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BOCIMNPUMMYNBOCTbL NOJIO3EPHbBIX TEHOTUMNOB OBCA
K TOKCUYECKOMY TIMPOABJIEHNO NOHOB ANFOMUWHNA

AHacTacuna AHgpeeBHa Axtamosa'™, lOnus BnagumunposHa Caeenbesa?

1.2 Hay4yHo-nccnenoBarTensCknMin MHCTUTYT CEnbCKoro xossmnctea CesepHoro 3aypanbs — unman
depepanbHOro NCCneaoBaTenbLCKoro LeHTpa THoMEeHCKoro Hay4yHoro LeHTpa Cnbupckoro
oTtaeneHus Poccunckonm akageMmmn Hayk, TromeHb, Poccus
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AHHoTauma. Llenb nccnefosaHnii — 3yunTb CTPECCOYCTOWUYNBOCTL rONO3ePHbBIX rEHOTUMOB OBCa K BO3AENCTBUIO NOHOB arnoMUHUA B OBe-
HUNbHBIN Nepuof. OLeHKy NpoBoAMIM Ha Gase MOMoAeXHOW nabopaTopumn reHOMHbIX UCCneAoBaHUA B pacTeHWeBoAcTBe HayyHo-uccneposa-
TenbCKOro MHCTUTYTa cenbekoro xosancTea CesepHoro 3aypanba — dunmnana TIOMEHCKOro HayyHoro LieHTpa cubupckoro oTaeneHnsa Poccuiickoi
akagemuu Hayk B 2025 rogy. O6beKTOM UCTbITaHUIA BbIinu 28 reHOTUMOB roflo3ePHOrO 0BCa NMOCEBHOMO U3 8 cTpaH. 3epHo npopalyuBarnm pyoH-
HbIM METOJ0M B SMNEKTPUYECKOM CYX0BO3aYyLIHOM TepMocTaTe TC-1/80 CIY npu Temnepatype 20°C, cornacHo FOCT 12038-85. BoaHble pac-
TBOPbI ANA NpopalynBaHus 06pasLoB 0Bca roTOBUN U3 cynbdaTta antoMuHus (Al(SO,),) ¢ KoHUEHTpauue NOHOB antoMuHNA 4, 9 n 15 Monb/n.
B kavecTBe KOHTpONA WcMonb3oBanv AUCTUNNMPOBaHHYO BOAY. 10 MCTEYEHUW CeMU JHeN NPon3BoAWNK 3amMep ANMUHBI HanbornblUero KOpHA
KaXJoro pacTeHWA Ha BCeX BapuaHTax U pacyeT WHAEeKca ANMHEl KOPHA. Ha npoTaxeHWU npopalynBaHua cdopmmposanack buomMacca KopHen
1 noGeros, KOTOPYHO BLICYLUMIN 40 BO3AYLUHO-CYXOro COCTOSIHUS U paccYUThbIBanNM MHAEKC COOTHOLLEHMS Macchl kopHel u noberos (CKIM). Yerta-
HOBreHbI Hanbonee BOCMPUUMYKBLIE K BO3AENCTBMIO MOHOB arntoMUHUA reHoTMnbl oBca 13 Kutas — Yuan za 1 (15656), Yuan za 2 (15647); Cro-
Bakum — Dunajec (15643); ®paHumn — Avoine nue grosse (2122) n Poccun — MNMnubang (15440). Mpn KOHUEHTpaumMm NOHOB artoMUHWUA 4 MMOSL/M
3HaYeHMA MHAEKCa ANWHbBI KOpHA gocturanu 38—48 % oTHocuTenbHO KoHTpons. [danbHeliee yBenuyeHne koHUeHTpaumu AR+ (9 Mmonb/n) npu-
BE1O K JOCTOBEPHOMY CHUXEHUIO nHAekca Ao 10-23 %. Hanbonee ycToivmBbIMM K BO3AEWCTBUIO IOHOB antOMUHNA Ha paHHeM JTane oHToreHesa
ObINn reHoTUMbI roriosepHoro osca u3 Poccumn — 63h11 (k-15814), 21h120 (k-15810); Kutaa — Hull-less (k-1927), Ba you 14 (k-15666) u Benu-
KoBpuTaHuM — Lennon (k-15631). B ycroBMSAX BbICOKOW KOHLEHTPaLMKU MOHOB antioMuHUA (9 MMOnb/M) MHAEKC ANMHbI KOPHA CHkancsa ¢ 68-75
(4 Mmonb/n) go 32—-47 % OTHOCUTESbHO KOHTPOMA.

