS TeHa
FanAAMT saBnswoTca pukopactywive Buabl E vesca, FE mos-
chata w E virginiana subsp. platypetala, copT 3eMKJYHUKHU
‘Kynuuxa, a Takxe copTa 3eMJITHUKH CaZloBOH OTeyeCTBEH-
Ho#l (‘BelinHHas, ‘3enuT, Jlactouka), ‘He3HakoMmka), ‘Deiiep-
Bepk, ‘Llapckocenbckas’) u 3apy6exHoit (‘Karmen, ‘Ostara),
‘Samson’, ‘Symphony’, “Troubadour’, ‘Vima Tarda’) cenekuum,
y KOTOpBIX HJeHTUULHpOBaH QYyHKLMOHAJbHBIA ajljieb
reHa FanAAMT.

Paboma evinosxena 6 pamkax I'ocydapcmeenHozo 3ada-
Husl coenacHo memamuveckomy naavy PHIL um. U.B. MuyypuHa
no npoekmy Ne¢ 0646-2019-0001 «lIpogecmu mobuuzayuio
HOB8bIX 2eHOMUNO8 U3 dpy2Uux pe2uoH08 NPoU3PACMAHUSI, KOM-
N/IeKCHY'10 OYeHKY 2eHOoHAa na0008bIX, 1200HbIX, Hempadu-
YUOHHbLIX, Y8EMOYHbIX KY/AbMyp N0 8aXCHEUWUM ceNeKYUOHHO
3HAYUMbBIM NPUSHAKAM U 2eHOMHbLU AHAIU3 2UOPUOHbBIX CesTH-
yes npu UHMpozpeccusHoli eubpuduzayuu c yeavto gvldese-
HUsl nepcnekmugHblx 2eHomunos 015 da/bHeliuezo cenekyu-
OHHO20 UCNO0./16308AHUSI».

The research was performed within the framework of the
State Task according to the theme plan of the 1.V. Michurin FSC,
Project No. 0646-2019-0001 “To conduct mobilization of new
genotypes from other growing regions, complex assessment of
the gene pools of fruit, berry, non-traditional and flower crops
for the most important traits of breeding value, and genomic
analysis of hybrid seedlings during introgressive hybridization
in order to identify promising genotypes for further breeding’.
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AKTya/nbHOCTb. 3HaHHe XapaKTepa HacjeJOoBaHUsS NpH-
3HaKa «yJbTPACKOPOCHENOCTb» ¥ COPTOB MATKOH NIIEHH-
ubl (Triticum aestivum L.) 6yeT cnoco6CTBOBATH MOBBIIIE-
HUI0 3O PEKTUBHOCTH CEJIEKIIMOHHOTO Ipoliecca.
MaTepuaJjibl ¥ MeTOABbI. MccienoBanu yabTpackopocre-
nble 1uHUM Puko (k-65588, var. erythrospermum Koern.),
Pumakc (k-67257, var. lutescens (Alef.) Mansf.), a Tak>xe cop-
Ta ‘Max’ (k-57181, var. lutescens) u ‘JleHuHrpazackas 6’ (k-
64900, var. lutescens). Jlunus Pumakc 6b1/1a mosiy4eHa B pe-
3yJIbTaTe CKpellMBaHUsA yJbTPacKoOpOCneaon JUHUU Pruko
ccoptoM ‘Max’. BpogocioBuHylo Puko Bxogut CK® (k-
67258, var. erythrospermum) u AHK-17B (x-60314, var. albi-
dum Alef.). Annenu resos Vrn u Ppd uentudunuponaiu
cnomombo [IlIP-anannsa. Peakuua pacTeHuil Ha KOpOT-
KWUH JleHb onpefiesieHa 1o metoguke BUP.

PesyabTaTtsel. Jlunuu Pumakc u Puko xapakTepusyroTcs
CaMO¥ BbICOKOM CKOPOCTbIO Pa3BUTUS OT BCXO/0B /10 KOJIO-
IIeHUs cpeZid 06pa310B APOBOM MATKOM NMIIEHUIIBI U3 KOJI-
nexknun BUP. Brenorunax Pumakc u Puko oGHapy»eHbI
NOMHHaHTHBIE aJijenu reios Vrn-Al, Vrn-B1, Vrn-D1 u po-
MUHAHTHBIN reH Ppd-D1. B tuany PuMakc BbISIBJIEHBI pas-
Hble aJijesiv reHoB Ppd-D1 u Vrn-B1. B ycii0BUSAX AJUHHOTO
aus (184) BF, (F,) rubpuanoin kom6unanuu Puko x Pu-
MaKC HabJII0/1a/Iu OTHOIIEHHE PEHOTHUIIOB C BBICOKOH CKO-
POCTBIO Pa3BUTHUSA K paCTEHHUSM C HU3KOH CKOPOCTBIO pas-
BuTHA Kak 1:15 (x?, . =0,64). [Ipu BeIpaliMBaHUK HA KO-
potkom aHe (12 4) B F, BBIIE/IA/IN OATH Y4ETKO TECTUPYEMbIX
rpynn B cooTHomennn 1:4:6:4: 1 (% = 3,03; X%, = 9,48).
3akw4deHue. Jlunuu Pumakc u Puko uMeroT no Be napsel
He3aBUCUMBIX AYIJINIIUPOBAHHBIX [€HOB, e TEPMUHHUPYIO-
IMX BBICOKY0 CKOPOCTb pa3BUTHS. B yc10BUSAX KOPOTKOTO
JHsI 3TH TeHbl MOTYT B3aUMOJEHCTBOBATH 110 TUIIY KyMy-
JATUBHOM nosuMepuu. JIunuu Pumakc u Puko 3a cyeT BbI-
COKOH CKOPOCTH Pa3BUTHUS SABJASAIOTCSA LEHHBIM HCXOJHBIM
MaTepHaJIoM AJis CeJeKIIMU Ha CKOPOCIEJIOCTh.

Knw4eBble c/0Ba: yJbTPacKopoCHeJoCTb, peaKLUs Ha
sipoBHU3anuio, GpoTonepuos, reHsl, B3aUMOJeHCTBUE, ce-
JIEKIIUS.

Background. Development of early-ripening spring bread
wheat (Triticum aestivum L.) cultivars is an important task
for Russian breeders. Knowledge of the genetics of ultra-
early varieties - sources of valuable genes that determine
an earlier-maturing type of plant development -will be used
to work out methods for obtaining source material for
breeding.

Materials and methods. The ultra-early lines Rico (k-
65588, var. erythrospermum Koern.) and Rimax (k-67257,
var. lutescens (Alef.) Mansf.), and cvs. ‘Max’ (k-57181, var. lu-
tescens) and ‘Leningradskaya 6’ (k-64900, var. lutescens)
were studied. Alleles of the Vrn and Ppd genes were identi-
fied by PCR according to known publications, and genomic
DNA was isolated from 3-day-old seedlings by the CTAB
method.

Results. In the environments of Northwest Russia, the
Rimax and Rico lines are characterized by the highest rate
of development before heading among the spring wheat ac-
cessions from the VIR collection. In the Rimax and Rico
genotypes, the Vrn-Al, Vrn-B1, Vrn-D1 and Ppd-D1 genes
were found. Genotypes with different alleles of Ppd-D1 and
Vrn-B1 were identified in the Rimax line. Under conditions
of along day (18 hours), in the population of F, (F,) Rico x
Rimax hybrids, the ratio of phenotypes with a high develop-
ment rate to all others was observed as 1: 15 (x*,,,, = 0.64).
Under a short day (12 hours), 5 clearly tested groups were
identified in F, with the ratio 1:4:6:4:1 (x*=3.03;
X505 = 9-48), which indicates the manifestation of cumula-
tive polymerization.

Conclusion. Each of the Rimax and Rico lines has two pairs
of independent duplicated genes that determine a high de-
velopment rate. Under short-day conditions, these genes can
interactlike cumulative polymers. The Rimax and Rico lines,
due to their high development rate, are valuable source ma-
terial to be used in breeding for earliness.

Key words: ultra-earliness, reaction to vernalization, pho-
toperiod, genes, interaction, breeding.

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING 182 (2), 2021



B. B. PUTHH e E.B. 3YEB

. 182 (2),2021 o

® A.C. AHIPEEBA e H.HU. MATBUEHKO e 3.C. IIbI2JKEHKOBA

BBegenue

Co3iaHue copToB ApoBOU MATKOU nueHunsl (Triticum
aestivum L.), CKOpOCTb pa3BUTHS KOTOPBIX CBSI3aHA C arpo-
KJIMMaTH4YeCKUMH 0COOEHHOCTSIMU PaliOHOB UX BO3/eJIbI-
BaHUSA, ABJIIeTCA OJHOM U3 BaXKHEMIIUX 3a/a4 COBPEMeH-
HOM ceJIEKIIUU 3TOU KyJIbTypbl. CKOpOCIEJble COPTA HEOD-
XOJJUMBI JJIS CeJIbCKOTo X03siicTBa Poccuu, koTopoe ¢yH-
KLMOHUPYeT NPENMYIeCTBEHHO B 30HaX C HEGIaronpusT-
HbIMH NOYBEHHO-KJHWMaTHYECKUMHU YCJOBUSMH, OTpHUILA-
TeJIbHO BJUSIIOUIMMU Ha 3€PHOBYIO NMPOJYKTHUBHOCTb COP-
TOB Y KayeCTBO NoJiy4yaeMod npoaykuuu. Cesekuusi Ha
CKOPOCIIeJIOCTD CBSI3aHa C HE06X0AMMOCTbIO IOMCKA HOBO-
ro UCXO/HOTO MaTepHraJa C IleHHbIMH JJis CeJIeKIIUY IeHa-
M (Zuev, 2009). UcTOYHMKAMU TaKUX F€HOB UJIU UX aJlje-
Jlel MoryT O6bITh yJbTpackopocmnesble $GOpPMbl MATKON
MUIEHUIBI, A5 KOTOPBbIX XapaKTepHbl OTCYTCTBUE peak-
LMY Ha SpOBH3aLUI0 U caabasg poTonepuoanuyecKkas 4yB-
CTBUTEJbHOCTB. COpTa C TAKOW XapaKTEePUCTHUKOM CIIOCO6-
HbI 06/1a/{aTh NOBBIIIEHHON aJall TUBHOCTBIO K PAa3JIMYHBIM
dakTOpaM cpeanl.

Bpems BeTeHU MATKOMW NIIEHHUIbl BOCHOBHOM JIeTep-
MUHHUPYETCS TeHaMHy, ONpefie ISI0IMMU PeaKIuio Ha Apo-
Bu3sauuto (rexsl Vrn), doronepuon (reusl Ppd) (Goncharov,
2003; Yoshida etal., 2010) 1 co6cTBEHHO CKOPOCIEJIOCTb,
WUJIM CKOPOCIIeJIOCTh per se (reHbl Eps). [Ipu3Hak «ckopocre-
JIOCTB per se» y MATKOM MNIIeHHULbl NPOsABJseTcs Ha GoHe
3KCHPEeCCHUH TeHOB, KOHTPOJHUPYIOUHUX THUN pPasBUTHUSA
¥ poToneprogUUeCcKyI0 peaKk U0 pacTeHui. ['eHbl Eps Mo-
I'yT aKTUBU3UPOBATh IepeX0/] U3 BereTaTUBHOH dpas3bl pas-
BUTHUSA K FeHepaTUBHOM U UMeThb MJIeHOTPONHBINA 3pdeKT
Ha pa3BUTHeE NPU3HAKOB MOPOJIOTUU U TPOAYKTUBHOCTHU
(Lewis etal., 2008; Zikhali et al., 2016). BoamoxHo, reH Eps,
onpeJessIOIUNA CKOPOCHENOCTD per Se, IBJIseTCs 6JI0KOM
nosMreHoB (MogudukaTopos) ¢ MaabiM 3¢ PeKToM, KOTO-
pbIf HAeHTUUIMPYEeTCS MeTOJaMU reHeTU4YeCKOoro aHa-
au3a. Pa3Had ckopocTb pa3BUTHA pacTeHUM MATKOH nuie-
HUIIBl ¥ IPU3HAKHU MPOJYKTHUBHOCTU MOI'YT acCOLUHUPO-
BaThCH C ONpeJie/IeHHbIM COYeTaHUEM aJljesiell reHoB Ppd
u Vrn (Potokina et al.,, 2012; Zaitseva, Lemesh, 2015).

CpoKHM IBeTEHHU s MIIEHUIIbI 3aBUCAT TaKXKe 0T IKCIIpec-
CHU TeHOB, AeTEPMUHUPYIOIIUX UPKaJHble PUTMBI, Jeii-
cTBUe QUTOTOPMOHOB U JIpyrUe O0COGEHHOCTH pacTeHUH
(Kiseleva, Salina, 2018)

JIluHua ApoBOM MATKOW mniieHUnbl Puko, co3gaHHas
B oTAeJie reHeTUKU BUP, xapakTepusyeTrcsa oTcyTCcTBUEM
peakIyu Ha ApOBU3AUI0 U OYeHb caboil ¢poTonepuou-
yecKoH 4yBcTBUTebHOCTBIO (Rigin etal., 2019). OTcyTcT-
BHE peaKI|UU Ha SPpOBU3ALMI0 3TOU JIMHUM JeTePMUHHUDY-
0T TPY HeaJlJleJIbHbIX JOMUHAHTHbBIX reHa Vrn-A1, Vrn-Bla,
Vrn-D1. Kpome Toro, y Puko o6Hapy»eH JOMUHAHTHBIN aJI-
Jenb resa Ppd-Dla, oTBeTCTBEHHOTrO 3a cJ1abyto ¢poTonepu-
OJIMYECKYI0 YyYBCTBUTENBHOCTD (Vrazhnov etal., 2012; Ri-
gin etal, 2019). Takasgd 0CO6eHHOCTb TeHETUYECKOTO
KOHTPOJIS aJallTUBHBIX IPU3HAKOB B 0OCHOBHOM XapaKTep-
Ha JJil yJAbTPACKOPOCIHEJbIX 00PasloB SPOBOM MSITKOU
nueHunsl (Rigin, Pyzhenkova, 2011). OgHako cyiiecTBeH-
Hast 0COGEHHOCTb JIMHUU PUKO COCTOUT B TOM, YTO OHA 11O
CKOPOCTH Pa3BUTUSA NMPEBOCXOAUT APYyrue o6pasibl gpo-
BOW MATKOM MIIEHULbl KOJIJIEKIIUM FeHEeTHUYECKUX pecyp-
coB pacteHuil BUP (YHukanbHass HaydHasi yCTaHOBKa -
YHY, peructpauuonssii Homep USU_505851) u gpyrue
yJAbTpacKopocInesibie GopMbl SPOBOU MATKOH MILEHUIIbI.

Cpeau rubpui0oB MATKOHM NuieHUIbl PUKo ¢ ‘Max’ Hamu
BblJle/IeHa KOHCTaHTHas JUHUA PuMakc, koTopas 1o TeM-
nmaM pa3BUTHUSA OT BCXOJOB [0 KOJIOUIEHHS, KaK M JIMHUSA

PuKO, OTHOCUTCA K yJbTpackopocneabiM ¢popMaM: JUHUHU
He3HAYUTeJIbHO pPa3/IMYalTCd N0 NPOAOJKUTEJNbHOCTHU
[eprojia «IMOCEB - KOJIOLIEHHWE», N0 peaKL MU Ha HU3KUe
SPOBU3UPYOIHE TeMIIePaTyPbl U Pa3Hbld poTONnepuo,.
Lleavo Hacmosiujezo ucciedogaHusl SIBJASETCS CPaBHU-
TeJIbHBbIA aHaJIU3 HacJleJ0BaHUS IPU3HAKOB, ONpeJesasio-
UIUX aJallTUBHOCTb yJbTPAaCKOPOCIEJbIX JUHUN MATKOH
nueHun bl PuMmakc u Puko. Takass uHpopManus umeeT 3Ha-
YyeHHe JJisl FeHeTUYeCKON XapaKTepUCTUKH opM MATKOU
MILEHULbI C 0OYeHb BBICOKOW CKOPOCTbIO Pa3BUTHS, a TAKXKe
JUJIsl pa3paboTKU MeTO/I0B CO3aHUS UCXOJHOTO MaTepua-
Jla IpY CeJIeKIUU MATKOM MILIEeHULbl HA CKOPOCNEJNOCTb.

YciaoBus, MaTepHuaJbl U METOABI

OneiTel npoBeAeHbl B 2017-2019 rr. B ycnoBuax Cese-
po-3anaza Poccuu (r. Cankt-IleTepbypr, [lymkuH) Ha Ha-
Y4YHO-IPOU3BOJCTBeHHON 6ase «IlymkuHckue u [laBsoB-
ckue sabopatopun BUP» Bcepoccuitckoro HHCTUTYTa re-
HeTHUYeCKUX pecypcoB pacTeHud uMenu H.U. BaBunioBa
(BUP). Tepputopus saabopatopuit BUP pacmnosaraetcs
B 30He U36LITOYHOI0 YBJIAXKHEHHUI: KOJIMYEeCTBO 0Ca/IKOB —
550-850 MM B roj. JleTo npoxJiafiHoe, TeMIlepaTypa UI0Js
ot +15 go +17,5°C. [Ipolo/ KU TEIbHOCTD NEPHUO/IA BEreTa-
nuu - 150-170 cyTok. [loropHsble ycaoBust 2017 r., mo cpas-
HeHuto ¢ 2018 u 2019 ., cioco6cTBOBaMU GoJiee MPOAOJI-
JKUTEJbHOMY Pa3BUTHIO HCNIBITYEMBIX PACTEHUH.

HcxoHBIM MaTepHaJioM IBUJINCh YIbTPAcKOpOCHeible
JIMHUU IPOBOU MATKOH mieHun bl Puko (k-65588, P, var.
erythrospermum Koern.), Pumakc (x-67257, PO, var. lutes-
cens (Alef) Mansf), a Takxe copta ‘Max’ (xk-57181, 'epma-
Hus, var. lutescens) v ‘JleHuHrpazackas 6’ (x-64900, PO, var.
lutescens), paioHupoBaHHbIN B CeBepo-3anafHOM peruoHe
Poccuun. PogocnoBnast imnuu Pumakc - Puko x Max. B po-
JfocyaoBHYIO Puko BxoaaTt o6paser CK® (k-67258, PO, var.
erythrospermum) v u3oreHHas JiuHus copta ‘HoBocubup-
ckas 67' AHK-17B (k-60314, P®, var. albidum Alef.). YabTpa-
ckopocnesble TuHUU CK® 1 AHK-17B co3/1aHbI COOTBETCT-
BeHHO P. M. KapambieBsiM (Karamyshev, 1984) u C. ®. Ko-
BaJieM (Koval’, 1997).

JAnsa upeHTudukauuu annenei resoB Vrn-Ala, Vrn-Bl
u Vrn-D1, KOHTPOJIUPYIOLIMX IPOBOM TUIl Pa3BUTHS, U TeHa
Ppd-Dla, neTepMUHUPYIOLIETO0 peaKIUi0 Ha GpOTONepuo/,
HCII0JIb30BaAJIM ONy6JUKOBAaHHbIE BJIMTEpAaType aJljesb-
cnenuduyHble mpaiMepsl (TabJ. 1).

Fenomuyto [JHK pasa MoJsieky/nsspHO-TeHETUYECKOT O
aHaJIM3a BblJleJIJIM U3 TpeXAHeBHbIX npopocTKoB CTAB-
meTozoM (Graner et al.,, 1991). B aHa /113 6b1J10 BKJIIOYEHO 110
NATh pacTeHUH IMHUY PUMaKc 1 o nsiTh pacTeHUH o6pas-
1a Puko, 06'besuHEHHBIX B /iBe bulk-ipo6HI.

[P ocyuecTBAsIM B 061eM 06beMe nPoObl 20 MKJI;
B COCTaB PeaKIMOHHON CMeCH BXOJUJIH CJAeJyIoLihe KOM-
noHeHThI: 60 Hr JHK; 1x 6ydep ausa Taq- nonumepassl (EB-
poreH), cogepxamui 2,5mMM MgCl,; 150-500 Mxmosb
dNTPs; 0,1-0,5 MKMOJIb Ka)Xforo U3 npaimepoB u 1 en.
Taq-nosiumepassl  (EBporeH). Kounenrtpanus dNTPs
Y IpaldiMepoB 3aBHCeJIa OT aHAJIU3UPYEeMOTro aJjljiesisi TeHOB
Vrn-Ala, Vrn-B1, Vrn-D1 u Ppd-D1a (Zlotina et al., 2012). Pa3-
JleeHde ¢$parMeHTOB NPOBOJMUJIM 3JjeKTpodopesom
B 2-IIPOLIEHTHBIX arapo3HbIX TeJisdX, TeJHd OKpallWBaJIu
6POMUCTBIM 3TUAHEM U GoTorpadprpoBaiu B IPOXOJSIIEM
Y®-cBeTe cHCMOJb30BaHWEM CHCTEMBI rejib-JOKyMeHTa-
uuu GelDoc XR npousBozctBa BioRad. [liia onpenenenus
pa3MepoB ¢parMeHTOB HCNOJIb30BaJM MapKep MOJIEKY-
asipHoro Beca GeneRuler 1 kbPlus DNA Ladder ¢upmbl
Thermo Scientific.
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Ta6iuna 1. Anienb-cnenuduyHbie NpaiiMepsl, oy6JIMKOBaHHbIE A1 reHOB Ppd-D1 v Vrn MArKo# NieHUIbI,
HUCno/ib30BaHHbIE B aHaau3e (no M. M. Zlotina et al., 2012)

Table 1. Allele-specific primers, published for the Ppd-D1 and Vrn genes of bread wheat, used in the analysis
(from M. M. Zlotina et al., 2012)

TecTupyemblit
aJliesib reHa

Annenb-cnenydpuyHble NpaliMepsl,
HcnoJib3oBaHHbIeE B [ILP

Temnepartypa
oTkura, C°

OxuaaeMbIi
pasmep /THK-

JluTepaTypHbIit
HCTOYHHUK

¢parmeHTa, nH

Ppd1_F
ACGCCTCCCACTACACTG
Ppd1_R1
GTTGGTTCAAACAGAGAGC
Ppd1_R2
CACTGGTGGTAGCTGAGATT

Ppd-Dla

Beales et al,,

54 288 2007

Ppd1_F
ACGCCTCCCACTACACTG
Ppd1_R1
GTTGGTTCAAACAGAGAGC
Ppd1_R2
CACTGGTGGTAGCTGAGATT

ppd-D1b

Beales et al,,

54 414 2007

VRN1AF
GAAAGGAAAAATTCTGCTCG
VRN1-1R
TGCACCTTCCCCCGCCCCAT

Vrn-Ala

55 715 + 624 Yan et al., 2004

VRN1AF
GAAAGGAAAAATTCTGCTCG
VRN1-1R
TGCACCTTCCCCCGCCCCAT

vrn-Al

55 484 Yan et al., 2004

Intr1/B/F
CAAGTGGAACGGTTAGGACA
Intr1/B/R3
CTCATGCCAAAAATTGAAGATGA

Vrn-Bla

58 709 Fuetal, 2005

Intrl
ATCATCTTCTCCACCAAGGG
Intr1/B/R3
CTCATGCCAAAAATTGAAGATGA

Vrn -Blc

Shcherban et al.,

58 700 2012

Intr1/B/F
CAAGTGGAACGGTTAGGACA
Intrl/B/R4
CAAATGAAAAGGAATGAGAGCA

vrn-B1

58 1149 Fuetal, 2005

Intr1/D/F
GTTGTCTGCCTCATCAAATCC
Intr1/D/R3
GGTCACTGGTGGTCTGTGC

Vrn-D1

65 1671 Fuetal, 2005

Intr1/D/F
GTTGTCTGCCTCATCAAATCC
Intr1/D/R4
AAATGAAAAGGAACGAGAGCG

vrn-D1

63 997 Fuetal, 2005

HWccnenoBaHye xapakTepa Hac/leA0BaHUsS BbICOKOM CKo-
pOCTH Ppa3BUTHUA B NPOAOLKUTENbHOCTH Mepuoja «Io-
CeB — KOJIOLIeHHe» IPOBeJleHO MyTeM r'MO6pPUA0JIOrUYecKoro
aHaJ/IM3a B YCJIOBHUSAX MOJIS1 U C UCMOJIb30BAaHUEM pa3Horo ¢o-
Tolleprofia B BereTallUOHHOM ONbITe Ha QoTonepuojuye-
CKOHM mJIollafike HAy4YHO-NPOU3BOACTBEHHOM 6a3bl «Ilymi-
kuHckue U [laBioBckue iabopatopuu BUP». B kauecTBe Te-
CTepa BbICOKOM CKOPOCTH Pa3BUTUSA pacTeHUH Oblj1a UCIOJIb-
30BaHa JIMHUSA PUKO ¢ caMoii KopoTkoi da3oit pa3BUTHS [0

KOJIOLIEHUS CPe/iU BCeX U3YUYeHHbIX paHee 06pa31ioB ApPOBOM
MSTKOM NIIeHUIIBL

Peakuusi pacTeHuil Ha KOpPOTKMH JeHb ompejesieHa
B yc/0BUAX 18-yacoBoro ectecTBeHHOro U 12-4acoBoro Ko-
pOTKOro [HS IO MeToAuKe, ucnosbzyeMoil B BUP (Koshkin,
2012). YcnoBus sposusauuu - 30 gHeit npu 3°C. CkopocTb
pa3BUTHUSA KaXA0Or0 pacTeHUs OLleHUBAJIU B MOJIEBBIX yCJIO-
BUSIX OT IOCeBa [0 KOJIOLIeHHUsl, Ha (OToNepHoANYeCKOn
IJIolaZike — OT [OsIBJIEHUsl NTepBOro JIMCTA A0 KOJIOLIEHHUS.
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CraTtucTtudeckass 06paboTKa MOJYyYeHHbIX JAHHBIX BBINOJI-
HeHa ¢ noMolnblo nmporpammsl Microsoft Excel 2010 no crasn-
JapTHOH MeToAuKe (Zaitsev, 1984). Boluucnenue cpegHeit
aprdMeTHYECKOH MO0 KaXKAOMY NPU3HAKY CONMPOBOXAANOCH
onpesie/IeHUEM HUX JOBEPUTEJbHBbIX HMHTEPBAJIOB, PacCyu-
TaHHBIX NP ypoBHe 3HauuMocTH 0,05. [Ipy BeIYKCIEHUH TTO-
KasaTeJisl X? KJacC BapUaLMOHHOTO PsiJa, COJEPKAIUH Me-
Hee TpeX HaOJ/I0AeHNUH, 00'be JUHSJIN C COCEJHUM KJIACCOM.

Pe3yJIbTaTl:l U 06cy)l<;(e}me

[lo Ha6tofeHusAM B TeueHue 10 sieT B ycnoBusix CeBepo-
3anaga Poccuy, nepuof oT noceBa /10 KOJIoUIeHUs IMHUM Pu-
Makc, B cpegHeM paBeH 40 * 2,0 cyTOK, B OTZAeJ/ibHblE T'0/bl
KOJIOLIeHWe HacTynasao 4epe3 36-46 cyTok. Koppesnauusa
MeX/Jly TeMIlaMu pa3BUTUA PUMakc M caMON CKOpocCIesoH
auHuen Puko 3a aToT nepuoyg paBHa 0,97, To eCTb CKOPOCTh
pPa3BUTHUSA 3TUX JIMHUH [0 KOJIOMIEHUs] 6blIa MPaKTHYECKU
OIMHAKOBOU. B oT/ie/ibHBIE IO/l C 60J1e€ BBICOKOW TeMIlepa-
Typol Bo3jyxa Pumakc kosocutcs Ha 1-2 cyTok paHblie
Puko. B nesiom innus Pumakc, kak u Puko, 6bly1a 60J1ee CKo-
pocrmesioif Ha 14-15 cyToK, 4eM pallOHUPOBaHHBIN B perHoHe
COPT SIPOBOM MATKOH NineHUnbl JIeHUHTpaAcKas 6, UCIOJIb-
3yeMbI B Ka4eCTBe KOHTPOJIA.

Jlunug PuMakc, Kak, BnpoueM, U JJMHUA PUKO, npakTHYe-
CKH He pearvpyeT Ha sIpOBU3ALHMI0 KaK B YCJIOBUAX AJUHHO-
ro, Tak ¥ KOPOTKOro AHs (Tab6s. 2). He oTMeyeHO cTaTUCTH-
YeCKM 3HAaYMMOM peaKLUM 3TUX pacTeHUH U Ha KOPOTKHUM
JleHb, 4YTO COIVIacyeTCs C UTOraMM NpexHUx onblToB (Rigin
etal,, 2019).

PaKTepHO Ha/IM4YMe TOJIbKO OJHOrO aJljesll KaKAOro reHa
(cM. pucyHoK). BeposiTHo, annenu Ppd-D1a v Vrn-Bla 66111
noJiydeHbl OT copTa ‘Max, ofHAKo [ieslaTh 3aKJK4YeHHue
0 IPOUCXOXJEHNH TaKUX ajljlesledl MoKa MpexieBpeMEeHHO,
MOCKOJIBKY cOpT ‘Max’ B 3TOM OIIbITE He ObLI H3y4YeH MOJIEKY-
JISPHO-TeHEeTHUYEeCKHUMU MeTOAaMHU.

TakuM o6pasom, TMHUY PrMakc 1 PuKo uMeloT JOMUHaH-
THBIE a/lJIeJIM TeHOB, KOHTPOJUPYIOLMX SPOBOX THUIl pa3BH-
tus (Vrn-Ala, Vrn-Bla, Vrn-D1), 4TO X0OpoIIO KOppeaupyeT
C pe3y/nbTaTaMU HCCeOBAaHUN peakLHMU Ha SPOBU3ALUI0
(cM. Tabu. 2). 06e IMHUU UMEIOT PelleCCUBHbBIN alienb ppd-
Dla, peTepMUHUPYIOLUIMHA peakiyoo Ha ¢oTonepuos; y bulk-
npo6bl JMHUM PuMakc ogHoBpeMeHHO BhisiBjaeH IILP-mpo-
JAYKT pa3MepoM 288 nH, COOTBETCTBYIOIIUNA JOMUHAHTHOMY
amnento Ppd-D1a. OgHako iMHUS PUMaKc, Tak »e Kak U Puko,
XapaKTepU3yeTcsl OTCYTCTBUEM (POTOUYYBCTBUTENBHOCTH
(cM. TabJ1. 2), TO eCTb JOMUHAHTHBIM IPOSIBJIEHHEM ITPU3Ha-
Ka. MOXHO NpeAnooKUTb, 4YTO B IMHUUA PUMakc kak B Me-
Hee OTCeJIeKTUPOBAaHHOW OCTAIOTCS TeHOTHUIIBI - HOCUTEU
JIOMHHAHTHOTO asuiens Ppd-D1a vin yto dparmeHT 288 mH
B JaHHOM CJIyyae HMMeeT JpYryl0 NPUPOJY, HalpUMep aM-
MIMULUPYETCs € NOCJeJ0BaTebHOCThIO NICEBJIOTEHA.

B ycsi0BHSIX M0OJIEBOTrO ONBITA NMEPUOJ, «IIOCEB — KOJIOLIe-
HUe» y JUHUHA Puko u PumMakc Gbl paBeH COOTBETCTBEHHO
42,4+ 1,1 n41,7 £ 1,9 cytok, y rubpuzios F, Puko x Pumakc
paBeH 45,2 + 1,2 cyTOK, TO eCTb pa3JIM4us 110 3STOMY IIPU3Ha-
Ky y poAuTesel ¥ THO6PU0B ObLIM He JOCTOBEPHEL. B Apyrux
JKCIepUMeHTax y rubpuoB F, PUKo ¢ pasHbIMH 110 CKOPOCTH
pa3BUTHUsA 06pa3ljaMU SPOBON MATKOU MIIEHUIbI HE GbLIO
OTMe4YeHO NOJTHOT0 JOMUHUPOBAHUSA YIBTPACKOPOCIIENOCTH,

Ta6smna 2. Peakyusa cOpTOB M JIMHUH IPOBOM MATKOM MIIEHUIbI HA IPOBU3aLUI0 U KOPOTKHUHA JeHb
(MymkuH, BereTanoHHbIH onbIT, 2017 1)

Table 2. Response of spring bread wheat cultivars and lines to vernalization and short-day conditions

(vegetative experiment, Pushkin, 2017)

IleproA OT BCXOJ0B 0 KOJIOWIEHHS, CYTKHU
J/Iunns, copt Bapuant 18-yacoBoi 12-yacoBoi Peaknusa Ha
€eCTeCTBEHHBIH IeHb JAeHb KOPOTKUM JeHb
PuMaKc 6e3 spoBU3aALUHU 29,8 +0,31 32,3+0,30 2,5+042
C ApoBHU3anUeN 31,7+ 0,35 33,5+£0,27 1,8 £0.44
PHKO 6e3 IpoBU3aALUU 29,5+ 0,30 32,5+0,30 3,0+0,42
C sipoBU3anUei 30,7 £0,37 31,5+0,27 0,8+0,46
JlenuHrpazcKas 6 6e3 SpoBU3aIUU 36,8 0,29 51,36 £ 0,56 14,5+ 0,62
C spoBU3anuen 36,5+0,36 53,3+0,76 16,8 +0,8
Max 6e3 SpoBU3aAIUHU 41,5+ 0,31 64,7 + 0,85 23,2+0,90

Pactenus copra ‘Max’, Hac/sieICTBEHHBIH NMOTEHIHAM KO-
TOPOTO BXOJUT B POJIOCJIOBHYIO IMHUY PUMaKc, UMEIOT CUJIb-
Hyi0 (OTONepUoJUYECKYI0 peaKLHI0, PaBHYI TaKOBOH
y copTa JleHUHIrpasckas 6'.

CorylacHO MOJIEKYJIAPHO-TeHEeTHYeCKOMY aHa/IU3y, peak-
[MI0 Ha SIPOBU3ALMI0 YJIBTPACKOPOCHEJBbIX JIMHUN Pumakc
Y PUKO KOHTpOJIMPYIOT TPHU HeaslsIeIbHbIX JIOMHUHAaHTHBIX
reHa Vrn-A1, Vrn-B1, Vrn-D1 (pucyHOK).

Y nmunnn Pumaxkc (Puko x Max) GbIM BBISIBJIEHBI OHO-
BpeMeHHO /iBa aJuiesisi reHoB Ppd-D1 (ppd-D1b 414 nn u Ppd-
D1a 288 nH) u Vrn-B1 (Vrn-Blc 1100 nH u Vrn-Bla 700 nH),
B TO BpeMs Kak /Il pOJUTeNbCKON dopMbl Puko 6b110 Xa-

XapaKTepHOW /A JIMHUM PHKO: BeJMYMHaA mepuoja «Io-
ceB — KOJIOLIEHHe» y THOPHUL0B 6OblIa MPOMEXYTOYHOH IO
CPaBHEHMIO C POJUTEJbCKUMHU GOpMaMM C HEGOJbLIIUM
YKJIOHEHHEM B CTOPOHY mno3jHecnesioro poxauTtens (Rigin,
Pyzhenkova, 2011).

Bropoe nokosienne ru6puzsoB Puko x PruMakc B Hauem
IKCIIEpUMEHTE TI0JIyYEeHO OT JIBYX pacTeHui F,, KoTopble Bbl-
KOJIOCHJIUCh COOTBETCTBEHHO depe3 47 u 45 cyTok. TecT Ha
OJIHOPOZHOCTB MOKa3aJl OTCYTCTBHUE CTaTUCTHYECKH 3HAYH-
MOTO Pa3JIN4Yus [0 CKOPOCTHU PAa3BUTHA MeX/y pacnpejesie-
HMAMH B F, THGPU/IOB B TOTOMCTBAX 3TUX PACTEHUH, PaBHBIX
70 u 61 0cobu (x*=1,26; x°; 5= 9,45), 9To MO3BOJMIO HX
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PucyHok. 31ektpodopes npoaykroB ammanpukanuu JHK yasTpackopocneabix 06pa3noB spoBoi MATKoOH
NIIEeHHUIbI C a/Ule/b-cieuPUYHbIMYU npaiiMepamu: Vrn-D1a (romuHanTHBIN) 1671 nH; Ppd-D1a (qoMUHaHTHBIH)
288 nH; ppd-D1b (peneccuBHbiit) 414 nH; Vrn-Ala (zoMmuHaHTHBIN) 715 nH; Vrn-Blc (zomMuHanTHBIN) 1100 nH
v Vrn-Bla (gomuHaHTHBIN) 700 H

Figure. Electrophoresis of DNA amplification products in ultra-early spring bread wheat accessions employing
allele-specific primers: VrnD1a (dominant), 1671 bp; Ppd-D1a (dominant), 288 bp; ppd-D1b (recessive), 414 bp;
Vrn-Ala (dominant), 715 bp; Vrn-B1c (dominant), 1100 bp; Vrn-B1a (dominant), 700 bp

06'beJUHUTb W pacCMaTPUBATh KakK OJHY BbIGOpKY. Cpenu
131 pactenuna F, cymMMapHOH BbIGOPKM GbIJIO OTMEYEHO
4 6oJiee CKOPOCIIE/IbIX PACTEHHUS, YeM POAUTENbCKHIE JINHUH,
KoTopble B ycioBusax 2018 r. kosocuaucek B cpefiHeM Ha 37-
38-i nenb nocse nocesa. B F, ru6puioB 66110 HCIIBITAHO 110-
ToMCTBO 10 cambIxX cKkopocnenbix pacTenu# F, (2019 r.). Cpe-
I HUX JIOCTOBEPHO CKOpocIesiee, 4eM JIMHUMU Puxo u Pu-
MaKC, OKa3aJHUCb CEMbHU C IEPUO/IOM «IIOCEB — KOJIOLIEHHE»
paBHbIM 35,2 +0,52; 35,7 + 0,60, 35,03 £0,50; 36,33 £0,53
cyTkaM. B TakoM ciy4ae B F, akTh4eckoe OTHOIIEHHE YUC/Ia
TPaHCTPECCUBHBIX PACTEHUH KO BCEM OCTAJIbHBIM pacTeHU-
SIM paBHO 4 K 127, 4T0 COOTBETCTBYET TEOPETUYECKU 0XKHU/IA-
emomy 1:15 (%, = 3,28). Beninuuna neprofa Ao KoJole-
HHMA OCTaJbHBIX 6 HMCCIe/loBaHHbIX ceMel F, Haxogunack
B npefenax 36,43 + 0,50 - 39,77 + 0,18 cytok. Takum obpa-
30M, Ha/IMYMe YeTbIPeX TPaHCIPECCUBHBIX PacCTeHUH cpeju
nonyaAuuy F, 1o3BoJseT NpeAnoNoKUTb pas/inine reHeTH-
YeCKUX CUCTEM, ONpeleIAI0LIHNX BBICOKYI0 CKOPOCTb pa3BH-
THSA [0 $pasbl «KOJIOLIeHHe» JUHUH PuMakc u Puko, npuueM
KaX/as IMHUA MMeeT 110 OAHOH Iape TaKUX I'eHOB.

B BereTaniMoOHHOM OIIbITE B YCJOBUAX AJMHHOIO HA Cpe-
au 70 pactenud F, koM6uHanMu ckpemuBanus Puko x Pu-
MaKC 06Hapy»KeHo 6 60Jiee CKOPOCIeJIbIX pacTeHUH, 4eM po-
auTesibckre popMbl. B F, ru6puioB 66110 H3y4€HO HOTOMCT-
BO 12 pacTeHHUH C 6GBICTPBIM pPa3BUTHEM JO KOJIOLIEHHS,
B TOM 4HCJIe 6 yiKe BblJe/ieHHbIX B F, 1o ckopocnenoctu. Kak
0Ka3aJiochb, Y MOTOMCTB 6 pacTeHUH NMepuoj, 0 KOJIOIIEHHUs
(pasmax BapbupoBaHus: 25,8 + 0,26 - 27,3 + 0,97 cyTok) no-
CTOBEPHO MeHbllle BeJMYUHbI ITOr0 NPU3HaKa y IUHUH Pu-
Makc (27,8 +0,60) u Puko (28,2 + 0,57). Bapuanusa Bennuu-
HBI [TIepHO0/ia «BCXO/bI — KOJIOLIeHHe» IOTOMCTB APYTHX 6 UC-
C/IelOBaHHbIX IOTOMCTB pacTeHu# F, 6bl1a B npejenax us-
MEHYMBOCTH NpU3HAKa PoAuTeNbcKuX popM. To ecTb Bblje-
nenue B F, 6osee ckopocmesblX pacTeHHWH MO OTHOIIEHHIO
K OCTa/IbHbIM QeHoTunaM nonyasanuu F, Puko x Pumakc sB-
JI110Ch ITpaBOMepHbIM. OTHOLIEHHE 06 bEMOB JIBYX KJIACCOB,

6:64, [OCTOBEDHO He OTJIMYAaeTCd OT OXHUAAeMOoro
4,38: 65,62 (1:15; X, = 0,64) npu B3auMOJeHCTBUHU [BYX
He3aBUCUMBIX IreHOB. Takol BLIBOJ He NMPOTHUBOPEYUT pe-
synbTaTaM aHanusa F, u F, rubpuos KoMGMHaAIMK CKpeIu-
BaHUs Puko x PUMaKc B 10JIeBOM 3KCIIEPUMEHTE.

CorylacHO pOJOCJOBHON JIMHUM PuMakc, MCTOYHHMKOM
BBICOKOH CKOpPOCTH pa3BUTHA [0 KOJIOLIEHUS SIBJISETCS Te-
HOTHII JIUHUH PuKo. B pe3ysibTaTe pekoMOUHALUU Y TUODPH-
0B Puko x Max reH, oTBevyalolNMi 3a BBICOKYI0 CKOpPOCTb
pa3BUTHA JUHUU PUMakc, okasascs B APYroy rpymnme cCuen-
JieHus, 4eM y PUKo, WM B OZHOM, HO HA PACCTOSTHUH, YTOObI
MOT NPOXOAUTh KPOCCUHTOBep. B 3TOM cMbIcsie reHbl BBICO-
KO CKOpPOCTH pa3BUTHS PuKo 1 PuMakc MOXXHO Onpesie/IuTh
KaK AyIJIUIUPOBAHHBIE.

Heckosibko MHOH pe3y/IbTaT NOJIyYeH B YCJIOBUAX KOPOT-
koro 12-yacoBoro gHs (Ta6u. 3). BaTom ciyyae oTMeueH
MHOH XapaKTep pacnpezesneHus GeHOTUIIOB rHOPUAHOMN IT0-
nyasauud F, Puko x PuMakc: mo cpaBHEHMIO C BapUaHTOM
«JJINHHBIA JileHb» OHO 0Ka3aJ0Ch HECKOJIbKO CABUHYTHIM
B CTOPOHY NO34Hecnenblx GOpM U IPU TOM 0OGHAPYKUJIOCH,
KaK ¥ B IEPBOM BapHUaHTE, NSTh YeTKO TECTUPYEeMbIX TPYIII
¢$eHOTUIOB € pa3HbIM 06beMOM (cM. TabJ1. 2). C dopmaibHOK
TOYKU 3pEHHUs], COOTHOIIEHHE 3TUX IPYNI yJOBJETBOPSET
TeopeTHdyecKoMy oTHouleHHlo 3,6:14,5:21,7:14,5:3,7
(1:4:6:4:1;%*=3,03; XZO'OS =9,48), 4TO MOXKHO UHTeEpIIpe-
THUPOBATb KaK NPOsIBJIEHHe KyMyJAaTUBHOU nosuMepuu (Ti-
khomirova, 1990). Heo6xoj MO OTMETHUTB, UTO B YCJIOBUSIX
JJIMHHOTO eCTeCTBEHHOro JHs cpeau 70 pactenuii F, Puko x
PrMakc MOXXHO BBIJIEJIUTh 5 4eTKUX rpynn GeHOTHUIIOB B CO-
oTHOweHUHU 6 ; 35:21: 4 : 4,H03TO COOTHOILIEHNE JOCTOBEP-
HO pasaudaeTcs c oxugaeMblM 4,4:17,6:26,4:17,6:4,4
(1:4:6:4:1;x*=29,41; xzo'os =9,48)

[TosiydyeHHBIe pe3y/IbTaThl IO3BOJISIOT CAe/IaTh 3aKJII0Ye-
HUe, YTO YCJI0BHS KOPOTKOTO GOTONEPHOAA BJIUSIOT HA B3aU-
MoJelicTBHe TeHOB PuMakc 1 PuKo, 1eTepMHUHHPYIOLINX BbI-
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Ta6suua 3. PacipegesieHue pacTeHU F2 Puko x PuMakc u poguTeJieii no NpoAo/KUTE/IbHOCTH IepUoAa
«BCXOABI - KOJIOIEHHEe» B YCJIOBUAX AJIMHHOr0 18-4acoBOro u KOpoTkoro 12-4acoBoro AHs
(ITywkuH, BereTauMoHHbIH onbIT, 2018 1)

Table 3. Distribution of F, Rico x Rimax plants and parents according to the length of the period from germination
to heading under the conditions of a long 18-hour and short 12-hour day (vegetative experiment, Pushkin, 2018)

e B B TOM 4MCJIEe C IePHOAOM «BCXOAbI — KOJIOLIIEHHEe», CYTOK
BapuaHT 6 ! .
THOpUA pacTenuu | 5g 29 30 31 32 33 34
Puko 29 - 13 14 2 - - -
JITMHHBIN Pumakc 25 - 14 10 1 - - -
JleHb
F, Pp_uco x P_HMaKc/ 70 6 35 21 4 4 _ _
F, Rico x Rimax
Puko 13 - - - 4 7 2 -
Pumakc 16 5 9 2 -
KopoTtkuit F,Puko x Pumakc /
JleHb F, RicoxRimax 58 - - 6 18 19 12 3
(bakTHuyeckoe)
F, Puko x Prmaxc 58 - - 36 | 145 | 21,7 | 145 3,7
(TeopeTHyeckoe)

Oco6eHHOCTH MOP}OJIOTHUH U 3JIEMEHTOB MPOAYKTHUBHO-
CTHU JIMHUM PUMakc ¥ PYKO B 11€10M XapaKTepHblI [J11 yJIbTpa-
CKopocHesbIX 06pa3iioB SPOBOM MArKOH NIIEHHUIbI: CPeHAS
BbICOTA pAacTeHUH MU AJIMHA KO0JIOCAa, HeBBbICOKas 3epHOBas
MPOAYKTUBHOCTD (TabJ1. 4).

KOH CKOpOCTBIO Pa3BUTHs B IEPUO/J, A0 KOJIOIIEHHUs Cpeau
BCEX M3Y4YEHHBIX 00pasloB KOJIJIEKLUH FeHEeTHYECKUX pe-
cypcoB sipoBo#t nuieHu bl BUP. Jlunuu Ha 14-15 cyTok cko-
pocrneJsiee palOHUPOBAHHOIO MO PETUOHY copTa JIeHUHTrpaj-
cKas 6.

Ta6mua 4. 31eMeHTbI MOP(OJIOrUU M NPOAYKTUBHOCTH Y/IBTPACKOPOCHEJIbIX JIMHUI MATKOH MII€HUIbI
B CpaBHeHUM ¢ copToM JlenuHrpaackas 6’ (Ilywkun, 2017-2019)

Table 4. Elements of morphology and productivity in ultra-early bread wheat lines
compared with cv. ‘Leningradskaya 6’ (Pushkin, 2017-2019)

l::ra?o;m ) — BeicoTa JnHa Yucsio 3epeH Macca 1000 Macca 3epeH
BUP y »cop pacTreHus, CM K0J10Ca, CM B KOJIOCE, IIT. 3epeH, T C KoJioca, T
67257 Pumakc 68 6,1+0,18 27,715 39,3+1,7 1,11 +0,01
65588 Puko 73 6,4+0,17 234+15 46,2+ 1,6 1,11 +0,01
64900 JleHuHrpazckas 6 92 9,1+0,37 40,4 +2,8 42,2+ 2,4 1,72 +0,14

Jlunus Prko, B oT/IM4YMe OT JTMHUU PUMakc, UMeeT 6osiee
KpYyITHOE 3epHO U 110 3TOMY NTPHU3HAKY IPEBOCXOAUT copT Jle-
HUHTpaJcKas 6. [IpeAblAyIIUMH UCCIeJOBAHUSIMU TUODPU-
nos F, - F Puxko c ‘Forlani Roberto’ (k-42641, var. erythroleu-
cum, UTanus) nokasaHa BO3MOXHOCTb [IPEOJI0JIEHUST OTPHU-
LlaTeJIbHON KOppeJsALMH MeXJy CKOPOCIeJ0CTbI0 U BbICO-
KOU MPOJYKTUBHOCTBIO, 0OTOGPaHBI YJILTPACKOPOCIIEIbIe JIH-
Hun Pudop (x-67120, 67121, 67249 ... 67256), koTOpble
B OINpeJieJIeHHBIX YCJOBUAX CpeAbl MOTYT KOHKYpPHPOBAaThb
c coptoM Jlennnrpajckas 6’ (Rigin et al,, 2018).

TakuM o6pa3om, TUHUK Pumakc u Puko, Kak y/lbTpacko-
pocriesible 06pa3sibl, ABJISIOTCSH LeHHBIM UCXOAHBIM MaTepU-
aJIOM JJ1A1 CeJIEKLIMU MATKOM MILEeHHUIbl Ha CKOPOCIEeJOCTb.

3akJ/iloueHue
B ycnoBusx CeBepo-3anaja Poccuu (JleHuHrpaackas 06-

JlacTb) MUHUM Pumakc (k-67257, var. lutescens) v Puko (k-
65588, var. erythrospermum) xapaKTepH3y0TCsI CAMOH BbICO-

EcTp Gosibliasi BepoOSITHOCTb, YTO TaKasi 0COGEHHOCTH
3THX JIMHUM CBfI3aHa C 3Kclpeccued reHa Eps, KOHTpoJMpy-
I0LIero CKOpPOCNeJIOCTb per se, U4YTO B reHoTulax Pumakc
1 PUKO 3TOT reH NPUCYTCTBYET.

B renotunax Pumakc u Puko o6HapyeHbl TpU HeaJs-
JIeJIbHBIX JOMHMHaHTHbIX reHa Vrn-Al, Vrn-B1, Vrn-DI,
KOHTPOJIMPYIOIIMX PeaKIUIo Ha IPOBU3ALMIO, U aslienb Ppd-
D1, oTBeTCTBEHHBIH 3a GOTONEpPHOANUYECKYI0 HEYyBCTBH-
TeJIbHOCTb. B inHUM PuMakc, kak MeHee OTCeJIeKTUpPOBaH-
HOHM dopMbl, ueM Puko, HaliieHbl MOAJMHNH, KOTOpPbIE Xa-
PaKTEPHU3YIOTCA HAJMYMeM pas3HbIX ajjesied reHoB Ppd-D1
u Vrn-B1.

B yc/0BUAX ecTeCTBEHHOI0 AJIMHHOTO AHA B NONYJIALUU
ru6punos F, (F,) Puko x Pumaxc Habsofand OTHOLIEHHE
$eHOTHIIOB C BBICOKOW CKOPOCTBIO PAa3BUTHS K GoJiee M03J-
HecleJbIM pacTeHusM Kak 1:15. TakuMm o6pa3oMm, yabTpa-
CcKopocIeJible IMHUM PuMakc v PUko MMeIOT iBe maphl Hesa-
BUCUMBIX AYIJIMIIMPOBAHHBIX T€HOB, KOTOPBIE JIOKAJN30Ba-
HbI B Pa3HbIX XpPOMOCOMAXx WJIM B OJHOM, HO Ha JjaJIbHEM pac-
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crosHuu. Ha ¢oHe KopoTkoro ¢poTonepruosa reHsl Pumakc
Y Puko, feTepMUHHUpYIOIIYE BbICOKYIO CKOPOCTb Pa3BUTHS,
MOTYT B3aUMOJENCTBOBAThb M0 TUIy KyMYJSATUBHOH IOJIU-
MepuH.

Oco6eHHOCTH MOPGOJIOTrUH U 3/1EMEHTOB NMPOJYKTUBHO-
CTU TMHUM PuMakc u Puko B 11eJ10M XapaKkTepHbI JJ1 yabTpa-
CKOPOCIIeJIbIX 00Pa310B IPOBOH MATKOU MIIEHUIIbL: CPeAHSA
BbICOTA pacTeHUH U AJIMHA KO0JIOCA, HEeBBICOKAsd 3epHOBasd
NpPOAYKTUBHOCTD. JINHUSA PUKO HMeeT GoJiee KPYIHOe 3epHO
Y 110 3TOMY NPHU3HAKY NPEBOCXOJUT COPT-CTaHAAPT JIeHHH-
rpajckas 6’

Oco6eHHOCTH reHeTUYeCKOH CTPYKTYpbl PuMakc u Puko,
onpejesoleld BbICOKYI0 CKOPOCTb Pa3BUTHA (pa3Has Jio-
Ka/IM3aLMs FeHOoB, JeTePMUHHUPYOLMX 3TOT IPU3HAK, HAJIU-
yue pas3/M4HbIX a/iesnedl Ppd-D1 w Vrn-B1 B reHoTune Pu-
MaKc), UCII0JIb30BaHHUE KaXKJ0H U3 HUX B KA4eCTBE UCXOAHO-
ro MaTepuasa B CeJIeKLMH, BIOJHE BO3MOXXHO, NPUBEJET
K pa3HbIM pe3yJbTaTaM peKOMOGHWHALMOHHOIO Ipolecca
Y BBIXOly XO3AINCTBEHHO L€HHBIX YJIBTPACKOPOCIEJbIX pe-
KOMOWHAHTOB.

YnbTpackopocnesble TMHUM PuMakc u Puko 3a cyeT BbI-
COKOH CKOpPOCTH pa3BUTHUSA B IEPUOJ, [0 KOJIOIIEHUs ABJIA-
I0TCS LIleHHbIM UCXOAHBIM MaTepUasoM JJif CeJIeKLIUHA MSr-
KOH MIIIEHHUIIbI.

Paboma evinosHeHa 6 pamkax 20cydapcmeeHHo20 3ada-
Husl co2/1acHO memamuveckoMy naaHy BHP no npoexkmy
Ne 0662-2020-0006 «Ilouck, noddepicaHue HU3HEChOCOOHO-
cmu U packpbimue nomeHyuaaa HacaedcmeeHHol UaMeH4u-
80cmu MUpogoll KoANeKYUU 3epHOBbIX U KPYNSIHbLIX KYAbmyp
BHP 04151 pazgumusi onmuMu3upo8aHH020 2eH6AHKA U payuo-
HA/bHO20 UCNO0/1b308AHUS 8 CeeKYUU U pacmeHuesodcmeey.

The research was performed within the framework of the
State Task according to the theme plan of VIR, Project No. 0662-
2020-0006 “Search for and viability maintenance, and disclos-
ing the potential of hereditary variation in the global collection
of cereal and groat crops at VIR for the development of an opti-
mized genebank and its sustainable utilization in plant breed-
ing and crop production”.
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Background. In cereals, photosynthetically active parts of
the ear significantly contribute to seed size and weight at
the grain-filling stage. In barley, ear tissues may accumulate
melanin pigments synthesized in chloroplast-derived mela-
noplasts. Effects of such pigments on yield parameters of
seeds have not been evaluated to date.

Materials and methods. Seed weight and size assessed by
image analysis were compared between two near-isogenic
barley lines differing in alleles of the BlpI gene, which deter-
mines melanin accumulation in ear tissues. Data on grain-
related parameters were collected during 6 years and in-
clude data on seeds grown either in the field or under green-
house conditions.

Results and discussion. A negative effect of the Blp1 locus
on the weight of 1000 seeds harvested in the field but not in
the greenhouse was revealed. To determine whether this ef-
fectis related to grain size, a comparison of two-dimension-
al linear parameters of seeds between the lines was per-
formed. It was shown that unlike the length and the area of
seeds, the width of seeds was also negatively affected by the
Blp1 locus. Although the same factors affected the weight of
1000 seeds and the width of seeds, a correlation between
them was not found, implying a dependence of seed weight
on other factors such as thickness and its related parameter,
seed volume.

Conclusion. Effects of barely ear pigmentation and of the
gene controlling it on yield-related parameters of seeds
were studied here for the first time. The observed negative
impact of the Blp1 locus on seed weight and size may be me-
diated by an interfering chloroplast activity and/or accu-
mulation of assimilates via melanogenesis. Additional stud-
ies are necessary to test this supposition and to investigate
the interaction of melanin synthesis and photosynthetic
activity of the tissues accumulating this pigment.

Key words: Hordeum vulgare L., melanoplast, photosynthe-
sis, assimilate, grain filling.

AxTyanbHOCTB. POTOCHHTE3UpPYIOIIME TKAHU KOJIoca sTUMe-
HA ABJAKTCA UCTOYHUKAMHU ACCUMMUJIMPYIOUIUXCA BeLeCTB,
KOTOpbIe BHOCAT 60JIbLI0H BKIaZ B GOpMUpPOBaHUE pa3Mepa
M MacCChbl 3€pHa. Y auMeHs1 B TKaHSX KoJioca MOTYT HaKallJu-
BaTbCA MEJIAHUHOBbIE€ TUTMEHTHI, BJIMAHHE KOTOPBIX Ha IO~
KasaTeJM ypoXKalHOCTH 3epHa HCClel0BaHbl He GbLIH.
Martepuasibl 1 MeTOABIL. B paGoTe 6b1/10 IPOBEIEHO CPABHU-
TeJIbHOE HCCJIeJOBaH/e MacChl ¥ IMHEHHbBIX pa3MepoB 3epHa,
MOJIyYeHHBIX CIIOMOLIbI0 AHA/JIM3a HU300PKEHUH, MOYTH
W30TEHHbIX JJUHUHN SYMEHS, OTIMYAILIMXCS 110 JIOKycy Blpl,
KOHTPOJIMPYIOLIEMY CUHTe3 MeJIAHWHOBBIX IIUIMEHTOB
B TKaHSX KOJIOCA TYMEHS — B I[BETKOBOH Yellye, IepruKapnuu
3epHa U OCTSX.

Pe3ynbTaThl M 06CyXAeHUe. Bblo MOKa3aHo, YTO B IOJIe-
BBIX YCJIOBUSX JIOKYC Blpl oTpunaTe/JbHO BJIHSET Ha Maccy
1000 3epeH. UT0OBI onpeAieMTh 06YCJI0OBJIEH JIK HabJI0/ae-
MbIi 3QPeKT yMeHblLIEHHEeM pa3MepoB 3epHa, 6bLJI0 MpoBe-
JIeHO CpaBHEHMe JIMHEeHWHBbIX NapaMeTPOB 3epHA MEXJY JIH-
HUSIMH. Bb1JI0 TOKa3aHo, YTO, B OT/JIMYHE OT JJIMHBI U IJIOIIA-
M ceMsiH, JIOKyc Blp1 oTpunaTe/bHO BJAMSET Ha MIUPHUHY Ce-
MAH. HeCMOTpH HaA TO YTO HA MAaCCy U IMPUHY 3€pHA BJIHUAIN
OJIHU U Te ke GpaKTOopbl, KOPpessaLUU MeXy STUMHU NapaMe-
TpaMU BbISIBJIEHO He ObLJIO, YTO, BO3MOXKHO, CBSI3aHO C 3aBU-
CHUMOCTBIO MacChl 3epHa OT APYTHUX NapaMeTpoB, HallpuMep
TOJIL[MHBI U CBSI3aHHOTO C Hell 06'beMa 3epHa.

3akioueHue. BrepBble ObLIO NMPOBEJEHO HCCJAEJL0BAaHUE
pOJIM NUIMEHTOB U KOHTPOJHUPYWOUIMX UX GOpMHUpOBaHUE
reHOB Ha MOKa3aTesJH NPOAYKTHBHOCTU 3epHa. OGHapyxeH-
HBIH oTpuLaTeabHbIN 3ddekT nokyca Blpl Ha Maccy W LIU-
pHHY 3epHa MOXKeT ObITb CBSI3aH C HapyLIeHUAMH POTOCHUH-
TETUYECKOM aKTHBHOCTU M HaKOILJIEHWEM acCCHMUJISTOB
B 3€pHE, BbI3BBAHHBIX CUHTE€30M MEJIAHMHOB B TKaHAX KOJIOCA.
Jl1 1pOBepKHU BBIJBUHYTOIO NPEANOJIOKEHUA U yCTaHOBJIe-
HUS XapaKTepa CBSI3U MeX/y MeJlaHOreHe30M U GOTOCHHTe-
30M HeOGXOAI/IMbI AOIIOJIHUTEJIbHbIE UCCJIE€O0BAHHUA.

