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Kaptupyromas momyssnus, cocrosimas u3 95 murarmtonaasix guauil (A1) msrkoit mmenunst Triticum
aestivum L., co3manubix ¢ ydactuem copra Chinese Spring (CS) u jguamm SQI, ncciaeqoBaHHBIX 110
MpU3HAaKaM KadecTBa 3€pHA B YCIOBUSAX IMOJIMBA M Oorapsl roro-Boctoka Kazaxcrana (1998-2008 rr.,
KasHNI3uP), oxapakrepuzoBana o coaepkanuto Fe, Zn u S B 3epHe. YCTaHOBJICHA aMITTUTY/Ia U3MEHYH-
BOCTH ATHX JIIEMEHTOB B 3epHE MIIeHUITBI omyrsinuu CS x SQ1, mpemocTapistonias peaibHy 0 BO3MOYXHOCTb
JUTA OTIPENICNICHUS JIOKYCOB KOJTHMYECTBEHHBIX MMPU3HAKOB IMUTATEIBHBIX CBOWCTB (Zn u Fe), B mononneHmne
K aHaJIM3y arpOHOMHYECKHX ToKazareneil u 3acyxoycroitunBoctu (Quarrie et al., 2005), TexHomornye-
CKHX TOKa3aresei kadectna 3epHa (Abugalieva et al., 2008). BoimeeHb! JUHHN CO CTA0OMIBHO BBICOKHM
cozepxanueM Fe 1 Zn Ha Oorape u 1ojinBe, nepcreKTUBHbIC 7151 0n0(GopTH(HUKAMOHHOTO ChIPbS U3 3epHA
SIPOBOM MILIEHUIBI B yciioBusx Kazaxcrana. BoisiBiieHbl K03 (DUIIMEHTBI KOPPEISIIMU MEK/LY COepIKaHHEM

Zn u OeJika B 3epHEe, MMEIOIIHE arpOHOMHUYECKOe 3HAUCHHUE.

KuarwueBsble cioBa: msrkas nieHuna, Fe, Zn, S, nturaniouiHbIe JIMHUH.

B cepenune 1990-x IT. psiioM MeKayHapOJHBIX
opranu3auuii B crpanax llenTpanbHoil A3uu u
B Kazaxcrane BrmepBbie OBLTH TIPOBEIEHBI MEIH-
KO-ieMorpaduuecKkne MCCle0BaHns, KOTOphIe
BBISIBUIN BBICOKUH YPOBEHbB JKEJe301e(PUIIUTHON
aHemuu cpenu Hacenenus (38—60 %). Kazaxcran
exerogHo tepset a0 1,2 % cBoero BBII u3z-3a
npobnembl neduIuTa xene3a u iona (MCTOYHUK:
UNICEF/Micronutrient Initiative 2004).

Ilo nanueiM BeemupHo opranuszaium 37paBo-
oxpanenust (BO3), okono 2 miapa HaceleHUs
UCTIBITHIBACT JCPUIUT KIFOUCBBIX MHUKPOIJICMEH-
TOB, TaKHX, Kak Zn u Fe, KOTOpbIii MOXET OBITh
BOCITOJTHEH 3a CYET €)XXETHEBHOTO MOTPeOIICHUS
MoJTHOIIeHHBIX mpoxykToB (Welch, 2002). Omanm
13 UCTOYHHKOB 3THUX BaKHBIX JICMEHTOB SIBJICTCS

3epHo mmeHuIbl (Graham et al., 2001) ompene-
JICHHOTO TEXHOJOTMYECKOro KadectBa. l3BecreH
craryc S (comepxanue S u cootHomenne N:S) Kak
BaXHOTO (haKkTOpa, BIUSIOIIETO Ha XJIeO0TTeKapHbBIS
Kay€CTBa MYKH, HAXOAAIIETOCS B JIMMUTE Ha BTOPOM
Mecre nocie N. Yposens Fe u Zn B COBpEMEHHBIX
COpTax OTHOCUTEIBHO HEBBICOK (CaBuH u Ap., 2007;
Morgunov et al., 2007). [IpoOnema MOkeT OBITh pa3-
pemmMa Ha OCHOBE UCTIONTb30BaHMS COBPEMEHHBIX
MOJIEKYIIAPHO-TEHETUYECKUX TTOIXO0J0B 10 HJICH-
TU(QUKAIMN TEHOB, KOHTPOJIUPYOIIUX PETYIISIIUIO
COACPpKaHUS NAHHBIX IMUTATCIIbHBIX 3JIEMECHTOB U
COOTBETCTBEHHO KayecTBa 3epHa.

