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kPRI Feo Mn, Zn, Cu PURPRETC R WL W) A7 7E W] B A IEASEOC R - Fe Fll Mn MSEREO 0. 3957, Fe
1 Zn 2y 0.424" ", Fe #1 Cu}y 0.574" ", Mn fll Cu 2}y 0. 474" * . FPERMENM/NEZ [BIAFRL\FIH 554 & &
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MEE L E AR, AR TR, THER
AT &SIV SISUNIPSER IR 5 ST IAME L E A7 5 SIN
N M4 NP 90 %0 LA E ST TT R A K. 1 2 BEMEIAE T
R TR b T A 5 A TC 3R A A DI AR O . FRIEA
BRI TR BUR A R, LA Fe M, 4 g R K Bk Fe 5]
A BT RN 20, 19657, —ANEE A st e e R LA
FERFIINAZ S T8, X e VR WP RL h it JO R & B
HA MR CRA R, FT LT f# 5 SRS /R R
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Bz, BRI T BRI SR A TR R, R
#hFE . B O Fh T (Core collection) $8 5% F— % W) 7 B B BUE A
Tl (8 — R 53+ DA/ N B Y5 5 o 3 A% i O e R 2 A
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T, FEEEPR RS T KR, NER K WAZ LR R
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A5 AT (23090 43 1) 124 AR IEREAN T 72. 2261
WA S . ARSGEITNT 262 158 E/INE Soag O B I TR 7%
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FEAPINE A ) Pl SRR 5 45 B R ORI ICP-AES
(OPTIMA 3300 DV 2 [ Perkin-Elmer 2 #)) | I8 4% 3% 4
(Fe, Mn, Zn, Cu, Mg, Ca, K, P)¥REF. 455 R H SAS 43t
AT S 43T

2 RS

INERIZOTRTFALA\FT RIS ERR

262 ML RN TE /N R TR 53 e (Fey Mn,
Zn, Cu, Mg, Ca, K, PYINZ 1 iR, ZREW, RRE/NEHE
PRI TR0 (B RT AL F2 0 MR BEAF R AR KR 25 5% AT KL Fe Wk BV L2
34.2~61.2 mg » kg '; Zn WEEJLE N 26.3~76.0 mg
kg™ Mn VBV 20. 9~56.7 mg » kg™'; Cu VR
H3.4~9.8 mg » kg 'y KIREJEE N 0.34% ~0.85%; P
e BETE I 0. 296 % ~0. 580% 5 Ca Wk BT E A 290~976 mg

2.1

« kg ' Mg ¥JEFEEIDY 1 129~2 210 mg « kg 1o iX/\FfIL
2 Fe, Mn, Zn, Cu, K, P, Ca, Mg & JAH b i/ ME AT & 2-3
. (Al 2 AR [ /N 22 0% O B PR ok RE Fe, Min, Zn,
Cu, K, P, Ca, Mg ¥4 5|4 7 40~50 mg « kg ', 30~
50mg « kg ', 40~60mg-+keg ', 5~8 mgekg ', 0.4%~
0.7%. 0.4%~0.5%. 400~600 mg = kg ' Fl 1 700~1 900
mg « kg ' Z[H].
2.2 INEFHET RUTERBEREXE
INAERERL & TP TR Feo Mn, Zn, Cu [WJ 357776
FIEAH I, Fe 1 Mn #H 3¢ R4h 0.395° ", Fe Fl Zn iy
0.424" " , Fe I Cuy 0.574" * , Mn M1 Cu Jy 0.474" * , th
HILHE Ca 5 Mg Wi Z A &5 AHK, Wit R AR Fe, Mn,
Zn, Cu BEIEME, H Ca 5HEITCR Z A 1A RE AL
ko KEITHR P A K Z [0 B EAC, R S5hETR
Ca fil Mg, W#ICEK Fe fl Zn WHAFEEF EM L, (HK 5
Mn 8B EFALER 2,

Table 1 Fe, Mn, Zn, Cu, K, P, Ca and Mg concentration in wheat grain of mini-core collection in China

