u\ﬂ [eHeTnYecKne pecypcbl pacTeHun BaBunoBcKuii xKypHan reHeTnkn 1 cenekuymu. 2018;22(1):88-96
- OPUTUHAJNTIBHOE NCCNEJOBAHWME / ORIGINAL ARTICLE DOI 10.18699/VJ18.335

MuHepa/abHbIN COCTaB 3epHa OUKUX copoanyent
I THTPOTPECCUBHBIX POPM B CeJIEKIIVY MIIIeHNIIbI

T.B. Casunl, A. V1. A6yraanesal” 2@, I1. Yaxmax?, K. Koxaxmeros!

! Kazaxckui Haquo—mccnenoaaTeanKmm NHCTUTYT 3emnefenna n pacteHneBoACTBa, Anmanbi6ak, KasaxcraH

2 Kasaxckuit HaLMOHabHbIN arpapHbivi yHuBepcuteT, AnmaTbl, KasaxcraH
3 Yuueepcutet CabaHuu, Crambyn, Typuus

M3yueH MUHepanbHbIi COCTaB 3epHa MHTPOrPECCHBHBIX GOPM MATKOW
MNLWEeHWLbl B CPaBHEHUU C AVKUMIK COPOANYAMUN U cOpTamMi. Bbicokni
YypOBeHb cofiepaHna makpo- n mmkpoanemeHTos (N, P, K, Mg, S, Ca,
Mn, Fe, Zn, Cd, Cu) BbifiBneH y aukux Buaos Aegilops ovata v Ae. triun-
cialis, 06w NOBbIWEHHbIN GOH — Yy copoaMYEll OTHOCUTENIBHO CO-
BpeMeHHbIX cCOpToB Triticum aestivum (cTaHaapThbl). Mo copgep)kaHuio
MaKpo- 1 MMKPO311EMEHTOB MHTPOrpeccnBHble GOPMbI MLLEHNL b 3a-
HYMaNV NPOMEXYTOUYHOE MOMOXKEHNE MeXAY ANKUMN COPOANYaMU U
COBpPEMeHHbIMY copTamu. BbisiBnieHbl nepexofHble popmbl (MKeTbicy X
T. militinae; Xetbicy X T. kiharae; Be3ocTan 1x Ae. cylindrica) c ypoBHem
MUHEepPanbHOro COCTaBa, XapaKTepHbIM AnA ANKMX dopm. Bce nsyuen-
Hble reHoTUNbI AnddepeHLpoBaHbl Ha TpU KnacTepa. MepBbii cocTo-
UT NPEUMYLLECTBEHHO 13 UHTPOrpeccuBHbIX opm, Ae. triaristata n
copTa Komcomornbckas 1, B MPOUCXOXKAEHUN KOTOPOro y4acTBOBanu
AnKne popmbl. BTopoii Knactep BKIloYaeT B OCHOBHOM copTa (poau-
Tenbckune dopmbl), T. timopheevii n nHTporpeccnsHyto dopmy Crekno-
BuAHas 24 x T. militinae. B TpeTuin Knactep BxoaaT Buabl T. militinae,

T. kiharae, Ae. cylindrica v vHTporpeccusHble GOpMbI C X yYacTUeMm:
XKeTbicy x T. militinae n be3octan 1 X Ae. cylindrica. Takoe geneHue
no3sonAeT KnaccuduumpoBaTb reHOTUMbI MO YPOBHIO MeTabonm3ma:
OVKne copopmun (TpeTtnin KnacTtep), copTa (BTOpoW Knactep) 1 npo-
MEXXYTOUHbI — MHTPOrpeccrBHble GopMbl (NepBbilt KnacTep). B uenom
BKJIOYEHME KYNbTYPHbIX POopM (BEKKpOCCMpOBaHME C paloOHMPOBaH-
HbIMW COPTamMK) B CKPeLLBaHUA C UHTPOTrPeCccBHbIMU Gopmamu, Kak
NpaBuo, CONPOBOXAAETCA CHUKEHNEM 06LLErO MeTaboNMyYecKoro
YPOBHSA, HO CreynPprYHO OTHOCUTENBHO COPTOB U AVNKUX BULOB, Xapak-
TepU3yLWNXCA NONUMOPPM3IMOM. BbIABIEHBI ICTOYHMKU BbICOKOTO
cofiepkaHna Makpo- M MUKPO3JIEMEHTOB — ANKME COPOANYN N NHTPO-
rpeccrBHble GOPMbI, YaCTb U3 KOTOPBIX MCMOJNIb30BaNach B Kayectse
[LOHOPOB NpY CKpeLnBaHum ¢ copTamu. o pesynbraTtam TONKPOCCHbIX
CKpeLYnBaHni Co CTaHAAPTaMn — KOMMEpPYeCKMU 1 Hambornee pac-
npocTpaHeHHbIMK copTamu CTeknoBugHasa 24, Anmansl, XeTbicy — ana
[BYX KOHCTaHTHbIX NUHWI (Be3ocTas 1 X Ae. cylindrica) X T. kiharae n
KeTbicy X T. kiharae BbifaBneHa nepefaya cogepxanua K, P, Mg, S, Fe,
Mn, Zn n P, Mg, N notomcTBy 3T1x reHot1nos B F,—F; nokonexmsx.

KnioueBble C/I0Ba: 3€PHO; MAaKPO- M MUKPOSSIEMEHTbI; NMWEHNLA;
LVKNe COPOAMNYM; MHTPOTPeCccrBHbIE GOPMbI; UICTOUHVKI; BOHOPbI;
TOMKPOCCHI.
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Mineral composition of wild
relatives and introgressive forms
in wheat selection
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' Kazakh Research Institute of Agriculture and Plants,
Almalybak, Kazakhstan

2 Kazakh National Agrarian University, Almaty, Kazakhstan
3 sabanci University, Istanbul, Turkey

The study of seed mineral composition of wheat and
its wild relatives revealed higher content of all ele-
ments in Aegilops ovata and Ae. triuncialis, as well as an
overall increased background in relatives compared to
modern varieties of Triticum aestivum (standards). By
content of macro- and microelements, synthetic forms
of wheat occupy an intermediate position between
wild relatives and modern varieties. Transitional forms
with the level of mineral composition typical of wild
forms (Zhetysu x T. militinae; Zhetysu X T. kiharae;
Bezostaya 1 Ae. cylindrica) have been identified. All
genotypes have been differentiated into 3 clusters.
The first consists predominantly of introgressive forms,
Ae. triaristata and the Komsomolskaya 1 variety, which
has wild forms in its origin. The second cluster includes
mainly varieties (parental forms), T. timopheevii and the
introgressive form (Steklovidnaya 24 x T. militinae). The
third cluster consists largely of T. militinae, T. kiharae,
Ae. cylindrica species and introgressive forms originat-
ed from them: Zhetysu x T. militinae and Bezostaya 1 X
Ae. cylindrica. Such division allows us to classify geno-
types according to the level of metabolism: wild rela-
tives (3rd cluster), varieties (2nd cluster) and an inter-
mediate group - introgressive forms (1st cluster). In
general, inclusion of cultural forms (backcrossing with
varieties) to crosses with introgressive forms is usually
accompanied by a decrease in the total metabolic
level, but it varies in cultivars and wild species charac-
terized by polymorphism. Sources of high content of
elements have been revealed: wild relatives and intro-
gressive forms, some of which are donors. According
to the results of topcross breeding with testers - com-
mercial common wheat varieties Steklovidnaya 24,
Almali, Zhetysu — inheritance of this trait by progenies
in F,—F; generations has been revealed in two constant
lines: (Bezostaya 1 x Ae. cylindrica) x T. kiharae and
Zhetysu X T. kiharae.

Key words: grain; macro and microelements; wheat;
wild relatives; introgressive forms; resources; donors;
topcrosses.



HacTosiIIee BpeMsi, C BHEJPEHUEM HOBBIX TEXHOJIOTHH

aKTyaJIbHBIM CTAHOBHUTCSI BOIIPOC IIE€JE€HANPABICHHOTO

TIONCKA W TIepeHoca ajuiesel TeHOB KOHKPETHBIX IPH-
3HaKoB. [IpeBapuTenbHO HEOOXOANMO BBISIBUTH HCTOYHUKH U
JIOHOPBI, B TOM YHCJIE CPEAN TUKHX COPOIUUCH U CO3IaHHBIX
MPOMEKYTOUHBIX MIIICHUYHO-1yKepoaHbIX ruopuios (ITUD).
OTH 1IeHHbIe (POPMBI MOTYT HCIIOJIB30BATHCS KaK CaMOCTOsI-
TEIbHBIN 00BEKT IKOJOTMUECKN YCTOHUMBBIX arPOCHCTEM, TaK
1 B KadecTBe A(P(HEKTUBHOTO CEICKIIMOHHOTO (TIEPEXOIHOTO)
MOCTHKA IS IEPE/Iauyl MOJIE3HbIX TeHOB B I'€HOM ITLICHHUIIBI
(Pa3maxumH u 1p., 2012).

