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XS CO, REABARKTMBR DT REXTH
& BHHM

oS, RER, RAE, a0 oW, & 7, keals
(L EPR =B ot RIS SR R R R E R E K=, VL m A 210008; 2. E B2 B k2=, bt
100049)

WE. FHAHRZSS CO,MIETHE (Free-air CO, enrichment, FACE) -5 ,7F CO, ¥ & = %] & 200 pmol/mol
FIZAET , LUALRS 11Y084 FUEHSE WYJI21(23) AR}, 4L 2 4F (2012 F1 2013 4F) BF 78 HoRE K 50K K 19 & ik otk
(N.K.P.Ca Mg Ni Mo 7 #55) X KA COREF RN, 550K, COMRE R KT, KRR K==
FESE 2 AR AN, Horp  11Y084 2 3443 Sl 38 7= 37, 1% . 39. 6% , WYJ21(23) W34 10. 9% 9. 2%, CO,H % T
E ALY 11Y084 HEK RSk N & 2 4R IR 11. 1% 7. 7% , T WYJ21(23) 43 HIEAK 4. 2% 5. 9%, ik
N2, ITYO084 Bk MK i B N S 345 T WYJ21(23) , CO, Ve J3 FH 55 %) Al A FrAS A8 L ok >k ORSR KL\ P
Mg.Ca Ni Mo F A WEH M, HAh, KIAE 58 S AR b BT R & i PR KA 1. 10(N) ~9.89
(Mg) 15, 5 WYJ21(23) M LL, IIY084 KK KK 8 K N &b CO, e I T A4 7 B B .| O DRGSR P T
RO ENT CO, VREETH R B MRS TREK . BRI BEK R KIS T & AR 22 1% RS CO MR EE T 5 iR B & AR A
BEEB 8 BUE R B Z RS A IS Z —

KA. FACE; /KFE; K, KoK; 07BREFRICER; T

FESES: S162.5'3 XHkFRIZAD . A XEHS: 1000-4440(2018)06-1217-08

Influence of free-air CO, enrichment ( FACE) on the content of mineral

nutrient elements in brown rice and white rice

JIANG Qian'*, ZHU Jian-guo', ZHU Chun-wu', LIU Gang', XU Xi'?, ZHANG Ji-shuang'
(1.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2.University
of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In this study, indica ITYO84 and japonica WYJ21(23) (Oryza sativa L.) were grown at a free-air CO, en-
richment (FACE) experimental facility across two growth seasons (2012-2013) under ambient and elevated CO, conditions.
The target CO, of the FACE plots was 200 pmol/mol above that of ambient. Effects of elevated CO, on N, K, P, Ca, Mg, Ni
and Mo concentrations in both brown rice and white rice of indica and japonica genotypes were investigated. The results

showed that the yields of brown rice and white rice were increased after exposed to elevated CO, for two years. Averagely, the

yields of brown and white rice were increased by 37.1%,
39.6% for 11Y084, and by 10.9%, 9.2% for WYJ21(23).

Under the treatment of elevated CO,, the average N con-

Y75 B #A - 2018-09-06

E&WH: FEH AR RS T H (31870423) ; [ 5K A RFl 54
B (M IX) AAE S 38T H (31261140364 5 BH# E bR
A E 522 H (2010DFA22770)

v (5 (19800) Lo, SEMIE TL T A, £ years decreased by 11. 1%, 7. 7%, separately, and those of
I A K R A K 5 R K R T OB SE . (- WYJ21(23) declined by 4.2%, 5.9%, respectively. In ad-

mail ) gjiang @ issas. ac.cn dition, significant cultivar effects were found, the yield and

centration of brown rice and white rice of 11Y084 in two

1EEE

i
">

BIEE RE#E , (E-mail) jgzhu@ issas.ac.cn N concentration of brown and white rice in 11Y084 were
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higher than those in WYJ21(23). No significant CO, effects were found on K, P, Mg, Ca, Ni and Mo concentrations in