Lens qaHHO# pabOTHI — U3YYHTH IUTATUIONHBIC
JIMHUHW MATKOM MIIIIEHMIIBI TT0 coepkanuto Fe, Zn, u
S B KaueCcTBE NCTOUHUKOB OMOPOPTUHUKAITHOHHOTO
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U TEXHOJIOTHYHOIO ChIPbsl KAK OCHOBBI I'€HETHYE-
cKoro aHanusa cogepxanus Fe, Znu S.

MATEPHUAJI 1 METO/IbI

Marepuai ucciieioBaHui — MOMyJIsALus, COCTO-
amas U3 95 nuramnouansix Ui (JAIJT) msrkoit
nueHuusl Iriticum aestivum L., CO3JaHHBIX C
yuactueMm copta Chinese Spring (CS) u nunun
SQ1 (Quarrie, 1987), n3ydaemMbIX 1O MPHU3HAKAM
KayecTBa 3epHA B yCIIOBHAX I10JIMBA U OOraphbl I0ro-
Boctoka Kazaxcrana (1998-2008 rr., KasH1N3uP).
Nzyuaemble muaum BeiceBanu B 2007 u 2008 T
Ha cenekuuoHHoM yuacTke HII®D «Duton» B
Kapabansikckom parione Kocranaiickoii oOmactu
(cenmexmonep B.A. 'aHeeB) mo yepHOMY Tapy B
OTNITUMAJIBHBIN 115 30HBI CpoK — 20 mast. JlemstHKu
TpeXpsAHbIC, JUTMHOW 1,5 M U IUPUHON MEXTyps-
nuit 60 cM, MTOBTOPHOCTH AByKpaTHast. CTaHaapTt —
copt JlrobaBa 5 (Puton 156).

O0beM aHATUTUYECKOTO MaTepralla MO3BOIUII
OLICHUTb FeHETUUECKUI MOTEHLIMAI Ka4eCTBa 3ep-
Ha 10 WHIEKCY TBEPI03epHOCTH, cocTaBy BMC
u HMC (BBICOKO- 1 HU3KOMOJEKYISIPHBIX CYOb-
eJIMHMII) TIIoTeHnHa u Hanuuuio 1B/1R Tpanc-
JIOKaIMK, Kak onucaHo panee (Abugalieva, Pena,
2010), 1 cocTosiHUE MPOTEUHOBOTO KOMILIEKCA O
BCEM JIMHUSIM norynsanuy. KagecTBo Myku u xineba
OLIEHEHBI 110 KOMIIO3UTHBIM 00pa3Lam Is Kax 101
JUHUM C TOCTaTOYHBIM 0OBEMOM Marepuasa Jjist
73 w3 95 AI'L

NHnpaexc TBEp103EpHOCTH ONPEAETSUIN Ha NPH-
6ope SKCS 4100 Perten Instrument; copepxanue
NPOTEUHA, NIMAAMHA U [IIOTEHHHA B 3€pHE OIIpe-
nensu MetogoMm Keenmbaans, B Tom uncie Ha K-
aHaAJIN3aToOPeE 10 Pa3pabOTaHHBIM HAMU ypaBHEHH-
sm (Abyranuesa A.W., AOyramuesa C.U., 2006);
MOKa3aTelb CEIUMEHTANH MYKH OLICHUBAIHU TI0
k03 unuenty HaOyxauusi B 2 %-il yKCycHOU
kucnore. Unenrndukanms IMHAN OCyIIECTBICHA
10 KOMIIOHEHTHOMY COCTaBY IVIMaJHHA U COCTABY
cyowrenuann nmotennHa (Ilepyanckuii u ip., 1996;
Abugalieva, Pena, 2010).

ConeprkaHue KJICHKOBUHBI U €€ KaYECTBO OIpe-
nensau coritacao MCO 7495, 1990 u 'OCT
13586.1-68; 6emm3ny myku — cormmacHo 'OCT PD
26361-84; comeprkaHre aMIIIO3bI — HOMOMETpHYe-
ckum metozioM (Ilepyanckuii u nip., 1996); dusn-
YecKre CBOWCTBA MYKH M TE€CTa — 10 IAHHBIM IPH-

6opos «Alveolink» (Shopen) — 'OCT 28795-90 n

(apunorpada (Brabender). XiebonekapHast OrieHKa
OCYIECTBJICHA MO JAHHBIM BBITICUKH O€30MapHbIM
MeTo#oM. Maremaruueckas 00padoTKa JaHHBIX
OCYIIECTBJICHa METOJIOM KJIACTEPHOTO aHAJIM3a,
aHanu3a ['C-B3auMopecTBUI U BBIYHMCICHUEM
WHTETPabHON OIIEHKH C HMCIOJIb30BAHUEM TIPO-
rpaMMHBIX CpeACTB, onucaHHbiXx B.H. CaBuHbIM C
coasr. (1998) no anroputmy C.I1. MapTbiHOBa.

