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Table 1. Means with standard deviations and heritability of two cross combinations for the major mineral
contents (mg kg™) of rice

Hoshiyutaka (P;)x FKR 19(P,)" Aro. Lemont (P;)x TCS10(P,)
Ca Mg K P Ca Mg K P
P, 1349 932427 2200+86 2,865+108  129+17 98263 2,461£194 2,972+209
P, 105£10  1,070£54 2351122 2,973£169  110+9 1,111+94 3,063+£224 3,432+226
F, 119+8 89643 1,973+£89 2,599+ 75 114+ 7 1,146£87 2,620+207 3,362+218
F, 144+30 1,029+121 2,421+303 2,934+418 132421 1,077+112 2,608+260 3,224+342

& 0.915 0.875 0.891 0.913 0.676 0.461 0.355 0.594

Generation

' There were 10, 10, 7 and 195 plants within Py, P,, F; and F, generations in HF combination, respectively.
2 There were 10, 10, 15 and 241 plants within Py, P,, F; and F, generations in AT combination, respectively.

LR {18 5 S 4B & 7y Al T AP 39 (8 - B 1T R B Y RN -8 M =0 2 39 B 1k & RS BBy
ERYINFRT - BHFHAG T S - 4E X Ze R & BRI CE SR FoR -8
A R LU RECa ~ Mg ~ KR PEZERMEAREHEANER - SIATHETS > CakKEEH
B A T IREUR AR R G I ME- B S (EMg R P& & ECHIBR 1T E R B - For B
PE-BA M EUR] e DU Mg Je P& B 4 HAURBE RV 5 > HIE2(E e RS B RIME(D AR
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Table 2. Estimates with three parameters model by joint scaling test for major mineral contents of rice in
two cross combinations

Hoshiyutaka (P;)xFKR 19 (P,) Aro. Lemont (P{)xTCS10 (P;)
Parameter
Ca Mg K P Ca Mg K P

m 12642 1,023+9 2,369+22 2,984+29 13442 1,035*%*+15 2,703+38 3,165**+40
[d] 14+3 -82+9  -106+23  -81 +31 18+3 -60**+17 -2924+47  -227**+48
[h] 7+4 -61+17 -209+40 -334+42  -16+3 93**+28 -159+71 148* £73

X 69 39 99 22 47 1.4 4.5 1.8

P-value <0.01 <0.01 <0.01 <0.01 <0.01 0.24 0.03 0.18

* **Significantly at 0.05 and 0.01 levels, respectively.
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Table 3. Estimates of three parameters with additive x additive interaction component by joint scaling

)

o) R& ok

R

test for major mineral contents of rice in two cross combinations

Hoshiyutaka (P;)xFKR 19 (P,) Aro. Lemont (P)xTCS10 (P,)
Parameter
Ca Mg K P Ca K
m 13542 1,000 + 8 2,289+18 2,757+21 125+1 2,609**+16
[d] 15+2 -69+9 -75+£24 -54 £32 943 -301**+47
[i] -16£3 0.9+12 -13+30 162 £38 -6+3 153**450
x5 42 51 126 89 68 0.05
P-value <0.01 <0.01 <0.01 <0.01 <0.01 0.83

**Significantly at 0.01 level.

Fe~Zn~> CuRMnEMETESENRIR
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Table 4. Means with standard deviations and heritability of two cross combinations for the minor mineral
contents (mg kg ™) of rice

, Hoshiyutaka (P,)<FKR 19 (P,)" Aro. Lemont (P;)xTCS10 (P,)
Generation
Fe /n Cu Mn Fe /n Cu Mn

P, 17.343.3  23.1£1.5 2.5+0.3 22512 20.0+23 274424 3.9+0.7 24.0+2.3

P, 129432 25514 3.1+1.4 13.1£1.0 9.6+1.5 24.4+13 2.6+0.4 18.4£19

F, 18.644.9 29.4+2.0 3.1+0.4 15.540.6 19.4+2.5 29.5+1.8 3.5£0.5 23.2+1.2
U & 158+6.0  30.4+£4.7 4.5+0.7 158434 19.6£52 30.1+4.0 4.0£0.7 20.1+4.2

hs 0.585 0.874  0.760 0914 0.830 0.778  0.421 0.805

! There were 10, 10, 7 and 195 plants within Py, P,, F; and F, generations in HF combination, respectively.
2 There were 10, 10, 15 and 241 plants within P, P, F, and F, generations in AT combination, respectively.

RN~ MASEHE R E TR S ERIIME-IMEER 3 &5 E R ERS(E
Table 5. Estimates with three parameters model by joint scaling test for minor mineral contents of rice in
two cross combinations

Hoshiyutaka (P;)xFKR 19 (P,) Aro. Lemont (P)xTCS10 (P,)
Fe Zn Cu Mn Fe Zn Cu Mn
m 14.9%¥*+0.7 24.9+£0.3 3.18+0.07 17.5£0.2 15.7£0.4 27.2+0.4 3.73+0.10 19.7+0.4
[d] 2.2*¥*¥40.7 -1.2+¢0.3 -0.31+0.07 4.7£0.3  5.6+04 2.2+04 0.92+0.12  2.540.5
[h] 22 #£1.5 8.1+0.7 1.79+0.14 -2.3+0.3  5.7+0.7 3.80.6 0.30+0.19  2.9+0.5

Parameter

Xb 0.97 45 238 8 23 34 38 28
P-value 0.32 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
**Significantly at 0.01 level.