3arac reHooHIa MATKOU MIIeHUIBI Triticum aestivum L.
0 JIMMUTHPYIOIIMM IIPU3HAKaM JIOBOJILHO OIpDaHUYEH U He
BCET/Ia MO3BOJIAET PEIIAaTh MHOTHE aKTyaJIbHbIE 33/1a4K COBpe-
MEHHOH cenekiuu. [1o3ToMy Hapsity ¢ KilacCH4ecKUMHU METO-
JlaMU CEJIEKLIUH, 0TOOpa U THOpHUU3aLuK, BHY TPUBHIOBOTO
CKpEIMBaHUsI MIICHUIIBI IPIMEHSIOT TAKXKE METOIbI OT/a/IeH-
HOI r’HOpHAN3aINY C UCTIONb30BaHUEM Npe/ICTaBUTENeH On3-
KHUX POJIOB M BUJIOB MIICHULLL: Aegilops, Agropyron, Secale,
T. timopheevii, T. dicoccum, T. kiharae u qpyrux HOCHUTENEH
MIPU3HAKOB M CBOMCTB. HambGornee onTuManbHBIA MaTepHa
JUIsl OLICHKH W TIOCJIEAYIOLIET0 MePeHOCa YHUKAIBHBIX IS
MUIEHUIIBI aJUIEJIEN TEHOB OT €€ IMKOPACTYLIUX COPOANUEH —
ato ITUI Tlopnep:xuBaTh U COXpaHATh BBISIBICHHBIN ajienb
reHa MIIeHUYHO-YY)KEPOIHBIX I'MOPHUI0B HAMHOTO MPOIIIE,
YeM OTCIJICKMBATH €T0 B MOMYISAHAX IUKUX coponmueit. [Tpu
YAAYHOM PEIICHUHN MTPOOJIeM TPOTyKTUBHOCTH U YCTOWYNBO-
CTH K CTpeccaM BONPOC Ka4eCTBa 3epHa SIBIISIETCS PELIAOIINM
B CEJIEKIINHU Ha KOHEYHBIH THIT €70 UCIIOJIb30BAHMS.

B npenBapuTenbHBIX U3YUYEHHUSX JUKHE W IPUMUTHBHBIC
MIIEeHNIBI, Takue Kak 7. monococcum, T. dicoccum v T. dicoc-
coides, mposiBIN ce0s Kak OoJiee epCIeKTHBHBIC TeHeTHYe-
CKHE NCTOYHHUKH COACPIKAHUSI MUKPOIJIEMEHTOB B CPABHEHUH
C COBPEMEHHBIMH COpPTaMH IIICHULBI U CEICKIIMOHHBIMU
muausive (Graham et al., 2001; Welch et al., 2005). M3BecTHO,
yto 00pasus! 1. dicoccoides xapakTepu3yloTcs OOJbIICH BapH-
a0eJIbHOCTBIO U OOJiee BRICOKMMU KOHIEHTpalusiMu Zn u Fe
B 3epHE. DTOT BUJ ABIAETCS HCTOYHUKOM F'€HETHUECKOTO pa3-
HOOOpa3ws T arpOHOMHYECKUX CBOWCTB, AMHHOKHCIIOTHOTO
cocrasa u conepxkanus mporerna (Cakmak et al., 1999, 2004;
Nevo, 2006; Gomez-Becerra et al., 2010). Ananornyasie
uccienoBanus pa3BuBaoTcs mo docdopy (Mousavi, 2011)
M a30Ty, B TOM YHCJI€ B CPABHUTEILHOM W3YYECHUH YCBOCHUSI
nuTarenbHbIX dnemMenToB (N, P, K) nu-, Terpa- u rekcario-
naaeiMu nenunamu (Huang et al., 2007). YBenuuenue
TUIOMIHOCTH TILIEHUIBI COMTPOBOXKAAETCS YBEIMUCHUEM d(-
(heKTUBHOCTH HCITONB30BaHUA N Ha MPHPOCT OMOMACCH U
ypoxas 3epHa. Bimmsiane N n P Ha Gnomaccy MakcuMaibHO
apdekruBHo y 1. boeoticum, MuHUMAJBHO — y Ae. speltoides.
Brusane N, P u K Ha ypoxaitHocTs Hanbosee 3¢ heKTHBHO Y
Ae. speltoides n nanmenee —y T. aestivum. DPPEKTUBHOCTD
MOJKET 3aBUCETh OT I'eHOB reHoMa . BoaHblil cTpecce 0BbI-
mran 3¢ dextuBHOCTH N MO JaHHBIM HAKOTUICHHSI OOMACCHI,
n30bITOUHOE ynoopenue — camkano (Huang et al., 2007).

[To coneprkaHuIO MUHEPAILHBIX HJIEMEHTOB B 3€pHE, B 4acCT-
Hoctu Fe n Zn, Hanbonee n3ydeHsl oopasust 1. dicoccoides,
npemecTBeHHnKa 7. durum, OTIINYaroNIeroCst TOBBIIICHHBIM
cozepxanueM Fe B 3epHe. J[pyrue BUpl MIIEHULIBI HE XapakK-
TEPU30BAJINCH JIETAIBHO IO MUHEPAILHOMY COCTaBY 3€pHa
(Cakmak et al., 2004), xax 1 o6pa3usl srunoncos (Tiwari

leHeTnYecKMe pecypcbl pacTeHui

et al., 2010). Psa paboT MOCBSAIICH TOUCKY UCTOYHHKOB HE
MIPOCTO BBICOKOTO COAEPIKaHUS MHKPOAIEMEHTOB, HO M MIX
6nonornueckoit ycsosiemoctH (Lopez et al., 2003). ITokazano,
4yTo BUIBI Aegilops MOTYT OBITh HUCIIONB30BAHbI B KA4€CTBE
BaYKHOTO MCTOYHHKA Zn, B YaCTHOCTH Ae. speltoides var. li-
gustica (CC) u Ae. triuncialis (UUCC).

[Ipu nnenrudukaunn nsokycoB (QTL), onpenensronmx
cozep kaHue ITUHKA U hocdopa B 3epHE MIICHUIIB], yCTaHOB-
JICHO, YTO KOJIMYECTBO Zn U P KOHTpOIHpyeTCs MOUTeHaAMH,
onpezaeneHo 10 cemu QTL miis cogepxanust Zn B 3epHeE U 10
mectat QTL — s P. [Iga QTL, Bimstromux Ha comepskanue Zn,
JIOKaJIM30BaHbl Ha XpoMocomax 4A 1 4D 1 KOJIOKalIu30BaHbI ¢
TakoBBIMH 110 cozeprkanuio P. Yetsipe QTL, onpenensronux
KOJMYECTBO Zn, JOKAIM30BaHBI Ha Xxpomocomax 2D, 3A u
4A wu coBmagaror ¢ pacmonoxkenneM QTL s P (Rajani et
al., 2011).

B Hammx rccnegoBaHNUAX HCIIOIH30BAaH MaTePHal, CO3/IaH-
HBII Ha MPOTSHKCHUU MHOTHUX JIET ITYyTEM YCIICIITHON THOPH/TH-
3auuu nieHuisl 1. aestivum v BunoB 1. timopheevii, T. militi-
nae, T kiharae, T. dicoccoides, Ae. cylindrica, Ae. triaristata n
MOTYYCHUCM MTEPEXOTHBIX THOPUIHBIX POPM U IIPOABHHYTHIX
KoHCTaHTHBIX THOpunoB (Epxedaesa, Hypneucos, 2009;
CasuH 1 ap., 2009). Panee Hamu OBIT N3ydeH MUHEPATbHBINA
cocra 3epHa BunoB meHut (7. timopheevii, T. dicoccoides,
T kiharae, T. militinae, Ae. cylindrica, Ae. triaristata) B 3a-
BHCUMOCTH OT YCJIOBHUH BBIPAIIMBAHUS M TIOKa3aHO, YTO M-
KOpaCTYIIHE BUIBI MOTYT OBITh JOHOPAMH TAKUX ITOJIC3HBIX
MPU3HAKOB, KaK BBICOKOE coziepanue Fe n Zn u Huzkoe — Cd
(Abugalieva et al., 2013).