ConeprxaHue JIEMEHTOB B 3¢pHE U B MyKe OIpe-
JieJICHbl METOAaMHU aTOMHOH aIcopOLyM U CHEK-
TpaJbHBIM — WHAYKTUBHO IJIA3MEHHO-aTOMHOM
smuccuonHoi criekrpometpun (ICPAES, Varian)
Ha 0aze Cabanum YHuBepcurera r. CtamOyn, Typ-
nus (Cakmak, 1999).

PE3VJIBTATBI U OBCYXJIEHUE

Coneprxanue Fe B 3epHe Uraruion THBIX JIMHUH
BapbHUpoBasIo B nipezeiax 40—70 MI/Kr B yCIOBHUSAX
nojiuBa, 42—72 mr/kr B ycnoBusix oorapsl (KU3,
1998-2008) u 36—64 mr/kr 6orapsl (Kocranaii,
2007-2008); conmepxkanue Zn ot 34 mo 74 Mr/kr
Ha nonmuBe mpotuB 35-56 mr/kr (KU3, 6orapa)
n 38-68 mr/kr (Kocranaii) coorBercrBeHHo. Co-
JepkaHue S BapbUpoBaIO B OOJIBIICH CTENICHH Ha
rojuse oT 1522 10 2616 MI/KT 1 B O4€Hb OIU3KUX
3HAYEHUSX 11 OOTaphl Pa3HBIX PETHOHOB: OT 1642
1o 2160 mr/kr B ycnoBusax KM3a u ot 1612 mo
2171 wmr/kr B yenoBusx Kocranas (tadm. 1).

B nienoM B yCImoBHSIX ITOSTUBA OKOJI0 52 Y% TUHMIA
XapaKTepU30BAINCH coiepskanreM Fe B 3epae or 51
110 60 Mr/kr, a cBblIie 61 Mr/kr orMedero g 19 %
AT munnii (puc. 1). ComacHo pe3yabraram ucciieo-
BaHMiA 110 OnodopTH(UKAIIH NIIIEHHUIIBI TIPOTPaM-
MBI «Hurvest Plusy, 1ieneBoit ypoBeHb comepKaHus
Fe u Zn cocrapisier 60 mr/kr (Welch, 2002).

JlaHHBIC TUHUY MPEACTABISIOT COOON IEHHBIIH
WCXOIHBIN MaTepual 11t 6no(opTUPHUKAITMOHHOTO
CBIPBS, OCOOCHHO JIMHUU, CTAOUIBLHO (POPMHPY-
Ioue cofepkanne Fe xak B yClIOBHAX TOJHBA,
tak u 6orapsr: JIJI-1 (70 u 60 mr/xr); AIJI-3 (63
u 60 mr/kr); AIJ1-9 (63 u 61 mr/kr); ATJ1-41 (61
u 69 mr/kr); AIJ1-54 (67 u 60 mr/kr). Jluaum c
BBICOKUM cojiep>kaHneM Fe B 3epHe, MoTyuYeHHOM
B ycnoBusix nonusa, A1JI-20 (69 mr/xr); AIJ1-40
(72 mr/xr); ATJ1-44 (65 mr/kr); AIT1-64 (65 Mr/xT)
u JAI'JI-61 (64 Mr/KT) OTHECEHBI K IEPCIIEKTHUBHBIM
JUIsl ”YHTEHCUBHOTO TUNa. HanpoTus, /uis ycioBuil
Oorapsl BeiieseHsl qunun [A1J1-46 u JIIJ1-41, xa-
PaKTEepHU3YIOIIKECs] MOBBIILICHHBIM COACPKAHUEM



