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FHXESKH CO, iREEF (FACE) Rt
ENEEEARMESERSENEN
A4, B B 2, ZRE2, BHA KRB, kN, ZALT

(LEREEIRRFIHRERV SR EAERE, B 210044; 2.5 M KFEVLIRE (e85 A L R SL I 2 R0V K T A T i
A S SR E ISR E, 105 M 225009; 3. & ERlABer LB TSR AT 8 R R B X ERKK
%=, B 210008)

i E: ATHIBARKERS CO, WEF R X /KRS S TR R A0 , 2009 7] FFE H A B E S CO, B = (FACE, Free
Air CO, Enrichment) R4t , A RGEHE 21 355808 8 S BN 15 S, BHo K HAE K CO, ¥ EFHR 200 pmol - mol™ Xt 4 HLKE
FEEE I BUE Fr i SRR, Z55RR I KRR CO, YR BEHS I e il FIoRE K 28 B B B3 T 5.6% , AR R AR R
BEMR DR TR TR 7.6%.6.7%F1 7.9% , B35 B EKFE. KK CO, YREEHEINE AR R MR R TR 2R S 2 AR AR H 4
LR, AR TR AR S AR SR A 4 LB E TR (EXRR PR AR REEM AR S BT80N . NS
5, KR CO BB HER R AR 7 bR E IR 8 MHELFERERMW I BB BENMEE T, CO, 4F Bfhx}
BAEARSR. fARLE. OFEFIELFEER LU SEERA A —EWEESN, R 21 FRSERTRRE
CO, Hyma 3 K Fi7%EAE 8 S aldE 15 XA SER . LA g5 RULA ML KRR M CO R HERBERESRME T
B, N TR] P T BER AR — 2

477 : FACE(Free Air CO, Enrichment ) ; 7K 35 ; 8 3 Jiit ; 2 LG
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The Impact of Free Air CO, Enrichment( FACE ) on Protein and Amino Acids Concentration of Conventional
Japonica Rice

ZHOU Xiao—dong'’, LAI Shang—kun? ZHOU Juan?, WANG Yun—xia?, DONG Gui—chun? ZHU Jian—guo®, YANG Lian—xin?, WANG Yu-—
long”

(1. Key Laboratory of Agricultural Meteorology, Jiangsu Province, Nanjing University of Information Science and Technology, Nanjing
210044, China; 2.Key Laboratory of Crop Cultivation & Physiology of Jiangsu Province/Key Laboratory of Crop Physiology, Ecology and Culti—
vation in Middle and Lower Reaches of Yangtze River of Ministry of Agriculture, Yangzhou University, Yangzhou 225009, China; 3.State Key
Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Rice(Oryza sativa L.) is one of the most important crops in the world and the first staple food in Asia, providing nutrition to a large
proportion of the world’s population. Rising atmospheric carbon dioxide concentration([CO,]) has numerious impacts on rice production.
Compared with growth and grain yield, our understanding in the response of grain quality to elevated[CO,] is very limited. A field experiment
was carried out using the FACE(Free Air CO, Enrichment ) system to evaluate the effects of elevated CO, concentration on nutrient quality
of three conventional japonica varieties, Wuyunjing 21, Yangfujing 18 and Wujing 15 in 2009. Plants were grown at ambient or elevated (200
pmol *mol™ higher than ambient) CO, concentrations. At maturity, the grains were harvested for protein and amino acids analysis. Elevated

[CO,] decreased protein concentration in milled rice of all tested varieties by 5.6% on average. The contents of total amino acids, essential
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amino acids and non—-essential amino acids were declined under elevated[CO,] by 7.6%, 6.7% and 7.9%, respectively. The percentage of es—

sential amino acids increased and that of the non—essential amino acids declined significantly, but relative concentrations of essential and

non—essential amino acids did not show significant changes in response to elevated[CO,]. Concentrations of seven essential amino acids and

eight non—essential amino acids were significantly decreased by elevated[CO,]. In general, the responses of Wuyunjing 21 to elevated[CO,]

were significantly greater than that of Yangfujing 8 and Wujing 15. The above results suggested that the lower concentrations of rice protein

and amino acids would be expected under the atmospheric environment in the middle of this century.