Bornbmmoe 3Ha4eHUE JUTS CENEKIUH MIICHUIIBI UMEET pac-
HIMPEHUE FeHETHYECKUX PECYpCOB 3a CYET MHTPOIPECCHB-
HBIX (pOpM, ¢ XapaKTEPHUCTHKOI ypOBHS WX MeTabOIM3Ma B
KOHKPETHBIX PErHOHaX [0 MHHEPAILHOMY COCTaBy 3¢pHA.
Llenbro HacTosimieit paboOTHl OBLIO M3Yy4YEHHUE OCOOEHHOCTEH
MHHEPAIBFHOTO COCTaBa 3¢pHAa WHTPOTPECCHBHBIX (OPM B
CpaBHEHUH C JUKUMHU COPOIUYAMHU M COPTAMHU U BBIICIICHHE
MCTOYHUKOB U JIOHOPOB BBICOKOTO COJEPKAHUSI MaKpoO- M
MHKPOAJIEMEHTOB.

MaTtepwuan n meToabl uccnegoBaHuiN

B pabore ncnonp30Banuck pa3nuyaHbIC BUIBI MIICHUI] U 3TH-
noricoB (Tabm. 1), a MeHHO: AuTUIoNIHbIe BUIEI (7. monococ-
cum), rerpamtouansie (7. turgidum, T. dicoccum, T. poloni-
cum, T. persicum, T. militinae, T. timopheevii, T. dicoccoides,
T. aephiopicum), rexcarmounnnsie (1. petropaviovskyi, T. kiha-
rae, T. compactum, Ae. triuncialis, Ae. triaristata, Ae. ovata);
KOHCTAHTHBIC MTEPEXOTHBIE (POPMBI U3 MEKPOJOBBIX U MEXK-
BHIOBBIX cKperuBanuii F—Fg (CaBun u ap., 2009); 06pasub!
TOIKPOCCHBIX CKPEIMBAHUI MEX/Ty IIEPEXOIHBIMU (hOpMaMHU
u 3apeructpupoBaHHbMu copTamu (Epkebaesa, Hypmencos,
2009). O6mas cxema MOIy4YEeHHsI HHTPOTPECCUBHBIX (hopm
MIpHUBECHA Ha puC. 1.

Marepuan Beipariex B 2006-2009 120142016 rr. B ycio-
BUSIX CTaloHapa 3epHoypaxHbIx KynbTyp KasHUU 3em-
JiefIeTusl U pacTeHneBoscTBa, 42° c.ur., 77° B. 1., 740 M Han
yp. Mopsi. OGpasIbl MOCESHBI HA JENAHKAX TUIOMAIb0 5 M2
B JIBYX TOJICBBIX IMOBTOPEHHSIX B COOTBETCTBHUU C MPHHATON
arpoTEXHUKOM.

ConepxaHne Makpo- 1 MEKPO3JIEMEHTOB B 3€pHE OIpeie-
JISUTA METOJIOM HHTYKTHBHO-TIa3MEHHO-aTOMHON AMUCCHOH-
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Ta6bnuua 1. Matepuran nccnefoBaHuii 03VMON NILEHWNLbI U ee JUKUX COpoanYen

Triticum

Aegilops

CopTa-cTtaHgapTbl T. aestivum

MHTpOFpeCCVIBHbIe JINHUN

CreknoBugHas 24 ABD

T. timopheevii A’G

CreknoBuaHas 24 x T. timopheevii
MepexopnHasa popma (KoHcTaHTHaA Fs—Fg)

TonKpoCCHble CKpeLBaHusA
¢ coptamu-ctanHfaptamu (F3—Fg)

M3yyeHune nonynaumm Ha pasHbix GoHax
(NPOAYKTUBHOCTb, KaYecTBo,
YCTONUMBOCTb K aBNOTUUECKM
1 BUOTUYECKUM CTpeccam)

MNMepeces
Fe—F11 nonynauyun

'

Y

OT60p nonynauyuin

MO XO3ANCTBEHHO L€HHbIM npr3Hakam

OT60p NMMHKK

Y

JInHnn-goHopbl -
VHTPOrpeccrBHble GopMmbl

\ A

v

JIMHAN-UCTOYHUKM —
WHTPOrpeccriBHble GopMbl

/

OueHka cofepXxaHna MMHepPanbHOro CoCTtaBa 3epHa

Puc. 1. O61as cxema co3faHuns 1 U3yyeHus nepexogHbixX (MHTPOrpeccBHbIX) GopMm.

Hoii ciektpomerpun (ICP-AES) (Cakmak et al., 2004). Co-
nepxxkanne N orpeznerneHo MerooM Keenbaans, ¢ HCIonb30-
BaHUEM k = 5.7 [uIs HIIEHUIIBI IPU pacyeTe npotenHa. Kiac-
TepHBIH aHau3 mpoBeneH no anroputMy C.I1. MapTsiHOBa €
UCIIOJb30BAHMEM MUHUMYMa Tipoussenenus D (1-R)? Mexy
EBKJIUJIOBBIMU PACCTOSHUSAMU (D) 1 KOAPPHUIIUESHTOM KOppe-
nswn (R), ommcanHoMmy panee (CaBuH u ap., 1998).

Pesynbtatbl

XapakTepUCTHKA KOHCTAHTHBIX (TIEPEXOMHBIX) MIICHUIHO-
srunoncueix (I12T7) U mIIeHMYHO-MEKBHIOBBIX THOPUIOB
110 MMOTEHIIMATY MeTaboIn3Ma (Cofep:KaHue MaKpO- U MHUKPO-
SIIEMEHTOB) OCYIIECTBIICHA B JBYX pempoaykiusx. [lepe-
XOJIHbIE (DOPMBI O3UMOIl MIIIEHHIIBI TPOAHATUZUPOBAHBI TI0
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COZIEPIKAHUIO MaKPO- U MUKPOBJIEMEHTOB B 3epPHE, U MTPEXK/IE
BCETO I10 COZIeprKaHuIo a3oTa (Tabu. 2). MakcumansHoe coziep-
JKaHHE MTPOTeMHa OTMEUeHO [uist popm ¢ yuactuem 1. kiharae,
T militinae n T. timopheevii ipu 00IIeM TTOBBIIIIEHHOM (pOHE
JUIS. HHTPOTPECCUBHBIX (POPM OTHOCHTEIIBHO COBPEMEHHBIX
koMMepueckux coptoB (13.4-16.6 %). Kak B 3acynuiuBbIit
(2015), Tax u B yBnaxkaeHHbIH (2016) rox cTaGMIBHBIM CO-
JIep>KaHUEM ITPOTEHHA XapaKTePU30BAINCH TEHOTHITBI DPUT-
pocrepmym 350 x T. kiharae v YKetvicy x 1. militinae.
Takum 00pa3zom, JUisi IEPEXOAHBIX UHTPOIPECCHBHBIX
(hopM TIICHUIIBI XapaKTEPHO MPOMEXYTOUHOE COAEpKaHne
a30Ta MEX/1y TUKUMH U KYJIBTYPHBIME (hOpMamu, KOTOPOE CO-
XpaHsIeTcst CTaOUIIBHO TI0 HECKOIBKUM PEMPOILYKIINSIM, B TOM
YHcie Ha BBICOKOM YpOBHE ypokaitHoctn (Oosee 80 11/ra).

Plant genetic resources
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Ta6nuua 2. CopepkaHune npoTtenHa (%) B NepexofHbIX 031MbIX GOpMax MiLeHMLbl B 3aBUCMMOCTY OT YCNIOBWI rofa

MepexonHblie popmbl Min Max
(Besoctan 1 xAe. trigristata) x Kapnwraw 132 184
Spurpocnepmym 350xT. militinae 1 194
(Besocran 1xT. militinae) xT. militinae-6 125 186
(Besoctan 1xT. militinae) xT. militinae-9 140 192
(Besoctan 1xT. militinae) xT. militinae-4 133 188
)KeT blchT . m,/,tmae ............................................. 1 50 ............... 178 ..........
(Besocran 1 x Ae. cylindrica) x T kiharae 137 202
)KemchTklhame ............................................... 170 ............... 182 ..........
3pmpocnepMyM350><Tk,hame ......................... 151 ............... 131 ...........
CreknoswpHan 24T, timopheevii 153 172
}KeT b|cy><T ; t,moph ee v” ........................................ 1 40 ............... 180 ..........
5 e 30 CTam : er cy/mdnca .................................... 143 ............... 135 ..........
Crexnosupran 24x/e. cylindrica 143 184
CopT KapaxaH ........................................................ 1 49 ............... 149 ..........
CopT AnMan b. ........................................................ 1 2 3 ............... 150 ..........
Tt’mopheev” ......................................................... 155 ............... 173 ..........
Tm,/,tmae 218 ............... 2 22 ..........
Tk,hame 213 ............... 2 33 ..........
Aemansmta 215 ............... 2 21 ...........
Aecy/mdnca 219 ............... 2 38 ..........

