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Abstract: Empirical records have proven global climate change to be an indisputable fact, with an important contribution
from the increase in atmospheric carbon dioxide (CO,) concentration. According to the projections of the Intergovernmental
Panel on Climate Change (IPCC) in 2007, global CO, concentration is expected to double in the middle of the 21st century
compared to its pre-industrial level. As the main substrate for plant photosynthesis, elevated CO, concentration will directly
influence the growth and development of all terrestrial higher plants, especially those grown as crops. Rice ( Oryza sativa
L.) is one of the most important crops in the world and is the primary staple food in Asia, as well as China. Many studies
have indicated that increasing CO, concentration generally increases the grain yield of rice, but it is unclear whether this
CO, fertilization effect varies with alteration in the source-sink relationship of plants. In order to answer this question, we
designed an experiment with treatments of elevated CO, concentration and source-sink manipulation of the hybrid rice
Shanyou 63 by using a rice Free Air CO, Enrichment ( FACE) facility at Jiangdu (119°42'0"E, 32°35'5"N ), Yangzhou,
China, in 2011. Rice plants were grown under two levels of CO, concentration (ambient and ambient + 200 wmol/mol)
from transplanting until maturity. Source-sink manipulation was achieved through cutting off the whole flag leaf (LC, leaf
cutting) or half of the spikelets at heading (SC, spikelets cutting; remove every other primary branch of a panicle). The
results showed that under the CK ( control, no leaf or spikelet cutting ) condition, elevated CO, concentration increased
grain yield by 32% (p < 0.05), which was mainly due to the increase in spikelet number per square meter ( +26%, p <
0.05) and was partly due to the non-significant increase in fertility. On average, CO, elevation increased grain yield by
55% (p < 0.01) for LC-crops, with the increase being much larger than that of CK-crops. This higher response was mainly
attributed to the dramatic increase in fertile grain percentage (+28%, p < 0.05), filled grain percentage ( +23%, p <
0.05) , and average grain weight (+19%, p < 0.05). By contrast, for SC-crops, the yield response to the high CO, level
(+25%, p = 0.07) was much lower than that of CK-crops, which was related to the trends of down-regulation in fertility.
Similarly, elevated CO, concentration increased the final aboveground biomass by 39%, 43%, and 28%, for CK-, LC-,
and SC-crops, respectively, with the effect being significant for the former two. Compared with CK, LC- and SC-treatment
at heading significantly decreased grain yield by 40% and 45%, respectively. The former was mainly due to the great
decrease in grain fertility, while the latter was linked with the reduction in total spikelet number by half. Compared to CK,
LC-treatment at heading significantly decreased the leaf, stem and sheath, panicle, and above-ground biomass at maturity
by 29% (p < 0.05), 32% (p < 0.01), 28% (p < 0.01), and 29% (p < 0.01), respectively; SC-treatment reduced the
biomass of the corresponding plant parts by 15% (p = 0.24), 33% (p < 0.05), 47% (p < 0.01), and 17% (p < 0.05),
respectively. These results indicated that elevated atmospheric CO, concentration greatly increased the productivity of hybrid
rice. Furthermore, this fertilization effect was enhanced by decreasing the source-sink ratio (i.e., leaf cutting at heading) ,

but was reduced by increasing the source-sink ratio (i.e., spikelet cutting at heading) .
Key Words: rice; Free Air CO, Enrichment (FACE) ; CO,; leaf and spikelet cutting; grain yield; biomass
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FEH 2 X R T S 2 SRR R AR A OC A, AT RE R 5 A KR WA IR M b R RE A T KRR €O,k
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AT 2011 FEAE P EFGH FACE(Free Air CO, Enrichment ) 5%°F & L #47, Z F @& TILHEHM
TVLAR /N2 B R Azl FH A (119°42707E,32°35'5"N) 156 FH R3S AU e 1, AR 4K i 980 mm
A, 78R B RTF 1100 mm A PR 14.9 °C 4F H A ERF 2100 h, A FIEFE A 220 d, #E 7=
FK AR - N BRIk PRI R A LR 18.4 g/kg, 4> N 1.45 o/kg, 4> P 0.63 g/kg, 4> K 14.0 g/kg,
AL P 10.1 mg/kg, WAL K 70.5 mg/kg, WK (2—0.02 mm)578.4 g/kg, B3Pk (0.02—0.002 mm)285.1 g/kg,
KB (<0.002 mm) 136.5 g/kg, 2580 1.16 g em ™ ,pH 7.21" | BIFE A4 6 MR | 1335 3 4 FACE J8 13
ANXFRE ( Ambient) B, FACE & 22 [7] K H 55 %6F BRI 22 18] (14 (B B K F 90 m, DA /D CO, B0 He e B i 52 il
FACE Bl MIE /M, 542 12 m, FHiaf bt FACE P8 JE [l 0458 1 shuo BEET 4l co, Uk, FI &
HLZE X6 1 CO, M BE HEAT W RN 42 i, AR AP i COL MR BE XUy XU A 68 J2 1 BE A C O, Yk 5
P2 A S SEBTIET CO, SR R I BE K (/KA £ 2 A B FACE Bl CO, W BE AR 4 L R 53¢
CO, &5 200 pumol/mol, X M LA %46 FACE 4518 , AR 554 5 A ARIRE—3L,
1.2 ik