896 AN. Abyraanesa u Ap.
Tadmuuna 1
Jnana3zoH U3MEHYMBOCTH COAEPKAHUS MUKPO- U MAKPO3JIEMEHTOB
muHui nomyssinuy CS x SQ1 B ycinoBuUsX moynBa U 60rapsl
Ilomus, K13 borapa, K3 Kocranait
(1998-2008) (1998-2008) (2007-2008)
min max cpenHee min max cpemHee min max cpemHee
S 1522 2616 1954 1642 2160 1914 1612 2171 1925
Fe 40 70 54 42 72 51 36 64 51
Zn 34 74 55 35 56 45 38 68 52
a 060 6 o7}
0,50 | 0,60 |
0,40 | 0,50
030l 0,40 |
’ 0,30}
0,20
0,20
0,10 - 0,10 | H
3540 41-50 51-60 61-70  >71 3540 41-50 51-60 61-70  >71

Il Fe, 6orapa [] Fe, nonus

I Zn, 6orapa [] Zn, nonus

Puc. 1. Pactipenenenune J{IJI no conepkanuto Fe () 1 Zn (0) B yciioBusix 60rapsl U MoJIMBa.

Fe B cpaBHEeHMU C TaHHBIMU TI0 TIOJHBY (62 MT/KT
1 69 MI/KT COOTBETCTBEHHO).

CrabunpHO TMOHWKEHHBIM cojiepkaHueM Fe
B 3epHe XapakrtepuszoBanuchk auHuu JIJI-35
(45—47 wmr/kr); AIJ1-37 (4647 mr/xr); JAIJ1-38
(4045 wmr/kr); AIJ1-51 (45-44 wmr/xr); ATJI-57
(4648 mr/kr) u AIJ1-70 (42—45 mr/xr).

B ycnosusix Kocranaiickoii o6macTu 1rana3on
M3MEHYHMBOCTH coepkanus Fe B 3epHe okazancs
Ha OJIM3KOM YPOBHE C JIMHUSAMH, BHIPALICHHBIMH B
AnmaruHckol o0nacti — 36—64 mr/kr npotus 40—
72 mr/kr cootBeTcTBeHHO. Ha ypoBHE > 60 MI/KT
Fe B 3epne BoisaBneno 4 nunuu: AIJI-16, AITJI-3,
JIJI-39 u AIJI-35. JIunusa JAIJI-3 noaTBepkaaeT
BBICOKHE M CTAOMITbHBIE 3HAUYEHHSI 110 COZIEPKAHUTO
Fe, BbIsiBIIeHHbIE HAMU paHee B YCIOBHUAX AJMa-
TUHCKOM 00s1acTu. Best koyuekius xapakTepu3oBa-
Jach BBICOKMM (POHOM coziepkanus Fe Ha ypoBHe
46 mr/KT IPOTHB 36—38 MI/KT 1715 COpTa-CTaHIapTa
JIro6aBa ¢ o4eHb BBICOKOH foneit reHoTunos (79 %
M3 BCEX MCCIIEIOBAHHBIX TEHOTHIIOB) C CEJIEKTHBHO
3HAYUMEBIM cojiepkanueM Fe > 50 mr/kr.

Copepxanue Zn B yCIOBUSAX IOJIMBA TaKKe
OBUTO BBICOKUM Y 25 % Bcex JIMHHMH, Y KOTOPBIX

3HAYEHUS ITOTO MTOKA3aTeIsl PEeBhImamu 61 Mr/kr
(puc. 1). Cpeny HUX BBIICTICHBI JIMHUY C YCTOHYIHBO
BbICOKHM copiepxkanueM — 1 J1-61 (72-52 mr/kr) u
JATJI-63 (62—52 Mr/Kr); yCTOMYMBO HU3KHM COAEP-
xanuem Zn — JIIJ1-38 (34-37 Mr/kr) v CTaOMIbHBIM
conepxkanuem — JIJI-5 (56-54 mr/kr), AIJI-35
(57-51 mr/xr) u ATJ1-46 (5255 Mr/kr).

B ycnoBusix momnuBsa 1o coiepikaHuio Zn JIOMH-
uupoBan uauu JAJI-1; ATJI-3; A1JT1-20; ATT1-44;
JTJI-60 u ATJ1-64 (6570 mr/kr). CTaOUIBHO HU3-
Koe coziepxkanne Zn Obw1o xapakrepHo st A1J1-38
(34-37 Mr/KT), CHHXPOHHO C HU3KUM COJIEp)KaHHEM
Fe u mporenna (tadm. 2).