ConeprkaHme a30Ta B 3epHE TUKIX COPOIIIEH (POAUTETBCKIX
¢opm) Bapsuposano ot 16.0 % y T timopheevii no 23.9 %
y Ae. cylindrica.

Mo conep:xaHmIO Kanusi CTAOMIBHO MAKCUMAIbHBIM CPEl-
HHUM 3Ha4€HHEM BBIACISIOTCs 00pasupl XKetoicy x 7. kiharae,
XKetwicy x T. timopheevii, be3ocras 1% Ae. cylindrica, (bes-
octas 1 x T militinae)x T. militinae-9 (5089, 5162, 5025 u
4355 Mr/kr cooTBeTCTBEHHO). [Ipr 3TOM COBpeMeHHbIE copTa
XapaKTePU30BAIMCh MAKCUMAJIbHBIM 3HaueHHEM 4308 mr/kr
1t copra Komcomonbekast | 114192 mr/kr st copra Anma-
ae1. UaTpOrpeccuBHble GopMbl 1o copepkanuio K B 3epre
NPEBBILIATHA POIUTEIBCKUE KAK COBPEMEHHBIX COPTOB, TaKk
n aukux copommueit (35124515 mr/kr), 3a UCKITIOYCHUEM
Ae. cylindrica (5014-5274 mr/xr) u Ae. triaristata (4282—
5237 mr/kr).

Conepxanne pochopa B 3epHE HHTPOTPECCHBHEBIX (POPM
MEHSIETCS B IIPE/IesIaX COAEPKAHUM JUISl KYJIBTYPHBIX M TUKHX
¢dopm (mMakcumasnbHoe 3HaueHue 4789 mr/kr s [191 bes-
ocras | x Ae. cylindrica), He foCTHTas yPOBHS JUKIX COPOIH-
yeid — 5640 mr/kr (de. ovata) n 5411 mr/xr (Ae. cylindrica).
B nepexoanbix (opmax 3TOT 1mokasaresib BapbUPOBAJI OT
2929 mr/kxr ans (besocras 1 x Ae. triaristata) x Kapmsiram
J0 5236 MI/KI B 3aBUCUMOCTH OT penpoxykunu. B memom
BBIJICITUIINCH [T0 MAKCHMAJILHOMY COfIeprkaHui0 (pocdopa u BO
BTOPOI1 penponykunu reHoTursl JKeteicy x 1. militinae, (bes-
ocras 1 X T. militinae) x T. militinae-9 n CtekmoBuaHast 24 x
Ae. cylindrica. YpoBenb Gocdopa B 3epHe i AUKHX HopM,
0COOEHHO 3THIIONCOB, ObIT BhIIIE B 1.5—1.7 pasza mo MHOTO-
JICTHUM JIAHHBIM U B JIBYX ITOCJICHUX PEHPOAYKIHAX.

leHeTnYecKMe pecypcbl pacTeHui

CpepHee 3a 7 net 2014 2015 2016
(2006-2009, 2014-2016)
. 1 59 i 0 2 ............................... 1 4 5 .................. 1 8 5 .................. 1 56 ..............

. 1 67 i 0 3 ............................... 1 4 7 ................. 1 8 5 .................. 1 57 ..............

. 1 53 i 0 2 ............................... 1 42 ................. 1 7 3 .................. 1 5 3 ...............

. 1 57 i 0 3 ............................... 1 6 3 .................. 1 82 ................. 1 59 ..............

. 1 57 i 0 2 ............................... 1 54 ................. 1 7 0 ................. 1 6 3 ...............
. 1 63 i 0 3 ............................... 1 3 2 ................. R 1 67 ..............
. 1 82i0 3 ............................... 2 13 .................. H eT06p a3|_| a ........................
177i03 ............................... 192 ................. 156_ ....................
. 1 69 i 0 2 ............................... 1 84 ................. 1 54 ................. 1 6 3 ...............
. 1 65 i 0 ] ................................ 1 5 3 .................. 1 7 3 .................. 1 54 ..............
. 1 62 i 0 1 ................................ 1 76 ................. 1 87 ................. 1 58 ..............
. 1 55 i 0 2 ............................... 1 7 5 ................. 1 65 .................. 1 59 ..............
. 1 66 i 0 2 ............................... 1 74 ................. S 1 57 ..............
149i01 ................................ 171 .................. S S
. 137102 ............................... 137 ................. R 1 63 ...............
. 1 64 i 0 3 ............................... 1 50 ................. 1 73 ................. 2 09 ..............

. 220 i 0 3 ............................... 2 36 ................. 2 26 ................. 2 34 ..............

. 223 i 0 1 ................................ 2 1 9 ................. 2 1 5 .................. 2 26 ..............

. 213 i 0 2 ............................... 2 7 1 .................. 2 42 ................. 2 28 ..............

. 229 i 0 3 ............................... 2 39 ................. 2 10 ................. 2 16 ..............

[To comepxanuio Mg B 3epHE MHTPOTPECCUBHBIE (DOPMBI
TAKKe 3aHUMAIOT MIPOMEKYTOYHOE TTOJIOKEHUE MEXKIY 3TH-
nornicamu u 1. aestivum, ¢ MakCuUMyMOM AJis reHoTuna Ke-
TeICy X T. militinae (1689 Mr/kr). Beygensrores Te ke HHTPO-
rpeccuBHBIC (DOPMBI, YTO U IO COACPIKAHMIO Kaust: JKeThI-
cy x T. militinae, Xetoicy X T. kiharae v (be3ocras 1 x T. mili-
tinae) x T. militinae-9.

MakcuMaabHON CTENEHBIO BEIPAKEHHOCTH 1O KOMIUIEKCY
2JIEMEHTOB oTiiuatorcst oopasisl XKerovicy x 7. kiharae (K, P,
Ca, Fe, Mn, Zn) u (besocras | xAe. cylindrica)* T. kiharae
(N, S, Fe).

Conepxanue Fe B 3epHe nmepexonHbix (GopM BapbHPOBAIO
ot 39 mo 66 mr/kr (Ketsicy X 7. militinae) B COBpEMEHHBIX
PENpPONYKIHUAX, COAepKaHie Zn HAaXOAMIOCh Ha ypPOBHE
48-52 mr/kr. MakcumanbHble 3Ha4YeHuUs cojepxanusi Fe B
3epHE, COXpPAHMBIINECS B 00CUX PENPOAYKIHUAX, OTMEUe-
HBI ISl TEHOTHUIIOB ¢ y4dactueM 1. kiharae: (bezoctast 1%
Ae. cylindrica)x T. kiharae, Xetvicy X T. kiharae, dpurpo-
cuepmyMm 350 x 7. kiharae. B cpaBHEeHNH C KyJIBTYPHBIMH (OP-
MaMH-COPTAMU NPEBBIIEHUE COCTaBMIsIeT nopsiaka 25-35 %
JUISL MFHTPOTPECCUBHBIX (hOpM IpH OOJIbIIEH MPUOIMKEHHOCTH
K TUKAM COPOANYaM MIIeHUIBI — 1. kiharae. JTUIOCHL, Kak U
B CJTy4ae MakpO3JIEeMEHTOB, OTIMYAIOTCSI 3HAYMTEIILHBIM ITpe-
olbJalaHieM ypOBHSI JKeJie3a B 3epHe.