brown rice and white rice of the tested cultivars. Moreover, the average concentrations of tested mineral elements in brown rice

were 1.1 (N) to 9.89 (Mg) times greater than those in white rice. In short, the responses of yield and N concentration of

brown and white rice to elevated CO, of I1Y084 were much higher than those of WYJ21(23). Besides, the responses of miner-

al elements to elevated CO, in brown rice were stronger than those in white rice. Obviously, the matching use of brown rice

and white rice is an effective measure to alleviate the problem of partial mineral nutrient deficiency caused by elevated atmos-

pheric CO, concentration in the future.
Key words

cessing methods

H i, KA CO, W BE T el Tl 5 i /i 19 280
wmol/mol 4 Jil & 410 wmol/mol , 3 H. FF 4 LA 1.56
umol/mol AR KR s B A e ARk
3 550 wmol/mol >, KX, CO, HLEZ HHWM NS
YERT, HORBE A B 4 & 1 R Dt 5 e
TRRAAE YIRS BT B R R R | HETTAS [F) A2
Hu¥EAN C3 VY, An/NEZE OKRRSE AR P B s T
BT KRR R LEREENRIEY Z—, 2R
2B AN ERLROK S T, I, A KA
L BT AERT R R CO, VR B T i Wi o7 AT 5 B AT L
B,

BIFREEREW], COVRE T+ 451, KT #f
L7 e 1IN ) D DR A S0 B R A R 1
I BT R LSRN, CO, MR T R R K B 2
b i VERY S DA R TR S s k)
W P #4EAE P [E K B FACE ( Free-air
CO, enrichment) -5 IFFT 45 S ,COZ‘W&F}I‘%
REPEOR R 14 KPR N K &5 HX] P
Ca Mg S IF LR EFM "™ . HA FACE ‘F &1
W K, KA COMREETH i 45 0F B A ( Akita-
komachi ) A K A 25 07 Bt B 35 AR, RS oK o
K. P Mg, Mo %% i A 8 hn g #, {H 22 53 JF A
F3 84 K % (Growth chamber, GC) &1+ T,
CO, Y& 2 T i 1 25 R AR K A it il ( Jarrah ) A K 19 N
T (FEMR P A T) M P & (P &M
)M A, Loladze 38 i 4 B2 SCHRIT 43 M 40 &
P19 FhELAHE Y 11 BB FR LA K 5 Fh/NZZRY P
Mg Ca & 8 XJ 5 CO, e B (1 mw fif 147 3% Bk 35
W00 K & RO . B, AR R A
(FACE ,GC) KA &l Fde 75 X (ZAk 5 R B LA
FONTREFE KPR AR R K ) #7T B85 | B I 58 45
Wiz HET, KA K Co, W THR K
et it BRI A F X GORE AR . SR, H AR TR

T fel

¢

free-air CO, enrichment; Oryza sativa L.; brown rice; white rice; mineral nutrient elements; pro-

AMTEZG G, BT TSRS, & SEAR,
BRI 2 A= 25 R 5 A R B J2 B T £ | TR
Rk 8 YR & & B TR fERR
COVRBETFE 5 F T, A3 SRR FUREFS 2 Fp 2 AIK
R R K SRk T N K (P Ca Mg Ni Mo % it [ il
I 2 TR EEA RGE, A EF AR A, COo, Wk IE T
AR R TTYO84 114 7 15 14 i s 5 8 ke
WYJ21(23) 1 %57 A 56 00 A0 b K RS
FACE -5, LAIX 2 FloKFE SR B &2, SR 1T
25 2 FFRAR CO R FERE NN 200 wmol/mol 1Y 514 T,
FORE K KK B i BT AR [ A4 i T B R ) I
Bt (N K P Ca Mg Ni Mo & &) | %0 i b H: 2%
5o BAERINEG L TR KA CO, R EE T =kt
IR BEAE b AR R DR R S B MR s i R DA
177 R AV T R B A — 2 B2 Ak A
bRk
1.1 R T EHR