JucnepcroHHbIN aHaJIU3 B3aUMOJIEHCTBUI
«TEHOTHII—CPE/Ia» TI03BOJIMI BBISIBUThH JICTEPMHU-
HUPOBAHHOCTH cojepxkaHus Fe reHorumnom Ha
46-69 % B ycnoBusix Oorapa/peruoH u nojaus/oora-
pa B OJTHOM perroHe (Tadi. 3) 1 B3auMOIeiCTBUEM
reHoturn—cpena 18—50 % cooTBEeTCTBEHHO.

Conepskanue Zn Juisi JaHHOTO PACTHTEILHOTO
Marepuaa Taoke B Oombieii crenenu (Ha 54—64 %)
OIIpeIeIIsieTCsl TCHOTUIIOM M U3MEHEHHUEM BOJHOTO
peXMMa, 4eM U3MeHeHueM peruona (28 % u 5 %
COOTBETCTBEHHO). Kak 1 B citydae ¢ comepikaHueM
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Taoauma 2

Maxkcumanbsabie 3HaueHus 1711 nepBbix 10 JIJ] ¢ cambiM BeIcOKMM ypoBHeM coaepxanus Fe u Zn

Panr Conepxanne Fe Conepxanne Zn
Tlonus, Borapa, Bborapa, [Tonus, Bborapa, Bborapa,
1-10 Anmatsl Anmatsl Kocranait Anmarsl Anmarbl Kocranait
AT | mr/xr | AUJT | mr/xr | J0JT MT/KT AT | mr/xr | ATJT | mr/kr | JATJT | Mr/kr

1 1 70 40 72 16 64 54 74 54 56 3 68
2 20 69 41 69 3 63 61 72 46 55 39 64
3 54 67 46 62 39 61 52 71 5 54 35 62
4 64 65 9 61 35 60 44 70 105 52 16 61
5 44 65 3 60 19 59 20 66 61 52 2 59
6 61 64 54 60 12 58 64 66 63 52 87 59
7 3 63 1 59 2 57 1 65 35 51 28 58
8 9 63 5 57 28 55 3 65 3 50 19 57
9 41 61 14 54 128 55 60 63 14 50 33 54
10 56 61 32 54 17 52 63 62 94 50 12 52

Fe, mo Zn 3HaunTenbHO BIUSHUE B3aUMOICUCTBUS
reHotuna u cpeapl (1628 %).

JIunum 14,32, 34,46 1 94 o coneprxanuto Zn u Fe,
cootBeTcTBytomnme 1—10-My padry B yCtoBusx Oora-
PBI, XapaKTePU30BAINCH HANBBICIIIAM COICPKAaHIEM
kJeilikoBuHbI (AOyranuesa A.U., AGyraimesa C.1.,
2006); muauun 1134 u JITJT 63 — cambIM BBICOKAM
KayecTBOM KiiekoBuHbl; iuann IJI-14, JITJT1-32,
HIJI-34 Bouuiu B IEPBYIO JECATKY 110 CEAUMEHTA-
uuu; auaun AIJ1-64 u JIT'JI-46 — mo amuiiose
(B ycnoBusix G6orapsl u nonusa); auaAn JA1J1-64,
HAIJI-105 u AIJI-9 — mo OenusHe MyKH; JTUHUU
AIJ1-94, A1J1-32, ATJI-56, AIJI-54 — mo Bomo-
MOMIOTUTENIbHOM criocodnocTw; JAIJI-32, AIJ1-34,
HAIJI-94 — no paszxmxenuto Tecta; auHuu JIIJT1-9,
JTJI-32 — mo cMecHTeNbHOW MEHHOCTH, JTUHUS
JIJI-56 — P/L (tabmn. 4).

W3BecTHO, uTO comeprkaHue Oelika B 3e€pHE U
€ro KayeCTBO B 3HAUYUTEIBHOMN CTEMEHU IMOABEP-
>KE€HBI U3MEHUYUBOCTH B 3aBUCUMOCTH OT yCJIOBUH
BbIpamuBanus. [1o naHHBIM aHaHM3a B3aUMOJIEH-
crBuit reHotun—cpena (I'C) comepxanue Oenka
B 3€pHE JETEPMUHHPOBAHO T€HOTHUIOM Ha 22 %;
cpenoit — 6 % u ux B3aumojeicTBueM — 72 %
(Abyranuesa, byup, 2010). B cBs3u ¢ atum ce-
JEKTHBHYIO 3HAYUMOCTh UMEIOT 00pa3Iibl HE
MPOCTO C MAKCUMAIILHBIM TPOSIBIICHUEM MTPH3HA-
KOB Ka4eCTBa, HO U MX CTAOMILHOCTRIO. [Ipn 3TOM