AR IR AW X T, £ X8 ZE Ak BB CO, ¥ E (Ambient) FlE CO, ¥ (FACE,
Ambient + 200 pmol/mol ) ; 24 X At 22 Bi0 AR b B . 55 R AR 5 45 /1N DX 3t i 51 359 25 BE A0 B 34— SR A pk F
FTHERRARIC , 43 0l i 5 it ( 5 B sk G i ) (g AL (T B 5 25 A A — OB ) XS B OB I BB 48 ) —
AKEEE BRALEE 8 S R =R, SFEEARIN 6 H27 HE 10 A 18 H & HEASWE Y H I = H %, HE%
1] % FR PBISE- 25 €O, #eE S 416.2 umol/mol , FACE P8I SZBR CO, 4k BEHk B 244 580.6 pumol/mol ,
1.3 MEHEE

MR 2252 RIS 63, KR FR,5 A 21 HIER,6 A 22 HEH, BARSE , 171 25.0 cm,
BREE 16.7 em (5 FK 24 90) . BIERAE AL (AR5 N.P,05:K,0=15%:15%:15% , F[a)) FRE (F N
H46.7%, TR BLE M SR 15 ¢/m” MRS 500 6 A 21 H A FEAE (4 Bt U= Y 60% ) ,7
H 26 HIBMEFEAL (17 40%) . BEEFACYRAE AL, RN 7 o/m’, 2/ERAE(6 A 21 H) M, 6 H22 H
27010 BRFKZE (A3 em),7 A 11 BE 7 H 25 BEZWEEWME 7 A 26 B ZUWCEET 10 H EIBIHER, K&
B IR R IR W A KRR,
1.4 WENEST
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PIAN T 52 IR I K R S5 AT A3 T2 4% R /K BRI X AR (DT ATKES &) s RERE, 76 S FAE XA Rk A
25 RE, FBCRAC T BURRLER, T T BORURE BOR 23 B85, SR J5 4 I A8 A 4 R 3 XUt -+ 22 1E 1 (60
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BT AT FFRLF-SARE T (mg ) = FEAS SURC L/ SRR
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HEWE A 7% (p=0.08) , Hirbxid BE B - FgE AL 14 F 5
SIHENN 6% 3% FN 18% , Y ARIK K-, XA,
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300 O Ambient CO, @ Elevated CO,
250 ns ns
200 |

150 |

BP0 KBS
Panicle number/m?

100 |

50 r

X HR Bt
JEE AL 3 Source-sink treatment

Btk

B 1 X5 CO,REATHMIEHARERELEKBSFRELY
BRI
Fig.1 Effect of elevated CO, concentration on panicle number
per square meter of Shanyou 63 under different source-
sink treatments

CK, XFIB (RBTM L AE ) control; LC, BIER &M cutting off whole
flag leaf; SC, [A]F# 2% B ff 38— W BAE cutting off half of primary
branch; ns, ik 3K no significant; Ambient CO,, ¥¥5E CO,

{ZEB%, Elevated CO,, = COZ?&E

TR B, TR R AR IRy B T R ESORD AR AR AL B e B, 81 2b R BH, KA COL VR EE TR (i A7 5 ok
FAEECTE 43 i 8249 2= MR M 25% (p<0.01) , Ferbxd B By Iy FIgE A 4514 T 20 338 in 25% (p=0.04) \23%

(p=0.03) /1 25% (p=0.06) . 5 XHIAILL, YA £ T BUR A6

SN {H I AR AL PR AT 2 e /b 23094
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o, BRI 50% , 5 K- J5 2200 BT R T, CO, 45 B I aiisn A AL R IR] 9 B A X B 7 T AR AL 4 T 3%
(R 1),

F1 XS CO,REFATHMBEHARRELBEKBERENFLETELWHEEZ LR (p H)