Keywords: FACE(Free Air CO, Enrichment ); rice; protein; amino acids

NETESMEFE T KR CO, BRI 7
75 TVHEATHT, RS CO, HREEALA 280 wmol -mol™, H
BT 2 _E T+ 2] 380 pmol -mol s 3 H BT AR B A 1, F
2050 £ KR, CO, ¥ K753 550 wmol - mol™, EAS{:
ARG T 700 wmol - mol ™, CO, BAEYI S VERIAY
ey, FHHRE SR R B R B X VR i
7 A2 TR 0 5 W) o e oK i iR 3 S0 95 IR B o i L A
WLt B ZR AR R AV SRR 4 5T, AR K
R CO TR X KRG MRS, FIACA —L&
PR BT EROKE IR MR ATE s FE R AP RE
FIBR B B SO R Y, TERDKR R A TS 57
Jih, BARIPI FEEPEEA RS R B, R
FEK P & PP R BEIR & B 10 AL B A HUED 9, Taub S50
AR, CO, HE B 315~400 pmol *mol™ | F}
Z 540~958 wmol +mol ™ /K FFHAF LI FI BT & & F3Y
TFET 9.9%(n=14) , 2RI MR Y (—15% , n=6 ) B
RFRH IR A (6% ,n=8) . FJF, Yang & %
1BSEOLL RAR KSR RN & B, RS CO, HET+
FERPKE BB & & T Mo ERTFR 2 RIS E
BB R LB SFCA MR T, R R &
MRS CO, VR FEETH 1 N AT R A 22 57, &%
PR AR 2 BRI R R & B A 21k,
BEARIES S A FRA ] FACE V-5 , SE A ME
5L A [E, FACE (Free Air CO, Enrichment )i 56 7F
23S E RSN K H SR T 3T, 3R B T RS ASRAE
Yy 1 (O FRABSE A0, DL 3 AN HUBERS AR R AR
PR}, B SRS 58 2T RS 51 T R [FDRERS R
FEK A I B A B IR &5 B % R CO, MR B 31 4y v
BL, AARAERS CO, W TR X8 1 i B 57 b i
S ER AR ARARE

1 #REFZ

1.1 #RIESE
R A REHE 21 (F PR ERE,WYJ21) .8
WS S (HHLRA RS, YFI8) M 15(H HLF

RRERS , WI15)3 Tl AUBE R M Rl

BT 2009 4E7EH [E KA FACE FREARYE A
EiEAT . BT IR TLER T/ NAE R AR
FH(32°35.5'N, 119°42'E ), +3ERAHF IR+, BT
A ALK 184 g-kg?, 4 N 1.45 g-kg?, 2 P0.63 g-kg?,
4 K140g-kg?, #%4 P10.1 mg-kg?, #%L K 70.5 mg-kg?,
k7 (2~0.02 mm)578.4 g-kg?, ¥y ki (0.02~0.002 mm)
285.1 g-kg™, Kk (<0.002 mm)136.5 g-kg?, A 1.16 g-
em®,pH7.2, BHER R AKRE-L/NERAE,

KR, CO, M FETENT R Ambient (370 pmol-mol™)
FI T BE RS 200 wmol - mol™ () FACE ZbF(570 pmol «
mol )2 K-, FHEIA 34> FACE LRI 3 4>
XFHRPE o Ayl CO, BN HAth Pl 1) i, FACE [
Z A LA ¢ FACE P& 5 %t Be Bl 2 [|] 9 (] B& K T~ 90 m,
FACE Bt A IENAIE MR ERR 12.5 m, @i
FACE JB J& Fl 9% 18 15 FACE B8 /.05t 4l CO, <,
1A, MR XU RSB R AS R SF H R R, Bt
MLMZE RSt B shA5 FACE BN CO, WRE , HH (4
B B CO, MEERIFTE 570 pmol -mol™ 724, 1%
HHRZEN 10%, X HRBEA 25 FACE 18, Ha
WM BRRES—BTERXHE)