KnioueBble cnoBa: oBec nocesBHol (Avena sativa L.), abnoTnyeckne hakTopbl, CTPECC PACTEHWIA, MOHBLI aNFOMUHWSA, UHAEKC AMWHBI KOPHS.
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Abstract. The purpose of the research is to study the stress resistance of naked oat genotypes to the effects of aluminum ions in the juvenile
period. The assessment was carried out on the basis of the youth laboratory of genomic research in crop production at the Scientific Research
Institute of Agriculture for the Northern Trans-Urals, a Branch of the Tyumen Scientific Center of the Siberian Branch of the Russian Academy of
Sciences in 2025. The object of the tests was 28 genotypes of naked oats from 8 countries. The seeds were germinated by the roll towel method
in an electric dry-air thermostat TS-1/80 SPU at a temperature of 20°C, according to GOST 12038-85. Aqueous solutions for oat samples germina-
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tion were prepared from aluminum sulfate (Al(SO,),) with aluminum ion concentrations of 4, 9 and 15 mol/L. Distilled water was used as a control.
After 7 days, the length of the largest root of each plant was measured in all variants and the root length index was calculated. During germination,
a biomass of roots and shoots was formed, which was dried to an air-dry state and the root to shoot ratio index (RSR) was calculated. The most
susceptible to the effects of aluminum ions are the oat genotypes from China — Yuan za 1 (15656), Yuan za 2 (15647); Slovakia - Dunajec (15643);
France - Avoine nue grosse (2122) and Russia — Piband (15440). At an aluminum ion concentration of 4 mmol/L, the values of the root length index
reached 38-48% relative to the control. A further increase in the concentration of Al* (9 mmol/L) led to a significant decrease in the index to 10-
23%. The most resistant to the effects of aluminum ions at the early stage of ontogenesis were the genotypes of naked oats from Russia — 63h11
(k-15814), 21h120 (k-15810); China — Hull-less (k-1927), Ba you 14 (k-15666) and Great Britain — Lennon (k-15631). Under conditions of high
concentration of aluminum ions (9 mmol/L), the root length index decreased from 68-75 (4 mmol/L) to 32-47% relative to the control.

Keywords: oats (Avena sativa L.), abiotic factors, plant stress, aluminum ions, root length index.
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BBegeHue. ANIOMUHUA WMEET MNOBCEMECTHOE
pacnpocTpaHeHne Ha 3emne U BXOAWUT B COCTaB
antoMOCUIUKATOB, FMMHUCTBIX MUHEPAanoB, NOneBbIX
wnaTtoB 1 okcuaos [1]. MNog BO3aeNCTBMEM BOLbI, BE-
Tpa, nepenagoB TemnepaTypbl, NOYBEHHbIX KACMOT
N BBbICOKOM AHTPOMOreHHOW Harpysku MNPOUCXOANT
BbICBOOOXAEeHNe anioMmuHus. B nodyBax c BbICOKOW
KMCMNOTHOCTbIO (NOA30NNCTbIE, CEPbl€ NECHbIE) B pe-
3ynetate ruaponu3a noHbl Bogopoaa (H*) BbITeCHSA-
0T MOHbI anmomuHns (APP*) 13 kpuctannndeckon pe-
LIETKN U NEePeBOASAT UX B AOCTYNHYIO ANS PacTEHWN
dopmy [2; 3]. MNoTeHynanbHaa KWCNOTHOCTb MNOA-
30MUCTBIX MOYB MPEVMYyLLECTBEHHO 0OycnoBneHa
NOHaMK antoMUHKSA, U X coaepKaHue gocTturaet 60-
nee 30 mr/100 r nousbl [4; 5].

B CesepHom 3aypanbe LNPOKO pacnpocTpaHe-
Hbl Cepble NECHblE MOYBbI, KOTOPbIE aKTUBHO BOBIE-
YeHbl B CENbCKOXO3SINCTBEHHbIN 060poT [6]. Bhicokas
AHTPOMOreHHas Harpy3ka B COBOKYMHOCTM C ecCTe-
CTBEHHbIMU MO4YBOOGPa3oBaTENbHBIMU MpOLeccamu
N HU3KAMKU OBbEMaMM NPOBEAEHUA XUMUYECKON
Menuopaymm npuBoaAUT K aerpagauum nous [7-9].
Mo gaHHbIM PocpeecTpa, B pesynbTate NpoBeAeHHbIX
06CNe0BaHUA TEPPUTOPUN NaxXOTHbIX yrogmn Tio-
MeHckon obnactu (1160,8 TeiC. ra) 6bino ycTtaHoBMNE-
HO, YTO AONS KUCIbIX NOYB AOCTUraeT 72 %.

