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CHAIH A B 2 5 BC,Fs) 24 Fh J5 48 BCFs BE{R 261 4~ #%
F . 3 NIL R HEAIE 264 G3RESL . B LB/
SCBORE K TR AR, HERFRIL 0. 50 g B THEM T, A 5 mL
FEAR AT 1 mL m SRR, BHR LI BT, R
FEA A L 1368 5 mL 5k, % A 50 mL A&
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Table 1 Precision and recovery of the method x D,
- R ITE= et PR Il g 2 RSD 2.2 FRARBEEERR BCF: BERERT RITENEBS
TR /nm /(IJ,g" mL™) /% /% *ﬁ
S 180.73 0.026 4 v2.3 0.9 B R R A T A R IR 264 frfiE ok 17 Fhoc £ F
Foo 2o 000 ol T HYAE L 2 RIS 53RN 2 BRI 17 R G 3 6 Bk
Al 808.21 0-0398 92.6 31 FHME Jy P>K>Mg™>S>Ca™>Zn>>Mn>>Na>Fe> Cu> Al
Sn 189. 99 0.008 5 93.1 4.9 )
Mn 957 61 0. 000 4 101 4 Lo >Sn>B>Mo>Ni>Cr>Sr(i M H Na>Mn # NIL Cu>
Sr 421. 55 0.001 8 92.8 1.3 B>Fe>AD. Hth 152~3 375 mg « kg ' A/ LA LE (P K.
Mo  202.03 0.001 8 98.0 5.2 Mg, S, Ca), 10~32 mg « kg ' ALK (Mn, Na, Fe,
Cr 267.72 0.003 5 109.5 1.4 Cu, AD, 0.3~3.7mg+ kg "GN HIC % (Sn, B, Mo, Ni,
Cu 324.75 0.001 5 100. 9 3.4 Cr, Sp); WA 5 ZEAK R K Na>Ni>Cr>Cu>Mo>B>Sn
Zn 213.86 0- 0015 98.4 2.3 =>Al>Sr>Fe™>Zn>Mn>P>Ca>Mg>S>K, H i fii %
Mg 279. 55 0.002 0 101. 2 0.6 BETE2E A 5 (11, 15% ~ 16. 45%) » 12 F 4 ik 58 2¢ 25 5 &
K- 766. 49 0.204 9 101. 4 2.1 (16.57% ~ 04, 96% > . T BEK 264 T bk 24 10 bk 2 £ K
Ni 231. 60 0.004 4 94.3 2.8 i
Na 589. 59 0.054 9 96.5 3.8 M Mo, Ni, Cr Ml Sn; 9 4~#k & R KM H Ni, Na, Al Al
P 178. 28 0.029 7 110. 2 1.8 Sr; ﬁ'ﬁﬁ‘ﬁ?ﬂﬂ@iﬂﬂW;(Jé%ﬁﬂﬁf*%ﬁl)ﬂ@ﬁ(ﬁ(ﬁ Ni(55) >
B 249.77 0.002 2 93.1 2.6 Na(38)>Al(15)>Sn(13) =Cr(13) >Mo(11) >Sr(10)>B
Ca 317.93 0.013 1 95. 8 2.4 (1), U& S, Fe, Na, P, Zn, Mg, Ca fl K fREKTH 2 5
Table 2 Determination results of mineral element contents in brown rice for parents and populations
. FAGH/(mg + kgD BCs Fs Bk 261 &/ (mg » kg™ ')
R NIL TR W 2 % T+ bR R
S 1132.637 1035. 580 1 207. 047 1 054. 9484121. 865 11.55
Ni 1. 208 1. 208 1. 208 1.62541. 259 77. 49
Cr 0.997 0.932 1.046 1. 287+0. 884 68. 67
Al 9. 365 7.395 6. 685 10.10245. 372 53.18
P 3279.528 2 977.318 3253.228 3373.997+555. 110 16. 45
Zn 47.858 33. 845 42,228 43.042+7. 353 17.08
Mn 24.922 26. 562 26. 668 31.213+5.172 16. 57
Ca 162. 675 147. 069 182.177 152. 373419. 990 13.12
K 2 343. 830 2 234.580 2 485. 050 2 342.105+261. 132 11.15
Mo 1. 480 1. 380 1. 474 2.02041. 237 61. 21
Fe 24. 388 11. 612 24.006 11.37843. 191 28.05
Na 25. 853 17.110 25. 633 13.084412. 425 94. 96
Cu 16. 637 16. 741 16.130 14. 23647. 626 53.57
Sn 3.268 3.515 2. 816 3.62741.951 53. 80
B 8. 202 11. 789 0.335 2.13541. 289 60. 41
Mg 1213. 256 1131.046 1162. 376 1136.2824141. 838 12. 48
Sr 0. 340 0. 256 0.343 0.35540. 130 36. 55
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5 Sn 2 B EMAHF; (4)Mo, Ni, Al, Sn, Cr # Sr &t
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Ca, Mg il S Z it o R 10 X HARASE (0. 1757 * ~0. 867" " ),
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Table 3 Correlation of mineral element contents in brown rice for parents and populations(n=264)

TE S Mo Ni Fe Cr Na Al Cu P Sn In B Mn Mg Ca Sr
Mo  0.194* %
Ni 0.172% * 0.896* *
Fe 0.169* * 0,200 * 0.345* *
Cr 0.115  0.758* * 0.921* * 0.462% *
Na 0.062  0.338* * 0.365* * 0.181* * 0.345* *
Al 0.036  0.718* * 0.719* * 0.343* * 0.680™ * 0.484 " *
Cu 0.068  0.162* * 0.463* * 0.455° * 0.671* * 0.076 0.184* *