KHBEEH,5 H 22 H¥ER,6 A 17 HATHE
#,F7HE 25 em, #RkEE 16.7 cm, 24 7-m2, X 2 .1,
B/ XAEAE K FARTR , MER R 15 g N-m?, B BE
JE & S S B Y 60% , FEAE Gt AE B & Y 40% . .
PRACAE M EAERE T , i IS 7 g-m?, KA E PR
m HE ST, SRR EFIG , KR
ERAK,
1.2 WEARE
121 WRPEEREG R

RIS B E R AccQ-Tag BRI AR 1%
BEWE. MashiE. BEEER. WERRBCRE
0.100 0 g(5F 100 B i) F 10 mL ZHHHR A, HEH A
6 mol- L™ HCL 5 mL, FFZHHHE O, I HBAT LI
(B LB RIS AL B 2R 2L ) , S i 22 R
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PSS, BT EA N, B ZRRE T 110 CHE
BFRMAPHEA 24 h FEBAIHNERR, FTHLRE
L IR A (E B U8R 2 50 mL, M H N E 3~4
h, FEREX 2 mL 8 E 10 mL 3K, 2 W 45U B ie
7R KA EWUEZE K ARk HCL, FREYA 2 mL @4k
KRS, TR RRRGE T 0.45 pm FLARRIVERE S , BI15 2
PR R EERROK R . B 10 pL K TR/ NE
JMA AccQ-Fluor ZZp¥R 70 pL, WIS MMARTA
(W B Waters, £ )20 pL, BT 55 CHAELRIE 10
min, 7 A B HFE/NME, T HPLC( Waters2695, £ [H )
R . FH 2695 43 B BT (2487 KM 28 & Em-
power iR S, WA AccQ-Tag 43HrAEH 3.9
mmx150 mm, F3HHE A 5 140 mmol - L™ Z, R4l -17
mmol - L™ = Z & (pH=4.95 , BRI 17 ) ,B H LIE (1
TEat), C LK WA 1.0 mL- min™, ¥ 37 C,
SAMEIN K Ky 248 nm, FEAER R 10 pL, AR$ENE
SRITERAER S &,

HPLC (Waters2695 , 35 [=] ) 46 I & St 45 o Wl 22 A
15 Fp @ B RR AT : AR (Lys ) (A& MR (Val) . B
() AR (Met) . FH R R (Thr) , R AR (lle) R H
R (Leu) 2N 2 B2 (Phe )7 LR B AR , KL AR
(Asp) A EBR(Glu) . 22 Z R (Ser) . HABR (Cly) .4
AR (His ) 22 (Pro) FF & B2 (Arg) N Z R (Ala)
8 FidE LT AR
122 BAREARSE

%M E FARUE GBIT 17891—1999 (IEFFEA),
FABLECE FE SRR S AR, R R 505.95,
1.3 #iELE

FEHRSENFESTENE 8 %) BERYE
X RO TR A 8 %), Fe I E R 5 10
BEE KPP RER S E(mg), BEMRMAX T E
R FEEHRPRERN S & (ng)=(ZERLEN &
BIAEHE & )x1 000,

ARI W RBENL A X 1, HA Co, hE
X, R, IAIRE R 3 IR, SRA Microsoft Excel
AT AL IRFIMER, SPSS13.0 BT 2 57 B &M
A3HT, 8.2 K1 P<0.01.P<0.05 1 P>0.05, 43 3| Fi
kil ns Fon o BHEFRR A EIEARHER

2 GRESH

2.1 BREBRAE
R CO, W BEHEANXAE K E i 2 B AR WA 7R
THE 1. Ak EARTBAERE LS, R

IBHE 21 FEOKRE R & 8 (7.5%) 2R THIEE
85 (64%), MEFHEARTEEERTRME 15
(6.0%); K, CO, & BEIE s B3 i Mo K 2 B
RV TR 5.6%, KBIR B E K, AR EFTRE
BREFELES, ROl 21 KREAR TR T REIEE
BK(11.0%) , ik BEKF-, R 8 S 15 T
REERE/N(2.0%~3.0% ) , RiB B E KK T7ZEmHTER
B, CO, A FR5 S A K & A & B R A E
YE%08L(P=0.10).