KniwoueBbie ciioBa: Hordeum vulgare L., Mesnanoniactsl, po-
TOCHHTE3, aCCUMUJIATBI, HAJIUB 3€PHaA.
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Introduction

The size and weight of barley grains are agronomically
important traits that significantly contribute to the final
yield. These traits are determined by linear parameters of
seeds: length, width, and thickness as well as the degree of
grain filling (Zhang etal.,, 2012). They are considered the
primary traits for crop domestication and artificial breed-
ing. Modern barley varieties have larger grains as compared
to their ancestors (Hughes et al., 2019). Although grain size
and weight have a favorable influence on seedling vigor and
yield, including malt yields and feed production capacity,
little is known about the genes that determine these param-
eters in barley. Some attempts have been made to clarify the
genetic control of these traits. Quantitative trait loci and
hotspots for grain size and weight are reported to be dis-
tributed on all seven chromosomes (Ayoub etal., 2002;
Walker etal.,, 2013; Wang et al., 2019). Additionally, several
genes have been identified that affect barley grain size or
weight, e.g., Nud (Taketa etal., 2008), Int-c (Ramsay etal.,,
2011), Vrs1 (Sakumaetal., 2017), Vrs2 (Youssefetal., 2017),
Vrs3 (Bull etal., 2017), and Vrs4 (Koppolu et al., 2013).

Besides the aforementioned genetic factors, grain yield
parameters in cereals are influenced by plant nutrition
during the grain-filling stage. Photosynthetically active or-
gans of the ear such as lemmas, paleas, glumes, and awns
may significantly contribute to grain size and weight (Bra-
zel, O’Maoiléidigh, 2019). For example, in wheat, the ear
contributes 45-65% of grain filling whereas the rest of the
above-ground parts of the plant contribute 35-69% (San-
chez-Bragado et al.,, 2016). Although awn length not always
contributes to an enhanced grain yield, reduced awn size
correlates with a reduction in individual grain size and an
increased number of shriveled grains (Rebetzke etal.,
2016).

Some specimens of barley can accumulate melanin pig-
ments in such ear tissues as the grain pericarp, husks, and
awns (Shoeva et al., 2020). This trait is under the control of
the Blp1 (Black lemma and pericarp 1) locus mapped to chro-
mosome 1HL (Long etal, 2019). Because melanin accumu-
lates at the grain-filling stage, which is crucial for grain size
development, this pigment is assumed to affect grain yield-
associated traits. To test the impact of the Blp1 locus on the
size and weight of barley (Hordeum vulgare L.) seeds, a com-
parative analysis of these traits between two near-isogenic
lines (NILs) having different alleles of the Blp1 locus was car-
ried out in this study.

Material and methods

Plant material and growth conditions

Spring barley cv.‘Bowman’ (‘Bowman From Fargo)
NGB22812, www.nordgen.org) and its NIL i:BwBipl
(NGB20470) developed for the Blp1 locus controlling melanin
accumulation in spike tissues - the grain pericarp, husks, and
awns (Figure) (Druka etal, 2011) - were grown either in
a greenhouse of the ICG SB RAS (Novosibirsk, Russia) under
a 12 h photoperiod in a temperature range of 20-25°C in au-
tumn (from October to January) or spring (from February to
May) vegetation seasons or in the experimental field of the
ICG Breeding Genetic Complex (Novosibirsk, N54.847102,
E83.127422). During 2015-2020, seeds of both lines were
collected and subjected to the comparative analysis. In total,
data on 14 trials (seed weight measurement; each trial cor-
responds to a distinct vegetation season and study site; Ta-
ble 1) and 12 trials (measurement of all other parameters;
Table 2) were collected including data on 6-year observations
of the plants under field conditions and 4- or 3-year observa-
tions in autumn and spring vegetation seasons in the green-
house.

Figure. Ears of ‘Bowman’ (top) and its NIL i:BwBIp1 (bottom) at the full-maturity stage

PucyHok. Kosioc sumeHs copra ‘Bowman’ (cBepxy) ¥ ero no4Ty M3oreHHou JimHuu i:BwBIp1 (cHusy)
Ha CTaJ UM MOJIHOM CNeJIOCTH 3epHa
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Table 1. The weight of 1000 seeds in ‘Bowman’ and i:BwBIp1
Ta6suua 1. lokasaTesm Mmaccol 1000 3epeH copta ‘Bowman’ u imHuM i:BwBIp1

Growth . Significant
Year . Bowman i:BwBIp1 p-value .
conditions difference
field 58.7+0.8 53.0+0.3 0.0495 yes
2015
greenhouse, S 47.1+0.1 45.7 £ 2.2 0.5127 no
field 58.6 + 0.7 50.6 + 2.7 0.0495 yes
2016
greenhouse, A 544 +0.8 41.4+0.8 0.0495 yes
2017 field 571+1.0 57.0+0.3 0.8273 no
field 49.6 £ 0.6 47.4+0.3 0.0495 yes
2018 greenhouse, S 44.7 £ 0.7 44.0+0.2 0.1840 no
greenhouse, A 46.6 £1.2 47.2+0.3 0.8222 no
field 47.3+0.1 454 +0.4 0.0431 yes
2019 greenhouse, S 46.0 £ 0.7 53.4+0.7 0.0495 yes
greenhouse, A 36.2+13 394+15 0.0495 yes
field 48.1+0.7 47.5+0.5 0.5127 no
2020 greenhouse, S 494 +1.7 45.0+1.1 0.0495 yes
greenhouse, A 379+0.1 44.6 £ 0.0 0.0339 yes

Note: mean of three biological replicates + standard deviation, in grams; differences are significant at p < 0.05, U test; A: autumn; S: spring

[IpuMeuaHue: cpeiHee 3HaYeHUE TPeX GUOJIOTHYECKUX TOBTOPEHUH * CTAHAAPTHOE OTKJIOHEHUE, B 'PAMMax; pa3/INyusl 3HAYUMbI IPU
p < 0.05, U-xpuTtepuit ManHa-YUTHH; A: OCEHHsIs1 BereTalus; S: BeCEHHsIsl BereTalus

Table 2. The linear parameters and weight of 30 seeds in ‘Bowman’ and i:BwBIp1

Ta6uuia 2. JinHeiHbIe pa3Mmepsl 1 Macca 30 3epeH copta ‘Bowman’ u simanu i:BwBIp1

Growth . Significant
Year . Parameter Bowman i:BwBIp1 p-value .
conditions difference

length, mm 7.50 £ 0.25 7.59 +0.16 0.6015 no

width, mm 343 +0.11 3.07 £ 0.05 0.0086 yes
2015 field

area, mm? 19.48 + 1.20 17.97 £ 0.62 0.0163 yes

mass, g 1.76 + 0.04 1.56 £ 0.05 0.0082 yes

length, mm 7.79 + 0.25 7.67 +0.11 0.2506 no

width, mm 3.28 £ 0.09 3.12 £ 0.06 0.0163 yes
2016 field

area, mm? 19.70 + 1.00 18.41 +0.10 0.1172 no

mass, g 1.59 £ 0.07 1.53 £0.05 0.1161 no

length, mm 7.51+0.19 8.06 £ 0.23 0.0163 yes

width, mm 3.15+0.03 3.20+£0.07 0.1172 no
2017 field

area, mm? 18.31+0.55 19.85+0.90 0.0163 yes

mass, g 1.47 £ 0.03 1.65+0.07 0.0088 yes

length, mm 9.89 +0.28 9.27 +0.35 0.0283 yes

width, mm 3.67 £0.10 3.38+0.10 0.0090 yes
2018 field

area, mm? 27.49 + 1.57 23.89+1.41 0.0283 yes

mass, g 1.51+0.05 1.44 +0.02 0.0350 yes
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Table 2. The end
Ta6mna 2. OKOHYaHHe

Growth ) Significant
Year . Parameter Bowman i:BwBIp1 p-value .
conditions difference
length, mm 7.44 +0.82 8.00 + 0.51 0.1172 no
width, mm 3.33+£0.39 3.36+0.13 0.9168 no
greenhouse, S
area, mm? 18.86 + 4.45 20.46 +1.98 0.7540 no
mass, g 1.39 + 0.04 1.33 £ 0.04 0.0356 yes
2018
length, mm 7.87 £0.76 8.56 +0.19 0.0283 yes
width, mm 3.50+0.36 3.66+£0.12 0.2506 no
greenhouse, A
area, mm? 21.00+£3.83 2407 £1.21 0.0472 yes
mass, g 1.42 +0.02 1.46 + 0.03 0.0555 no
length, mm 9.18 £0.10 8.67 £ 0.34 0.0163 yes
width, mm 3.40+0.12 3.30+0.13 0.1172 no
field
area, mm? 23.66 + 1.08 2191 +1.78 0.1172 no
mass, g 1.44 +0.03 1.35+0.04 0.0278 yes
length, mm 797 £0.13 9.45 +0.20 0.0090 yes
width, mm 3.63+0.11 3.53+0.04 0.1172 no
2019 greenhouse, S
area, mm? 21.46 +£0.82 25.48 + 0.65 0.0090 yes
mass, g 1.39+0.09 1.60 + 0.04 0.0090 yes
length, mm 7.71+0.34 7.72 +0.47 0.7540 no
width, mm 3.37+0.21 3.09+£0.20 0.0758 no
greenhouse, A
area, mm? 19.49 + 2.00 18.35 + 2.27 0.6015 no
mass, g 1.12 £ 0.05 1.19£0.03 0.0723 no
length, mm 8.44 +0.35 8.03+0.47 0.0758 no
width, mm 3.58+0.13 3.39+0.17 0.0758 no
field
area, mm? 23.05+1.77 20.86 £ 2.38 0.1172 no
mass, g 1.44 £ 0.04 1.42 £ 0.06 0.2933 no
length, mm 8.34+0.95 8.03 +0.35 0.1172 no
width, mm 3.60£0.26 3.39+0.20 0.1172 no
2020 greenhouse, S
area, mm? 22.32 +3.87 20.85 +2.02 0.1745 no
mass, g 1.50 £ 0.06 1.38£0.03 0.0090 yes
length, mm 7.78 £0.47 7.73 £0.45 0.7540 no
width, mm 3.36+0.13 3.22+0.12 0.0758 no
greenhouse, A
area, mm? 19.40 + 1.80 19.21+191 0.9168 no
mass, g 1.15+£0.05 1.31 £ 0.04 0.0090 yes

Note: mean of five biological replicates + standard deviation; differences are significant at p < 0.05, U test; A: autumn; S: spring

[IpuoxkeHue: cpeJjHee 3HaYeHHe NSATH GUOJIOTMYECKUX NOBTOPEHHUH * CTaHAAPTHOE OTKJIOHEHHWE; Pasjin4usi 3Ha4uMbl pu p < 0.05,
U-xkpuTepuil MaHHa-YUTHU; A: OCEeHHsA BereTalus; S: BeCEHHsIs BereTauus
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Evaluation of grain yield-associated traits

The weight of 1000 seeds was measured in triplicate
(three biological replicates) in each trial. Linear parameters
of seeds (length, width, and area) were measured in five bio-
logical replicates with 30 seeds per replicate using the Seed-
Counter application for Android (Komyshev et al,, 2017). The
same 30 seeds were weighed in each replicate. The signifi-
cance (p < 0.05) of differences in parameters between the two
lines was assessed by the nonparametric Mann-Whitney
Utest. The nonparametric Kruskal-Wallis H test was per-
formed for determining the influence of factors “growth con-
ditions” (greenhouse or field), “year” (field conditions in
a distinct year) and “genotype” (‘Bowman’ or i:BwBIp1) on
seed size parameters. Correlations between the linear param-
eters of seeds and their weight were evaluated by means of
Spearman’s rank correlation coefficient. Statistical analysis of
the resulting data was carried out in Statistica v.6.1 (StatSoft
Inc., 2004).

Results

The weight of 1000 seeds

These data were collected for the NILs grown under the
field or greenhouse conditions during 6 consecutive years
(Table 1). The parameter was within ranges 36.2-58.7 and
39.4-57.0 g in ‘Bowman’ and i:BwBIp1, respectively. ‘Bow-
man’ was found to have heavier seeds in comparison with the
i:BwBIp1 line in 10 of 14 trials, and in six of them, the differ-
ences in the weight of 1000 seeds were statistically signifi-
cant including four field trials (Table 1).

One-way ANOVA on ranks was conducted to evaluate the
effects of different factors on the weight of 1000 seeds (Sup-
plementary Materials, Table S1)*. It was revealed that growth
conditions and the year significantly affected this parameter
when assessed either in the whole dataset of 14 trials or in
the datasets of ‘Bowman’ and i:BwBlIp1 separately. We showed
that on average, both genotypes have heavier seeds when har-
vested from the plants grown under field conditions in com-
parison with those grown in the greenhouse (Supplementary
Materials, Table S2). Under the field conditions, the genotype
affected the weight of 1000 seeds significantly. Independent
on years being compared ‘Bowman’ seeds harvested from the
plants grown under the field conditions were on average
heavier than i:BwBIp1 seeds (Supplementary Materials, Ta-
ble S3). Under the greenhouse conditions, the influence of
factor genotype on this parameter was not detectable in the
combined dataset of spring and autumn vegetation seasons
and in the separate datasets of these vegetation seasons. In
dependence on years being compared, greenhouse-harvested
‘Bowman’ seeds were more often either heavier or lighter in
weight and in some cases did not differ from greenhouse-har-
vested i:BwBIp1 seeds (Supplementary Materials, Table S3).

Linear parameters of seeds

The length of seeds varied within ranges 7.44-9.89 and
7.59-9.45 mm in ‘Bowman’ and i:BwBIp1, respectively (Ta-
ble 2). ‘Bowman’ was found to have longer seeds in compari-
son with the i:BwBIp1 line in 6 of 12 trials, and in two of them,
the differences in the length of seeds were statistically signifi-
cant, while in three trials, i:BwBIp1 had significantly longer
seeds in comparison with ‘Bowman’. In 7 of 12 trials, the dif-
ferences in the seed length between the lines were not signifi-
cant. Factors growth conditions and genotype did not affect
this parameter, while the year did, both in ‘Bowman’ and in

! Electronic supplementary material. The online version of
this article (https://doi.org/10.30901/2227-8834-2021-2-89-95)

i:BwBIp1 (Supplementary Materials, Table S1). In depen-
dence on years being compared, the seeds of both genotypes
either were longer or did not differ when harvested from the
plants grown under the field conditions in comparison with
those grown in the greenhouse. In a few cases only, the seeds
harvested in the greenhouse were longer in comparison with
those harvested under the field conditions (Supplementary
Materials, Table S4). In dependence on years being compared,
‘Bowman’ seeds were either longer or shorter or did not dif-
fer from i:BwBlIp1 seeds when harvested in the field, but there
were no ‘Bowman’ seeds longer than BwBIp1 seeds when har-
vested in the greenhouse (Supplementary Materials, Ta-
ble S5).

The width of seeds was within ranges 3.15-3.67 and
3.07-3.66 mm in ‘Bowman’ and i:BwBlIp1, respectively (Ta-
ble 2). The seeds harvested from ‘Bowman’ plants were wider
than i:BwBIp1 seeds in 9 of 12 trials, and in three of them, the
differences were statistically significant (Table 2). Unlike the
length of seeds, the width was influenced by the growth con-
ditions, year, and genotype (Supplementary Materials, Ta-
ble S1). For both lines, grains were either wider or did not
differ when harvested from plants grown in the greenhouse
than in the field; only in a few cases, the seeds harvested in
the field were wider than those harvested in the greenhouse
(Supplementary Materials, Table S6). In dependence on years
being compared, Bowman seeds were more often wider than
i:BwBIp1 seeds when harvested in the field, while they did not
differ more often from i:BwBIp1 seeds harvested in the green-
house; in a few cases only, i:BwBIp1 seeds were wider than
‘Bowman’ seeds (Supplementary Materials, Table S7).

The area of seeds varied within ranges 18.31-27.49 and
17.97-25.48 in ‘Bowman’ and in the i:BwBlIp1 line, respec-
tively. ‘Bowman’ was found to have larger seeds in compari-
son with the i:BwBIp1 line in eight of 12 trials, and in two of
them, the differences were statistically significant (Table 2).
As in the case of seed length, the growth conditions and geno-
type did not affect seed area, while the year did, both in ‘Bow-
man’ and in i:BwBIp1 (Supplementary Materials, Table S1). In
dependence on years being compared, field-harvested ‘Bow-
man’ seeds were more often either larger or did not differ
from greenhouse-harvested seeds, while BwBIp1 seeds har-
vested in the greenhouse were more often either larger or did
not differ from seeds harvested in the field (Supplementary
Materials, Table S8). ‘Bowman’ seeds were more often larger
or did not differ from i:BwBIp1 seeds when harvested in the
field, while ‘Bowman’ seeds were more often smaller or did
not differ from i:BwBIp1 seeds when harvested in the green-
house (Supplementary Materials, Table S9).

A moderate positive correlation between the length and
width of seeds (r, = 0.70, p < 0.0001) was revealed. Seed area
positively correlated with seed length (r, = 0.95, p <0.0001)
and width (r,=0.86, p <0.0001), while seed weight did not
show associations with any linear parameters of the seeds.

Discussion

Plant melanin can accumulate in covering tissues of seeds,
where its role is not obvious at present. According to summa-
rized data reviewed by Glagoleva et al. (2020), melanin is not
essential for plants, but under some conditions, it can give
them some advantages. For instance, melanin can confer
more vigor on seeds, as in brown seeds of watermelon, which
are heavier and have higher germination and emergence per-
centages and seedling fresh and dry weights relative to light-
colored seeds (Mavi, 2010). There have been attempts to de-
termine the function of melanin pigments accumulating in
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barley seeds during exposure to salinity, drought, or cadmium
toxicity in the same genetic model of NILs differing in grain
color that are used in the current study. The results indicated
that melanin does not give any advantages to barley seedlings
under the stressful conditions tested (Glagoleva et al., 2020).

Recently, the localization of the melanin pigment in aging
chloroplasts of pericarp and husk tissues was identified in
barley seeds (Shoeva et al,, 2020). Dynamics of melanin pig-
mentation development coincided with the grain-filling stage.
This finding suggests that melanin can affect photosynthetic
activity of ear tissues accumulating it and, as a consequence,
some parameters of seeds.

To identify a possible effect of melanin itself or the gene
that determines its accumulation on grain weight and size,
a comparative study of two NILs differing in grain color was
carried out here. Datasets on the weight of 1000 seeds and
linear parameters of seeds were collected, respectively, for 14
and 12 trials (Tables 1, 2, respectively) including 6-year ob-
servations on the seeds harvested in the field.

The observed impact of growth conditions in a given year
on seed weight and size in both studied genotypes (‘Bowman’
and its NIL i:BwBIp1) was an expected one, while the effect of
the Blp1 locus (controlling melanin accumulation in the bar-
ley ear) on these parameters was shown for the first time. The
negative effect of melanin accumulation in ear tissues on the
weight of 1000 seeds was small and depended on growth con-
ditions: it was more pronounced in seeds harvested in the
field but not in the greenhouse. To determine whether this
effect on weight is related to grain size, a comparison of two-
dimensional linear parameters of seeds between the NILs
was performed here by image analysis.

Unlike seed length and area, the width of seeds was af-
fected by factor genotype. The parameter was on average
greater in noncolored ‘Bowman’ than in the black-grained
line. Even though the same factors affected the weight of
1000 seeds and seed width, there was no correlation between
these parameters. Moreover, seed weight did not correlate
with any two-dimensional linear parameters of seeds (length,
width, and area of seeds), while there were strong positive
correlations among the linear parameters. Earlier, a depen-
dence of the volume of wheat and barley seeds on the death
and to a lesser extent on the width of seeds was demonstrated
(Hughes et al,, 2019). Different contributions of morphomet-
ric parameters to seed shape and as a consequence to seed
volume and weight may explain the absence of associations
between seed weight and the two-dimensional parameters of
seeds assessed here.

The size of seeds is determined by the accumulation of as-
similates originating from photosynthetically active tissues of
plants, including ear tissues such as the husk and awns (Bra-
zel, O’Maoiléidigh, 2019). As a possible explanation of the
negative impact of melanogenesis on the weight and size of
barley seeds, one can consider declining photosynthetic pro-
cesses in chloroplasts of the ear tissues accumulating mela-
nins. This notion is supported by downregulation of photo-
synthesis-related genes in the melanin-accumulating
i:BwBIp1 line in comparison to control ‘Bowman’ plants as
evidenced by high-throughput RNA sequencing (Glagoleva
etal,, 2017).

Conclusion

For the first time, attempts were undertaken to evaluate
the influence of pigmentation and of the gene controlling it
on yield-related parameters of seeds such as weight and
size. Some negative effects of melanin presence in ear tis-

sues on the weight of 1000 seeds and their width were iden-
tified. The negative effect of the Blp1 locus on seed weight
and size did not manifest itself in all trials (i.e., vegetation
seasons and study sites) and was dependent on growth con-
ditions in different years. The observed negative impact of
the BIp1 locus on seed weight and size may be mediated by
an interfering chloroplast activity and/or by the accumula-
tion of assimilates via melanogenesis. Additional research is
necessary to investigate the interaction of melanin synthe-
sis and photosynthetic activity of the tissues accumulating
this pigment.

The study was funded by the Russian Science Foundation,
Grant No. 19-76-00018. The growing of barley plants at the
Greenhouse Facility was supported by ICG SB RAS Project No.
0259-2021-0012.

HccenedosaHnue evinosHeHo npu noddepicke Poccuiickozo
HayuHozo ¢oHoa, epaHm Ne19-76-00018. BeipawusaHue
pacmenull 8 menauuHom komnsaekce LKII «/luep» 6bl10
noddepoicaHo 6t0dxcemuvim npoekmom HULul” CO PAH Ne0259-
2021-0012.
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G.N. TARASOVA, L. A. KOTOV, D. D. TELEZHINSKIY

Ural Federal Agricultural Research Center,
Ural Branch of the RAS,

112, bldg. A, Belinskogo St.,

Yekaterinburg 620142, Russia
sadovodnauka@mail.ru

PacuimpeHue copTHMeHTa 3a CYeT CO3/JaHHsI HOBBIX BBICOKO-
aJJallTUBHBIX COPTOB — OCHOBHas 33/ja4ya CeJIeKL[MH IpyIIH Ha
CpepneM Ypase. HaubGoJsiee 3Ha4YMMBble X035IMCTBEHHO Li€H-
Hble IPU3HAKU: 3MMOCTOMKOCTB, ypOKaHHOCTD, XOpolllee Ka-
4eCTBO MJI0A0B. B HacTosLee BpeMsl palOHMPOBaHHBIN COp-
TUMeHT A5 CpefiHero YpaJja BKJIlo4YaeT 1IecTb cOpToB. Kpo-
Me TOro, IecTb COPTOB NPOXoAAT [ocyjapcTBEeHHOE COPTOUC-
nbiTaHue. OJUH U3 HUX — HOBBIHU copT rpywu ‘Tauc’ (cesek-
LHOHHBbIA HoMep [JJI-33-104), pe3ynbTaT CKpeLUBaHUSA
[JwoiiMmoBouka x YKanna g’Apk. Copt ‘Tauc’ HaxoJUTCs B COp-
ToU3y4yeHUU Ha CBepAJIOBCKON CesleKIMOHHOM CTaHLMHU Ca-
poBogcTBa (r. Ekatepun6ypr) c 2006 roga. XapakTepusyeT-
cs1 XOpolllel 3MMOCTOMKOCTBIO, CKOPOILJIOAHOCTbI0. CpefHss
ypoxaitHocTb B Bo3pacte 10-14 jet - 94,2 1/ra, Makcu-
MasibHas - 198,1 u/ra. [1y104bI )KeAThle, XOPOLIEro CAaAKOro
BKyca, Maccoit 94 r. CozeprkaHue cyxoro Bemlecta - 11,9%,
caxapoB - 9,0%, TutpyeMbix kucaot - 0,4%. B 2017 rogy no
pe3y/bTaTaM MHOTOJIETHUX UCCJIeJOBAHUHN HOBBIH COPT Ipy-
i ‘Tauc’ nepegal B [ocyaapcTBEHHOE COPTOUCIIBITAHHE.

KiroueBsle cioBa: Pyrus ussuriensis, ceJleKLisl, COpTOU3yue-
HHUe, [ocyAapcTBeHHOE COPTOMCIBITAHHUE.

Expanding the assortment through the development of new
highly adaptable cultivars is the main task of pear breeding in
the Middle Urals. The most significant agronomic traits are
winter hardiness, high fruit yield, and good fruit quality. The
zoned pear assortment for the Middle Urals includes six culti-
vars. Six more cultivars now undergo the State Variety Trials.
One of them is the new pear cultivar ‘Tais’ (breeding number
DL-33-104), the result of crossing Dyuymovochka x Zhanna
d’Ark. Cv. ‘Tais’ has been in variety studies at Sverdlovsk Hor-
ticultural Breeding Station (Yekaterinburg) since 2006. The
new cultivar is characterized by good winter hardiness and
productivity. The average yield at the age of 10-14 years is
9.42 tons per hectare, while the maximum yield is 19.81 t/ha.
Fruits are yellow, with a good sweet taste, weighing 94 g. The
content of dry matter is 11.9%, sugars 9.0%, and titratable
acids 0.4%. According to the results of long-term research,
the new pear cultivar ‘Tais’ was submitted to the State Variety
Trials in 2017.

Key words: Pyrus ussuriensis, breeding, variety studies, State
Variety Trials.

BBeaenue

COKHOCTH BO3JeJIbIBAHUS KYJbTYpbl rpymu Ha Cpex-
HeM Ypasie 06yCJIOBJIEHbBI 0COOEHHOCTAMHU KJIMMaTHYeCKUX
ycJoBUH pervoHa. OCHOBHbIE JIUMUTHpYIOIHE GAKTOPHI —
MOBpeXalolie 3uMHUe TeMnepaTypbl Hxe —30°C; KopoT-
KUH BereTalMOHHBIA NepUoJ, NpPoJoKUTeNbHOCTbI0 109-
119 nHeli; HU3KasA CyMMa aKTHUBHBIX TeMnepaTyp - 1600-
1800°C. (Agroclimatic conditions..., 1978). B HacTosiiee Bpe-
Ms pallOHMPOBAHHBINA COPTUMEHT KYJIbTYPbl IpeACTaBJIEH
LIeCTbI0 COPTaMH, BKJIIOYEHHBIMU B [ocyapcTBeHHBIN pe-
eCTp CeJIEKIIMOHHBIX JOCTKeHUH PO B mepuox 2002-
2013 rr.: ‘Bepe xentas, ‘Tanuna, /[lo6psHka, ‘3apedHas),
‘TBupon’, ‘Tlepmsauka’. (State Register..., 2020). Eue mects Ho-
BBIX COPTOB MPOXOJAT [0CyAapCcTBEHHOE COPTOUCIBITAHUE.
B ux uncise - copt ‘Tauc’.

Ma’repnan U ME€TOAUKA

MecTto mpoBeseHus ucciefoBaHUN: CBepA/OBCKas ce-
JIeKIIMOHHAsA CTaHIMA CaZl0BOACTBA — CTPYKTYPHOE INojpa-
3/iesieHde YpasibCcKoro ¢efepaJbHOr0 arpapHoOro Hay4yHo-
HCCJIeIOBATeNbCKOTO LIeHTPa YpalbCKOTO oTAesieHus Poc-
CUHCKOM aKaJleMUHU HayK, Ha YHUKaJIbHOW HAy4YHO! YCTAHOB-
Ke KOJIJIEKLIMH KUBBIX PACTEHHH OTKPBLITOro rpyHTa «leHo-

bOoHA NJIOJOBBIX, ATOAHBIX U JeKOPAaTHUBHBIX KYJbTYp Ha
Cpennem Ypase» (r. EkaTepuH6ypr).

06'beKT UcCIef0BaHUN — HOBBIH copT rpyuu ‘Tauc’ (ce-
JIeKMOHHBbIA HOMeD /1J1-33-104), mosiyyeHHBIH OT CKpeILu-
BaHuA 1995 roga: /JlrolimoBoyka x XKanHa a’Apk. ['ox moce-
Ba - 1996, rox BcTynJieHud B jofoHoweHue — 2004, rox
oT60opa 3uTHOrO cesiHIa — 2004. B kauecTBe KOHTPOJIbHO-
ro BeI6paH padOHUPOBAHHBIN copT ‘BepexeHas’ (MckyccT-
BeHHas paJuoMyTanus ot copta ‘bepexenrtas’) - nosgHe-
OCEeHHEro CpoKa CO3peBaHUs, 3UMOCTOHKUH, BBICOKOYPO-
»alHBIH, C II04aMu Xopouero Bkyca (Sedov, 2007). Pa6o-
Ta NMPOBOJMUJIACH COTJIACHO OOLIeNpUHATON MeTouKe (Se-
dov, Ogoltsova, 1999). PacteHus Bbicaxkenbl B 2006 roay no
cxeMe 6 x 2,5M, MOJBOM - CeAHIBl YCCYPUHCKOW TpyLId
(Pyrus ussuriensis Maxim.).

Pe3y/bTaThl M MX 06CYXKAEHNE

Pe3y/nbTaThl MHOrOJIETHUX HA6JIIOfIEHUH B CPaBHEHHUH
C KOHTPOJIbHBIM COPTOM HpeJCTaBJeHb! B Tabaule. B ycio-
BHUsX I. EkaTepuHGypra copT ‘Tauc’ xapakTepusyeTcs: XOpo-
el 3MMOCTOMKOCTBIO HAa YPOBHE KOHTPOJIbHOTO copTa ‘Be-
pexenas’ (k). B2010 rogy mocse AJUTENbHBIX MOPO30B
B fIHBape ¢ MUHUMyMoM -35,5°C ObliM OTMeYeHbI ciabble
HIOBPEXEHHs OHOJIETHUX 106ETr0B U reHepaTHUBHBIX I09eK

TPY/IbI 110 IPUKJIAJITHONM BOTAHUKE, TEHETHUKE Y CEJIEKLIMHY 182 (2), 2021



G. N. TARASOVA e L. A.KO

® D. D. TELEZHINSKIY

e 182(2),2021 »

Ta6imna. OCHOBHbIE X03AICTBEHHO-1IleHHbIe NPU3HaKH copTa rpymu ‘Tauc’ (Exkatepunbypr, 2006-2019 rr.)

Table. Main valuable agronomic characters of the pear cultivar ‘Tais’ (Yekaterinburg, 2006-2019)

IIpusHaku Coprt ‘Tauc’ Copr ‘BepexxeHast’ (KOHTPOJIb)

Cronen e
YcTON4YMBOCTD K 3acyxe cpeaHss cpenHss
OchlmaeMocCTb 3aBa3H, % 0 0
PerysisipHOCTb IO OHOLIEHUS He Pe3KO0 NepUoJUIHOe He pe3KO NepruoJuIHoe
Bospact BcTynieHus 6 5
B [IOPY IJIOAOHOIIEHUS, JIET
o sospacie 10-14 ner /e 942 695
o sospacre 10-14 nenwjra. 1981 1169
CpefHss1 Macca 104a, T 94 74
MakcuMaJibHasi Macca IJioza, © 140 120
CofeprkaHue B IJIOZAX:

cyxoro BelecTBa, % 11,9 12,6

caxapos, % 9,0 12,2

TUTPYEMBIX KUCJIOT, % 0,4 1,3

ButamuHa C, Mr% 6,7 6,5
CaxapOoKHUC/JIOTHBIA UHEKC 22,5 9,4
e e
XapakTep BKyca cJaKUn KU CJI0-C/IaJKUH
TpaHcnopTa6eJbHOCTD MJI0/I0B cpeaHss cnabas
OcHOBHOe Ha3HaYeHue copTa CTOJIOBBIN CTOJIOBBIN

y HOBOT'O COPTa; y KOHTPOJIBHOTO — OAHOJIETHUX W MHOTO-
JIETHUX N06€EroB, reHepaTUBHBIX NI0YEK.

Copt ‘Tauc’ sABIfAEeTCA CKOPONJOAHBIM, BCTYIJIEHHE
B IIJIOZIOHOIIEHHEe HA6JII0a/10Ch B BO3pacTe liecTH JjeT. [1o
cpefiHel ypoKaWHOCTH HOBBIH COPT AOCTOBEPHO NpPeBOC-
XOJUT KOHTPOJIbHBIHA copT ‘Bepexenas’ npu 95% ypoBHe
3HauuMocTH (puc. 1).

JlepeBbs copTa ‘Tauc’ cpesHepoc/ble, € OKPYI/I0H Kpo-
HOH cpejHeHd rycToThbl. OCHOBHbIE BETBHU NpPSMbBIE, KOHIBI
BeTBell HanpasJieHbl BBepX. [loGeru npsimele, cpeiHe# ToOJI-
IMHBI, 3eJIEHOBATO-KOPUYHEBBIE, ONylleHHbIe. JINCTbs Mpo-
JloJITOBaThle, JJIMHHO3A0CTPEHHbIE, 3eJIeHble C KeJTbIM OT-
TeHKOM, IVIaJIKue, OJsiecTslde, ¢ rpy6odl HepBanued. [lia-
CTHHKA JIMCTA BOTHYTasl, U30THyTa BHU3, CKpy4yeHHas. Kpaii
JIMCTA BOJIHUCTBIH, MEJIKONUIBbYATBIN. THIT IOAOHOLIEHHS —
Ha MPOCTBIX U CJI0KHBIX KOJIbYATKaX.

liBeTkH GeJible, CpefiHEr0 pa3Mepa, MeJKOYalleBUJ-
Hble, 6e3 3alaxa, C OBaJIbHbIMU JienecTkaMu. KosioHka ne-
CTUKOB JAJIMHHAfA, PbLIbLie MO BBICOTE HA OJHOM YPOBHE
C IbIJIbHUKaMH.

[lnoxp! HeogHOMepHbIe (Ko3ddunreHT Bapuanuu 14%),
cpegHero pasMmepa (BcpenHeM 94 I, MakCHMaJIbHBIM BecC —
140 r), oOKpyI/I0-KOHMYECKO! NMpaBUIbHON GOpPMEI, Ha Cpej-

Hel MIo0OHOXKe (puc.2). BopoHka oTcyTcTByeT, Gir0f1e
cpejiHee, 60po3/A4aTOe, Yalleyka OTKphITasd. Koxuua rias-
Kad, 6sectaumas. OKkpacka B MOMEHT CbeMHOH 3pesIoCTH 3e-
JIEHOBATO-KeJITasA; NOTPeOUTENbCKON 3pPEJIOCTH — 30JI0TH-
cTo-KesiTass 6e3 MOKPOBHOW OKpacKH. [1ofKOKHbIE TOYKH
MHOTOYHCJIEHHbIE, KPYIIHblE, KODUYHEBbIE, XOPOIIO 3aMeT-
HBIE.

MsAKOTb KpeMoBas, CpeiHeH JIOTHOCTH, CpeJiHel KOHCH-
CTEHIIUH, KPYyITHO3EPHUCTAs, COYHasl. BKyc J1040B XOpoLIuii,
Ha ypoBHe copTa ‘Bepexenas’ (k). [lo cogepkaHuio caxapoB
Y CyXUX PAacTBOPUMBIX BeLeCTB B IJIojax copT ‘Tauc’ He-
CKOJIBKO yCTyTNaeT KOHTPOJbHOMY COPTY (cM. Tabsuny). B To
e BpeMs coJiepKaHHe TUTPYEMbIX KHCJIOT B IJIOZAaX HOBOI'O
copTa 3HAYUTEJIbHO HUXXE, a CAXapOKHUCIOTHBIN UHAEKC (0T-
HOLIeHHe caxapa/TUTpPyeMble KHUCJOTbI) 3HAYUTEJbHO BbI-
we: 22,5 y ‘Tauc’ 19,4 y koHTposbHOro coprta. CooTBeT-
CTBEHHO, IIJIOJ[bl OT/IMYAIOTCA 110 XapaKTepy BKyca: ClIaiKue
y copta ‘Tauc’ u kucno-cnagkue y copta ‘bBepexenas’ (k).
B ycnoBusax EkaTepun6ypra no/bl HOBOro COpTa MOAJIeXaT
cbopy B cepeAyHe CEHTAOpS W cpa3y rOTOBBI K IOTpeGJie-
HHUIO, @ TaKXKe CIIOCOGHBI XPaHUTBCSA B TeYeHHe Mecsla.

CuurraeM, uTo copT ‘Tauc’ MOXeT CTaTb JOCTOHHBIM IIO-
MOJIHEHHWEM COPTHUMeHTA Ipyuu Ha CpesiHeM Ypaite.
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Puc. 1. YpoxaitHocTb copToB ‘Tauc’ u ‘bepexxenas’ (Ekarepun6ypr, 2015-2019 rr.)

Fig. 1. Yield of cvs. ‘Tais’ and ‘Berezhenaya’ (Yekaterinburg, 2015-2019)

sm

Puc. 2. Ilnogsl copta ‘Tauc’ (poto /. /I. TesexkMHCKOTO)

Fig. 2. Fruits of cv. ‘Tais’ (photo by D. D. Telezhinskiy)
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3akiyeHue

CorsiacHO pe3yJbTaTaM MHOLOJIETHUX HCCJeJ0Ba-
HUH, NpoOBeJIeHHBbIX B yCJOBUAX T. EkaTepuHOypra, Ho-
BbIH copT rpywu ‘Tanc’ xapakTepusyeTcs CKOPOIJIOAHO-
CTbIO, XOpollel 3HMMOCTOHKOCTbIO U ypOXKAWHOCTHIO.
[Tnoab! KpacuBOH GOpPMBI, KeJThle, 6€3 pyMAHIA, Caaj-
KOTro BKyCa, UMEIT epuoj noTpebieHus okoso 30 JHeH.
B 2017 ropy copT nepesaH B ['ocysapcTBeHHOe COPTOUC-
nbITaHUE.

HccnedosaHust 8bIn0HeHbl 8 pAMKAX 20CY0APCMBEHHO20
3adanusi PI'BHY Yp®AHHL] YPO PAH Hanpassenus 150 Ilpo-
epammvl PHHU 2ocydapcmeeHHbix akademull Hayk Ha 2021-
2030 ea.

The research was performed in the framework of the State
Task for the Ural Federal Agricultural Research Center, UB RAS,
under Guideline 150 of the Federal Scientific Research Program
of the State Academies of Sciences for 2021-2030.
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‘Vychegodsky’: a new potato cultivar
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AxTyanbHOCTb. B cTaThe npuBeseHa mHpopmanus o 3a-
BEPIIEHHOM 3Tale CeJeKIMOHHOIr0 MpoLecca, MPOoBeJieH-
Horo Ha 6a3e UHcTHUTyTa arpo6uoTexHosoruit ULl Komu
HIL ¥pO PAH (Poccus, Pecniy6sinka Komuy, r. CEIKTBIBKAp),
B pe3ysibTaTe KOTOPOro MOJIyYeH HOBBIA CpeZHepaHHHUH
copT KapTodeJis CTOJIOBOro Ha3HaYeHUs - ‘Beryerogckuii’.
CopT moJsiydeH myTeM KOHTPOJHUPYEMOTO CKpelIMBaHUS
copToB-poauTeseil CBuTaHok Kuesckuit x Amageyc. Jlan-
HBIH COPT MpoLIes KOMIIJIEKCHYIO OIleHKY Ha OCHOBHBIE XO-
3HCTBEHHO IleHHble TPU3HAKH U TeHeTUYeCKUH CKPUHUHT
Ha yCTOMYMBOCTD K paKy, HeMaTo/e, BupycaM X 4 Y.
MaTepuaJjibl M MeTOAbI. B 2020 r. mo uToram npous3BOACT-
BeHHbIX HUcnblTaHUU 2017-2019 rr. mpoBeieHO UTOrOBOE
ONMCaHWe HOBOI'O copTa KapTodeJsisi CTOJIOBOr0 Ha3Haye-
HUs ‘Beluerofckuii’. B kauecTBe CpaBHUTEJBHOrO CTaH-
JapTa BbIOpaH palioHUpoBaHHBIA copT ‘HeBckuit'. Uccae-
JIOBaHMWSI NPOBOJUJIH HA ONBITHBIX NMOJIIX MHCTUTYTA B Ille-
CTHUIOJILHOM KYJIbTYPHOM CeBOO60POTE, YTO 06ecrnedynBa-
€T BBICOKOE IJIOJ[0PO/iHe NOYBEI 6€3 UCI0/Ib30BaHUsI MUHe-
paJIbHBIX U OpraHuvyecKux yzno6peHui. [lousa - fepHOBO-
nozgzoaucTtas. [locagky ocymectBigaauno cxeme 70 x 30 cm
Ha ry6uHy 8-10 cM, MJI0IaAb ONBITHOM JeAHKH — 52,5 M?
(250 ks1y6Heil), TOBTOPHOCTh YeThIpeXKpaTHas.
Pe3ysbTaThl. CpesijHepaHHUHN cOpT ‘Bbryerosckuii’ MOXXHO
XapaKTepHU30BaTh CJleAYIOIINUM o0pa3oM. PacTeHue mps-
MocTosyee, 50-65 cM B BBICOTY, KJYOHU OKPYIJIO-0BaJIb-
HOH GOpPMBI, OKpacka KOXYpBbI JKeJTas, MIKOTb CBETJIO-
Kestast. UccieloBaHUSIMU YCTaHOBJIEHO, YTO 110 XO35HCT-
BEHHO IIeHHBIM NIPU3HAKaM B yc10BUAX Pecny6inku Komu
copT ‘Beluerojckuii’ mpeBOCXOJUT cOpT-cTaHAapT ‘Hes-
ckuit’. YpoxaitHocTb - 34,3 T/ra, Macca TOBapHOTro KJyo6-
He - 55,1 1. ComepxxkaHue kpaxmaJa - 15,7%, cyxoro Belie-
ctBa - 24,1%, Butamuna C - 11,2 mr%. CopT 06J1aZ1aeT BbI-
COKOH MO0JIEBOH YCTOWYHMBOCTBIO K OCHOBHBIM 00JIe3HAM
KapTodess, a TAKXKe UMeeT reHeTHYeCKH 00y CJIOBJIEHHY 0
YCTOWYHUBOCTBD K paKy ¥ 30JI0TUCTON KapTodesbHOU HeMa-
Toze.

3ak/0yeHne. TakuM o6pa3omM, HoJIydeH HOBBIM COPT Kap-
Todess1, BKJIIOYeHHbIH B [ocyjapcTBEHHBIN peecTp ceJiek-
IIMOHHBIX AOCTHXXeHU# Poccutickoit Penepanuu.

KitoueBble ciioBa: Solanum tuberosum, ypo>xalHOCTb, Ka-
4YeCTBO, YCTOHYUBOCTE, 60JI€3HH, paK, HEMaToAa, BUPYC.

Background. The presented information refers to the com-
pleted stage of the breeding process carried out at the Insti-
tute of Agrobiotechnologies (Syktyvkar) that led to the de-
velopment of a new mid-early table potato variety - ‘Vyche-
godsky’. This cultivar was obtained from controlled cross-
ing of cvs. Svitanok Kievsky x Amadeus. The new variety
underwent a comprehensive assessment for the main agro-
nomic traits and genetic screening for resistance to
wart disease, nematode, and viruses X and Y.

Materials and methods. In 2020, according to the results
of production tests performed in 2017-2019, the descrip-
tion of the new cv. ‘Vychegodsky’ was finalized. The regis-
tered cv. ‘Nevsky’ was chosen as the reference. The study
was conducted in the Institute’s experiment fields with
asix-field crop rotation, which ensured high soil fertility
without the use of mineral or organic fertilizers. The soil
was soddy-podzolic. The planting scheme was 70 x 30 cm, at
adepth of 8-10 cm, over the experimental plot area of
52.5 m? (250 tubers), with four replications.

Results. The mid-early cultivar ‘Vychegodsky’ is described
as follows: the plantis erect, 50-65 cm in height; tubers are
roundish-oval, with yellow skin color and light yellow flesh.
The studies have shown that in its agronomic traits in the
Republic of Komi cv. ‘Vychegodsky’ exceeds the reference
cv. ‘Nevsky'. Its yield is 34.3 t/ha, and its marketable tuber
weight 55.1 g; it contains 15.7% of starch, 24.1% of dry mat-
ter, and 11.2 mg% of vitamin C. The cultivar demonstrates
high field resistance to major potato diseases, and geneti-
cally determined resistance to wart disease and golden po-
tato nematode.

Conclusion. Thus, a new potato cultivar has been released
and included into the State Register of Selection Achieve-
ments (National List of the Russian Federation).

Key words: Solanum tuberosum, yield, quality, resistance,
diseases, wart disease, nematode, virus.
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BBegenue

CoBpeMeHHBIN CeJIeKLMOHHBIA mpolecc KapTodes
npeAycMaTpUBaeT BCECTOPOHHee ero uaydeHue. [lepen no-
Jadell copTa [JiJig ero peructpauuy B [ocynapcTBeHHBIN pe-
eCTp CeJIeKIIMOHHBIX JOCTMXKEHMH [O/DKHA HPOBOAUTHCS
KOMILJIEKCHAs OL[eHKa 110 YPOXKAaHHOCTH U KAa4eCTBY KJIYOHEH,
YCTOWYMBOCTH K GOJIE3HAM, BBINOJIHAETCS TeHeTH4YeCKUuH
CKPpMHMHT Ha HaJlMyuMe MapKepoB reHOB, OTBeYalLIMX 3a
YCTOWYMBOCTD K PaKy, HeMaTo/e, BupycaM X, Y u IpyruM 6o-
JIe3HAM, B TOM 4McJje KapaHTUHHBbIM (Bykova etal, 2017;
Khiutti et al., 2017; Sintsova, 2019).

B Xoze cesileKIIMOHHOIO Ipolecca K copTaM MpegbsBs-
I0TCsl onpefiesieHHble Tpe6oBaHus (Lynch et al., 2008; Clough
etal, 2010; Sergeeva et al,, 2014; Simakov et al., 2017; Kor-
shunov etal., 2018; da Silva etal,, 2019). [lna Pecny6anku
KoMy, B 4acTHOCTH, BaXKHa CeJIeKI[Usl COPTOB, 06J1a/Jal0IIUX
onpejieJIeHHbIMM KadyecTBaMH{, TAKUMHM KaK CPOK CO3peBa-
Hus 70-90 gHel, yCTOWYHUBOCTh KaK K 3aCyXe, TaK W U30bI-
TOYHOMY yBJAXHEHHI0O 10 BceM ¢as3aM pPa3BUTUA
(Shmorgunov etal., 2016). To ke caMoe OTHOCUTCS H K pac-
npefie/leHUI0 Tella B epuoJ, Beretauuu. [losgHue BeceH-
HYe U paHHUe OCeHHHUe (MHOT/A B cepeJiMHe aBIycTa) 3aMo-
PO3KH CIOCOGHBI KaK MOTyOUTh MOJIOZbIe TOGErH, TaK U I0-
BpeJUThb pacTeHHUsI BO BpeMsl Habopa KJIyOHSIMH TOBApHOH
Macchl. Ha ¢oHe HeyCcTOMYMBBIX TeMIepaTyp 4acThl BCIIbILI-
KW TakKux 3a00JieBaHUH, Kak OUTOPTOPO3, PU30KTOHHO3
Y ajnbTepHapuo3 (Anisimov, 2009; Shmorgunov et al.,, 2017).

HHCcTUTyTOM arpo6uorexHosorui OUL Komu HIL
YpO PAH (Poccus, Pecny6amka KoMy, r. CEIKTBIBKAp) BbI-
BeJleH HOBBIH CTOJIOBBIM cOpT KapTodens ‘Boluerofckui’
(Shmorgunov etal., 2012; Tulinov, 2015; Tulinov, Konkin,
2016). [lo uToram cesieKIIMOHHON paboThl copT ‘Beryeron-
CKUH’ ITOKa3aJ CBOIO aJallTUBHOCTB K YCJI0BUAM Pecny611-
ku Komu, ero cpefjHsisg yporkallHOCTb cocTaBuia 27,2 T/ra,
reHeTU4eCKMM CKPUHMHIOM BBbISIBJIEHA PE3UCTEHTHOCTb
K paKy U 30J0THUCTOH KapTodenbHOH HeMmatoze (Tulinov,
Lobanov, 2020). WToroBoe omnucaHue copTa NpPOBeAeHO
B 2020 r. B cpaBHEHUH ¢ copTOoM ‘HeBCKUH'.

MaTtepuaj ¥ METOAbI

Kny6Hu BeicaxkuBasu 3 ioHA 2020 I. Ha ONBITHOM I0JIe
HHCTUTYTA C IoAAePpXaHHWEeM LIeCTUIIOJIbBHOIO KYJIbTYPHO-
ro ceBoo60poOTa, YTO 06ecrneyrMBaeT BbICOKOE MJIOJ0POANeE
[OYBbLI 0€3 MCIO0JIb30BaHUHA MHWHEPAJIbHbIX U OpraHvuye-
CKUX yAo6peHuit. [louBa JepHOBO-NOA30JUCTAS, TYMyca —
3,4% (I'OCT 26213-91). Cozep>kaHHe OCHOBHBIX TUTATEb-
HbIX 3JeMeHTOB: N o - 90 mr/kr (F'OCT 26107-84); P,0 -
597,5 mr/kr; K,0 - 103,7 mr/kr noysel (FOCT 26207-91).
[Mocagky ocymectBasau no cxeme 70 x 30 Ha IyOUHY
8-10 cM, muiowa/ib ONbITHOM JeassHKY — 52,5 M? (250 Ki1y6-
Hell), TOBTOPHOCTB YeThbIpexkpaTHas (Dospekhov, 1979).

HCCJIe[[OBaHI/IH npoBeaeHbl B MIUTOMHUKE JUHAMUY€ECKO-
ro UCNBITAHUSI COPTOB, B KOTOPOM YCTOMYMBOCTb GOTBBI
Y KiIyOHel kapTodeis k 60se3HsM (puTodPTOpPO3, asIbTEpPHA-
pr03, PU30KTOHHMO3, Maplia OOGbIKHOBEHHasl) ompefeseHa
corylacHo 6aJIJIOBOM LiKase: 1 - oueHb HU3Kas, 3 - HU3Kas,
5 - cpenHss, 7 - BbICcOKas, 9 — oueHb Bbicokas (Simakov et al.,
2006). B kauecTBe KOHTpPOJISI MCIOJIB30BAJM IMIMPOKO pac-
IPOCTPAaHEHHBIN CpefiHEPaHHUN COPT CTOJIOBOI'O Ha3Haue-
Hus ‘HeBckuit, paioHupoBaHHbIHN A 1-ro (CeBepHOro) pe-
rMoHa Bo3jesblBaHus KapTodens PO (State Register...,
2019). Y4eT ypoxxkaiiHOCTH U ppaKLMOHHOTO COCTaBa KJyo-
Hell npoBesin Ha 65 u 85 feHb nmocsie nocaaku. Ha 85 neHp
OCYLIeCTBUJIM IIOJIHYI0 YOOPKY ypoxasi ¢ nmocjeAywouieil 3a-

KJaZKON Ha XpaHeHHe U XMMHU4YeCKUM aHa/au3 KJIy6HeH Ha
conepkanue cyxoro BemectBa (I'OCT 27548-97), kpaxmasna
(FOCT 7194-81), Butamuna C (I'OCT 24556-89), HUTpaTOB
(F'OCT 13496.19-93).

OneHKka Ky/JMHApHBIX KayecTB CTOJIOBOTO KapTodeJs
MpOBe/ieHa COTJIACHO GYKBEHHOU IlKasie: A — caJlaTHBIHA THII,
b - ynuBepcanbubiii Tul, C - My4HUCTBIN TUI, [| - CUJIBHO
My4yHHCTBIH THH (Simakov et al.,, 2006).

[eHeTHYeCKU CKPUHUHT Ha BbISIBJIEHHE Pe3UCTEHTHOC-
TH K PaKy U 30JI0TUCTON KapTodesbHOI HeMaTo/ie TpoBeJieH
Hay4YHO-NpOU3BOACTBeHHOW KoMnaHueln 000 «CuHTOMI»
(Operator’s manual...,, 2017; Reagent kit user guide...,, 2018;
Reagent kit user manual..., 2018; Instructions..., 2019).

[ToroxHble ycnoBus B 2020 r. 66111 He6GIarONPUATHBIMU
JJs BcxofoB KapTodesns. CpefHeMecsayHass TeMIepaTypa
HI0HA cocTasdaaa 14,8°C, 4To Ha OAMH I'PaAlyC HUXKe HOPMBI.
Hoynble TeMnepaTypsl onyckanuce fo 1°C. [Ipu aToMm ocag-
KOB BBINIAJIO B JiBa pa3a MeHbIle, yeM 06bIYHO (41 MM mpu
HopMe B 74 MM). Uwosb BblJaICS Ype3BBIYANHO >KapKHUM.
CpenHemecayHasa TeMmmepartypa coctaBuia 20,0°C, 4yTto Ha
2,5°C BbIllIe CpeJHEMHOTOJIETHUX 3HAYEHUU; IPU 3TOM 3a-
¢duKcHpoBaH abCOMIOTHBIN PEKOP/ MO0 TeMIIepaType 3a BeCh
nepuoj MeTeoHabswaeHui — 30,3°C. Ha poHe BbICOKOU TeM-
nepaTypsl ¥ MaJoro KoJu4decTBa ocagkoB (79% oT HOpMBI)
CUJIBHOE pa3BUTHE MOJYYUJI albTepHapHo3. B aBrycre Tem-
nepaTtypa BollJIa B KJIMMAaTHYECKYI0 HOPMY, OZAHAKO OCaJKH
GBI BCe TAK »Ke HIKe MHOTOJIETHUX IToKa3zaTtesel (75 Mm) -
71 mM. Oc1abieHHBIE HIOJIBCKOM Xapoi, Ha GOoHe CHIKEHHUS
CpeiHECYTOYHOH TeMIlepaTypbl U MOBbILIEHUSI KOJIUYeCTBa
0CaJIKOB, paCTeHHs CTa/M aKTHBHO MopaxaTbcs puTOPTO-
pPO30M U PU30KTOHHO30M.

PESYJIbTaTbI H 06cy)lq(elme

‘Beryerofickuii’ - cpeiHeEpaHHUM COPT KapTodesisi CTOJI0-
BOro Ha3HaueHUs. COpPT NoJyyeH NyTeM KOHTPOJIUPYEMOTO
CKpelUBaHUs COpTOB-poguTesert CBUTaHOK KueBckuit x
Amagzeyc (puc. 1). PacteHue npsiMmocTosiuee, HU3KOH BbICOThI
(50-65 cM), c MPOMEKYTOYHBIM THUIIOM O6JIUCTBEHHOCTH, 110
BpPeMEHH CO3peBaHMs — CPeJHEro Cpoka; KIyOHU OKpPYIJIO-
O0BaJIbHOW $OPMBI, THIT KOXKYPbI IVIaJKUH, OKpacKa KOXKypbl
KeJITast, [JIa3KH MeJIKOU ITyOUHBI, OKpacka OCHOBAaHUS I/1a3-
Ka CUHfS, MSAKOTb CBETJ/IO-XKeJITasl, aHTOLHaHOBasA OKpacka
KOXYpbl B peaKIMH Ha CBET CpeHsIs.

[lo KyJMHApHBIM KadyecTBaM 3TO COPT CTOJIOBOrO Ha-
3HavyeHwus, Tun C (Simakov etal., 2006), My4yHUCTBIN (1pU-
roJieH /J1s1 IOpe Y 3aneKaHus), A/ KOTOPOTo XapaKTepHa
CpeHsis pa3BapUBaeMOCTb IOBEPXHOCTH KJIyOHS, MATKas
KOHCHUCTEHLUSI, HEKOTOpasi CyXOBaTOCTh, CJaboxecTKas
CTPYKTYypa.

AHanus cTpyKTypbl GOopMUpPOBaHUS KJIyOHeH KapTode-
Jisl, KOTOpPbIA mpoBesd Ha 65 u 85 geHb mocjie MOCaAKU
(puc. 2), nokasaJ, 4YTo K IepBoMy y4eTy o6a copTa GopMUpy-
10T B cpefiHeM 12-13 k/1y6HEH, HO ecJIM Macca O HOI0 KJy0-
Ha kapTodesns copta ‘HeBckuil’ Ha 65 eHb cocTaB/sieT
26,41, unu 60% ot cpefHel Macchl KayGHs, HA 85 AeHb -
45,91, unu 40%, To y HoBOro copTa ‘Belyeroackuii’ Ha6JIIO-
Jasacb 06paTHOe COOTHOLIeHHWe: Ha 65 feHb - 23,41, Win
40%, a Ha 85 gaenb HabswoAeHud — 55,1, uiu 60%. Takum
06pa3oM, OCHOBHOH ypoxkal craHjapTa ¢opmupoBascs
K 65 IHI0, a Aajiblle LieJ1 MOCTeNeHHbId HAabop Macchl, B TO
BpeMs Kak ‘Brruerofickuii’ ”YHTEHCMBHO HabHpasl TOBAPHYIO
YPOXKaWHOCTb B MOCJeJHUE [BajJillaTb JHEW BereTaluu.
B yc0BUSIX )KapKOT0 U CyXOro HI0JIs, a TakXKe 6oJiee 6Jaro-
HNPUATHOTO aBTyCTa 3TO 0Ka3aJ/Io CyLeCTBEeHHOe BJIHsSHKE Ha
HUTOrOBBIN ypokail (puc. 3).
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Puc. 1. PacteHue copta kapTode,isa ‘Bbruerogckuii’ B IMTOMHUKE JUHAMHUY€ECKOTO UCIIBITAHUS
Ha 85 geHb ot nocagku, 2020 r. (boTo aBTOPOB)

Fig. 1. A plant of the potato cultivar ‘Vychegodsky’ in the dynamic trial nursery
on the 85th day after planting, 2020 (photo by the authors)

60

‘ Bblueroackui
u HeBckui, st

65-1 AeHb OT 85-i1 AeHb oT 65-i1 AeHb OT 85-i1 AeHb oT
nocazku nocagku nocagku nocagku

CpepHee Ko/iM4ecTBo KaybHel B KycTe, WT. CpeaHaa macca 04HOro KNybHs, r

Puc. 2. CTpyKTypa ypoKasi uccjieJyeMbIX COpTOB KapTodesis B NMTOMHUKe JUHAMUYECKOro ucnbitTanus, 2020 r.
Fig. 2. Yield structure of the tested potato cultivars in the dynamic trial nursery, 2020
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Eciv k 65 faHIO BereTalu KOHTPOJIbHbINA cOpT ‘HeBCcKkui’
IPeBOCXOAUJ COPT ‘Brrueropackuil’ mo ypokailHocTH Ha
1,9 T/ra, To K 85 AHIO HOBBIH COPT MPEBOCXOUJI CTAaHAAPT HA
5,3 T/ra, 4eMy crnoco6CTBOBajia BolIeAIIas B KJMMaTH4e-
CKYI0 HOpPMY IIOT0/ia aBryCTa.

[IpoBeneHHble paHee uccienoBanus (Tulinov, Lobanov,
2020) mokaszanu, 4yTO copT ‘Bbryerofckuil’ mpeBOCXOAHUJ
CTaHAApPT N0 COAEPaHUIO Cyxoro BeuiectBa Ha 1,2%, kpax-
Masia - Ha 0,5%, a mo copepkanuto ButamuHa C - Ha 0,7 Mmr%
(puc. 4).