OCHOBOTIONIATAIOIINHN I Ka9ecTBa 3epHa BOIIPOC
0 KOJIMYECTBE M KayecTBa OeJKa CBS3aH TaKKe CO
CTaOMIIBHOCTBIO er0 (YOPMHUPOBAHHUS B PA3IMYHBIX
yCIIOBUSIX Tofia Bereranuu. Panee nponemMoHCTpH-
poBaHo pacnpenenenue renotunos JIJI mo 3onam
cTabmibHOCTH (popMupoBaHus mpoTenHa (AOy-
rammeBa A.U., Abyrammesa C.U., 2006). Kak u B
cllydae ¢ ypoKaltHOCTBIO, IMHUH PACIPE/ICITMINChH
10 TpaHulle apaboJIbl, IpeACTaBsisl cOO0H Bech
CHEKTP U3MEHUYMBOCTH IO COJCPIKaHUIO IPOTEHHA
Y ero cTabMiIbHOCTH. B kauecTBe cTaOMIBHO BHI-
COKOTUIACTHYHBIX MOXHO BBIJEIHTH JIMIIH COPT
CS u munamio JII1JI-47 Ge3 ydera JeBOW TpaHUIIBI
JTOCTOBEPHOCTH TI0 A ¥ TOTIOTHUTEIBHO TUHUU 28,
61, 90, 96.

W3BecTHO, UTO KayecTBO OeliKa 3aBUCUT OT
COJIEpKaHUsl TUCYTh(UIHBIX CBS3CH M B IIEJIOM
ot comepkanus cepsl (Randall, Wrigley, 1986;
Abyrammesa u ap., 1987). Anamm3 JIJI-nmuaunit
MO3BOJIMJT BBISIBUTH TIOBBIIICHHOE COZEPKaHHE S
(6omee 2000 MI/KT) B CpaBHEHHUHU C PAOHUPOBAH-
HBIMH COpTaMH spoBoi miueHunsl B Kazaxcrane
(AGyrammesa u nap., 2010). [Ipudem BBISBICHBI
JWHWH, CTAOUIBHO (GOPMUPYIONMIHE BBHICOKHH
yposerb S (JIJI-9; ITJI-54) Bo BcexX YCIOBHSX.
Jluaus JAIJ1-128 xapaxkrepu3oBasiach BHICOKMMHU
3HAUYCHUSIMH COJIEP)KAHHS S TOJIBKO B YCIOBHUSIX
Oorapsl (Tadiu. 5). [IpoBeneHHBIN aHanU3 B3au-
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Tabauna 3
Brnusiare GpakTopoB reHOTHIIA, YCIOBHI CPE/Ibl U MX B3aMMOJICHCTBUIMA
Ha cozaepkanue Fe u Zn B 3epue AI7J1
K3 Borapa
CraTrcTHYecKre TOKa3aTeIn OB Gorapa K13 Kocranaii
Fe Zn Fe Zn

Just pakropa A (reHorturn)
JHons yaactus dpakropa, % 68,806 54,127 46,133 63,995
OmnbKa oImbITa, MI/Kr 0,690 0,618 0,613 0,620
OTHOCHUTENbHAS OINOKA OIbITa (TOYHOCTH OIBITA), % 1,283 1,199 1,185 1,233
OmmbKa pa3HOCTH CPETHUX, MI/KT 0,975 0,874 0,867 0,876
HCP (HCP-95 %), mr/kr 1,912 1,712 1,717 1,735
HCP (HCP-95 %), % 3,557 3,325 3,317 3,452

Hust pakropa B (ycnoBus)
Jons yaactust dpakropa, % 11,0 28,274 0,804 5,455
OmnbKa omnbITa, 1/Ta 0,184 0,165 0,189 0,191
OTHOCHUTENBHAS OINOKA OIBITA (TOYHOCTH OMBITA), % 0,343 0,321 0,366 0,381
OmmbKa pa3HOCTH CPENHUX, I/Ta 0,261 0,233 0,268 0,270
HCP (HCP-95 %), i/ra 0,511 0,458 0,530 0,535
HCP (HCP-95 %), % 0,951 0,889 1,024 1,065

Jlns B3aumoneticteust AB
Josst yuacTusi B3auMOJEHCTBUS 17,705 16,050 50,250 27,715
OmnbKa omeITa, 1/Ta 0,975 0,874 0,867 0,876
OTHOCHUTENBHAS OIHUOKA OIBITA (TOYHOCTH OIBITA), % 1,815 1,696 1,675 1,744
OmmbKa pa3HOCTH CPENHUX, I/Ta 1,379 1,235 1,226 1,239
HCP (HCP-95 %), /ra 2,703 2,421 2,428 2,454
HCP (HCP-95 %), % 5,031 4,702 4,691 4,883

MOJICHCTBUN TE€HOTUII—CPENa MOKa3ajl, YTO BKJIAL
TeHETHUYECKOTO (haKTOpa B COIEpIKaHUE S B 3epHE
nocturai 94 % (tabi. 5).