Table 1 Significance test for panicle and spikelet density of Shanyou 63 among different source-sink treatments

FEHT Index CO, B (LC) HAE(SC) CO,XLC €0, xSC
B437 T BV Panicle number per unit area 0.128 0.734 0.755 0.911 0.443
FRREFAEBL Spikelet number per panicle 0.081 0.256 <0.001 0.753 0.700
B T BUHIAESL Spikelet number per unit area 0.004 0.201 <0.001 0.672 0.224
HZEFH Dry weight per stem <0.001 <0.001 0.821 0.677 0.410

B ZER T Y AL
Spikelet number per unit stem weight
LC Il SC 43 591l & 7 BY 5 61 - 11 171 B 2% bR A Bl — KA A LC and SC mean cutting off whole flag leaf and cutting off half of primary branch
respectively ; *ﬂﬁip {HFRIE 0.01 2K bold p—values mean 0.01 significant level

<0.001 0.677 <0.001 0.826 0.222

300 O Ambient CO, 6 r
@ Elevated CO, i %

o 250 r ns w 5

e ns F

g S
s 200 | § Zo4t
23 2x
E =2

£ 150 f g2 3 +
ﬁ = ns E g

s ]
&3 & =

o

£ 100 r g2 2

2 |

©u 2,

50 n 1 F
0 . 0 ! L
X Byt BiAE Pagid iy Hide
T8 PEAb 3 Ak 2
Source-sink treatment Source-sink treatment

B2 K5 CO,REABIMNMBHAREFELE KBS (a) MBMER (b) FIEHMHIE
Fig.2 Effect of elevated CO, concentration on spikelet number per panicle (a) or per square meter (b) of Shanyou 63 under different
source-sink treatments
CK, 18 (KRB 8B AE ) control ; LC, BEREINT cutting off whole flag leaf; SC, [FJF#2:BRFEHE— A cutting off half of primary branch; ns,
KK FIKFE no significant; +, 0.1 BFHKF0.05< p < 0.1; *, 0.05 B F/KF 0.01< p < 0.05; Ambient CO,, ¥F5F CO, W ; Elevated
CO,, T CO, M E

IK ARG B ARFACECN F2E T E AN T E I AL s 1 e f, ARIGZE R R, X R By - FIsifE 214
KA CO,He S T i BT F A3 I 31% 28% FN 47% , 3935 BEKF (8 3a) . SR, K CO, W E T
o A A ] 27 D Ak P K R By 25 8 T FE T B AL 38 R B 19% , 3k 3 sl B 25K (181 3b) . SX AR L,
1R S0 5 P R A Ak BT LR S A SR (1] 3a) , {HLE AR AL B AL T R R AR B A 3 T [ 50%
(B 3b), FrEMTRM, ARG S HE TR E N B (£ 1),

2.3 KA COL MR PE T R X il AR A [ 522 A B K RS 285 S B 1 19 5 i)

AN ) Ab BRK R 3248 SR AR R B 45 SR T & da=b, HEIRTAL, KA CO, MR T il K R 52 R S R hr
T BIHEIN 4.9 5.4 A H 5355 BEIE 50K 6.5% .6.4% 353K B K, SRAE X G AL ST, 2 R A
HLZEXT CO, A MR, H G 25T, RS CO, MR EE T e {52 0 S FARURE 2853 51 N 16.0 14,1 A~ H 43 8, 31
WE4> 31 23.2% 28.3% , ik W EIKF-, Jr 220 AT B, CO, 5 85 i b B (%) B AE X KRG 32 R AR R 34
R, CO, < B ABAL N 32 45 Z8 TN T8 I HARRUN (p=0.15,% 2)

5 Ab FEGT 7K R A, RN T AT R RS- BPR EE I 52 R T de—d, G5 SRR, KA CO, W B T = K R ity
I AA FPRLT AR 303G 0 0.3 1.4 mg, 3818 73900 1.3% (p=0.09) .6.6% (p=0.01) , Hrxf g 5yt
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O Ambient CO, B Elevated CO,

4 ¢ 120
* =
x . g‘g ;’g” 100
g) T K= *
5 K g 80 r o
il ﬁ 5
s
% 2t s5 0 f
7 7 T .
El ﬁ 2 40 f
w1 = é
#2020 ¢
0 . ) 0 . )
popii Byt BidE Rapii Byt BidE
V5 FEAL B Source-sink treatment VR FEAL P Source-sink treatment