W3BecTHO, 9TO MUTATENBHBIN PEXXUM MIICHALB cepoii (S)
OKa3bIBaeT OOJBIIOE BIMSHNE Ha XJIeOOIEeKapHbIe CBOICTBA
myku (Randall, Wrigley, 1986), uto Bbipaskaercst yepe3 Cy-
MIECTBEHHYIO POJIb IUCYIb()UAHBIX CcBsA3el B 0OecnedeHUN
(DYHKIIMOHAIBHOCTH KICHKOBHHBL. 3HaueHNne S—S cBsi3eil co-
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Ta6nuua 3. XapakTeprncTnuka MHTPOrPeCcCUBHBIX NepexoaHbIX GOPM 03MMOI MATKOM MLWEHULbI MO COAePKaHNIo Cepbl B 3epHe, MI/Kr

MepexopnHble GpOpPMbI 03VIMOI MSATKON MILEHULIbI Fs Fe Fy Fg CopeprkaHve reHoTUnoB, %
552000 N:S>17:1 NS> 191
(Ee3OCTaﬂ1XAema”smta)XKapnblram ....................... 1674 ........... 1590 ........... 1840 ........... 1857___ ....................

3pMTpocnepMyM350><Tm,[mnae ................................. 1889 ........... 1652 ........... 1696 ........... 1920_25_ ....................

(563OCTaH1xTm,/,t,nae)xrm,/,t,nae_G ....................... 1798 ........... 1628 ........... 1630 ........... 1865_25_ ....................

(5e30CTaﬂ1XTm,/,tmae)xrm,/,tmae_g ....................... 1738 ........... 1647 ........... 1712 ........... 1888_25 .................... 5 0 .................

(5e3oc1-aﬂ]XTm,/,tmae)x‘rm,/,t,nae_4 ....................... 1769 ........... 1608 ........... 1604 ........... 1769_50_ ....................

CTeKHOB,,,nHa;,24X7-m,/,t,,,ae ....................................... 1730 ........... 1737 ........... 1606 ........... 1706_ ...................... 7 5_ ....................
)Ke-rblcyme,/,tmae228520]7 ........... 1773 ........... 13995050_ ....................
( Eewcm H . 1 er Cy/,nd,,ca)xrk,h ame ......................... 1 992 ........... 1 999 ........... 1 757 ........... 1 768 S 5 0 B

)KeTb,chrk,hame .......................................................... 1795 ........... 1838 ........... 1830 ........... 1786_50_ ....................

3pMTpocnepMyM350><Tk,hame ................................... 1825 ........... 1646 ........... 1623 ........... 1820_ ...................... 5 0_ ....................

CTeKHOBMRHaﬂ24XTt,mopheew, .................................. 1760 ........... 1761 ............ 1605 ........... 1749_33_ ....................

)KeTbICYXT“mOpheev” ................................................... 1694 ........... 1615 ........... 1801 ............ 1925___ ....................

563OCTaﬂ1XAeCy/mdr,ca ............................................... 1942 ........... 1643 ........... 1820 ........... 1863___ ....................

CTeKHOBMHaﬂMXAeCy/,ndr,ca ................................... 1866 ........... 1607 ........... 1500 ........... 1602_33_ ....................

563OCTaﬂ1 ......................................................................... 1693 ........... 1836 ........... 1836 ........... 1693_25_ ....................

Kapnb,ram ......................................................................... 1507 ........... 1510 ........... 1610 ........... 1597_25_ ....................

CTeKnOBM'uHaﬂM ............................................................. 1452 ........... 1527 ........... 1527 ........... 1494___ ....................

)Ke-rb'cy ............................................................................. 1570 ........... 1477 ........... 1477 ........... 1501___ ....................

Anmanb, ............................................................................. 1590 ........... 1503 ........... 1503 ........... 1598___ ....................

Cananb, .............................................................................. 1500 ........... 1607 ........... 1607 ........... 1590___ ....................

3pmpocnepMyM350 ....................................................... 1820 ........... 1725 ........... 1725 ........... 1745___ ....................
Tk,ha,ae2204214221422190 ........... 100 ................. 100_ ....................
Tm,/,tmae2194233023302275 ........... 100 ................. 7 5_ ....................
Tnmopheev” .................................................................... 1901 ............ 1849 ........... 1849 ........... 1841___ ....................
Aema”smm2596243125962565 ........... 100 ................. 5 0_ ....................
Aesqua,0550227224042404 ........... 154875__ ....................
Aecy/md,,ca2170209921022164 ........... 100__ ....................

MIPSDKEHO CO CBOWCTBAMH YHPYTOCTH/3IaCTHYHOCTH U COOT-
HoleHHEM (GOpMUpPOBaHUS S-OSTHBIX OCITKOB ((M-TJIHAIMHBI,
BMC-rtorennnsr) n S-6orarsix (o, y-rmmaauael 1 HMC-
TITFOTCHUHBI).

B 3epHe niepexoHbIX (GOpM MIIEHUIIBI COECPIKAHUE CePbI
B OCHOBHOM HE NPEBBINIACT YPOBHS JJs cOpToB (Tabdm. 3),
XapaKTepu3ysCh MAaKCHMaJIbHBIM 3HAYCHHEM, KaK M MO CO-
nepxxanuto Ca, Fe, Zn u Mn, st uHTporpeccuBHOi (Gopmbl
Ketricy X T. militinae, aTo TOpa3mo HIDKe, 9eM i 1. mi-
litinae (2330 Mr/kT), HO BBIIIE, YeM B copte JKetbicy (1477—
1570 mr/kr). J171st OCTaIbHBIX HHTPOIPECCUBHBIX (POPM coziep-
*KaHue S B 3epHE HAXOANUTCS HA YPOBHE COBPEMEHHBIX COPTOB.

[TorpebHOCTH MIIEHUIIBI B cepe He Tak Benuka: ~20 kr/ra
TS cpeHero ypoxkas 8 t/ra (Zhao et al., 1999). B psine padot
MmoKaszaHa ponb S (comep:kanue S u cootHomenne N:S) kak
B)KHOTO (haKTOPA, BIUSIONIETO Ha XJIeO0TIeKapHbIe KadyecTBa
myku. Hekotopsie uccnenosarenu (Wooding et al., 2000)
CYMTAIOT, YTO JUIS XJIEOOMEKapHBIX CBOMCTB COOTHOIICHHE
N:S = 12.5:1 aBngercs ONTUMYyMOM, a IIPU COOTHOIIEHUH
92
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6onee 13:1 TpeOyroTcst OMOIHNTEIBHBIC 3aTPaThl Ha TIepe-
MemrBanue tecra. CTpyKTypHO ofiHa 4acTth S Tpedyer 15 yac-
teit N. Eciu S B nedumnTe BeaencTBre MPIMEHEHNS a30THBIX
yAO0OpEeHHHA, TO aKKyMYIISIIIUS HeTIPOTEHHOBBIX KOMITIOHEHTOB,
TaKUX KaK aMH/ibl, IPUBOJUT K MPCBLIIICHUIO COOTHOIICHUA
15:1. CpaBuenne cymmapHoro N U S TIO3BOJISET MOTYIHTH
TOJIE3HYI0 HH(OPMAIINIO O MUTATEILHOM OaaHce Mexkay N 1
S B pacTeHUAX U UCIIOIB30BATh B TUarHoCTHKe cTaryca S. Ot1-
MedeHa TeHICHIINS YMEHBIIEHHS CO BPEMEHEM COJIEpIKaHus S
(1981-1982 rr. — 1.72 mr/t, 1992—-1993 — 1.35 Mr/T) 11 BO3pac-
tanus otHoueHust N:S ¢ 12:1 go 16: 1. Conepxanue S B ae-
(urmre Ha BTopoM Mecte ociie N (Harpumep, Ha ceepe [ ep-
MmaHuM). Kputnieckn nepUIUTHBIM CUUTACTCS COAEpKaHne
cepsl 1.2 Mr/t u coorHomenue N: S, pasroe 17: 1. Jlepuunt
CEpBI, B TOM YHCIIE 10 COOTHOMIEHHIO N: S, MOATBEPKIAETCS
B PaHHHE PENPOIYKIUH ITOYTH ISl BCEX HHTPOTPECCUBHBIX
(hopM, IMocTeneHHO CHUXKasICh B OKOJIeHUsIX 10 14.8—-16.2, 3a
HCKITIOYeHUEeM FeHOTUTIOB DputpocnepmyM 350 X T militinae
n XKerwicy x T militinae (cm. Tabmn. 3).
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MwuHepanbHbI COCTaB 3epHa AVKMX COPOANYEin
N UHTPOTPECCHBHBIX GOPM B CeneKLnm NeHNLbl