MpucyTCTBUE MOHOB anOMUHUS B MOYBE OKa3bl-
BaET HeraTMBHOE BIUSHWE HAa POCT U Pa3BUTUE KOP-
HEBOW CUCTEMbI, YTO NPENATCTBYET UX MPOHUKHOBE-
Huto B 6onee rnybokue cnov NoYBbl B MOUCKaX BRaru
n nutaTenbHbix Bewects [10;11]. HaumHasa ¢ paHHnX
3TanoB pPa3sBUTUS PacTEHWUN, MOA BIUSHUEM WOHOB
anioMYHUA B KOPHEBOW CUCTEME NMPOUCXOASAT NaToONo-
rMYEKCe U3MEHEHNS: HAPYLUAETCA KNETOUHbIN MEeTa-
B6onuam, 3amegnsetcsa dochopunnpoBaHme caxapos
W HaKonneHne nuTaTenbHbIX BELWECTB B kKneTtkax [12].
3TW HapyLleHUs HEraTUBHO CKa3bIBAOTCA Ha 0OMeHe
BELLECTB 1 NPOTEKAHNU XKUSHEHHO BaXHbIX PU3NONO-
rMyeckux n bruoxmmmdecknx npoueccos [13; 14].

OBec VMEeT MHOrouenesoe MPUMEHEHNE,
a B nocnegHue rogbl Habupaet Bce GOnbLUyIO NOMy-
NSAPHOCTb KakK NPOAYKT AN 340POBOro NUTAHUS U NpU
dhopmmpoBaHmm 6e3rnoTeHoBbIX aneT [15; 16]. Tex-
Honorndeckas o6paboTka nneH4YaToro 3epHa conps-

XeHa ¢ yaaneHneM LBETOYHOM MIEHKU, 3a CYET Yero
BbIXOZ FOTOBOW NPOAYKUMM CHMKaeTcs Ha 50 % [17].
B cBA3M € 3TVM MOBLILAETCA UHTEPEC TOBAPOMNPOU3-
BOAWTENEN Ha rono3epHble reHoTunbl osca. lMpucyT-
CTBME VOHOB anioMVHUS B MOYBE HEraTUBHO OTpaxa-
€TCH Ha reHeTUYECKMN 3aNOXKEHHbIN NOTEHUMan pacre-
HUIA. MosToMy nouck Hanbonee YCTOMUYMBBIX K MOHAM
anioMUHUS rEHOTUMOB OBCA NO3BONUT NPUMEHSATb WX
B HanpaBneHHOWN CeneKLun.

Llenb mnccneaoBaHuin — nsyuuTb CTPECCOYCTOM-
UYMBOCTb FONO3EPHbIX FEHOTUMOB OBCA K BO34ENCTBUIO
WOHOB aniOMVHUS B KOBEHUIbHbBIN NEPUOA,.

[nsa AoCTKeHNs NOCTaBNEHHOW Lenu Heobxoan-
MO BbINO PeLwnTb Pag 3a4a4: paccunTaTb UHAEKC ANn-
Hbl KOPHSI; COOTHOLUEHWE MaccChl KOPHEN U noberos;
Ha OCHOBaHWM NOMYyYEHHbIX JaHHbIX MPOBECTU OLIEHKY
anioMOoyCTOMYMBOCTI rONO3ePHbIX FTEHOTUMNOB OBCA.

MaTepuanbl u metoabl. OUEHKY BNUAHUS NOHOB
anoOMWHUS Ha PacTEHUs rONO3epPHbIX FEHOTUNOB OBCA
NpoBoAWIN Ha Ba3e MOMNOAEXKHON NabopaTopuUn reHOM-
HbIX UccreaoBaHuin B pacteHneBogctee HAMCX C3 —
dunmnan TiomHL, CO PAH B 2025 roay. O6bekTom
ucnbitaHni 6binu 28 reHOTUMNOB OBCa MOCEBHOIO
nm3 8 crtpaH: Poccusa — 11; Kutan — 8; Cnosakusa —
3; CLWLA — 2 v no ogHomy u3 MoHronun, ®paHuyumn,

BenukobputaHun, [MMonbwwm  (pucyHok 1). Te-
HOTWMbI  roMo3epHoro oBeca ObiNMM  npeaocTas-
neHbol  BcepoccniCkMM  MHCTUTYTOM — FeHeTude-

CKUX pPecypcoB pacTeHun umenn H. V. Baswuno-
Ba (BWP), a Takke opurunHatopamm coptos PO.