[oropnble yciaoBust 2020 r. cnoco6CTBOBaJIN Pa3BUTHIO
6oJsie3Hel Ha copTe-cTtaHzapTte ‘HeBckuii'. [lepBoe mosiBie-
HUe aJbTepHApHU03a OTMeuyeHO B (pa3y LIBETEHHUS, B IEPHO[
HIOJIbCKOU 3acyxu. B fasbHe#eM Ha pacTeHUsX HabJIOAa-

JIOCb yMepeHHOe pa3BHUTHe 6oJsie3HU. UToromast ycTondu-
BOCTb - 10 7 6a/1oB (g0 25% mnopakeHHOW MOBEPXHOCTHU
savcTbeB). [lepBble npu3Haky GUTOPTOPO3a U PU3OKTOHHUO-
3a OTMeYeHbl B Hayajle aBrycta Ha GoHe CHMKEeHUs CpejiHe-
CYyTOYHOH TeMIepaTypbl Y INOBBIIIEHHUS KOJHWYECTBA OCak-
KOB, IpH 3TOM $UTOPTOPO3 0CO6EHHO aKTHBHO Pa3BUBAJICH
B TeYeHHe NePBBIX ABYX HeJle/lb U Nopa3uJ 6OJIbLIYIO YacThb
pacteHuil. B nepron y6opku nopaxenue kiay6Hel kapTode-
Jisl TapIoi 06bIKHOBEHHOH GBbII0 yMEpPEHHbIM — SI3BbI 3aHU-
Maau 10 10% moBepxXHOCTH KJIyOHEH, yCTOWYMBOCTb K pu-
TodTope cpeaHssa — 5 6amnoB (cuMnToMbl GUTOPTOPO3a OT-
MeveHbl y 50% K1yOHEH).

HoBbl#i copT ‘Beruerofckuii, HanpoTHB, MPOJEMOHCTPH-
poBaJl BBICOKYI0 YCTOMYMBOCTb K ZJAHHBIM 0OoJie3HsM. Tak,
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YpoxalHocTb, T/ra

Puc. 3. [loka3aTeu YpOoKaHHOCTH UCC/IeAyeMbIX COPTOB KapTodeJis
B MUTOMHUKE JUHAMHY€ECKOro ucnbiTaHusa, 2020 r.

Fig. 3. Yield parameters of the tested potato cultivars in the dynamic trial nursery, 2020

30

25

20 -

10 +

Cyxoe BeLLecTBo, %

Kpaxman, %

E Bblueroackuii
u Hesckuii, st

ButamuH C, mr%

Puc. 4. XuMHYeCKHH cOCTaB KJy6Hel kapTodens (mo A. I. TysimHoBy, A. 10. J/lo6aHoBy, 2020)

Fig. 4. Chemical composition of potato tubers (from A. G. Tulinov, A. Yu. Lobanov, 2020)
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A.T. TYIHHOB e A.10.J/IOBAHOB

asibTepHapuo3 U GUTOPTOPO3 HA GOTBE HE OLLIU OOHAPYXKE-
HBbI B [IepHO/] BereTaluy, a eAMHUYHbIe ATHA duTOdTOpO3a
OTMeYeHbI TOJIbKO Ha 65 IeHb [ocJie TOCaAKK BO BpeMs Iep-
Bo¥ Konku. Kiy6Hu napuioi 1 duToPpTOpo3oM Takxke He I0-
pakasIuCh.

TakuM o6pa3oM, ypoxkallHOCTb U Ka4ecTBO KJIyOHEeH HO-
BOTrO copTa KapTodeJis ‘Beruerofckuii, mpeBblllaIe KOH-
TPOJIb, MO’KHO CBSI3aTh C BBICOKOH I10JIEBOW PE3UCTEHTHOC-
TBIO K 60JIe3HSIM.

PaHee mpoBeJieHHble MOJIEKY/ISIPHO-T€HETHUYECKHE HC-
cnepoBanus JHK Ha Hasmmuue 10 MapkepoB reHOB YCTOHYH-

BOCTH IOKa3a/u: OTCYTCTBHE MapKepoB YCTOMYMBOCTH K Y-
Bupycy kaptodess (RYSC3, Ry186, YES3-3A); Hannuue psja
MapKepoB YCTOMYMBOCTU K 30JI0TUCTOU KapTodesbHOU He-
martoze (TG689, 57R, N195, Grol-4-1; rensnt H1, Grol-4); ot-
CYyTCTBHE MapKepa yCTOMYUBOCTHU K 6JieIHON KapTodeabHOU
HeMmaTtoge (Gpa2-2, reH GpaZ2); HalM4YMe MapKepa yCTONYH-
BOCTH K paky kapTodess (NL25; ren Senl); oTcyTcTBHE Map-
Kepa yCcTOMYMBOCTH K X-BUpycy KapTodesnsa (PVX reH Rx1)
(Tulinov, Lobanov, 2020).

HToroBasi cpaBHUTe/IbHAsA XapaKTEPUCTHKA [IByX COPTOB
npejcTaBJieHa B Tab/IHIIe.

Ta61una. OCHOBHbIE X031 CTBEHHO LileHHbIe MPU3HAKU KapTodes copTa ‘Berueroackuii’

Table. Main agronomic characteristics of cv. ‘Vychegodsky’

INapameTpsbl CopT Berueroackuu Copt HeBckui, cTaHAAPT
Mopd¢osiornyeckue ¥ 610J10rudecKre 0CO6eHHOCTH
Cpok co3peBaHUsd CpefHepaHHUH CpefHepaHHUI
Pactenue [IpsmocTosiuee, [IpsmMocTosiuee,
BbIcOTOM 50-65 cM BbIcoTOM 40-50 cM
dopma kiayoHEH OkpyrJi0-oBaJibHasA OkpyrJi0-oBajibHasA
LiBeT KOXypbl K1yGHEeH Kentbiii CBeT/10-KeJIThIN
[iBeT MAKOTH CBeTyio-xentas Kpemogas
KosnyecTBo KIy6HEH, IIT./KyCT 12-13 12-13
ToBapHoCTB, % 97% 80%
YpoxxalHoOCTb, T/Ta 34,3 29,0
CpeaHss Macca TOBapHOIO KJAy6HS, T 45-51 43-45
YcTOWYMBOCTD KJIyOHEH K MeXaHUYeCKUM Boicokas Bricokas
HNOBPEXAEHUAM
XUMHYECKHHA COCTAaB KJIy6GHEeH U NOTpeGuTeIbCKIE KayecTBa
Kpaxmain, % 15,7 15,2
Cyxoe BelecTBO, % 24,1 22,9
ButamuH C, Mr% 11,2 9,9
Hurtpatsl, Mr/kr 71 70
Bkyc Xopowmuit Xopowuit
KynvHapHble kayecTBa (THI) C C
[loTeMHeHHEe MAKOTH OTCYTCTBYET OTCYTCTBYET
YcToi4MBOCTD K 60/1€3HAM
Pak kapTodens YcTonuus YcToiuus
3oJsioTHcTas KapTodesbHass HEMAToAa Ycroituus Heycroiuus
dutodropos (6oTBa) 8 6ass10B 5 6ass1oB
dutodropos (kay6HU) 9 6aJ10B 5 6asioB
[Tapiia 06bIKHOBEHHAs 9 6aJ110B 5 6ass10B
Pu30oKTOHNO3 9 6aJ10B 5-7 6anioB
AnbrepHapuo3s 9 6aJ110B 5-7 6ann0B
JlexKKOCTb IpU XpaHEHUHU CpepHasa Xopoas

TPY/IbI 110 IPUKJIAJITHOWM BOTAHUKE, TEHETHUKE Y CEJIEKLIMHY 182 (2), 2021




A. G. TULINOV e A.YU. LOBANOV

. 182(2),2021 o

3ak/nloueHue

B pesysabTaTe cesleKLIMOHHOTO NpoLiecca Noay4yeH HOBbIU
cpeHepaHHUU copT KapTodesis CTOJOBOTO Ha3HAYEHUS
‘Beruerogckuit’. JlaHHBIA COPT MO BCEM XO3SIMCTBEHHO L|€H-
HBIM IpU3HaKaM B ycjaoBUAX Pecny6snky Komu npeBocxo-
JUT COPT-cTaHAapT ‘HeBCcKUN' U UMeeT ciieAylolye xapaKTe-
PUCTHKU: ypoxKalHOCTb - 34,3 T/ra, Macca TOBapHOTo KJIy6-
He - 55,1 1, cogepxaHue kpaxmasa - 15,7%, cyxoro BelecT-
Ba - 24,1%, ButamuHa C - 11,2 mr%; o6/1aZjaeT BbICOKOH I0-
JIEBOH YCTOMYMBOCTBIO K OCHOBHBIM 00JIE3HAM KapTodeJs,
a TaKXXe UMeeT reHeTHYECKH 00YC/I0BJIEHHYI0 YCTOMUUBOCTD
K paky (reH Sen 1) u 30/10THCTON KapTodeabHOH HeMaTofe
(rennl H1, Gro1-4). CoptT ‘Bbryeroackuit’ BkJodeH B [ocyzap-
CTBEHHbIN peecTp CeJIeKLIMOHHBIX JOCTUKEHUH, [ONyILleH-
HBIX K HCIIOJIb30BaHUI0 B Poccuiickoit ®enepanumu.

Paboma evinosxena npu noddepicke MuHobpHayku P®
8 pamkax IocydapcmeeHHozo 3adaHusi Ne 0333-2019-0008-C-
01, Pez. Ne HUOKTP AAAA-A19-119031390055-1 u l'ocydap-
cmeeHH020 3adaHust N2 0412-2019-0051, Peze. Ne HHOKTP AA-
AA-A20-120022790009-4.
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AxTyaabHocTb. Co3/jJaHre U BHEJJpeHHE B IPOU3BOJICTBO
COPTOB YHHUBEPCAJbHOTO HCHOJb30BaHHUSA, KOTOPBIE CIIO-
co6HBI yzoBaeTBOpATh notpe6HocTH AIIK B KOpMax pas-
JIMYHOTO THIA, a MUIEBOH NMPOMBILIJIEHHOCTH — B ChIpbE,
SABJIAETCA aKTyaJbHOM mnpobGsemMoil. Bosbmoill uHTepec
B3TOM IJIaHE MpeJACTaBJsIeT HOBBIM COPT OBCAa SIPOBOTO
‘To60JIK’, KOTOPBIK OT/IMYAETCsI BEICOKMM ypOo)KaeM 3epHa
Y 3eJIeHOH MaccChl.

MaTepuaJjibl 1 MeToAbl. CopT co3zaH B HayyHo-uccienoBa-
TEeJIbCKOM MHCTHUTYTE CeJIbCKOro xo3sicTBa CeBepHoro 3ay-
panbs - ¢uimane TromeHckoro HayyHoro neHtpa COPAH
MeTO/Z0M TMOPUH3ALHHU C TOC/TeAYI0IUM 0T60pOM U3 Trub-
puzHoM nonyaAnuy TaéxHuk x OpHOH.

PesyabsraTthl. CopT cpe/iHeCnebIH, OT BCXOJL0B 10 BOCKOBOM
cnesiocty — 71-83 cyT.,; cpeAHEpOCbIH, BbICOTA pacTeHUN —
89,6-120,2 cM, yCTOWYMB K MOJIETaHUIO. Ypoxkalh 3epHa
B cpeJiHeM 3a rojpl usydeHus (2014-2019) B ycioBusx ce-
BepHoM Jiecoctenu ToMeHCKOH 06J1acTH cocTaBua 5,88 T/ra
(+0,41 T/ra x cTaHAapTy). MakcHMaJbHBIA ypoXKal 3epHa
(7,97 T/ra) 6b11 nosyyeH B 2019 r. Ha HuxxkHe-TaBAMHCKOM
coproydactke TromeHckoi o6sactu. Copt popmMHupoBaa
BBICOKOHATypHOe 3epHo (459,5-527,0 r/n) ¢ HU3KOU NJIEH-
yaTocThio (22,1-25,1%). Ypoxali 3e1eHOH Macchbl B 3aBUCH-
MOCTH OT yCJOBUH BblpallluBaHUs BapbupoBaJ oT 31,4 fo
47,3 T/ra ¥ cocTaBuJ B cpesiHeM 3a 2014-2019 rr. 37,7 T/ra
(+7,3 T/ra k cTranAapTy). C60p cyxoro BellecTBa B CpeJjHEM
6b11 11,76 T/ra (+1,54 T/ra K cCTAaHAAPTY) Y KOJleGaJICs OT
8,62 no 14,56 t/ra.

3akJroueHnue. HoBblit copT oBca sipoBoro ‘To6ossiK’ yHH-
BepCaJIbHOTO UCII0JIb30BaHUsI BHECEH B ['ocyjapcTBEHHBIN
peecTp ceJleKIIMOHHBIX AocTHXeHu ¢ 2020 roaa no 10, 11
u 12 perunonam Poccutickoit ®enepanuu.

KnwuesBsble c10Ba: KOpMOBO€ Ha3HA4Y€HHe, ypOH(aﬁHOCTb,
Ka4eCTBO 3€pHa, MOpCl)OJ'IOl"I/I‘leCKI/Ie IPpHU3HAKH.

Background. An urgent problem is the development and
introduction of cultivars for universal use that can meet the
demand of animal husbandry for various types of feed and
that of food industry for raw materials. Of great interest in
this regard is “Tobolyak’, a new spring oat cultivar charac-
terized by a high yield of grain and green biomass.
Materials and methods. The cultivar was developed at the
Research Institute of Agriculture for the Northern Trans-
Urals, abranch of the Tyumen Scientific Centre, Siberian
Branch of the RAS, using hybridization techniques with sub-
sequent selection. The cultivars used as source material for
hybridization were ‘Tayoznik’ (Narym Agricultural Station,
Tomsk Province) and ‘Orion’ (Siberian Research Institute of
Agriculture, Omsk Province).

Results. It is a mid-ripening cultivar, with the growing sea-
son of 71 to 83 days from sprouting to wax ripeness; its
plants are medium-tall (89.6 to 120.2 cm), and resistant to
lodging. The average grain yield for the years of study
(2014-2019) under the environmental conditions of the
northern forest-steppe (Tyumen Province) was 5.88 t/ha
(+0.41 t/ha to the reference). The maximum grain yield
(7.97 t/ha) was obtained in 2019 at the Lower Tavda Variety
Testing Plot, Tyumen Province. The cultivar formed a grain
with the test weight of 459.5-527.0 g/1 and a low hull con-
tent of 22.1-25.1%. The yield of green biomass varied from
31.4 to 47.3 t/ha, depending on the growing conditions, and
averaged 37.7 t/hain 2014-2019 (+7.3 t/ha to the reference).
Dry matter harvest averaged 11.76 t/ha (+1.54 t/ha to the
reference), ranging from 8.62 to 14.56 t/ha.

Conclusion. The new spring oat cultivar ‘“Tobolyak’ for uni-
versal use has been listed the State Register for Selection
Achievements since 2020 and recommended for cultivation
in regions 10, 11 and 12 of the Russian Federation.

Key words: feed purposes, yield, grain quality, morpholo-
gical characteristics.

BBeaeHue

OBec - 0/]Ha U3 OCHOBHBIX 3€pPHOBBIX KyJbTyp Poccuii-
ckol Pesepanuy, B ToM uncie Cubupu u JaapHero BocToka
(Fomina et al,, 2018; Sadimantara et al.,, 2018). OH coueTaeT
MUTaTe/JbHbIE U IleJIeOHble CBONMCTBA C BbICOKOH CTENEeHbI0
a/IalTUBHOCTH K YCJOBUSIM BO3/€JIbIBAHUS, CIIOCOGEH MPO-
M3pacTaTb He TOJBKO Ha OKYJbTYPEHHBbIX I0YBaX, HO
Y B YCJIOBUSIX HU3KOI'0 €CTECTBEHHOIO IJIOJOPOJUS, UMEET

60JIblII0e 3HAYEHHE B CO3JaHUM HAZIEXKHOU KOPMOBOH 6a3bl
’KUBOTHOBO/ZICTBA, a TaK)Ke B 0GecrnevyeHUM JJed MpoJo-
BoJibcTBHEM (Batalova et al,, 2008; Gao et al,, 2019).
Heo6xoAMMBIM yC/IOBHEM MOBBIIIEHHSI YPOXKaMHOCTU
Y KadecTBa 3epHa oBca (Ivanova etal, 2018; Abd-Elmabod
etal, 2019), HapsaAy c COBepIIEHCTBOBAHUEM TEXHOJIOTUU
BO3/le/IbIBAHUS, CAeAyeT NMPU3HATh CO3JaHUe U BHeApeHue
B MIPOU3BOACTBO HOBBIX COPTOB, COYETAKUIUX BBICOKYIO I1O-
TeHLUAJbHYIO0 NPOAYKTUBHOCTb C YCTOMYHUBOCTBIO K eHCT-
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BUI0 a6MOTHYECKUX U GMOTHYECKHX CTPECCOB B KOHKPETHBIX
MPUPOJHO-KJIMMATHYeCKUX ycaoBUsAX (Zechner, 2001; Surin
2011; Fomina, 2015; Ivanova et al,, 2017). AKTyasibHOH p06-
JIeMOH OCTaeTCs MOMCK HOBBIX I€HOTHUIIOB OBCA C y/Iy4llIeH-
HOU NUTaTeJbHOU IleHHOoCcThIo (Myszka, Boros, 2013).

3a nocaeanue rogbl B [ocynapcTBEHHBIN peecTp cesek-
LMOHHBIX JOCTHKEeHUH BKJIIOUEHO 3HAYUTEIbHOE KOJIMYeCT-
BO HOBBIX, BBICOKOTIPOAYKTUBHBIX COPTOB OBCa, B TOM YHCJIe
cosanHbix B HUMCX CeBepHoro 3aypasibsd U peKOMeH[0-
BaHHBIX [JIs1 BO3/leJIbIBaHUs B psjie perMoHoB Poccuiickoi
Gepepanun (Ypaneckuit, 3anagHo-Cubupckuii, BocTouyHo-
Cubupckuii v JJabHeBOCTOYHbIN). AKTya/IbHOU NMPO6IEMOH
SIBJISIETCS CO3/laHUe U BHeJpeHHe B IPOU3BOJCTBO COPTOB
YHHUBePCaJbHOI'0 UCIOJIb30BaHHsl, KOTOPbIE CTIOCOGHBI Y/,0B-
JIeTBOpATh noTpe6HocTH AIIK B KOpMax pas/IMYHOro THUIA,
a NULeBOY IPOMBIILJIIEHHOCTH — B CbIpbe. boJb1I0M HHTepec
B 3TOM IlJIaHe NpeJCTaBisgeT HOBbIA BBICOKONIPOAYKTHBHBIN
copT oBca sipoBoro ‘To60JIsIK, KOTOpbIA GOpPMHUPOBAJ 3ePHO
C BBICOKHMH TEXHOJIOTHYECKHMH CBOMCTBAMH.

lleav Hacmosweli pabomvl - OUEHUTh GHUOJIOTHYECKUE,
arpoHOMHYeCKHe, TEXHOJIOTHYeCKHe, GMOXHMUYeCKHe MoKa-
3aTes1 U MopdoJIorHyecKre MPpU3HAKKU HOBOTO COPTA IPOBO-
ro osca ‘To6osK.

MaTepl/laJIbl U MeTOoAbl

JKcreprMeHTaJbHasA 4acTb paboOThl MPOBOAMIACE HA
onbiTHOM mosie HUMCX CeBepHoro 3aypasnbs (ToMeHckas
06J1aCcTh, ceBepHas JiecocTenb) B 2014-2019 rr. [louBa cepas
JleCHasl TSDKeJIOCYTJIMHUCTAsA ONoA30seHHast. MOIHOCTD Na-
XOTHOI0 ropu3oHTa — 18-30 cM, coepkaHue rymyca B II0UBe
(o Tropuny, 'OCT 23740-79) - 1,50-4,75%, pH cosieBoi#i BbI-
TsDKKH (110 AsisiMoBckoMy) — 5,5-6,8. CoseprkaHre HUTPAaTHO-
ro asora (mo pagHaBanb-JIsky) - 6,6-7,9 MT/KT MOYBBHI,
noJBMXHBIX ¢opM (1o Yupukony) docdopa - 19,8-24,5, ka-
ausi — 19,0-20,6 mr/100 r noyBsl. [IpeAniecTBEHHUK - SpO-
Bad NIIeHuna.

B nporecce 3kcnepuMeHTa 6bLIM HCNOJIb30BaHbI JaH-
Hple OM 1. TromeHb. ArpoMeTeopoJsiOTHUYeCKHEe YCJIO0BUA
BTroJbl NpoBefeHUs ucciaefoBanHus (2014-2019) 3Hauu-
TeJBHO Pa3/N4aINCh MeXAY CO60H U OTJIMYATUCh OT Cpej-
HEMHOTOJIETHUX JJaHHBIX KaK 110 TeMIIePaTyYPHOMY PEXUMY,

Tobonak

TaK U [0 KOJIMYECTBY BbINABIIHUX OCAZKOB. ITO MO3BOJIUJIO
JlaTb GoJiee MOJIHYIO OlLeHKy copTy ‘ToGoJsisiKk’ B IpUpPO/HO-
KJIMMaTH4Y€eCKHX yC10BUsAX CeBepHOro 3aypasbsi.

CeJIeKLIMOHHYI0 TPOPaAbOTKy MaTepuasa BeJd Mo obiie-
NpUHATOU cxeMe. O1leHKa ¥ 0TGOpP 06pa3LOoB C 33JJaHHBIMU
napaMeTpaMM Ha BCeX 3Talax CeJeKLIMOHHOro Ipolecca
npoBoguay no Metoguke BUP (Loskutov et al., 2012) 1 MmeTo-
AUKe FOCyﬂapCTBEHHOﬁ KOMHCCHUH 110 COPTOUCIHBITAaHUIO
cesibCKOX03s1icTBeHHBbIX Ky/abTyp (Fedin, 1989). Xumunuyec-
KHH COCTaB U TeXHOJIOTMYeCKHe KayecTBa 3epHa onpejeJis-
JIU B aHa/JIuTU4YecKo# yabopatopun HUUCX CeBepHoro 3a-
ypasbs. CogepkaHue 6esiKa B 3epHe oNpeesiiii $OTOKOJIO0-
puMetpudeckuM MeTozoM (Kurkaev etal, 1977), conepxa-
HHUe »xHupa - Ha ycraHoBKe J37K-101 MeTo/0M 3KCTparupoBa-
HUd (no PymkoBckoMy), cofeprkaHue KpaxMmasa — MOJISPH-
MeTpuyeckuM MetozoM (I'OCT 10845-98).

CraTucTuyeckas o6paboTKa JaHHBIX IPOBEJIeHa 10 Me-
ToJuKe noJjieBoro onbiTa (Dospekhov, 1985) c ucnosib3oBa-
HHeM [aKeTa NMPUKJIAJHbIX TporpamMM Microsoft Excel u Sne-
dekor (Sorokin, 2004).

B kayecTBe HCXOAHOrO MaTepHasja IMOCIYKUJIU COpTa
‘TaéxHuk’ (HapsiMckas I'CC, Tomckas o6uactb), ‘Opuon’
(Cu6HUHUCX, Omckast 06/1aCTh).

PESYJIbTaTbI u 06cy>Kael-me

Copt ‘To6ossak’ (TM08-179-9) cozpan B HUMCX Cegep-
HOro 3aypajibsg MeTOJOM TMOPHUAM3ALUM C [OCAeLYIOLUM
WHJMBUAYAJbHBIM OTOGOPOM M3 THOPHUJHON MNOMYJSLUU
Taéxuux x Opuon (F,) (pucyHok).

B nponecce cesieKIIMOHHON POpPabOTKHU pPa3HbIX IIOKOJIE-
nui (F,-F ) nanHoi momynsauuu 6610 OlleHEHO 679 JTUHUH,
N3 KOTOPBIX NATHb AOLIJIH O KOHKYPCHOTI'O COPTOMCIIBITAHUA
(ta6a.1). Jluuus TMO08-179-9 B 2017 r. 6bl1a NepeaHa Ha
rocyAapcTBEHHOE COPTOUCHBITaHME MoJ Ha3BaHUeM «To6o-
JISTK.

Mopdgonozuueckoe onucavue copma. Bun Avena sativa L.
var. mutica Alef. Kyct npsimocTosiuui. OnyueHue Bjaaraauina
HIKHUX JINCTbEB OTCYTCTBYeT WJIM O4YeHb ciaboe. Omylue-
HHE KpaeB JIMCTAa HUXKe (I)JIaI‘OBOFO OTCYTCTBYET WJIXU OYE€Hb
cnaboe. OnylieHHue BEpXHETO y3Ja CcTebJist OTCyTCTBYyeT. Ha-
npaBJieHHe BeTBeH MeTeJIKH JBYCTOPOHHee, FOPHU30HTaJb-

T

TaeKHUK

OpuoH

1.0. (CnoHTaHHBbIA rHOpUA) / \

OmMcku# KopMoOBO# 1 X

Pucrpo (llIBeiinapus)

30/10TOM J0XKAb
H.0.
Knuarad CA3345 Ilanaek x Cusy
(Kanaga) (Tonranaus)
PucyHok. PogocioBHas copta oBca sipoBoro ‘To60/1sak’
Figure. Pedigree of the spring oat cultivar ‘Tobolyak’
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Ta6iuna 1. [IpopaGoTKa HCXOAHOT0 MaTepuasia U3 ru6puaHou nonynsauuu Taéxuuk x Opuon (F,-F,)

Table 1. Development of the source material from the hybrid population Tayozhnik x Orion (F,-F,)

O1LeHEHO CeJIEKIIMOHHBIX THHUMI
Ce/IeKIMOHHBIN IMTOMHUK / (coptoB), WIT. /
Breeding nursery Number of tested breeding lines
(cultivars), pcs
CesleKLIMOHHBIN NUTOMHUK I-ro roga (CII-1) / 679
Breeding nursery of the 1th year
CeseKIMOHHBIN NUTOMHUK lI-ro roza (CII-2) /
. 79
Breeding nursery of the 2nd year
KouTposbHbi# nuToMHUK (KIT) / 41
Control nursery
[IpenBapuTenbHOE copToucnbiTanue ([ICH) / 16
Preliminary variety trials
KonkypcHoe coptoucneitanue (KCH) / 5
Competitive variety trials
TocynapcTBeHHOe copToucnbiTanue (I'CH) / 1
State crop variety trials
BKJIFOUEHO B roCyZapCTBEHHBIN PeeCTp CeJeKIIMOHHBIX OCTHXKEHUH / 1
Included in the State Register for Selection Achievements

Hoe. PacnosioxxeHne K0JIOCKOB NOHMKJoe. KosockoBasi de-
1y KOpPOTKas, MMeeT CUJIbHbIM BOCKOBOH HaseT. [lepBas
3epHOBKA Ha HIDKHEH IIBETKOBOH yellye UMeeT cJabbli Boc-
KOBOU HaJleT. 3epHO cpe/lHel KPyNMHOCTHU yJJINHEHHOU $op-
Mbl. Macca 1000 cemsH - 31,6-35,6 . 3epHOBKa IJIOTHO 3a-
KpbITA B LIBETOYHOU IJIEHKe 0esioil oKpacku. TeHAeHLHUs
K OCTUCTOCTH y [IepBOM 3epHOBKH OTCYTCTBYeT WJIM OYeHb
cnabas. OnyieHre COMHKM HUXKHEH IIBETKOBOM 4ellyH OT-
cytcTByeT. OCHOBaHHE TEPBOM 3epHOBKU (€3 OMyllIeHHs,
WJIM OHO 04eHb cyaboe. [lepBast 3epHOBKA UMEET CTEP)KEHEK
cpesiHe! JIIMHBI.

Buosiozuueckue u xossaticmeerHule ceoticmea copma. Copt
YHHUBePCAJbHOI'0 UCNIO/b30BaHHUs (Ha 3epHO U 3eJIeHYI0 Mac-
Cy), cpeiHecCnesIbIN ¢ Kosie6aHusAMH o rojam ot 71 go 83 cy-
ToK (Tab.. 2).

OH ¢opmupoBan pacTeHue cpefHed BbicoThl (89,6-
120,2 cM) ¢ TpOYHOMU, YCTOWYHUBOU K MOJIETAHUIO COJIOMUHOM,
He yCcTynas 10 3TUM [T0Ka3aTessiM CTaHAapTHOMY copTy ‘OT-
paaa’

CopT oT/IM4aJICs BBICOKUM YPOXKaeM 3epHa U 3eJIeHOH
Maccel. [loTeHManbHas ypoxalHocTb - 6osee 7,5 T/ra.
MakcuMabHBIN ypoxkal 3epHa (7,97 T/ra) 661y noayyeH
B 2019 r. na HuxHe-TaBguHCKOM copToy4acTke TroMeH-
CKOH 00J1acTH. YpoxKkal 3epHa B CpeZHEM 3a TOZbl U3yde-
HUA (2014-2019) Ha 3aKJIOYUTENbHOM 3Talle CeJeKIU-
OHHOTO mpolecca (KOHKypCHOe COPTOUCHBITAHHE) B yC-
JIOBUSIX CeBepHOU JiecocTenu TroMeHCKOH 06J1acTH cocTa-
BuJ 5,88 T/ra npu ypoxae copra-crtaHaapta ‘Orpajga’ -
5,47 T/ra (+0,41 T/ra).

CopT uMeJ1 AO0CTAaTOYHO BBICOKHUH BBIXOJ 3epHa (cpeHUN
noxasaresib K =37,4% c ammintyznon KoJiebaHui ot 29,4
110 43,3%).

Ypoxxaii 3eJleHOM Macchl B 3aBUCUMOCTH OT YCJIOBUH Bbl-
paumBaHus BapbupoBas ot 31,4 go 47,3 T/ra U cocTaBUI

B cpefHeM 3a 2014-2019 rr. 37,7 T/ra (+7,3 T/ra K cTanAap-
Ty ‘OTpasa’).

C6op cyxoro BemlecTBa BcpegHeM Obl1 11,76 T/ra
(+1,54 T/rak ctaHmapTy) 1 KoJsiebascs ot 8,62 f1o 14,56 T/ra.

TexHoJIOrMYecKas oljeHKa IoKa3aJja, YTO COPT CIIocobeH
dopMupoBaTh 3epHO cpefHel kpymHocTu (Macca 1000 3e-
pen - 31,6-35,6 1) c HU3KOH mJeH4YaTOCThIO (22,1-25,8%)
U I0CTAaTOYHO BBICOKOU HaTypoi (459,5-527,0 r/x).

buoxumuyeckuil aHa/Ju3 3epHa CBUJAETEJbCTBOBAJ
0 TOM, YTO JAHHBIH COPT HECKOJIbKO yCTyHasj CTaHAAPTY
(‘OTpaga’) mo cogeprkanuto 6eska (-0,63%) u xxupa (-0,92%),
HO CylIeCTBEHHO NPEeBOCXOMJI €T0 [0 COAEePXKaHUI0 KpaxMa-
ja (+1,78%) (Taba. 3).

Mo c6opy ceiporo npoTteuHa (0,826 T/ra) copt ‘To6ossak’
MpaKTUYeCcKHU He yctynas ctangapty (‘Orpaza’ - 0,828 T/ra),
MPEBOCXOAs ero no c6opy cblpoit kietyatku (+0,214 T/ra)
u cbipeix B3B (+0,619 T/ra), HO HECKOJIBKO yCTYMIaJI 10 C60pY
ceiporo xkupa (-0,04 T/ra) u o6uctBeHHoctH (-1,8%).

CopT yCTOMYHUB K OCBIIAHHUIO 3€pHA, CpPeJHeyCTON4YUB
K BeCeHHe-JIeTHeH 3acyxe. B ecTecTBeHHBIX YC/I0BHUAX NbLJIb-
HOW U NIOKPBITOX IOJIOBHEH He MOpaXKasICs.

Pe3ysnbTaThl XUMHUUYECKOTO aHaJM3a 3eJIeHOM Macchl
MoKasaJiy, 4YTO CoZlepKaHre KapOTHHA COCTABHUJIO B CPeJi-
HeM 26,13 Mr/kr (pasmax BapbuUpoBaHHUs oT 16,63 no
40,95 mr/kr), kanbnus - 0,39% (pa3max BapbUpPOBaHHUS OT
0,25 o 0,54%), pocdopa -0,28% (pa3max BapbUpOBAHUS OT
0,22 1o 0,33%).

[To pesynbTaTaM u3ydeHus copT 6611 epesaH B [ocyap-
CTBEHHOe copToucnbiTaHue 1o 4, 9, 10, 11 u 12 peruonam
Poccuiickoit ®enepanuu (Tab.. 4).

CopT ‘To60s151K’ U3y4aJicsl HAa TOCYAAapPCTBEHHBIX COPTO-
y4dacTkax B 2018 u 2019 1. CpeiHAA ypOKAaNHOCTDb 3a TOABI
HN3y4Y€eHUA B 3aBUCHUMOCTH OT 30HBI BbIpalllMuBaHUA KoJieba-
sack oT 1,43 (YensbuHckas 0641.) go 5,03 t/ra (Kuposckas
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Ta6una 2. OCHOBHbIE NIOKa3aTe U X0351liCTBEHHO LIeHHbIX MPU3HAKOB OBca sipoBoro copra ‘To60/15K),
Tiomens, 2014-2019 rr.

Table 2. Main indicators of agronomic traits of the spring oat cultivar ‘Tobolyak’, Tyumen, 2014-2019

Copra / Cultivars
IlokaszaTesnu / OTtpapa (St) / Otrada (ref.) To6o.isik / Tobolyak
Indicators

b 0 X 0

R V, % R V, %
[lepuof Beretauuy, cyT. / 76 6.4 78 54
Growing season, days 69-83 ’ 71-83 !
BricoTa pacteHui, cMm / 92,0 135 98,8 125
Plant height, cm 77,6-113,0 ’ 89,6-120,2 ’
YCTOWYMBOCTD K IOJIETaHUI0, 6as11 / 4,3 156 4,3 151
Resistance to lodging, score 3,6-5,0 ’ 3,4-5,0 ’
Ypoxait 3epHa, T/ra / 5,47 101 5,88 77
Grain yield, t/ha 4,71-6,11 ’ 5,39-6,54 ’
3epHoBoOM Ko3dduLMeHT / 40,4 185 37,4 149
Grain coefficient 25,7-46,0 ’ 29,4-43,3 ’
Yporkait 3esieHOM Macchl, T/Ta / 30,4 26.6 37,7 159
Green biomass yield, t/ha 22,9-39,4 ! 31,4-47,3 !
C6op cyxoro BellecTBa, T/ra / 10,22 161 11,76 184
Dry matter yield, t/ha 8,69-11,75 ! 8,62-14,56 !
06/1ucTBEHHOCTD, % / 46,3 44,5
Leafiness, % 37,1-54,4 158 37,3-54,1 17,2
Macca 1000 3epen, r / 35, 57 33,8 45
1000 grain weight, g 32,8-40,0 ’ 31,6-35,6 ’
Harypa 3epHa, r/n / 500,1 76 497,2 47
Grain test weight, g/1 438,3-548,0 ’ 459,5-527,0 ’
[lnenvaTtocts, %* / 24,3 75 23,9 63
Hull content, % 22,2-27,0 ’ 22,1-25,8 ’

[TpumeuaHue: X - cpepHee; R - pasmax BapbupoBaHus; V - K03GGULMEHT BapUalluu
Note: X - mean; R - range of variation; V - coefficient of variation
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Ta6smua 3. BuoxuMu4eckue noKasarte/iy 3epHa U 3eJIeHO Macchl 0Bca sipoBoro copra ‘To6ou1sK’,
TiomeHsb, 2014-2019 rr.

Table 3. Biochemical indicators of grain and green biomass of the spring oat cultivar ‘Tobolyak’, Tyumen, 2014-2019

Copra / Cultivars

Iloka3aresu / OTtpaga (St) / Otrada (ref.) To6ossk / Tobolyak
Indicators
X o X 0
R V, % R V, %
CoaepxxaHue B 3epHe / Grain contains
6eska, %** / 9,82 9,19
protein, % 7,97-10,96 115 7,00-10,20 17,6
*)upa, %** / 517 4,25
fat, % 4,40-5,64 86 3,25-4,95 14,2
KpaxmaJa, %** 49,57 77 51,35 87
starch, % 46,02-54,32 ’ 46,52-58,92 ’
CopepkaHue B 3ejieHOM Macce / Green biomass contains
KapOTHHA, MT'/Kr*** / 31,36 40.4 26,13 498
carotene, mg/kg 21,01-45,48 ’ 16,63-40,95 ’
Kanbius, %*** / 0,44 0,39
calcium, % 0,30-0,64 332 0,25-0,54 33,1
docdopa, %*** / 0,31 0,28
phosphorus, % 0,28-0,33 169 0,22-0,33 191
C6op ceIporo npoTerHa, T/ra / 0,828 234 0,826 134
Crude protein yield, t/ha 0,597-1,100 ! 0,673-0,918 !
C6op ceiporo xupa, T/ra* / 0,398 214 0,358 175
Crude fatyield, t/ha 0,301-0,507 ! 0,313-0,449 !
C6op crIpo# KJIeTYaTKH, T/Ta / 3,318 266 3,532 309
Crude fiber yield, t/ha 2,556-4,556 ! 2,513-4,822 !
C6op ceipbix B3B, T/ra* / 5,153 112 5,772 137
Crude NFE yield, t/ha 4,317-5,638 ’ 4,900-6,817 ’

[IpuMeuaHue: X - cpefHee; R - pasmax BapbupoBaHus; V - koadduuneHT Bapuanuy;
* - manubie 2016-2019 rr,, ** - nannbie 2014-2019 rr., *** - nannbie 2017-2019 rr.

Note: X - mean; R - range of variation; V - coefficient of variation;
* — data for 2016-2019, ** - data for 2014-2019, *** - data for 2017-2019
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Ta61una 4. YpoxkaitHocTb copTa ‘To60/1K’ B pernoHax Poccuiickoit ®eaepanyu, 2018-2019 rr.
Table 4. Yield of cv. ‘Tobolyak’ in the regions of the Russian Federation, 2018-2019

Ypoxkaiinocts, T/ra / Yield, t/ha
PeruoH / OTK/I0HEeHHUe OT CTaHJapTa, T/ra /
Region CpeJHuii CTaHAAPT To60JIK Deviation from the reference, t/ha
Average reference Tobolyak
Bousro-Bsarckuii (4) / B
Volgo-Vyatka (4) 441 4,36 0,05
Ypanbckuit (9) /
Urals (9) 2,67 2,70 +0,03
3amaaHo-Cubupckuii (10) /
West Siberia (10) 3,88 412 +0,24
BocTtouHo-Cubupckuii (11) /
East Siberia (11) 2,88 2,98 +0,10
JanbHeBocTOYHBIH (12) /
Far East (11) 3,66 3,98 +0,33

006.1.). Pe3ysibTaThl OLleHKHY OKa3aJu NIPEeUMYyLIeCTBO JaH-
HOTO0 copTa B psijie peruoHoB Cubupu u lanbHero Boctoka.
CyuecTBeHHOe NpPEBBILIEHNE YPOXXAaHHOCTH K CpeJHEMY
cTaHAapTy 6b110 oTMedeHo B Kemeposckoit (+0,37 T/ra),
Omckoit (+0,32 t/ra), Tomcko# (+0,48 T/ra) u TroMeHCKOH
(+0,24 t/ra) obsacTax, a Takxe B Pecnyb6iuke Caxa (Aky-
Tus) (+0,27 t/ra), [pumopckom (+0,90 T/ra) u Xab6apos-
ckoM (+0,35 1/ra) kpasx. [I[pubaBka ypoxkas K cpeaHeMy
CTaH/apTy 0 CHOMPCKUM peruonam v JlaabHeMy BocToky
KoJie6asiack ot 0,10 1o 0,33 T/ra.

B l'ocynapcTBeHHBIN peecTp CeJIeKIJMOHHBIX JJOCTHXKE-
HU# copT BHeceH ¢ 2020 roga no 10, 11 u 12 peruonam PO.

3akJ/iloueHue

CopT oBca SpoBOI0 HOBOTO MOKoJieHUs ‘To6OJIAK MOXKET
ObITh HcnoJb30BaH B AIIK g/ nmpor3BocTBa KOPMOB pas-
JINYHOTO THMA (KOHLIEHTPUPOBAaHHBIE, 3eJIeHbIE U JIP.), @ TaK-
K€ B KaueCTBe ChbIpbs JJIS MULIEBON MPOMBILIIEHHOCTH. OH
peKoMeHI0BaH /sl BO3JeJblBaHUA B 3anasHod U Bocrtou-
Ho# Cubupu u Ha [lanbHeM BocToke.

IIposederHble uccaedosanusi no co30aHuio HO8bIX COPMO8
8bINoJIHeHbl 8 coomeemcmeuu ¢ 2oczadavuem CubUpckozo
omdeseHus Poccutickoil akademuu Hayk: [IpuopumemHoe Ha-
npasaenue X.10.4. Ilpoecpamma X.10.4.150. Ilpoexm
X. 10. 4. 150.

The research on the development of new cultivars was
performed in accordance with the State Task assigned to the
Siberian Branch of the Russian Academy of Sciences: Priority
Activity X.10. 4. Program X.10. 4.150. Project X. 10. 4. 150.
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Background. Tinomiscium petiolare Hook.f. & Thomson is
amedicinal species of the family Menispermaceae. This spe-
cies is currently being intensively exploited for therapeutic
purposes. Precise and rapid identification of T. petiolare is
critical and essential for the classification, propagation, use
and conservation of its genetic resources. In recent years,
DNA barcoding has been known to be a fast and sensitive
method for identifying species at any stage of development,
using short DNA sequences. In this study we have performed
the identification of T. petiolare specimens in Vietnam based
on the sequence analysis of 4 DNA barcode loci: ITS, matk,
rbcL and rpoC.

Materials and methods. Total DNA was extracted from leaf
samples using DNeasy Plant Mini Kit. PCR amplification of
the ITS, matK, rbcL and rpoC regions was carried out on the
GeneAmp PCR System 9700 with specific primers. The puri-
fied PCR products were sequenced on the ABI 3500 Genetic
Analyzer system, using BigDye®Terminator v3.1 Cycle Se-
quencing Kit. These genetic sequences were analyzed and
compared, and a phylogenetic tree was constructed using
BioEdit, BLAST, and MEGA 6 programs.

Results and conclusion. The success rate of amplification
and sequencing was 100% for all 4 DNA barcode loci (ITS,
matK, rbcL and rpoC) in the studied specimens. The pro-
duced sequence sizes of ITS, matK, rbcL and rpoCin the spec-
imens were 574 bp, 810 bp, 527 bp and 488 bp, respectively.
Further, we identified that all studied specimens were ge-
netically related to each other and associated with the same
species T. petiolare. Overall, the results of the study gener-
ated the most complete DNA barcode database of T. petio-
lare collected in Vietnam, contributing to the taxonomy and
identification of this species.

Key words: Menispermaceae, sequence analysis, molecular
identification, ITS, matK, rbcL, rpoC.

AxtyanbHOCTb. Tinomiscium petiolare Hook.f. & Thomson
(THHOMUCIIYM YepeIiKOBbIH) — JJeKapCTBEHHBIN BU/J| CEMeN-
cTBa Menispermaceae Juss. (J/lyHOCEMAHHHUKOBBIE). ITOT BU/
B HAaCTOsIIlee BpeMsl aKTUBHO HCIIOJIb3YeTCs B JIeYeOHBIX Iie-
nax. TouHas u 6eicTpas ugeHTudukanusa T petiolare nmeeT
peliamiee 3HaYeHHe JJIs1 KaacCHUKALMY, Pa3MHOXKEHUSs,
MCIOJIb30BAHUS U COXPAaHEHUs ero reHeTUYeCKUX PecypcoB.
B nocneanue rogpl crano usBectHo, yto JHK-mrpuxkonu-
poOBaHMe SBJAAETCA GbICTPBIM K YYBCTBUTEJIBHBIM METOLOM
UJeHTUOUKALMK BUJIOB HA JIIOGOUM CTaJUU Pa3BUTHS C UC-
M0JIb30BaHUEM KOPOTKUX mnocaefoBatenbHocTed [JHK.
B 3TOM HCC/leloBaHUH MbI TPOBEIH UAEHTUUKAIIUIO 06pa3-
noB T petiolare Bo BbeTHaMe Ha OCHOBe aHaJIM3a OCIe/0Ba-
tesnbHocTed JHK-mrpuxkomoB 4 snokycoB: ITS, matK, rbcL
u rpoC.

Marepuasbl u MeToAbl. ToTanbHyo JAHK skcTparvpoBanu us
006pasioB JyucTtbeB ¢ nomonibio DNeasy Plant Mini Kit. ITL[P-
ammnukanuio ydactkos ITS, matK, rbcL v rpoC npoBoanIv
B amminpukarope GeneAmp PCR System 9700 co cnenudu-
YeCKUMHM nparMepamu. OuniieHHble npoaykThl [P cexBeHu-
poBasu ¢ nomouibto cucreMbl ABI 3500 Genetic Analyzer c uc-
noJsib3oBaHueM BigDye®Terminator v3.1 Cycle Sequencing Kit.
[losrydeHHBIE TOC/IEOBATENBHOCTH OBIIM NMPOAHAIU3HUPOBa-
HbI, CPaBHEHBI, ¥ TOCTPOEHO UJIOTeHETUYECKOE IEPEBO C I10-
Moibio nporpamm BioEdit, BLAST u MEGA 6.

Pe3ynbTaThl ¥ BLIBOABIL. CTeNeHb Pe3y/IbTaTHBHOCTH aMILIH-
dUKanMM ¥ ceKBeHHpoBaHHUs1 coctaBwaa 100% pas JIHK-
WITPUXKOJOB Bcex 4 sokycoB (ITS, matK, rbcL v rpoC) uccneny-
eMbIX 00pasioB. Pasmepsl nocienoBatenbHoctel ITS, matK,
rbcL v rpoC vccnefyeMbIx 06pa3ijoB, KOTOPbIe MbI IOJTYYUIIY,
cocrasJisiin 574 nH, 810 1H, 527 nH ¥ 488 11H COOTBETCTBEHHO.
Kpome Toro, Mbl onpeie/TUIH, 4TO BCe UCCIeiyeMble 06pa3ibl
reHeTHYeCKH CBsSI3aHBbI APYT C APYTOM U OTHOCSATCS K OLHOMY
v ToMy ke Bugy T petiolare. B nesioM pe3y/nbTaThl Hcce0Ba-
HUSl JJaId caMylo MOJIHyI0 6a3y maHHbIX o JHK-mrrpuxkone
o6pasuos T. petiolare, cobpaHHBIX BO BbeTHaMe, 4YTO C1oCo6CT-
BOBAJIO UIeHTUOUKALMH U YTOYHEHUIO TAKCOHOMHUH BUAA.

Kinw4yeBble cioBa: Menispermaceae, aHa/Ju3 I0CJ€eL0Ba-
TEeJIbHOCTH, MoJieKy/isipHas uaentudukanus, ITS, matK, rbcL,
rpoC.
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Introduction

Menispermaceae is alarge family with about 68 genera
and 440 species, including the genus Tinomiscium (Christen-
husz, Byng, 2016). Tinomiscium petiolare is a medicinal spe-
cies of the genus Tinomiscium. This species is found in China,
India, Indonesia, Malaysia, Myanmar, Papua New Guinea, Phil-
ippines, Thailand, and Vietnam (Forman, 1988; Ho, 2000;
Ghollasimood etal,, 2012). The plants grow naturally and
sparsely in mixed forests at elevations from 200 to 600 m. Ac-
cording to traditional medicine, T petiolare has the effects on
hemostasis, treatment of osteoarthritis pain, toothache, and
cardiovascular disease (Van Valkenburg, Bunyapraphatsara,
2001; Chi, 2012).

Currently, T petiolare is being intensively exploited for
therapeutic purposes. Precise and rapid identification is criti-
cal for the classification, propagation, use and conservation of
its genetic resources. Identification of this species is based on
the morphological characteristics that have been studied (Ho,
2000; Chinh et al,, 2015), but if the specimen is incomplete or
crushed, it will be difficult to ensure high accuracy of morpho-
logical identification. Therefore, in order to overcome the dis-
advantages of morphology-based biological classification, the
classification methods based on genetic materials have been
studied and developed. In molecular classification techniques,
the DNA barcode is a supporting tool for morphological clas-
sification (Hollingsworth et al., 2011). It is a modern technique
that uses short DNA sequences to standardize differentiation
between species (Kress, 2017). They have become a new tool
to serve effectively in the inspection, classification, evaluation
of genetic relationships, quality management, and origin of
biological products (Mishra et al.,, 2015; Kress, 2017). In high-
er plants, some chloroplast genome regions (such as matk,
rbcL, psbA-trnH, atpF-atpH, etc.) and nuclear genome regions
(such as ITS-rDNA, 18S, etc.) are widely used in studying phy-
logenetic relationships, species taxonomy and identification
(Kress et al., 2005; Mishra et al,, 2015; Kress, 2017). However,
for each different target group, the taxonomy of these genome
regions was different (Kress et al., 2005; Tripathi et al., 2013).

Until now, the information about the DNA barcode of
T petiolare from Vietnam has not been studied. In this study,
we carried out the identification of T petiolare specimens on
the basis of sequence analysis of 4 DNA barcode loci, namely
ITS, matK, rbcL and rpoC. At the same time, this study also
generated the database of DNA barcodes for T. petiolare plants
collected in Vietnam for GenBank (NCBI..., 1988-2021).

Materials and methods

Plant materials

For this study, a total of 4 Tinomiscium petiolare samples
were collected in Pu Luong Nature Reserve (PL1 and PL2) and
Ben En National Park (BE1 and BE2) in Thanh Hoa province,
Vietnam (Table 1). All these specimens were identified by
Dr. Hoang Van Chinh (Hong Duc University) on the basis of their
morphological characteristics. The specimens were deposited
in the herbarium of Hong Duc University (Vietnam); 0.5 g of
fresh leaves per plant sample were dried instantly in silica gel.
All specimens were stored at -20°C until processed. Also, there
were sequences downloaded from GenBank (Table 2).

DNA extraction, amplification and sequencing

Total DNA was extracted from leaf samples using
DNeasy Plant Mini Kit (Qiagen, Germany). Amplification of
the ITS, matK, rbcL and rpoC genes was carried out on the
GeneAmp PCR System 9700 with the corresponding prim-
ers (Table 3). The PCRamplification reaction was performed
in 25 plreaction mixture consisting of 12.5 pl Master mix 2x
(CWBIO, China), 0.75 ul each forward and reverse primer
(10 pM/ul), 10 pl deionized water, and 1 pl of template DNA.
The temperature cycle was as follows: one cycle of DNA de-
naturation at 94°C for 5 minutes followed by 35 cycles of
94°C for 1 minute, 52°C for 1 minute, and 72°C for 1 minute,
with the last extension for 10 minutes at 72°C. The PCR
product was tested on 0.8% agarose gel, then purified using
Gene]ET PCR Purification Kit (Thermo Fisher Scientific Co.,
USA). The sequence of DNA fragments was determined on
the ABI 3500 Genetic Analyzer system following Sanger’s
principle, with BigDye®Terminator v3.1 Cycle Sequencing
kit (Applied Biosystems Inc., USA) by sequencing directly
from PCR products.

Sequence alignment and analysis

DNA sequences were analyzed using BioEdit software
(Hall et al., 2011). All positions that contain gaps and missing
data were removed from the data set. The sequences of
4 specimens were compared with those published on Gen-
Bank (Table 2) using the BLAST tool (McGinnis, Madden,
2004). The sequences were registered on GenBank (see Ta-
ble 1 for the accession numbers). Also, there were sequences
downloaded from GenBank (Table 2). The genetic distance
and phylogenetic tree were calculated and constructed using
MEGAG®6 software (Tamura et al., 2013).

Table 1. Specimens for testing potential barcodes, and accession numbers in GenBank

Ta6ma 1. 06pa3ibl pacTeHHUit I/ HCC/IeJ0BaHUS MOTeHIMA/IbHbIX LITPUXKOAOB U HOMepa 06pa3I0B
HYKJIEOTHJHBIX NOCJIeA0BATEILHOCTEM B 6a3e AaHHbIX GenBank

Voucher GenBank accession number
b Species name Location
pumuey ITS matK rbcL rpoC
Tinomiscium Pu Luong,
PL1 . Thanh Hoa, MW147627 MW123076 MW123080 MW123084
petiolare .
Vietnam
Tinomiscium Pu Luong,
PL2 . Thanh Hoa, MW147628 MW123077 MW123081 MW123085
petiolare .
Vietnam
BE1 Tinomiscium | Ben En, Thanh | /vy 47699 MW123078 MW123082 MW123086
petiolare Hoa, Vietnam
BE2 Tinomiscium | Ben En, Thanh | /0y 47630 MW123079 MW123083 MW123087
petiolare Hoa, Vietnam
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Table 2. Sequences from GenBank as extensions for species identification
Ta6auna 2. [lociegoBaTeIbHOCTH U3 6a3bl AaHHBIX GenBank, ucnoib30BaHHbIE 4151 BUAOBOU HAeHTUPUKALMU

GenBank accession number
Species name
ITS matK rbcL rpoC
Tinomiscium petiolare HG004877, HG005005, KF181577,
p KY365658 DQ478612 EF173675
Orthogynium sp. KY365652
Burasaia madagascariensis KY365641
KY365666,
. . KY365671,
Paratinospora sagittata KY365672,
KY365673
Borismene japurensis KC494024
Burasaia apetala KC494025
. . . HQ260781,
Fibraurea tinctoria KC494035 FJ026485
Penianthus longifolius KC494046 F]j026499
Calycocarpum lyonii KC494026
. F]626591,
Anamirta cocculus KC494022 EU526983
Sphenocentrum jollyanum JN051687
Tinospora sinensis MN727386
. o NC042153,
Tinospora cordifolia MH577056
Sinomenium acutum MN626719
Menispermum canadense NC048451,
P MH298221
Menispermum dauricum NC042371,
P MH298220

Table 3. Primers used for amplification reactions in the study
Ta6.una 3. [IpaiiMepsl, HCNO/Ib30BaHHbIE AJIS aMIUTUPUKAnMU

. . Expected product
-
Locus | Primer name Primer sequences (58-32) length (bp) Reference
ITS1F TCCGTAGGTGAACCTGCGG
ITS 650 White et al.,, 1990
ITS4R TCCTCCGTCTATTGATATGC
i 1RKIM-f ACCCAGTCCATCTGGAAATCTTGGTTC 900 Ki-Joong Kim, pers.
3FKIM-r CGTACAGTACTTTTGTGTTTACGAG comm.
rbcLa-f ATGTCACCACAAACAGAGACTAAAGC Levin et al,, 2003
rbcL 600
rbcLa-r GTAAAATCAAGTCCACCRCG Kress, Erickson, 2007
rpoCF TGAGAAAACATAAGTAAACGGGC
rpoC 570 Ford et al., 2009
rpoCR GTGGATACACTTCTTGATATTGG
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Results and discussion

Total DNA extraction and amplification of gene seg-
ments

Total DNA products after extraction and purification were
examined by electrophoresis on 0.8% agarose gel. It can be
seen that the obtained DNA samples were of good quality. The
electrophoresis clearly exhibited only a DNA tape with high
molecular weight, sharpness, and quality assurance for the
next study steps.

Total DNA of the specimens, after its ultraviolet absor-
bance (OD) had been determined by a spectrophotometer,
was diluted to the concentration required to template PCR
with the specific primers (Table 3). The results of the electro-
phoresis of PCR products on 0.8% agarose gel showed that
the primers ITS, matK, rbcL and rpoC were used successfully
for amplifying desired gene segments from DNA of 4 speci-
mens and subsequent fragment cloning. Specifically, PCR
products in 4 sequence regions ITS, matK, rbcL and rpoC of
4 studied specimens had sizes of about 650 bp, 950 bp, 600 bp
and 600 bp, respectively (Fig. 1). This result is consistent with
the sequences of primers, sufficiently reliable as a basis for
reading ITS, matK, rbcL and rpoC sequences in the specimens
to serve for the next studies.

Sequence determination

After purification of PCR products, we performed ITS,
matK, rbcL and rpoC gene sequencing in 4 studied specimens
on the ABI 3500 Genetic Analyzer, using BigDye®Terminator
v3.1 Cycle Sequencing Kit. The results showed that all four
specimens were completely similar in all 4 sequences of ITS,
matK, rbcL and rpoC. The consensus ITS, matK, rbcL and rpoC
sequences for the 4 studied specimens were deduced as fol-
lows:

ITS

GTCGAATCGCAACCTTCTGGACGAGAGCCGGGCGGCCTCC
GCCTTCCCCGGTGCCTCGGCCGAAACAACAAACCCCGGCGCG
GCACGCGCCAAGGAAAACTCGAACGGAATTGGTGTGCCCGGAC
GATAGTGCATCGTCCCGGTGCCGCCGGTCTTCCGGGAAAATCTC
GAATGACTCTCGGCAACGGATATCTCGGCTCTCGCATCGAT
GAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAG
AATCCCGTGAACCATCGAGTCTTTGAACGCAAGTTGCGCCC
GAGGCCACCCGGCCGAGGGCACGTCTGCCTGGGCGTCACGC

1k B
750 bp ‘
500 bp

250 bp

- e
- e W g5

o <o 950bp

sooop > W W N N e e

GAACGCCGCTCCCGCCCCCTCGCAAGAGCGCGGACAGGAGC
GAACGTTGGCCCCCCGTGACCCGGCTCACGGTCGGCTTAAAAC
GGATCCCCCCTCGTTGCCCCGCGACGCGATCGGTGGTGGTTGAC
GGCAACCCTTACCCGCGATTGGACGACGCGACCGAGGGGCAC
GGGGGAAACGAACCCTTCGGAGAGAACTCCACGAGCGACCT
CAGGTCAGGCGGGGCCACCCGCTGAGTTTAA

matK

CTTTGCATTTATTGCGATTCTTTTTCTACGAGTATCATA
ATTGGAATAGGCTTATTACTCAAAAAAATAAATCCATTTCT
GTTTTTTCAAAAAAAGAAAATCAAAGATTATTCTT
GTTCCTATATAATTCTCATGTATATGAATGCGAATC
CATATTAGTTTTTTTCCGTAAACAATCTTTTTATTTACGATTAA
CATCTTCTAGAGCCTTTCTGGAGCGAACCCATTTCTATG
GAAAAATGGAACATCTTGTAGTAGTTTTTCAAAAC
GATTTTCAGTTTATCCTATGGTTGTTCAGGGAGCCTTTCATG
CATTATGTCAGATATCGAGGAAAATCCATTCTGGGTTCA
AAGGGGACCCTTCTTCTGATGAATAAATGGAACTATTACCTTG
TAAATTTCTGGCAATGTAATTTTGACTTGTGGTCTCAACTG
GATAGGATTTATATAACCCAATTAGCCAATCATTACTTC
GATTTTTTGGACTATCTTTCAAGTGTACGACTAAATACTTCGG
TAGTAAGGAGTCAAATGTTAGATAATTCATTTATTATGGATATT
GCGATTAAGAAGTTCGATAGTATAGTTCCAATTATTTCTTT
GATTGGATCATTGGCTAAAGCGAAATTTTGTAACGTAT
CAGGGCATCCCATTAGTAAGCCGGCTCGGGCCGATTCATCA
GATTCTGATATTATCGATAGATTTGGGCGAATATACAA
AAATCTTTCTCATTATTACAGCGGATCCTCAAAAAAAAA
TAGTTTGTATCGAATAAAGTATATACTTCGACTTTCCTGTGC
TAGAACTTTGG

rbcL

AAGATTACAAATTGACTTATTATACTCCTGACTATG
TACCCAAAGATACTGATACGCTAGCAGCATTCCGAGTAACTCCT
CAACCTGGAGTTCCGCCTGAAGAAGCGGGGGCTGCGGTAGCT
GCCGAATCTTCTACAGGTACATGGACAACTGTGTGGACCGATG
GACTTACCAGTCTTGATCGTTACAAAGGACGATGCTACGACATT
GAGCCCGTTGCTGGGGAAGAAAATCAATATATTTGTTATG
TAGCTTACCCCTTAGACCTTTTTGAAGAAGGTTCTGTTACTA
ATATGTTTACTTCCATTGTGGGTAATGTTTTTGGGTTCAAAGC
GCTACGCGCTCTACGTCTGGAGGATCTGCGAGTTCCTACTGCT
TATATTAAAACTTTCCAAGGCCCGCCTCATGGCATCCAAGTT
GAGAGAGATAAATTGAACAAGTATGGTCGTCCCCTATTGGGAT
GTACTATTAAACCAAAATTGGGATTATCCGCTAAGAACTACGG
TAGAGCAGTTTATGAATGTCTC

™ 1kb
750 bp
500 bp

250 bp

Fig. 1. DNA fragment amplification results for four studied specimens with primer pairs
specific to the ITS, matK, rbcL and rpoC loci

Puc. 1. PesyabsraThl amiimpukanum ¢parmenTos JJHK yeThipex n3y4eHHbIX 06pa3noB C MapaMHM NpaiiMepoB,
cnenpuyHbIX A4 A0KycoB ITS, matK, rbcL n rpoC
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rpoC

TTACAAGTCGTTTTCAGATGTAATTGAAGGCAAA
GAGGGAAGATTTCGCGAGACTCTGCTTGGCAAACGGGTC
GATTATTCGGGGCGTTCCGTCATTGTTGTGGGCCCTTC
GCTTTCATTAAATCGATGTGGATTGCCTCGCGAAATAG
CAATAGAGCTTTTCCAGACATTTGTCATTCGTGGTTTAAT
CAGACAACATATTGCTTCCAATATAGGGGTTGCTAAAAATA
AAATTCGGGAAAAAGAACCAATTGTGTGGGAAATAC
TTCAAGAAGTTATGCAGGGACATCCCGTATTGCTGAA
TAGAGCACCCACTCTGCATAGATTAGGCATACAGGCATTC
CAACCCATTTTAGTGGAAGGACGTGCTATTTGTTTACATC
CATTAGTTTGTAAGGGATTCAATGCAGACTTTGATGGGGAT
CAAATGGCTGTTCATGTACCTTTATCTTTGGAGGCT
CAAGCAGAGGCCCGTTTACTTATGTTTT

With 4 isolated sequences of ITS, matK, rbcL and rpoC, we
identified 4 sequences of ITS, matK, rbcL and rpoC with the
sizes 574 bp, 810 bp, 527 bp and 488 bp, respectively. Then,
we analyzed and compared them with the ITS, matK, rbcL and
rpoC sequences published in GenBank (NCBI http://www.
ncbi.nlm.nih.gov/).