Takum o0Opa3oM, aMIUIATYJa U3MEHYUBOCTHU
coaepxanus Fe u Zn B 3epHE NIIEHHIIB I10-
nymsiuun CS X SQ1 mpegocraBuiia peaibHYIO
BO3MOXKHOCTH JUISI OMpeNIe]IeHHs JIOKYCOB KOJH-
YCCTBCHHLBIX ITPU3HAKOB I10 JaHHBIM ITOKa3aTeJIsAM,
B JIOTIOJTHEHHE K arPOHOMHUYECKHUM, 3aCyX0yCTOH-
guBocTH (Quarrie et al., 2005) u kauecTBy 3epHa
(Abugalieva et al., 2008).

I'eneTnyeckoe kapTupoBaHUE OOHAPYKEHHBIX
BapHanwuii conepykanus Fe, Zn, S, TBepao3epHOCTH
1 JIp. TIOKa3aTeJIeH IO3BOITUT OCYIIECTBIAATE (MAS)

MapKEPHYO CEJICKIUIO 3JIAKOBBIX HA TUTATEIIbHBIC
Y TEXHOJOTHYECKHE KauecTRa.

Cenexnmonnas nenHocts ] mo ypoxaiino-
CTH M KauyecTBY 3€pHa JETAJIbHO OXapaKTepH30-
BaHa B YCJIOBHUSIX AJIMaTMHCKOW 00JacTu mpu
pa3HBIX BOAHBIX pexumax (AOyramuea A.U.,
Aobyrammesa C.U., 2006; Abugalijeva S.1. et al.,
2007). OcHOBHOU apeayt BO3CITBIBAHUS SIPOBOI
nennisl B Kazaxcrane — CeBepHBIN pernoH, B
CBSI3M C YeM H3yuyeH Martepuan B ycinoBusx Koc-
tanaiickot oomactu, TOO «®uron». Haubonee
alalTUBHBIM TIPU OOLIEH CENEeKIMOHHOIN OLCHKE
oxkazaycst oopasern J[[JI-33 (BbICOKOCTEOCTBHEIN,
C XOPOIINM KYIIEHHEM U CPEIHUM 110 KPYITHOCTH
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Taoauna 4

MakcumanbsHblie 3HaueHus 11t epBbix 10 A1J1
C CaMbIM BBICOKUM YPOBHEM MPU3HAKOB Ka4eCTBA (TEXHOJIOTUYECKOTO U MUTATEILHOTO)

1-10 KineiixoBuna NJIK CenumenTanus Amuinosa benusna
paHr ATJ1 % AT exn. AT MIL AT % AT exn.
1 14 68,8 39 55 10 88 36 26,4 33 69,8
2 58 64,0 34 60 13 86 23 26,4 64 69,0
3 32 63,2 67 70 32 84 43 25,1 36 68,7
4 46 62,8 86 70 33 85 2 24.8 11 68,3
5 34 62,0 90 70 58 84 64 24,4 87 67,6
6 47 62,0 96 70 90 82 15 23,6 17 67,3
7 94 62,0 10 75 14 80 19 23,6 90 67,2
8 17 60,8 23 75 99 79 21 23,6 105 67,0
9 92 60 63 75 34 85 46 23,1 9 66,8
10 51 60 — - 105 79 - — 71 66,2
Tabauna 5
MakcumanbsHbie 3HaueHus 11t nepBbix 10 A1J1
C CaMbIM BBICOKMM YPOBHEM COZEPKAHUS S B 3epHE
Parr 110 ITonuB, Anmarsl Borapa, AnmMatsr borapa, Kocranait
ArJ1 S AT S A1 S
1 56 2616 54 2160 39 2171
2 23 2590 128 2137 35 2123
3 54 2223 9 2123 128 2105
4 29 2158 SQ1 21110 9 2059
5 62 2150 34 2083 54 2022
6 53 2142 94 2070 2 1972
7 39 2111 14 2066 16 1965
8 15 2099 41 2063 3 1961
9 44 2098 63 2042
10 40 2038