Nceneposanma nposoaunu no MOCT 12038-85
«CeMeHa CenbCKOXO3SINCTBEHHbIX KynbTyp. MeToabl
OnpeaeneHnst BCXOXXecTun». 3epHO npopaliusani py-
MOHHBIM METOAOM B 3MEKTPUYECKOM CYyXOBO3AYLUHOM
TepmocTtare TC-1/80 CIY npun temnepatype 20 °C.
BoaHble pacTBOpbl AnA npopawmBaHua o6pasuos
oBca rotosunu u3 cynbara anomuHusa (Al(SO,),)
C KOHLEeHTpaLUWen NOHOB antoMuHus 4, 9 u 15 monb/n.
B kauecTBe KOHTPOMS UCMOMb30BanNU LUCTUMNNUPO-
BaHHyio BoAy. [10 ncTedeHun cemun aHen y npopocT-
kKoB Obln MpoOM3BELEH 3amep ASMHbI HanbomnbLUEero
KOPHSA KaXoro pacTeHns Ha BCEX BapMaHTax W KOH-
Tpone. PacueT uHAekca ANWHbI KOPHA NPOBOAUNU
no popmyne 1.
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L CSl KONEONTWMb, KOTOPbIA BbIFMSAUT KaK MieHYaTblii
UK = % x 100%, (1) KOHYC W 3aLUMLLAET MUCTOUKN PACTEHWIA OT BPEAHbIX

K

rae L — ANvHa KOpHA onbiTHOro ofpasya, Mm;
L, — nnvHa KOpHs KOHTponbHoro obpasua, mm [18].

Monkwa -1

BenukobputaHua -1
DpaHumA - 1
MaoHronmwa - 1

PucyHok 1 — PacnpegeneHne reHOTUNOB U3y4Yaemoro
rorno3epHOro oBca no NPOUCXOXKAEHWIO, LUT.
Figure 1 — Distribution of naked oat genotypes under
study by origin, pcs

[ns onpeaeneHnsa nHAeKkca COOTHOLUEHUS Mac-
cbl kopHen u noberoe (CKIT) ceMnaHEBHbIX rEHOTU-
noe oeca 6bina NnpoBeAeHa nNpeaBapuTenbHas CyLlka
pactutenoHoro marepuana npu 100 °C po Bo3ayw-
HO-CyXOro COCTOAHWA. PacyeT uHgekca CoOTHOLIEHNS
Macchbl KOpHen 1 noberoe NpoeoauIK No opmyne 2.

CKII = TMxopueii , (2)
Myogeros

rie m, .., — Macca BbICYLIEHHbIX KOPHEW, T,
roBeros — MACCa BbICYLUEHHbIX NOGEros., r.

Knactepusayus pesynsTaTtoB  MCCRenoBaHWn
Oblna npoBefeHa MO KOMMMNEKCY nokasaTtenemn ¢ uc-
nonb3oBaHnem nporpammbl Statistica (StatSoft, Inc.,
2014). MaTemaTtunyeckyto 06paboTKy, ANCNEPCUOHHDIN
aHanu3 AaHHbiX nposoaunu B nporpamme Microsoft
Excel ¢ HaagcTponkon n AgCStat.

PesynbTaTbl uccriegoBaHUM U X 06CyKaAeHMe.
Mpu B3aMMOAEWNCTBUM TOMO3EPHOr0 OBCA C MOHAMM
anioMYHUA Ha paHHeM 3Tane OHToreHe3a Habnioga-
NOCb CHWXXEHUE POCTOBbLIX MPOLECCOB OTHOCUTENBHO
KOHTPONbHbIX 3HAaYeHUI. B ycnoBusix ctpecc-cakTopa
pa3BuTUE NEPBUYHBIX KOPELLKOB ObINo NojaBneHHbIM
M NPOBOLMPOBANO CTYNEHYATOE CHWXKEHWE UX AnNu-
Hbl. Kopelkn y ceMUaHEBHbBIX NPOPOCTKOB BUAOMN3-
MEHSININCE — OHU NPUOBPETaNU XeNTOBaTbIA OTTEHOK
n yronwanuce. [Npy npopactaHun 3epHa pasBuBaeT-