Sequence analysis

After obtaining the sequences of ITS, matK, rbcL and rpoC,
we checked the similarity of the obtained sequences with
those available in GenBank using the BLAST tool (McGinnis,
Madden, 2004). In our study, the ITS, matK and rbcL sequenc-
es of the studied specimens showed a high similarity index
corresponding to the ITS, matK and rbcL sequences of T peti-
olare from GenBank. Specifically, the ITS sequence in the stud-
ied specimens showed a similarity index of 99.46-99.48%
with the ITS sequence of T. petiolare from GenBank. The matK
and rbcL sequences in the studied specimens showed a simi-

larity index of 100% with the matK and rbcL sequences of
T petiolare in GenBank. Meanwhile, when compared with the
available sequences from GenBank, the rpoC sequence of the
studied specimens showed a similarity index of 98.16% with
T sinensis. This discrepancy might be due to the fact that the
rpoC sequence data for T petiolare is not currently available in
‘GenBank. The comparison with the GenBank database aimed
to give a reference result with the group of species identical to
the query nucleotide sequence. BLAST results could not lead
to exact conclusions about species. In the cases of BLAST with
high coverage and high homology (99%), it was not possible
to revise the species name because BLAST results only
showed the homogeneous nucleotide sequence that was
available in GenBank. Since the results of BLAST showed inac-
curate points, we conducted genetic distance determination
and phylogenetic tree construction using MEGA6 software to
determine the scientific names for the tested specimens (Ta-
mura et al,, 2013). The results are presented in Table 4 and
Fig. 2.

The results in Table 4 demonstrate that the ITS, matK,
rbcL and rpoC sequences of all the studied specimens collect-
ed in Ben En and Pu Luong (Thanh Hoa, Vietnam) had no dif-
ferences. The ITS sequence of 4 studied specimens was not
significantly different (0.13% and 0.4%) compared with the
ITS sequence of T. petiolare published on GenBank with codes
HG004877 and KY365658. Meanwhile, the difference be-
tween the ITS sequence that we obtained and the ITS se-
quences of some other species in the family Menispermaceae,
published in GenBank with codes KY365652, KY365641,
KY365673, KY365672, KY365671 and KY365666, was quite
sizable. The matK and rbcL sequences produced from the
studied specimens showed no difference when compared
with matK and rbcL sequences of T petiolare published

Table 4. Comparison of the studied gene sequences with the gene sequences in GenBank
(see Table 2 for the species name)

Ta6sma 4. CpaBHUTEJIbHBIN aHAJIN3 NOC/IeA0BaTeJIbHOCTEI N3yYyaeMbIX pparMeHTOB U NOC/IeJ0BaTe/IbHOCTEH,
npe/jcTaB/IeHHbIX B 6a3e JaHHbIX GenBank (cM. BuioBble Ha3BaHUs B TabJnLe 2)

(@) ITS
E 8| 8|3 | 8|8 |8 ¢
) & = = 2 < < < < < < <
BE1
BE2 0.0000
PL1 0.0000 |0.0000
PL2 0.0000 |0.0000 |0.0000
HG004877 |0.0013 |0.0013 |0.0013 |0.0013
KY365658 | 0.0040 |0.0040 |0.0040 |0.0040 |0.0013
KY365652 |0.1598 |0.1598 |0.1598 |0.1598 |0.1623 |0.1715
KY365641 |0.1564 |0.1564 |0.1564 |0.1564 |0.1589 |0.1679 |0.0052
KY365673 | 0.1645 |0.1645 |0.1645 |0.1645 |0.1671 |0.1765 |0.0200 |0.0256
KY365672 |0.1645 |0.1645 |0.1645 |0.1645 |0.1671 |0.1765 |0.0200 |0.0256 |0.0000
KY365671 | 0.1694 [0.1694 |0.1694 [0.1694 |0.1720 |0.1818 |0.0270 |0.0327 |0.0092 |0.0092
KY365666 |0.1697 |0.1697 |0.1697 |0.1697 |0.1723 |0.1820 |0.0255 |0.0298 |0.0092 |0.0092 | 0.0188
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Table 4. Continued
Ta6uuna 4. [Ipogomxenne

(b) matK
mn
S = S 9 Q S S N
O = =) S =) S =)
= e <+ < <+ <+ <+ <
= cn ) = S cn
— N — N ] = < < ) - ) )
5] = NE - (L) (=4 (&) Q &) ] O Q
m m (% (% = (=] = = N4 = = =
BE1
BE2 0.0000
PL1 0.0000 |0.0000
PL2 0.0000 |0.0000 |0.0000

HGO005005 |0.0000 |0.0000 |0.0000 |0.0000

DQ478612 0.0000 |0.0000 |0.0000 |0.0000 |0.0000

KC494024 0.0150 |0.0150 |0.0150 |0.0150 |0.0150 |0.0156

KC494035 0.0188 |0.0188 |0.0188 |0.0188 |0.0188 |0.0195 |0.0137

KC494025 0.0188 |0.0188 |0.0188 |0.0188 |0.0188 |0.0182 |0.0125 |0.0163

KC494046 0.0126 |0.0126 |0.0126 |0.0126 |0.0126 |0.0131 |0.0075 |0.0075 |0.0088

KC494026 0.0241 |0.0241 |0.0241 |0.0241 |0.0242 |0.0250 |0.0267 |0.0280 |0.0293 |0.0192

KC494022 0.0277 |0.0277 |0.0277 |0.0277 |0.0277 |0.0274 |0.0355 |0.0381 |0.0342 |0.0293 |0.0280

(c) rbcL
= s | = | ~| E B/ S8/ 8|88 8§ 8
2| & | &2 | 2| &8 | B | 2| 2| 2| | B
BE1
BE2 0.0000
PL1 0.0000 |0.0000
PL2 0.0000 |0.0000 |0.0000

KF181577 0.0000 |0.0000 |0.0000 |0.0000

EF173675 0.0000 |0.0000 |0.0000 |0.0000 |0.0000

FJ626591 0.0057 |0.0057 |0.0057 |0.0057 |0.0057 |0.0057

JN051687 0.0019 |0.0019 |0.0019 |0.0019 |0.0019 |0.0019 |0.0077

HQ260781 0.0019 |0.0019 |0.0019 |0.0019 |0.0019 |0.0019 |0.0076 |0.0038

FJ026499 0.0019 |0.0019 |0.0019 |0.0019 |0.0019 |0.0019 |0.0077 |0.0000 |0.0038

FJ026485 0.0019 |0.0019 |0.0019 |0.0019 |0.0019 |0.0019 |0.0076 |0.0038 |0.0000 |0.0038

EU526983 0.0057 |0.0057 |0.0057 |0.0057 |0.0057 |0.0057 |0.0000 |0.0077 |0.0076 |0.0077 |0.0076
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Table 4. The end
Ta6mna 4. OKoHYaHHe

(d) rpoC
© © s = )
2 ? s & o S K -
v %) < 0 o [=o)
8 = N N = o D o
A = > = s = s s = s = s
BE1
BE2 0.0000
PL1 0.0000 |0.0000
PL2 0.0000 | 0.0000 |0.0000

MN727386 |3.9708 |3.9708 |3.9708 |3.9708

NC042153 3.9704 |3.9704 [3.9704 [3.9704 |0.0021

MH577056 |3.9704 |3.9704 |3.9704 |3.9704 |0.0021 |0.0000

MN626719 3.9660 |3.9660 [3.9660 |3.9660 |0.0237 |0.0259 |0.0259

NC048451 3.9656 |3.9656 |3.9656 |3.9656 |0.0259 |0.0281 |0.0281 |0.0021

MH298221 |3.9656 |3.9656 |3.9656 |3.9656 |0.0259 |0.0281 |0.0281 |0.0021 |0.0000

NC042371 3.9656 |3.9656 [3.9656 |[3.9656 |0.0259 |0.0281 |0.0281 |0.0021 |0.0000 |0.0000

MH298220 3.9656 |3.9656 |3.9656 |3.9656 |0.0259 |0.0281 |0.0281 |0.0021 |0.0000 |0.0000 |[0.0000

_“i KY265672 2 KC494025
bl = KC494035

KY365671
7 KY 265586 » KC494046
100 KY365652 — KC494026
KY365641 s L——— KC494022
—— HG004877 DQ478612
s9 L—— KY365658 BE1

16 BE1 _12|: BE2

— 1 e & PL1

55 PL1 s PL2
—15: PL2 —w: HG005005

(a) ITS tree (b) matK tree
1 PL2 100 PL1
: E KF181577 & 2 PL2

MNE26719

—————— BE2
L— FFi73875 " MN727386
64— JN051687 _im ’ NC042153
L FJ026499 7 MH577056
55 FJ626501 ——— NC048451

— EU526983 7 MH298221
s HQ260781 —— NC042371
{ FJ026485 17— MH298220

(¢) rbecL tree (d) rpoC trec

Fig. 2. Tree diagram showing the genetic relationship between the studied gene sequences and the gene sequences
published in GenBank (see Table 2 for the species name)

Puc. 2. lenaporpamMmma, noKasbsiBawuias poACTBO N0C/JAeA0BaTe/IbHOCTENH U3yYaeMbIX pparMeHTOB
M N0CJIel0BaTe/IbHOCTEM, IPeACcTaB/JIeHHbIX B 6a3e JaHHbIX GenBank (cM. BU/10Bble Ha3BaHUS B TaOJUIIE 2)
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in GenBank with codes HG0O05005, DQ478612, KF181577
and EF173675. Meanwhile, the matK sequence that we ob-
tained was different from the matK sequences of some other
species in the same family Menispermaceae that were pub-
lished in GenBank with codes KC494024, KC494035,
KC494025, KC494046, KC494026 and KC494022. The differ-
ence rates were 1.50%, 1.88%, 1.88%, 1.26%, 2.41% and
2.77%, respectively. For the obtained rbcL sequence, there
were differences with the rbcL sequences of some other spe-
cies in the same family Menispermaceae published in Gen-
Bank with codes FJ626591, JN051687, HQ620781, F]026499,
FJ026485 and EU526983. The difference rates were 0.57%,
0.19%, 0.19%, 0.19%, 0.19%, and 0.57%, respectively. Nota-
bly, we did not find the rpoC sequence of T. petiolare on Gen-
Bank. So, the obtained rpoC sequence was significantly dif-
ferent from the rpoC sequences of other species in the same
family Menispermaceae published in Genbank with codes
MN727386, NC042153, MH577056, MN626719, NC048451,
MH298221, NC042371 and MH298220. With these results,
we confirmed that 4 studied specimens had genetic and
species-specific relationships with T. petiolare.

Based on the identified sequences and homogenous ones
from GenBank, we also built phylogenetic trees (Fig. 2). The
results in Fig. 2 show that the ITS, matK, rbcL and rpoC se-
quences from the specimens that we collected and studied
and the genetic sequence of T. petiolare were related to the
same species and had arelatively high dissociation coeffi-
cient with other species. Therefore, the phylogenetic tree
diagram demonstrates a diversity of branching, showing
the genetic distance between the genetic sequence we ob-
tained and the genetic sequences of some species that have
been published in GenBank. The genetic sequences of the
studied plant specimens collected at Pu Luong (PL1 and
PL2) were not genetically different from those collected at
Ben En (BE1 and BE2).

The results of the study have shown that the use of DNA
barcodes is an effective method to quickly and accurately
identify medicinal plant species (Chen etal.,, 2010; Mishra
etal, 2016). Worldwide, there are also many studies that
used DNA barcodes to identify species in the family Menisper-
maceae (Balasubramani, Venkatasubramanian, 2011; Yang
etal, 2014; Osathanunkul etal., 2018; Wang etal., 2020).
However, this study is the first to use a DNA barcode to au-
thenticate T petiolare from Vietnam. Of the four markers test-
ed, ITS was arguably the most promising test region for spe-
cies identification in this study. One advantage of the ITS re-
gion is that it can be amplified into two smaller segments
(ITS1 and ITS2), therefore it is especially useful for degraded
samples (Hillis, Dixon, 1991; Chen et al., 2010; Tripathi et al.,
2013). The ITS region was also used to identify plant species
with excellent results in previous studies (Balasubramani,
Venkatasubramanian, 2011; Selvaraj et al., 2012; Thinh et al,,
2020). At the same time, the results of this study also contrib-
ute to the DNA barcode database of T. petiolare in Vietnam.

Conclusions

We have succeeded in isolating and sequencing ITS, matK,
rbcL and rpoC of the studied specimens collected at Pu Luong
and Ben En (Thanh Hoa, Vietnam). The sequence sizes of ITS,
matK, rbcL and rpoC that we obtained were 574 bp, 810 bp,
527 bp and 488 bp, respectively. The ITS, matK, rbcL and rpoC
sequences of the studied specimens collected at Pu Luong and
Ben En did not differ, showing that our specimens belonged to
the same species group. The ITS, matK, rbcL and rpoC se-
quences of the studied specimens were identified as T. petio-

lare. For the first time, the rpoC sequence of T. petiolare was
published in GenBank. The analysis also showed that there
was still a lack of data on the genetic sequence of T. petiolare
in other available databases than GenBank. Therefore, updat-
ing and supplementing molecular data about this species in
order to have a sufficient basis for comparison and identifica-
tion of plant samples is also a matter of concern and imple-
mentation.

The authors would like to thank Hong Duc University
(Vietnam) and Far Eastern Federal University (Russia) for
their support and facilitation to complete this study. The au-
thors are also grateful to the Ministry of Science and Higher
Education of the Russian Federation to provide Bui Bao Thinh
a scholarship.

Asmopbl ebipaxcarom 6aazodapHocmb  YHugepcumemy
XoHzovik (BbemHam) u [lanvHegocmouHoMy dedepansHOMy
yHueepcumemy (Poccusi) 3a noddepixcky u nomows 8 ocy-
wecmesJieHUU Hacmosiwezo uccaedoganus. Kpome moeo, as-
mopbl 6.1a200apHbl MuHucmepcmey HayKu u 8bicuiezo o6pa-
308aHus1 Poccutickoli ®edepayuu 3a npedocmasieHue cmu-
neHduu Byu Bao TxuHto.
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AKTyanbHOCTB. [I0KpOBBI 3epHa PXKU UTPAIOT [VIaBHYIO POJib
IIPU CO3/JaHUU COPTOB PXKH, XapaKTEPU3YIOUIUXCS HU3KHUM CO-
Jlep>KaHHeM BOJIOpacTBOPHUMBIX neHTo3aHoB (BPII) B 3epHe.
TOHKONOKPOBHOCTb 3€PHOBKHM CJAYXHUT JUarHOCTUYECKHUM
IPU3HAKOM HU3KOTo cofepkaHust BPII (apaGuMHOKCHIAHOB).
Jl11 coBepIlIeHCTBOBAHHUS TEXHOJIOTUU CeJIeKIIMM HU3KOIEeH-
TO3aHOBOM PXKU NPHOOpeTaeT 3HaUeHHe U3yyeHH e CBSI3U TOH-
KOIIOKPOBHOCTH ee 3epHa € MOp}OJIOrMYecKHMHU NMpH3HaKa-
MHU.

Martepuasbl ¥ MeTOAbI. TOHKOTIOKPOBHBIE CTEKJIO0BHU/HOIIO-
Jl06Hble 3epHa UAEHTUOUIIMPOBAIY NPU NoMoLM JuadaHo-
ckomna JI®C-1 B monyasiLUsx 7 COPTOB 03UMOM prkH, palloHU-
poBaHHBIX B PO. Mopdosiornyeckre 0co6eHHOCTH OKPOBOB
3epHa U3y4yalM Ha TOJICTO- U TOHKONOKPOBHBIX 3€pPHOBKAX,
BbISIBJIEHHBIX CpeJii copToB ‘Ipa’ u ‘BsATka’. [IpenaprupoBaHue
3epHa /151 oNpejie/ieHus] TOJIMHBI ero MOKPOBOB U ajneipo-
HOBOTO cJ1051 MpoBoAuu 1o JI. H. Jlro6apckomy.

Pe3ynbTaThl M 3aK/JI0YeHHE. Y TOHKONOKPOBHOTO 3epHa
XXM, N0 CpPaBHEHUIO C TOJICTONIOKPOBHBIM, YCTaHOBJIEHO
yMeHbllIeHHe TOJIIUHbI IepUKapIUs U CEMEHHON KOXXypbl Ha
50-70% wu aneiipoHoBoro cjosi Ha 32,1-39,6% 3a cueT He
TOJIBKO KJIETOUHBIX CTEHOK, HO ¥ MEXKJIETOYHOI'0 TPOCTPaH-
CTBa. B TKaHfAX KJIeTOK 3NUAEepPMbl epUKaPIINs COAEPHKUTCH
OCHOBHO€ KOJIMY€eCTBO 3aLIUTHBIX 6M0JI0TUYECKH TAaCCUBHBIX
BPII. /loka3aHO OTCYTCTBHe 3HAaYHMMbIX U3MEHEHUH MapaMe-
TPOB 3€PHOBOK I10 JJINHE, IIMPUHE U YCJIOBHOMY 06'beMY B 3a-
BUCHUMOCTH OT UX TOHKOIOKPOBHOCTU. JlOCTOBEpHbIE OT/IH-
4yHe KacaJuch nokasareJs «Macca 1000 3epen». Y cTekJI0BUA-
HOMOJO6GHBIX (MPO3payHbIX) 3€PHOBOK 10 CPAaBHEHHUIO C He-
MpO3pavHbIMU OHA yBeJUYUIach Ha 5,2-19,7 IpoLeHTOB.

Kmo4deBsle caoBa: Secale cereale, BofopacTBOpUMbIe NTEHTO-
3aHbl, IOKPOBBI U a/1epOHOBBIN C/I0M 3epHOBKH.

Background. The grain coat plays a major role in the develop-
ment of rye cultivars with low levels of water-soluble pento-
sans (WSP). Grain coat thinness is a diagnostic trait for low
WSP (arabinoxylans) content. To improve the technology of
low-pentosan rye breeding, it becomes important to study the
effect of changes in the anatomy of low-pentosan grains on
morphological characteristics.

Materials and methods. Grains with thin coats (transparent)
were identified with the LFS-1 diaphanoscope in the popula-
tions of 7 commercial winter rye cultivars grown in Russian
Federation. Anatomical and morphological features of seed
coats were studied on thick- and thin-coated grains identified
in the rye cultivars ‘Era’ and ‘Vyatka The thickness of grain
coats and the aleurone layer were assessed according to
L. N. Lyubarsky.

Results and conclusions. In thin-coated rye grains, we found
areduction in the thickness of the pericarp and seed coats by
50-70% and in the aleurone layer by 32.1-39.6%, compared to
thick-coated grains. With a constant cell size in “transparent”
grains, a decrease in the thickness of the aleurone layer and
coat occurs at the expense of the reduction in not only the cell
walls, but also the intercellular space. The pericarp in the tis-
sues of the second multicellular layer contains the bulk of the
protective biologically passive WSP. It was proved that there
were no significant changes in grain parameters, such as length,
width and relative volume, depending on coat thinness. Signifi-
cant differences were found in the 1000 grain weight. In “trans-
parent” grains the index increased by 5.2-19.7%, compared
with “nontransparent” ones.

Key words: Secale cereale, water-soluble pentosans, grain
coating, aleurone layer cells.

BBeaeHue

B Hacrosiiee BpeMst oco6oe BHUMaHHUe yAesseTcs pas-
BUTHIO HOBOTO HalpaBJ/eHHUsl B CeJIEKIMH PXKU — CO3JaHHI0
COpPTOB YHHMBEpCAJbHOTO HCIOJIb30BaHMSA, XapaKTepU3YI0-
IIMXCS HU3KUM COZiep>KaHHeM BOJO0PacTBOPUMBIX NeHTO3a-
HoB (BPII) B 3epHe. BbIsiBIIeHO, YTO MOKPOBBI 3€pHA PXKH UT-
paloT IVIaBHYIO POJIb B pellleHWH paccMaTpHUBaeMoi npobJie-
Mbl. 3BecTHO, 4T0 99% BPII B 3epHe 3/1aKOBBIX pacTeHUI

JIOKQJIM30BaHO B nepudepryecKoil YacTH 3epHOBKH — IIepH-
KapIMH, CeMeHHOH KoXype (crepMoziepMe) U ajleipOHOBOM
CJI0€, pacnoJiarasich B KJI€TOYHBIX CTEHKaX U MEXKJIETOYHOM
npoctpanctBe (Kretovich, Petrova, 1951). BrisiBsieHa B3au-
MOOG6YC/IOBJIEHHAsI CBSI3b MEX[Y KOJIMYECTBEHHBIM COJep-
*kaHueM BPII u TomuHol nokpoBoB 3epHoBKH (Kobylyan-
sky, Solodukhina, 2009). I[Ipu cesneKku HU3KOMIEHTO3aHOBOK
DKM NpOBefieH INOMCK TeHOTHIOB, XapaKTePHU3YIOLUXCS
YMEHbIIEHHOH TOJIHHOW MOKPOBOB 3€PHOBKU A0 MMHU-
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MaJIbHO BO3MOXHBIX pa3MepoB. YCTaHOBJIEHO, YTO KpaHHAA
TOHKOIOKPOBHOCTb 3€pHa CJIYXUT JUAarHOCTUYECKUM IpH-
3HAaKOM HHU3Koro cogepxkanusi BPIl (apaGuMHOKCH/IAHOB).
B Haumux skcnepuMeHTax NOUCK UCXOAHOTO MaTepHasa s
ceJIeKIIMH HallpaBJIeH Ha BbIsIBJIeHHEe 06PA3L0B PXKU U3 KOJI-
snexknuy BUP, B nonmynsanusax KOTOPBIX COePXKUTCA Haub0J1b-
MK NMPOLEHT HU3KONEHTO3aHOBBIX 3epeH. CpeM U3y4eH-
HbIX 502 KOJIJIEKIIMOHHBIX MOMyJAAud 1 60 cOpTOB AUIIIO-
HUJHOUM SpOBOM M 03MMOH DKM POCCUICKOM CesleKL MU YAa-
JIOCb 06HAPYKUTb GOPMBI paCTeHUH C KpallHe HU3KHUM CO-
nepxxanueM BPII B 3epHe. YacToTa TOHKONIOKPOBHBIX 3epeH
y pa3HbIX COPTOB cocTaBJsAeT oT 12 1o 70%.

Y p>U TOHKOIIOKPOBHAs CTPYKTYpa 3epPHOBKH GOpPMHUPY-
eTcsl BCJe/ACTBHE YMeHbIIeHUs TOJLIMHBI IepUKApIH, ce-
MEHHOHM KOXYpbl U aJIeApOHOBOTO CJIOSl, YTO W HIPUBOAUT
K IPOSIBJIEHHI0 «IPO3PAaYHOCTH» W JIO)KHOM CTEKJIOBHUJHO-
cTu. U3MeHeHHe «ONMTUYECKUX» CBOWCTB HU3KOMEHTO3aHO-
BbIX 3€PEeH PXKM MOXKHO HabJ/0AaTh, IPOIycKas yepe3 HUX
cBeTOBbIE JIy4H. be3 npocBeYMBaHUs TOHKOIIOKPOBHBIE 3€ep-
Ha He BBIMIAAAT CTEKJIOBHUJHBIMH, B OTJIMUME OT PeasbHO
CTEKJIOBUJHBIX 3epeH y NMuIeHUnbl. [IpyU MposBIEHUH JIOK-
HOM CTeKJOBHMJHOCTHU y PXHM 3HJOCIHEPM 3epHa OCTaeTcd
MYYHHUCTBIM.

[To pe3ynbTaTaM 6MOXMMHUYECKOT0 aHA/IN3a YCTAaHOBUIIY,
YTO 3ePHOBKH PXH C «IIPO3pPAaYHbIMH» IOKPOBAMH, COJieprKa-
Ji1 Hu3Koe KosmdectBo BPII (0,5-0,9%). x auarHoctupoBa-
JIM KaK HU3KONEHTO3aHOBble, a HENMpO3payHble 3ePHOBKHU
¢ BeicokUM cofiepkanueM BPII (1,0-3,0%) - Kak BBICOKOTIEH-
TO3aHOBHIE (puc. 1).

Oco60 IeHHBIMHU AJA CeJleKMM Ha HU3KONEeHTO3aHo-
BOCTb SBJIIIOTCA pelleCCHBHOE IOJIMIeHHOe HacjeJ0BaHUe
NpU3HaKa Y He3HAYUTe/IbHAsA ero U3MEeHYHUBOCTb B 3aBUCH-
MOCTH OT MecCTa U yCJI0BUH BblpaluBaHus copToB (Koby-
lyansky, Solodukhina, 2009). 3To no3BoJisieT B mpoLecce ce-
JIEKIIMM TOJIy4aTh HepaCIleNJIsAoIMecss KOHCTaHTHbIe Gpop-
MBI PaCTeHUH /AJ151 pa3HbIX 30H BO3/le/IbIBaHUSA PXKH.

Ha ocHoBe Hay4yHbIX pa3paboTok coTpysHUKoB BUP coB-
MeCTHO C cesleKIiMoHepaMu 3a nepuog 2016-2020 rr. yzaa-
JIOCh CO3JaTh NepBble HU3KONEHTO3aHOBbIE COPTa O3UMOH
DKM, He MMeoIe MUPOBbIX aHa/loros: ‘BaBunosckas’, ‘Be-
peruns, ‘[lonapox’, ‘AuTapHast’, ‘KpacHosipckast yHUBepcaib-
Has' ¥ ‘HoBas dpa’ (Korelina etal., 2017; Kobylyanskii et al.,
2019a). HU3KONEeHTO3aHOBOCTh 3epHA 3TUX COPTOB ONpejie-
JIfeT UX yHUBepPCcaJbHOe UCI0JIb30BaHie B KOMGMKOPMOBOH,

XJ1e00TeKapHOU | MepepabaThiBalollell MPOMbBIIJIEHHOCTH
(Kobyliansky et al., 2017; Kobylyansky et al. 2019b). Co3gaH-
Hble HU3KOMEeHTO3aHOBbIe COpPTa coZiepkaT Gosiee 90% TOH-
KOIIOKPOBHBIX 3€pEH.

[To coo6uienuo A. A. ToHuapeHKo ¢ coaBTopamu (Goncha-
renko etal, 2020), BbicOKOe cofiep>KaHHe HeKpaxXxMasbHbIX
nosimcaxapuzioB (BPII) B 3epHe xyie60neKapHbIX COPTOB PXKHU
OTpHLATEJbHO CKa3bIBAETCS HA €ro Kpynoo6pasyolien cro-
COGHOCTH.

Y4uuThIBasA 3TOT GPaKT, MOXKHO IPEANOJIOKHUTD, YTO 3€pPHO
pXU € HU3KUM cofiepxkanreM BPII npurogHo Asd ucnosbso-
BaHUSA U B KPYNSIHON NPOMBILIJIEHHOCTH.

[IpesliecTByOLMEe HCCAEL0BAaHUS CTPYKTYpbl 3epHa
KJIaccH4ecKoi (xJie6oneKkapHoOi) p>kH ObIJIN MOCBSAIEHbI €T0
HCIOJIb30BAHUIO NTPEUMYILIECTBEHHO B MyKOMOJIbHOﬁ U xJjie-
OOomeKapHOW MPOMBILUIJIEHHOCTH M HalpaBJIEHbl Ha MOMUCK
Y pa3paboTKy 6osiee 3¢PeKTUBHBIX TEXHOJOTHUH ero mepe-
paboTku. BosibLioe BHUMaHHe yeJeHO aHaTOMO-Mop¢oJio-
rU4eCKUM 0COGEHHOCTSAM «060/104€K», IOKPBIBAIOLINX IH/0-
cepM (My4YHYIO0 4acTb 3epHOBKH), U HaXOAALIEMYCSl HA €ro
nepudepru ajepoHoBoMy coo. CriennanaucTel B 061aCTH
x/e6onedeHusi, U3y4UB IMOKPOBbI 3ePHOBOK, NMPULUIHN K 3a-
K/JIIOYEHHIO, YTO «... 060JI0YKH 3€pHa, BBINOJIHAA pa3/JINYHbIe
bYHKLMHY B IIpoliecce ero >KU3HEHHOI0 LIMKJIA, B TO XKe BpeMs
SIBJIAIOTCS] KpaiiHe HexeslaTesbHbIM 6a/1IacTOM IIPH €ro pas-
MoJie» (Lyubarsky, 1957, p. 56).

CyILeCTBYIOT JaHHble O CBS3M aHaTOMO-MopdoJioruye-
CKUX MPHU3HAKOB M Ka4eCTBa 3epHa XJIeGHBIX 3J1aKOB (Stepa-
nov, 2001).

AJIH COBEpPUIEHCTBOBAHHWA TEXHOJIOTUHU CeJIEKIIUHU HU3KO-
MEeHTO03aHOBOM PXKU pUO6GpeTaeT 3HaYeHUe U3yYeHHe CBSI3U
TOHKOIIOKPOBHOCTH ee 3epHa ¢ MOpdOJIOTUYECKUMH MpPH-
3HaKaMH.

MartepuaJjibl U METOABI

Mopdodosiorudyeckue 0co6eHHOCTH NMOKPOBOB 3epHA H3-
y4aJii Ha TOJICTO- U TOHKOIIOKPOBHBIX 3€pPHOBKAX, BbISIBJIEH-
HBIX cpeu copToB ‘Opa’ u ‘Barka’. [IpenapupoBaHue 3epHa
JIJIS oTIpeJieJIeHHs] TOJIIMHBI [IepUKapIHsl, CEeMEHHOH KOXY-
PbI ¥ aJIepOHOBOTO CJIOSI IPOBOAMIM MeTozoM Ne 1 «psimo-
ro pasjiesieHds 3epHa Ha ero cocTaBHbIe YacTu» (Lyubarsky,
1957).

WUpentudukanuio U oT60pP TOHKONMOKPOBHBIX 3€pHO-
BOK, IPOSBJISIOIMUX JIO)KHYI0 CTEKJOBUJHOCTD («IIpo3pay-

=m

Puc. 1. 3epHOBKH P>KM € pa3/INYHbIM COfilep>KaHHEM BOAOPACTBOPUMBIX IEHTO3aHOB:
(a) Hempo3payHble MOPIIMHUCTbIE 3€PHOBKH C COZlePXKaHHEM BOJOPACTBOPHUMBIX IEHTO3aHOB - 2,2%,
(b) nmpo3pauHble (CTEKIOBUAHONOL00HBIE) 3ePHOBKH C COZIEPKaHUEM BOIOPACTBOPUMBIX MeHT03aHOB - 0,5%

Fig. 1. Rye grains differing in the content of water-soluble pentosans:
(a) nontransparent wrinkled grains with the water-soluble pentosan content of 2.2%,
(b) transparent (quasivitreous) grains with the water-soluble pentosan content of 0.5%
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HOCTb») OCYILeCTBJISIJIM BU3yaJbHO NIPU NOMOILIY Jabopa-
TOpPHOTO UUJIUHApHUYecKoro auadanockoma JIDPC-1, wuc-
[I0JIb3yEMOT0 AJIs1 ONlpe/ieIeHU s HACTOos el CTeKJI0BHJHO-
CTH 3epHa NIIeHHUIbl.

W3yyeHue TMHEHHBIX NIOKa3aTeJeld apaMeTpOB ILieJio-
ro 3epHa NPOBOJAUJIM Ha 3epHOBKAX y 7 IPOU3BOJIBHO B3fl-
TBIX COPTOB, palOHUPOBAaHHBbIX B PD. [lns 3TUX 1eseit uc-
[0JIb30BaJIM QpPaKIMU TOJCTO- U TOHKONIOKPOBHBIX 3epeH
no 20 WTyK Kaxzjoro copra. [Ipomeps! A/NMHBI, IIUPUHBI
(Mexay GOKOBBIMHM NOBEPXHOCTSIMHU) U BBICOTHI (OT 60-
P03 KH 10 CHUHKH) 3ePHOBOK OCYILleCTBJISI/IN IPU TOMOLIH
mwranreHnupkyas KAJWBPOH IIL-10,125 0,1. YcaoBHBIH
06'beM 3epHOBOK PAacCUUTBIBAJIU MO $opMyJie omnpejeie-
HUs 06'beMa 3JIJIUIICOU /1A, 6JIM3KOTO 10 GpopMe K 3epHOBKE
P>KH, a UMEHHO:

V=3 mnxaxbxcrae

a = JJINHA 3epHOBKU /2, MM;

b = mMpuHa 3epHOBKH /2, MM;

C = BbICOTA 3€PHOBKH /2, MM.

CnenyeT OTMETHUTB 0€060, YTO U3 MACChl 3epHA KaXA0I0
COpTa B3SITHI C/IyyaiiHble 3epHa U3 KaKgoH ¢paknuu. Kpome
JIMHEHHBIX NapaMeTPOB 3€PHOBOK U BBIYUCJIEHUS UX YCJIOB-
HOro 06'beMa, onpefesisiand Mmaccy 1000 3epeH. YUUThIBasi TOT
}axKT, 4TO 3epHOBKM MMeJIM OJIMHAKOBbIE JINHEHHbIE pa3Me-
pBI IIKMPHHBI U BBICOTHI, B Tab/IMIe 2 Tpe/CTaBJeHbl TOJIbKO
MO0Ka3aTeJH IHUPHHBI.

Jlis cTaTucTHYeCKOM 06paboOTKH 3KCHEePUMEHTaTbHBIX
JIaHHBIX HCIOJIb30BAJIM CeJeKLIMOHHO OPHEHTUPOBAHHYIO
nporpammy AGROS (Bepcus 2.09) u nakeT NpUKJIAJHBIX ITPO-
rpamm Microsoft Excel 7.0.

Pesym;ra'rbl u 06cy)l(ael-me

[lepBble HaG/IIOEHHUST CBU/ETENbCTBOBAIN 06 M3MeHe-
HUSX B CTPYKTYpe MNOKPOBOB 3€PHOBKH U aJIePOHOBOTO

2

CJ1051 Y HU3KOTIEHT03aHOBOM pku. CTpoeHHe 3epHOBKU PXKH,
aTak)Ke Ha3BaHHsA ee 4yacTed U TEPMUHBI, HUCIOJb3yeMble
B MCC/Ie[IOBAaHUSAX OOTAaHHUKOB U CeJEKIIMOHEPOB, TUIHYHbI
JUIs1 Beex XJ1e6HBIX 3/1aKoB (Esau, 1980; Takhtajan, 1985). ITo-
KpOBBbI KaK BBICOKOIIEHTO3aHOBOH, TaK M HU3KOIEHTO3aHO-
BOH DPXXM COCTOAT W3 INepUKapHusi U CEMEHHOH KOXXypbl
(puc. 2), KoTOpble 3aLULIAIOT PXKAHOE 3€PHO OT BHEIIHUX
BO3/IeMCTBUH, TeM CaMbIM NpPeJOXpaHss 3apOoAbILI OT MoMNa-
JIaHUA B HETO BPeAHBIX, I/JOBUTBIX BEIECTB U MEXaHUYECKUX
MOBPEX/JeHUH, MPONYCKAIOT BHYTPb 3€pHa BO3JYX U KUCJIO-
poJi IpU OTNpe/ieJIeHHbIX YCJIOBUSX, YTO HMeeT (60JIbLIOe 3Ha-
YyeHHe NpY IPOPACTaHUU 3epHa.

[lepyKapnuil MOKpbIBAeT BCHO MOBEPXHOCTb 3€PHOBKH,
KpoMe 3apogpbiia. OH COCTOUT U3 CJI0EB KJIETOK, pa3/Indaro-
IIMXCS M0 CTPOEeHHUI0 U QYHKLUMAM. B mepukapnuil BXOAAT:
HapyKHasl anujepMa (3K30KapIuii), cpeHUE CJIOU KJIETOK
(Me3o0kapnuil) 1 BHyTpeHHsIs anugepMa (aHgokapnuii). To-
IIMHA NepUKapusl Y TOJICTONOKPOBHBIX 36PHOBOK C BBICO-
KUM cogepxkaHueM BPII cocraBasieT 63-71 MUKpPOH, a Y TOH-
KOITOKPOBHBIX HU3KOIMEHTO3aHOBbIX 3ePHOBOK — [IOYTH B /iBa
pasa MeHblre (Ta6.. 1).

JK30KapNHi, COCTOALIMMI U3 NOJYyNpPO3payHbIX, BBITAHY-
TBIX B/]0J1b 3ePHOBKHU KJIETOK, OCYIeCTBJISIET OGIIYI0 3al{HT-
HYI0 pOJib. BepxHUI C/I0H COCTOUT U3 OJHOI0 PsAZia KJIETOK,
HIDKeJIeXXalluid HeoJHOPOZAeH B Pa3HbIX MeCTax 10 YHUCITY
pAOB KJIeTOK. YHC/I0 PsAOB BapbUpyeT OT OAHOrO0-ABYX /0
IeCTH BOJIM3M 3apojbliia U 60Jiee MECTH OKOJIO GOPOJAKHU
3epHOBKHU. [IpUCYTCTBYIOT CKJIepeHXUMHBbIe KJIEeTKU C KpyII-
HBIMH MEXKJIETHUKAaMH, B KOTOPBIX COZEpPXKaTCs B 3HAYM-
TeJIbHBIX KOJIMYeCTBaX M0JIMMepHbIe BbICOKOMOJIEKY/IsIpHbIe
neHTo3aHbl. KpoMe MexaHH4eCcKOH 3alUThI, B CBA3H C HAJIU-
yyeM 6OJIbIIOTO KOJMYeCTBa [TOJIMMEPHBIX IEHTO3aHOB, 3K-
30KapHu{ CAYKUT OUOJIOTUYECKOH 3al[UTON OT MoeJaHUs
3epeH NTHUI[AMU U [0JIEBBIMH I'PhI3yHaMU. Y HENPO3payHbIX
BbICOKOTIEHTO3aHOBBIX 3€pPHOBOK IOKPOBBI I'pyOble U, Kak
MpaBUJ/IO, B Pa3HOM cTemeHW MOPINUHUCTBIE. YKUBOTHBIE

IR LTI OC
oy —— )E-—-—‘-%

=

Puc. 2. CxeMa CTPYKTypbl 3epHOBKHU pkH (110 B. /I. Ko6b11sHCKOMY, 1982)
1, 2, 3 - cJIou KJIETOK epuKapnus; 4, 5, 6 — CJIOM KJIETOK CEMEHHOU KOXKYPBbI; 7 — aJIeHPOHOBBIH CI0H
(MakcuMmanbHas nokanusanus BPII); 8 - spgocnepwy; a, 6, B, T — 3apobIlll 3epHOBKHU

Fig. 2. The scheme of the rye grain structure (from V. D. Kobylyansky, 1982)
1, 2, 3 - layers of pericarp cells; 4, 5, 6 - layers of spermoderm cells; 7 - aleurone layer (maximum localization of WSP);
8 - endosperm; a, 6, B, T - grain germ
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Ta6auna 1. ToamyuHa nepuKapnys, ceMeHHOMN KOXKypbl U a/1eipOHOBOTO /1051 3ePHOBOK
P>KM copToB ‘Ipa’ M ‘BATKA, pa3/in4aomuxcsa Mo ToJALMHe NOKPOBOB (MKM)

Table 1. The thickness of the pericarp, spermoderm and the aleurone layer in rye grains of cvs. ‘Era’ and ‘Vyatka’,
differing in grain coat thickness (microns)

- BapbupoBaHHe TOJIIIUHBI IOKPOBOB CTeneHb yMeHbIIeHHS TOTIMHbL
. a(::z}:‘ao::}ll (3;2&1-:‘&0:;(:]‘& M aJIEHPOHOBOrO CJI0S1 3EPHOBKH, MKM 060J109€K M a/1eiipOHOBOTO C/I051
TOJICTONOKPOBHAsA | TOHKOMOKPOBHAs YALOHROTOKPOBHERUSCDHOEOK INIXA

[lepukapnuit: 63-71 38-51 20-25
JKaoKapiit 31-39 19-23 12-16
(mpomosibHBIE KIETKH)
Me3okapnui
(l‘[Ol‘Iepe‘{Hb‘l‘e KJIETKH); 31-32 1928 4-12
JHAOKapnui
(Tpy6uathble KJIeTKH)
CeMeHHas KOxypa 31-41 19-25 12-16
AnelipoHOBBIH C101 53-56 32-38 18-21

W IITULBl MHTYUTUBHO PACIIO3HAIOT BBICOKOIIEHTO3aHOBOE
3epHO U He yNoTpeO6JIAIOT ero B nuuly. [Ipu 3TOM )KUBOTHBIE
MoeialoT Takoe 3epHO B $a3y ero MOJIOYHOH CIIeJIOCTH, KOTAa
BPII HaxoAATC B MOHOMEPHOM HU3KOMOJIEKY/IIPHOM COCTO-
STHUH. Y HU3KOIIEHTO3aHOBbIX 3€PHOBOK PXH KJIETKH 3K30-
Kapnuvusd UMET TOHKHWEe CTEHKH, YTO CHOCOGCTByeT HX BbICO-
KOW NpPO3payHOCTH, a caMa 3€pPHOBKA BBIMVIAAUT IJIaZKOH.
OTnnurTesbHAst 0CO6EHHOCTb TAKOI'0 3epHa B TOM, YTO OHO
OXOTHO 1noejgaeTcda BCeMU BUaMU X)KHBOTHbBIX BHE 3aBHCHUMO-
CTH OT YPOBHSI €ro CHEeJOCTH, U 3TO IPOBEPEHO ONBITHBIM
nyteM (Lunegova et al,, 2014).

Crnenyromye ABa €105 KJAETOK Pa3JIMYaAOTCS 110 pacnosio-
xeHH1o, popme 1 ¢pyHkuuaM. CpeaHU cnoil (Me3okapnui)
COCTOUT U3 IJIOCKUX NPOJ0JITOBATHIX ([TONEPeYHbIX) KJIETOK
C OjpeBEeCHEBIINMU CTEHKAaMH, BBITAHYTBIX IIOIIEPEK 3ep-
HOBKHU. Cyielylolui NOJA HUM CJIOW (3HAOKApNWH) MMeeT
Tpy64yaTble (MeLIKOBHU/JHBIE) KJIETKH, paCIOJIOXKEHHbIE
B/10JIb 3epHOBKU. 06a CJ10s1 KJIETOK (TonepevyHbIX U Tpy6ya-
TBIX) JIEXAT IJIOTHO K APYT APYTY ¥ TaKXKe MJIOTHO IIpuJiera-
IOT K CEMEHHOH KOXype, paci/ioKeHHOH! noJ HUMU. OHU BbI-
MOJIHAOT GYHKIUI0 HAKOIJIEHUsI BOJbI IPU HAOYXaHUH 3ep-
HOBKHU U JUdPy3HOH ee mepejjaue ceMeHHOH KOXKype NpH
npopacTaHuM 3apoabiiia. B cBsa3u ¢ TeM, yto BPII HaxoasTca
B IEPUKaPIINH 3ePHOBKH, TO €CTh 3a ITpeJieJlaMy 3apO/bIIIa,
MeHTO3aHbl He yYacTBYIOT B 00MeHe BeleCTB IIpY popacTa-
HWU 3epHa.

CeMeHHas KOXypa (criepMoziepMa) COCTOUT U3 TPEX «KY-
TUKYJIAPHBIX» CJI0O€B INPOAOJIbHBIX IPO3PAYHBIX KJIETOK,
C BHEIIHEeH CTOPOHBI MOKPBITHIX CJI0EM KyTHHA, 06pa3yrolie-
ro MIAJKyl0 IVISTHLEBYI0 IOBEPXHOCTb MU IPOIYCKAMOLIETO
TOJIbKO AN PY3HYIO BiIary. B Hamuyx akcrneprMeHTax Ha6JII0-
JlaJid, 9TO CeMeHHasl KOXXypa 3epHa He IPOMyCKaJa CIHUPT
U alleTOH B TeyeHHe 2,5 yacoB. HWKHsASA cTOpoHa ciepMoziep-
MBI IVIOTHO NPHUMBIKAET K HAXOAAILEMYCA 1oL HeU ruajnHo-
BOMY CJIOI0 HEITPO3pPAavYHbIX HAOYXAIOUUX KJIETOK, TPOUCXO-
JSIMX U3 HyleJUIyca (mepucrnepMa), KOTOpbIe TakK e IJIOT-
HO [IPUJIETAIOT K aJIeipOHOBOMY CJIOI0 3HJ0CNIepMa. Y HU3KO-
MeHTO3aHOBBIX 36PHOBOK KJIETKH T'MAJHMHOBOTO CJIOS NPO-
3payHble, YTO YBEJUYUBAET NPO3PAYHOCTb BCEH 3ePHOBKHU.
CeMeHHass KOXypa OCYIIeCTB/SEeT 3allUTy 3apoAbllia
Y obecrniedyeHre ero AuGy3HOH BJAarod npu mpopacTaHHU.
[lofo6HBIM 06pasoM Andy3HOH BIarod obecrnednBaeTcs
aJIeMpOHOBBIN CJIOM U OCTAJILHOM 3HA0CnepM. B HameMm skc-
NneprvMeHTe TOJIIIMHA CEMEHHON KOXYpbl y TOJICTONOKPOB-

HBIX 36pPHOBOK cOpTOB ‘Jpa’ u ‘BsiTka’ cocraBasia31-41 Mxm,
Yy TOHKOTIOKPOBHBIX — 19-25 MKM.

Hau6osibinas ToJuHa MOKPOBOB 3epHOBKU PXku dop-
MHUpPYeTCsl B IepHUOJ HauyaJa MeJTOH (BOCKOBOU) CIIEeNIOCTH.
B ¢a3y 3aBepuieHHs pocTa 3epHOBKH, B KOHIlE MOJIOY-
HOM — Hayasle BOCKOBOW CIIeJIOCTH, OHAa HAaYMHAeT yMeHb-
IaThCs, JOCTUTas MOCTOSSHHBIX pa3MepoB. [lepes co3pesa-
HHEM 3epHa NPOMCXOJUT 3aBepIIAOIIUN POCT TKaHe! U Ie-
pepacnpesiesieHHe OCTaTOYHBIX 0OMEHHBIX BEIeCTB B MeX-
CJIOWHOE TPOCTPAHCTBO NEPUKAPINS U CEMEHHOH KOXXYpbI
(Aleksandrov, Aleksandrova, 1948). Bo BpeMs aToro nporuec-
ca noJi IelicTBEM COOGCTBEHHBIX GepMEHTOB MEHTO3aHbl U3
MOHOMEPHBIX GU3UOJIOTUYECKH aKTUBHBIX NTEPEXOJAT B IO0-
JINMepHble BBICOKOMOJIEKYJIsIpHble popMbl. Ciiou mepuKap-
NUs Y CePMOJepPMbl YIJIOTHATCA. [IpM 3TOM 3€pHOBKH,
cozepkaiiyie 60JblIoe KOJIMYeCTBO NIEHTO3aHOB, 00Pa3yoT
TOJICTBIE, A IPU MaJIOM HX COJepKaHUHU — TOHKHE NOKPOBBI.
3aMedeHO, YTO YMeHbIIEeHNEe TOJIUHBI KOKJOT0 CJI0s MPo-
HCXOAUT 10 MPUYMHE YMeHbIIeHUsI 06'beMa KJIEeTOK U MeX-
KJIETOYHBIX IPOCTPAHCTB. B HalIuX nccief0BaHUAX CyMMap-
Hasl TOJILIMHA NePUKaPIIHA U CEMEHHOH KOXKYPHhI y «[TPO3pad-
HBIX» 3€pHOBOK DKM BapbHpoOBaJa B Ipefesax 57-76 MKM,
Yy HEMPO3pauyHbIX 3€pHOBOK - 94-112 MkM. AHajoru4yHas
TeHJ,eHI[MsI MPOC/AeXXUBAJIACh ¥ NPU U3YyYEeHUH 3epeH y cop-
TOB MATKOY NMIIEHULbI IPU U3YYEeHUU UCTHUHHOH CTEeKJIOBU/-
HoctH (Fedotov, 2017).

AnedpoHOBBIN CJI0U ABJIsIeTCS eprudepruvIecKor JacThbio
3HJi0CIIepMa U HEe OTHOCHUTCS K YHCJIY IOKPOBOB 3€PHOBKHU.
Y 3epHa p>U aJieHPOHOBBIM CJIOW COCTOUT M3 OJHOTrO psja
KPYTHBIX TOJICTOCTEHHBIX KJIETOK C G0JbLUIMMH MEXKJIETHH-
kaMU. C BHeIlIHel CTOPOHBI OH IJIOTHO NpuJieraeT K TMaJIMHO-
BOMY CJIOI0O CeMEHHOH KOXypbl. DPYHKIHUs ajedpOHOBOTO
CJ1051 COCTOUT B 0GecreyeHrH 3apo/iblila BJIaroi, BoAopacT-
BOPUMBIMHM [€HTO3aHaMH{, MUTATEJIbHBIMU BellecTBaMHU
u pepmenTamu. CiefyeT OTMETUTD, YTO 110 COZEPKAHUIO OC-
HOBHBIX XMMHUYECKHUX BEIeCTB, OCOGEHHO IEeHTO03aHOB, OH
PEBOCXOJIUT BCe TKAaHHU 3epHOBKH. KoJIM4ecTBO MeHTO3aHOB
YBEJINYMBAETCS 110 Mepe POCcTa aJeHPOHOBOTO CJ1051 3€PHOB-
KU U cocTasisieT okoJ10 30% oT ero Maccel. B aTo Bpems nen-
TO3aHbI HAXOAATCS B aKTUBHOM MOHOMOJIEKYJISIPHOM COCTOS-
HUU Y He 00pasyoT JMnKue cau3d. [lo 3aBepuieHUIo pocra
3epHOBKHY B HayaJ/le BOCKOBOM CIIeJIOCTH OHH NEePEXOJAT B I10-
JINMepHOe BBICOKOMOJIEKYJIIpHOe cocTosiHMe. TosuHa
AJIePOHOBOTO CJI0SI 3ePHOBKH C BBICOKMM coziepkaHnueM BPII
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BapbUpoBasia oT 53 g0 56 MKM, ay JIOXKHOCTEKJIOBUHBIX
HU3KONEHTO3aHOBBIX 3€pPHOBOK - OT 32 g0 38 MKM (cM.
Tab.J1. 1). BonepBble 3TO siBJleHHEe Y XXM ObIJIO OTMEYEHO NpHU
M3y4eHUH BEpPXHUX CJI0EB 3HJOCIEpMa Y CTeKJIOBUAHOIIO-
JOOGHBIX U MyYHHUCTBIX 36PHOBOK, PA3/IMYAIOIHXCS 110 KOJIH-
yecTBY OeJsiKa U Kpaxmasa, y copta ‘Bartka’. Kinetku aneiipo-
HOBOT'O CJIOSl Y «CTEKJIOBU/IHbIX» 3€pPHOBOK HMeJIHM Nepero-
POJIKM TOJIIMHOMN 3 MKM, a y My4HUCTBIX — 6,1 MKkM (Popova,
1979).

[IpoBesieHHbIE MCC/IeJOBAaHUS TOJILIMHBI TIOKPOBOB 3€p-
HOBOK P>XH II03BOJIMJIM 0O'BSICHUTh OCHOBHYIO IPUYUHY BO3-
HUKHOBEHHsS] TOHKOIIOKPOBHOCTH. [IposiBleHHEe TOHKOIO-
KPOBHOCTH 3€pPHOBKH OOYCJIOBJIEHO YMEHbIIEHHEM TOJIIH-
Hbl TKaHeW MepUKapIus, CEeMEHHOU KOXKYPhI U aJIeiPOHOBO-
ro cjos. [losyyeHHble JaHHbIE MOATBEPAUIN YCTAHOBJIEH-
HYI0 NPUYUHHO-C/IEeCTBEHHYIO CBA3b MEXJAY «IPO3pavHO-
CThIO» 3epHA U HU3KUM COJilep>KaHHUEM B HEM BOJOPACTBOPHU-
MbIX NEHTO03aHOB. MHBIMH c/l0BaMM, TOJIMHA MOKPOBOB

3€pPHOBKH «BJIMsIET» Ha COJlep)KaHHe B HUX BOJOPACTBOPHU-
MbIx neHTO03aHOB (Kobylyansky, Solodukhina, 2009). i1 ge-
TaJbHOTO PACCMOTPEHUs] YCTAHOBJIEHHBIX 3aKOHOMEPHO-
cTel HaMM IJIAHUPYeTCsl CpaBHUTEJbHOE aHaTOMO-Mopdo-
JIOTUYECKOe U3ydYeHUe 3epHa (B TOM YHCJIe U B OHTOTeHe3e),
pas/IM4arolerocst o TOHKOMOKPOBHOCTH.

C LieJIbI0 BBISIBJIEHUS] U3MEHUYUBOCTH MOPQOJIOTHYECKUX
MPU3HAKOB OBLJIO IPOBEEHO U3ydeHre GpaKIui 3epHa aJlb-
TepPHATHUBHBIX 110 TNPO3PAYHOCTH MU TOJIMHE MOKPOBOB
y IPOH3BOJIBHO B3AThIX PAOHUPOBAHHBIX COPTOB PXKH, CO-
Jepxauux HernpospayHele (HIIP) TosicTonokpoBHBIE U NpO-
3pauHble ([1P) ToHKOIMOKpOBHBIE 3epHOBKH (Tab6u1. 2). YacTo-
Ta NPO3PaAYHbIX 3epeH B MONYJISLUAX COPTOB KoJiebastach OT
24 no 60%. BoJsibllle Bcero HU3KOMEHTO3aHOBBIX (Mpo3pad-
HBIX) 3epeH BCTpevasoch y copTa ‘CUHUIbrA.

[IpoBefeHHbIE UCC/IE[0BAaHUS He BBISBUJIN CTaTUCTHYe-
CKM 3HAUYMMBIX pa3IM4YUi MeXJy INpOo3payHbIMU U He-
NpPO3pavyHbIMU 3€pPHOBKAaMHU 10 AJIMHE, IIHpPHHE, BBICOTE

TaGsuna 2. OCHOBHBIE IapaMeTPhbl 3ePHOBOK PKH, Pa3/IMYAIOLMXCS 1O MPO3PavYHOCTH 06010YKH

Table 2. Main parameters of rye grains differing in grain coat transparency

e Illupuna YcioBHBIN Macca
CopT (KO/IM4eCTBO 06beM 1000 3epen
Npo3pavHbIX 3epeH, %)
MM V, % MM V, % MM V, % r K+H/H_P
HIP | 684+016 | 321 | 214009 | 890 | 1640+212 | 18,08 | 26,7
Bbinnna (30) 1P 729+0,14* | 2,65 | 1,95+0,10 | 10,62 | 14,39+145 | 14,05 | 281* | +1,4
HCP,, 0,27 0,26 2,25 0,95
HIP | 747+040 | 7,64 | 246018 | 1582 | 2313+265 | 1601 | 30,3
(T;Z)OBCK‘?‘“ 4 1P 737+033 | 635 | 240£009 | 839 | 2220+251 | 1583 | 322* | +19
HCP,, 0,48 0,40 3,43 0,93
HIP | 6674034 | 72 | 1,93+011 | 1211 | 13,17+255 | 27,12 | 247
Enuceiika (40) | IIP 676+055 | 11,4 | 1,96+008 | 836 | 13,67+210 | 21,47 | 269* | +2.2
HCP,, 0,57 0,27 3,10 0,95
HIIP 712+026 | 501 | 205+009 | 916 | 1585+255 | 2255 | 27,2
Tanrana (34) 1P 739+033 | 634 | 218+008 | 825 | 1853+236 | 17,80 | 30,0 | +28
HCP,, 0,41 0,24 3,27 0,93
HIIP 727+015 | 293 | 227+007 | 665 | 1956+135 | 9,68 | 30,1
(T;‘g)‘mc“a” 33 1P 736+030 | 573 | 218010 | 1021 | 1868+328 | 2455 | 33,0 | +29
HCP,, 0,43 0,31 4,05 0,93
HIP | 685038 | 7,79 | 1,85+008 | 890 | 1225+151 | 17,30 | 19,8
Cunmibra (60) | IIP 693+044 | 883 | 1,96+009 | 939 | 1402+173 | 17,13 | 23,7* | +39
HCP,, 0,54 0,23 2,27 0,95
HIIP 728+038 | 731 | 231£008 | 752 | 2035%220 | 1510 | 347
3pa (43) 1P 7,72+0,58 | 104 | 2,29+005 | 485 | 21,25:1,98 | 13,02 | 364* | +17
HCP,, 0,67 0,18 2,73 0,93

lpumevanue: HIIP (o6os0uku HenpospauHble); P (o60s104ku npospadnbie); V- koapdunuent Bapuauuu; HCP, - HanmeHbmias
CyleCTBEeHHasl pa3HULA IPY ypOBHe 3HAYUMOCTH P < 0,05; * OTK/IOHEHUe cyleCTBeHHO TP 5% ypoBHE 3HAaYUMOCTH

Note: HITP (nontransparent grain coat); 1P (transparent grain coat); V - coefficient of variation; HCP - the lowest significant difference

at p < 0.05; * deviation is significant at 5% level of significance
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Y YCJIOBHOMY 00bEMY y BCEX U3YYEHHBIX COPTOB, O YeM CBHU-
JAeTesibcTBOBaaX nokasartenn HCP. JloctoBepHble H3MeHe-
HMA KacaJuch TobKo Macchl 1000 3epeH. Tak, y npo3payHbIX
3€pPHOBOK, 110 CPAaBHEHHIO C HENIPO3PAaYHbIMH, OHA YBEJIUYH-
sack Ha 1,4-3,9 r wiu Ha 5,2-19,7%, B 3aBUCUMOCTH OT COPTA
(puc. 3). 9TO MOXXHO OGBSACHUTb YBEJUYEHUEM JIOJIH TSDKE-
JIOBECHOTO KpaxMaJso-6eJIKOBOro 3HAOCIepMa U yMeHblle-
HHUEM JOJIM «JIEerKOBECHBIX» IIOKPOBOB Y «IIPO3PayHbIX»
(TOHKOIIOKPOBHBIX) 3€PHOBOK.