HEK A FACE V-5 VLI LR T /N2 4
LR R (32°35'5"N, 119°42/0"E) , i3 X 4E
PISIRZ 15 C, R & 980 mm , 43 H HE T [H]
2 100 h, A ToH A 220 d, T HERAU AN 1 HAHF
YEZIEARME T N pHE. 8 2% 1. 45 ¢/kg . 2W 0. 63
g/kg AH 14. 00 g/kg A EHE 10. 10 mg/ kg AT
70. 50 mg/kg AT HLEE 18. 40 g/kg " |

ZPHIE T 3 3 CO, W BT iR XS8R 3 Hox)
HE X3, 4% XS 22 R B B3R 31 90 m LAk Sl B4,
FEOKREEAAE W, il B H R G CO, W
Tt X gk Cozﬂfﬁﬁﬁéé‘%ﬂﬂﬂ‘ﬁ’% X 35 200 pmol/mol ,
I HEHIRZETE 10% AN, 25 DX G IR R 38
WS ARIAEE 58 42—, FACE V& Wi it
S TR NS 3R 20 ], AR SEBR I 452
2012 5 2013 AR KM CO, MR B T IX I
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CquZi’J{%QEﬁ}%Uj‘] 571 pmol/mol 588 pmol/mol , T
2SR XTI B AR 34 (E 3 I 24. 4 °C 92.9%
(2012 4F) 1 24. 8 °C 91.9% (2013 4E) .
1.2 Rt

PR S FP A 24 2SR FE 11Y084 ( Oryza sativa
L.) FFERE WYJ21(23) (Oryza sativa L.), 2012 Fl
2013 4F, 051 F 5 H 18 H.5 H 21 HitfT KHH
By, T 6 H2 HM6 H 22 HANTLEIMR, T
25.0 em, BRFE 16.7 em, BFX 2tk RHABEE &
NE(15-15-15) FIPRER (A 46.7% ) 45 Gt . At
FHHE 22,5 g/m*, Hit 40% FAVEFEAR , HLA -2 40 e
TFoKFE S BER R AR, W AT 38 R AR SR
it AR 9.0 ¢/m?, FERLARAT 1 d i LML, 38
Jiti o3 BENE AREAL H 43502 2012 4E 6 A 27 HA 7
H31 H,2013456 H28 HFM7 H 25 H, #EMHE
7K, 9 R R 7 IR A FH [R) 45 25 R R R — 2
1.3 H@RESHH

JKAE 4y 9 F 2012 4E 10 A 17 H (11084,
WYJ21) 52013 4£ 10 f 11 H (11Y084) .2013 4E 10
A 24 H(WYJ23) 58 BTk, wEFF A/ X Byl
ZIXH, R AE 2 P IR XURE A, BEJS , 22 AR K
HAKIEYE, T =BT (70 °C,48 h) , FRFiH
AR S)E , B o A8 45 8 i B L (JLG-IL, Hfif
F) Wi 7e i A5 FRE K . B T B0 PR R R50R — B, B
B 5 o At K P2 B K AL (INM-TIT, Hr i) ik 2
PAPREK . SR HIEREEAL (MM400, Retsch ) 7331l
BURFI R AR A A

EIAHET S (70 °C L6 h) BT THEas a4
ZER, RHICEK I HL (Vario MAX CNS, Ele-
mentar) JE N 58, FRELO. 5 g(AH820.000 1 g)
FEah T A 851 M b, aliK W, i A 8 ml HNO,
(GR) %M1k, WH A 2 ml HCIO,(GR) , 44 H
A B IRIHM RS (Deena 11, Thomas Cain) 14
b, HEHARE A5, FRERY 1 ml, IFH
THRENTT, E, ALK ER 2 50 ml, R FHHL
A5 B TR & 63 (ICP-AES, Optima 8000,
PerkinElmer) i€ K P, Ca Mg 7 &, & H L EHH
BB TR R (ICP-MS, 7700x, Agilent) Il 5
Ni Mo &, FHFREREM GBW10043 ( GSB-21) il T
ORI i A ) ol s i
1.4 HiBAhIE