101 . ANOVA
[J Ambient Ll P<0.01
E FACE CO,: P<0.01

® COxfhFf. P=0.10

ns
ns

Protein concentration/%
O R, VWA UL IO O

WYJ21 ‘ YFJ8 I WIJ15
WYJ21 . Rz 88 21; YFI8: 44848 8 5 ; WJ15 . AE 15; Ambient : 3§
BKR, CO, ¥ , Ambient COx; FACE: TR 25X, CO, e BEIE 7 , Free
Air CO, Enrichment, F[A], The same below.
B 1 AHXESH CO, REMS (FACE)
MARKERMEREBRSENZN
Figure 1 Effect of FACE on protein concentration in milled rice of

different varieties

22 BAREEBEE VEMELEEEREE

KR, CO, MR EEHE NN KT KR B R B U
REMREE ., ENFEEREENEZRIE 2 iR,
KA CO, ¥k B AR S AR R B R B &1
TFE 7.6% , KB 35K s AR R AT B B AT
#Z5 K2 21 THRRERK(12.0%), 550 2%
K, BiEhE 8 S BB 15 TRERE/N5%~6%),
ik 0.05 BEKF(P<0.25), HHRMFREKP LT
BIEMRAIE L TR AR S BN KR, CO, 9k R i i
M ] A 345 SR B B A M B R 3 — B, TR R R
BEFER/NTIELFEER. FESHEH,CO,
WS R EAESE KR EER B2 T AIELTE
REMR B EIE —EZM(P~=0.2) [HRiX 0.05 B&
7K

KR CO, YR BEHE NSt 0T R 5 B R A &
B4 RSN 3 Fis . KR, CO, Wk infei K A%
FERDFRIER S ERERS R T o LB, i3k
WFRRER G RAEREE T EE TRE(P=0.03),
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RioHE 21 WREER GZEREEA S HH 38.4%
HINZE 38.8%, ik BEKY, iRk 8 SAIREE 15 &
TEAR G E IR DR B E R T EZ T
FHH, CO, AL B 5 Fh kY B AEXT A T8 B AR TR B R
HEER B EE A L ARBRR B EKE
23 BAVENEVESERENSE

BAEBAIN & RS () EHEHEERN
TR (mg) , FRREERA A K 4 B, CO, b3 R
5 SR EAEXX N SR ABIARR B K
24 WEREBESE

KR CO, M EEHEINST K REHE K A 7 FpbTs B
R & BN 1 PR X 7T TR EERSEN
w22 AR .25 /K- (P<0.01) o KR CO, MREE
B KRS K & TR E R & B 3 TR 4%~
8% , i8I E T B EKF. MARSEMESE, Ri2

100 ANOVA TAA ANOVA

B 21 EIREIE R 5.8%~12.9% , 51 8. E K, 58
¥ 8 SHIEEE 15 FIREIE 351K 3.2%~5.2% .2.9%~
6.7% , KL BEIKF« NARINFEIEIRE , &R
RINER & BN EIREIR R K (8%) , Rk 27 &R |
SRR AR , PR SRR B A
BB AR/ N T M 4%~5%) , S a3 —2
T Z5rHrRM, CO, b ¥R 5 FF X PROK A AR . R
iR RAERARNERA —E M EAERU (P<0.20),
25 EEERERSE
KA CO, VREEHGIMX KNG K 8 FhIE TR
EIR S EEMANE 2 Fin. X 8 FdEbFTEER S
BRI FER B E E 5 (P<0.01), K CO, WRE
HEINEKAE 8 PR Te &AL & & T PRI B E 5
WK MR M ZERE , RS 21 JEDNFTE
TR B FEIEN 10%~14% , K3 B & Btk B &K,
TEAA

ANOVA TNEAA

ok il P<0.01 A P<0.01 mf P<0.01
9 CO,: P<0.01 CO,: P<0.01 CO,: P<0.01
%, 80f COxfhFh: P=0.20 COx5hfp: P=0.20 COx5hFh: P=0.21
. k%
;éo 701 ns ns [0 Ambient
g oor [ FACE
; Sor *E ns
§ 40_ ns
3 30f o s ns
= 20}
10}
O Wyl | YR8 | Wwils ‘ wYJ21 | YFI8 | WwJis | wYJj21 | YFJ8 | WwJis
TAA TEAA TNEAA