40

IMXCSA 10 CTPYKType TKaHeH, ompefessioLiuX pasnyHoe
cogepkanue BPII B 3epHe. 06a KJsiacca HaxoAATCSA B TECHOM
B3aUMOJENUCTBUU BHYTPHU €JUHON IeHEeTUYECKOW CHUCTEMBI,
KOHTPOJIMPYIOIel Hac/leJoBaHUe U U3MEHYUBOCTb IPU3HA-
KOB pacTeHUM. [Ipy BHYTPUNIONY/NALMOHHOM CKpeLIMBaHUHU
aJIbTEepPHATHUBHBIX I'PYIII pacTeHUI He 06pa3yeTcsl IPOMeXy-
TOYHBIX PEKOMOUHAHTOB 10 cofiepkaHuto BPII. [Ipu paciuen-
JIeHUM THUOGPUAO0B HAEHTUPUIUPYIOTCS TOJBKO pacTeHHS,
MOJIHOCTBIO COOTBETCTBYIOLIME OJHON U3 ABYX BO3MOXHBIX

35
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Puc. 3. Macca 1000 3epeH «npo3padyHbix» (I[1P) u «<Henpo3paunbix» (HIIP) 3epHOBOK,
BbISIBJIEHHBIX B NOMY/ISIUSIX COPTOB PXKHU

Fig. 3. Weight of 1000 grains for “transparent” (IIP) and “nontransparent” (HIIP) grain types
identified in populations of rye cultivars

3ak/iloueHue

[IposiBJieHHE TOHKOMOKPOBHOCTH 3ePHOBKU 00YCJ/IOBJIE-
HO YMeHbIIeHHWEeM TOJIL[WUHbI TKaHeﬁ NnepukKapmnud, CeMeH-
HOU KOXXYPbI U aJIEHPOHOBOTO CJIOSI, TPUBOJSAIIUM K yMEHb-
LIeHHI0 CoZiepXKaHWA B HUX BOJIOPACTBOPUMBIX IEHTO3aHOB.

JKCNEepPUMEHTAJIbHO JIOKAa3aHO OTCYTCTBHE CYIIECTBEH-
HbIX U3MEHEHUH OCHOBHBIX IIOKa3aTeJiedl mapaMeTpoB 3ep-
HOBOK (JIJINHBI, LIMPUHBI, YCJIOBHOIO 00beMa) B 3aBUCHUMO-
CTHU OT UX TOHKOIIOKPOBHOCTH. JTU UBMEHEHUS He BBIXOAUJIH
3a mpeJiesibl CTATUCTUYECKOH OIUOKH OTbITA.

3HayMMble U3MEHEHHS KacaJluCh TOJIbKO IOKasaTeJsei
Macchl 1000 3epeH. Y TOHKOMTOKPOBHBIX CTEKJIOBU/IHOMO/106-
HBIX 3¢PHOBOK OHa JIOCTOBEPHO yBeJUYuaach Ha 5,2-19,7%
B 3aBUCHUMOCTH OT U3y4aEMOT'0 COPTA.

He3HauyuTe/ibHOE BJIMAHHE TOHKOIIOKPOBHOCTHU Ha MOp-
dosiornyeckrie 0CO6€HHOCTH HHU3KOMEHTO3aHOBOTO 3epHa
MO>XHO CHUTATh MMOJIOXKUTEJIbHBIM Cl)aKTOpOM IpHU CeJIeKIUH
YHUBepCaJbHON PXKH. ITO CBUETEJIBCTBYET O TOM, UTO y HO-
BOI'O THUIIAa HU3KOIIEHTO3aHOBBIX paCTeHI/Iff'I, BbIJI€JIEHHBIX U3
MOMYJISIIUNA KJIACCUYECKOU BbICOKOIIEHTO3aHOBOU PKH, HU3-
Koe cofepkanue BPII He BiMgeT oTpuLlaTe/JbHO Ha pa3Mep
3epHa Y, CJIe[J0BaTeJIbHO, Ha MPOAYKTUBHOCTb KOJIOCA.

W3MeHeHHS B CTPYKTYpe TKaHeH 3epHa PXKU, CBI3aHHbIE
C U3MEeHEHHEeM KOJIMYECTBA IEHTO03aHOB, paclpoOCTPAHAIOTCS
Y Ha Jipyrue opraHbl pacTeHuH. [logTBepKJeHHEM 3TOMY
CIIYKUT QAKT CO3/JaHUSI HU3KOTIEHTO3aHOBBIX COPTOB, COCTO-
amux Ha 90% u 60Js1ee U3 CTEKJIOBUAHOIO[OOHBIX 3€PHOBOK.

Hamu Ha6J1r0/1eHus T03BOJISIIOT YTBEPXKAATh, YTO COBpe-
MEHHbI€ MONYJALUHNH PXU COCTOAT U3 ABYX CAMOCTOATEJ/Ib-
HBIX PAaBHOLIEHHBIX KJIACCOB PAaCTEHUH, YETKO pasjvyalo-

dopm. KaxkbIi THI pacTeHUH (C BBICOKMM HJIM HU3KHUM CO-
JepxxanueM BPII B 3epHe) MoXeT cylecTBOBaTb Kak B BU/JE
CaMOCTOATEJIbHBIX PABHOLIEHHBIX HOHyJIH[II/II‘/JI, TaK U B BUJe
CMeIlaHHOW NMONy/sLUU PXKU. MeToaMu cesleKLUU U3ydae-
Mble NMOMYJISILUHA COPTOB MOTYT ObITh pa3/ie/ieHbl Ha OT/eJb-
Hble CyONONy/IALUH, KaXK4as U3 KOTOPBIX COCTOUT U3 Pa3HbIX
060c06sieHHbIX PpopM pacTeHu. [Ipu co31aHUU HU3KOIEH-
TO3aHOBBIX COPTOB OTOUPAIOT GOPMBI P3KH CO CTEKJIOBUHO-
0/J06HBIM HU3KONIEHTO3aHOBLIM 3€pHOM. JTO M03BOJISIET 3a
KOPOTKHUM CpoK (3 rozia) co3iaTh NOMYJIALMIO HOBOTO HU3KO-
MeHT03aHoBOro copta. /[lyis 3TOW Liesi GOJIbIIOKW HUHTEpec
npejcraBiaseT copT ‘CHHUILra, cofepamud 60% HU3KO-
HNEeHTO3aHOBBIX 3epPEH.

Paboma ebvinosHeHa 6 pamkax 20cydapcmeeHHo20 3ada-
Husl co2nacHo memamuyeckomy naaHy BHP no npoexkmy
Ne 0662-2019-0006 «Ilouck, noddepicaHue HU3HEChOCOOHO-
cmu u packpsimue nomeHyuaaa HAcaedcmeeHHoll usmMeH4u-
80CcMu MUposoll KoA/NeKYUU 3epHO8bIX U KPYNSHbIX KyaAbmyp
BHP das pazgumusi, onmuMu3upo8aHH0O20 2eHOAHKA U payuo-
HA/bHO20 UCNO16308AHUS 8 CeNeKYUU U pacmeHuegodcmees.

The research was performed within the framework of the
State Task according to the theme plan of VIR, Project No. 0662-
2019-0006 “Search for and viability maintenance, and disclos-
ing the potential of hereditary variation in the global collection
of cereal and groat crops at VIR for the development of an opti-
mized genebank and its sustainable utilization in plant breed-
ing and crop production”.
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Development of spring durum wheat cultivars
resistant to stem rust in Western Siberia
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AKTyanbHocTb. CTe6/ieBasd p)KaBYMHA IIIEHHUIbI, BbI3bI-
BaeMasi 6UoTpodHBIM rpubom Puccinia graminis Pers. f. sp.
tritici Eriks. et Henn., - onacHoe 3a6oJieBaHMe, HaHOCSIee
cepbe3HbI 3KOHOMHYEeCKHUH ylep6 Bo3/e/IbIBAaHUIO TBEp-
IOU MIIEeHUIbI.

MaTepuajibl M MeTOAbl. OGbEKTOM HCCIAeJOBAHUM CJy-
KUJIM COPTA M NepCHEeKTUBHBIA MarTepuas, CO3/aHHbIH
B J1abOpaTOPUM CeJIEKLMM SIPOBOH TBEPAOW MIIEHUILBI
®I'BHY «Omckuit AHLl», a Takxe JIMHUY, IOJyYEeHHbIe 110
nporpammaM CUMMUT, KACHUB, u 06pa3nbl KOJJIEKIHUU
BUP. [loseBble omnbIThl, QeHoJOrH4YecKrue HaAOJIIOJEHHUS,
OLIEHKY YCTOHYMBOCTH K CTe6J1eBOH p>KaBYMHE TPOBOJUIIH
Ha ONBITHBIX NOJIIX MHCTUTYTa Ha NpoTseHUd 1990-
2019 rr. Mo O6WeEeNnpUHATHIM METOAWKAM. YCTOHYHUBOCTH
K pace Ug99 orieHMBaJIM Ha eCTECTBEHHOM HHOEKLMOHHOM
¢done Ha moste UHCcTUTYTA dUTONaTONIOrMHK B KeHuu.
Pe3ynbTaThl. BoljiesieH nepcneKTUBHBIA HCXOAHBIN MaTe-
puas, KOTOpbIH UCNOJb3YeTCsA B CeJIeKLIMOHHON nporpam-
Me s1ab6opaTopuu. [lokazaHo co3ziaHNe yCTOMYUBBIX COPTOB
sIpOBOM TBepAOU MUIEHUIbI AJ yca0BUM 3anaaHoi Cubu-
pu. [IpefioxkeHa cTpaTerus oT6opa reHOTUIOB B THGPUA-
HbIX KOMOGHHAIHUAX, 0COGEHHOCTBIO KOTOPOH fABJsAETCH:
paHHUH 0T60p (HaynHasA c F,) no yctoiynBocTHu K 601€3-
HAM COJHOBPEMEHHBLIM OTOGOPOM MO KOJIMYeCTBEHHBIM
npU3HaKaM U MaKapoHHbIM KayecTBaM. [IpescTaBiieHa xa-
paKTepUCTUKA U IpeuMyllecTBanepeaaHHoros 2018 roay
Ha ['ocynapcTBeHHOe HcnbiTaHUe copTa ‘OMCKUE Kopassr),
COYeTaloIEero BLICOKYIO NIPOAYKTHBHOCTD, aJallTUBHOCTD,
YCTOMYUBOCTb K MECTHOH NONMYyJIALUHN BO30yAUTENA CTEO-
JleBOM p>kaBYMHBI U pace Ug99, c OTIMYHBIMU MAaKapOHHBI-
MH CBONCTBaMH.

3akJl04eHHMe. B pe3y/ibTaTe 3TUX HCC/Iel0BaHUH, HA GOHe
CHJIBHOTO IIPOSAIBJIEHUA CTe6/1eBOM prkaBYMHBI B 3anaZHOH
CubupH BO BCeX CeJIEKIMOHHBIX MUTOMHUKAX HMeeTCs Ma-
TepuaJsl, yCTOMYUBBIN K OMCKOM nonyasaunuu P. graminis. Co-
3JaHbl copTa ‘OMckas sHTapHas', ‘OMckuil u3ympyxn’, oba-
JlalolMe YCTOWYUBOCTBIO K OMCKOM NMonyJasiiuu Bo36yAu-
TeJis cTe6JIeBOM pAKaBUYHUHBI.

KnwouesBsle cioBa: Triticum durum, naToreH, ceJieKLus,
KOJIJIEKII U5,

Background. Stem rust of wheat, caused by the biotrophic
fungus Puccinia graminis Pers. f. sp. tritici Eriks. et Henn., is
a dangerous disease that afflicts serious economic damage
to the cultivation of durum wheat.

Materials and methods. Cultivars and promising materi-
als developed at the Spring Durum Wheat Breeding Labora-
tory, Omsk Agrarian Scientific Center (OASC), lines obtained
under the CIMMYT and KASIB programs, and accessions
from the VIR collection were the objects of research. Field
experiments, phenological observations, and assessment of
stem rust resistance were carried out from 1990 through
2019 in the OASC experimental fields using conventional
methods. Resistance to the Ug99 race was evaluated under
natural infection pressure at the Kenya Agricultural and
Livestock Research Organization (KALRO).

Results. Promising source material was identified and in-
cluded in the Laboratory’s breeding program. The ways
were shown to develop stable cultivars of spring durum
wheat for the environments of Western Siberia. A strategy
was proposed for the selection of genotypes in hybrid com-
binations of spring durum wheat: it would include early se-
lection (starting from F,) for disease resistance with simul-
taneous screening for quantitative traits and pasta-making
qualities. The description and advantages of cv. ‘Omsky ko-
rall’, submitted to the State Variety Trials in 2018, are pre-
sented. This cultivar combines high yield, adaptability, re-
sistance to the local population and the Ug99 race of the
stem rust pathogen, and excellent pasta-making qualities.
Conclusion. As aresult of these studies under heavy stem
rust pressure in Western Siberia, all breeding nurseries ob-
tained source material resistant to the Omsk population of
P. graminis. The released cultivars ‘Omskaya yantarnaya’
and ‘Omsky izumrud’ demonstrate resistance to the Omsk
population of the stem rust causative agent.

Key words: Triticum durum, pathogen, selection, collection.
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3epHo TBepaoi neHunsl (Triticum durum Desf.) - He3a-
MEeHHMMOEe ChIpbe [iJIsi MPOU3BO/CTBA BBICOKOKauyeCTBEHHBIX
MaKapoH, KOHAUTEPCKUX U3/ eJIUH, KPYTI, a TaKXe JJIs [0J1y-
YeHHUs [JeHHOT0 JIeTCKOro NUTaHus. TpaAUIMOHHO OCHOBHBI-
MH perMoHaMH IPOU3BO/CTBA BbICOKOKAYECTBEHHOI0 3epHa
ApOBOX TBepAOH NileHULb! B Poccuu ABA0TCA 3anafHas
Cubups, Anrtaiickuit Kpai, I0xxHb1# Ypan u [ToBomxkbe.

OcHOBHOU apeas TBepA 0¥ muieHUI bl B 3anagHol CuOU-
pH - CTeNHasi U 10KHas1 JIeCOCTeIHas 30Hbl. DTO PETHMOH pHC-
KOBaHHOTO 3eMJiefiesus, ¢ AepULUTOM 0CaZKOB, C IPOsiBJIe-
HUeM Pa3/JIMYHbIX TUIOB 3acyXH. B oT/ie/IbHbIE TOAibI CYIIeCT-
BEHHBbI yYpOH HaHOCAT 6oJie3HU. [103TOMYy CTaGUIBHOCTb
yPOXKalHOCTH U KayecTBa 3epHa 3aBHCUT BO MHOI'OM OT
CKJIa/IbIBAIOIHUXCSl TOTOAHBIX YCJOBHUH, TEXHOJIOIMU BO3Je-
JIBIBAaHUS, UCNOJIb30BaHUSA aJAalTUBHBIX, YCTOMYMBEIX K 60-
JIe3HSIM COpTOB. B mocsieiHue roap! B 3anagHoi CUOUPH, Ha-
pAAYy CTPaAMLUOHHBIMU G6OJIE3HAMU TBEPAOH MNIIEHUIbI
(6ypast p>kaBYMHA, My4YHHCTasl Poca, CENTOPHO3, TBepAas
Y MblIbHAasi TOJIOBHA M [Jp.), HaOG/IIOJAI0TCA 3NUPUTOTHH
cTe6eBoi prkaBuuHbI (Meshkova 2006; Yusov et al.,, 2018a,
2018b; Gultyaeva etal., 2020). Hapsay c 3TUM cyliecTByeT
ONACHOCTb NIPOHUKHOBEHUs U3 cTpaH bumkHero BocToka
u CpeiHell A3uY BpeIOHOCHOH pachl CTEOJEBOU PXKaBYMHBI
Ug99 (Yranaa 99), Ha3BaHHOU TaK 10 MeCTy ee MePBOro 06-
HapykeHHUs Ha A¢pprkaHckoM KoHTHUHeHTe (Shamanin et al.,
2015; Shamanin etal, 2016; Rsaliyev A.S., Rsaliyev Sh.S.,
2018). B 2015 r. B OMCcKo#1 06/1aCTH U COCEIHUX C HEX paiio-
Hax KazaxcraHa asnuduToTHs cTe6/1eBOM prKaBYMHBI MILIEHU-
bl OXBaTUJa 6osiee 1 MJIH ra mawHu. [loBTOpUIacy cutya-
uusg uB 2016 T, XOTS U B HECKOJIbKO MEHbIIEM MaclTabe;
naToreH ObLI OOHApy)XeH Ha BceX 00C/eJOBAaHHBIX MOJISAX
CeBepo-KazaxcTraHckoi 06/1aCTH, BCJIeCTBUE Yero OTMeva-
JIOCh 3aMeTHOe CHIKeHHUe He TOJIbKO YPOXKalHOCTH, HO U Ka-
yectBa 3epHa (Lapochkina et al,, 2016; Rsaliyev et al., 2018).

Llesb daHHOU pabombl - TOKA3aTh CO3/JaHUE YCTORYUBBIX
COpPTOB SIPOBOM TBep/I0 MIEHHULbI K CTe6JIEBON pXKaBUMHE
[ ycaoBui 3anagHoi Cubupu.

MaTtepuaJ 1 MeTOAbI

O6BbEKTOM HCC/IeIOBAHUM CJAYXXHUJIM COpPTA U Mepcrek-
THUBHBIA MaTepyasl TBEpJOH MILEeHUIb], CO3JaHHbIN B J1ab0-
paTtopuu ceneknuu TBepgod mieHUubl OPTBHY «OMckuii
AHIl», a Takxe reHOQOH/ COPTOB U JIMHUH, TOJy4eHHBIH 110
nporpaMmmamM CUMMUT, KACUB (KasaxcraHcko-Cubupckas
CeTb yJy4lleHUsl IpOBOM NIEHUIbI) U U3 KOJUIeKLUU Bce-
POCCUICKOr0 UHCTUTYTA FeHEeTUYEeCKUX PECypCcoB pacTeHUH
vM. H.U. BaBusioBa (BUP). 3a roxwl ucciaenosanuii (1990-
2019 rr.) 6b1J10 U3y4YEHO OKOJIO 4 ThICSY 06pa3L0B U3 MUPO-
Boro reHo¢oHga. PeHosiornyecKkde HaAOIIOAEHUS, OLEHKA
YCTOWYMBOCTH K cTeGsieBOM prkaBuuHe (Puccinia graminis
Pers. f. sp. tritici Eriks. et Henn.) npoBoAu/IMCh Ha ONMBITHBIX
MOJISIX UHCTUTYTA B IOJIHOM COOTBETCTBUM C TPe6GOBAaHUAMU
u pekomeHgauusaMu (Fedin, 1985; Kovalenko et al., 2012).

OueHKy pasBUTHUS CTeGJEBOU PrKAaBUMHBI JAeJaNU IO
npuHsToil B CHMMMUT wkause, (Koishybayev, 2014). YauTsi-
BaJIU THII MOpPaXKeHHUs U CTeNEeHb Nopa)KeHus 1no Mogudu-
nupoBaHHoi mkaJje (Stakman etal, 1962; Roelfs etal,,
1992): 0 - UMMYHHUTET, ypeAONyCTY/Jbl He 06pas3yloTcs;
R (Resistant - Beicokast ycToH4HUBOCTB), 5-10%; MR (Mode-
rately resistant - cpeHssa ycToiunBocTh), 10-25%; M (re-
TepPOTreHHBIN THII), NYyCTY/bl PAa3JMIHOTO pa3Mepa, OKpy-
>KeHHbIE XJIOPOTHYECKUMH U HEKPOTHYECKHMH MSITHaAMU
uau 6e3 Hux; MS (Moderately susceptible - cpegusis Boc-

NPUUMYHUBOCTB), cTeneHb nopaxkeHus 40-50%; S (Suscep-
tible - BocnmpuuMuyuBOCTB), mopakeHus 6osee 60%. 06-
11y KOMGUHAMOHHY 0 cioco6HOCcTh (OKC) v cnenuduyec-
Kyl KoM6HHaLMOHHYI0 cnoco6HocTh (CKC) paccuuTriBa-
au o MetogukaMm V. G. Volf etal. (1980) u G. K. Dremlyuk,
V. F. Gerasimenko (1992).

B cucTeMe NOJIHBIX TOINKPOCCOB B KauecTBE MaTepHH-
ckuxX GopM HCMoJb30BaMUCh: ‘OMcKas sHTapHas, ‘OMCKUT
kopyHpz, KemuyxunHa Cubupu, Toppendopme 95-139-3,
Topnendpopme 98-96-3, ‘OMckuil pyOUH’; OTIOBCKUX — ‘OM-
CKHUM KpucTawLr, ‘OMckas cTenHast, ‘beseHuykckas cTenHast’.
B cucteme HemoJIHbIX TOIIKPOCCOB OBbIIM MCII0JIb30BaHbI
B KayecTBe MaTepHHCKuX ¢opM HKemuyxuna Cubupu’, ‘Om-
ckasa cremnHas, ‘Omckuit usympys, l'opgendopme 01-115-5,
‘OMckas 6upro3a), a B KayecTBe OTHOBCKUX — JlaBuHa', ['opae-
udopme 06-5-3, Topgendpopme 08-55-5, l'opaendopme 08-
94-3, ‘Tpuaga’, Jleykypym 1560118.

Hecnenuduyeckyro ycTOWYHMBOCTH ONpejesisijid B IO-
JIEBBIX YCJOBHUSAX [0 CKOPOCTHU HapacTaHUs 60JIe3HH, pac-
CYMTBIBasA IJIOIAJb KpUBOM pasButus 6ose3nu ([IKPB).
Ha ocnoge I[IKPB onpegensiu nugekc ycroiuuoctu (UY)
COpPTOB, KOTOpPBIN onpejesaseTcsa Kak cooTHoweHue [IKPB
y TECTUPYEMOTO COPTAa U BOCIPUHMMYUBOIO KOHTPOJISA
(MY =TIKPB_/ IKPB ). Ha ocHoBanuu UY copTta pasaens-
I0TCSl Ha rpynnsl: BeicokoycTtoiuussle (MUY =0,10-0,35),
cpeaneyctoriuuBeie (MY =0,36-0,65), c HU3KOU yCcTOHYH-
BocTbio (MY = 0,66-0,80) 1 c BEICOKOH BOCHPUUMYHUBOCTbIO
(MY >0,81) (Wilcoxson etal., 1975; Makarov etal., 2003).
YcTONYUBOCTh CeJIeKLLIMOHHOrO MaTepuasia K pace Ug99
(TTKSK) ouenuBasu Ha eCTeCTBEHHOM HHQPEKLMOHHOM
¢doHe UHcTHUTyTa duTonatosoruu B Kenun (Kenya Agri-
cultural and Livestock Research Organization).

PESYJIbTaTbI u 06cy)K,qel-me

B nepuog ¢ 1990 no 2009 rog B noJieBbIX YCJAOBHUAX Ha-
6J1I0/]aJIOCh TIEPUOJUYECKOe MOpaXKeHHWe COPTOB TBEPLOH
NIIEeHUIbl CTe6JeBOM p)KaBUMHOW. /lUHAMHUKa MOPaXKeHUS
COPTOB TBEPAOU NIlIeHULbI CTe6JIEBOM pKaBUMHOUN B OMCKOH
obJlacTy npejcTraBieHa Ha pucyHke. C 2009 roga TpeH/[ mo-
P2XXeHUS UAET Ha YBEJIMYEHHUE, U B TIOCJIeTHUE 'O/Ibl OHO CTa-
HOBUTCS pery/isipHbIM. Bo3pacTaeT MUHHMMa/IbHOE MOpaXKe-
HUe, YTO KOCBEHHO TO/JTBEpPXK/JaeT yCUJeHHe BPEeLOHOCHO-
CTHU JaHHOTO 3aboJieBaHUs, 0OYC/JOBJEHHOEe H3MeHeHHEM
MONYJ/ISILIUOHHOT'O COCTaBa MaToreHa U GOPpMHUpPOBAHHUEM HO-
BBIX BBICOKOBUPYJIEHTHBIX GHOTUIIOB.

Co3/laHMe TEeHOTUIIOB, YCTOWYHUBBIX K 00JIe3HAM, ObLIO
BCer/la OHUM W3 NPUOPUTETHBIX HAllpaBJIeHUHW OMCKOH ce-
Jgekyuu. [Ipo6ieMy yCTOMYMBOCTH K CTEOJIEBOU prKaBUHMHE
pelIau HeCKOJbKUMHU My TSMU: B IIEPBYIO 0YePeb UCI0J1b30-
BaJlM paHee Hal/leHHbl€e IOHOPbI U UCTOYHUKH YCTOMYMBOCTH,
a TaK)Ke BbISBJISUIN HOBbIE C 3QPEeKTUBHBIMU I'eHaMH U BKJIIO-
YyaJii uX B rubpuansanuio. OHaKo U3 60JIbLIOro pa3Hoo6pa-
315 U3yYeHHBIX TeHOTUIIOB JIMIIb HEOOJIbIIAs YACTh B HAIIUX
YCJIOBUSIX TPEACTABJISET CEeJIEKIUOHHYI LIeHHOCThb JJISl HC-
noJsib30BaHus B ru6pugusanuu. C 1990 no 2000 roj 6611H BbI-
JleJIeHbl YCTOHYMBBIE K CTe6/IeBOM prkaBUKMHe 06paslibl pas-
JIMYHBIX BU/IOB MILIeHUIbI U3 KoJuiekiuu BUP: k-537, k-859,
K-5173, k-7529, k-43953, k-54208, k-54532, ‘Arat’ (Poccus);
K-7349 (T'epmanus); k-10055 (M3pauab); k-10946, xk-16496
(Tynuc); -13895, k-18969, k-18971 (Iduonus); k-14541
(Typuusa); k-46115 (Amxup); k-46520 (Ywnam); k-46744
(Ppannuus); k-47117, k-56846, k-58720 (Mekcuka); k-44429,
k-58715 (CIIA) (Evdokimov, 2006). BkiroueHrueM B rUGpUAH-
3auuio ob6pasua k-5173 (T dicoccon (Schrank) Schuebl.) 6b11
co3zaH copT ‘OMcKas SIHTapHasi, KOTOPBIA B rofbl SNUPUTO-
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B YCJIOBUAX I02KHOM JiecocTenu OMcKoii o6s1actu (1990-2019 rr)

Figure. Dynamics of durum wheat damage by stem rust in the southern forest-steppe of Omsk Province (1990-2019)

THUH 3a CYET CKOPOCIMEJOCTH YXOAUT OT MHPEKIMOHHON Ha-
rpysku. O6paser; k-5173 Takxe NPUCYTCTBYeT B POAOCJIOB-
HoM copToB ‘OMckas crenHast’ u ‘OMckui usympya’. C yqactu-
€M MEeKCUKAHCKOH JIMHUHW TBepJOH muieHUIbl K-47117 ObL1
coszaH copT ‘OMckuil KopyHZ. OfHAKO B IOC/AEAHHE TOJBI,
B CBfI3U C U3MEHEHHEM IIONYJIALMOHHOI0 COCTAaBa MATOreHa,
OH TopaxkaeTcs B CUJIbHOM cTeneHU. B nepuog 2000-2007 rr.
ObLIM U3y4YeHbl JIMHUM U copTa T durum, nosyyeHHble B paM-
Kax corpysHudectBa ¢ CHMMMUT. Bce usydyeHHble 06pasibl
3HAYMTENbHO YCTYNAIOT MO aJaNTHBHOCTH OTEYeCTBEHHBIM
copram. OHaKO cpeJii MHOroo6pasus U3y4YeHHOTro MaTepHa-
J1a BeISIBJIEHbI POPMBI, IPEJCTABSAIOLINE HHTEPEC 10 HAType
3epHa, MaKapoOHHbIM CBOHCTBAaM, YCTOHYHMBOCTH K 6ypoi
U cTe6/IeBOM pXKaBUMHE, TBEP/OH roJIOBHE, MyYHHCTOH poce.
3a ator mepuop usydyeHo 1440 06pasLoB, U3 KOTOPBIX IO
YCTOWYMBOCTH BbIENUIMCH 00pa3sLbl CO CeAYIOIUMH POJO-
cnoBHbIMU: Auk/Guil//Green; Dipper 2 /Bushen 3; Rascon 37/
Green 2; Wizza 23/Cona; Green 38/Bushen 4; Dack/Kiwi/
Oste 3; Srn3/Ajata 15; Parva 2/Kitti 1; Lhuke/Rascon/Cona;
Fulvous 1/Meowll 3; Rascon37//2*Tarro 2; Sora 2/Plata 12;
Plata 8/4/Garza/Afn//Cra//3gta/5/Rascon; Dipper_2/Bush-
ek 3; Dack/Kiwi//Oste/3/Chen84_1/4/Mexi75/5; D86135/
Ac08t//Porrqn4; Boomer 24/Ajaia 9//Plata 3; Eth-LrwhA1l-
18tC74)/3*Altar 34; Pod11/Yazil; Rascon37/Boomer20.

C 1999 r. v no HacTosIlee BpeMs peanu3yeTcs MeX/yHa-
pozHas nporpamma KACHB, ocHoBHasA 1esib KOTOPO# - mo-
BbllleHHe 3(QQPEKTUBHOCTH CeJIeKIMH SPOBOH MIIEHHUIBI
B CeBepHOM KaszaxctaHe u Cubupu. 3a nepuoz CyuiecTBOBa-
HUSA IporpaMMbl 66110 U3yyeHo 210 o6pasnoB. B kayecTse
HUCTOYHUKOB YCTOMYMBOCTH K OMCKOH MONYJALMH BO36YAHU-
TeJis cTe6/IeBON PXKaBYMHBI NIPEJCTABIAIT HHTEpec o6pas-
ubel [oppendopme 03-20-18, ‘Omckas siHTapHas, ‘OMCKUI
usympyn, Tloppendopme 04-85-4, Toppendopme 05-42-12,
Toppeudopme 08-67-1, Toppendopme 08-107-5 (PTEHY

«Omckuit AHll»), Kaprana 28, Kaprana 303, Kaprana 1412,
Kaprana 1514, Kaprana 1516/06 (Axtio6unckas CXOC);
653144, 688n-4, ‘Tpuaga, 1560418 (Camapckuit HUUCX);
Jypym 49, Topneudopme 69-08-5, Topgendopme 178-05-2,
Jlunus 250-06-14 (HIIL3X um. A.U. BapaeBa); Jlunus N2 9
(Kapa6asnbikckas CX0C). Ouenka ycToWdyuBocTH K pace Ug99
B KeHuu nokasasa, 4To 0CHOBHOM Ha60p reHOTHUIIOB BOCIPH-
HMYUB K CTe0JIeBOM plkaBUMHe C nopakeHueMm ot 20 1o
100% wu Tunom nopaxeHus M, MSS uS. OTHocuTe/bHOU
YCTOWYUBOCTBIO 06/1a4a10T 13 reHoTHIOB (Tabs. 1).

B nmocsieiHMe rofpl, B CBSI3U € pacpocTpaHeHHEM arpec-
CUBHOH pacbkl B0306yauTess cTebeBoil pxkaBunHbl Ug99,
B paMKaX MeX/lyHapOJHOTO COTPYAHUYECTBA Mbl OTNPABJIA-
eM CeJIEKLIHOHHBIH MaTepHas JJs OLleHKH B KeHUIo U aTOT
»Ke Habop reHOTUIIOB U3y4yaeM 10 YCTOMYMBOCTH K MECTHOH
MOMYJISILIUY aToreHa (Taout. 2).

Yuenble GRRC onpepenuny, yto pacel P graminis B OM-
CKOM 06J1aCTH UMEIOT HeOObIUHYI0 BUPY/IEHTHOCTD 10 CpaB-
HEHHIO C pacaMH, paclipoCTPaHEHHbIMHU B JPyTUX a3UaTCKUX
1 appuKaHCKUX cTpaHax. Pacel Ug99 1 ee 6UOTUIIOB B peruo-
He He obHapyeHo, a paca TTTTF, BoijesieHHas U3 momyJis-
uun 2016 roga, oTindaeTca OT «cunuaunckon» TTTTF
(Hovmgller, 2017). 3a nepuog ¢ 2016 no 2019 ropx Beizie/IeHO
12 06pasuoB, ycToWuuBBIX Kak K nomynasnuu Ug99, Tak
U K MecTHOU mnonynsauuu: loppendopme 09-66-1, ‘OMckuit
na3yput, [lopgeudopme 09-73-1, Toppeucdopme 10-32-1,
Toppendopme 10-32-3, l'opgendopme 10-35-2, Topaeudop-
Mme 10-63-1, l'oppendopme 11-45-13, lopaendopme 11-47-1,
Toppendpopme 12-11-5, lopaendopme 12-48-1, Topaendop-
Mme 10-71-3.

3ayacTylo Nnpu CKpelMBaHUAX YCTOMYMBOCTD K cTebJle-
BOH pKaBYMHe He BCerJa IepesjaeTcs MOTOMCTBY, a TaKKe
MHOTHe 06pasLbl UMEIOT HU3KYI0 aJAalTHBHOCTD K YCJOBUAM
3anagHoit Cu6upu. [loaToMy nepes BKJIIOUeHHEM FeHOTHUIIOB
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Ta6auna 1. [lepcnekTHBHbIE 06pa3nbl, ycToiiuuBble k pace Ug99 Bo36yauTe 1A cTe61€BOM prKaBYUHBI

Table 1. Promising accessions resistant to the Ug99 race of the stem rust pathogen

JInausa OpuruHaTop IMopaxeHue %, TUI IOpaXKeHUA
OMCKHH U3yMpPYyL 5R
Topreudopme 05-42-12 OTBHY «OMmckuit AHL» 20MS
OMCKUI Kopasii 0-5R
JlaBuHa 10M
Topreudopme 69-08-2 HIIL3X nm. A.HU. bapaesa 5R
Toppendopme 178-05-2 10M
Kaprasna 1514 20M
AkTio6uHCcKass CXOC
P-1409 5R
Topaendopme 2383, 15M
Kapa6asnbikckas CXOC
Topaeudopme 1790 5MR
Cetimyp 17 KasHUU3uP 5MR
Jleykypym 19704-5 Camapckuit HUMCX 5R
Topmendopme 748 GAHLIA 5M

Ta6smna 2. KoJin4ecTBo NepCneKTUBHBIX 06pa310B, YCTONYMBLIX K CT€6/IeBOil piKaBYnHe

Table 2. Number of promising accessions resistant to stem rust

Yucsio 06pa3noB, yCTONYMBBIX K
Toabl
pace Ug99 MeCTHOM NOMy/IAluUA
2016 6 2
2017 9 8
2018 7 11
2019 9 17

B TU6PUAN3ALMI0 HEOOXOLUMO HU3YYUTh UX 110 KOMILIEKCY
XO3SMICTBEHHO I|eHHBIX NPHU3HAKOB U B MECTHBIX YCJOBUSIX
BbISIBUTDb UX JJOHOPCKHE CBOHCTBA.

AHany3 KOMOGUHAIIMOHHON CIIOCOGHOCTH MO YCTOMYUBO-
CTH K CTe06JIEBOM prKaBYMHE MOKa3aJsl: B roJbl C yMEPEHHbIM
nposiBJieHueM 6oJie3HH BkJaj B usMeHyuBocTb OKC y ru-
OpU/0B NMPEUMYILECTBEHHO BHOCUTCS aJiUTUBHBIMU TeHa-
MU MaTEPUHCKUX GOpPM, a B rofibl SNTUPUTOTUH NPEUMYLIECT-
BO HMEIOT aJJAUTHUBHbIE I'eHbl OTLOBCKMX W MaTEPUHCKHX
¢dopM. TakuM 06pa3oM, yCTOHUHUBOCTb MOXKET HepejaBaThCs
KaK OT MaTEPUHCKOH, TaK U OTLOBCKOU ¢popMbl (Tab.. 3). Ilo
pesysbraTaM oneHkH 3ddpekToB OKC B KauecTBe JOHOPOB
YCTOMYMBOCTH K OMCKOH nonyasiuuu P graminis peKoMeHAy-
1oTcs copta: ‘Tpuaga), JlaBuna), lopaendopme 08-94-3, Top-
neudopme 01-115-5, ‘OmMckuii uaympyxn’, a k pace Ug99 - ‘Om-
ckas sHTapHast, YKemuyxuna Cubupu’, lopaendopme 98-96-
3, ‘BeseHuyKcKasi cTenHasi’

JlocTaTo4HO BBICOKHE KO3()PUIMEHTHl HAC/IeLyeMOCTH
H?=0,719-0,790 u h? = 0,438-0,630 n03BO/SIOT NPOBOJUTH
0TGOp HAa YCTOMYMBOCTb PU 6J1aroNpPHUATHBIX YCJIOBUSIX, HA-
4yuHasi C F,.

Ha ocHOBaHMM paHee IIPOBEJIEHHBbIX MEHETHYECKHUX HC-
cnepoBanui (Evdokimov, 2006; Yusov, 2008; Yusov, Evdoki-
mov, 2008; Yusov et al., 2012) HaMu npeAJioKeHa CTpaTerus

oT60pa TeHOTUNOB B TIUOGPUAHBIX KOMOGHHALUAX SPOBOH
TBEPJOH MiueHULbl. B 0cHOBY 0T60Opa 3a/10)KeH CJIeAyOIUN
HPHUHLUII:

- paHHUH 0T6Op (HauMHadA c F,) mo ycToHYMBOCTH K 6y-
po#i, cTeGJyieBOl prkaBUYMHE, MbIBHOW U TBEPJOM TOJIOBHE,
MY4HHMCTOH poce B KOMOMHALUAX C MCTOYHUKAMU U JJOHOpa-
MU YCTOWYUBOCTH;

-0 NpHU3HAKaM, HMMEWIIMM IPOCTOE HacjleL0BaHUE
(okpacka KoJ10ca, OCTUCTOCTb, OKpacKa 3epHa), 0T60P POBO-
JIUTCSL CYy4YeTOM OCOGEHHOCTeH xapaKTepa Hac/eJ0BaHHs:
JIOMUHAHTHOrO NpH3HaKa B F, uin 6osiee No3AHUX NoOKoJIe-
HMfAX, peLieccuBHoro - B F,. Pannuii ot60op (F,) - mo xonuye-
CTBEHHBIM IPHU3HaKaM: BbICOTA PACTEHUH, AJIMHA BEpXHETO
MEXJ0y3JIUs, JAJIMHA KO0JIOCA, JJIMHA OCTeH, NpOJyKTUBHAs
KyCTHUCTOCTb (B 3aCyLIMBBIX YCJOBUSX), KOJUYECTBO KOJIO-
CKOB B KoJioce, Macca 1000 3epeH, cofepkaHue Geska, Kade-
CTBO KJIEKKOBMHBI, COJlep)KaHHEe KapOTHHOMJHBIX NUIMEH-
TOB, MAKapOHHBIE KayeCTBa.

Tako# NPUHIMI Mbl CYUTAEM peasbHbIM U IPAaBOMOY-
HBbIM IpPH lieJIeHaNnpaBJeHHbIX CKPEeIMBaHUAX, KOrja He06-
XOJMMO YJIYYUIUTb OTAEJbHbIA KOJMYECTBEHHBIN NMPU3HAK.
Kak npaBuJio, B KOMOGMHALMAX NPEAyCMAaTPUBAETCS CKpPHU-
HUHT 110 COBOKYITHOCTH IPU3HAKOB. B 3TOM c/1yyae Mbl BbIHY-
#/eHbl npuberaTh K nosropswiemMycs oréopy (F,-F,) (mo
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Ta6una 3. AHa/IM3 KOMGMHAIMOHHOM CIOCOGHOCTH TBEPAOH NMIIEHUIIbI 10 YCTOMYUBOCTH K CTEG/IEBOI p>kaBUUHE

Table 3. Analysis of the combining ability in durum wheat in the context of its resistance to stem rust

Omckas nonyasinus Puccinia graminis /
Ug99 . .. L
Omsk population of Puccinia graminis
HcToYyHMK
U3MEHYHBOCTH 2009 F, 2017 F, 2018F, 2019F, 2019F,
MS % MS % MS % MS % MS %

OKC @
GCAQ 117,01 | 27,19 1,11 56,3 166 49,81 21,24 37,8 10,36 24
OKC &
SCAS 233,68 | 54,30 0,26 12,5 115 30,85 28,73 51,15 26,8 56,32

CKC

RE 76,60 17,80 0,55 26,1 48,8 13,14 1,74 6,7 6,82 14,33

l'lpHMe‘{al-me: AOCTOBEPHO C 5-l'lp01.leHTHbIM YpPOBHEM 3HAYUMOCTH

Note: F-test level of significance is 5%

KauyeCTBEHHBIM U KOJIMYEeCTBEHHBIM INPHU3HAKaM), a TakKxke
ecJIi 0TGOp UAET 1O MPU3HAKAM C Pa3HOU CTEMEHbIO HacJle-
JAyeMocCTH (KpacHasl oKpacka KoJioca, HaTypa 3epHa). B mo3a-
HeM nokosienuu (F) - oT60op mo mpusHakaMm: KOPOTKOCTe-
6eJIbHOCTb, TNPOAYKTHUBHAsA KYCTUCTOCTb (BO BJIQXKHBbIE
roJibl), IVINHA KoJioca (BO BJIQXKHbBIE TOAbI), AJIMHA OCTeH (BO
BJIQXKHBIE ['O/IbI), YMCJI0 3ePEH B KOJIOCE, Macca 3epHa B K0JIO-
ce, yPOXKaHOCTb.

B ce/leKIIMOHHBIX NHUTOMHHUKAaX MPOBOJUTCS HEraTHUB-
HBbIH 0TGOP, KOTOPHIM 3aKJ/II0YaeTCs B TOM, YTO MeHee ypo-
>KalHble, C MPOsIBJIeHUEM 6oJsie3HeH JIMHUM NP I10JIeBOH
OIlleHKe BbIOPAKOBBIBAIOTCS. B paHHUX MUTOMHUKAX 3TOT OT-
60p GoJiee )KeCTKUHU C TeM, YTOOb! He EePENOHATh U3JIUII-
HUM 00'b€MOM IOC/IeYIOLIe 3TAlbl CeJeKIUH.

Bce 3T MeponpusATHS NPUBEJNU K TOMY, YTO, HAaYHMHAS
c 2017 rozia, yBeJIMYMBAETCS KOJIMYECTBO YCTOWUYHUBBIX JIU-
HUH B CEJIEKIIMOHHBIX MUTOMHHKaX Ha 15-20%.

B 2018 roay 6611 nepegaH Ha [ocyiapcTBEHHOE UCIBI-
Ta”ue copT ‘OMckuit kopauua' (Fopaendopme 04-85-4), co-
yeTawUUH B cebe BBICOKYIO NPOAYKTUBHOCTb, aJlalTHUB-

HOCTb, YCTOMYUBOCTb K CTe6JIeBOM piKaBUMHe MeCTHOH
nonyasauuu upace Ug99, c OTIMYHBIMU MaKapOHHBIMHU
cBoucTBamu. [lo pesysnbraTam uccaeoBanuii BU3P B aTtom
copTe uAeHTUGUIMPOBaAH reH Sr28, 3¢ deKTUBHBIN IPOTUB
pacsl Ug99. CopT BbiBe/ieH BHYTPHUBHUAOBOM rubpupausa-
el M MHAWBUAYAJbHBIM OT60POM M3 IH6PUAHON momy-
JIIUM OT CKpeuuBaHus copra ‘OMcKas sHTapHas W JHU-
HUHY, ToJIy4eHHOH o nporpamMmme c CHMMMUT, Pod11/Yazi 1.
B nosieBbIx ycsoBusx 2017-2019 rr. Ha6J/110a/10Ch CUJIBHOE
pasBuTHe cTebseBOH pkaBuMHBL. CopT ‘OMCKUE Kopasa
B MeHblllel cTeneHu nopasuscs P. graminis (ot 10 1o 30%),
y copta-ctanaapra Kemuyxkuna Cubupu’ - ot 70 1o 90%,
y copTa ‘CapaTtoBckas 29’ - o1 90 10 100% (ta6s. 4). OnHUM
M3 NepCHeKTUBHBIX HalpaBJIeHUH 3allUThl pacTeHUH OT
pKAaBYMHHBIX OO0JIe3HEH cYMTaeTCs BO3JeJsibIBaHUE COp-
TOB, XapaKTepU3yWIUXCA 6oJsiee MeJJeHHbIM U CJa6bIM
pasBuTHeM 60Jie3HU (slow rusting). UHAEKC yCTORYUBOCTH
copTa ‘Omckuit kopasan' - ot 0,054 o 0,166, 4TO COOTBET-
CTBYeT TpyIIle BBICOKOYCTOMYUBBIX MO CpPaBHEHUIO CO
CTaHAapTaMH.

Ta6suina 4. [lopakeHHe COPTOB TBepPAOH NIIeHUIbI OMCKOU nonyasauueit Puccinia graminis
Ha ecTeCTBeHHOM UH(}eKIIuoHHOM ¢oHe (3Kos0orudyeckoe ucnoitanue 2017-2019 rr.)

Table 4. Damage of durum wheat cultivars by the Omsk population of Puccinia graminis
under natural infection pressure (environmental trials of 2017-2019)

2017 r. 2018 . 2019 r.
Copr Maxnopa- | IKP6/ | UY / | Maxnopa- | IIKPB/ | UY/ | Maxmopa- | IKPB/ | HY/
XKeHue, % AUDPC IR ’XKeHue, % AUDPC IR xKeHue, % AUDPC IR

Omckas 50MS 720 | 0,321 50MS 676 | 0,287 1005 2570 | 0,666
AHTapHad
KemuyxkuHa
Cubupu 90S 880 0,393 70S 1006 | 0,428 90S 1987 0,515
(cranpmapT)
OMcKuit Kopai 5R 120 0,054 10MR 137 0,058 30MR 640 0,166
Omckas 38 30 MR 320 0,142 50MS 676 0,287 50MR 1360 0,352
CapaToBcKasi 29 90S 2240 | 1,000 100S 2350 | 1,000 100S 3855 1,000

[Tpumeuanue: [IKPB - miomaab KpuBo# pa3BuTHs 60/1e3HK; UY - HHJIEKC yCTOMYHMBOCTH
Note: AUDPC - area under the disease progression curve; IR - index of resistance
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[IpoGsieMe YCTOWYHUBOCTH K GOJIE3HAM U, B YaCTHOCTH,
K cTe6/1eBOl prkaBUYMHE B CeJIeKLIMOHHBIX NMporpamMmax Cu6-
HUUCX (nerHe OMmckuit AHLL) yaensiiocs Bcerga oco6oe BHU-
MaHue. UTorom sToil AesiTeIbHOCTH SIBJISIETCS TO, YTO B Ha-
cTosilee BpeMs Ha GOHEe CUJIBHOTO MPOSBJEHUs cTebIeBOH
pXKaBYMHBI BO BCEX CEJIEKLMOHHBIX MNUTOMHHUKAX HMeeTCs
MaTepuas, YCTOMYMBBIA K OMCKOW mnonyasauuu Puccinia
graminis, a HauuHas ¢ CII-3 - u k pace Ug99. Co3ganbl copTa
‘OMckada gHTapHast, ‘OMCKUE u3yMpy[, 06/1a/jaolye yCTOM-
YUBOCTBK) K OMCKOH NONyJAsiLUU BO3OYAUTEJNS CTe6JIeBOM
prkaBunHBL B 2018 rogy 6611 nepesan Ha ['ocygapcTBeHHOe
ucnbiTaHue copT ‘OMckuil kopann (Topaeudopme 04-85-4),
coyeTawUMi B cebe BBICOKYI0 NPOAYKTUBHOCTb, aZlalTHB-
HOCTh K KJIMMaTHYeCKUM YycaoBUsAM 3amafHod Cubupwy,
YCTOMYUBOCTb K MeCTHOW nonyasauuu P graminis v Ug99,
C OTJINYHBIMU MaKapOHHBIMHU cBoHcTBaMHu. COpT BbIBeJeH
BHYTPUBHU/0BOM rubpuau3anuei 1 UHAUBUAYATbHBIM 0T6O-
pOM M3 TH6PUAHON MONYAALMHY OT CKpeluBaHus copTa ‘OM-
ckas sHTapHass' ¥ iuHuu Pod11/Yazi 1, mosydyeHHoi 1o npo-
rpamme c CHMMHUT.

Paboma evinosHexa no 3adarnuto Ne 0797-2019-0008 «Co-
30daHue HOBbIX COpPMO8 NWEHUYbl 03UMOU, Apo8oll MszKol
U meepdoll CYAyYWEHHbIMU CAOHCHBIMU, IKOHOMUYECKU 3HA-
YUMbIMU c8olicmeamu (NpodyKmueHoCcmMb U Kayecmeo), N0gbul-
WeHHOU ycmolYu8ocmbuio K 2pUGHbIM 60/1e3HSIM, Guomuye-
CKUM U abuomuyeckum akmopam cpedwvl». HanpasaeHue Ha-
yku X 10.4. Pacmenuesodcmeo, H. 150 npoepammst PHH Toca-
kademuli Ha 2013-2020 ze.

The work was carried out under Assignment No. 0797-
2019-0008 “Developing new cultivars of winter wheat, spring
and durum wheat with improved complex and economically
significant properties (productivity and quality), and higher
resistance to fungal diseases, biotic and abiotic environmental
factors”. Research Direction X 10.4. Crop Production, n. 150 of
the Federal Scientific Research Program for the State Acade-
mies for 2013-2020.
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[lonsiTue «copHas ¢yopa» A0 CUX IOP CBA3BIBAETCS C COP-
HBIMU pacTeHUsIMH arpoQUTOI€HO30B, HECMOTpPSA Ha TO
YTO ellle B IepBOH MOJIOBHHE MPOILJIOr0 CTOJETHUS 06CyX-
JlaJlacb IpUYyPOYEeHHOCTb 3TOM IpyNIbl pacTeHUH K 6oJjiee
IIUPOKOMY CHEKTPY THUIIOB BTOPHUYHBIX MeCTOOOUTAHUH
C HapylUIeHHbIM PacTUTEeJbHbIM U IOYBEHHbIM MOKPOBOM.
W3yyeHue 3ToM XxapaKTepHOH 0COGEHHOCTH COPHBIX pacTe-
HUH POJI0JIKEHO B HACTOsILlee BpeMs, YTO OTPaKeHo B ca-
MOM NOHSITUU «COPHOE pacTeHHe», YTBEPKAEHHOM B rocy-
JapCTBEHHOM CTaHAapTe.

CTpyKTypa copHOH pJ10phl BKJIOYAET IPYNNHUPOBKU BUJ OB
COpPHBIX pacTeHUH KaK aHTPONOreHHO, TaK U eCTECTBEHHO
HapyluleHHbIX MeCTOOOUTAaHUMN, MO3TOMY NOHATUS «Cere-
TaJibHas ¢pJiopa» U «CHHAHTpoONHas ¢pJiopa» MOJHOCTBIO He
OTpaXalT cocTaB copHOH ¢piopel. PopMUpOBaHUE COPHOH
bJI0pBI HCTOPUYECKH CBSI3aHO C OSIBJIEHUEM U pa3BUTHEM
KYJbTYpPHBIX pacTeHUH. PerumonasbHass copHas ¢Jopa
dbopMupyeTCcs U3 BUJOB COPHBIX PacTeHUH, [Jis1 KOTOPBIX
JlaHHBIH pervuoH NOAXOAUT IO YCJOBHUSAM NpOU3pacTaHUS.
B o6s1acTu 3eMJyefieIMs U 3allMThl paCTEHUN 3JI€eMeHTap-
HOU copHoi ¢Juiopoit sABasieTca ¢Juopa arpoJsaHfmadpTa
WJIM arpo3KOCUCTEMBI KaK ero cocTaBHoM yactu. Purtoca-
HUTapHOe palOHHpPOBaHHE MO KOMIIJIEKCY BUJOB COPHBIX
pacTeHUH, IPUYPOUEHHBIX K ONpe/ie/IeHHOH TEPPUTOPHUH,
OCyILeCcTBJISIETCS HA MaKpo-, Me30- U MUKpoypoBHe. Kpu-
TepueM BblfieJieHUs] ypOBHeH GUTOCAHUTAPHOTO palioHU-
poBaHUA ABJsIeTCS cOpHas ¢pJiopa pa3HbIX TEPPUTOPHAIIb-
HBIX YPOBHeMH.

KiiloueBble cj0Ba: BTOPUYHbBIE MECTOOGUTAHMS, CUHAH-
TpOIHAas, cereTajibHas U napuyajbHas ¢Jjopa, arposaH/[-
madrT.

The concept of “the weed flora” is still associated with
weedy plants within agricultural phytocenoses, despite the
fact that its association with a wider range of secondary
habitat types with disturbed vegetation and soil cover was
discussed as early as in the first half of the last century. The
study of this characteristic feature of weeds has been con-
tinued at the present time, which is reflected in the very
concept of “the weed” adopted by the state standards.

The structure of the weed flora includes groups of weedy
plant species within both naturally and anthropogenically
disturbed habitats, so such notions as “the segetal flora” or
“synanthropic flora” do not fully reflect the composition of
the weed flora. The formation of the weed flora was histori-
cally linked with the emergence and development of culti-
vated plants. Aregional weed flora is composed of weed
plant species, for which this or that region is suitable in
terms of growing conditions. In the context of agriculture
and plant protection, the elementary weed flora is the flora
of an agricultural landscape or an agricultural ecosystem,
as its component. Phytosanitary zoning for a set of weed
species confined to a specific territory is carried out at the
macro-, meso-, and microlevels. The criterion for identify-
ing the levels of phytosanitary zoning is the weed flora of
different territorial levels.

Key words: secondary habitats, synanthropic, segetal and
partial flora, agricultural landscape.

BBeaeHue

HecMoTpst Ha TO, YTO BUJJOBOX COCTAB COPHBIX PAaCTEHUH
pas/InYHBIX TEPPUTOPUM AaBHO usydaercs (Dorogostayska-
ya, 1972) u B ny6MKaLUsX 10 IPUKIaLHON 60TaHUKe YaCTO
YHOOTPeOJISIOTCA TepMUHbl «copHasg ¢Jiopa» (Alexandrova,
Barabash, 1987), «ceretanbHas ¢opa» (Kondratkov, Tretya-
kova, 2018), «copno-noseas daopa» (Ulyanova, 1976) uau
«pyZAepanbHas ¢opa» (Vakhrusheva et al,, 2017), o HacTo-
SIIL[Ero BpeMeHHU OTCYTCTBYET UX ONpeJe/ieHUe CpeJu OCHOB-
HBbIX TEPMHHOB U NOHATHUH, UCNOJIb3YEMbIX NPH HU3YYEHUU
CUHAHTPOIHOH (JIOPBI - «COBOKYMHOCTH BHUJIOB PACTEHHH,
NPOU3PACTAOIMX B HAPYIIEHHBIX Y€J0BEKOM MECTOO6HUTa-

Husix» (Baranova etal., 2018, p. 13). LJeavlo daHHo20 aHaau-
muy4ecko20 ucce008aHuUs IBASETCS OoNpefeseHUe NOHATUSA
«copHas diopar.

dyopa MoOHMMaeTCs KaK «COBOKYINHOCTb BHJIOB pacTe-
HUH, BCTpeYyawLUxcsl B JaHHOU 06J1acTU (MeCTHOCTH, CTpa-
He), cJaramliux Bce TUNbl MecToob6uTaHuM» (Tolmachev,
1974, p. 112) unu Kak nepeyeHb BUJOB pacTeHUU Ha onpeje-
JeHHOM TeppuTopuu (Mirkin, Naumova, 2014), apyrumMu
CJI0BaMM - TeppUTOpHaJIbHass COBOKYMHOCTb BHAOB. [Ipu
3TOM, HapsAy C NOJHON TePPUTOPHUATbHON COBOKYIHOCTBIO
BUJ0B (Yurtsev, 1982), MOXHO onepUpOBaTh U HEMOJTHBIMU
(4acTUyHBIMU) BbIGOpKaMU, GOPMUPYEMBIMU U3 BCEX NpeJ-
cTaBUTesiel AaHHOU QJiopbl O KAaKOMY-TO MpU3HaKy (Yur-
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tsev, Kamelin, 1991). CnefoBaTesnbHO, copHas ¢Jopa - 3T
YyacTHYHas BbIGOpKA U3 Mysa BUAOB PErMOHANbHOU GJIOpPHI
0 MMPU3HAKY, 00'beAUHSAIOIIEMY L[eJIbIA PsJ BUJ OB B KAaTero-
puio copHbIX pacTeHud. [losaTomy 3adaua uccaedosarus -
JlaTb 4YeTKOoe ONpejieJieHHUe TMOHSATHIO «COPHble PaCTEeHHs»
KaK OCHOBBI MOHSATHs «COpHasi pyiopan.

dopMHUpOBaHUE NOHATHUS KCOPHOE PACTEHHE»

B 3eMJie/iesInH, paCTEHUEBO/CTBE U 3aLIUTE KYJbTYPHBIX
pacTeHUi oJ TEPMUHOM «COpPHbIE PACTEHHUSI» TOHUMAIOTCS
HCKJIIOYUTENBHO PacTeHUs arpopUTOLEHO30B, CHIKAIOIIME
BeJIMYMHY U KadecTBO ypoxkast (Rosskopfet al, 1999; Barano-
vaetal, 2018). [IpusHaHue COPHBIMU TOJIBKO PaCTEHUH, IPO-
M3pacTalLIUX Ha IMO0JIAX, CNOCOGCTBOBANO GOPMHUPOBAHHUIO
Npe/CTaBJ€HUs], YTO HX PaCNpoCTpaHEHHEe OO6YCJIOBJIEHO
Y OTPAaHUYEHO UCK/IYUTEJbHO TePPUTOPUEN IaXOTHBIX 3e-
MeJib. [Ipy 3TOM HEOAHOKPAaTHO 06CYK/AaJ0Ch, YTO COPHbIE
pacTeHus - 3TO Topas/io 6oJiee O6LIMPHAs CPyIINa AUKOpac-
TYWUX pacTeHHUH, NPUYPOUYEHHBIX K PAa3HOOGpPA3HBIM BTO-
PpUYHBIM MeCTOOGI/lTaHI/IHM, Cpear KOTOPLIX MalllHA — BCEro
Juillb WX 4acTb (Grossheim, 1948; Maltsev, 1962; Nikitin,
1983; Ulyanova, 1998; Luneva, 2018a).

BmopuuHbie mecmoobumanus

CpeAu TepMHHOB, MCIOJb3yeMbIX NpPU paboTe C CU-
HaHTPONHOH GJIOPOH, CYLeCTBYIOT ONpesiesieHNs pa3HbIX
THUIOB MeCTO0OUTaHUH. «kEcTecTBeHHBIE MECTOOOUTAHUSA
C IPUPOJHBIMU PAaCTUTEJIbHBIMU COO6IIECTBAMHY, HE OJ-
BEpPruIMMUCS CYLeCTBEHHOMY BJIMSIHUIO X03SHCTBEHHOHN
JesATeJIbHOCTH 4YesioBeka. [losiyecTecTBeHHBIE (QAHTPOMO-
reHHO TpaHCGOpPMHUPOBAaHHbIE) MECTOOOUTAHUS — MECTO-
0OMTAHHUSA C MPUPOJHBIMU PACTUTEJbHBIMU COO0IECTBA-
MM, YaCTUYHO Npeob6pa30BaHHbIE B pe3ysbTaTe X035AUCT-
BEHHOUW /JesTeJbHOCTH. AHTpPONOTeHHble (CHHAHTPOI-
Hble) MeCTOOOGHMTaHHUS - MeCTOOOMTaHHS, BO3HUKIINE
B pe3yJibTaTe XO03AHCTBEHHOH [JeATeJbHOCTU», NOCJej-
HHUe, BCBOI o4epesb, BKJIIOYAKT MacKBajJbHblE, pyje-
pajibHble, cereTaJsibHble, YpOaHHU3UpPOBaHHbIe (C BXOAs-
IIMMHU B HUX CeJUTEeOHBIMM) MecTooOuTaHusA (Baranova
etal, 2018, p. 15).