FH Office2013 , SPSS16.0 i 4 7E 47 B3 b 38

581t a0, 5k U R 7 2250 B 05 7 (Two-way
Analysis of Variance) X CO, , i Fit S 28 B 4F H i
TG mpr (7 L7 il #E R P<0. 01, P<0. 05, P<
0.10), B S EALEH 8= (F][COo,] 4t
B X} B ) /% R ] x 100% , B A5 7R BEAR B 405, i
IE{E RN 435,

2 HERE

2.1 #EXKIBAFTEX CO,REFH S HINE L

M 1 AT, 2012 F1 2013 4FHIFE 11Y084 KK
NG ER B 81.6% ~82. 4% 85.3% ~ 88. 4%,
FERG WYJ21(23) W55k 83.3% ~85. 5% .83.5% ~
87.0% . XWIHZR Iy 25 Hrai R woR, CO, M i i &5
i 2012 4F 7K A5 A B K 5 (P< 0. 01) 5 KK A (P<
0.01) , HAE CO, MR BT 454 T W BRAK, R,
Al FPRIN; fnb 2 5 ) P AT )R OK R (P<0. 01, 2012;
P<0.01, 2013) FIRKF(P<0. 05, 2012; P<0. 10,
2013) , BEAKZR WYJ21(23) & T IIY084, 1fij K K %
AR (R1.32),

A, Bk 7= (P<0.05, 2012; P<0.01,
2013) 5¥5K =& (P<0.05, 2012; P<0.01, 2013)
X CO, e BE Tt i A 5k 35 B, CO, MR FE T v 251
T RIAE 11Y084 K KK ™ & 2 4R35 & 4 s
F37. 1% .39. 7% ; MREART WYJ21(23) K& KK &=
T 0 B /0N, 2 AR F 34 43 3G 7 10.9% 9. 2%
BEAD, ARG, i 25 I K ARG K (P<0. 05, 2012)
FUKS >k 77 &8 (P< 0.05, 2012; P<0.10, 2013),
11Y084 7T WYJ21(23) (#£1.%2),

22 BRBRUREFELEZIEN CO,IREHE
B Wi 2

HE 1 518 2 AT 0L, 2012 12013 A=A FUREAS &
FRREARA g Fon R S TRk, 11Y084 Kk
N.K.P.Ca Mg Ni Mo & 2 473545 LA K =
1.10.3.62.4.29.2.02.9.20 1. 45 F1 1. 24 5, WYJ21 %
KN K.P.Ca Mg Ni Mo % 2 45355051 R K &
1.18.3.29 4.73 2.40 9. 89 1. 33 F1 1. 09 1%,

M1 2 8543 3 AT, CO, W B T %
MK RERE K (P<0. 10, 2012; P < 0.01, 2013) Fll
KK (P<0.05, 2012 52013) ' N &, S5XHIEAM
e, CO M EETHEALFE T | TTY084 K FDKE K N A& i
Ay I EAR 7.9% . 3.9% (2012 4E) DL K 14.3% .
11.4% (2013 4F) ., H5ZAHL, WYJ21(23) KEKF
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Kk N SRR ARIE BER /N, A R 3.4% 4.4%  Frik, EURIFS 11084 BEoKk RSkt N & it 2 T
(2012 4F) LAJ. 5. 0% 7. 4% (2013 4F) , BLAb, hF FE WYJ21(23), [FE, CO,5 MR 8 B /R B 3
ROV L E R K RERE K (P<0.05, 2012; P < SMREK N &% & (P<0.10, 2012; P < 0.05,
0.01, 2013) FUAE K (P<0.01, 2012 5 2013) i N 2013) fHZAH BEFR KT N (£ 3).,