TAA : Total amino acids, 23 /8 5L & ; TEAA : Total essential amino acids , W55 & 58 5L & ; TNEAA ; Total non—essential amino acids, JE 55 3L

&, TIF,The same below

2 FHAZSH CO, REESE (FACE)MAEKERMEXEERZE wENELESER S BTN

Figure 2 Effect of FACE on the contents of total amino acids, essential , and non—essential in milled rice of different varieties

80r

2 ANOVA
£ g 75¢ 2N P<0.01
| COs: P=0.03
$ % COmELF: P=0.27 ns
§ _% 651 _ * ns
5 E 60 [J Ambient
2 3 55) MEFACE
£ s
g = S0r
o 0
g © 45¢
Q
% g 40_ * ns ns
£
IR @ (W
5 T
wyper | YEs | wiis ‘ wypRi | YR8 | wils
EAA NEAA

EAA ; Essential amino acids , )75 %4 3L#8; NEAA : Non—essential amino acids, JENFRIERE . F[F], The same below
B3 ARAESH CO, REWES (FACE)XNAAABRMELAVEEER SSEREET LN N

Figure 3 Effect of FACE on percentage of essential or non—essential amino acids to total amino acids in milled rice of different varieties
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BiakE 8 S AR 15 FEIE 53 518 2%~T%F1 5%~
8%, A3k 0.05 BEKFE, FZEHHRHA,CO, b5
AR K 2 E R A E R N B R AR RS —
FE HAERON (P<0.20)

3 i
BT B SR R R R AR

300
200
100

WYJ21

Relative concentration of amino acids/mg* g™

EAA

900T ANOVA  EAA ANOVA
I P . P<0.01 Sl
800 CO»: P=0.48 CO,:
L COxShFh. P=0.72 COx S Fb .
700
600
500
400

FHEPR, SRR BRI ATR R . A RS
By AP AR RE  (BANR IR EAR B R
B BB R B B AIRGE , TTie R ET
FLik & FACE 5, KR, CO, E TR K ER
R E—EU T RS, ABEFETE FACE 2504, LH AT
EFREARGEAEREZTN 3 DA
Bt (1), BRI CO, W hn

}N)Eé& 31 [ Ambient
P=0.18 [ FACE
P=091
ns
ns ns
wYp2r | YFI8 wJ15
NEAA

B 4 FHAZSH CO, REEBHNARKERMERHENELFEREREN SEHW

Figure 4 Effect of FACE on relative concentration of essential and non—essential amino acids in milled rice of different varieties

® 1 FRXESHF CO, REWEE (FACE) M AR KERMFERHEEER BRI (ng- g rice)

Table 1 Effect of FACE on essential amino acid concentration in milled rice of different varieties( mg g™ rice)