OTMeTHM, YTO MECTOOOUTAHUS CPHUPOLHBIMU DPACTHU-
TeJbHBIMH COOOLIECTBAMM, HApyLIEHHBIMU B pe3ysbTaTe
JelCTBUSI He aHTPOIOTEHHBIX, a IPUPOAHBIX (GaKTOPOB,
B BbILIENPUBEJEHHON MNyO/JIMKAallUM He paccMaTpHUBaJIUCh.
Takke ByKasaHHOHW NyOGJMKAallMM TOHATHIO «BTOPHUYHBIE
MeCTOO6UTaHUA» He ObLIO JaHO ONpefiesieHHe, XOTA B TeK-
CTe IPUBOAMMOrO JOKYMEHTa 3TH MeCTOO6HUTaHUs HEOJHO-
KpaTHO YIOMHHAIOTCS: «3TO 3aHOCHbIE BU/IbI, BCTPEYaIoLIU-
ecsl Ha BTOPUYHBIX MECTOOOUTAHUAX <..> HATypaJHW30BaB-
myecs: 4y»KepojiHble pacTeHHs, paclpoCcTpaHeHHbIe MO Of-
HOMY THIly BTOPUYHBIX MecToo6uTaHuK» (Baranova etal,
2018, p. 8, 9). TepMHH «BTOPUYHBIE MECTOOOUTAHUSI» YACTO
MPUBOAUTCS B HAy4YHbIX MyOJHKALUAX 06e3 onpejeseHUs
atoro noHsaTtus (Ulyanova, 1998). B oTae bHbIX MyGIMKaLK-
SIX B KaueCTBEe BTOPUYHBIX MECTOOOUTAHUHM IOHUMAIOTCS 3a-
JIeXH, IYCTHIPH, >kesie3Hble foporu (Sukhorukov, 2014), mo-
ceBbl, MycopHble MecTa (Nikitin, 1983), To ecTb - co3gaHHbIe
YyeJIOBEKOM MeCTOOOUTaHHUS.

OfHaKo CylecTByeT 4YeTKOoe oOIpejeseHHe MOHATUSA
«BTOpHUYHBbIe MecToo6uTaHusI» (Veselova, 2013) - 3To Hapy-
LIEHHbIE MeCTOOOWTaHHUs, pa3HOOOpa3ve KOTOPBIX «06-
YCJIOBJIEHO Pa3/MYHBIMU THUIAMH U CTENEHbI0 HapylleHUH
MMOYBEHHO-PACTUTENBHOTO OKpoBa». U3 6oJiee no3gHel pa-
G0TBI ITOTO >Ke aBTOpa CJeJyeT, YTO BTOPUUHbIE MECTOO6HU-

TaHUS HOCSIT aHTPOIOTEHHBIHN XapaKTep U BKJIIOYAIOT: CeJlb-
CKOX035IMCTBEHHbIE yTo/ibsl (MacT6HIIA, TOCEBBI, MEXH, 3aJ1e-
KM, CEHOKOCbI), TeXHOTEeHHO HapylleHHble 3eMJH (CTpOM-
TeJIbHbIE MJIOMIAZAKH, 000YHUHBI JOPOT, OTKOCHI aMb, Kapbe-
Pbl, 2KeJIe3HOZOPOXKHbIE MOJIOTHA U HACBIH, TEPPUTOPHUHU
BOKpPYT NPOU3BOJICTBEHHBIX 00'bEKTOB), CEUTEOHBIE 30HbI
(copHBIE MecTa, B TOM 4YHCJ/Ie CBAJKU GBITOBOIO Mycopa, Ha-
ceJIeHHbIE TYHKTBI, Oropojbl, cazbl, kiazouia) (Veselova,
2017).

OCHOBHBIM OT/JIMYUTEJNbHBIM KaueCTBOM BTOPHYHBIX
MeCTOOGUTAHUN OT eCTeCTBEHHBIX (MepPBUYHBIX) SABJISETCH
HapyLIeHHOCTb NMOYBbI U pacTUTeNbHOro coobuecTsa. [loa-
YepKHEeM, YTO BblllleHa3BaHHbIE aBTOPBI, 06CYX/Aast BTOpHY-
Hble MEeCTO0OUTaHUs, K KOTOPBIM NIPUYPOYEHbl COPHbIE pac-
TeHUs1, He UMelOT B BUJly MeCTOOOUTAHUS, TOYBEHHO-PACTH-
TeJIbHBIN MOKPOB KOTOPBIX HapylleH eCTeCTBEHHbIMU, IPH-
poaHbIMU paKkTOpaMy, 6s1arofjapst YeMy YKpemnJsieTcsl Mo3u-
I[Ms] COPHBIX PACTeHUH KaK MCKJIIOYUTEJbHO aHTPOIOTEH-
HbIX (Mirkin, Naumova, 2014; Baranova et al.,, 2018).

CopHble pacmeHusl HA eCMeCMBeHHO HAPYUEHHbIX
8MOPUYHBIX MECIMO0OUMAHUSIX

OnHaKo NPUHLMIIMAJBHO pa3Hble CNoCco6bl HapylleHUs
MOYBbI U PACTUTEJbHOCTH (06pa30BaHUs BTOPUYHBIX MECTO-
06HUTaHUMN) — eCTeCTBEHHBIN U aHTPOIIOTeHHbIN — GBI ONH-
CaHBbI ellle HAa HAaYaJIbHOM 3Talle U3y4YeHHs COPHBIX pacTeHUH
B Hallel ctpaHe (Maltsev, 1962; Grossheim, 1948). O6pa3o-
BaHHE BTOPHUYHBIX MeCTOOGHUTAHUN €CTeCTBEHHBIM IIyTEM
MPOUCXOJMJIO 33/J0JIT0 10 Hayasa GOpPMHUPOBaHUH aHTPOIIO-
TFeHHBbIX MeCTOOOUTAHUN — MyTeM HapyLIeHHUs MMOYBEHHOTO
Y PacTUTEJBHOTO IIOKpOBa B MeCTaXx OOHA)KeHUS IOYBBI
Y BBIBOpPAuMBaHUs JlepeBbeB BO BpeMs CHUJIBHBIX GYpb, MPU
pa3MbIBaHUM OBpPAroB, B IIpoliecce NMOAMbIBAaHHS U 06BaJa
6eperos, cxo/a cesielt U T. 1. PakTOopaMy, ClIOCOOGCTBYIOLIUMHU
06pa30BaHUI0 BTOPUYHBIX MECTOOOUTAHUM eCTeCTBEHHBIM
NyTeM, TaKXe SIBJISeTCs JesATeJbHOCTh «KUBOTHBIX, NTHI],
MypaBbeB, KOI/la BOSHUKAIOT KaK Obl eCTeCTBEHHbIe BTOPHY-
Hble MECTOOGHUTAHUS, HAa KOTOPBIX HaGJII0AaeTcs 6oJiee of-
HOPOAHBIM COCTAaB PACTUTEJIBHOCTH, YeM B OKPYXKAIOLIUX
cnoxuBIINXCA LleHo3ax» (Grossheim, 1948, p. 137), nockoJib-
Ky eCTeCTBEHHbI! paCTUTe/IbHBIM IOKPOB IIPY 3TOM Hapyllia-
eTcsl.

[losiBisifoIIMeCs Ha JAHHBIX €CTeCTBEHHO HapylleHHbIX
MeCTOOGHTAHUAX PAaCTEHHS], He CBOHCTBEHHbIE TUIY eCTeCT-
BEHHOM pacTUTEJbHOCTH, KOTOPBIM CyLIecTBOBa [0 Hapy-
IIeHUs] YCJI0BUH, ObLIM Ha3BaHbl «COPHBIMU DPacTEHUSMHU
eCTeCTBEHHBbIX PpaCTUTEJbHBIX TpPyNnnupoBok» (Maltsey,
1962, p. 6).

Buabl pacteHni, KoTopble GopMUpOBaIM COO6IIECTBA HA
HapylleHHbIX MECTOOOUTAHUSAX, 00/1aZla/Id PsSi/IOM CBOKCTB,
06yC/IOBUBLIMX BO3MOXXHOCTb UX IlepecesieHHs] U3 pacTH-
TeJIbHBIX COOGIeCTB HEHapyIIeHHbIX MECTOOOUTAaHUH. B cu-
creme ctpareruu pactenuit JI. I. Pamenckoro - k. ®. ['paii-
Ma 3TH BU/bI, IPeANOYHTAOLINEe HeCTaOUIbHbIEe MECTO0OU-
TaHUsl, XapaKTepU3ylolrecss MOABHXHOCTbIO NOYBEHHOTO
MIOKPOBA, BBI3BAHHOI'O Pa3HbBIMU NPUYMHAMH, BKJIIOYEHBI
B IPYIIY «3KCIJIEPEHTOB» UM BUAOB r-ctpateruu (Ramens-
kiy, 1935; Grime, 1974; Mirkin, Naumova, 2014). Takue BUAbI
OOLIYHO He UTpaOT CYIeCTBEHHON POJIM B PaCTUTENbHBIX
COOOLIeCTBAX €CTECTBEHHBIX HEHApPYLIEHHbIX MeCTO06HTa-
HUMH, GBIBAIOT CBSI3aHbl C TMOHEPHBIMU CTAJUAMH B CYKIEC-
CHUOHHBIX psfaX, XapaKTepPHU3YIOTCs 3aTpaTaMy Ha pa3MHO-
>KeHHe M 06pa30BaHHEM PA3HOBO3PACTHBIX NONY/ASALUH (4TO
SIBJISIETCS OJJHOM U3 XapaKTepPHBIX 4epT MHOTHUX COPHBIX pac-
TeHu#) (Pianka,1981).

140

TPY/IbI 110 IPUKJIAJITHOWM BOTAHUKE, TEHETHUKE Y CEJIEKLIMHY 182 (2), 2021



N. N. LUNEVA e 182(2),2021

B no3aHeieJHUKOBOM IepHO/ie «OTKPBIThIE, HapylIeH-
Hble eCTeCTBeHHbIMU HaKTOpaMu IPOCTPAHCTBA 3aCeAIUCh
MHOHEPHOU PaCcTUTENbHOCTBIO, 06J1a/Jat0Ieil MaJol KOHKY-
PEHTOCIHOCOGHOCTBIO U BCIAEACTBHE 3TOr0 CHeLHaJU3Upo-
BaBIlIe}cs B ObICTPOM 3acesleHUH CBOGOJHBIX TEPPUTOPUII»
(Guman, Khotinsky, 1981, p. 11). Ha ciiefytonieM BpeMeHHOM
3Tane pe3Ko COKpALAeTCsl POoJb NHOHEPHOU pacTUTEBHO-
cTU. «HeKoTopble ee KOMIIOHEHTHI HCYE3aI0T OKOHYATEIBHO,
Jpyrye BBITECHSIOTCS JIECHOM PacTHUTEJbHOCTbIO B y6exH-
I11a: Ha OTI0JI3HH, 3PO3UOHHbIE Y4aCTKH, MOPCKHe Gepera, o-
»KapuIla, KpOTOBUHEI U T. A.» (Guman, Khotinsky, 1981, p. 13).
W3 cka3aHHOrO C/efiyeT, YTO «COPHbIe BH/bl BOSHUKJIM 3a-
JL0JITO J10 Hayasla 3eMJle/ie/IbIeCKON JesTeTbHOCTH YesloBe-
Ka, a MOXET ObITh, U J10 OSIBJIEHUS YesloBeKa Booobie» (Va-
silchenko, 1954, p. 855).

EcTecTBeHHBIMH MECTOOOGUTAHUSMH, U3 KOTOPBIX MTHO-
HepHble BU/bl PacpoCTPaHsIJINCh Ha HapyIllIeHHble MeCTO-
00MTaHUSA, TAKXKE MOTJIU ObITh UJIMCThIe Gepera BOJ0EMOB,
KOTOpble OOHaXKaJIMChb IOCJe CHaja BOJbl, NOMMeHHbIe
y4acTKH peK, IOKpbIBaeMble aJJII0OBHEM UJIM 6epera Mopei
c rHUIIKUME Bogopocasamu (Vasilevich, Motekaitite, 1988).
O6pa3oBaHHe aHAJOIMYHBIX BTOPUYHBIX MECTOOOUTAHUHN
C U3MEeHEeHHeM PacTHUTEJbHOI0 IOKPOBA B pe3yJibTaTe Jec-
HbIX noxapoB (Zlenko etal., 2015), porouieit ¥ uHOU Aes-
TeJIbHOCTH )KUBOTHBIX (Voronov, 1954) nporncxoJUT U B Ha-
crosiee BpeMsa. Hanpumep, exxerogHo B Poccuu peructpu-
pyeTcst 9-35 ThIC. JIECHBIX I10’)KapOB, 0XBAaThIBAIOLIUX I1JIO-
mazau ot 500 teic. go 3,5 muH ra (Forest fires..., 2019),
BCJIe[ICTBYE YeTro Ha OFPOMHBIX TEPPUTOPUAX HapyLIAeTCs
€CTeCTBEHHBIA pacTUTEJbHBIN IOKPOB.

OTtnenbHble wuccaepoBarend (Vasilevich, Motekaitite,
1988) HasbIBaJM pacTUTeJbHble CO06IIECTBa, cHOPMUPO-
BaBIIHeECS HA 3TUX TUIIax MECTOOOUTAHUH, «eCTeCTBEHHBIMHU
pyZAepasbHBIMU coobuiecTBaMu». OZHAKO, TOCKOJIbKY TOHS-
TUSL «pyJepajbHble MeCTOOOUTAHUSA» U «pyJepasbHble pa-
CTEHHA» W3/laBHA IIHPOKO U MPUBBIYHO HCIOJIb3YIOTCA
B CBSI3U C aHTPOIIOTEHHOU JieATeNbHOCThIO (Baranova etal,,
2018), nesecoo6pa3sHo OCTAaBUTh 3a PACTUTEJIBHBIMU IPyII-
NUPOBKaMH, QOPMHUPYIOIMMUCS HA «eCTECTBEHHBIX BTOPHY-
HbIX MecTooOuTaHusX» (Grossheim, 1948, p.137), Ha3Ba-
HUe — COpHble PacTeHHs eCTECTBEHHO HapyIIEeHHbIX MECTO-
obuTaHuH. [IpUuHATHE TOrO, YTO NMEpPBOHAYAJIBLHO TaKHe Mec-
TOOOGHUTAHHUSA 3apacTay BbIXOALAMU U3 OKPYKAIOIUX ecTe-
CTBEHHBIX pacTUTeNbHbIX coobuecTB (Grossheim, 1948;
Maltsev, 1962; Vasilevich, Motekaitite, 1988), TpebyeT yT04-
HEeHUsI IOHATHUS «alloUThI»: 3TO «aGOpUTeHHbIE BUJBI, [10JI-
HOCTBIO WJIM 4YaCTHUYHO IepecesMBIIMeCs Ha aHTPOINOTeH-
Hble» (Baranova etal., 2018, p. 14), a Tak)Xe Ha eCTeCTBEH-
HBIM [TyTeM HapylleHHble MECTOOOUTAHMUS.

EcTecTBeHHO HapylIeHHbIe MECTOOGUTAHUS MOCTYKUIN
CBSI3YIOIMM 3BEHOM MEX/y HETPOHYThIMH €CTEeCTBEHHBIMHU
Y MOSIBUBIIMMUCS C Te4eHHEM BpeMeHH aHTPOINOTeHHO Ha-
pylieHHbIMU MecToo6uTaHusaMH (Grossheim, 1948), B cBsi3u
Cc4YeM pPaCTUTEJbHBbIM NOKPOB eCTEeCTBEHHO HapylleHHBIX
MeCTOOOUTAHUM CTal GOPMHUPOBATHCS HE TOJBKO U3 anodu-
TOB, HO TaKXe U U3 aHTPONOUTOB — paCTEHUH aHTPOIIOTeH-
HbIX MecToo6UTaHUH (Baranova et al., 2018).

CopHble pacmeHusl HA AHMPONO2EHHO HAPYUEHHbIX
8MOPUYHBIX MECIMO06UMAHUSIX

0O6pa3oBaHHEe BTOPUYHBIX MECTOOOUTAHHUM aHTPOMOTEH-
HbIM IIyTEM HA4aJI0Ch CO BpeMeHU 06yCTPOMCTBA NEPBOOBIT-
HBIMH JIDJIbMU MECT [IJIsl )KUJIbsl, COIIPOBOXK/AAIOIIErocs Ha-
pyLIEHHEM eCTEeCTBEHHOW PaCcTUTEJbHOCTH U OHOBpPEMEH-
HO yAaoOpeHHMeM MOYBBI BOKpYr cTossHOK (Maltsev, 1962;

Ulyanova, 1998). Ha Takux MecTOOGHUTaHUSAX BHYTPH U BO-
KpyT noceseHUH GOPMUPOBATUCH TPYNINIUPOBKH BU/IOB, «HE
CBOWCTBEHHbIEe JAHHOU JAMKOW pacTuTeabHOCTU» (Maltsev,
1962, p. 7), KoTOpble BIOCJEJCTBUM ObLIM HAa3BaHbI MycOp-
HBIMHU WJIH pyAepasbHbIMU pacTeHusamu (Maltsev, 1962; Ba-
ranova et al., 2018). BoilieonvcaHHbIe MECTOOOUTAHUS SBJISA-
I0TCSl «IIEPBUYHBIMU [JIs PYAePalbHbIX PacTeHUH, OTKyJa
OHH PaCHpOCTPaHUJINCh Ha Jpyrue aHTPOINOTeHHbIe MeCTo-
obuTtanus» (Vasilevich, Motekaitite, 1988). U B HacTosee
BpeMs aHTPOIIOTeHHO HapylleHHbIN pacTUTEbHbIA TOKPOB
BOCCTAHABJMBAETCS 3a CYET BHEAPEHHs pyJepasioB, KOTO-
pble MepBBIMHU 3acessIlOT Takue ydacTku (Marsalkin etal,
2014).

Kpome Toro, B nepuoj «co6rpaTesbCTBa» YeJ0BEK He-
BOJIBHO pa3bpackiBajl HA TEPPUTOPHHU OKOJIO CTOSTHOK CeMe-
Ha U IJIOZbl PAaCTEHUH, UCI0/Ib3yeMBIX JJIs1 NUIIEBBIX, JIeKap-
CTBEHHBIX WJIM UHBIX LleJIel, KOTopble, IpopacTas Ha yA00-
pPEHHOH MOYBe, M0JIOKUTEJIBHO PearupoBav Ha 3TO YBeJH-
yeHueM pasmepoB U Macchel (Ulyanova, 1998). UcciegoBarte-
MU (Sinskaya, 1969) nogyepKkuBaach Upe3BblYalHO BaX-
Has poJib U3MEHEHHOH 4YeJl0BeKOM IOYBBI BOKPYI IeEPBO-
OBITHBIX CTOSIHOK, IOCIYyXHUBLIeH (GOHOM [Jisl BbISIBJEHUS
YJIy4IIEeHHBIX KayeCcTB HCIOJIb3YeMbIX PAaCTEHHUH, KOTOpbIe
BIOCJIEAACTBUH CTa/IM NpeJiKaMu Bo3jeJbiBaeMbIx (Kuptsov,
1971).

TakuM 06pa3oM, Ha BllepBble BO3HUKILHX aHTPOIIOI€HHO
TpaHCPOPMHUPOBAHHBIX (T0JIyeCTeCTBEHHBIX) BTOPHUYHBIX
MecToo6uTaHusAx (Baranova etal, 2018) cocpenorouuBa-
JINCh pacTeHMs, JjaBliyMe Hayalo KaK COPHO-T0JIEBBIM (cere-
TaJbHBIM), TaK U KYJIBTYPHBIM PacTeHHUsIM, 06'beiUHEHHBIM
OOIHOCTBIO 3KOJIOTUM MeCTOOOUTAHUM, KOTOpas BIOCIEN-
CTBUM 06YC/JI0BUJIA UX COBMECTHOE IIPOU3pacTaHUe B arpo-
neno3ax (Ulyanova, 1991), witrocTpupys TOT GaKT, YTO COp-
HO-II0JIEBbIe U KYJIbTYPHbIe PAaCTeHHUS — IIPOJYKTHI 3eMJle-
peaus» (Kuptsov, 1971, p. 63). UMeHHO ¢ 3TOH rpynno# pa-
CTEeHUH, MPOU3PACTAILIUX B COO6IIECTBAX KyJbTYPHBIX pa-
CTeHUH OMHMMO BOJIM 3eMJIe/ieIbIla M CHIPKAIOIIUX YporXKal
Y Ka4eCTBO NMPOAYKLMH, U3HAYAJIbHO ObLIO CBSI3aHO Ha3Ba-
HUe «COpHble pacTeHUsI», U 3Ta TEHJAEHIUs MPOJ0/DKUIACh
Zo Hacrosiero BpeMenu (GOST 16265-89..., 1991).

OTAenbHBIE UCC/Ie0BATEIHN CYUTAIOT, YTO COPHLIE pacTe-
HUSA MPOM3PACTAOT He Ha OJHOM, a HAa TPeX PasHbIX THIaX
BTOPUYHBLIX MeCTOOOHUTAHHN: COpPHO-TOJIEBble HJM Cere-
TaJIbHbIE — HA MOJIAX, PyJepabHble — HA MyCOPHBIX MeCTax
(Ulyanova, 1976, 1998), nackBasbHble - Ha nactoumax (Niki-
tin, 1983; Ulyanova, 1998; Baranova et al., 2018). [1o o6uemy
NpHU3HAKY — BO3HUKHOBEHUIO B pe3y/ibTaTe X03AMCTBEHHOU
JlesITeJIbHOCTH YeJIoBeKa — Ha3BaHHble MECTOOOUTaHUS 06b-
eJJUHSAIOTCS BTIPYNIy aHTPONOreHHbIX (CMHAHTPOIHBIX)
MeCcTOO6HTaHUHM (KyAa BKJIIOYEHBI TaKKe yp6aHU3MPOBaH-
Hble U CEeJIUTeOHbIe MECTOOOHUTAHMS ), 2 COBOKYITHOCTb BU/IOB
pacTeHUH, NPOM3pACTAOIIMX B HAPYIIEHHBIX 4YeJ0BEKOM
MeCTOO6GUTaHUAX (T. €. CMUHAHTPONHBIX), NPeACTaBJISAET CO-
60# cuHaHTponHY ¢Jopy (Baranova et al.,, 2018).

[Ipy 3TOM COpHBIEe pacTeHHs, NMpou3pacTawlide Ha
eCTeCTBEHHO HapylleHHbIX MECTOOOUTAHUSAX U IOTOMY He
BXO/SII[MEe B COCTAaB CHHAHTPONHOH (JIOPHI, BbIAJIM U3
1oJisi 3peHusl uccjaepoBaTesel copHbix pacteHuil. [locse
paboT cepeAuHbl npoiusoro Beka (Maltsev, 1962; Gross-
heim, 1948; Vasilchenko, 1954), aBTOpbI KOTOpPBIX Ha3bIBa-
JIU 3TU PACTEHUS COPHBIMH, K KOHIIy BeKa TOJIbKO B OT-
JesbHbIX padoTax (Ulyanova, 1991, 1998) conepkuTcs UH-
dopmanus 06 OTHeCEHUU pACTEHUU eCTeCTBEHHO Hapy-
HIeHHbIX MECTOOGHUTAHUM K rpynne copHbIx. C Hallel To4-
KU 3peHHs, He IPUHUMATh BO BHUMaHHe eCTeCTBEHHO Ha-
pylleHHble MeCTOOGUTAHUSA NPU U3YYEeHUU COpHOH ¢Jio-
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pbI — HENTPAaBOMEPHO, IOCKOJIBKY HMEHHO OHH JaJIu IPUIOT
MepBbIM paCTEeHUsIM, BHOCJeJCTBUU CHOPMUPOBABUIUM
rpyNIy COPHBIX, a TAK)Ke MOTOMY 4YTO 06pa30oBaHUe TaKUX
MeCTOOOUTAHUH U 3acejieHHe UX anoduTaMHU U aHTPOIO-
dUTaMU MPOUCXOAUT NOCTOSTHHO U B HACTOsLIee BpeMs.

[TockoJIbKY OrpoMHOe KOJIMYeCTBO HcCaefioBaTe el, 3a-
HUMAWIUXCS COPHBIMU paCTEHUSIMH, PabOTalT B cepe
MPUKIAAHON GOTAHUKH M 3alUThl PAcTEeHUH, OHU HMEIOT
AeJIO C COPHBIMU PACTEHUAMU NIPEUMYILIECTBEHHO CereTasib-
HBIX MECTOOOUTAHUU. B 3TOM ciiydae copHas U ceretajbHas
¢dsiopa BeICTynalT B KadecTBe cCHHOHUMOB (Tretyakova et al.,
2020), ¥ 1py 3TOM COBEPILIEHHO YMYCKAIOTCS M3 BUAY COP-
Hble PacTeHUsl JPYruX BTOPHUYHBIX MeCTOOGHUTAHUN aHTpPO-
MOT€HHOT0 U eCTECTBEHHOT'0 IPOUCXOXKAEHHS.

PacnpocmpaHenHocmb copHbiX pacmeHuil
HA pasHbIX munax mecmoobumaHutil

B cucreMe 3aumMThl pacTeHWH MNPUHATO CleAywllee
omnpe/ieJieHHe COPHOT'O PAaCTEeHUS: «HeXeJaTeJbHoe JJis ye-
JIOBEKA pacTeHHUe, OOHTalOllee Ha 3eMJISIX, UCIOJIb3yeMbIX
B Ka4eCTBE CeJIbCKOX03sHCTBEHHBIX YTOAUH, [J1s iecopa3Be-
JAeHus win otabixa» (GOST 21507-2013..,, 2015). Kaxxgas us
Ha3BaHHBIX KaTeFOpI/Iﬁ 3eMeJIb BKJII0YaeT HECKOJIBKO TUIIOB
MeCTOOOHUTAHUM.

Ce/IbCKOXO3SIICTBEHHOE YTOJlbe — «3€MeJIbHOE Yrojbe,
CHUCTeMATHYECKU UCIOJIb3yeMOE AJIS1 MOJYIEHUS CEJTbCKOXO0-
3siicTBeHHOH npogykuuu» (GOST 16265-89.., 1991). 3to
3eMeJIbHbIe YYaCTKH (MaCCI/IBbI), IJIAHOMEPHO U CUCTeMaTHU-
YeCKH HCIOoJIb3yeMble [IJisi MPOU3BOJCTBA pacTeHUeBoOgYe-
CKOM WJIM >KMBOTHOBOJYECKOM MPOAYKLIMU, B COCTAB KOTO-
PbIX BXOAAT: MALIHW, MHOTOJIETHHUE HACAXKIAEHHA, 3aJIEeXKHU,
ceHoKocbl M mact6uma (Gorkin, 2006). B cBoio ouepens,
CeJIbCKOX03IMCTBEHHbIE yroabd BXOAAT B COCTaB 3eMeJib
CeJIbCKOX03SMCTBEHHOTO Ha3HAa4YeHHs, HapsAAY CJIeCOmoJio-
CaMHy, BHyTpHXOBHI‘/’ICTBeHHbIMI/I AOoporamMyv, KOMMYHUKalUd-
MM, 3JaHUSIMH, CTPOEHUSIMH U COOPYKEHUAMH, 6e3yCJI0BHO
HeO0OXOAUMBIMH J1/1s1 GYHKIIMOHUPOBAHUSI CEJIbCKOXO35HCT-
BEHHOI'o npeanpudaTvd, NPOoru3BOAAIIEro YKa3aHHYH IIpO-
ayknuto (Bogolyubov et al,, 1997).

JpyrumMu ci0BaMH, arpo3KocucTeMa Hen36eXXHO BKJIIO-
yaeT Kak cereTajbHble U pyJiepajibHble pacTUTEJIbHbIE CO00-
leCcTBa, TaK U pparMeHThbl eCTECTBEHHOW PacTUTEIbHOCTH
(Mirkin, Naumova, 2014) 6sarozapsi BK/JIIOUYEHHIO B ee CO-
CTaB JIYTOB, JIECOB, 60JIOT ¥ 3AMKHYTBIX BOJLOEMOB B COOTBET-
CTBHUU C TEPPUTOPHAJIbHBIM IJIAHUPOBAHUEM HKCII0JIb30Ba-
Husd 3eMeib (Bogolyubov et al., 1997). Ha naHHbIX dparmen-
Tax TEPPUTOPUH 3eMeJlb CeJbCKOX035ICTBEHHOr0 Ha3Ha-
YeHUs peryasipHo 06pa3y0Tcs eCTeCTBEHHO HapyIlleHHbIe
MeCcTOOOUTaHHUS, 3apacTalole Ha IePBbIX 3TaaxX BOCCTa-
HOBJIEHUSl pacTeHHUSIMU U3 Tpynnbl copHbIX (Grossheim,
1948; Maltsev, 1962).

CienoBaTeIbHO, HA 3eMJISIX CEJIbCKOX035IICTBEHHOT0 Ha-
3Ha4YeHHUsI MOTYT MIPUCYTCTBOBATh TPH IPYIIIIbI MECTOOGHTa-
HUH: HeHapylleHHble MECTOOOUTAHMS, @ TAK)Ke eCTECTBEHHO
Y QaHTPOTIOTeHHO HapylleHHble BTOPUYHbIE MECTOOOUTAHHS.
HexoTopble aBTOpBI BBIAENSIOT B CTPYKTYpPE arpo3KOCHUCTe-
MBI arpoLeHo3bl KaK pacTHUTeJbHble COOOILeCTBa Ha cere-
TaJIbHbIX MECTOOOUTAHUAX (B CEBOOOOPOTAx) U GUTOILEHO-
3bl, IO pa3/e/isieMble HA CHHAaHTPOIHbIE (pyZAepasbHbIE pa-
CTHUTeJIbHbIE COODOILECTBa, COOOIECTBA MOJIOALIX 3ajexen
Y MaJIOBO3PACTHBIX 10CEBOB MHOT'0JIETHUX KOPMOBBIX TPaB)
Y CHHAaHTPONMU3UPOBaHHbIe (pacTHUTesNbHbIE COO6IecTBa
NacTOMIL, CTapbIX 3a/eXed U CTAapOBO3PACTHBIX I[OCEBOB
MHoroJieTHUX TpaB) (Mirkin et al.,, 2003). CiiefoBaTesibHO, Ha
3eMJISIX CeJIbCKOXO3sICTBEHHOr0 Ha3HauYeHUs HabJIloAaeTcs
CJI0XKHas CTPYKTypa MecToo6uTaHuH (Tab. 1).

Takoe coyeTaHMe pa3HbIX TUIIOB MECTOOOUTAHUM B Ipe-
JleJlax OJHOro arpoJiaHjmadTa, a Takke NPOHUKHOBEHUe
BU/I0B COPHBIX PAaCTeHUH C OJHUX Ha JipyTHe NpeAuCbIBaeT
OCYLIECTBJIATb KOHTPOJIb 3TUX BUJOB HE TOJIbKO Ha I0JIAX,
HO Ha BCeX 3eMJIAX CeJIbCKOX035IMCTBEHHOI0 Ha3HA4YEeHHs.
A Tak)xe He CYMTATb, YTO B COCTAB COPHOU (JIOPBI BXOAAT
TOJIBKO BHU/bI, 3aPETUCTPHUPOBAHHBIE HA MMOJIAX.

Jpyroil kaTeropueil 3emesb, Ijie 0GUTAIOT COpPHBIE pa-
crenus (GOST 21507-2013..., 2015), ABIAIOTCA 3eMJIH, IPE-
Ha3HavyeHHble A1 Jlecopa3BeseHus. JlecopasBeJeHre Mpo-
M3BOAUTCS He TOJILKO Ha 3eMJISIX JIeCHOTro GOH/IA, HO TaKxKe
Ha 3eMJISIX UHBIX KaTeropui (3eMJIsIX CeJIbCKOX035HCTBEHHO-
ro Ha3dHAa4YeHHd, HAaCeJIEHHbIX IMYHKTOB, IMPOMBIIIJIEHHOCTH,

Ta6mna 1. Tunbl MECTOOGUTAHMI HAa 3€eMJISIX CeJIbCKOX03AMCTBEHHOT0 Ha3HAYeHUA

Table 1. Types of habitats on agricultural lands

3eMJIM CeJIbCKOX03AUCTBEHHOT0 Ha3HAYEeHUA
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MecToobuTaHus:
AHTpOMOreHHO HapyLIeHHbIe MECTOOOUTAHHS
- eCTeCTBEHHO HapyllIEHHbIE;
- HeHapyLIeHHBbIE;
CeretaJjib- CuHaH- _ -
CUHAHTPOMU3UPOBAHHBIE PynepasibHble AHTPOIOreHHO HapyIleH
Hble TPOTIHbIE Hble (OKOCbI)
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3HepreTHKH, TPAHCIOPTA U 3eMJISIX HWHOTO CIelHaJbHOro
Ha3HavyeHHs1), HA KOTOPBIX paHee He NpOM3pacTaly Jieca,
Y NIpeJlycCMaTpHUBaeT MeXaHHYecKylo oO6paboTKy MOYBbI Ha
3eMJISIX, peiHa3HAYEHHbIX A1 Jecopa3BeseHus (Order of
the Ministry...,, 2019). Ha 3ems1s1x siecHoro ¢poH/ia BOCCTaHOB-
JIeHUE JIECOB MOXKET OCYILeCTBJSATBbCS TaKXKe W Ha MecTax
JIECHBIX MOXKapHIL], TO eCTh Ha BTOPUYHBIX MECTOOOUTAHUAX
C eCTeCTBEHHO HapylIeHHbIM paCTUTENbHbIM IOKPOBOM.
CnenoBaTesbHO, 3eMJIY, IPeiHA3HAYEHHbIEe JIJ1F Jlecopa3Be-
JleHUs1 - 3TO TEpPPUTOPHUU BTOPUYHBIX MeCTOOOHUTAHUU
C eCTeCTBEHHO WJIM aHTPONOreHHO HapyIIeHHBbIM pacTH-
TeJIbHBIM [IOKPOBOM, 3acesisieMble IOMUMO BOJIM 4YeJoBeKa
copHbIMU pacTeHusiMu (Marich, 2014).

TpeTbsl kKaTeropus 3eMeJib, Ijie OOUTAIOT COPHbIE pacTe-
HUs, BKJIIOYAeT 3eMJIY, IpeiHa3HauYeHHbIe AJ1s1 OTAbIXA Hace-
nenus (GOST 21507-2013..,, 2015), To ecTb peKpeallMOHHbIE
3eMJIY, Ky/Zia BXOAAT YYaCTKH, UCII0JIb3yeMble JJIT OpraHU30-
BAaHHOT'0 MacCOBOTO OT/ibIXa W TypH3Ma HaceJeHUs, B TOM
4yC/le B COCTaBe 3eJIeHOH 30HBI 3a IpefielaMU HaceJeHHbIX
nyHkToB (Article 161..., 2007-2020). Ha TeppuTopuu 3TOMH
KaTeropuu 3eMesb TaKXe MPUCYTCTBYIOT Y4aCTKU C €CTECT-
BEHHO WJIM aHTPOIIOTreHHO HapyLIeHHBIM PaCTUTENbHbIM 10-
KpPOBOM, 3aceJisieMble PaCTEHUSIMH U3 TPYIIIbI COPHBIX.

TakuM 06pa3oM, OTHECEHHE K COPHBIM pAaCTEHUSIM TOJIb-
KO pacTeHHH arpodUTOIeHO30B OCHOBAHO Ha XapaKTepHu-
CTHUKE 110 MECTOHAX0X/IeHUI0». PaccMoTpeHUe e pacTeHU I
C TOYKH 3pEHMs] 3KOJIOTMYEeCKHX YCJOBUH NpOM3pacTaHUs
IPUBOAUT K XapaKTEPUCTUKE «II0 MECTOOBHUTAHHUIO» U 00YyC-
JIOBJIUBAET CJeAyIoly0 GOPMYJUPOBKY NOHATUSA «COPHbIe
pacTeHHUsI».

CopHble pacTeHHUs - 3TO AUKOPACTYLIMe pacTeHusl BTO-
PUYHBIX MECTOOGUTAHMUH, KaK aHTPONOTeHHBIX — C Peryasp-
HO HapyLIaeMbIM eCTeCTBEHHbIM PacCTHUTEJbHBIM U NOYBEH-
HbIM MOKpPOBOM (ceretajbHble MECTOOOUTAHUSA) U C €/IU-
HOX/Ibl HapylleHHbIM (M3peZKa HapyllaeMbIM) eCTeCTBEH-
HBIM PaCTHUTEJbHBIM U IOYBEHHBIM IIOKPOBOM (CHHAHTPOII-
Hble, CHHAaHTPONM3UPOBaHHbIE), — TaK U IPUPOJHBIX, €CTECT-
BEHHBIM [IyTeM HapyLIeHHbIX MECTOOOUTAaHHH.

O cBSI3M BUJOBOTO COCTaBa pacTeHUH eCTEeCTBEHHBIX
HeHapyIlIeHHbIX ¥ BTOPUYHBIX HAapyIIeHHbIX MeCTOO6HUTa-
HUH CBU/IeTENBCTBYET NIPUCYTCTBUE HA HAPYLIEHHBIX MeC-
TOOGHUTAHUSAX MHOTUX NPUGPEXKHBIX, TPUOPEKHO-ONYyLIeY-
HBIX, TPUOPENKHO-TYTOBBIX, IPUOGPEIKHO-OO0TOTHBIX, JIYTO-
BBIX, ONYLIEYHO-JYTOBBIX, 60JIOTHO-YTOBBIX U APYTUX BU-

noB (Luneva, 2018), MHOrMe U3 KOTOPBIX OTHOCSTCS K IPyII-
ne anopuToB. CBA3b KOMIIJIEKCOB COPHBIX PacCTEHUH, MPoO-
M3pacTalIIUX Ha eCTECTBEHHO HAapyLIEHHBIX U aHTPOIO-
FeHHbIX MECTOOOUTAHUAX, UJIJIHOCTPUPYETCH ONpesesieH-
HBIM CXOJICTBOM HMX BHUZAO0BOro cocrana (Grossheim, 1948;
Maltsev, 1962).

Cx04CTBO BUA0BOI0 COCTaBa COPHBIX pacTeHUU Ha cere-
TaJIbHBIX U pyZAepaJbHbIX MeCTOO0OUTaHUAX OTMEYEHO AaBHO
n o6cyxganock HeopHokpaTHo (Nikitin, 1983; Ulyanova,
1998; Beketova, Starikova, 2016). M3 BrIlIecKa3aHHOTO cJie-
JYeT, YTO OOLIMM CBOWCTBOM, 00'b€JUHSIOIIUM BCE COPHbIE
pacTeHus, ABJIAE€TCA UX IPUYPOYEHHOCTb K BTOPUYHBIM Mec-
TOOOUTAHUAM C PaCTUTE/NIbHBIM IMMOKPOBOM, HApyLI€HHbIM
€CTeCTBEHHBbIM HUJIK AaHTPOIIOT€HHBIM Iy TEM.

®opMHupoBaHHUe NOHATHA «COPHAsA ¢pJiopa»

Hcxoasa U3 TOro, 4YTo JaHHbBIM TUII MECTOOOUTAHUI 3aHU-
MaeT BCeTo JIMIIb YaCTb TEPPUTOPUHU JII060T0 PErHoHa U 3KO-
JIOTUYECKU OTJINYaeTCsl OT JPYrUX 3KOTOINOB — MeCT 06HTa-
HUS PaCcTUTEJbHBIX COOOGILECTB, 3/leCh He MOTYT Npou3pa-
CTaTh BCe BU/bI pervoHaJbHON ¢Jiopbl. COBOKYNTHOCTb BU-
JI0B pacTeHUH peruoHabHOU GI0pEl, NPUYPOUYEHHBIX K BbI-
LIeHAa3BaHHBIM MeCTOOOUTAHHUSAM, IPEeJCTABJAseT COO0M He-
MOJIHYIO TEPPUTOPHAIBHYI0 COBOKYITHOCTb BU/I0B PacTeHHH,
Bbl/l€JIEHHYIO 10 0COGEHHOCTSIM 3KOJIOTMM MeCTO0OUTaHUH,
WM 3KoJorhyeckuil ssnemeHT ¢Juopsl (Yurtsev, Kamelin
1991). Ucxos M3 NPUHLUNHUATBHBIX Pa3JIUYUN MEX]Y ecTe-
CTBEHHBIMH (HEHapylIeHHbIMH) U BTOPUYHBIMU (HapylleH-
HBIMH) MECTOOOGUTAHHUAMHY, 3KOJIOTMYECKUH 3/1IeMeHT GJIOpbI
BTOPHUYHBIX MECTOOOUTAHUH C HAPYIIEHHBIM PACTUTEIbHBIM
MOKPOBOM I]eJ1Iec006pa3HO Has3blBaTb COPHOH ¢JiopoH,
BKJIIOYAIOIeH CHHAHTPONHYI $JIopy, IPUYPOUYEHHYIO K Ha-
pYIIEHHBIM 4eJI0BEKOM MeCTOO6HUTaHUAM, U COpHYIO ¢iopy
eCTeCTBEHHO HapylleHHbIX MeCTOO6UTaHUH (TabuI. 2).

CopHas ¢uiopa, Kak W Ir06as Apyras, XapaKTepusyeTcs
onpezesieHHON CTpyKTypou. CyliecTByeT HECKOJIbKO YpPOB-
Hell opraHusauuu QJIOPUCTUYECKUX TMOACHUCTEM, 06YCI0B-
JIEHHBIX «COYeTAaeMOCTbI0 MOMYJISIIMN pa3HbIX BU/0B Ha pas-
JINYHBIX YPOBHSAX €CTECTBEHHOU quddepeHIIManU reorpa-
duyeckoit cpesbl» (Vynaev, 1987, p. 28). [Ipo6siema BeiGopa
OCHOBHBIX YPOBHEHN U3y4yeHUs] QJIOPUCTHUYECKUX MOJCUCTEM
MPU PerHOHAJIbHBIX GJIOPUCTUYECKUX UCCIe0BaHUAX aKTY-
aJIbHa U NIpY U3y4eHuu copHoH puiopsl (Luneva, 2020).

Ta6smmua 2. CoctaB ¢pJiopbl BTOPUYHBIX MECTOOGUTAHUM

Table 2. Composition of the flora in secondary habitats

BTOpPI‘lH]:le MEeCTOOOHTAHUA C HapylmIeHHbIM NOYBEHHO-PACTUTE/IbHBIM IOKPOBOM

MecToo6HuTaHNsA, HApylIeHHbIe
€CTeCTBeHHbIMH (IPUPOJHBIMH)
dakTopamu

MecTo06uTaHUA, HAPYLIEeHHbIE AHTPONOTeHHbIMH paKkTOpamMu

(aHTpONOTreHHbIE WU CHHAHTPOIHBIE)

O6HaXkeHUs MOYBHI (IPU BHIBOpAYHBa-
HUU JlepeBbeB, pa3MbIBAHUHM OBPAros,
Mo/iMbIBaHHUU U 06BaJie GEPEroB, Cxoie

Yp6aHHU3UpOBaHHbIE

cesied U T.1.), HApyLIEHUEe pacTUTe b- | [lackBasbHbIE PynepanbHbie CereTa/sibHble
(B T. 4. cesiuTeGHBIE)

HOTO MOKPOBA OT JeSTEJbHOCTH XH-

BOTHBIX, IPUPO/HBIX JIECHBIX I0XKapOB

T I

CopHas ¢J1opa ecTeCTBEHHO AHTpONOreHHas
HapylIeHHbIX MECTOOGUTaHUI d10pa
COPHAHA ®JIOPA
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InemenmapHas copHas gopa

[TockosbKy ¢Jiopa — 3TO reorpadpryeckoe, a He TOINOJIO-
ruyeckoe (OCHOBaHHOE Ha OCOOEHHOCTAX pesbeda) HIU
dopmManmoHHoe (0OCHOBaHHOE Ha BbIIEJIEHUH PACTUTENbHBIX
coo6uiectB) nousatue (Tolmachev, 1974), aieMmeHTapHOH ec-
TeCTBEHHOU Quiopoit aBisieTcs ¢siopa nangmadpTa (Lukiche-
va, Saburov, 1969), rge naHgmwadT - «OCHOBHAsl eAUHUIIA
KOMIIJIEKCHOTO NTPUPOJAHOTO PaHOHUPOBAHUSI TEPPUTOPHUU»
(Vynaev, 1987, p. 29).

3/ech cieflyeT OCTAaHOBUTBLCS Ha TOM, YTO O6CYyXAaeTcs
00bEM COPHBIX pPAcTEeHUH HCXOAs W3 TOCYAApPCTBEHHOIO
ctaHgapra mo 3aumurte pacrenud (GOST 21507-2013...,
2015), rae He paccMaTPUBAIOTCS pacTeHUsl ypOaHU3WPOBAH-
HbIX (TOPOACKHX) MECTOOOMTAaHUH, KAaKOBBIMH SBJISIOTCS
«MeCTOO6HTaHUs ceJUTeOHbIe, peKpealliOHHble, UHAYCTPU-
AJIbHble, KOMMYHUKALIMUOHHbIE, TUAPOTEXHUYECKUE U IpP.»
(Baranova et al., 2018, p. 15), npeacTaBJsitolye o601 TaKxKe
BTOPHUYHbIE MeCTOOOUTaHUL C HapylmeHHbIM PAaCTUTEJ/IbHbIM
nokpoBoM. COpHbIe pacTeHHUs] 3TUX MECTOOOUTAHUH TaKKe
BXOJIAAT B COCTAaB COpPHOH ¢JIOpbI ONpee/leHHON TeppuTo-
puH, ABJASACH PeAMETOM clieniraibHoro usydenus (Tretya-
kova, 2016). OcHOBBIBasICh Ha pe3yJibTaTax UCCJIeL0BaHUS,
00YCJIOBJIEHHBIX NMOTPEGHOCTAMU 3eMJie/ieiusl, pacTeHH-
eBOJICTBA, 3alUThl pacTeHUH u pUTOCaHUTApPHOro paio-
HUPOBaHHUS, alOTOMY MNPOBEJEHHBIX Ha 3EMJISX CeJib-
CKOX0351CTBEHHOI 0 Ha3HAYeHHU s, aIbHelIe paccyXK ie-
HHUS KacalTCs COPHBIX pacTeHUH arpoJiaHAadToB.

ArposangmadT - U3MeHeHHbIH CeIbCKOX035HCTBEHHBIM
MPOU3BOJCTBOM NPHUPOAHBIN JaHAWAdT € coxpaHeHUueM
MPUPOJHBIX I'PAaHUI, BKJIOYAMIMHA Kak obpabaTbiBaeMble
3eMJIY, TaK U 3eMJIH JJ1s1 o6ecriedeHusI esITebHOCTH I10 I10-
JIy4eHHUI0 cesibCKox03siicTBeHHON mnpoxykuuu (Nikolaev,
1999). [lpupogHas aupdepeHuUnans JaHAADTOB U arpo-
JaHWaToOB  06YCJOBJEHA T[e0J0r0-MopdOIOrHiecKUuMU
Y IPUPOAHO-KJIUMATUYECKUMU onpefesomumMu pakTopa-
mu (Latypova, 2016), 4TO COOTBETCTBYET Bbl/|€JIEHUIO arpo-
KJMMaTH4YeCKUX PallOHOB B Mpejiesiax 06J1acTel Mo ocobeH-
HOCTSIM IOYBEHHO-KJIMMaTH4YeCKUX ycaoBud (Zhurina,
2002). BugoBoil mys1 COpHBIX pPacTeHUH OTAEJIbHOTO arpo-
KJIMMaTH4YeCKOro paiioHa WM arpoJiaH/madTa npecTasJis-
eT co60¥ COpHYI0 PJIopy 3TON TEPPUTOPHUH, & 3JTEMEHTAPHOU
copHO# puiopoi sBasieTcs dJiopa OTAENbHON arpo3KOCUCTe-
™Mbl (Luneva, 2020) kak cocTaBHOM YacTH arposiaHAmadTa.

Cmpykmypa copHoli ¢p/10pbl

CTpyKTypa copHOU ¢Jopbl 06GYyC/IOBJEHA CTPYKTYpOH
BTOPUYHBIX MecTooOuTaHui. Ha BHyTpuianamadTHOM
YPOBHE BbIJIeJISTIOTCS KOMIIJIEKChI BUJOB pacTeHUH, GopMu-
pyloluecs Ha OonpejesieHHbIX 9KOTONAaX, KOTOpble MpPeJJio-
YKEHO Ha3bIBaTh «(PJIOPUCTUYECKUMH KOMILJIEKCAMH 3KOTO-
noB» (Yurtsev, 1975). B To >xe BpeMsl COBOKYIIHOCTb BH/IOB
pacteHuit onpefeneHHoro skoromna (Tolmachev, 1974), nau
MOJIHYI0 TEPPUTOPHUAIBbHYI0 COBOKYITHOCTb BU/IOB paCTeHUI
JIIDO6Or0 3KOJIOTUYECKH U QJIOPUCTUYECKH CBOEOGPA3HOTO
noapaszenenus Javamadra (Yurtsev, Kamelin, 1991), npea-
JIO)KEHO HasbIBaTh $JI0pOH IKOTONA UM MTapLUaIbHOH dJio-
poii (Yurtsev, 1974).

CyiejoBaTE/IbHO, COPHbIE PACTEHUS CETeTabHbIX UJIH PY-
JlepaJIbHbIX MECTOOOUTAHUH Iiesiecoob6pa3Hee HAa3bIBaTh HE
cereTajJbHbIM WU pyAepajbHBbIM 3JeMEHTOM COpHOU ¢Jio-
pbl, KaKk 3TO NPHUBOAUTCA B OTAeJbHBIX paboTrax (Luneva,
2020), a napuuanbHOHA (QJIOPON CereTaJbHbIX U PyAepasib-
HBIX MeCTOOOUTaHUM. To XKe OTHOCUTCS K KOMILJIEKCaM Cop-
HBIX pacTeHHUH, GOPMHUPYIOLUIMXCSA HA pa3HbIX THIAX cere-

TaJIbHBIX MeCTOOGHUTaHUH, XapaKTepU3YIOIUHUXCA pa3HbIMU
CBOMCTBaMHM, OOYCJOBJEHHBIMU CPeL006pa3yoLUIUM BJIHS-
HHeM Ky/JbTYpHBIX pacTeHuit (Markov, 1972) v TexHosI0rUs-
MU HUX BO3JeJIbIBAHHUA: 3TO MNapLUaJIbHbIE Cl)JIOp]JI MeCTO-
06HUTaHUH MMOJ MPOMAIIHBIMU KyJbTYpaM{ U KyJbTypaMHu
CIJIOLIHOTO CEBa, a TaKXe KaXJOW U3 3THUX KYJIbTYp B OT-
JleJIbHOCTU. B mpefiesiax copHO# ¢piopbl 06J1aCTH WM arpo-
KJIMMaTU4YeCKOro paiioHa Mbl MOXKeM OBOPHUTH 06 06beH-
HEeHUH NapuHaabHbIX GJIOP TUIIOB 3KOTOIOB, KaK U BO gJiope
B 1esioM (Yurtsev, 1982). B npenesax ogHON ecTeCTBeHHOU
KOHKpEeTHOH (3JleMeHTapHOU) ¢Jophl JoNycKaeTcsl BapbU-
poBaHHe coCTaBa BHJOB Ha OJHOTUIHBIX 3KoTonax (Tolma-
chev, 1970), 4To HaG/IIOAAETCSA TAKXKE U B NIpeiesiaxX 3JeMeH-
TapHOH COpPHOH (JIOpPBI — HA MOJIAX MOJA OJHOU KYJIbTYypOU
perucTpupyeTcs: HEOJMHAKOBbIA HaGOp BUAOB COPHBIX pac-
TeHu# (Luneva, 2020).

CopHasi pa10pa - ucmopu1ecku CA0HCUBWASICS
COB0KYNHOCMb 8UJ08

HccnemoBaTenu cxosaTCs BO MHEHHUH, UTO GJIOPOU ABJIS-
eTcsl He MPOCTO KOMILJIEKC BUJ0B PaCTEHHUH, a UCTOPHUYECKH
CJIOXUBIIAACA UX COBOKYIIHOCTb. HOLLbITO)KI/IBaH BCe BbIlIEe-
CKa3aHHOe, MOXHO CJleJIaTh BbIBOJ], YTO GOPMHUPOBaHHUE COP-
HOU QJIOPBI KaK COBOKYNHOCTH PACTEHUH, 3aCeA0IUX BTO-
pUYHbIE MECTOOOUTaHUSA C HapylmeHHbIM PpaCTUTEJIbHbIM
MOKPOBOM, HAyasoCh elle A0 MOsIBJIeHUS aHTPONOreHHOH
AeATeJIbHOCTH, Ha €eCTECTBEHHO HAapYLIEeHHbIX MecToo6uTa-
Husax (Maltsev, 1962; Grossheim, 1948).

CoBpeMeHHble HCCJe[OBaHHUSI IOKa3alud BO3MOXHOCTb
BBIPAGOTKH Y OTZEJbHBIX BHOB PACTEHUH CBOWCTB, M0O3BO-
JIMBIIWX UM BIIOCJIEJCTBHUH 3aKPENUTHCA HAa HAPYyILIAeMbIX Me-
CTOOOUTAHUAX: BO BpeMd OIOJI3HEH B Pe4YHBIX JOJIMHAX Y pac-
TYIUX TaM BereTaTUBHO MNOABHXXHBIX BHJAOB IPOUCXOAUT
paspbiB KOpPHEH U KOPHEBHI, yBeJWYMBAKOLUN HUX 4YHC-
JieHHOCTb (Lebedev, 1993). Ciiefytomnii HCTOpUYECKUH 3Tan
COCTOSI/T B 3aHECEHUH TaKHX pacTeHUH Ha aHTPOINOTeHHO Ha-
pyliaeMble MecToo6UTaHus. C IepexoioM K 0celIoMy 00pasy
’KM3HU OBbLJIO MOJIOKEHO HAa4asIo 06pa30BaHUI0 PyAepalbHbIX
MEeCTOOOUTAHUM, Ha KOTOPBIX IOCEJSJINCh NEPBOOLITHbLIE
bopMBI KYIBTYPHBIX U COPHBIX pacTeHu# (Maltsev, 1962; Sin-
skaya, 1969; Vasilevich, Motekaitite, 1988; Ulyanova, 1998).
Cyc/lo)XKHeHHeM aHTPONOreHHOW JesTeJbHOCTH YCJI0XKHS-
JIaCh CTPYKTypa BTOPUYHBIX MECTOOOHTAHHUH, YCHUIUBaIACh
POJIb pyZiepaibHOM pacTUTEIBHOCTH: yKe B 80-e rofbl mpou-
JIOTO CTOJIETUSl «eCTEeCTBEHHBIM PAcTUTEJbHBbIA MOKPOB Ha
20-25% niomagu tepputopun CCCP (macT6uinax, HEUCIOJb-
3yeMbIX YTO/bsX, 3aJ1eXaX, 000YHMHAX JI0POT, yCThIPSX, Fapsx,
BBIPYOKax U T. I.) AerPaZiMPOBaH U Npe/iCTaBJIEH, B OCHOBHOM,
pyZAepaibHbIMU copHsikamu» (Nikitin, 1983, p. 9).

JTa TeHJAeHLMs NPOAO0JKAeTCs U B Halle BpeMs. JlaBHO
H“3y4eHa UCTOPHUSA NOABJIEHUA, Pa3BUTHUA U paclipocTpaHe-
HUSI KyJbTypHbIX pacTeHud (Sinskaya, 1969; Ulyanova
1998). Hcxoas U3 3TOro, UCTOPUYECKUH XapaKTep cereTasb-
HOH ¢Jiophl, popMuUpyroLIeiicss COBMECTHO C Pa3BUTHEM CO-
001[eCTBA KYJIbTYPHBIX PACTEHUH, TAK)Ke He BbI3bIBAET COM-
HeHui (Tuganaev, 1984, Ulyanova, 1998). [laseonTosiornde-
CKHMe HCC/Ie/loBaHHUsl Ha ceBepe 3amasHoi EBponbl y6ean-
TeJIbHO JloKa3a/Iu CyllecTBOBaHHe BO ¢Jiope MO3/AHe e HH-
KOBOT'O Nepuo/a BUJIOB PAaCTEHUM, KOTOpPble BIOCIECTBUU
CTa/li Ha3bIBATbCS CereTaJbHbIMU U pyAepasbHbIMU (Gu-
man, Khotinsky, 1981).

O xapakTepe BHeJpeHHS BUJ OB pPacTEHUN C eCTeCTBEH-
HBIX MeCTOOOHUTAHUN Ha MOJIsI CBUAETENbCTBYIOT pPe3yJibTa-
Tbl COBPEMEHHBIX I/ICCJIeAOBaHPIfI, BbIABUBIIHNX, YTO IIPHU pac-
NaxUBaHUU TEPPUTOPHUH, 3aHATBIX €CTEeCTBEHHbIMU PaCTU-
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TeJIbHBIMHU COOGIIlecCTBaMH, Ha [TIepBOM 3Talle Ha MalllHe pe-
TUCTPUPOBAIUCH NPEUMYILECTBEHHO amnodUThI - «abopHu-
reHHble BUZbl, TOJHOCTBIO UM YaCTUYHO NepeceuBLINeCs
Ha aHTpOIIOreHHble MecToo6uTaHusA» (Baranova et al, 2018,
p. 14). 3aTeM ux [j0/1s1 yMeHbLIaIach, 4 YBeJIUYUBAJIACh 05
COPHBIX pacTeHHH, MONaJAKIINX Ha MOJA C JPYrUX THUIOB
BTOPHUYHBIX MECTOOOUTAHUN aHTPONOreHHOTO XapaKTepa,
adyepe3 10-15 sieT anodHUTEI BeINafaau U3 cocTaBa arpodu-
ToueHo3a (Parfenov, 1979). 3Tu uccieloBaHUSA TOKA3bIBAIOT
He TOJIbKO IYTHU BHeJAPEHUs COPHBIX PacTeHUH Ha MOJis, HO
TaKXXe MOATBEPKAAIOT, YTO MPUCYTCTBHE HA HUX GOJIBIIOrO
KOJIMYeCcTBa BHJOB W3 NPUPOAHBIX PACTUTENbHBIX C000-
IleCTB CBU/IETEIbCTBYET KaK O MOJIOZ,OM BO3pacTe cereTab-
HOTO MECTOOOUTAHMUS, TaK U 0 HU3KOM YPOBHE TEXHOJIOTHYe-
CKHX MEPOIPHUSTHH 110 BO3/|eJIbIBAHUIO KY/IbTYPHI.