Knaccudukanus TUKUX, KyJIbTYPHBIX  HHTPOI'PECCUBHBIX
(hopM 03MMOIi MIIEHUIIBI TIO COIEPKAHMIO MAaKPO- U MUKPO-
3JIEMEHTOB ITPOBEEHA METOJJOM MHOTOMEPHOTO KIACTEPHOTO
ananm3a (puc. 2). Bee renorunsl quddepeHunpoBaHbl Ha TPH
kyacrepa. IlepBblii COCTOUT MPEUMYIIECTBEHHO U3 CUHTE-
tHaeckux Gopm, Ae. triaristata n copra Komcomonsckas 1,
MMEIOIIIETO B POJOCIIOBHOM JuKKe (Gopmbl. BTopoii kinactep
BKITIOYAeT B OCHOBHOM copTa (pomurenbckue hopmsl), 1 ti-
mopheevii n uHTpOrpeccuBHyo Gopmy CreknoBuaHas 24 x
T militinae. B tperuii xnacrep Bxousat Bunsl 1. militinae,
T kiharae, Ae. cylindrica m dopmsbl ¢ ux yaactreM: JKeTsicy X
T militinae n be3octast 1xAe. cylindrica. Takoe neneHue
MO3BOJISIET KIIACCHU(UIIMPOBATH TEHOTHIIBI 110 YPOBHIO MeTa-
Gonm3Ma: qUKHe COpOaNyH (TPETHi KJIacTep), copTa (BTOPOi
KJIacTep) M TMPOMEKYTOYHBIH — HHTPOTPECCUBHBIC (hOPMBI
(mepBbIii Ki1acTep).

o comeprkaHMIO MaKpPO- ¥ MUKPO3IEMEHTOB HHTPOTPEC-
CHUBHBIE (DOPMBI MMIIEHHUIIBI 3aHUMAJIH ITPOMEXKYTOTHOE ITOJI0-
JKEHHE MEKTy IMKUMH COPOJJMYaMH M COBPEMEHHBIMHU COPTa-
MU (puc. 3). BrisBiens! nepexonHsie (OpMbI ¢ MUHEPAITEHBIM
COCTaBOM, XapakTepHbIM 1t TUKkHX Gopm (Ketsicy x 7. mili-
tinae; XKetoicy X T. kiharae; be3ocras 1 X Ae. cylindrica).

TakuM 00pa3oM, BBIAEICHBI HCTOYHUKU MO OTIEIBHBIM
aJIeMeHTaM (MaKpo- U MUKPO-) U UX KOMIIIEKCY, YTO TI03BO-
JISIET TOBOPUTH O TEHOTUIIAX C IIOBBIIIEHHBIM YPOBHEM MUHE-
PaTFHOTO COCTaBa CPEAN HHTPOTPECCUBHEIX (hopM, HarboIee
MPUOIIKEHHBIX K IMKAM COPOANYaM IneHusl. Cpeny Bbie-
JICHHBIX ()OpM reHoTHIIbl ¢ yuactueM 1. kiharae u T. militinae,
KOTOpBIE XapaKTEePU30BAIICh KAK NCTOYHUKN MaKCHUMAJIbHOTO
conepxkanusi N, Mg, Mn, Fe, Zn u N, P, S coorBeTcTBeHHO.
Hackonbko 3Ti HCTOYHUKH Y(h(EKTHBHBI U IIEPCTIEKTUBHBI KaK
JIOHOPBI, MOKHO BBISICHUTB TI0 CTETICHH MEPEAauH pHU3HaKa
MOTOMCTBY B CIELUAIILHBIX (TOMKPOCCHBIX) CKPEIIMBAHMSX.

HacnenoBanne BBICOKOTO COIEpIKaHHMs Makpo- U MHKPO-
JIEMEHTOB B 3€PHE U3YUEHO I10 PE3yNbTaTaM TOIMKPOCCHBIX
ckpenuBanuii (cM. puc. 1), mposeaeHusix B (Epxebacna,
Hypneucos, 2009). BeisiBrieH psii KOHCTaHTHBIX HHTPOTPEC-
CHBHBIX JIMHHUM C CEJIEKTUBHO 3HAYNMbIM cojiepkaHneM Fe B
sepue: (besocras 1 x 4e. cylindrica) x Sputpocnepmym 350 —
110 43-56 mr/kr; [191 304 x T timopheevii — no 50-52 Mr/kr;
(besocras 1 x Ae. cylindrica) x T. kiharae — no 50-59 mr/kr;
Opurpocnepmym 350 % T. kiharae — no 47-53 mr/kr; XKeTsl-
cy X T militinae — no 51-66 mr/xr; Xervicy X 1. kiharae — no
51-55 Mr/KT, KOTOpBIE MOTYT CITy’)KUTh UCTOYHHKAMH 3epHA
¢ BeICOKNM cojiep>kanneM Fe. ITo pesysibraram TOTKPOCCHBIX
ckpetrBanuii (Ep>xebaesa, Hypriencos, 2009) ¢ recrepamu —
KOMMEpPUIECKUMH 1 HanOoee pacpoCTpaHEHHBIMH COPTaMHU
CreknoBuanas 24, Anmainsl, JKeTbicy — BbISIBIIEHA NIepegaya
JIaHHOTO PK3HAKa TOTOMCTBY B F,—F; moxonenusx nis asyx
koHcTaHTHBIX nuHUH (bezoctas 1 x de. cylindrica)x T. kiha-
rae u Xetvicy X T. kiharae.

[To KOMIIEKCY DJIEMEHTOB C MAKCHMAJILHO CTETIEHBIO BbI-
Pa)KeHHOCTH BbIJIENICHBI PopMbI: 64 % 110 BCeM IeMEeHTaM —
renorun JXKersicy X T0 kiharae; 59 % — XKetsicy x T. militinae;
41 % — renotun (be3ocras 1 xAe. cylindrica)* T. kiharae,
23 % — renorun DpurpocnepmyMm 350 % 7. kiharae. Onnaxo
B CHCTEME TOIIKPOCCHBIX CKpPEIIMBAHUI YCTaHOBIECHO, YTO
He Bce ()OPMBI I1epe/IatoT IIOTOMCTBY IOBBIILICHHBIH YPOBEHb
MeTabonm3Ma (ComepKaHus MaKpo- U MEKPOJIEeMEeHTOB). Tak,
renorun JXKerwicy X T militinae A1 IO OAHOMY 3JIEMEHTY HE
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202 50 40 30 20 10 1 0 D(1-R?

(BesocTan 1xT. militinae) x T. militinae-9
(be3ocTan 1x T. militinae) x T. militinae-4
(besocTas 1 x T. militinae) x T. militinae-6
Ketbicy X T. kiharae

CreknoBupgHas 24 x Ae. cylindrica
(be3socTan 1 X Ae. triaristata) x Kapnbiraw
SpuTtpocnepmym 350 x T. militinae
(Be3ocTas 1x Ae. cylindrica) X T. kiharae
Sputpocnepmym 350 X T. kiharae

Ae. triaristata |

Komcomonbckas 1

CreknoBuaHas 24 x T. militinae

be3ocras 1
T. timopheevii
Anmani |l

CreknoBupgHas 24

KeTbicy

Kapnbiraw
Ketbicy x T. militinae
4[ Besoctas 1xAe. cylindrica 1116
|: T. militinae
T. kiharae llla

Ae. cylindrica

Puc. 2. leHaporpamma cxoacTBa—pasfinymin ANKKX, KyNbTYPHbIX Y CUHTe-
TUYECKMX GOPM 03MMOIA MLUEHULbI MO MHEParbHOMY COCTaBYy 3epHa Mo
necatu anemenTam (N, P, K, Mg, Ca, S, Mn, Fe, Zn n Cd).

Mepa cxogctBa D (1—R2), roe D - eBKANJOBO paccTosiHue, R — KoabpnumeHT
Koppenauuu.
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Puc. 3. CpaBHMTeNbHAA XapaKTEPUCTUKA AViana3oHa M3MEHUMBOCTY CO-
Lep>KaHrsA MAaKpo- U MUKPO3NIEMEHTOB B 3epHe AMKUX copoanyein (W),
coBpeMeHHbIX copToB (C) 1 cuHTeTUYECKMX dopm nweHunub! (1).