TR
Fe Mn Zn Cu Ca Mg
K 0, P 0,
/(mg+ kg ) /(mgekg ') /(mgekg™!) /(mg-+kg 1) /% /% /(mg+ kg™!) /(mg+ kg 1)
SEI(E 45.1 37.9 50. 2 6.5 0.55 0.451 515 1772
T 34.2~61.2 20. 9~56.7 26.3~76.0 3.4~9.8 0.34~0. 85 0.296~0. 580 290~976 1129~2 210

Table 2 Correlation among eight nutrients concentration in wheat grain of mini-core collection in China (n=262)

B Fe Mn Zn Cu K P Ca Mg
Fe - 0.395* % 0.424** 0.574>* 0.153~ 0.359** 0.161** 0.489* *
Mn — 0.136* 0.474% % —0.184** 0.121 0.165** 0.442%
Zn - 0.245** 0.261** 0.515*~* 0.234% 0.407
Cu — 0.118 0.243** 0.163* * 0.636"*
K — 0. 754" 0.402* * 0.372*
P — 0.406 " * 0.635%*
Ca — 0.258**
Mg —

Note: * * significance(P=0.01); * significance(P=0. 05)

2.3 HFHZHNEFHT RFDRTLER

MR/ N AT B T O R I 22 5 m 0k
BIE &R SAPERI SR A R R A 45 R SR W
BEMAN N HFRIRICR Feo Mn, Zn PRI HITRE
Ca fil Mg W EEBEA 22 5% 11 Cus Ko PIRETEARAFM/N

HRFRIA — 8 25 57 (3R 3) . F9 4P/ RL Cu ¥k B2 1
FIRT LN AN /NE TS BN R B 5. A
Pe/NZE KPR PR B IR T AR/ N A . Ak K W ETE R
P AAERNR AN [ A AR W 5 22 57 39 &M/ N AT
K RS i & /N ()4 5 25 5%

Table 3 Comparison of nutrients concentrations in grain of spring and winter wheat genotypes

o
FAME Fe - Mn B Zn B Cu B K/% P/ Ca B Mg B
/(mg+kg™ ") /(mg+kg ') /(mgekg ") /(mg-kg " /(mg+kg ") /(mg+kg™ "
HM 44.9 a 37.8 a 50.2 a 6.4 ab 0.58 a 0. 460 a 533 a 1781 a
M 46.6 a 39.2 a 50.7 a 6.8 a 0.51 b 0.440 a o1l a 1792 a
R A 45.4 a 38.7a 48.9 a 7.1a 0.45 ¢ 0.410 b 532 a 1736 a
5541 43.1 a 38.2 a 50.8 a 6.0b 0.54 ab 0.447 a 510 a 1747

Note; The same letter in one column means no significant difference(P=0. 05)
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EY IR TR A WA AR R AR 2 AT
IR Z W EEFEHZ —. Fik. AR O N
Rl HORBSC DA R Y R JC R 3 i, AT
EHRAHA AR TR &R E . BAR&ENERN
R TR TN AR R A /N 2 R R i 9 R T R
RBLEAAIPEHE . A SCH A ICP-AES X3 [ 262 {3/ NA 1
RO AR T F7 70 3 R BEA T I e B2 SR B AT/
A Al R IEAPRLAS TR0 R EEAFAEAR R 22 57 T EL ARG L8 /N 22 KPR
Fe FI Zn (3t AR o+ 1 AR5 ol ol )28 96 007 il Py 16 456
M T EEEEGR D i R R A R /M E ] 22 53 K
& Zo Fil Cas Jp5EEN T 2.9 A5 3. 4 7%, X O RFRLE S
JRFRGT /N SRR R B A T PR T EEARIAIE . 5 Peterson
SFUCTINE /N Fe 1 Zn YR BETE BIAR L . FRIE/INE Fe IR EZ
SRR it i+ s B LU B I ARG s T Zn 94 88 6 1A K SF- i
> HE PR T 2 — 0