P 0.539% % 0.254% % 0.191* * 0.357* * 0.168* *  0.004 0.205* * 0.006
Sn 0.166* * 0.914* * 0.804* * 0,177 * 0.675* * 0.236* * 0.588* * 0.210* * 0.228* *
Zn 0.404* * —0.077 —0.054 0.297** —0.053  0.009 0,054 —0.009 0.547** —0.099
B 0.317* % 0.191* % 0.206* * 0.180* * 0.161* * 0.273* * 0.186* *  0.042  0.140* 0.123* 0.176* *
Mn  0.248* % 0.146* 0.158* 0.223* * 0.154~% 0.001 0.172** 0.056 0.571** 0.084 0.407* * 0.184* *
Mg  0.462** —0.009 —0.039 0.328* * —0.022 0.032 0.034  —0.030 0.795* * —0.048 0.679* * 0.238* * 0.559* *
Ca 0.175* * —0.107 —0.053 0.278* * —0.031 0.221* * 0.098  —0.027 0.285* * —0.153* 0.463* * 0.219* * 0.449* * 0.527* *
Sr 0.018  0.668* * 0.683* * 0.331* * 0.647* * 0.530* * 0.794* * 0.114 0.185* * 0.531* * 0.110 0.270* * 0.246*  0.122 0.364* *
K 0.289%* —0.047 —0.046 0.349** —0.001  0.063 0.045  —0.004 0.690* * —0.102 0.598* * 0.180* * 0.587* * 0.867* * 0.527* * 0.152* *
& % 58 i
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Determination of Mineral Elements in Brown Rice of Near-Isogenic Lines
Population for Japonica Rice by ICP-AES
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Abstract In the present paper, the contents of 17 mineral elements (S, Mo, Ni, Fe, Cr, Na, Al, Cu, P, Sn, Zn, B, Mn,
Mg, Ca, Sr and K) in brown rice of 264 plant lines in near-isogenic lines (NILs) population and parents for Japonica rice were
determined by ICP-AES technique. The method proved to be simple, rapid, highly sensitive and accurate, and can be used to de-
termine many elements at the same time. Its recovery ratio obtained by standard addition method ranged between 92. 3% and
110. 27% , and its RSD was lower than 6 %. The analytical results showed that NILs for various mineral elements based on the
BC; F; population consisting of 261 lines were developed from a cross between NIL (BC,F;) and Towada. To our knowledge,
this is the first report on that near-isogenic lines NIL(BC, F;) with the important value for high mineral elements associated with
cold tolerance at booting stage have been bred. The results of the determination show that the brown rice is rich in eleven ele-
ments such as P, K, Mg, S, Ca, Zn, Mn. Na, Fe, Cu and Al necessary to human health. There is smaller variation of 5 mac-
roelements (11.15%-16.45%) but larger variation of 12 microelements (16.57%-94.96%) in brown rice from populations.
There is significant correlation among 95 from 136 pairs in 17 elements, moreover, especially the correlation (0.531"" -
0.921" ") among 15 pairs of six micro-elements (Mo, Ni, Al, Sn, Cr and Sr) associated with the active components of function-
al rice is relatively higher than that of 10 pairs (0. 175" *-0.867"* ) of 5 macroelements (P, K, Ca, Mg and S), revealing the
importance of microelements to catalysing and synthesizing the active components of functional rice. The above results provided
reliable data and theory bases for gene location and cloning of controlling elements contents in brown rice, and further revealed
the molecular and physiological mechanism of the relation between mineral elements in brown rice and cold tolerance at booting

stage in japonica rice from Yunnan Province of China.
Keywords ICP-AES; Mineral elements; Near-isogenic lines; Brown rice
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