m

NaTOreHoB N MEXaHUYECKUX MOBPEXLEHUN NPU NpPo-
pactaHum 13 nousbl. JlocTurag noBepPXHOCTU MOYBHI,
KONMEeonTUMb pPacKpbIBAETCH, BbIMYCKas NMUCTOYKY,
1 oTmMupaeT. Mpn B3aMmMogencTBMM C MOHAMW anioMu-
HWUS MHTEHCUBHOCTb pOCTa KoneonTuns 6bina 3Haum-
TEMNbHO HWDKE KOHTPONSA 1 NPOUCXoAunna ero gecTpyk-
uma (pucyHok 2). lMpexaeBpeMeHHOe paspylueHune
KONMeonTuns npoBoUMpPYeT BbICBOBOXAEHWNE MNEPBbIX
FINCTOYKOB B CMOSAX MOYBbI, YTO HETATUBHO OTPAXKAET-
cA Ha chopmupoBaHun NoBEroB 1 NPUBOANUT UX K Ae-

dhopmayumn.

PucyHok 2 — CeMMAHEBHbIN NPOPOCTOK reHoTMNa
osca 21h120 (k-15810) npn ncnonbsosaHnn
KOHLUEHTpaunn NOHOB antoMnHns 15 mmonbs/n
Figure 2 — A seven-day seedling of the oat
genotype 21h120 (k-15810), using an aluminum ion
concentration of 15 mmol/L

MosTomMy nponsBeaeHNe pacyeTa UHaeKca ANnHbI
kopHs (MOK) OTHOCUTENBHO KOHTPOMbHBIX 3HAYEHUN
28 ronosepHbIX TreHOTUMOB OBCA, BbiPaALLEHHbIX
B pacTBOpax C KOHUEHTpaunen NOHOB antoMuHms 4, 9
1 15 Mmonb/n, NO3BONWIO Peann3oBaTh KNacTepPHbIN
aHanu3 no metoay Bapaa (pucyHok 3). B pesynbrare
Knactepv3aumMm Msydaemble reHOTUMbl OBCa pasge-
nMnucb Ha aBe rpynnbl ¢ pacctoaHnem 300 egnHunu.
B nepebin knactep (K 1) Bowno 19 reHOTUNOB rono-
3€pPHOro 0BCa, y KoTopbix 3HadeHna NIK Ha BapuaHTe
C KOHLUEHTpauMen MOHOB antoMUHUSA 4 MMOnb/N Ba-
pbupoBanoch oT 43 40 75 % OTHOCUTENbHO KOHTPONA

(Tabnuua).
B nagaHHOM rpynne Haubonee  yCTOMMMBBIMM
K cTpecc-haktopy B K | ©n otaenueliencs

Ha 180 eauHny Obinm reHoTUnbl oBca M3 Poccum —
63h11  (k-15814), 21h120 (k-15810); Kutas -
Hull-less (k-1927), Ba you 14 (k-15666) u Be-
nmkobputaHum —  Lennon  (k-15631).  3Ha-
yeHns WJIK A[aHHbIX reHoTMnoB Ha  BapuaH-
Teé C HU3KOW KOHUEHTpauMen BapbUpOBanUChb
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Tree Diagram for 28 Variables
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PucyHok 3 — Knactepusauums ronosepHbIX FeHOTUMNOB OBCA MO UHAEKCY ANUHbBI KOPHS NPY PasnuyHbIX
KOHLEHTPpaLUnsxX NOHOB anioMNHUS B pacTBOpe, Nony4YyeHHas B nporpamme Statistica (StatSoft, Inc., 2014)
Figure 3 —Naked oat genotype clusterization by root length index at different concentrations of aluminum

ions in solution, obtained using the Statistica program (StatSoft, Inc., 2014)

oT 68 00 75 % oTHOCKTENnbHO KOHTpOns. lNpn yBenu-
YEHUWN KOHLEHTPaLMu UOHOB anioMUHWS B pacTBoOpe
40 9 MMOnb/N coxpaHanacb Ta e TeHTeHAuunA
no  anMOYCTOMUMBOCTU Yy  AaHHOW  Ipynnbl
(Fpare™ Freop, M1 p = 0,05).