F1 CO,REFHXIATE Y084 WYJ21(23) EKE BREURMKE BA=ENEMN
Table 1 Effects of elevated CO, on the percentage of brown rice and white rice and the yields for IIY084 and WYJ21(23)

2012 4F 2013 4
fi . ok HkE OEDROTRORDRTR kR kR RDRR DR
(%) (%) (g/m*) (g/m*) (%) (%) (g/m*) (g/m”)
11Y084 it e 81.7+0.1 87.7+0.3 717237 629+31 82.0+0.6  85.3x4.4 783228 668+54
= CO, Wk 81.60.2 87.7+0.5 1001£182 879+ 164 82.4+0.1 88.4+0.2 1 055+54 933+50
WYJ21(23) Xt 85.5£0.4  87.01.1 70012 61010 83.4£0.4  84.0+0.9 81763 68646
B COME  84.120.3 83.5+2.6 74115 618+31 83.3£0.2  84.7+1.2 948144 80347

F2 CO,iREHASIIAE Y084 WYJ21(23) #EKE BREUREKTE FBRKmEZLMAT E5H
Table 2 Variance analysis for the effect of elevated CO, on the percentage of brown rice and white rice and the yield for IIY084 and WYJ21

(23)
2012 4F 2013 4F
S|
F{y F{y
1R CO, MR 20.3 4.4* 9.1* 6.9* 0.9 2.1 50.9 ** 443
i 400.9 ** 8.7" 6.7* 8.1% 27.0% 3.6 1.7 3.9*
15 CO, ¥R BE x A ol 18.5™ 4.5% 5.1° 6.0* 1.2 0.9 63" 6.7"

=R R 25355 0.01,0.05.,0.10 B E K,

2.5r 5.0r 5.0
20t _40f
S & B
= L5t § 3.0F =
1 1.0b I ook !
z <o 4
0.51 Moo a
0 a b c d 0 = b c d
[EP/N [EP/N
0.20F 2.0 0.6 0.8-
E" 0.15F gn 1.5F 0.6[
B &
. oa0f i 1OF 0.41
& <L%
S 005 2 05 0.2
0 a b c d 0 a b c d 0 /= b c d

O X, msCo ik
a:11Y084 A ;b WYJ21 KK ;¢ 1TY084 A s d . WYJ21 A5 K
1 2012 K75 Y084 WYJ21 #EK SRR T RITELET CO,KEFH i 5L

Fig.1 Effects of elevated CO, on concentrations of mineral elements in brown rice and white rice of IIY084 and WYJ21 in 2012
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2.51 4.0 4.0
2.0
—~ ~ 30 ~ 3.0
X 2 on
= 15F % =4
i 20 ~ 20
4 1.0F i I
Z < 4
0 a b c d 0 0 b c d
0.20r 2.0 0.4 0.81
—~ - £
% 0.15F w15 £ o03f = 0.6
& = ) b
c E g g
. 0.10f e 1.0 5 0.2 0 0.4r
<F:[ <L% <\H <g:
& 0.05F < 05f = 0.1F S o02f
0 a b c d 0 a b c d 0 a b c d 0= a b c d

O XH; mECo ke
a:11Y084 A A ;b WYJ23 KK ;¢ IIY084 MK s d . WYJ23 A5 K,
2 2013 ££ Y084 WYJ23 X SIEKPH RITESEN CO, K EF S RIIE AL

Fig.2 Effects of elevated CO, on concentrations of mineral elements in brown rice and white rice of IIY084 and WYJ23 in 2013

5 N S EAE, CO, e BE T = % RIAS A &
K SAE K K P Mg, Ca Ni Mo & A &
s BAETE R R B 0 OE o i g (&1, B
2) . SXFREA L, KR CO, e BE TF v Ak B A Rl A
11Y084 K&K 2 4% P Ca Mg, Mo 5 it B H T &
R A E RN -2.5% . -3.3% . -5. 4%
-5.3% (2012);-3.1% .-12. 1% ,-8.7% . ~13. 1%
(2013), SR, BERS WYJ21(23) fEK 1 P Ca, Mg
SR T 6. 8% 3.9% 7. 7% (2012) ;
6.0% .3.7% .0.9% (2013); Mo & & | A Vil A 1
-3.9% (2012) \13.0% (2013) . ILAb, KifE S5AERE
Bak K & e hn 0. 2% 4. 0% (2012) #15.9% .
6.5% (2013), Ni #5220 % F % 4.3% . 1. 8%
(2012) VA J% 23.1% 13.2% (2013) ,