A WA H S 48 TR ZOR R EZ TR G & - 25 DUT RIME- s i 52 Bk
TE | ERGEITRE G RIS R WF S - BRHFAH G S » Fed BECHER 2 CEAREE -
(B L RN ()£ R A e 222 B T MEsohn 1 (D 2R U R B E (BREREBR ) - HEN
T RIIMERUE | BEGETT B R R R E AR BN BN RN R Fe s =
A b AE AR 2 2 - HH RSB R EE  ZoE B LN E R B - itk
A A2 IR A A = P R Zn & B0 A T AORBE R B2 5 L B IO () AR R Bt 14
AR B REE 5 CufiiMn T 2 & B ACHIBRINCE BB - For - MExin i 22 Bk e
ZHEFAIA 2 LU RECuAMn g B I URBENEVE R - SIATH G S » FellZna B
HI BB > For M-I M 52 BB 2 T R R Fe Bl Zn 2 B 1 4 AR BE Y S 22
HFef1Zng 8 1Y R AN (d)E: A R AP R ()8 & 2 B CuliMnE BHYEH M B
SRy EEBE - R FFE I 2 BUE R -
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Table 6. Estimates of three parameters with additive x additive interaction component by joint scaling
test for minor mineral contents of rice in two cross combinations

Hoshiyutaka (P;)xFKR 19 (P,) Aro. Lemont (P;)xTCS10 (P,)
Parameter "
Fe Zn Cu Mn Fe Zn Cu Mn

m 15.8**+0.4 30.2*%*+0.3 4.4+0.1 14.7+£0.2 19.6**+0.3 29.2**+0.2 4.0+0.1 21.5+0.2
[d] 2.2%%+0.7 -1.2*¥*£0.3 -0.3£0.1 4.7+0.3 52%*%+04 1.5%*+04 0.6£0.1 2.8%0.5

[i] -6.0%%+0.4 -1.6+0.1 3.1£0.4  -4.8%%+0.5 -4.0¥*+0.5 -0.7+0.1 -0.3 +0.5
X0 3.2 1.4 73 33 0.05 1.25 13 57
P-value 0.21 0.23 <0.01 <0.01 0.82 0.26 <0.01 <0.01

' The shown model using (m+[d]) and tested by )((22) .
**Significantly at 0.01 level.

ER

B B EMIR SR ET S - — R ZERE TS ROE e AN - BURE M
K MR B TSRS - AR B MEYHY RN EIE A S - R T B E R
B - 2480 > e FEIR RIMEERE N - BRI R H A R E0R HE 1S 2 4 [E e
[l 45 & i I B A e AT o

A S ] P o {180 R S 4 = Y 48 T AUREE P39 B> DU RN B T8 IR Y T R & &
Y38 HSUERTSE © $iCa ~ Mg » KRPETEE TR GERIAMS @ BURIL4ETRGEZEE
EREEAFEMAFFRREA - RHFERES > B4ETRSELNBREREATE TR
Pt B ) R o IRoRE A T RN M AL B ) A B R - ATREE
BHER A REAEE - RATHECHEG > ECag ESEARMEE " BME-FEMERE & " 2
PE-DOPEXIIPE S BB | BB MRS © MeBilP& B 2 BRI v T & M 8E R - AN
SEHIER - H RBIMER[d] BRI [N UE S 2R - B AR Bt B ERRER - Ka &
I3 A8 ZN0ME St i 52 B e AR Uy B A 1R MG - H RN PERY [d] R IO xR 5 ER A [i]
B S EEE > RONKE B 2B M ER R0 R AITEXIPE SRR » tE5h > Ca ~ Mg~ KKP
FE B EREERPWEMECH SR A —2 > 4ETT RAEHFRESCA S HYE R R
BRE > BURAREH e ZREE R THERHEERAL PHEETEE TRGEZ
BrEENRERERA A -

5 —JH » HFe > Zn > CuRkMnEMETTEEERBM S BURCukMnE 8L E B
Arre T BB ROE R TRR M T RN - DO D M S R ) AR E o T
ARE R 2B HE I LR ER 2 E - Fetr BNV HEAURRFRIUNHFHE & v ACE G E T Rtk
S S B RATHEE IR & T B A0TE-I0 T 2 RGSE 5 #5550 o Znd 87 A 5B i
MEACHEHEEIES TS T BIME- It s RSUE 5 85 B FeRZna B2 EES
BA R ERRER - 151 > ZnkMnE BRI & BRRE S 2 BEHR > BRI —T&R
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Generation Mean Analysis of the Mineral
Element Contents in Rice?

Jia-Ling Yang® and Tzer-Kuan Hu’
ABSTRACT

Human’s body requires various mineral elements, but more than 10 billion people of
the world suffer from malnutrition and mostly lacking the trace elements. Aiming at the
contents of iron (Fe), zinc (Zn), copper (Cu), manganese (Mn), calcium (Ca), potassium
(K), magnesium (Mg) and phosphorus (P) in brown rice, the objective of the present study
was to evaluate their genetic effects. Generation mean analysis, using P,, P,, F; and F,
populations of two crosses, revealed that Fe content had significant additive and additive X
additive effects. The genetic effects of Mg and P contents could correspond with the
simple additive-dominant model and their additive and dominant effects were significant.
The results of Zn and K contents were shown to fit the additive-additive x additive model
and their effects were also significant. In addition, the genetic effects of Cu, Mn and Ca
contents could be demonstrated difficultly. Moreover, the higher broad-sense heritability
of Mn, Zn and Ca contents than those of the other 5 contents indicated that the three

characters had lower environmental effects.

Key words: rice, mineral element content, generation mean, genetic effect.
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