BaBuWNOBCKNI )KYpHaNn reHeTUKN 1 cenekumm « 2018 « 22+ 1 93



Mineral composition of wild relatives
and introgressive forms in wheat selection

T.V. Savin, A.l. Abugaliyeva
|. Cakmak, K. Kozhakhmetov

Ta6nuua 4. XapakTeprncTuka Tonkpoccos (F;) Mo cofepkaHuio Makpo- 1 MAUKPO3IEMEHTOB (MF/Kr)

Tonkpocchbl

TrepeiaBajl HOTOMCTBY HOBBIIIEHHOTO (JOHA €TI0 COIEPKAHUS
B cuHTeTnueckoit popme. ['enorun (bezocras 1% Ae. cylind-
rica) x T. kiharae xapakTepnu3yeTcst JOHOPHBIMH CBOHCTBaMHU
T10 BCEM dJIeMEHTaM, KpoMme Kanusi, a reHoTun JKetsicy X 7. ki-
harae IpOSIBIISLI JOHOPHBIE CBOMCTBA TOJIBKO 110 COACPIKAHUIO
thocdopa, maraus u Maprasma (taoam. 4).

B menom BrITtoueHNE KyIBTYPHBIX (OpM (OEKKpoccHpoBa-
HHE C COPTaMM) B CKPEIMBAHKSI C UHTPOIPECCUBHBIMHU, KaK
MIPaBUIIO0, COTIPOBOXKAACTCS CHIDKEHHEM OO0IIero MeTabomm-
YECKOTO YPOBHS, HO CIEIM(UIHO OTHOCHUTEIHHO COPTOB U
BUJIOB, XapaKTEPHU3YIOIIUXCS MOTUMOP(HU3MOM (CM. Tab. 4).

BBIsIBIICHBI HCTOYHHUKHN BEICOKOTO COZIEPIKAHMS AIEMEHTOB —
JIMKHE COPOANYHN ¥ HHTPOT PECCUBHBIC (POPMBIL, YaCTh U3 KOTO-
PBIX MOXKHO IIPHUBJIEKATh B KAUECTBE JIOHOPOB IIPH CENIEKIIMU
Ha BBICOKOE COJeP)KaHIE MUKPO- U MaKPOIIIEMEHTOB.

O6cyxpeHue

Knaccudukarus AUKIX BUIOB MIISHUIBI IO COACPIKaHUIO
Makpo- u mukpodnemeHToB (N, P, K, S, Mg, Ca, Mn, Fe, Zn,
Al, Cd, Cu) no3Bosinia onpeiesuTh Anarna3oH N3MEHYHBOCTH
W BBIJICJIUTH BUJBI C MAKCHMAaJIbHBIM 3HaueHHEM. Bce aru-
Joncel, n3yueHnsle panee (CasuH u 11p., 2009; Abugalieva et
al., 2013) u B Hacrosel paboTe, XapaKTepPU3yIOTCsl TIOBbI-
IIICHHBIM COZICP’KaHHMEM jKeJe3a W IIMHKA, 32 NCKIIOYCHHEM
Ae. triaristata. BEICOKOMY YPOBHIO KeJie3a U IMHKA B 3¢pHE
ATUIIONICOB COOTBETCTBOBAJIO M MAKCHMAJILHOE COIEPIKAHUE
JIPYTUX DIIEMEHTOB (MI/KT): Kanus — 10 5484, hocdopa — no
5749, marausa — no 2102, cepsl — g0 2775, xanbuus — 10
1009, mapranna — go 78. Conepsxkanue Kaamusi B 3€pHE pas3-
HBIX BHJIOB IIICHAI] M TUKAX COPOIMYEH BBISIBIECHO: OT <20
mo 21 mr/kr mns 3epHa 1. persicum; 1o 22 mr/kr s T. pet-
ropavlovskyi; 23 mr/kr — T. polonicum; 24 mr/kr — T. spelta;
25 mr/kr — T, kiharae; 26 mr/xr — T. militinae; 35 ymr/xr — T, di-
coccum; a uis Ae. cylindrica v Ae. squarrosa —30 n 54 Mr/xr
COOTBETCTBEHHO.

CpaBHEHHE Pa3TUYHBIX BUIOB MIIEHUIIBI, BHITIOTHEHHOE
paHee 10 pe3yNbTaTaM KJIACTEPHOT0 aHAIN3a IO COICPIKAHUI0
MakKpo- ¥ MUKpo3ieMeHTOB (Abugalieva et al., 2013), moka-
3BIBAET, UTO ATHIIONICHI (Ae. ovata v Ae. triuncialis) o MUHe-
paJIbHOMY COCTaBy TPYIIHPYIOTCS B OTACIBHBIC KIACTEPHI.
TerpaniounHble BU/BI MIIEHUI] C TEHOMOM BA* 00beMHN-
JICHh B OCHOBHOM B OJIFH KJIACTEP. BHUIBI MIIIeHATT ¢ TeHOMOM
GA"(T. timopheeviin T. militinae) 6MA3KH 110 MUHEPATEHOMY
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COCTaBY K reKkcaruioniaM. B 11emom noareeprkaaeTcst BRICOKUH
MOTEHIMAJ AUKUX COPOANYEH HE TOJIBKO [0 MUKPO-, HO U T10
MaKpO3JIEMEHTaM.

B nurarenbHOM acriekTe BaKHO HE MPOCTO COJCpIKaHHE
MaKpO- ¥ MUKPOBJIEMEHTOB, HO U UX OanaHc, Harpumep Ca:P,
Ca:Mg, N:S. OntumansHOE COOTHOIIEHHE KaIbIusI U (oc-
(opa B mmme B3pocioro yenoseka cocrasisier 1:(1.5-2.0)
npu cyTouHo# norpedHocTH B Kanbiuu 800 mMr u dpochope
12001600 mr. CoritacHO HEKOTOPHIM COOOIICHHUSM, TIPU
M30BITOYHOM THOCTYIUICHHH (Gocdopa B OPraHU3M MOMKET
pa3BHBaThCSl OCTEONOPO3 U KAJBIMHO3 OTENBHBIX TKaHEH,
0COOEHHO a0pTHI y JIFO/IEH C TOHIMKECHHBIM COJEPKAHNEM
koOanbTa. B n3ydyennsix mmuennnax Kazaxcrana coorHore-
nue Ca:P mensercs ot 1:6.89 1o 1:6.97, T. e. HuKe oKasare-
neit 1:8.1 u 1:7.5, mpencraBneHHBIX B padoTte (apkanbaes,
Kapxos, 1976).

B Hammx ucciieoBaHusX 1OKa3aHo, 4To Hanboee Onaro-
MPUATHOE COOTHOIIEHHE KalbIusd K Gochopy XapakTepHO
quta BunoB Ae. triuncialis (1:5.7), Ae. cylindrica (1:6.0),
T turgidum (1:6.0), T. persicum (1:5.7), npu makcumyme 1:19
(T. compactum) n 1:16 (T. spelta). I1o COOTHOIIEHUTO KaJTBITHS
K MarHuro Hanbosee cOaaHCUPOBAHBI ATHIIONICHL: Ae. squar-
rosa (1:0.8), Ae. triuncialis n Ae. cylindryca (1:2.1), cpenu
terparutonnioB — 1. turgidum n T. persicum (1:2.1), cpean
rekcarmionsioB — 1. petropavlovskyi (1:2.7) u T. sphaerococ-
cum (1:2.8).

W3y4yenne MHHEPAIBbHOTO COCTaBa 3€pHA IIICHUIBI U €
JIUKUX COPOJMYEH BBIIBHUIO Ooiiee BBHICOKHI YpPOBEHB CO-
JICpXKaHUS BCEX DIIEMEHTOB Uit Ae. ovata u Ae. triuncialis.
OTMedeH BEICOKHIA OTHOCHTENBEHO COPTOB-cTaHAapTOoB (7. aes-
tivum) ypoBEeHb MUHEPAJILHOTO COCTaBa 3€pHA U y NPYTHX
BUJIOB MIICHUIIBI (pHC. 4).

Takum 006pa3oM, HCTOUHHUKAMH BBICOKOTO COAEPKaHNUS HC-
CJIC/IOBAHHBIX JIEMEHTOB SIBJISIFOTCSI STUIIOTICHI B CIICYIOIIEM
nopsizike: Ae. triuncialis> Ae. ovata (K, P, Mg, Fe, Zn)> Ae. cy-
lindrica (Fe, Mn)>Ae. triaristata (S)>Ae. squarrosa (Ca).

B kadecTBe MCTOYHHMKOB BBICOKOTO copepkanus N, Mg,
Mn u Fe, Zn moxet 0b1Th paccMmotpena 1. kiharae; N, P, S —
T militinae; Mn, Fe, Zn — T. petropavloskyi; kak ncroaank K
u Zn niepcriektuBHa 1. compactum (cM. puc. 2).