EREKR L, KR CO W E T S AL BT hI AR
11Y084 45K P .Ca Mg . Ni Mo &+ 2 4E - H4 {5 43
MTFET 2.8% .3.3% .1.8% 14.7% 9. 1%, YFg
WYJ21(23) KK P Mg Ni & &#AN R T G2
FEE A AR T 2.3% .6.4% 13.2%, T Ca 5
Mo |43 1) & F Xk R 0. 4% 2. 0%, LAk, & CO, ¥
JEZAF R, IIY084 HEKHh K & : Y 2 AR (EAT) SR 3
T 1.4% B WYJ21(23) MITFFET 5.0%,

il RERE i Fh 10 25 S P B B ok h K (P<

0.010, 2012 5 2013) Mg (P<0. 10, 2012; P<0.01,
2013) Mo (P<0.10, 2012; P<0.01, 2013) P (P<
0.01, 2012) 1 Ca (P<0.01, 2012) &+ (K 1.8 2,
K 3) ., Ak, SFPRLON B R R K K (P<0. 10,
2012 5 2013) .P (P<0.10, 2012 5 2013) .Ca (P<
0.01, 2012; P<0.05, 2013) Mo (P<0.01, 2013) &
&, CO, 5MMmsc BEAEHXREKFE P (P<0. 10,
2013) .Ca (P<0.01, 2012; P < 0. 10, 2013) Mo ( P<
0.01, 2013) &L SR Kk o Mo (P<0.05, 2013) 7%
HARER (K 1.82.33),
3 0

AR, SXTREAH L, RS CO, MR BE T e b 3
BEERAN T 2012 F1 2013 4E ARG 11Y084 F A Fe
WYJ21(23) kK 50K = i, 17 H 11084 KoK K
KBGO BE A = T WYI21(23), AR
AT RAE ' —5, R EKRE FACE & R HiT )
WS 45 J 6] RE 22 B, TIY084 114 384 7= i J32 8 5F e A
WYJ21(23) 1 57" eAh, Bk R 58 K R AR
JRAKIN T R ) H AT A $c ik i i
TENTX COL M BEF- = A ma f . A5 45 R KW
KA CO M IETHE 5F R, 2012 4FE /K Rk >k R A
KFRE T, [, 78 FACE 20T BERE A b
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14 FREK AR REKR XS CO, e BETH A7 W1 A 13 B )
JE20T BRI, 2013 45 7K AR K DR K R 1A
SR CO,HRBETH R B R, X FAR B 8] ) AN [7)
Al ESE FACE K TH IR IR BE | [k B2 [ AR 2% AR
TEAEBRII 22 S DR, [RIRE, R AR A0
FACE V- £ Sl UL R R £ ) 47 B8] 22 52, 25

ERFET YRR 500, A o o R R
i 2 AFERIFE B B 22 S B RN Z —, ik
I8 BER Y KR B A A B SR OT R B K S RS
KIEEFITCR T AP AR 2T, Wik, Co, ik
FETH R 26 E R W SEAIRS FDRE AR it Ml K 585 K o
W FOLR S E M AAEEE L,