C mosiBjieHHEM 3eMJieJie/iisl BO3JesbIBaeMble pacTeHUs
Bcerza npouspacrtaiau BMecte ¢ copHbiMu (Ulyanova, 1998).
B nepuof paHHero cpe/JHeBEKOBbSI IOCEBBI OBIIM CUJIBHO 3a-
COpeHbI GOJIBIIMM KOJUYECTBOM BHJIOB COPHBIX pacTeHUH
(Tuganaev, 1984). BmecTe c popMupoBaHHuEM COPHOH (JIOPBI
POUCXOJMJIA U 3BOJIIOLMS COPHBIX PACTEHUH, OJI0XKUBILAS
HavasIo rPyNIaM COPHBIX pacTeHUH, 0-pa3HOMY MPHCIIOCO-
OUBLIMMCS K >KM3HU Ha MallHe. Pa3BUTHe OAHUX MOLIJIO 1O
IyTH NPHUCIOCOGIEHHUsT K IKOJIOTUIECKHUM YCJIOBHUAM MaLIHU
(BbICOKAsi NPOAYKTHUBHOCTb CEMSH, PACTAHYTBIA INepHUOZ,
npopacTaHus ceMsiH, QOPMUPYIOLUHA pa3HOBO3pACTHbIE M0-
Oy/JsILMY, paHHee co3peBaHHEe CeMsH U OChblIaHHe MX Ha
10JIe), YTO MO3BOJIMJIO 3TUM BHJAM 3aKpeNUThbCS Ha cere-
TaJIbHBIX MECTOOOUTAHUSAX, TIOMOJIHAS TOA U3 rojia 6aHK ce-
MsH B nouyBe (Ulyanova, 1998). Pa3BuTue Apyrux BUJJ0B COp-
HBIX PaCTeHUH MPUBEJIO K COIMKEHHIO X C KYJIBTYPHBIMU 110
psAAy IPU3HAKOB: YKPYITHEHHbIE CeMeHa, IPUOJIKeHHbIEe 10
MopdoJsiornyeckuM NpU3HaKaM K ceMeHaM BO3JesbIBaeMoi
KyJbTYPBI, APY>KHOE IPOpacTaHWe CeMsH U CO3peBaHHe UX
BMecCTe C CeMeHaMH KYJIbTYpbl, UYTO 06GecleyrnBaeT UX Jab-
Helilllee COBMeCTHOE pacIpoCcTpaHeHHe Ha Jpyrue TePpPUTO-
puu (Kuptsov, 1971).

HecoMHeHHO, 4TO OAHUM U3 BaXKHBIX GaKTOpoB GOpPMHU-
pOBaHUs COPHOH GJIOPHI IBUJIOCH PAa3BUTHE OPYAUH 3eMJle-
penus (Markov, 1972; Tuganaev, 1984). Ilepexos oT 3a-
OCTPEHHOM MaJIKK K KaMEHHOM, a BIOCJeJCTBUU U 6POH30-
BOM MOTBITe CIOCOGCTBOBaJ YBEJUYEHHIO Pa3sHOO6pa3us
BH/I0B Ha 06paboTaHHOH No4YBe: K anopuTaM, BHeAPUBIINM-
Csl U3 eCTeCTBEHHBbIX LEHO30B, NPHUCOEAUHUJIUCh BHUJBI,
NpeANoYUTABIINE HapylleHHble MeCTOOGHUTAaHHUS — pacTe-
HUs 06pPBIBOB, pa3MblBaeMbIX 6eperoB, HapyIleHHbIX )KUBOT-
HbBIMH MeCTOOOHTAHUH, a TakKe pacTeHus-apeMepsnl. C me-
pexosoM K 06paboTKe MJIYToM, COITPOBOX/IAIOIENCs yBeTu-
YeHHEeM IVIyOHUHBI U KauecTBa 06paboTKU MOYBKI C 060POTOM
IJ1acTa, Ha NallHe, KpoMe MHOTOJIETHUX anodUTOB, paclpo-
CTpPaHUJIMCh MaJIoJIeTHHE, pa3MHOXalolluecs CceMeHaMH
anouThl, a TAaKXKe U MaJI0JIeTHHE aHTPONOXOPEI.

CoBpeMeHHBIH 3Tall pa3BUTHUS COPHOH GJIOpBI XapaKTe-
pu3yeTcss AeHCTBUSIMY, HalpaBJeHHBIMU Ha MOJaBJeHHE
copHbIX pacTeHuit (Bochkarev et al.,, 2013). Bce 3To oTHOCHT-
cd K MapuyaibHOU QJiope cereTasbHbIX MECTOOOUTAHUHN KaK
HMCTOPUYECKH CJIOKUBILEHCS COBOKYMHOCTH BHU/AOB COPHBIX
pacTeHU, KoTopas 3WXK/eTCA Ha AJUTeJIbHON HCTOPUU B3a-
MMOOTHOLIEHUH KYJBTYPHBIX U COPHBIX PacTeHUH, YTO J0-
cTaTo4yHO xopowo usydyeHo (Markov, 1972). Bmecte c TeM
IPYNIUPOBKY COPHBIX PacTeHUH Ha JPYrux THUIAX BTOPHY-
HbIX MeCTOOOUTAHUU U3y4YeHbI ropasio MeHblue (Vasilevich,
Motekaitite, 1988; Mysnik et al., 2018), 4To He cmoco6GCTBYET
NOHUMaHHI0 COPHOH GJIOpEI BO BCEM ee 0GbEMe.

CopHas ¢Jiopa OTAe/bHON TEPPUTOPUU UMeeT KaK 4yep-
ThI CXOZCTBA C COPHBIMU $JIOpPAMHU JJPYTUX TEPPUTOPHUH, Tak

Y OTJIMYUTEJIbHbIE yepThl. HanboJsiee noapo6HO 3TO U3yUyeHO
Ha NpHMepe cereTajbHOH ¢uiopbl pervoHoB (Luneva etal,
2017a). O TomM, uTO copHast ¢Jyiopa opMuUpyeTcs: U3 BUJOB,
JUJIs1 KOTOPBIX U3y4yaeMasi OTZe/IbHasi TEPPUTOPHUS MOAXOAUT
10 YCJIOBUSIM POU3PACTAHUS, CBU/IETENbCTBYET LieJbIH psf,
nccaenoBanui (Luneva et al, 2017b, u gpyrue).

TakuM 06pa3oM, UCXOAs U3 BbIIIEU3/I0KEHHOI'0 IOHSATHS
«COpHbIe pacTeHHs», COpHas ¢Jiopa ecTb COBOKYINHOCTb BH-
JI0B COPHBIX PAaCTeHUH, TPUYPOUEHHBIX K BTOPUYHBIM MECTO-
0OHUTAHUSAM C eCTeCTBEHHO WJIM aHTPOIOTeHHO HapylleH-
HBIM pacTUTEJbHBIM U IOYBEHHBIM MOKPOBOM, CBOHCTBEH-
Had KaX/J0W OT[eJIbHON TePpPUTOPUH, UMeKLIas CTPYKTYpY
¥ cdopMHUpOBaBLIAsACs HA NMPOTKEHUU AJUTENBbHOTO HUCTO-
pUYecKoro nepuo/a.

CopHas ¢ps10pa kak ocHoga
@dumocaHumapHo2zo patioHupo8aHUsI meppumopuu
8 OMHOWEeHUU COPHbIX pacmeHull

HecMmoTps Ha TO YTO pa3Hble TUIbl BTOPUYHBIX MECTO06-
WTaHUHN CBSI3aHbI MeXAY COG0H COPHBIMHU PACTEHUSMH, Ile-
pexoAsLIMMU C OJHUX MeCT Ha JApyrue, GuUTOCAaHUTApHOE
palloHMpOBaHHUe, Npecieyoliee LeJb KOHTPOJS 3THX pa-
CTEHHUH B arpo3KoCUCTeMax AJisl CHHXKeHHsl UX BJIMSHUA Ha
arpoUTOLEHO3b], OTHOCUTCS TOJILKO K aHTPOIOTeHHO Ha-
pYLIeHHBIM MECTOOOUTAHUAM arposaHamadpToB. PuTocaHu-
TapHOe palOHMpOBaHKe TePPUTOPHUI B OTHOILEHUU COPHBIX
pacTeHUH OCylecTB/IsIETCS HA MaKpo-, Me30- U MUKpPOYPOB-
He (Luneva, 2019). KputepueM BrlieseHus1 ypoBHeH uTo-
CaHUTAPHOI'0 paHOHUPOBaHUS sIBJIsETCS copHas ¢Jiopa pas-
HBIX TeppUTOpHUAIbHBIX ypoBHeH (Luneva, 2020). Tak, Ha
MaKpoypoBHe (YpOBHe pervoHa WM 06J1aCcTH) HCCIef0Ba-
TeJIb BBISIBJISIET BU/bI COPHOU QJIOPHI, IPUYpOYEHHBIE K ar-
posaHAmadpTaM 3TOH TEPPUTOPHH, OCYILECTB/AS TaKUM
06pa3oM palOHHpPOBaHHE TEPPUTOPHUH HA MAaKpPOYpPOBHE OT-
HOCUTEJIbHO KOMIIJIEKCa COpPHBIX pacTeHHWH. AHaJIOTHUYHOe
pallOHMpOBaHHE TEPPUTOPHUH 10 KOMILIEKCY BpeJHbIX 06b-
€KTOB MpoBeJieHo 3HToMoJioramu (Grichanov, Ovsyannikova,
2013).

Ha perrnona/ibHOM ypoBHe Ype3BbI4aliHO BaXKHbI IIpe/Ba-
pUTesbHbIE 3HAHUSA O BUAAX, GOPMUPYOIUX arpoduTole-
HO3Bl, AJ151 pa3paboTKU CTpaTerdyeckKux HalpaBJeHUH CH-
CTeMbl KOHTPOJIS1 3TUX BUJOB B arpoakocrcreMax. Ha ypoBHe
06J1acTy BaXkHA MHGOpPMaIUs 0 BUAX, IPOU3PACTAIOLIUX Ha
pa3HbIX TUIAX BTOPUYHBIX MECTOOOMTAHHWH, HapHMep Ha
COBOKYITHOCTH BCeX CereTabHbIX UJIH BCEX PYAePaTbHBIX, TO
eCTh O MapUHaJbHBIX (GJIOpAaX 3TUX MECTOOOUTAHUH. ITHU
3HAHUA HeOOXOAUMBI AJs BBIPAGOTKM NpeACcTaBJeHUs
0 GOpMUPOBAHUHU COPHBIX GJIOP PETHOHOB, /s OpraHU3a-
LM MeXperuoHaJbHBIX HCCIe[0BaHUH, HallpaBJIeHHbIX Ha
H“3ydyeHUe TeHJeHUUH U 3aKOHOMEepHOCTeH pa3BUTUA COp-
HoH ¢Jiopel. B cBo0 0yepess, 3HaHUe AU depeH AU BU-
JI0B pErMOHa/IbHON NapIAabHON QJIOPHI CETeTATBbHBIX MeC-
TOOOGUTAHUM OTHOCHUTENBHO TEPPUTOPUH BO3/e/bIBAHUS
KyJbTYp CIUIOLTHOTO CeBa M MPOMAIIHLIX M03BOJIsIeT pa3pa-
6aTbIBaTh PervoHaJbHble HaNpaB/eHUs 3alUThl BO3/eJIbl-
BaeMbIX B 06/1aCTH KY/JIbTYPHBIX pacTeHHH.

dopucTuyeckod moacucTeMol 60J1ee HU3KOTO YPOBHS,
yeM copHasi ¢pyiopa 06/1aCTH, SABJISETCSA YPOBEHD, ONpejieisie-
MbIi reorpadpuyeckodt fuddepeHiuaneil TeppuTOpUn 06-
JIACTH, TO €CTh YPOBEHb COPHOH (JI0PBI arpOKJUMATHIECKUX
paloOHOB, Bbl/ie/IsIEMbIX Ha OCHOBEe INOYBEHHO-KJHMMaTH4e-
CKuX pazsnyuii (Zhurina, 2002; Luneva, 2019). 3To Me30ypo-
BeHb QUTOCAHHUTAPHOIr0 pallOHMPOBAHMSA, a U3yYEeHHe pac-
MPOCTPAaHEHHOCTH BU/IOB COPHBIX PAaCTEHHUH Ha pasHbIX TH-
nax MecTOOOUTaHUM, a TaK)Ke HAa COBOKYITHOCTH MoJIeH moj,
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OAHHUM THIIOM CeJIbCKOX03MCTBEHHbBIX KYJIBTYD B KaXXI0M
arpoKJMMaTH4YeCKOM paioHe, CImoco6CTBYIOT GOPMUPOBa-
HUIO 6oJsiee JeTaJU3UPOBAHHBIX HallpaBJeHUH CUCTEMBI 3a-
MU TbI paCTeHHﬁ, BO3eJ/IbIBA€MbIX B PA3HAIIUXCA YCJIOBUAX
3THX PallOHOB.

MukpoypoBeHb QUTOCAHUTAPHOrO pPalOHUPOBAaHHUA
onpeJesiseTcss KOHKPeTHOU (3/71eMeHTapHOU) coOpHOU dJio-
poi, cbopMHUpPOBaHHON Ha TEPPUTOPHHU OTAEJTbHON arpos-
KocHCcTeMBl. B cBoe BpeMs Gb1JI0 TOKAa3aHO, YTO HE OT/eNb-
HOe 110JI€, 3, 10 KpaliHel Mepe, CEBOOOGOPOT C MPHUJIETAIOIILU-
MU TepPPUTOPHUSIMHU BTOPUUYHBIX MECTOOOUTAHUH, SABJIAETCSA
00'bEKTOM OllepUPOBAHUA HA MUKPOYpOBHe (Zubkov, 2000;
Luneva, 2020). Be3ycsoBHO, ¢UTOCAaHUTAPHBI MOHHUTO-
PHHT OCYIeCTBJISETCS HAa KaXXA0M KOHKPETHOM IoJie, JJis
KOTOPOTO pa3pabaThIBAIOTCS KPAaTKOCPOUHBIH (Ha JaHHBIN
Ce30H) U A0JTOCPOYHBIH (Ha rojj) HPpOrHO3bl AJisl KOHKPET-
HOro cereTajsibHOro Mectoo6utanus. Ho ¢utocanurapHoe
paiiloHMpOBaHHE HA MUKPOYPOBHE — KaK HEKoe 060611eHHe
C BbIIBJIEHHUEM TeHAEHL[PlfI pacnpoCTpaHEHHOCTHU BH/JO0B
KOHKPEeTHOH COpHOH (JI0pHI 10 COBOKYNHOCTH Pa3HbIX TH-
OB BTOPUYHBIX MeCTOOOMTaHUU B IoceBax Pa3HBIX TUIIOB
KyJbTYP — BO3MOKHO TOJIbKO HAa YPOBHE BCeM arpoakocuc-
TeMBbI.

3ak/iloueHue

Hay4yHbIll 10AX0[ K COPHBIM pacTeHUAM KaK K pacTeHHU-
SIM BTOPHUYHBIX MECTOOOGMTAHUH C HapyLUIEeHHBIMH pAcTH-
TeJbHBIM U IOYBEHHBIM IOKPOBAaMHU UMeET B CUCTEME 3allU-
ThI paCTeHUH NPUHLUNHKATbHOE 3HaYeHUe, IOCKOJIbKY 06yc-
JIOBJIMBaeT KOHTPOJIb 3TUX BUJIOB He TOJIBKO Ha cereTajb-
HBIX MECTOOOUTAHUSAX, HO HA BCEX THUIIAX BTOPUYHBIX MECTO-
o6UTaHUHU arpoakoocucTeMbl. PUTOCAHUTAPHBIA MOHUTO-
PHHT He TOJIBKO I10JIeH, HO ¥ BCeX HapylleHHbIX TEPPUTOPUH
arpoaKocHCTeMbl 06eclieYMBaeT CBOEBPEMEHHOE BBIsBIIE-
HUe OMACHbIX 3aHOCHBIX BU/JIOB PaCTeHUH, a TaKXKe SBJISEeTCS
OCHOBOU pa3paboTKHU MPeBEeHTUBHBIX Mep, CIIOCO6GCTBYIOLUX
NpeAOTBpalleHUI0 3aHOCA COPHBIX PACTEHUH € HapyLIeHHbIX
MeCcTOO6HTaHUM Ha MOJIA.

CdopmMupoBaHHOe MOHATHE COPHOU GJIOpBI € 060CHOBA-
HUEeM ee CTPYKTYpbI 06yCc10BANBaeT GUTOCAHUTApHOE paio-
HUPOBaHHE TEPPUTOPHH B OTHOLIEHUH COPHBIX paCTeHHUH Ha
TPeX YPOBHSX U YEeTKO ONpeiesisieT IPUYyPOYeHHOCTb MUKPO-
YPOBHSI K TEPPUTOPUHU arpo3KOCUCTEMBL. ITO TaKXKe UMeeT
MPUHLHUNNATbHOE 3HaYeHHe, TIOCKOJIbKY He [T03BOJISIET CUU-
TaTb OTHOCSIIMMUCA K MUKPOYPOBHIO HCCJIeJOBAaHUS 10 pac-
npeJie/IeHHI0 COPHBIX pAaCTEeHUH HAa TEPPUTOPUU KOHKPETHO-
ro 1oJjisl B 3aBUCHUMOCTH OT MUKpopeJsibeda, «<MO3aUUHOCTH»
MOYBbI Ha N10JIe U T. II.

Ha pesyspraTax M3y4yeHHs] KOMILJIEKCOB BHJIOB COPHBIX
pacTeHMH Ha Tpex YPOBHAX GUTOCAHUTAPHOr0 pallOHUPOBa-
HUSA 6a3UpyeTCs TPeXypPOBHeBasl CUCTeMa IPOrHO3UPOBAHUSA
pacnpocTpaHeHUs COPHBIX PAaCTEHHUU B peTMOHE U paclpo-
CTPaHEHHOCTH B arpokJMMaTHYeCKHUX paloHaX U arposko-
CHCTEeMax, Ha pa3HbIX THIIAX MECTOOOUTAHUHN, CONPSKEHHbIX
C pa3HbIMU THIIAMU CeJIbCKOX035MCTBEHHBIX KYJAbTYD.
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Among the chronicles relating the heroism of the besieged
Leningrad, there are pages dedicated to the deeds performed
by the staff the world-famous All-Union Research Institute of
Plant Industry (VIR, now the N.I. Vavilov All-Russian Institute
of Plant Genetic Resources). With the beginning of the war,
even before the city was surrounded by the Nazi troops, the
government decided to evacuate a number of factories and
institutes from Leningrad, including VIR, but the plan failed.
Only in winter did the Institute start partial evacuation, al-
though preparations had been going on for a long time. The
largest and most important part of the collection was left be-
hind in the besieged city. The remaining employees were
forced to work under the hardest conditions of the siege, in
unheated premises. In the harsh reality of the winter in 1941-
1942, the daily bread rationing was cut down, and hunger
raged in the city, killing tens of thousands of city residents,
including VIR employees who kept the stored seeds and tu-
bers untouched. The most difficult part was preserving the
potato collection. In the spring of 1942, preparations were
made for sowing to restore the viability of seeds and tubers in
the fields of Leningrad’s suburban area under the fire from
the enemy artillery. Only the heroic efforts of VIR’s staff
helped to save the collection from destruction and loss of ger-
mination. This heroism cost more than 20 experts and scien-
tists their lives. So, the most dangerous period for the Insti-
tute was overcome at such price. Inmediately after the siege
was lifted, a group of experts was sent to Leningrad from
Krasnoufimsk to help with selecting seed accessions for ur-
gent reproduction. Working under extreme physical exhaus-
tion in frozen premises, without water or electricity, under
continuous shelling, they saved, many at the cost of their own
lives, the collection of cultivated plants and their wild rela-
tives, the herbarium, and the scientific library for future gene-
rations.

Key words: collection, VIR, siege, hunger, exhaustion, shell-
ing, preservation, evacuation.

B sieTonucu noziBura 60kagHoro JIeHUHrpazZa Mbl He J10JDK-
HBbI 3a0bIBaTh O [IOJBUT'€ COTPYAHHUKOB U3BECTHOI'O Ha BECH
mup Bcecoroznoro HUU pacrenueBogcTBa (BUP, HbiHe Depe-
paJIbHBbIA HCCJIel0BaTEeNbCKUN LieHTp Bcepoccuickuil MH-
CTUTYT reHeTHUYeCKUX pecypcoB pacTeHuit uMenu H.W. BaBu-
sioBa). C HaYa10M BOMHBI, ellle /10 OKPYKEHUS TOPo/ia HEMell-
KMMH BOHCKaMHU, IPaBUTEJIbCTBO NPUHSJIO pellleHHe 06 3Ba-
Kyauuu u3 J/leHuHrpasa psifia 3aBoJ0B U UHCTUTYTOB, CpeJiu
KOTOpPBIX 6611 M BUP, HO oCy11eCTBUTD 3TOT IJIaH He YaJ10Ch.
TosbKO 3MMOM HHCTUTYT HadaJl YaCTUYHYIO 3BAKyalL M0, XOTS
MO/JrOTOBKA K Hel BeJslachb B TedeHHUe A0Jroro BpeMenu. Ca-
Mas GoJsibluas M HauboJsiee BaXKHAs! YaCTh KOJIJIEKIMH Oblia
oCTaBJIeHa B 0caxieHHOM ropojie. OcTaBLIMeCs COTPYAHUKU
ObLJIM BBIHYX/IEHbl pab0TaTh B TSKEJEHIIHUX YCJI0BUAX 6J10-
KaZibl, B HEOTallJINBaeMbIX NOMelleHHusAX. B xxecTokux ycio-
BUsIX 6J10KaHOM 3UMbI 1941-1942 rr. fHEeBHAs1 HOpMa BbIAA-
4H xsie6a 10 KapTo4yKaM Obl1a COKpalleHa, B ropoJie CBUpen-
CTBOBAJI TOJIOZl, yOUBass JECATKHU ThICAY >KUTeJeld ropoja,
B TOM uHc/e cOTpyAHUKOB BUP, XxpaHUBIINX HETPOHYTHIMU
KOJIJIEKIIUOHHBIE CEMeHA U KJIYOHU. CaMbIM TSXKeJbIM ObLIO
coxXpaHeHUe KoJuieKuu Kaptodess. C BecHbl 1942 r. ctanu
TOTOBUTBCS K [IOCEBHOHM C 1leJIbl0 BO30GHOBJIEHUS >KHU3He-
CTMOCOGHOCTH CEeMSIH U KJIy6GHelH B X03HCTBaX NPUTOPOJHOU
30HbI JIeHMHIpaZia Nnoj, 06CTpesoM HeMELKOH apTH/IIEpHH.
Tosibko GJiarofiapsi TepOUYECKUM yCUJIUAM nepcoHasa BUP
KOJIJIEKIIUSI Obla COXpaHEHAa OT YHUYTOXXEHHs U I0TepU
BCXOXKECTH. ITOT repPOU3M CTOMJI )KU3HU GoJiee 20 crienuasiu-
cTaM Y yyeHbIM. biarogaps aToMy Han6oJiee onacHbIN st
WHCTHUTYTa Nepuoz 6ol npeooieH. Cpasy e 1oce CHATHSA
6s10kazpl B JleHHHrpas us KpacHoypumcka 6bl1M KOMaH/ M-
pOBaHbI COTPYJHUKH B IOMOLb JIEHUHI'PaACKOH IpymIe AJs
oT6opa 06pas3L 0B KOJUIEKIMH JIJI1 CPOYHOTO NepeceBa. Pa6o-
Tas Nnpu KpalHeM $U3UYECKOM HUCTOLIEHUH B IPOMEP3IINX
MOMeIleHUAX UHCTUTYTA, 6€3 BOJbl, 3JIEKTPUYECTBA, N0/ He-
HpepbIBHBIM apTOGCTPEJIOM, OHH COXPAaHUJIM, MHOTHE LIeHOH
COOCTBEHHOHW KM3HH, JJIs1 OYAYLIMX NOKOJEHUH MHPOBYIO
KOJIJIEKIIUIO KYJIbTYPHBIX PacTe€HUH W UX JUKUX DOAUYel,
rep6apuii, Hay4YHy0 GUBJIHOTEKY.

KnoueBble ciioBa: kosiekuus, BUP, 6i10kaza, rosos, UCTO-
IeHHe, 06CTpesibl, COXpaHEHHUE, IBAKyalUsl.

From the beginning of the Nazi invasion on June 22, 1941,
the work of the All-Union Institute of Plant Industry (VIR)
was focused on strengthening direct aid to the national food
production through increasing food resources and stocks of
agricultural raw materials in the country. Many employees
were drafted into the ranks of the Red Army, but a significant
part of the staff of the Institute and its branches were sent to

collective and state farms with the mission of agronomic as-
sistance in sowing and harvesting operations (Loskutov,
2009).

In the following studies and practical utilization of the
global crop genetic resources collections, the main attention
was paid to the seed production of the best zoned or promis-
ing cultivars, bred or isolated by the Institute from its hold-
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ings, as well as such elite varieties whose cultivation was com-
mitted to the Institute by the USSR People’s Commissariat for
Agriculture.

The course of military events dramatically changed the
work of the Institute’s headquarters and its experimental
fields in Leningrad Province, as the latter in September 1941
found themselves in the zone of direct hostilities. Beginning
from July, the overwhelming majority of physically capable
employees of the Institute were directly involved in the con-
struction of defense structures on the approaches to Lenin-
grad and in the city itself, while some of the staff members
switched to the research work that had straight significance
for defense (Scientific report...,, 1945).

Already on July 7, 1941, the Institute issued Order No. 182
(Fig. 1), obliging everyone to go to work for the needs of the
city; for failure to appear or being late for work, the guilty
were brought to justice under the wartime law. From July 10,
orders started to be issued to regulate the redundancy and
dismissal of employees - due to the reduction in the volume
of works and topics irrelevant for wartime, evacuation, and
transition to defense enterprises. Besides, in July, not only
employees, including typists with typewriters, but also cars,
horses, carts, etc. were mobilized into the Workers’ and Peas-
ants’ Red Army (RKKA). Beginning from July 15, orders con-
cerning reinforcement of the Institute’s security system were
adopted (the front entrance was blocked, 24-hour guarding
posts were organized, and strict access control was intro-
duced) (VIR Archives..., 1962; Orders and directives..., 1945).

While some scientists and technical support workers
were sent to the front, most of the Institute’s staff labored in
the defense works around Leningrad. A small number of em-
ployees out of those who remained at VIR started preparing
the collection for evacuation to Krasnoufimsk in the Urals
(Krasnoufimsk Experiment Station, not far from the city of
Sverdlovsk, now Yekaterinburg).

In August 1940, Acad. Johan Gansovich Eichfeld, the Insti-
tute’s director, who held this position after N. I. Vavilov’s ar-
rest, wrote in his report to the Lenin All-Russian Academy of
Agricultural Sciences (VASKhNIL): “The work at the Institute
never came to a halt, even in the hardest months of the siege,
when water supply and electricity were blocked, and the tem-
perature in the laboratories dropped to -15-20°C. It was at
that time that alot of work was done to prepare the most
valuable part of the global collection for shipment to the rear,
and the remaining part for long-term storage.” (VIR Ar-
chives..., 1962, unpaged)

Beginning from the earliest August, VIR issued a number
of orders, regulating the Institute’s activities in wartime con-
ditions: Order No. 215 on recruiting a firefighting group for
the building (at 42 Herzen Street), providing the Forest Avia-
tion Trust with a room for permanent stationing of their fire
team, completing the blackout of windows, and removing
combustible materials (archives, herbarium, reagents, etc.)
from the premises; Order No. 216 on recruiting a firefighting
team for the building (at 44 Herzen Street); Order No. 230
about the transfer of A. G. Gael, Y. F. Katz and P, F. Medvedeyv,
the staff members who worked with rubber plants, to VIR’s
experiment stations due to the curtailed scope of work; and
Order No. 256 (Fig. 2), appointing Ya. Ya. Virs as the manager
of the Leningrad and Pushkin units, and the Krasny Pakhar
facilities (Orders and directives..., 1945).

When the Government decreed evacuation of the Insti-
tute’s staff (100 employees with their families), the Oktyabr-
skaya Railway allocated two standard cars and one open
freight car for the collection of seeds. The plan was to evacu-
ate the Institute’s collection in two batches. The first consign-

ment was assigned to the hand luggage of the staff members
evacuated to Krasnoufimsk (Sverdlovsk Province) and includ-
ed about 20,000 accessions from the collection: 100 grains for
a cereal crop accession, and from 50 to 200 seeds for each of
the other crops. They were packed in 100 soft parcels, 2 kg
each. The second consignment consisted of over 100,000 ac-
cessions, 20-50 g each; they were packed in 300 double-wall
containers with atotal weight of 5 metric tons. Valuable
equipment, the library, and scientific publications were also
packed. The cargo prepared for evacuation was to be handed
over to the shipment unit under the charge of the Institute’s
superintendent M. S. Belyaeva and senior researcher O. A. Vos-
kresenskaya (Orders and directives..., 1945).

The evacuation of the Institute’s staff and collections was
scheduled for August 25, 1941. Already on August 26, 1941
the last passenger train set off from Leningrad to the east, and
on August 27 the Nazi cut off the last railroad and Leningrad
was isolated from the country. On September 5 the ring of the
siege was tightened and fortified by the enemy, and on Sep-
tember 8, 1941, the ring was completely closed, so on Septem-
ber 8, 1941, the staff of the Institute with their families re-
turned to the city. The open freight car, where the Institute’s
seed collection had been loaded for evacuation, remained on
a sidetrack of the railway (Orders and directives..., 1945).

In this difficult time for the country, VASKhNIL sent to
Leningrad a special commissioner to act as the curator of ag-
ricultural institutes, including VIR - Isai Izraelevich Prezent,
who was expected to organize and monitor the evacuation of
employees and equipment, but he left Leningrad at the first
opportunity. He did not take any part in saving the seeds of
VIR’s invaluable collection.

After the failed evacuation, the returned containers with
the collection were divided into 2 lots and kept in different
parts of the Institute’s building (44 Herzen Street) to avoid
destruction during bombing. A team of 10-12 people daily re-
moved up to 3,000-4,000 boxes from the racks, tying them
together into 400-500 packs. The packs were stacked tightly
between the shelves whereon the collection was previously
stored. Wheat accessions were the first to be handled - over
20,000 boxes, followed by rye, oat and barley; then it was the
turn of maize, millet, sorghum, buckwheat, peas and other le-
gumes. All in all, up to 100,000 boxes with seeds of those
crops were tied together. The last to be tied up were the boxes
with vegetable, industrial and forage crop seeds. The unhan-
dled containers with seeds were sorted, and the seeds were
packed into 2,500 empty boxes. Over 3,000 boxes from
40 rooms in the entire building were moved to 16 rooms on
the second floor, away from cold and burglars. The collections
of maize (306 boxes), flax (1,334) and legumes (1,582) were
also brought there. When the relocation was completed, an
inventory was made and a layout of the new storage premises
was drawn (Orders and directives..., 1945).

The collections maintained in Pavlovsk and Pushkin were
urgently evacuated under fire to Leningrad in the end of Au-
gust; among them there were collections of potato, rye and
other crops. The rye expert V. F. Antropova moved the pre-
cious rye seed collection from Pushkin to Leningrad; the col-
lection of cucurbits was also evacuated. The pea and lupine
collections were transported by N. R. Ivanov. The agricultural
meteorologist V. K. Omelchenko continued his work at the
Meteorological Station (Orders and directives..., 1945).

The evacuation of potato accessions faced many prob-
lems. In 1941, most of them (6,000) were planted in the fields
of Pavlovsk Experiment Station of VIR, 30 km from Leningrad.
The period of their ripening coincided with the outbreak of
hostilities near Pavlovsk. The town was all in flames from nu-
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Fig. 1. Order No. 182 for the All-Russian Institute of Plant Industry, dated July 7, 1941 (VIR Archives)
Puc. 1. lIpuka3 Ne 182 no Bcecorw3snomy UHcTuTyTy PacTeHueBoacTBa oT 7 utosist 1941 r. (Apxus BUP)
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Fig. 2. Order No. 256 for the All-Russian Institute of Plant Industry, dated August 25, 1941 (VIR Archives)
Puc. 2. lIpukas Ne 256 no Bcecorwsnomy UHcTuTyTy PacTeHueBoacTBa oT 25 aBrycta 1941 r. (Apxus BUP)
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merous bombings by the Nazi aircraft, and the potato fields
were constantly under fire from the enemy’s artillery. It was
clear that under such conditions the potatoes would have to
be harvested unripe. The Institute’s researchers A. Ya. Kamer-
az and O. A. Voskresenskaya organized potato harvesting in as
short time as possible, so that each accession was harvested
separately. They managed to collect 1-2 bushes of each acces-
sion out of 6,000 planted ones; in addition, one bush per each
of 500 promising hybrids was dug out, along with nearly
a hundred accessions from the unique South American collec-
tion gathered in the pre-war period - those that yielded tu-
bers (N.R. Ivanov’s documents, 1945).

To transfer the boxes with harvested potatoes from the
field to the Institute, A. Ya. Kameraz resorted to the support of
the military. Under such difficult circumstances, the Red Army
men, realizing the importance of the Institute’s mission, allo-
cated transport to send the potato collection to the Institute’s
headquarters on St. Isaac’s Square. This work was completed
a few days before the complete occupation of Pavlovsk (Alex-
anyan, Krivchenko, 1991; Loskutov, 1999).

The first massive air raid on Leningrad befell on Septem-
ber 8, 1941. Over 6,000 incendiary bombs were dropped on
the city, and fires started. During the first months of the war,
several dozens of firebombs were thrown down from the In-
stitute’s roof; all of them were rendered harmless in the
courtyard. Anumber of new orders were issued. Order
No. 283 regulated the process of putting and keeping the In-
stitute’s buildings, laboratories, storage rooms and bomb
shelters in order. By Order No. 287, D. S. Ivanov was appoint-
ed chief of staff, N. N. Likhvonen was put at the head of the
self-defense group, and Ya. Ya. Virs became the chief officer of
the facility. Order No. 289 established the following units
within the self-defense group: the observation and communi-
cation unit, medical and sanitary unit, firefighting unit, degas-
sing unit, revolutionary order maintenance unit, bomb shel-
ter unit, and repair and reconstruction team (Orders and di-
rectives...,, 1945).

A special room was arranged for the Institute’s on-duty
overseer; it was on the second floor of 44 Herzen Street (at
present, it is part of the Department of Oat, Rye and Barley
Genetic Resources, room No. 12). In the duty room there was
a cast-iron stove, a table, a loudspeaker, and a city telephone
(in the post-war period it was turned into the Institute’s
switchboard). Behind a screen there were two folding beds,
a sofa, and ten chairs. The person on duty kept a record on the
state of 16 rooms where the collection was locked under
a wax seal. The log contained records of the time of alarm and
all-clear signals, close hits of high-explosive bombs, and
bursts of shells. The on-duty overseer deployed 5-8 employ-
ees and workers to the places of operational work and regu-
lated the rather complicated life of the collection curators
(N.R.Ivanov’s documents, 1945; Orders and directives...,
1945).

A separate order regulated the access to the collections.
The rooms where the accessions were stored were sealed.
Groups of 3-4 people were allowed to enter and work there.
The keys were kept in a safe by the superintendent K. A. Pan-
teleyeva. A 24-hour watch was established, and an additional
post was organized in the basement, near the potato storage
vault. Once a week, on-duty overseers, in the presence of the
chiefkeeper R. Ya. Kordon, opened the doors of the rooms and
the basement and checked the condition of the boxes.

The leaders appointed for the Leningrad group of the In-
stitute’s employees, who were responsible for preserving the
collection of VIR and its property, were R.Ya.Kordon,
K. A. Panteleyeva and G. N. Reiter.

Rudolf Yanovich Kordon graduated in 1926 from Lenin-
grad State University, where he had been majoring in botany,
and from September 1926 worked at the Institute. During the
siege, he was deputy head of the Leningrad group, senior cu-
rator of the seed collections of all crops. He was the author of
the apple cultivar ‘Kordonovka’ and a number of publications.
In the post-war years, he was one of the active participants in
the project aimed at creating a ring of fruit and berry planta-
tions around Leningrad on the Pulkovo-Gatchina highway
(VIR Archives..., 1962; Personal files..., 1942).

Klavdiya Afanasyevna Panteleyeva graduated from Lenin-
grad Agricultural Institute in 1925 with a degree in agronomy
and plant breeding. She worked at VIR as the head of special
themes from October 1940 to February 1942, then as the
head of the Leningrad part of the Institute until May 1945.
During all 900 days of the siege, under the pressure of terrible
circumstances, she organized preservation of the global crop
seed collections, scientific materials, and equipment (VIR Ar-
chives..., 1962; Personal files..., 1942).

Georgy Nikolaevich Reiter from 1919 to 1939 served in
the border troops of the State Political Directorate (OGPU)
under the People’s Commissariat for Internal Affairs (NKVD).
Beginning from July 1939, he worked at the Institute as the
head of the Human Resources Department and Special Unit.
In the harsh years of the 900-day siege, he was the secretary
of the Communist Party organization in the Institute’s Lenin-
grad group and, as such, was responsible for the safety of the
seed collections, equipment and property of the Institute
(Fig. 3). He was directly involved in the implementation of ur-
gent measures in Oktyabrsky District of Leningrad, super-
vised the evacuation of people from Leningrad, and was in
charge of the organization of subsidiary farms in the difficult
years of the siege (VIR Archives.., 1962; Personal files...,
1942).

In October 1941, two more orders were adopted: No. 327
on inventorying the assets in Pushkin and the Krasny Pakhar
facilities (Fig. 4), and No. 334 on inventorying the property
and real assets of the Institute as of November 1, 1941 (Fig. 5)
(Orders and directives..., 1945).

Despite the difficulties, scientific activities at the Institute
did not stop. In the fall of 1941, the employees worked out
a thematic plan of scientific research for 1942. It included, in
addition to the theoretical trends of studying the accessions,
purely practical developments. The Institute’s staff developed
measures to move the production of staple crops to the Urals
and Siberia. Seven memoranda were drawn up on that topic
for various groups of crops, and all documents were submit-
ted to the Government of the USSR. The Institute regularly
held meetings of VIR’s Scientific Council, but most often, due
to shelling, they took place in the basement (bomb shelter).
Some of the departments and laboratories of VIR were in-
volved in research work of direct defense significance (Losku-
tov, 2020; Scientific report...,, 1945).

The chemical laboratory of the Institute developed meth-
ods for obtaining pharmaceutical tannin from extracts and
leaves of smoke tree, which found wide application in the
treatment of wounds in military hospitals. At one of the facto-
ries in Leningrad, where five employees of the Institute were
constantly working, the production of medical tannin was or-
ganized for the first time in the USSR, and its production was
brought to a scale that fully met the needs of the Leningrad
Front. Following a special assignment from the military de-
partment, the laboratory developed methods for dyeing fab-
rics in the khaki color with local plant dyes, which were intro-
duced into industrial production and found widespread use
already in 1941. Since the besieged city was facing difficulties
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Fig. 3. Order No. 325 for the Local Air Defense Force Object the All-Russian Institute of Plant Industry,
dated October 21, 1941 (VIR Archives)
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Fig. 4. Order No. 327 for the All-Russian Institute of Plant Industry, dated October 24, 1941 (VIR Archives)
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Fig. 5. Order No. 334 for the All-Russian Institute of Plant Industry, dated October 29, 1941 (VIR Archives)
Puc. 5. lIpuka3 Ne 334 no Bcecorosznomy UHcTuTyTYy PacTeHueBoacTBa OT 29 oKTA6ps 1941 . (Apxus BUP)

with food supplies, M. I. Knyaginichev with the staff of the
technological assessment laboratory carried out research on
the content of nutrients valuable for the human organism in
some food and industry waste products and developed meth-
ods for their extraction. Following the instructions of military
organizations, the employees of the Agrometeorology Depart-
ment of VIR made a number of proposals directly related to
the conduct of hostilities and the operation of transport un-
der various weather and soil conditions. G. T. Selyaninov con-
tributed to the clarification of agroclimatic possibilities for
expanding the areas under main industrial and food plants in
the Asian part of the USSR and participated in the develop-
ment of other materials (Scientific report..., 1945).

In November 1941, Grigory Ilyich Golenishchev, the Insti-
tute’s janitor, became the first victim of the unceasing shelling
of the city. He was one of the active fighters of the self-defense
group; at one time he was the chief of the so-called revolu-
tionary order guards and took part in the elimination of hot
spots that arose from thermite bombs on the Institute’s build-
ings. In November, the famine started in the city, and its first
victims were VIR’s employees. On November 11, 1941, Pavel
Pavlovich Gusev, an adviser at VIR and former personal secre-
tary of N.I. Vavilov, died of exhaustion. He had been a good
editor and an irreplaceable assistant to Vavilov. Everyone who
had met him at work remembered him with a kind word. The
Institute’s scientific library was not spared either. Maria
Parfinievna Dmitricheva, a bibliographer and a qualified li-
brarian, who had been deputy superintendent of the gas shel-
ter in the self-defense group within the Local Air Defense
Force (LADF), died of emaciation on November 11, 1941.
Later, on November 23, the same cause took the life of Eliza-
veta Nikolaevna Voyko, deputy head of the VIR Library, who
had been responsible for the storage of book funds and par-
ticipated in the firefighting unit (VIR Archives..., 1962; Per-
sonal files..., 1942).

In November, S. M. Bukasov, Doctor of Agricultural and
Biological Sciences, was sent to Sverdlovsk and Krasnoufimsk
to prepare the deployment of the Institute and organize re-
search work of VIR during its evacuation. On November 5,
1941, he was evacuated by plane with a part of the potato col-
lection to Krasnoufimsk. Besides, V. A. Koroleva-Pavlova was
able to relocate with a load of Taraxacum kok-saghyz seeds in
the same direction (Orders and directives..., 1945).

In the very first fall of the siege, the Institute lost more
than 30 researchers: some died from bombing, some from
dystrophy, or perished at the front. Throughout the autumn
and until deep winter, VIR's employees, mostly women, pre-
pared the collection for evacuation. Only at the onset of the
winter did the Institute begin a partial evacuation, although
preparations for it had been going on for a long time. The In-
stitute continued its work, despite the harsh conditions of the
early severe winter of 1941/42. January and February were
the most difficult months of the winter under the siege, when
temperatures dropped to record levels - 36-40°C (In the be-
sieged Leningrad..., 1969).

In the hardest winter of 1941/42, the daily ration (for de-
pendents and employees) per card reached only 125 g of
bread mixed in half with bran. In the dark, in the frozen build-
ing of the Institute, the remaining employees were strenu-
ously preparing the collection for preservation under the
siege. While they were dividing the collection into separate
batches to preserve it in different parts of the Institute, bombs
and shells fell around, damaging the nearby St. Isaac’s Cathe-
dral. Fortunately, the main building of VIR was not damaged
by the bombing, since it was located opposite the building of
the German Embassy (41 Herzen Street) and across the
square from the Astoria Hotel (39 Herzen Street), where Hit-
ler, according to unconfirmed reports, planned to celebrate
the occupation of Leningrad, therefore these two buildings
were not bombed.
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On December 21, 1941, during an artillery bombardment
of the city, Professor Evgenii Vladimirovich Wulff, head of the
Herbarium Department, a prominent botanist and expert in
essential oil crops, died from a shell fragment in full bloom of
his creative energy (Nikolai Ivanovich..., 2017).

In the winter of 1942, hordes of mice and rats gathered in
the Institute’s building at 44 Herzen Street. All protective
measures against rodents did not save the day. Rats began to
enter the premises, throw off the metal boxes with seed ac-
cessions from the shelves, and eat the grain and seeds. In this
grave situation, the weakened employees decided to remove
the remaining boxes from the shelves, tie them into bundles
and install the bundles between the shelves. The work on ty-
ing the boxes and stacking the packs proceeded in the frozen
rooms of the Institute under the scanty light of kerosene
lamps, since the windows were boarded up with plywood in-
stead of glass broken by shelling, which additionally served
for greater safety of the collection. All rooms were sealed, and
the staff checked the seals daily, opened each room every
month and examined its internal state. Three to five employ-
ees were on duty 24 hours every day. In the spring of 1942,
there were several thefts of seeds. Thieves broke into the
rooms through the boarded windows, but the losses were in-
significant. The windows were immediately sealed, and the
seed material moved to a more secure location (In the be-
sieged Leningrad..., 1969).

“The daily passage of the commission registered the in-
tegrity of the seals and the locked entrance doors. On damp
frosty days, the columns of St.Isaac’s Cathedral gleamed
beautifully from hoarfrost; on those days the metal boxes
were covered with frost, giving light to the rooms in which the
collection was kept. Such a picture could be observed on cold
and humid days during the three winters of the siege of Len-
ingrad. The germination of seeds in the collection reduced
from dampness...

The Institute’s headquarters faced a strategic route with
one side of its facade (44 Herzen Street). It meant the liability
to carry out a very thorough cleaning of this street and part of
St. Isaac’s Square. Snow or any other garbage could not be left
here for long, meltwater had to be absorbed by wells, which
required daily cleaning, and it was necessary to throw off the
snow from the roof of the building weekly, so that it could not
fall in the icy form on the traffic area and pedestrian part of
the street. Piles of snow had to be transported by hand sledg-
es or carts to the Moika River. It was a very difficult task for
dystrophic people, especially chopping ice in the street and
the square and throwing snow from the roof.” (N. R. Ivanov’s
documents, 1945, unpaged)

Hunger raged in the besieged city, killing tens of thou-
sands of residents, and among them the Institute’s employe-
es.

On December 27, 1941, Aleksandr Gavrilovich Shchukin,
an associate researcher of the collection of industrial and for-
age crops, a peanut expert, died of emaciation at his writing
desk. Until 1938, he had worked in the State Variety Trials,
and he was the author of several publications. He was a per-
sonification of the wonderful concept of a hard worker. He is
remembered as an efficient, honest, polite man, demanding of
himself and others. During the siege, he took part in the work
of the LADF (VIR Archives..., 1962; Personal files..., 1942).

In the winter of 1942, starvation and cold did not spare
the staff of the Institute. On January 5, Nikolai Petrovich Leon-
tievsky, PhD (Agric. Sci.), a senior researcher at the Agrome-
teorology Department, died of emaciation. His work had been
connected with defense issues. He was a fighter of the LADF
firefighting group at 42 Herzen Street and was responsible for

storing materials of the Agrometeorology Department (VIR
Archives..., 1962; Personal files..., 1942).

On January 9, 1942, Dmitry Sergeyevich Ivanov, a senior
researcher and the head of the rice section, died of exhaustion
in his office. He had worked at VIR since 1938. He proved him-
self to be a conscientious worker who knew his job well, and
a capable organizer of scientific research. In the past, he had
been a warrant officer in the engineering troops of the Rus-
sian Army. During the Civil War, he served in the Red Army as
a divisional engineer. For his engineering qualifications, forc-
ing the Berezina River in July 1919 and assistance in the de-
velopment of the offensive, D. S. Ivanov was awarded the Or-
der of the Red Banner by the Revolutionary Military Council
of the Republic. In 1941, in the first months of the war, he was
one of the leading on-duty overseers at the Institute, chief of
staff in the LADF for 44 Herzen Street. Under his leadership,
fires in the attics caused by thermite bombs were eliminated.
He was also a military instructor for the LADF units. After his
death, an inventory was made in his office, and several thou-
sand packages with rice seeds were found - dying from star-
vation, he had saved them at the cost of his own life (VIR Ar-
chives..., 1962; Personal files..., 1942).

OnJanuary 12,1942, Georgy Karlovich Kreyer, PhD (Agric.
Sci.), died from hunger in his office. The head of the section of
medicinal plants, he had been a famous botanist, had pub-
lished more than 48 publications on medicinal plants, and
had been a fighter of the firefighting team (Personal files...,
1942; Nikolai Ivanovich..., 2017).

On the same day, Aleksandr Yakovlevich Moliboga, a biol-
ogist and agronomist, senior researcher at the Agrometeorol-
ogy Department, died of exhaustion. In the 1930s, he had be-
come a victim of repressions, but after rehabilitation he had
retained his usual optimism and great working capacity. He
was the author of more than 30 publications, and a member
of the firefighting team (VIR Archives..., 1962; Personal files...,
1942).

On January 16, 1942, Georgy Viktorovich Heintz, head of
the VIR Library, died of hunger. He was one of the founders
and originators of the library. He had developed and intro-
duced into practice a subject catalogue at the Institute, which
later began to be used in other libraries of the country. In the
self-defense group of the LADF he was the permanent super-
intendent of the bomb shelter (Personal files..., 1942; Nikolai
Ivanovich..., 2017).

In January, Lydia Mikhailovna Rodina, an associate re-
searcher and keeper of the oat collection, died of hunger in
the room where the oat collection was stored (In the besieged
Leningrad..., 1969).

At the beginning of 1942, Georgy Vladimirovich Kova-
levsky, PhD (Agric. Sci.), the Institute’s oldest expert, who
worked on the agricultural development of highlands, died of
exhaustion. A talented researcher, he studied the history and
geography of cultivated plants, and was the author of over
50 publications. In the first months of the war, he had been
transferred to the Agrometeorology Department to work on
special topics (VIR Archives..., 1962; Personal files..., 1942).

Around the same time, Nikolai Nikolaevich Likhvonen,
a member of the Communist Party since 1928, died of hunger.
He had participated in the civil war in Ukraine. At the Institute
he worked as a procurement agent. During the siege, he acted
as the head of the supply division and took an active part in
the work of the LADF self-defense groups at 44 Herzen Street
(VIR Archives..., 1962; Personal files..., 1942).

At the beginning of 1942, Anisiya Ivanovna Malgina,
a member of the Communist Party since 1927, died of exhaus-
tion. She had been the head of the Institute’s archives. A par-
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ticipant of the Civil War, she had worked in evacuation and
field hospitals. During her work at the Institute, she had re-
peatedly won awards “for good performance in production
work”. In the first months of the war, she had been responsi-
ble for preserving the archives of the Institute and had been
a fighter in the LADF firefighting team (VIR Archives..., 1962;
Personal files..., 1942).

Around the same time, Prof. Samuil Abramovich Egiz,
Doctor of Biological Sciences, head of the tobacco and tea
group, author of more than 50 publications on genetics and
tobacco breeding, died of hunger (VIR Archives..., 1962; Per-
sonal files..., 1942).

Exhaustion was the cause of the death of Andrey Ivanov-
ich Baikov, the Institute’s driver and mechanic. He had been
a constant companion to N.I. Vavilov in his expeditions to
Transcaucasia and other republics of the USSR in 1935, 1936,
and 1937. In the besieged Leningrad, he had been a fighter in
the repair and reconstruction unit of the LADF at 44 Herzen
Street (VIR Archives..., 1962; Personal files..., 1942).

Many other employees (M. Shcheglov, A. Korzun and oth-
ers) also starved to death at their workplaces. They were
slowly dying of starvation, but did not use the grain and seeds
of rice, pea, maize and wheat accessions to mitigate their hun-
ger. They chose torment and death, aspiring to preserve
Vavilov’s invaluable collection for the wellbeing of people (Al-
exanyan, Krivchenko, 1991; Loskutov, 1999).

The evacuation of the Institute’s staff and collections was
scheduled for February 17, 1942. Nadya Katkova, a laboratory
assistant at the Department of Cereals, visited all the Insti-
tute’s employees and announced the departure. In total,
300 people were evacuated from the institutes of the VASKh-
NIL system, including the employees of VIR. The evacuees
traveled for three days by railway in frozen carriages to Lake
Ladoga, getting to Borisova Griva Railway Station, walked
7 km to Osinovets, and then moved by trucks along the Road
of Life to Kabona and to Voybokalo Railway Station, where
their long and difficult journey to Krasnoufimsk began in
heated goods vans, called teplushki. The rescued people were
very weak, and three VIR’s employees died on the way, having
in their meager luggage packages with seeds from the invalu-
able collection, which they had taken out to the “mainland”.
Vavilov’s associate, wheat expert M. M. Yakubtsiner, was re-
moved from the train for a suspected lethal condition, but he
recovered and continued on his way to the east with a small
bag of unique wheat accessions from the VIR collection saved
on his chest (N. R. Ivanov’s documents, 1945).

During the evacuation, on April 14, 1942, Grigory Alek-
sandrovich Rubtsov, senior researcher of the Department of
Fruit Crops, died of hunger and exhaustion on his way to the
“mainland”. On his chest a small bag was found: it contained
seeds carefully carried through the hungry and cold days of
the siege period. Rubtsov had graduated from two universi-
ties. An erudite botanist and agronomist, a tireless traveler, he
described several new species of fruit plants in Central Asia.
He was a prominent expert in the genus Pyrus L. (pear). From
the beginning of the war until February 1942, he was a fire-
fighter (VIR Archives..., 1962; Personal files..., 1942; Nikolai
Ivanovich...,, 2017).

For more than six months the open freight car loaded with
the Institute’s collection was driven from place to place along
the railway sidings due to the intensified bombing of the
tracks. After that, when sending the car from the besieged city
had become a completely hopeless venture, the management
of the Oktyabrskaya Railway demanded that the Institute take
300 containers back. By that time, the Institute had already
been evacuated. The employees and workers who remained

to protect the collection and property were not able to trans-
port 5 tons of cargo to the Institute on their own, so a military
unit helped them in this. The containers were delivered to
VIR’s building at 44 Herzen Street. People were unable to lift
such a load above the first floor, and for four years it was left
in the entrance hall of the Institute (N. R. Ivanov’s documents,
1945).

But the hardest part was preserving the collection of pota-
toes. V. S. Lekhnovich, curator of the potato collection under
the siege, in the book In the Besieged Leningrad (In the be-
sieged Leningrad...,, 1969) recalled: “The task turned out to be
very difficult. We had to protect the tubers from rats, frosts,
and starving people. For greater safety, | began to seal the
basement and close it with three different locks. I bound the
door with iron. However, petty thefts could not be avoided...
Twice a day, despite severe exhaustion, | made my way from
my home on Nekrasova Street, where Ilived, to St.Isaac’s
Square, where the collection was kept, and each one-way trip
took about an hour and a half...

The winter of 1941/42 was distinguished for its excep-
tional severity. Frost penetrated from everywhere to the base-
ment with the potato collection. We had to heat the stove ev-
ery day. I got firewood wherever I could. Once a week, the su-
perintendent of VIR, M. S. Belyaeva, supplied me with a bun-
dle of firewood. Sometimes the hospital soldiers who warmed
themselves in the courtyard by the fire gave me a drawer from
some table or sideboard. In any case, the temperature in the
premises never dropped below zero.” (In the besieged Lenin-
grad.., 1969, p. 133-134)

In spring, the time came to plant potatoes. The preserved
potato collection was planted in the fields of a suburban state
farm; throughout the summer and autumn, it was protected
from robbers. This was repeated in each of the three years of
the siege. Thus, the collection was saved and partially repro-
duced. Resowing and reproduction of cereal crops began in
the still besieged city in 1942. N.R. Ivanov recalls it: “The
work was carried out at the Predportovy State Farm, under
the gunfire of the Germans. About 200 varieties were sown on
the area of 250 m?”. (In the besieged Leningrad.., 1969,
p.132)

Under the hardest conditions of the siege, VIR's employ-
ees preserved the unique collection of 6,000 potato acces-
sions, which weighed about 2 metric tons. Only one cultivar,
‘Tesma’, was lost. Storing the collection in two places within
the same basement gave good results, although not without
losses. Some accessions from subtropical countries and high-
land areas lost their germination, but generally the collection
remained viable. Several immature Chilean varieties with late
tuberization were lost, along with several accessions of wild
potato species, which were later revived in the Urals upon re-
questing them from other stations of the Institute and by sow-
ing seeds from the fully preserved seed repository of VIR
(N. R. Ivanov’s documents, 1945).

In 1942, a lot of work was done to preserve the Institute’s
library: the books were dried and placed in separate cabinets
with appropriate labels. Fire prevention and rat extermina-
tion measures were taken in the library.

In March 1942, one more attempt was made to evacuate
the collection by plane. With extreme urgency, about
40,000 seed packages, weighing half a ton, and a full duplicate
set of potato accessions were selected. This valuable cargo
was taken to Krasnoufimsk by Yan Yanovich Virs, who depart-
ed from Leningrad a few weeks after the evacuation of scien-
tific researchers. Preparation of the shipment went on cease-
lessly, almost on a 24-hour schedule, under the feeble light of
cold-blast kerosene lanterns. Around two dozens of them

TPY/IbI 110 IPUKJIAJITHOWM BOTAHUKE, TEHETHUKE Y CEJIEKLIMHY 182 (2), 2021



I. G. LOSKUTOV e 182(2),2021

were in the storehouse, with about 300 liters of kerosene kept
in a special depot (N. R. Ivanov’s documents, 1945).

J. G. Eichfeld, director of VIR, wrote in atelegram sent
from Krasnoufimsk to K.A.Panteleyeva and G.N. Reiter:
“Spare nothing to support people” (N.R.Ivanov’s docu-
ments..., 1945)

After the departure of the main personnel, the Institute
turned into a “minor” institution. Its local labor union com-
mittee was elected in March. For about 1000 days N. R. [vanov
served as its chairman, and O. A. Voskresenskaya was his as-
sistant. In addition to other responsibilities, the chairman of
the committee was charged with the duty to monitor the
health of the employees and the task of death prevention. Any
death was regarded as an emergency event.

The life of the employees who remained in the besieged
city was difficult. In order not to get sick with scurvy, every
day the researchers and workers received “vitamin-contain-
ing” pea sprouts. For that purpose, about 40 kg of seeds was
set aside from the reproductions of several pea varieties. Pea
seeds were germinated on metal trays taken from the seed
control laboratory in calcined sand, and on the 5th-8th day
the seedlings were ready for consumption. The only warm
area was room No. 12 of the on-duty overseer, located on the
second floor of the Institute’s building at 44 Herzen Street.
A “potbelly” stove, fed with random wood, was smoking there
for 24 hours, and the only working telephone switch was
available in the room. The temperature there was from +10 to
+16°C, which proved quite enough for pea germination. The
daily consumption was 30 sprouted peas per person (N. R. Iva-
nov’s documents, 1945).

Nevertheless, hunger did not release the emaciated em-
ployees from its grip. On March 15, 1942, the Institute’s ac-
countant E.I. Dmitrieva died; on March 22, the researcher
M. N. Lavrova; on April 14, the associate researcher Serafima
Arsenyevna Shchavinskaya (N. R. Ivanov’s documents, 1945).

In the spring of 1942, the researchers and other staff were
divided into three groups. The most difficult job was to re-
plant potato accessions. Potato tubers required annual repro-
ductions, so two sites were chosen to ensure safety duplica-
tion of the reproduction procedure: Lesnoye State Farm,
where all the work was carried out by V. S. Lekhnovich, and
the state farm of the Greenery Trust on the Vyborg Side,
where 0. A. Voskresenskaya was responsible for the work,
with organizational support from the agronomist K. Lavua.
Potato accessions were planted on those sites for three sea-
sons (N. R. Ivanov’s documents, 1945).

The small second group, headed by K. A. Panteleyeva and
the researcher R. Ya. Kordon, remained in Leningrad. The task
of this group was to protect the part of the collection that re-
mained in the Institute’s headquarters from looting. Great
help in this matter was provided by the superintendent of the
building, M. S. Belyaeva, who for many days in a row was on
duty at night under the gates in the unheated entrance.

The third group, led by Vasily Vasilyevich Ivanov and
Nikolai Rodionovich Ivanov, was sent to Peri Railway Station
to assist the subsidiary farms of Oktyabrsky District and indi-
vidual household plots of Leningraders with advice and prac-
tical aid (N. R. Ivanov’s documents, 1945).

The director of the Lesnoye State Farm, A.T. Vorobyev,
made arrangements for VIR’s employees to eat in the farm’s
canteen. Here, without any cards, they received linseed cake
porridge and stewed saltbush. The chief agronomist V. M. Ka-
linin earmarked cabbage seedlings and turnip seeds, the har-
vest of which was used to enhance the nutrition of the Insti-
tute’s staff. The farm helped to transport the planting material
to the field. Together with V. S. Lekhnovich, the potato collec-

tion was planted in the field of the Lesnoye State Farm by
K. T. Chernyanskaya, G. A. Lebedeva, and the worker A.I. Iva-
nov. The State Farm’s blacksmith built a marker for planting
potato accessions. The plot was plowed for a whole week. The
entire collection, except for A.Ya.Kameraz’'s hybrids, was
planted in two parallel series. The planting of potatoes was
finished only on June 22, but the tubers sprouted well. Salt-
bush sprouted concurrently with the tubers. The employees
let it grow a little, harvested, and handed over to the state
suppliers, thus earning 800 rubles. In the fall, the issue of pro-
tecting the field arose. In September and October, V. S. Lekh-
novich was on duty at the site for 38 nights. Fortunately, ev-
erything turned out well. The collected harvest was trans-
ported to the State Farm’s cellars (N. R. Ivanov’s documents,
1945).