B3 X5 CO,REAGIMBHARRELEKEMERRETE (a) MENEHTERRIEE(b) N
Fig.3 Effect of elevated CO, concentration on dry weight per stem (a) and the ratio of spikelet number to stem weight (b) of Shanyou 63

under different source-sink treatments
CK, XJ M (KRB EAE ) control; LC, BIEREIM cutting off whole flag leaf; SC, [H] o 2 o o e — Y R A cutting off half of primary branch; * ,
0.05 FE/KF0.01< p < 0.05; * =, 0.01 BHEKF p < 0.01; Ambient CO,, HHE CO,¥RIE ; Elevated CO, , 5 CO,HIE

FIBAE S5 AF T KA CO, MR T i XU EE 0 ik 35 52 ), (BB T A5 R RS 240k B 43500388 1 1.0.3.3 1 0.1 mg, 34
W& 3518 4.1% (p=0.07) \19.4% (p=0.02) F1 0.4% (p=0.87) , Jr =432, CO, x5 I 4b FRXAp k7 5 (p =
0.13) FFTA KRR T (p=0.04) A —E R EAERBN (% 2) .

F2 KRR CO,REATVMIBIAREIRELEKBLELENZMHBZERLE (p E)

Table 2 Significance test for seed-set capacity of Shanyou 63 among different source-sink treatments

68475 Index Co, g (LC) Bt (SC) €0, xLC €0,xSC
K5 Fertile grain percentage 0.047 <0.001 0.304 0.016 0.154
%7 Filled grain percentage 0.019 <0.001 0.003 0.024 0.290
Mk H Filled grain weight 0.092 0.011 0.008 0.134 0.460
P-4 T Average grain weight 0.012 <0.001 0.004 0.044 0.239

LC A1 SC 43 3l 2 7 87 Bk &1 - i1 8] b 25 BR AE A — A A LC and SC mean cutting off whole flag leaf and cutting off half of primary branch
respectively ; *ﬂﬁip {HRR 35 0.1.0.05 5 0.01 . 7KF bold p-values mean 0.1, 0.05 or 0.01 significant level; Ambient CO,, 78} COZ‘?ZQEE;
Elevated CO, , 7 CO, ¥ i

2.4 K COLHEE T AU AS ) V5L P2 Ak B /K AR F oz 7 ek 52 T

KR B T AR = e A 45 SR 7R T 18] Sa, B EIATT, KA CO, M TH s (AR K 7= i i 645 g 3 Im =
879 g, H4MiF N 36% (p<0.01) , HrXf i8Sy FNHALAAF T 20 B34 N 32% (p=0.02) .55% (p<0.01) F125% (p=
0.07) . SXFREAHEL , B9 SR EEAE AL FR A7 K 7 i 43 S R AIK 430 ¢ (482 g, BRI 43311 R 40% (45% , 535 3
K, 5 22T, CO, x BY Kb BN S5y 1 B = WA HAE RN, 1H CO, X B A6 8] 47 75 5055 1 B AR R0
(p=0.12,% 3) .,

£3 KK CO,REHBMMITIARE IR ELEABIFR = SN B Z RS (p H)

Table 3 Significance test for grain yield of Shanyou 63 among different source-sink treatments

6475 Index Co, B (LC) Bt (SC) CO,xLC €0,xSC
PN TR FUFFRLF B Grain yield per unit area 0.001 <0.001 <0.001 0.838 0.122
HFEFPRL = i Grain yield per panicle 0.001 <0.001 <0.001 0.511 0.945

LC F1 SC 4373l 2 7 BY Bk &1 b 1 18] B 25 BR ARG A — A AE LC and SC mean cutting off whole flag leaf and cutting off half of primary branch
respectively; ML p (H3/RiE 0.01 F.3E 7K bold p—values mean 0.01 significant level
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JEZEALBE Source-sink treatment VR AL B Source-sink treatment

4 KRR CO,REABMMBHARRRELEKEZEE (a) JBRE(b) SOHE (o) FIEHRE(A) W
Fig.4 Effect of elevated CO, concentration on fertile grain percentage (a), filled grain percentage (b), filled grain weight (c) and

average grain weight (d) of Shanyou 63 under different source-sink treatments
CK, X HR (AR BY Mk 4L ) control; LC, BYBREIM: cutting off whole flag leaf; SC, [AIRF ZBRFEFE—IKAHE cutting off half of primary branch; ns,
Feik i E K no significant; +, 0.1 BE /KT 0.05< p < 0.1; *, 0.05 B E/KF 0.01< p < 0.05; Ambient CO,, 1 CO, & ; Elevated