Ry CO, 4k HEMR HER B ERR HRER SRR SRR FHER
s 21 Ambient 6.11+0.15 4.39+0.10 1.84+0.03 2.91+0.07 3.48+0.08 6.67+0.15 4.25+0.09
FACE 5.56+0.03 3.89+0.04 1.73+£0.01 2.63+0.03 3.08+0.03 5.81+0.06 3.73+0.04
IEE 8 5 Ambient 2.83+0.08 3.79+0.12 1.88+0.05 2.67+0.07 3.00+0.10 5.58+0.18 3.63+0.11
FACE 2.70+0.03 3.63+0.07 1.82+0.03 2.58+0.03 2.86+0.06 5.29+0.10 3.46+0.06
R 15 Ambient 4.79+0.23 3.45+0.19 1.45+0.05 2.39+0.10 2.73+0.15 5.15+0.30 3.27+0.18
FACE 4.54+0.08 3.26+0.08 1.41+0.02 2.30+0.04 2.57+0.06 4.80+0.12 3.06+0.07
ANOVA Cultivar <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
CO, <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01
CultivarxCO, 0.13 0.26 0.66 0.19 0.25 0.18 0.18
F 2 FRAZESH CO, REWER (FACE)M AR EKBRABAELFEERSERRN (mg- g rice)
Table 2 Effect of FACE on non—essential amino acid concentration in milled rice of
different varieties(mg- g™ rice)
b CO, 4b31 REER L E R BER HEmR HERR FEER NER AR
iz 21 Ambient 7.72+0.20 3.91+0.10 15.24+0.34 3.24+0.07 1.86+0.05 6.66+0.10 5.21+0.13 3.76+0.08
FACE 6.71+0.12 3.36+0.05 13.13+0.16 2.87+0.03 1.68+0.02 5.98+0.06 4.61+0.05 3.29+0.03
g s 5 Ambient 8.46+0.34 3.22+0.11 12.15+£0.43 3.54+0.11 1.72+0.05 6.08+0.21 4.21+0.13 3.38+0.10
FACE 8.16+0.17 3.00+0.04 11.46+0.21 3.37+0.04 1.65+0.03 5.81+0.12 4.01+0.06 3.31+0.06
#AE 15 Ambient 5.98+0.26 3.00+0.17 11.41+0.68 2.62+0.15 1.52+0.10 5.45+0.30 4.12+0.20 2.94+0.16
FACE 5.70+0.14 2.75+0.05 10.57+0.28 2.47+0.06 1.42+0.06 5.03+0.15 3.87+0.07 2.75+0.07
ANOVA Cultivar <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
CO, 0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01
CultivarxCO, 0.27 0.16 0.14 0.37 0.57 0.50 0.18 0.09
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200 pumol - mol™ IR TR R B A T & B T R
5.6% , 5% B EKF(B 1), %45 580 /NF Taub 51
BEMMEER(-9.9%), 5F—FACE ¥ & X HEAE
KA 14 ZHMIRLE BRI XK RMEA
i BN R CO, MM N 22 52, 4R K 5 SR 9T 5
PR KRS CO, ¥R EHFEFRS Asominori FTHIAE IR24
EARE RS TRET 8.6%F1 13.5%( IL3C
Bk[1713 3), X BB EKF . ARG R 3
CO, 5 /#1855 B BAERN (P=0.10) , {HIA 2] LA
HEEHREKREARS BN EEE CO, M FEE
AR 25

RERA I BYE T EA R TR R
FU0TC i3 KBRS CO, VR BE T+ 5 2238 RS A
63 FHMHE 8 HLFREREEE THFBE, ¥
TRER G RERE 4 BRI A SO IR
T BHZESH CO, MR T =X A [FURERS & Aok K
FER BT, R FH KRS CO, VR H{i
R KR EER B R O LFEER SR
BT 1%~8%, FREAKRLTRER S EERESEMN
A4 360 0.3% , 3935 BE K, X 5 RAEEF
g RS —E . AFRIEEH,CO, 5 MR EE
iR B R AR T B AR N B — M EAER
N (E 2), Bk 0.05 BEKFE. BOKEARMEE
WBUR T DT B, ARG REN,
KR CO, WREEHE X KRG KR LT RAERAIELTF
RERAAX FEYLEELW, ARSMEE—,
ULBHRR B CO, SRR A1 T ROR ARk £ 4=
iR

KFRR CO, R FEH AR R KA Fh S FEFR 4 53

U5 B RTE A B RIE S, H Ak B SR E 600

pmol - mol™ CO, ¥ FEFEAIAREFF =% 2 B 17 FpEER
GEFEHTHT 30%~40% , R 4@ 38 550 wmol -
mol ™ CO, b IR 223 FENIE 63 AR FLFRAL 4 T [
19%~15% , NRIEEERR & & T HREAR, AMRE
AR CO, WREH MRS AR S E TS
B 8K, FEIE R S A AR R RA R TR,
KR COWREARHBARBHEAPEARSE
MAEREREE TR, KX CO, REFREMRKE
5B % B A R T BB S AR AR R N AR R %
R0 LA R — Y

4 it

KRR CO, B IR E AR & &

BER G B DTN LHERER LR ER 7 F
TR 8 PR LT EEERR A B4 B Bk
BE TR, A HHS SRR LT MR LR A ER L&
ER BRI E 2 RN Ak BE K. HIHA
[, RS CO, W IIRPAE K b AR 75 B
AR S B IC R E M . CO, ALHLS AR E R
FEE RERER MHEMIFLFEAERBEK
W BEMRA —E RN, A ESRUH, At
LR CO, W AT PR A K T i &
FRS & MRS B TR, AR SRR —E
o
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