Bo Btopoun knactep (K Il) Bownn 9 reHoTunos
rono3epHOro oBca, y KoTopbix 3HavyeHns VIOK Ha Ba-
puaHTe C KoHUeHTpauuen Al** 4 mmonbe/n cocTaBumm
38-48 % OTHOCUTENbHO KOHTPOSS, YTO 3HAYMUTENBHO
HXe, Yem y obpasLoB oBca, Bxoasawmx B K |. Yeenu-
YeHUe KOHLEHTPaL M1 MOHOB antoMUHKS A0 9 MMOMb/N
npueeno k cHmwkeHuo NOK no 10-23 % oTHOCUTENBHO
KoHTpons, uto B 1,6—2,0 pasa MeHbLue nokasaTenen
reHOTUMOB OBCa, BXoasWwmx B nepsbin knactep (K I).
Haunbonee BOCMPUUMYMBBLIMA K BO3ZENCTBUIO NOHOB
anioMYHUA B JaHHOW rpynne Gbiny reHoTunbl OBCA
n3 Kntas — Yuan za 1 (15656), Yuan za 2 (15647);
Cnosaknn — Dunajec (15643); ®paHuyum — Avoine nue
grosse (2122) n Poccnn — Mubang (15440).

MpopawyBaHne rono3epHbiX FEeHOTUMOB OBCAa
C BbICOKAM COAEPXaHWEM WOHOB anioMVHUS B pac-
TBOpPE (15 MMOnb/n) HEeraTMBHO OTPAa3NNOCh Ha pPocTe
KOPHEBOW CUCTEMBI, U HA CEAbMbIE CYTKM 3HAYEHUS
MOK cocraBunu 4-19 % OTHOCUTENbHO KOHTPOMS.
KoppensyuoHHbIn aHanu3 Mo3BOMWN  YCTaHOBUTD,

YTO CpefHVE 3HAYEHUS NHAEKCA AMVHbI KOPHA CEMU-
JHEBHbIX NMPOPOCTKOB TOMO3EpPHbIX FEHOTMMOB OBCA
COOTBETCTBOBANM CUNbHON CTENEHN 0BPaTHON CBA3N
(-0,96) 1 3aBucenun OT KOHLUEHTpaUUM NOHOB artoMu-
HusA B pactBope — F_ >F _ (p=10,05).

OaHMM M3 BaXHbIX MokasaTenen OUeHKU Bhus-
HUA CTpecc-akTopa Ha rorno3epHble reHOTUMbI OBCA
B IOBEHUINbHbIA NEPUOA ABMAETCH UHAEKC COOTHOLE-
HUS Maccbl KopHen n noberoe (CKI). B ¢Bsasn ¢ oT-
TOKOM MUTATENbHbIX BELECTB U3 KOPHEBOW CUCTEMDbI
ANs POPMUPOBAHNSA 3€NEHON MaCChbl BO3HUKAET AMC-
fanaHc macchbl B CTOPOHY Hag3eMHoM YacTu. o Bo3-
JEVICTBMEM NOHOB antoMUHUS NPOUCXOAUT Aedopma-
LUMs MEPBUYHBIX KOPELLKOB, YTO MPEnATCTBYET OTTO-
Ky nNUTaTenbHbIX BELLECTB U HEraTMBHO OTPakaeTcs
Ha Temnax passuTtua pacteHus. Nuaekc CKI cemuna-
HEBHbIX F€HOTWMOB OBCA, MPOPOCLUUX HA KOHTpPOme
(amctTunnunposaHHas Bopga), Bapbuposanca ot 0,4
8o 1,1 en. (pucyHok 4). CTonb 60MbLION AnanasoH
00yCcrnoBneH COPTOBON OCOBEHHOCTBIO TOMO3EPHbIX
reHoTunoB oBca. KoadpduuymeHT napHoOW Koppens-
LU Macchbl KOPHENn 1 NoBGeroB CeMuaHEBHbIX pacTe-
HWA OBCa COOTBETCTBOBAN CUMNbHOW CTEMEHW CBHA3M
(r=0,95).