Conepxxanne Cd B 3epHe B NepBOW PENpPOLYKIMH IS
mukux copoxudeit (16 BumoB 7Triticum) W TATH STUIONICOB
Bapeuposano ot <20 no 25 mr/kr (T persicum v T. kiharae),
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MwuHepanbHbI COCTaB 3epHa AVKMX COPOANYEin
N UHTPOTPECCHBHBIX GOPM B CeneKLnm NeHNLbl
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Puic. 4. CopepaHune Makpo- 1 MMKPO3/IEMEHTOB B 3epHE 3r1oNcoB (a) v BUAOB NiueHuLbl (6) B 3aBMCMMOCTM OT penpoaykuuun (Abugalieva et al., 2013).

BO BTOPOif penpoxykiwn — oT <20 1o 24-26 mr/kr (T spelta,
T. polonicum, T. militinae), c MaKCUMaJIbHBIM 3HAUYCHHEM
cpeau Triticum (no 35 mr/kr) mist T, dicoccum. Cpeny 1situ
00pa3noB pona Aegilops BBICOKIMH 3HAYCHUSIMH 3TOTO I10-
KazareJst OINYAIINCh TONBKO Ae. cylindrica n Ae. squarrosa.
TpeGoBanus o orpannyenuto copepxanus Cd B 3epHe (He
6omee 20 Mr/KT) 00yCIOBIEHBI BEICOKOH TOKCHIHOCTBIO ATOTO
anemeHTa. [loaToMmy HeoOX0MMO 00paTHTh BHUMaHNE Ha Ha-
ClIe/IOBaHKE 3TOTO NPU3HAKa B THOpHUIaX C y4aCTHEM BUJIOB,
B 3€pHE KOTOPBIX 00HAPYKEeHO BbICOKOE conepkanne Cd.

Coneprkanne azora (N X5.7) B 3epHEe TUKUX COpoxUUeit
nuIeHuIbl BapbupoBasio ot 13.9 % (7. spelta) no 27.2 %
(Ae. trinncialis n Ae. triaristata). DTAIONCH B IIEJIOM OTJIH-
YaJIUCh TOBBIIIEHHBIM YPOBHEM a30Ta B 3epHE —25.9-27.2 %.
Hawubonee Bbicokoe coniepykaHue a30Ta Juisl U3y4eHHBIX Ipe/l-
crasutene popa Triticum ormedeHo y T. militinae (23.6 %),
T. kiharae (21.9 %) n T. persicum (20.0 %). CTaOuabHEIMI
MCTOYHHKAMH BBICOKOTO COZICPKaHUsI a30Ta sBIsitoTest 1. mili-
tinae (21.8-23.6 %), Ae. cylindrica (21.9-23.9 %) u T. kiharae
(21.9-22.0 %). OTHOCHTENBHO HU3KOE CTAOMIFHOE COoJIeprKa-
HHE (B CPaBHEHHH C IPyTHMMH BUJAMHU TIICHHIIBI) XaPAKTEPHO
s T, timopheevii — 15.5-17.3 %.

W3y4yenne MHUHEpAIbHOTO COCTaBa 3€pHA IMIICHHUIBI U e
JIMKUX COpOJMYEil BBISIBUIO Oosiee BHICOKUH YPOBEHBb CO-
JIepKaHUS BCEX MIEMEHTOB i Ae. ovata M Ae. triuncialis
1 001 TOBBIICHHBIH (DOH /TSI COPOMYIEH OTHOCHTEIHHO
coBpeMeHHbIX copToB 1. aestivum (ctanaaptsl). [To conepixa-
HHUIO MaKpo- 1 MHKPOJIEMEHTOB HHTPOTPECCUBHBIE (DOPMBI
MIICHHUIBI 3aHUMAIOT NTPOMEKYTOYHOE ITOJIOKEHUE MEXTy
JIMKHMH COPOINYaMH U COBPEMEHHBIMU COPTaMH.

Belenenrne HCTOYHUKOB BBICOKOTO COZIEPKAHUS OTAEIb-
HBIX 2JIEMEHTOB, KaK ¥ CaMO HX 3HaYCHHNE, 3aBHCHT OT yCIIOBUH

leHeTnYecKMe pecypcbl pacTeHui

BeIpanyBanus. [IpakTudecky Bce 03MMbIE epexoaHble (op-
MBI IIIICHUIBI XapaKTePHU30BAIUCh BBICOKUM COJCP)KaHUEM
aszora (cM. Tabi. 1). BeisiBiieHbl 00pa3iibl ¢ MUHUMATbHBIMU
3HadeHus MU a3oTa: (beszoctas 1 x 7. militinae) % T. militinae-6
u (besocras 1 x I. militinae) x T. militinae-9.

ITo comepxanuto Gocdopa cTaOUIBHO MaKCHUMAaJIbHBIM
3HaYeHHEeM OoTindaercs reHotun JKervicy X T, militinae (B
IIECTH M3 BOCBMH PENPOAYKIIMIA), TaK 5Ke KakK U 10 CoJieprKa-
Huto kaust. Cpey TeHOTHUIIOB ¢O CTaOMIIbHO BhICOKUM NPK
takke (opmsl XKervicy X T. kiharae n (bezoctas 1 x Ae. cy-
lindrica)x T. kiharae.

T'enotuns XKeteicy X 1. militinae, (bezocrtas 1 x Ae. cylind-
rica)x T. kiharae n Xetvicy X T. timopheevii oTIU4annuch
MaKCUMaJIbHBIM HakoruieHueM conepxkanust Ca. ITo comep-
kaHnio Fe MakcumalibHble 3HAYCHUS! XapaKTepHBI ISl Te-
HotunoB XKetsicy x T. militinae, be3ocrtas 1 x Ae. cylindrica
(49—66 Mr/Kr) B Tpex M3 MIECTH penpoayKuuil n JKeTsicy X
T. kiharae (56—66 mr/kr). AHaJIOTWYHAS KapTUHA TI0 COICP-
JKaHWIO MapraHia: MakCUMyM 45-63 MI/Kr cTaOWiIpHO Ha-
6mronaercs y reHotunoB JKetsicy X T. militinae u YKeTbicy X
T. kiharae B nonoBune penpoaykuuii. [lo conepxanuo Mg
BhIenseTcs reHotun JKeteicy X T militinae B ISITH U3 ceMu
penponykimii v XKetbicy X 7. kiharae. OcoOblit nHTEpEC MTpea-
CTaBJISIIOT (DOPMBI, TIEPCIIEKTUBHBIC 110 TEXHOJIOTUYECKUM
COOTHOIIEHHAM, HanpuMep N: S, ¥ 10 MuTaTeabHbIM (Mean-
IIMHCKUM) COOTHOIIEHUsIM, Harpumep Ca:P.

Takum 00Opa3oMm, BbISBIEHBI HCTOYHUKH BBICOKOTO COZIEp-
JKaHUSI 2JIEMEHTOB — TUKHE COPOJIMYHN ¥ CHHTETHIECKHE hop-
MeL. it N, Mg, Mn ato T kiharae — Ketbicy X T. kiharae;
st Fe, Zn— T kiharae — XKervicy x T. kiharae, (be3ocras 1 x
Ae. cylindrica)x T. kiharae; nnst P — T. militinae — XetsI-
cy X T. militinae, (bezocras 1 x T. militinae)x T. militinae-9;
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st N u S — T, militinae — Xetbicy X T. militinae, Dputpo-
cuepmyM 350 x T militinae; nna Mg — T. timopheevii —
CrexioBunHas 24 x 1. timopheevii.

[TonyueHHbIe pe3yNbTaThl yKa3bIBAIOT HA TO, YTO B CEJICK-
[[MH HA BBICOKHI ypOBEHb MeTa0O0JM3Ma NEePCIEKTHBHO HC-
MTOJTb30BaHUE MTEPEXOJHBIX MIIICHIYHO-IYKEPOTHBIX (HOpM.

bnarogapHocTn

HccnenoBanus 4acTUYHO (PMHAHCHPOBAHBI IO MPOEKTY
['® 4/2766, MunncrepctBo obpazosanust u Hayku PK «Cun-
TeTHdecKkrne GOpMBbI KaK OCHOBA /ISl COXPAHEHHS U MCIIONb-
30BaHMsI TeHO(OHA TUKUX COPOIMYEH MIICHUIBI 10 Ka-
YEeCTBY 3epHa (MMUTATENbHBIA U TEXHOIOTUYECKUN aCTeKT)»

(2015-2017 rr.).
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