INFERFRLR Z R TRIR O W AT G R R (R 2) 0 X

sz %

Sozt 5L 5k B8 A5 3R ] by 4 22 IX /N 2R R I A R
R, TR B AR G 2R R HL At G 3 T 1) R SR B A R
ZIEA —E R, WOFFPRL Fe il Zn 2 AERRES 75 (10T 547
FENTL T PR AR I EE TR, BT B P Al Fe,
Zn ZIAIAHDGE X —E5 R R FRATT, FEEAT R F . BE
AR SRASAT L Fe B Zn SR n R S mM/ANE RFp,
BB P RBNS T Fe Ml Zn St ST A BUE5E

BN G /INETERERE . 1A R B K P AE R
TR E RS, TR L kD, HER
[ &M/ NE A\ FlE 37 JC % (Fe, Mn, Zn, Cu. K, P, Ca,
Mg)H HE Cu, K PUEA 225 (% 3. FiL, RATARE
PE/INZE AR /N2 AR TS 7% il o T T8 A A S 1 X 550

Zi BTk, 3R E /N ZE A% O B BB AT RL Fes Mn, Cu,
Zn, K, Ca, Mg, P /\FP" 58 57 70 2 WK B2 #5471 b 5 1) Bk
H A5, Fe, Mn, Zn, Cu ¥R JE (B35 77 78 B B 1% 15 A0 56 56
2 ARPERAAE /N KL ) N R 97 40 & R R AR B 22
S XSRS AR, FRE/NEAETE B I (TSRS a5
R, FEATAPRL R Fe A1 Zn /N22 S AP IO B 84958 T IR 52
FIERE, HIRA R TAER T 2 — 5% .
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Application of ICP-AES to Detecting Nutrients in Grain of Wheat Core
Collection of China

SHI Rong-li', ZOU Chun-gin'* , RUI Yu-kui', ZHANG Xue-yong®, XIA Xiao-ping', ZHANG Fu-suo'
1. Department of Plant Nutrition, China Agricultural University, Beijing 100094, China
2. Institute of Crop Science, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract Deficiency of micronutrients, especially iron and zinc, has been a serious malnutrition problem worldwide in human
health. Increasing Fe and Zn concentrations in grains by means of plant breeding is a sustainable, effective and important way to
improve human mineral nutrition and health. However, little information on grain Fe and Zn concentrations in Chinese wheat
genotypes is available. Therefore, to determine the nutrients status especially these of micronutrients in wheat grain is necessary
and very useful. Two hundred sixty two genotypes were selected from the wheat mini-core collections, which contained 23090
wheat genotypes in China and represented 72. 2% of total genetic variation. All 262 genotypes were grown in soils of similar geo-
graphical and climate location in order to minimize the environmental effect. After harvesting, the grains were washed with dei-
onized water and dried (around 70 °C), then digested in HNO; solution using a microwave accelerating reaction system
(MARS). Nutrient concentrations in stock solution were analyzed by inductively coupled plasma atomic emission spectrometry
(ICP-AES). Remarkable genetic variations among grain nutrient concentrations (Fe, Mn, Cu, Zn, Mg, Ca, K and P ) in the
tested genotypes were detected. The concentrations of Fe, Zn, Mn, Cu, Ca, Mg, K and P in wheat grain were in the ranges of
34.2-61. 2, 26.3-76.0, 20.9-56.7, 3.4-9.8, 290-976, 1 129-2 210 mg » kg '3 0. 34%-0. 85% and 0. 296%-0. 580%, respec-
tively. The corresponding average values were 45. 1, 50. 2, 37.9, 6.5, 515, 1 772 mg » kg ', 0.55% and 0. 451% , respective-
ly. Significant positive correlations between micronutrients (Fe, Mn, Zn, and Cu) in wheat grains were detected, and the corre-
lation coefficients were 0. 395" * (Fe and Mn), 0.424"* (Fe and Zn), 0. 574" * (Fe and Cw, and 0.474"* (Mn and Cu), re-
spectively. However, no significant difference was found in grain nutrient concentrations between spring— wheat and winter-
wheat genotypes. This study provides valuable and important information for breeding wheat genotypes which are enriched with

minerals in grains, especially Fe and Zn.
Keywords ICP-AES; Human health; Nutrients; Wheat grain; Wheat mini-core collection
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