HesaBncMmo OT wu3y4aemoro reHoTuna oOBCa,
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Tabnvya — VHAEKC ANWHBbI KOPHS TrOMO3€pPHbIX TEHOTWMNOB OBCA B 3aBUCMMOCTM OT BO3pacTaloLlen
KOHLUEHTpaL1u NOHOB anioMUHNA B pacTBope, % OTHOCUTEMNbHO KOHTPONS
Table — Root length index of naked oat genotypes depending on the increasing concentration of aluminum ions

in solution, % relative to the control

KoHueHTpauws AP+ B pacTBope, MMOSbL/M
n | CTboimmamnan) | o o
4 9 15
1 13h18 (k-15932) Poccust 57 32 13
2 MecTHbI (k-4958) MoHronus 56 27 9
3 Bai yan 5 (k-15648) Kutai 54 29 9
4 11h120 (k-15929) Poccust 51 27 10
5 IMomop (k-15117) Poceus 49 27 1
6 MF9714-32 (k-15227) CLA 43 26 8
7 Ba you 8 (k-15664) Kutai 55 20 8
8 Barckmin ronosepHbIn (k-14960) Poccust 52 19 12
9 Inovec (k-15644) Cnosakus 58 20 12
10 | 65h11 (k-15815) Poccust 63 22 18
1 Clean (k-15646) CnoBakus 65 18 9
12 Bai yan 1 (k-15649) Kutai 61 18 12
13 | MF9714-36 (k-15229) CLIA 66 22 12
14 MecTaben (k-15884) Poceus 69 16 6
15 | 63h11 (k-15814) Poccust 75 36 14
16 | 21h120 (k-15810) Poccust 72 32 16
17 Hull-less (k-1927) Kuai 72 35 19
18 Lennon (k-15631) Benmkobputanus 68 47 7
19 Ba you 14 (k-15666) Kuai 7" 4 7
20 [MroHep (k-9139) Poccus 44 21 9
21 MecTHbIN (k-15248) [Nonbla 48 23 10
22 | 5h18 (k-15930) Poccust 48 17 4
23 | Yan 2014 (k-15658) Kuraii 42 15 7
24 Yuan za 2 (k-15647) Kutai 38 10 9
25 Dunajec (k-15643) Cnosakus 39 11 9
26 Avoine nue grosse (k-2122) OpaHuus 38 11 9
27 Yuan za 1 (k-15656) Kuai 40 15 6
28 MnbaHp (k-15440) Poceus 38 10 7
CpefHee B rpynne, n=28 55 23 10
HCPO5 no chakTopy A=0,2 %; HCP05 no chakTopy B=0,1 %; HCP05 no Baanmopaeictamno AB=2,3 %

npopawusaHie pacTeHuin B pacTBopax C Bo3pac-
TaloWen KOHUEHTpauMen NOHOB anioMUHUS OT 4 40
15 MMOnb/N NPUBOAWMNO K MOCTENEHHOMY CHUXEHUIO
COOTHOLUEHNS MacCbl KOPHEN 1 NpopocTkoB Ao 0,3—
0,7 ea., uto 00OyCnOBNEHO YMEHbLUEHUEM MACChl Nep-

BUMHbIX KOpeLlKkoB. KoadhdhuLNeHT napHon Koppensi-
yumn (macca kopHein n noberos) 6bin paeeH 0,76, UTto
COOTBETCTBOBANO YMepeHHoW cteneHu csasu. [lpwu
cTpecc-hakTope B MPUCYTCTBMU WOHOB aniOMWHUS
NpouCXoanUT AUCKHYHKLUMSA 30HbI pOCTa U AENeHUs
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PucyHok 4 — IHAEKC COOTHOLLEHWSA MacChl KOPHEN 1 NoBeroB rono3epHbIX F’EHOTUMOB OBCA B 3aBUCMOCTU
OT BO3pacTaloLLEN KOHLEHTPALMM NOHOB antoMUHUS (Npu 5 % ypOBHE MOTPELLHOCTN)
Figure 4 — Root to shoot index of naked oat genotypes depending on the increasing concentration
of aluminum ions (with a 5% error level)

KNeTok, 4YTo BnocneacTeun ByaeT npensaTcTBOBATb
NMPOHUKHOBEHWNIO KOPHEBOW CUCTEMbl B Bonee rny-
6okue crnou noysbl. Y reHoTunos ns Poccum — 5h18
(k-15930), Cnosakun — Clean (k-15646), Kutag —
Ba you 14 (k-15666) n MoHronumn — MecTHbIN (k-4958)
C YBENUYEHMEM KOHUeHTpauum AP Habnwoganoch
CTPEMUTENbHOE CHMXEHUE MAaCChl KOPELLKOB 1 nobe-
roe, 4to nos3sonuno uHaekcy CKIT ocrtaTbcsa Ha BbICO-
kom ypoBHe 0,7-1,0.