KoJtocoM). Jlanee MoskHO BBIAEHUTD JimanA J{TJ1-2
(cpemuecrebenbHAs ¢ PHIXIBIM Kostocom), JIITJI-3
(kopoTkocTeOenbHASL C XOPOIIUM KyLIEHUEM),
JAIJI-90 (nocTaroyHO BBICOKAsI C KPYNHBIM KOJIO-
coM, HO mo3aHss), JA[JI-128 (kopoTkocTeOenpHas
C TOHKOW COJIOMHUHOMW, XOPOIITUM KYIIIEHHEM, HO C
MEJIKUM KOJIOCOM H KECTKUM 00Moj10ToM). Kpome
JAIJI-128 onu mpencTaBiIeHB Pa3HOBHUIHOCTHIO
eritrospermum.

ITo pesynbraram m3ydenus aunuii B 2008 1. B
HII® TOO «®uton» Beiaenens! A1JI-3, JIITI-90,
JAUJ1-28 u AIJ1-33. st munauum ATJ1-90 monTBepk-
JaeTcs TIIABHBIA HEAOCTATOK JUISl BO3JICIIBIBAHHS
Ha ceBepe peciyOnnKu — Oollee JUIMHHBINA Bere-
TAIMOHHBIN TIEPUOJ] TI0 CPABHEHUIO C IPYTUMHU
oOpa3iamu.

O6pazen JAIJ1-2, oanH U3 TyUIIHX IO TaOUTYCY,
OKa3aJICs CKIIOHHBIM K CUJTBHOMY OCBITIaHHIO 3epHA
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(Kocranaii, 2008).

Ha KOPHIO. YUNTHIBAsI yCTaHOBJICHHYIO OMO(OpPTH-
(hUKAIMOHHYIO 3HAYUMOCTh JAaHHOTO Marepuana
(Abugalieva et al., 2008), Ba)KHO MPOJIOIKUTH
M3y4eHHUE BBIJCICHHBIX 00pa3I0B, KOTOPHIE IO
MHHEpaJTbHOMY COCTaBy (pHC. 2) B OONbIIIeH cTe-
MEHN OTIMYAIOTCSl OT CTaHAAPTHBIX ISl JAHHOTO
peruona coptoB (kmactep 1).

Takum 006pa3oM, OOHapyKEHHAs! aMIUTATY/a Ba-
puadensHOCTH coneprkanus Fe, Zn u S B 3epHe Msr-
kol meHu1bl CS X SQ1 no3BoIsieT OnpenenuTh JIo-
KyCBI KOJTMIECTBEHHBIX MPU3HAKOB I10 IAHHBIM ITOKa-
3aTeJIsIM C y4ETOM CIIeIM(UIHOCTH MX (DOPMUPOBAHUS
B Pa3JIMYHbBIX YCIOBHUSX BOIOOOCCIICYCHHOCTH.

Brigenensl nUHUM CO CTaOUIBHO BBICOKHM
cozmepxanreM Fe n Zn Ha Gorape u mosnmse, Tep-
CHEKTUBHBIE [T OMO(OPTHPHUKAITMOHHOTO CHIPhS
W3 3€pHa SPOBOM MSITKOM MIIEHUIBI B YCIOBUSIX
Kasaxcrana.
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Summary

A mapping population of 95 doubled haploid lines of wheat Triticum aestivum L., raised by crosses between
cultivar Chinese Spring (CS) and line SQ1, was grown in irrigated and rainfed conditions of South-East
Kazakhstan (1998-2008 years), studied for grain quality traits, and characterized for Fe, Zn, and S content
in grains. In addition to previous studies associated with grain productivity and drought stress torelance
(Quarrie et al., 2005) and grain quality traits (Abugalieva et al., 2008), the range of variation in micronutrient
contents in wheat grains of the CS x SQ1 doubled haploid population provides an excellent opportunity for
identification of quantitative trait loci that control the amounts of Fe, Zn, and S in grains. Doubled haploid
lines with stable high content of Fe and Zn grown in irrigated and rainfed conditions were obtained on the
base of the referred work. The lines can be used in biofortification of spring wheat in Kazakhstan. The results
reveal significant correlation indices between Zn and protein contents in grains. They may be important in
local breeding programs for the improvement of productivity and grain quality.

Key words: common wheat, Fe, Zn, S, doubled haploid lines.