Andrey Fedorovich Nikitin, director of Vyborgsky Flower
Enterprise, could not believe for a long time that potatoes had
been stored in the besieged Leningrad all winter: “And you
didn’t touch it, didn’t eat it, did you?” He allocated the best
field for the collection. Olga Aleksandrovna Voskresenskaya,
Praskovya Nikolaevna Petrova, the janitor Anna Pavlovna An-
dreyeva, and Nikolai Rodionovich Ivanov worked there. That
area was better fertilized, so the harvest was more generous.
A. F. Nikitin set aside a small greenhouse for the most valu-
able South American varieties. But in August, a German shell
broke the glass roof, so not all the plants managed to produce
tubers (N. R. Ivanov’s documents, 1945).

In addition to rescuing the collection, the Institute’s staff
worked according to the thematic research plan adopted in
the fall of 1941. Johan Karlovich Murri, Senior Researcher,
PhD (Chem. Sci.), carried out the work on the biochemical
characterization of crop species and varietal diversity, mainly
in the context of vitamin content, and on studying the effect of
growing, storage and processing patterns on vitamin accumu-
lation and preservation in plant raw materials. He developed
a technique to produce highly active anticorbent vitamin con-
centrates from fruit and berry juices for the vitamin industry
as well as a fluorometric method for determining vitamin B
and arapid and simple method for colorimetric determina-
tion of provitamin A for the food industry (Scientific report...,
1945).

At the same time, the Institute’s team developed materials
and plans for moving eastwards and expanding the crops of
Taraxacum kok-saghyz, fiber flax, potato, medicinal plants,
vegetables for canning, cucurbits and grain legumes, whose
main areas of cultivation were in the lands by that time cap-
tured by the enemy. The materials on the movement of food
and industrial crops to the east were submitted for further
use to the Central Committee of the Communist Party, the
State Planning Committee, and the People’s Commissariat for
Agriculture as early as in December 1941. The work on the
implementation of the proposals was carried out in summer
in Sverdlovsk Province and at the Central Asian Experiment
Station. The hostilities in the extreme northwest of the USSR,
the movement of industry to the east, and the congestion of
transport arteries with military traffic were the factors that
prioritized the issues of developing own food and feed pro-
duction bases in the Far North and in the arid and desert re-
gions of Kazakhstan and Turkmenistan. The personnel of the
Polar, Maikop, Kuban, Aral and Turkmen Experiment Stations,
and Derbent Substation worked to resolve all those issues
(Scientific report..., 1945).

Since the spring of 1942, VIR’s employees evacuated from
Leningrad had been working in the Urals at Krasnoufimsk Ex-
periment Station, Sverdlovsk Province. During the war, fol-
lowing the recommendations of the Institute’s staff, the areas
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under many crops were significantly expanded in the Urals,
because since the beginning of the war the population and the
need for agricultural products in the region had increased
sharply as a result of the enhancement of local industry and
the transfer of a large number of factories to the Urals from
other regions. In view of this, the basic work of the Ural group
from VIR under wartime conditions included scientific devel-
opment of measures for rapid expansion of crop areas and
raising the yield of potatoes and vegetables in the Urals; de-
velopment of vegetable seed production and increasing the
yield of red clover seeds and hay; and studying the conditions
for the development of fruit and berry farming in Sverdlovsk
Province. This work was carried out by the staff of the Insti-
tute in cooperation with the Commission of the USSR Acade-
my of Sciences for mobilizing the resources of the Urals for
defense needs, and with local experimental institutions (Los-
kutov, 2020; Scientific report...,, 1945).

The Institute’s agricultural meteorologists, led by Prof.
G.T. Selyaninov, worked on extensive materials to make
a description of the climate resources in the Urals and built
an agroclimatic map of the region. Surveying by expeditions
helped to find solutions to such problems as the develop-
ment of heat-loving vegetable cultivation in the Middle Urals
in the context of microclimate features in individual areas,
and the supply of vegetable crops with moisture. The Insti-
tute’s plant scientists studied in detail the conditions for the
cultivation of vegetables and potatoes in the southwestern
areas of the Cis-Urals, verifying the recommended basic
techniques and measures to increase yields in collective
farms. Research itineraries covered the central mining ar-
eas. Atthe end 0f 1942, a memorandum was drawn up on the
main measures for the development of crop areas and an
increase in the yield of vegetables and potatoes in the min-
ing zone of the Middle Urals in wartime. In 1942, in order to
facilitate rapid restoration of vegetable seed production
disturbed by the war in Leningrad Province, adjacent re-
gions and republics, VIR’s staff started multiplying vegeta-
ble crop cultivars bred at VIR and Leningrad Zonal Vegeta-
ble Experiment Station; the work was done in Krasnoufimsk
District, Sverdlovsk Province. In the fall, the Institute de-
posited for storage 61,750 seeds of cabbage, rutabaga, car-
rot, beet and other crops (Scientific report..., 1945).

Materials were prepared for the development of horti-
culture in Sverdlovsk Province; they were used by regional
agencies in special decrees that envisaged planning and sci-
entific guidance for setting up aring of berry plantations
around Sverdlovsk. Scientists of the Ural group developed
measures for preservation and accelerated reproduction of
canker-resistant potato cultivars, reproduction of T. kok-
saghyz cultivars developed at VIR, and asearch for new
sources of tannin in plant raw materials. Materials were
submitted to the USSR People’s Commissariat for Agricul-
ture, proposing measures for preservation and multiplica-
tion of canker-resistant potato cultivars needed for restor-
ing the barrier along the western border of the USSR.
A search was made for the presence of canker-resistant po-
tato varieties in the regions and republics of the USSR, and
measures were developed for their accelerated reproduc-
tion (Dr. S. M. Bukasov). VIR’s employees performed forced
multiplication of a set of the most valuable cultivars at the
Polar Experiment Station, in Sverdlovsk Province, and in the
suburban state farms of Leningrad (Scientific report...,
1945).

The Institute’s biochemistry laboratory developed
methods for simultaneous quantitative and qualitative as-
sessment of rubber in the roots of T. kok-saghyz and for ex-

tracting rubber from their roots. Studies of wild vegetation
in the Urals were carried out to identify new sources of tan-
nins. VIR’s scientists identified a whole set of plants that
contained significant tannin amounts. Of greatest practical
interest were the rhizomes of knotweed, from the Polygona-
ceae family. Methods were developed for upgrading knot-
weed rhizomes, conditions were calculated for preparing
tan liquors from them, and half-way trials were started to
verify the use of tanning extracts in the tannery industry
(Scientific report..., 1945).

The Institute’s employees rendered agronomic services
to five districts of Sverdlovsk Province, mainly in the culti-
vation of vegetable crops and potatoes and in the organiza-
tion of seed production. Besides, training courses and work-
shops for agronomists, foremen and workteam leaders were
organized in Sverdlovsk Province to improve the qualifica-
tions of agronomic personnel and collective farm workers.
In addition, the Institute’s staff took part in briefings held
by regional and district agencies. They prepared for publi-
cation a number of guidelines on seed production, agricul-
tural practices, and plant protection against pests (Scien-
tific report..., 1945).

The hardest periods in the siege of Leningrad were the
winters of 1941/42 and 1942/43. When the last one was
over, with the onset of warmth in the spring of 1943, the In-
stitute’s staff lived with a sole concern - the sowing cam-
paign. The storage life of the seeds of many vegetables, cere-
als, legumes and other crops expired, since the aging pro-
cess of seeds that had endured cold and especially high hu-
midity went on quicker. It was necessary to update the re-
productions of the collection. For the regeneration of cereal,
vegetable and other crop accessions, an area of about
3.5 hectares was allotted in Pargolovo District, 3 km from
Peri Railway Station, and a plot of 250 m? in the Predpor-
tovy State Farm. Field operations started on May 17. In the
absence of draft power, the employees had to cultivate the
entire land with shovels. Under gunfire, they started re-
planting 200 early-ripening varieties of various crops from
the collection. The work was supervised by Nikolai Rodio-
novich Ivanov and the associate researcher P.N.Petrova
(N.R. Ivanov’s documents, 1945).

The Leningrad group of the Institute’s employees car-
ried out a great deal of work to preserve the collections of
the world’s cultivated plants under the difficult conditions
of the frontline city and to provide agronomic services to
suburban farms. All the collections of the Institute were in
a satisfactory condition, while the potato collection and
aset of canker-resistant varieties were planted by VIR’s
staff on an area of about 2 hectares in two suburban farms
of Leningrad and to alarge extent reproduced. Following
a suggestion of Leningrad agencies, the Institute organized
an agricultural plot in the suburban area as a base for ren-
dering agronomic services to the production enterprise
where about 400,000 seedlings were grown for subsidiary
farms. The Institute’s staff arranged courses and work-
shops for foremen of vegetable-growing teams and classes
for directors of subsidiary farms. Certain farms were as-
signed under the care of VIR’s scientists and profited from
the Institute’s systematic agronomic assistance. For their
achievements, Leningrad City Council awarded some of
those farms with Certificates of Merit and the Challenge Red
Banner (Scientific report..., 1945).

When the siege was broken, before the Institute’s staff
arrived, R.Ya.Kordon was the first to beat a path in the
snow that led to the Krasny Pakhar experimental base, and
the work began. Afterwards, he wrote: “All work was car-
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ried out under the slogan of preserving the collection. The
rest of the issues were considered secondary.” (N.R. Iva-
nov’s documents..., 1945)

In February 1944, the first group of the Institute’s em-
ployees arrived from Krasnoufimsk to Leningrad. They
came to the Institute in order to prepare the first batches of
seeds for shipment to VIR’s stations for reproduction, be-
cause every year the accessions in need of fresh seeds had
been increasing in number. And so, little by little, the activi-
ties of the Institute began to revive. In 1946, immediately
after the war, the Institute’s staff thoroughly checked the
state of the collection and made a plan for emergency regen-
eration for the accessions with critically low viability. All
the Institute’s experiment stations and breeding centers of
the country were involved in this work. That program of re-
production and preservation of Vavilov’s global collection
was implemented to the fullest (N. R.Ivanov’s documents,
1945).

During the siege of Leningrad (1942-1944), the employ-
ees of VIR who worked at Krasnoufimsk Experiment Station
exerted themselves in saving the most valuable part of the
global crop collection, evacuated from the besieged city in
the amount of over 100,000 accessions. Together with the
Institute’s director J. G. Eichfeld, this painstaking work was
done by S. M. Bukasov, V. A. Koroleva-Pavlova, E. F. Palmova,
T. V. Lizgunova, M. A. Shebolina, L. V. Bek, V. T. Krasochkin,
T. L. Krasochkina, A. Kustushina, N. L. Boronova, K. M. Mal-
tseva, l. A. Babichev, A. M. Sofinsky, ]J. K. Murri, E. I. Yakushe-
va, A. V. Koyanovich, V. F. Antropova, A. M. Evert, A. F. Evert,
M. Mukhmatullina, M. V. Alpatieva,A. M. Alpatiev,M. P. Shev-
chikova, N. G. Khoroshailov, and others. All of them left a no-
table mark on the development of plant breeding and, more
widely, agricultural science in the Middle Urals (N.R. Iva-
nov’s documents, 1945).

In the tragic times of the Great Patriotic War (1941-
1945) of the Soviet Union against the German Nazi invaders,
the All-Union Institute of Plant Industry significantly inten-
sified its work aimed at providing practical assistance to the
country’s agriculture, and expanded the base of this work
by including new regions and setting new tasks (Scientific
report...,, 1945).

D. V. Pavlov, the authorized commissioner of the State
Defense Committee for food supplies to the troops of the
Leningrad Front and the population of Leningrad, wrote: “In
the whirlpool of unexpected events, when death soared all
around, houses collapsed, material values perished, the In-
stitute of Plant Industry (and not only it) was lost in the
commotion of the wartime days. At that time, the authori-
ties were not up to it. The employees of the Institute were
aware of that, so they could have disposed of the collection
at their own discretion, and no one would have make them
responsible if the seed accessions had died, since the au-
thorities knew the situation. But the Institute’s staff, al-
though many employees were missing in their ranks, con-
tinued to work with due regard to specific circumstances.”
(Pavlov, 1967, p. 153)

Summing up the results of wartime losses according to
the data of the Extraordinary State Commission, the Insti-
tute lost about 40,000 accessions of the collection. The
buildings, property, archive, and herbarium of VIR were se-
riously damaged. The total losses of VIR in Leningrad alone
amounted to 14.4 million rubles. The retreating Nazi troops
captured the main collections at Detskoye Selo (Pushkin):
10,000 accessions of wheat, barley, oat, vegetable crops,
T. kok-saghyz, lupine, etc., as well as scientific equipment,
the library, and the priceless collection of 66,000 flower

plants were carried off. In Pavlovsk, the collection of apple
trees was half lost, and the collection of creeping southern
varieties was lost completely. The pear collection and the
valuable collection of original stone-fruit hybrids were also
lost. In addition, the losses included half of the worldwide
gooseberry collection, the entire collections of strawber-
ries, raspberries, and perennial ornamental plants. There is
no information in the archival documents whether those
collections were destroyed or taken away by the Nazi, but
the total damage was estimated at 4.5 million rubles.
(N.R. Ivanov’s documents, 1945).

During the war, some stations of VIR were occupied by
the enemy troops and the collections maintained there were
requisitioned. Such a situation was faced by Pushkin Labo-
ratories and Pavlovsk Experiment Station of VIR, near Len-
ingrad, and Kuban Experiment Station of VIR, Krasnodar
Territory. As evidenced by E. I. Nikolaenko, an employee of
Pushkin Laboratories, the collections were moved from
Leningrad to the Baltic States (Nikolai Ivanovich...,, 2017).
Even if other collections had been carried away to Germany,
their traces were lost. This is confirmed by numerous inves-
tigations carried out by German researchers in Germany it-
self and also in the USSR. Searches for the material were
also undertaken in the late 1940s at the German Genebank
in Gatersleben which had been organized by that time. Part
of the wartime evidence collected by German researchers
was submitted to VIR for studying, but no traces of the VIR
collection were found there. Most likely, all the seized seed
collections were irrevocably lost, since the plant material
(seeds) under improper storage conditions (with changing
temperature and humidity patterns) would have quickly
lostits viability. On the other hand, collection material with-
out well-documented detailed passport information about
its composition would lose its uniqueness and value.

After its re-evacuation from the Urals, the Institute, due
to the lack of specialists, stopped working with essential
oils, medicinal plants, tobacco, tea, and novel crops. The col-
lections of the above-listed groups of cultivated plants con-
sisted of about 30,000 accessions. Those collections were
handed over to other sectoral institutes, but lacking the
skills to restore and preserve the collections, they quickly
lost the original stock.

Thus, the heroic efforts of the scientific and technical
personnel of VIR saved the Institute’s unique collection
from destruction and loss of viability. The price of such her-
oism was the lives of many employees, and the suffering and
deprivation of those who survived under those dreadful
conditions. Nevertheless, that terrible period in the Insti-
tute’s history was overcome.

The staff of VIR, showing incredible perseverance,
sometimes at the cost of their own lives and health, pre-
served the unique global collection of cultivated plants and
their wild relatives, collected by N. I. Vavilov and his associ-
ates, and continued their work in the postwar period.

The author expresses his sincere gratitude to N. P. Losku-
tova for making available the materials from the VIR Archives.

This publication was prepared within the framework of
VIR’s state budget project No. 0662-2019-0006.
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[Mopoupuit ApaHackeBud4 [IMGpPOBa — OJJUH U3 NEPBBIX y4e-
HBbIX-CEJIEKIIHOHEPOB, CTOABIIUX Y UCTOKOB HAy4YHOTO IJIOA0-
BO/ZICTBA YpaJia, aBTOp 23 COPTOB s16JI0HH, LIECTH COPTOB I'Py-
I, OZAHOTO COpTa BUIIHU U YepHOU cMOpoAuHbL. B 40-x ro-
Jlax MPOILJIOTO CTOJIETHS II0/] er0 PyKOBOJACTBOM IIPOBE/I€HbI
3KCNeJULOHHbIE 06C/Ie/JOBaHUS MO0 H3YYEHHUID MECTHOIO
COPTHMEHTa MJIOLOBBIX U ATOAHBIX KyJAbTyp B 50 padioHax
CeepasioBckoi, MosiotoBckoi ([lepMckoit) o6sacted U Ya-
mypTckoit ACCP. [lu6poBa ouH M3 aBTOPOB NEepPBOro CTaH-
AAPTHOTO COPTHUMEHTA MJIOAOBBLIX U ATOAHBLIX KYJbTYPp AJIA
JaHHBIX ob6sacTeil. [lopouprem AdaHacbeBHYEM H3y4YeHbI
3dKOHOMEPHOCTHU HacjeJO0BaHUA LEeHHBbIX X0351ICTBEHHO-
6HMOJIOrMYECKHUX MPU3HAKOB IIJIOAOBBIX KYJIBTYD, BblJ1€JIEHbI
MepCreKTHBHbIE UCXOAHbIE CeJIEKIIUOHHbIE (I)OpMI)I A06JI0HU
Y rpylud. YIM 3ailanbl OCHOBHBIE HallpaBJIeHUA CeJIeKLUU Ha
CpefHeM YpaJie, IO KOTOPbIM pabOTalOT COBpEeMEHHbIE Ce-
JIEKL[OHEPBI: CO3/laHHe BBICOKO 3UMOCTOMKHUX CKOPOIIOJ-
HBIX COPTOB $I6JIOHU U FPYLIH, CO CTAOUIBHON ypoxKalHOC-
Tb10, OTJIMYHBIM KQ4€CTBOM U yJIy4YLI€HHBIM OUOXUMHUYECKUM
COCTaBOM IIJIOZIOB.

KinwouyeBble c/10Ba: UCTOPUS CaIOBOJICTBA, CeJeKIUs, 16J10-
Hsl, Tpyllia, BUIIHSA, CMOPOJMHA YepHasd, reHeTHYeCKUue pe-
cypcbl 561001 BUP, CpeHuii Ypan.

Porfiry Afanasyevich Dibrova was one of the first scientists
and breeders standing at the origins of scientific pomicul-
ture in the Urals. He was the author of 23 cultivars of apple,
six of pear, one of sour cherry, and one of black currant. In
the 1940s, he was the leader of collecting missions explor-
ing the local assortment of fruit and berry crops in 50 dis-
tricts of Sverdlovsk and Molotov (Perm) Provinces, and the
Udmurt Republic. P.A. Dibrova was one of the authors of the
first standard set of fruit and berry cultivars for the above-
mentioned areas. He studied regularities in the inheritance
of valuable agronomic and biological traits of fruit crops
and identified promising sources for apple and pear breed-
ing. He launched the main plant breeding trends in the Mid-
dle Urals, now followed by contemporary breeders: the de-
velopment of highly winter-hardy cultivars of apple and
pear with fruiting precocity, stable yields, excellent fruit
quality, and improved biochemical composition in fruits.

Key words: history of horticulture, plant breeding, apple,
pear, cherry, black currant, apple genetic resources at VIR,
the Middle Urals.

CazoBOACTBO Ha Ypasie Hayaso 3apoxaaThbcs ewle B XIX
CTOJIETHH, KOT/la MOSIBUJIMCh NepBble NpuycafieOHble cajbl.
JluKopacTyiye MJI0AOBbIE U ATOJHBbIE KYJIBTYpbl, KOTOpPbIe
B HUX POCJIH, UMeJIM IJOJAbl OYeHb HU3KOro kadecTBa. OT-
JleJIbHBIe Ca/I0BOABI IIbITAJINCh 3aBe3TH LieHHble CaJl0BbIe pa-
CTeHHSA U3 LJeHTPaJIbHBIX TyOepHUH U aJaiTUPOBATh UX K Cy-
POBBIM YpaJbCKUM YCJOBHUSAM, HO 5TH NOMNBITKM OKAaH4YMBa-
auck Heypadel (Salnikov et al,, 1956). CafgoBojcTBa Kak OT-
pac/u Ha YpaJjie B TO BpeMsl He CyLI,eCTBOBaJIO.

Hay4yHblli NyTh pa3BUTHSA CaZlOBOACTBA ObLI yKasaH
W. B. MuuypunbiM. OTBeuyasi Ha UCbMa ypaJibCKUX JHOOUTE-
Jiell cafloBOACTBA, B 1928 I. OH mucas: «...KaTeropu4ecKu yT-
BepX/alo MOJHY0 BO3MOXHOCTb OCHOBAHUS U BeJleHUs MPo-
MBIILIJIEHHOT0 CaZl0BO/CTBA Ha YpaJle, IPY yCJIOBUHU BbIBOJKHU
CBOMX MECTHBIX COPTOB ILJIOJOBBIX PAacTeHUN U3 CeMSH...»
(Michurin, 1948, p. 171). 3Tu pekoMeHgauuu U. B. Muuypu-

Ha MOCITYKUJIM OCHOBOM HayYHOH paboThl ypalbCKUX CeJIEK-
LIUOHEPOB.

B Hauasie 1930-x roz1oB, B nepuo/; KOJIJIEKTUBU3aLU Y, Ha-
yaJiach 3aKJa/iKa KOJIXO3HbIX CaJl0B, POCJO KOJUYECTBO JII0-
OUTeNbCKUX caZoB. [locaZiouHbli MaTepuas MJI0J0BbIX pac-
TeHUH, 3aBe3eHHbIH U3 Cpeanedt Poccuu u [loBoIXKbS, BbI-
Mep3aJl B IEPBYIO e CypoByto 3uMy. CaxkeHubl U3 Cubupu
NpeJCTaBAsJIM CO60N MasochbelOOHble pAaHETKU. JTO MOJ-
TBepXKJajao uzed MUYypuHa, 4TO IJIOLOBOJCTBO Ha Ypase
MOXET pa3BUBATbCS TOJILKO HA OCHOBE HOBBIX MECTHBIX COP-
TOB U pa3pabOTKHU arpOTeXHUKH UX Bo3AesbIBaHuUs (Salnikov
etal, 1952; Levitin et al., 1953).

B 1934 rony nHa Tepputopuu CBepAJIOBCKON 06J1acTU
ObLJ1 OPraHU30BaH pacCIIMPEHHbIN ONOPHBIN NYHKT CaJl0BOJ-
CTBa, KOJIJIEKTUB KOTOPOT0 Hayas OGIIHUPHYI0 paboTy Mo 06-
CJ1eJOBAaHUIO SITOJHBIX JUKOPACTYLIMX MacCUBOB, Ca/l0B JIIO-
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OGUTeJIeH-ONBITHUKOB C LieJIbI0 BBISIBJIEHHUsI PACTEHUH C XO-
39UCTBEHHO LEeHHbIMU NMPHU3HAKAMU A ILLEI.II])HeI‘/JII.LI(’,‘I‘O nu3s-
y4eHUs U UCNO0JIb30BaHUs B CalOBOACTBeE U cesieKLuu. [Ipen-
CTOslJIa OUPOMHAsl U TPyAHasi paboTa IO CO3/AaHHUI0 COPTHU-
MEHTAa MJIOAOBBLIX U ATOAHBIX KYJIBTYD AJid CEBEPHOro cajo-
BO/ICTBA.

Y4uThIBasg BaXKHOCTb Pa3BUTHUS OTPAC/HU CaZlOBOJACTBA
B IPOMBILIJIEHHBIX 30HaX Ypasa, ucrnojakoMm CBepAJIOBCKO-
ro o6siactHoro CoBeTa AenyTaTOB TPYyASLIUXCA 8 UIOHSA
1935 r. npuHAJI pelieHue 06 opranusanuu CBepIJI0BCKOr 0O
ornopHoro nyHkTa Hay4yHo-uccie0BaTebCKOTO HHCTHUTY-
Ta MJ0A0BOACTBA WM. U. B. Muuypuna. IloctaHoB/ieHHEeM
['ocyapcTBEHHOT0 KOMHUTETa 06OPOHBI OMOPHBIA MYyHKT
B 1944 r. 6611 peopraHu3oBaH B CBepAJIOBCKYIO IJIO/I0BO-
ATOAHYI0 ONBITHYIO cTaHIMI0 UM. U.B. Muuypuna (Bogda-
novaetal., 2010). B 2018 r. onbITHasA CTaHIUSA CTajla CTPYK-
TypHbIM nogpaszenenueM OTEHY «Ypanbckuii pegepasb-
HbIM arpapHbIi Hay4yHO-UCCJIe[0BaTeJbCKUH IeHTp YpO
PAH» kak CBeppJioBcKasi cesleKIJMOHHAs CTaHLUA Cajlo-
BOJICTBA.

MHOro TaJIaHTJUBBIX YUYEHBIX U CeJIEKLIUOHEPOB pabo-
TaJI0 U MPOJ0OJKAeT TPYAUThC Ha CBepAJIOBCKOM CTaH-
uuu. O4HUM U3 TeX, KTO CTOSIJ1 Yy UCTOKOB YPaJibCKOro Ha-
Y4YHOTO IJI0J0BOJCTBA, 6611 [lopdupuit ApanacreBuy Ju-
6posa (puc. 1).

Q=

CKOU o6JiacTH, 3aTeM XapbKoBelkoro B [losTaBckoil 06Ja-
CTH.

B 1920-1923 rr. 3aBemoBa/l CeJIEKIIMOHHOM CTaHIMen
«[naBcaxapa» B . Jly6Hsl [losrTaBckoit o6sactu. C 1926 r. pa-
60TaJ yIOJITHOMOYEHHBIM 10 ceMeHOBOACTBY HaposHoro ko-
muccapuata YCCP nHa IIpaBoGepexbe, mnpenojaBaTeieM
CeJIbCKOX035IMCTBEHHOT0 TeXHUKYMa U arpoHoMoM CBeKJIo-
caxaptpecta. C 1934 r. /lu6poBa pab6oTas HaydYHbIM COTPYA-
HUKOM B HAay4YHO-UCCJIeJOBATEJIbCKUX YUYPEXAEHUAX 110 Ca-
JOBOACTBY — cHaudasa B Tagpxukckom BHHUMUII, 3atem aBa
rojia Ha CapaToBckoil v CTaJIMHTPAICKOU ONBITHBIX CTAHIIU-
gx (Sedov, 2016).

B 1938 r. Mopdupuit AdanacbeBny npuuen Ha Csep-
JJIOBCKYIO CTAaHIMIO CTapLIMM Hay4YHbIM COTPYAHHMKOM, Ije
npopa6oTas 27 J1eT, 3aBe/ysl OTZeJIOM cesleKIuH (puc. 2).

OnHOM 13 epBooYepeIHbIX 33/1a4, I0CTaBJIEHHbBIX PYKO-
BoAcTBOM CBepasioBcKOH cTaHuuu nepen [loppupuem Ada-
HacbeBUYeM, OBLIO CO3JaHHEe COPTHMEHTA IJIOAOBBIX KyJb-
TYD, aAANITUPOBAHHOTIO /JIs1 YCIOBUM CpefiHEYPaIbCKOT0 pe-
THMOHa.

Ha mepBoM 3Tane pa6oThl noJ pykoBoAcTBoM /Ju6poBa
COTpYAHUKAMU CTaHIUMU B 1938-1943 rr. 6bL/IN NPOBEJEHBI
3KCNeJULMOHHbIe 06CIefloBaHUs JIIOOUTENbCKUX CaJloB
CeepasioBckoii, MosiotoBckoi ([lepMmckoit) obsactedd U Ya-
MypTckoi ACCP. YyacTHUKH 3KCIIeAULIUH BbISIBJISJIN JIydLINe

T

Puc. 1. lop¢upmuii ApanacreBud Iu6poRa, 6. 1.
(apxuB CBepAJIOBCKOH CeIeKIIMOHHOM CTaHIIMY CaZl0BO/CTBA)

Fig. 1. Porfiry Afanasyevich Dibrova, undated
(archives of Sverdlovsk Horticultural Breeding Station)

Popuicsa Iopoupuit ApanacreBuu 23 dpeBpans 1883 r.
B c. XapbkoBIipl JloxBunkoro yesza I[losraBckoil ry6epHUn
B ceMbe Ka3akoB ApaHacusi BacunbeBnua 1 Mapuu SIkoBJieB-
Hbl /lu6poBa. B 1900 r. OKOHYMJI TPEXKJIACCHYIO MPUXOACKYIO
mKoJy B XapbKoBLax, a B 1905 r. - XapbKOBELIKYI0 YIUTEb-
ckyto mwkouy (Kotov, 2005). B 1907 r. mocTynus B Jy4dinee
B TO BpeMs yyeGHOe 3aBeJileHHe B 06JIaCTH CaZ0BOACTBA —
YMaHcKoe y4uIdiLe 3eMJe[ie/Ius U CaJJOBOACTBA — Ha OT/e-
JIeHUe CaZloBO/ICTBA, HO 6bIJI MCKJ/II0OYEH H3-3a yYacTHA B CTY-
JleH4yecKux BoJiHeHMsX. B 1915t II. A. /lubpoBa OKOHYMJ
MockoBCKy10 3eMJIe/ieIbuecKyo K0y MOCKOBCKOI0 0611e-
CTBa CeJIbCKOTo X03sicTBa. [lapasiensHo, ¢ 1911 mo 1915,
paboTas arpoHOMOM-CEKpPETApPeM B CeIbCKOX035MCTBEHHBIX
KoomnepaTHBax: CHavyasa CakcaraHckoro B /lHempomneTpoB-

MeCTHble COpTa U IepeHOCHJM B ONBITHBIA cafn CBepa-
JIOBCKOY CTAaHLMH JJis ucnblTaHus (Bogdanova etal., 2010).
Hanpumep, Tosibko B 1941 . cCOTPYAHUKY CTAaHIIUM 06CI€0-
Basin 25 paiioHoB CBep/JIOBCKOH, M0OJIOTOBCKOK 06JsacTeH,
YAMypTUM W BbIABUJIM 427 MeCTHBIX COPTOB IJIOJOBBIX
U ATOAHBIX KyJbTyp. JlnuHo [lopdupuem AdanacbeBryeM
OblM 06c/ej0BaHbl OKpPecTHOCTH T. CBep/JIOBCKAa U BOCEMb
palioHoB M0JIOTOBCKOH 06J1aCTH, NOJTOTOBJIEHBl ONMCAHUS
135 copToB A6GJIOHM U [iBA TEPHOCIMBBI, A/ KOTOPBIX XY-
noxxHukamMu M. A. Museposoii u I. B. [leTpoBo# 6b11H cena-
HbI aKBapeJIbHble TOMOJIOTMYeCKHe 3apUCOBKHU M008B (Di-
brova, 1942).

Papa copToB s16J10HH, BbIJENHUBIIUXCA 10 UTOTAM IIPO-
JIOJKUTEJIBHOTO IepuojJia U3ydeHus, 6blJ1 peKOMeH/J0BaH

TPY/IbI 110 IPUKJIAJITHOWM BOTAHUKE, TEHETHUKE Y CEJIEKLIMHY 182 (2), 2021



T. N. SLEPNEVA e A.V.SH

Puc. 2. CoTpyaHUKH OTAea ceseKuM CBepAI0BCKOM ce/IeKIIMOHHOM CTaHIUMU CaAoBoAcTBa UM. U.B. MuuypuHa
(cnieBa HampaBo): M. A. Ky3HenoBa, E. 1. YamoBckux, H. U. I'Bo3a10K0Ba, I1. A. ln6poBa, A. CypraHosa, 6. I.
(apxuB CBepA/IOBCKOM CeJIEKIMOHHOM CTAaHLUU CaI0BO/ICTBA)

Fig. 2. The staff of the plant breeding department at the L.V. Michurin Sverdlovsk Horticultural Breeding Station,
undated (from left to right): M. A. Kuznetsova, E. I. Chamovskikh, N. I. Gvozdyukova, P. A. Dibrova, A. Surganova
(archives of Sverdlovsk Horticultural Breeding Station)

K BbIpalllUBaHHUIO B ycaoBuax CpesHero Ypasa: ‘bopoBuH-
ka [IpeBocxosgnas’, ‘Kpeimka 3uryseBa’, ‘Ppannysckas Xo-
pomaBka’, ‘KpacaBuna’, ‘Ypaneckoe Bosbmoe’, ‘KyHryp-
ckoe AnaHacHoe’, ‘KyHrypckoe PacnucHoe’, ‘Kamckoe’, Jly-
koBka' u fpyrue (Dibrova etal., 1947). B 1949 u 1959 1. He-
KOTOpble M3 JIYYLIMX COPTOB fIGJOHH ObLIM INepesaHBbI
B KOJIJIEKIIMI0 TeHeTH4YeCKUX pecypcoB s16;10Hu BUP, rae
COXPAHAITCA BXKHUBOM BHJe [0 HACTOALIEro BpPeMEHH:
‘Kprimka 3uryneBa’ (k-858), ‘Kopuera' (k-809), ‘Kampim-
snoBKa' (k-14451), ‘Ypanbckoe Bosbmoe’ (k-14450), ‘Kyn-
rypckoe AHaHacHoe' (k-14447), ‘KomuneBckoe’ (k-14438).

[lo pesynbTaTaM 3KCNeAULMOHHBIX 06C/IeJ0BaHUI ObLI
coCTaBJIEH NepPBbIA CTaHAAPTHBIA COPTUMEHT AJS CpefiHe-
ypasnbckoi 30HbL. [lopdupuit ApaHacbeBuY yzessiy 60Jb110€e
BHHMaH{e MOMOJIOTHYECKUM ONHCAHMAM BbISBJIEHHBIX Cce-
AHIEB W, COCTABJ/IAA UX MPOU3BOJCTBEHHO-OHOJIOTHYECKYIO
XapaKTepUCTHKY, CYUTaJ, YTO 3HAHHE COPTOB, NMPUTOAHBIX
JUI BO3Je/IbIBAHUA Ha YpaJie, ABJASETCA IepBbIM U Helpe-
MEHHBIM YCJOBHEM JJISl YCIEUIHOTO Pa3BUTHSA YPalbCKOro
CaJI0BO/CTBA.

B 1947 r. nog penaxuueii I1. A. /lu6poBa BellIa NepBas
MmoHorpadusa «[lnoabl uAroael Ypasaa», MoAroTOBJIEeHHAs
K IleyaTy ewle B 1944 r. coBMeCTHO C COTPYAHUKAMU CTAaHIIUU
Huno#t iBaHOBHOY 'B0310K0BOH (KOCTOYKOBBIE KYJIBTYPHI)
U AuToHnHOU @enopoBHON TamapoBoi (ArogHbIe KYJIBTY-
pbl). OTO ObLI NEPBLIA NMeYaTHBIA TPYJ, NpeACTaBUBIINN
JIy4IllMe cOpTa IJIOJO0BbIX U ATOAHBIX Ky/IbTyp CpeaHero Ypa-
J1a Ha ToT nepuoA. [lopduprem ApanacbeBrueM OblIM HAHU-
caHbl pasfiesibl KHUTH — «ECTecTBEHHO-UCTOPUYECKHE YCII0-
BUA DPasBUTHA caZoBoAcTBa CBepAJIOBCKOH 06J1acTH»
U «CTaHJapTHBIA COPTHUMEHT ILJIOAOBO-ATOJHBIX KY/IBTYD
s CBepAJIOBCKOM 1 MOJIOTOBCKOM 06s1acTell M YIMypTCKOU
ACCP», a TakKe JJaHa TPOU3BO/ICTBEHHO-OMOJIOTHYECKAs Xa-
PaKTepHCTHKA JIYYIIUX COPTOB s6/i0HU U rpymu (Dibrova
etal., 1947).

B 1952 r. cotpysHukamMu CBepAJIOBCKOM CTAHIIUM Oy 6-
JUKOBaH ¢yHJaMeHTasbHBIN TpyZ «CagoBoacTBo CBep-
JJIOBCKOM 06J1aCTH», 000011101 Mii 3HAHUA O MJI0A0BO/CT-
Be Cpesanero Ypasa. JlaHHas KHUra mpeTepliesa YeThbIpe

nepensJaHus, nocjeJHU pa3 B 1968 r. moj HasBaHUEM
«CapoBoactBo CpepHero Ypasa». [lg Kax/Joro usfaHus
Ju6poBa roToBUJ pasjesibl, pacCKasblBaloIlHe O BbIBeJe-
HUM HOBBIX y/Iy4lIEHHBIX yPaJbCKUX COPTOB, O paHOHUPO-
BaHHOM COPTUMEHTE MJIOOBbIX U ATOAHBIX KyAbTYp CBep-
JIJIOBCKOH 06J1aCTH, O MOMOJIOTMYECKOH XapaKTepUCTHKe
CTaHAAPTHBIX W JYYIINX COPTOB s6J0HM Wrpywmu (Sal-
nikov et al.,, 1952; Salnikov et al., 1956; Biryukov et al., 1960;
Biryukov et al., 1968).

Btopo#l u ocHOBHOH yacTbio pa6oTsl [I. A. /lu6poBa mo
CO3/1aHMIO aIalTUBHOI'0 COPTHMEHTA OblJIa HEITOCPeACTBEH-
HO cesieKL M. [Ipy co3aHUM HOBBIX COPTOB IGJIOHU U IPYLIN
Ha CpesnHeM Ypase [lopdupuit ApaHacbeBUY PYKOBOZACTBO-
BaJICA CJeAYIOUIMMH TPeOOBAaHUAMM: BbICOKAs 3UMOCTOM-
KOCTb, CKOPOILIOAHOCTB, CTabUJIbHAsA ypPOXKaHHOCTb, XOpO-
mee kayecTBo mi070B (Dibrova, 1940).

[lepBble nocaiku A6JI0HU HA yYaCTKaX KOJJIEKIIMOHHOTO
Y IEpBUYHOTO0 COPTOM3Yy4eHHUs1 ObLIM 3aokeHbl B 1937,
rpyuu - B 1939 1. B ocHOBHOM Ipou3BOJMJIach N0CaAKa UH-
TPOJYLMPOBAaHHBIMU COPTAMH B KOJIUYECTBE TPEX JlepeBbeB
Ka)KJ,0I'0 COPTa, MeCTHble COpTa s16JI0HM BBICAXKUBA/H e/iH-
HUYHBIMU pacTeHUAMH. B janpHelmneM 3ak/iajKy caJoB
MPOBOJMJIN JIYYIIUMH THOPHUAMH COOCTBEHHOH CesIeKIHH.

Ha ocHOBe aHa/IMTUYECKOH CeJIEeKLUHU OT I0CeBa CpeJiHe-
PYCCKHUX, MUYYPHUHCKHX, HHOCTPAHHBIX U JYYLIMX MECTHBIX
coptoB [lopoupuio ApaHacbeBUYY yaanoch BbIPACTUTD He-
CKOJIBKO ITOKOJIEHUH CeSHLIEB U BbIJIEJIUTh U3 HUX CaMble 31-
MocTtolikue - ‘ConHnenap, ABpopa, ‘KommyHapka), ‘fIuTapn)
‘Ciopt 45’ (Dibrova, 1940), koTopble B fa/JbHEHIIEM TTOCITY-
UM POAUTENbCKUMU GOpPMaMHU AJIs1 COBPEMEHHBIX COPTOB.

Ha nepBomM sTane rubpuausanuu s6J10HU B KayeCTBe Ma-
TEePUHCKUX PAcCTeHHH OblIM B3ATHl afalTUBHBIE, YpOXKai-
Hble, CKOPOILJIOAHbIE, C Ka4eCTBEHHbIMU U KPYIHBIMU IJI0AA-
MU cubupckue copta: Jlro6umern Hukudopona, Kenroe Ha-
snuBHOoe KpyToBckoro, Anucuk OMmckuil, ‘BockoBka), ‘Kurtaii-
ka Po3oBas’, ‘Panerka [lypnypoBas.

B kauecTBe OTIOBCKHUX paCTeHHUH UCN0/Ib30BAIUCh IPEU-
MylLlecTBeHHO MuuyypuHckue copta: ‘[lenun ladpanHbrif,
‘CnaBsiHka, ‘Benbduep-kuraiika, ‘lllappaH-kuTaiika’ U ap.;
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cpefiHe- U ceBepopycckue copTa: ‘[lenuH JlutoBckuit, ‘Ilanu-
poBKa, ‘Anopt Asnma-ATUHCKUU, ‘BopoBUHKA, ‘AHUC AJBINT),
aTakXe Haubosiee BBICOKOKaueCTBEHHble H KPYIHOIJIOA-
Hble MeCTHble copTa: ‘BopoBuHKa IIpeBocxozHast, ‘Ypanb-
ckoe Bospmoe’, ‘Kpeivka 3urysnesa’, ‘Kpacasuna’ u ap. (Di-
brova, 1960).

B ceslekIiuy Ha CKOPOIJIOAHOCTD M €XKETOAHYI0 ypoXKaii-
HOCTb OBLIM MOJIYYEHbl W paOHUPOBaHbI copTa ‘Pagyra)
‘Anuc [lypnypoBbiit, ‘CHerypouka, ‘MasoTka. CBepxckopo-
IJIOAHBIA COPT sI6/I0HU ‘MaJsIloTKa, ChIFPaBIIMM 3aMETHYIO
poJib B IpoIaraH/ie ypajabCKOTo caZoBO/CTBA, HAYMHAJI IJI0-
JIOHOCHTB y’Ke B MUTOMHHUKe (puc. 3).

HauGoJibliee pacnpocTpaHeHHe B IPOU3BOACTBE MOJIY-
yuau copta ‘Ypaser’, ‘Camonget’, ‘AuTapy’, ‘llepcukosoe’,
‘Anuc [lypnyposslit’, ‘Papyra’, ‘Kusep Jletuuit', ‘3apsa’ (Bi-
ryukov etal., 1968). CopTa ‘Ypanen u ‘AHTappr’ uno ced
JleHb TO0JIb3YITCS CIPOCOM Yy HaceseHus. Kpome Toro,
cydacTueM copTa ‘flHTapp’ co3jaHbl HEKOTOpbIE COBpe-
MeHHbIe cOpTa, paloHUpoBaHHbIe B CBep/JIOBCKOM 06J1ac-
TH (Telezhinskiy et al., 2020).

Pan coprtos, co3manHbix [lopdupruem AdanacbeBuueM,
B HacTodllee BpeMdA COXpaHAEeTCA B I10JIeBOM KOJIJIEKITUH
6JIOHK HAy4YHO-IPOU3BOACTBEHHOU 6a3bl «IlylIKUHCKUE
u [laByoBckue sabopatopun BUP». ITo Takue copTa, Kak

Puc. 3.11. A. ilu6poBa c ABYX/JIETHUM Ca)KeHIleM sI6JIOHU copTa ‘MaJloTKa), IBeTYyIIUM B NMTOMHUKe, 1953 1.
(apxuB CBEp/JIOBCKOM CeJIEKIHOHHOHN CTAHI[UH Ca/IoBO/ICTBA)

Fig. 3. P. A. Dibrova with a flowering two-year-old apple-tree seedling of cv. ‘Malyutka’ in the nursery, 1953
(archives of Sverdlovsk Horticultural Breeding Station)

B 1959r. B palloHMpoBaHHOM copTuMeHTe CBepAJIOB-
CKOH o6JiacTu 6bLI0 yxke 12 coptoB cenekuuu [lopdupus
AdanacbeBuya (‘ConHuegap), ‘lleapas’, ‘3aps’ u fpyrue), Ko-
TOpble Ha NMpoTskeHUH 20 sieT GblIM aKTyaJbHBI U BOCTpe-
6oBanbl (Biryukov etal., 1960). Bce oHU oT/iM4anuch BbICO-
KOH ypOXKaHHOCTbI0, XOPOLIMMH BKYCOBBIMH KaueCTBaMH 110
CPaBHEHHIO C MOJYKYJbTYPKaMU U BbIAENS/INCh BBICOKUM
cofepkanveM ButamuHa C. HaumHas ¢ 1956 r. I1. A. lu6poBa
pa6oTas coBMecTHO ¢ JleoHuzoM FiBaHoBH4eM BUropoBbiM -
COTPYJHUKOM JIabOpaTOPUU XHUMHH IIJIOJOBO-ATOAHBIX Pa-
CTeHUH IpU YpaJbCKOM JIECOTEXHHUYECKOM HHCTUTYTE
BT. CBepyJioBcke. Pa6ora Besach Haj cO3ZjaHUEM COPTOB
A6JIOHU C MOBBILIEHHBIM COZlepKaHHeM OHOJIOTHYECKH aK-
TUBHBIX BellecTB ¥ BuTamMuHa C (Vigorov, 1960). [Ipu cytou-
HoOM HopMe BUTaMMHa C J11 310pOBOTro0 YesioBeka 50 Mr mo-
BhIlleHHass C-BUTaMUHHOCTD mopsifika 20 Mr% 6blya y cop-
TOB ABpopa,, ‘Yuapuuua, ‘Weapas’ (Vigorov, 1971). JlanHoe
HalpaBJ/IeHHe B CeJIeKLMY aKTyaJbHO U B HacTosillee BpeMs.

‘CamonBeT’ (k-14440), ‘Conuuenap’ (k-14441), ‘Ciopt 45’ (k-
11687), ‘Uenpas’ (k-14443), ‘Manrotka' (k-14444), Anuc
[lypnypoBbiit’ (k-14445), ‘TlepcukoBoe’ (k-14446), ‘Tlamars
3uryneBa’ (k-14449), ‘CHerypouka’ (x-14452), TpymoBka
Jlubposa’ (k-11685).

Jlo onpesieJleHHOr0 BpeMeHH rpyllia Ha Ypase He pocJa.
BbiMep3anu He TOJIBKO KY/IBTYPHbIE COPTA, HO U Ipyllua Jiec-
Has (Pyrus communis L.), 3aBo3umMas u3 cpefHeii Poccun. [lo-
cJle MHOTOYHMCJIEHHBIX MOMNBITOK CaJl0BOZOB-/II00UTE/NeN BbI-
palMBaTh rpyLly yaja0Cch 3aKpeNUTh B KY/IbTypPe TOJIbKO /1Ba
copTa ceJIeKLIMH XabapoOBCKOIr0 caZloBoJa-MUYypHHLA ApTe-
Must MakcumoBuya Jlykamosa - ‘Tema’ u ‘[losist’. 3Tn nocpea-
CTBEHHBIE 110 BKYCY COPTa OH HOJIy4MJI OT CKpelLUBaHUA Irpy-
K yccypuiicko# (Pyrus ussuriensis Maxim.) ¢ ‘OuHIsAHACKON
Xesrroii Panneit’. (Salnikov et al., 1956; Biryukov et al., 1968).
B «3enencrpoe» ropoga CBepAJsioBCKa C JleKOPAaTUBHOH Iie-
JIBI0 HayaJIM Pa3MHOKaTb IPYyLIy YCCYyPUHCKYIO, 3aBE3EHHYIO
¢ [lanbHero BocToka, Kak caMbld 3UMOCTOMKUH BUJ, TPYLIH.
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BoT Ha aTux JepeBbsix B «3eseHcTpoe» [I. A. lubpoBa u Ha-
YaJl MPOBOAUTh CKPEIIMBAHHS CO CBOMM BEPHBIM NMOMOI[HH-
KoM M cynpyroil Kupoit UBaHoBHOMH. B pe3ysnbTaTe 6bUIH BbI-
BeJleHbl NlepBble copTa rpyuu - Anbda’, ‘bera’, Tamma), flesb-
Ta, ‘UceTckass, Apabka’ (puc. 4), IpeBOCXO/SAIIHE 10 KAYECTBY
oz0B copta A. M. JlykamoBsa (Kotov, 2005).

Hapsany c cenexknueit ceMeuykoBbIX KyaAbTyp [lopdupuit
AdaHacbeBUY y/esnJ BHUMaHHE KOCTOYKOBBIM KYJIbTY-

paM, cpeAiu KOTOPBIX Oblja BULIHA cTenHasd. OT moceBa
B 1939 . kocTouek ‘lllmanku KasaHleBcKoi’ Oblja cO34aH
copt Tpuot Ilob6ena’ (puc.5). Ilinoarsr maccoit 2,5-3,0T,
C HEXXHOM, KMCJIO-CJIaJIKOH MSKOTBIO OTJIMYHOr0 BKyca. Oc-
HOBHble JOCTOMHCTBA COpTa: BbICOKAs 3WMOCTONKOCTb,
eXXeroZiHasi ypoKaWHOCTb, lecepTHbIN BKyC 1J1040B. Cpea-
Hss ypoxkaWHOCTb 10-7IeTHUX KYCTOB COCTaBJsija OT 9 0
14 xr (Dibrova et al., 1947).

Puc. 4. Tpyma, copt ‘Apa6ka’, pucyHok A. M. MusepoBoit
(apxuB CBEpAJIOBCKOM CEJIEKIMOHHOM CTAaHI[UU CaZI0BOACTBA)
Fig. 4. Pear cultivar ‘Arabka’, artwork by A. M. Mizerova
(archives of Sverdlovsk Horticultural Breeding Station)

]:mmm JTobede.

Puc. 5. BumHs, copt Tpuot [lo6eaa’, pucyHok A. M. MusepoBoii
(apxuB CBepAJIOBCKON CeIEKIMOHHOM CTAaHLIMY CaZl0BO/CTBA)
Fig. 5. Sour cherry cultivar ‘Griot Pobeda’, artwork by A. M. Mizerova
(archives of Sverdlovsk Horticultural Breeding Station)
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B 1941 r. us rubpuaHsoro ¢ponza E. A. Jlantepoii [lopdu-
pueM AdaHacbeBUYeM ObIJI BbIJEJEeH COPT CMOPOJAUHBI
yepHoH ‘Ypanbckuit Benukan’ (puc. 6). CopT cpesiHepaHHe-
ro cCpoka co3speBaHus. Aroawl Mmaccoit fo 1,5-1,7 1, oTaeb-
Hble Ar0AbI JOCTUTAJIM MacChl 2,5 T, OTJIMYHOIO JecepTHO-
ro Bkyca. [lsofoBbie KucTu KopoTkue, 2,5-3,0 cM, rycTo
3anoJsiHeHHble. COPT MPOJO/KHUTEbHOE BpeMs OBl peKo-
MEeHJI0OBaH K BbIpaliuBaHui0 B CBepJJIOBCKOH 06J1acTH
(Dibrova et al., 1947).

Kak 6o0JbIION 3HAaTOK COPTOB ILJIOAOBBIX U STOAHBIX
KyJbTYp U 0COGEHHOCTEMN HX BbIpaLliMBaHUS B CYPOBBIX YCJIO0-
BUSX Ypaia, [lopoupuit ApanacreBud Bes 3aHATHA B «llIKo-
Jle IPaKTHUYeCKOro CafloBOJCTBa», OpraHu3oBaHHON CBepJ-
JIOBCKOW cTaHnued B 1945r. Illkosia roToBusia MaccOBbIe

Ypanoccuu Bemurarx

KaJipbl 0 Cal0OBOACTBY, exeroaHo Boinyckas 80-100 cazo-
BozioB (Bogdanova et al,, 2010). KpoMe Toro, unTas JeKIuu
Y BeJI IpaKTUYeCKHe 3aHATHSA Ha Kypcax anpob6anuu, opra-
HH3yeMbIX CTaHIueH (puc. 7).

B 1945 r. llopoupuii AdaHacbeBHUY GbIT HArpaKJeH Me-
Jajbl0 «3a J06JsiecTHbIA TpyA B Bennkoit OTeyecTBEHHOU
BoiiHe 1941-1945 rr». B 1956 1. mostyyus «Masyto 30J10TYI0
MeJanb», B 1957 r. - «bosbiiylo cepebpsinyo MeAanb» Bce-
COIO3HOM CeJIbCKOXO3MCTBEHHON BBICTABKHU. 3a JJOCTUTHY-
Tble Pe3yJIbTAThl B BbIBEJ€HUH 3I/IMOCTOI>'IKPIX, yay4duieHHOro
KayecTBa ypaJbCKUX COPTOB U [0 COBOKYNHOCTH ONYyGJIUKO-
BaHHBIX pab6oT II. A. /lu6poBa B 1959 . 6bl1a NpUCYKAEHA
y4eHasl CTelNeHb KaHAUAATA CeJbCKOXO3SMCTBEHHBIX HayK
(Sedov, 2016).

Puc. 6. CMopoauHa YyepHas, copT ‘Ypaabckuil BenukaH, pucyHok A. M. MusepoBoit
(apxuB CBep/JIOBCKOM ceJIeKIIMOHHOMN CTaHIUH Ca/loBOJCTBA)

Fig. 6. Black currant cultivar ‘Uralsky Velikan’, artwork by A. M. Mizerova
(archives of Sverdlovsk Horticultural Breeding Station)

’ i -
L a RN

Puc. 7. 11. A. lu6poBa co ciaymarte/isiMy KypcoB anpo6anuy, 1961 r.
(apxvB CBep/JIOBCKOM CeJIeKLIMOHHOMN CTaHIUH Ca/loBO/JCTBA)

Fig. 7. P. A. Dibrova with students of approbation courses, 1961
(archives of Sverdlovsk Horticultural Breeding Station)
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Cxonyasics [lopoupuit AdpanacseBud Jlu6posa B 1966 T,
noxopoHeH Ha HmkHe-UceTckoM kiazbuie EkaTepuH6ypra.

Hr>ke Mbl IPUBOAUM KPaTKYI0 XapaKTEPUCTUKY HEKOTO-
pbIX cOpTOB si6/10HU cesekuuH I1. A. [u6poBa, MpPOA0JIKH-
TeJIbHOE BpeMsi PeKOMEHJOBAaHHBIX K BbIpAllMBaHUIO Ha
CpenHem Ypase.

‘MamoTka’ (puc. 8). CesiHeny copra ‘CiaBsgHKa’ OT CBOGO/I-
HOTO onblIeHus. Bbll B pallOHUPOBAaHHOM COPTHMEHTE IO
CeepasioBckor o6siactd B 1950-1960 rr. CopT ckopomnion-
HbI#. [l1oab! Maccoit 7o 100 r mpaBUJIBHON yce4eHHO-KOHU-
yeckoit ¢opMbl. CbeMHOHN 3pesIOCTH JOCTUTAIOT B cepefiuHe
CeHTAOpS Y NPUTOAHBI AJs NOTpPebJIeHUS B CBEXEM BHJE
yKe NpU CbeMe; MOTYT XPaHUTbCA [0 siHBaps — peBpass.
YpoxxaHOCTb BbICOKasl U peryJsipHas. B cajly B ynoTHeH-

HBIX TOCaiKax 4 x 3 M ypoxkau - 710 230-270 11/ra exxerojiHo.
YcroituuB k mapiue (Salnikov etal, 1956; Biryukov etal,
1960). B HacTosilee BpeMs AepeBbsi 3TOr0 COPTA, MOCAXKEH-
Hble B 1962 I. B KOJUIEKIIMOHHOM Cajly si0JIOHH Hay4YHO-IIPO-
M3BOZCTBEHHOH 6a3bl «[lymkruHckue u [1aBioBckue 1abopa-
Topuu BUP» (CankT-IleTep6ypr), NpoJo/KalT CTabUIBHO
MJIOOHOCHUTD.

‘Costnpepap’ (puc. 9). Cesaner, ‘Anuca Anoro BopoGbeB-
CKOro’ 0T CBOGOJHOTO OllblIeHUsl. COPT 3UMOCTOEK, HE UMEET
Bpra)KeHHOﬁ NMEepUuoOAUYIHOCTHU IJIOAOHOUIEHHUA. HJIOLU:I Mac-
coi1 50-100 r, npaBUIBHO-YCEYEeHHON UM LIUPOKOOBATLHOU
ycedeHHOU ¢opmbl. [110/1bl CO3peBaOT B IepBOM MOJIOBHUHE
asrycra. K napiue ycroituus cpesne. [locie cheMa mio/bl Mo-
ryT xpaHuThbcsa 1,5-2 mecsana (Biryukov et al., 1960).

ﬂfﬂﬂmmr{"{x._ ﬁ.@é‘?;)

Puc. 8. 161014, copT ‘MasloTKa, pucyHoK A. M. Museposoii, 1947 r.
(apxuB CBepAJIOBCKO CeJIeKIIMOHHON CTAaHLIMHU Ca/l0BOACTBA)

Fig. 8. Apple cultivar ‘Malyutka’, artwork by A. M. Mizerova, 1947
(archives of Sverdlovsk Horticultural Breeding Station)

Puc. 9. 61014, coprt ‘ConHuesap’, pucyHok A. M. MusepoBoi
(apxuB CBepA/I0BCKOM CeJIEKIMOHHOM CTAaHLUU Ca/l0BO/CTBA)

Fig. 9. Apple cultivar ‘Solntsedar’, artwork by A. M. Mizerova
(archives of Sverdlovsk Horticultural Breeding Station)
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‘Ypanen’ (puc.10). OceHHUI COPT, MOJIYY€EH OT OIbLIE- ‘AuTapp’ (puc. 11). CessHen, 0T CBOGOAHOTO ONbLJIEHUS
HUS KUTaWKU ‘BockoBka' cMechlo NbLAbIEI ‘AHMCA PO30BO-  MUYYpPHHCKOTro copTa, BocnuTaHHbIH [1. A. lu6posa c no-
nosiocatoro’ " ‘Ykpannku CapaToBckoil’. IIJIOZOHOCHT  MOLbI0 MHOTOKPAaTHBIX lepecaZioK B epBble TOABI XKU3-
c4-5 net perynsipHo BO BCeX 4acTsAX KPoHEL [llojbl Mac- HU U JBYKpPAaTHOH Cpe3KHM Ha oOpaTHBIA pocT. [lnogbl
col 40-50T, OoKpyr/JIOM M ycedyeHHO-KOHUYeCKOH GOpMBI.  OKpyTJble, C LIMPOKUMH pebpamu, maccod 30-60r, aH-
MsKOTb HeXHasl, 04eHb COYHAs, XOPOLIero BUHHO-CJAaAKO-  TapHO-3eJIeHOBATOH OKpacKU. MIKOTb HeXXHasl, IJI0THa,
ro Bkyca. [1s104bl cO3peBaloT B IepBOM OJIOBUHE CEHTAOPs],  COYHasi, OTJIMYHOr0 paHETHOr0 BUHHOTrO BKyca. B nexke
MOT'YT XPaHUTbCS [0 OKTAOPS — HOSA6PSA. YCTOMYMB K Tap-  xopouo xpaHAaTcs Ao ¢eBpass - mapTta (Salnikov etal,
ure, camo6ecnsiogHbIN (Salnikov et al., 1956). 1956).

,_Z){,_C?dﬂ €y

Puc. 10. 16,1014, copT ‘YpaJen, pucyHok A. M. MusepoBoi

(apxuB CBep/JIOBCKOH CceJIeKLIMOHHOM CTaHI[UH CaJ[0BO/ICTBA)

Fig. 10. Apple cultivar ‘Uralets’, artwork by A. M. Mizerova
(archives of Sverdlovsk Horticultural Breeding Station)

ﬁﬂmape

Puc. 11. 16,1011, copT ‘IHTapp’, pucyHOK A. M. MusepoBoii
(apxuB CBepAJ/I0BCKOH CeIEKLIHOHHON CTaHIIMU CaZl0BOACTBA)

Fig. 11. Apple cultivar ‘Yantar”, artwork by A. M. Mizerova
(archives of Sverdlovsk Horticultural Breeding Station)
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Hccnedosanust 8bino/IHEHbI 8 pAMKAX 20CYAAPCMBEHHO20
3adaHusi PI'BHY Yp®AHHL] YPO PAH nanpasaerus 150 Ilpo-
epammul PHH 2ocydapcmeeHHbix akademuli Hayk Ha 2021-
2030 ea.

U 8 paMKax 20cy0apcmeeHH020 3a0aHus CO2AACHO mema-
muyeckomy naaxy BUP no npoekmy Ne 0662-2019-0004 «Koa-
JIeKYuu 8e2emamueHO pPAa3MHOXCAEMbIX Kyabmyp (kapmo-
denb, naodosvle, 200Hble, dekKopamusHble, 8UHO2PAO) U UX
dukux poduuetl BUP - uzyveHue u payuoHa1bHOe UCNo0163080a-
Hue».

The research was performed in the framework of the State
Task for the Ural Federal Agricultural Research Center, UB RAS,
under Guideline 150 of the Federal Scientific Research Program
of the State Academies of Sciences for 2021-2030,

and 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 orna-
mental crops, grapes) and their wild relatives at VIR: studying
and sustainable utilization”.
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