B xone nccrnenosanuin 6bina ycTtaHoOBMEHa CBSA3b
MEXAY BO3pacTalolen KOHUEHTpaumnen NOHOB anto-
MUHAS W WHOEKCOM COOTHOLUEHMS MAacChbl KOPHEN
1 noberos rono3epHbIX reHOTUNOB OBCa, CHOPMUPO-
BaBLUMXCH HA NPOTSKEHUM CEMU CYTOK NpopacTaHus.
PerpeccuoHHoe norapudmuyeckoe ypasHeHue (3),
JOCTOBEPHO B JMana3oHe COAEPXKAHWA MOHOB
anoMmHna B pacteope oT 4 ao 15 mmonb/n.
Koathdpmument annpokcumaumm (R?)  cocTtaBun
0,7887.

y=-0,215In(x)+0,7772, 3)
r4e Yy — UHAEKC COOTHOLUEHNS MacChbl KOPHENN No-
oero., %;

X — KOHUeHTpauus Al** B pacTeope, MMOMb/T.

3aknroyeHue. YCTaHOBNEHO, 4TO Haubonee
BOCNPUMMYMBBIMU K BO3AENCTBUIO NOHOB anOMUHUS
ObinK reHoTUNbl oBca 13 Kutasa — Yuan za 1 (15656),
Yuan za 2 (15647); Cnosakun — Dunajec (15643);
®paHymn — Avoine nue grosse (2122) n Poccun — lNu-
6aHg (15440). INpn KOHUEHTPaUUN NOHOB aNIOMUHUS
4 MMONb/N 3HAYEHWSA NHAEKCA ANWHbI KOPHSA JOCTUra-
nn 38-48 % OTHOCWUTENBHO KOHTPOMSN, AanbHenllee

yBenuuyenune AP (9 Mmonb/n) npuBeno kK LOCTOBEPHO-
MY CHWXeHMIo nokasaTtens o 10-23 %.

Hanbonee ycTOMUMBLIMK K BO3LENCTBUIO UO-
HOB anioMWHUS Ha paHHEM 3Tane OHToreHe3a 6binu
reHoTunbl ronosepHoro osca n3 Poccun — 63h11 (k-
15814), 21h120 (k-15810); Kutasa — Hull-less (k-1927),
Ba you 14 (k-15666) n BenukobputaHum — Lennon
(k-15631). B ycnoBusix BbICOKON KOHLEHTpauumn Kno-
HOB antoMnHUA (9 MMOIb/M) WHAEKC ANUHbI KOPHSA
cHmxkanca ¢ 68—75 (4 mmonb/n) po 32-47 % oTHOCK-
TEMNbHO KOHTPOMS.

Ons oueHKn anioMOyCTOMYMBOCTU TOMNO3EpPHbIX
reHOTUMNOB OBCa Ha paHHEM 3Tare OHTOreHesa B na-
BGopaTopHbIX YCMOBUA Ny4lle UCNONb30BaTb KOHLEH-
Tpaumm NOHOB antoMUHKSA B pacTeope 4 1 9 Mmonb/n.
Haunbonee nHpopmaTnBHBIM NOKasaTenem A OLEH-
K/ rorio3epHoro 0Bca Ha yCTOWYMBOCTb K TOKCUYECKO-
My LEACTBUIO MOHOB antOMUHUSA ABMSAIOTCA 3HAYEHUS
WHAEKCA ATMVHbI KOPHS.

YcraHoBneHa cessb (R?=0,7887) mexay BO3-
pactalowen KOHUEHTpaUWen WOHOB  anoMUHKS
N UHAEKCOM COOTHOLLEHUA MaccChbl kopHen u noberos
rOno3epHbIX FEHOTUMNOB OBCA, CHOPMUPOBABLUNXCS
Ha MPOTAXEHUN CEMU CyTOK mpopactaHus. Perpec-
CVMOHHOE norapupmMmnyeckoe ypaBHeEHE AOCTOBEPHO
B AMana3oHe CoAepXaHUs MOHOB anioMUHMSA B pac-
TBOpPE OT 4 A0 15 Mmonb/n 1 cooTBETCTBYET (Y — WH-
[JEKC COOTHOLUEHUSI Macchl KOpHen u noberos, %:;
X — KOHUeHTpauus Al** B pacTeope, MMonb/n).

PekomeHayem Hambonee ycCTOMYMBBLIE TEHOTU-
Mbl OBCA K BKMIOYEHUIO B CEMNEKLMOHHbIE NPOrpamMmbl
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