F3 2012 £F12013 £ IY084 WYJ21(23) Mg BXRFPT RITEESEX CO,REAR . MMIUAREZEERMRKFE 5

Table 3 Variance analysis for the effect of elevated CO,, cultivar, and their interactions on concentrations of mineral elements in brown rice

and white rice of IIY084 and WYJ21(23) in 2012 and 2013

LAy b3
N K p Ca Mg Ni Mo N K P Ca Mg Ni Mo
2012 5 CO,VRBE 42 02 0.2 0.1 0 0 1.0 53" 0 0.1 1.8 0.1 1.4 1.3
Fi Rl 82* 11.6™ 20.7** 653* 3.5 1.1 37" 653" 50" 43" 120" 0 0.1 2.0
B COMEXRAM 42t 0.1 0.7 1.8 1.1 0 0 0 02 0 0.6 0.4 0.2 0.7
2013 5 CO, VR BE 250" 33 0.4 0.4 2.1 0.8 06 8.0~ 0 0.1 0.1 0.1 0.4 1.2
A 49.0™ 215" 1.8 0.3 157 0.2 69.8" 40.5™ 49" 4.8* 563* 0.1 1.7 3047
& COREXmM  40* 0.1 3.9°  1.37 2.8 0.1 11.6™ 2.0 02 0 0.1 0.3 0.6 7.0%
BAERN FE,™ " HIFRR 225355 0.01,0.05,0.10 BEIKF,

KA CO, e BE T+ i 35 A 2012 5 2013 4F
11Y084 HI WYJ21 (23) KK N i, S5XT AL,
2012 12013 4F 11Y084 Kok N 7 43 HIREAK 7.9% |
14.3% 1l WYJ21(23) FEAR iR BE & /N, 52 510 3.4%
M5.0%, X—4555HATA K CO, MR IE T = 414
T KFEROK N SRS —8, 7E OTC
( Open-top field chambers) *F- 5 , Klifg IR72 #£ CO, ¥
JE = X B 300 womol/mol B, FL AR 1 i & & 2 4FF
WTRWT 8.3%" . HA FACE F& MBI 4: 5 0
75 BERE Akitakomachi BEK P A SR B E TR,
AR LW, & CO, M E AL HL T, 2012 F1 2013
AE TIYO84 K5k N &4 3 il TR 3. 9% . 11. 4%,
WYJ21 (2012) 5 WYJ23(2013) 053 HIFEAR 4. 4% |
7. 4% , S YR E W E K, E FACE 41
WFFTas R IRIRER I 76 CO, WRIERF R WYJ21 Y
FREAFRSRE LS R 110%™, HZA FACE
FH BB E RR B RTER CO, WK T Akita-
komachi K5 K 8 i 2 4E P HIEFEMCT 9.1%°
AR, KA COMRBETHR T REK S5HE K N & i
MR REIRBEAE, A0 FEORER LR T Z 1 N,
HEFRMEAREZM, 55, KA CO,EE T m Xt
FEORER B2 i N i IR A 28 5 W S 5% e, DA T
B[] — SRS RIS K N A Bt CO, e B T iy il

o AR BEAEAE 22 5, i HL B Z R WYJ21(23) , X F
SEMATERIFE 1TY084 HEE Ay Bt . F T A K il 1 1)
RAOULEA FUBAE FREK , DK RS R =B A1
A, X FEMTAF AR PRI N &%
5, DT 52 W) K AR B, HL T, CO, ¥R B2 T i 25 A
T REK KK N B o T R Y 32 D PR AT AR A Dy
LI 3 A7 (1) CO, MR EETH s e E T A4 A 4 A
AR, FEON SE R T YR N
BRI 5 (2) CO, He BE T AR T I 2% s e
WD TAEY) N R SR R AR R R T O, &
FEAR TN N A=Y (3) F T A N 2k,
CO, MR T 18 T /KR B N W B (B 3R 5
A N RS A s

FACE ‘-4 F, 2012 F1 2013 4FHIAS 11084 Ak
Kt P Ca Mg Ni Mo 7 45 XF BRI 47 F ka3,
H2 5 RIK W E/KFE, 7E OTC(Open top chambers )
RET-5, CO, VK BE 43 5] /& T X% i 200 umol/mol 5
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R EMRTEDY ) co, T & &M ,2012 Al
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