€O, , 5 CO,KEE

PR 7= BB DA FORFR G sk b = i, [ 5h R W, KA CO, Mk EE T s il o fdbpoki =iy 3.3 g 4 &
4.0 g, BIE N 19% (p<0.01) , Horpoxt B BY RIS AE A F T 435I 1% (p=0.14) 34% (p<0.01) F1 19% (p=
0.09) o 5 XF HEAH EE , B LB A6 AL B0 ol SRR P L™ £ 3 IR AR 2.0 g.2.4 o, BEIE 43001 40% (46% , 311k
FIKV o 25T BT, CO, A0 3855 e R ) U0 20 5 2 e BT 7 e I AT W 3 HAR AN (2 3)

2.5 RS CO, MR T s kot A I AS [v) Y8 120 Ak 3 /K AR B 0 A4 9 i 1) 5 i

CO, FNBY B AEAL XTI 63 Fl 0] 13504 W e A2 R T8 6a, KR CO, W T e fili 13 A 4
I 1350 g/m’® B9 Z 1839 g/m?* , H1iF M 36% (p<0.01) , Hrpxif BR 87 i FIigs A6 414 F 43 S48 A 39% (p=
0.02) \43% (p=0.04) F1 28% (p=0.11) . 5 XF FEAH Lt , 5 it g A A B A b | 38 26 9 it 53 S R AIK 29% (p<
0.01) . 17% (p=0.04) , J5 2243 Hre W, 45 b BT 7K RE Hhy 134 W e VA AR (K 4)

R4 K| CO,REFABMMBHARRELEKFER AR EYEL MM B ZERI (p H)

Table 4 Significance test for biomass of Shanyou 63 among different source-sink treatments

& 45 Index co, B (LC) BiAE(SC) CO,XLC €0, xSC
Mo LA Above-ground biomass 0.002 0.002 0.038 0.563 0.409
I H- T2 Leaf biomass 0.004 0.016 0.240 0.496 0.616
ZE85 T 1 Stem and sheath biomass 0.009 0.007 0.026 0.291 0.840
T T & Panicle biomass 0.001 <0.001 <0.001 0.976 0.114

LC Il SC 43 51| 2& 7 B B 61 i 11 171 B& 2% bR A Bl — R A AT LC and SC mean cutting off whole flag leaf and cutting off half of primary branch
respectively; HLI& p (H3/R4373% 0.05 5% 0.01 .35 7KF bold p—values mean 0.05 or 0.01 significant level
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Fig.5 Effect of elevated CO, concentration on grain yield per unit area (a) and per panicle (b) of Shanyou 63 under different source-sink

treatments

CK, XU CRBTMBEAE ) control; LC, FYEREIM: cutting off whole flag leaf; SC, [H]FFZ5BRAEHE— KA cutting off half of primary branch; ns,
K3k i K no significant; +, 0.1 fE K 0.05< p < 0.1; =, 0.05 FFE/KF 0.01< p < 0.05; = =, 0.01 FFE/KF p < 0.01; Ambient
CO,, 55 CO, W E ; Elevated CO,, 1 CO, U JE

O Ambient CO, @ Elevated CO,
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6 K5 CO,REFSXMFEPARIRELSEKERE AP FBENEREHSHZM
Fig.6 Effect of elevated CO, concentration on biomass of above—ground and its components of Shanyou 63 at maturity under different

source-sink treatments

CK, I8 (RBYMELEAL ) control ; LC, BYEREINT cutting off whole flag leaf; SC, G 2Bk FEAE— BT cutting off half of primary branch; ns,
Fik i E KT no significant; +, 0.1 E/KF 0.05< p < 0.1; =, 0.05 B E/KF 0.01< p < 0.05; Ambient CO,, FFEE CO, #FE; Elevated
CO,, & CO, ¥R

b b EB AWy A b bR A S B AR iR 2R, AL 6b—d T, R CO, VR BE TR LA 63 M Fr
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SRR RE AR W) BV 00 BN 44% 369% F1 34% , iR B E K- X IR B R RIER AL AR E T, KA CO, K
JE T R A iy RSN 54% (p=0.04) \52% (p=0.09) \31% (p=0.17) , i 255 A= 4y 1 43 5K i 49%
(p=0.04) 33%(p=0.19) F1 29% (p=0.18) , i RE R A= ¥y 43 44 i 31% (p=0.02) ,46% (p=0.01) Fil 26%
(p=0.06) . 5xF REAH LY, Fh RS0 5 o b 3RS RGBTy R AR AR AR A i 53 0 R IR 29% .32% 1 28% , ¥4k
3 S 2 KO B AR AL B S AR AR AR ) A B R (—47%) . T TR S B K R A AR
YR TC R E BN (R 4)

3 g

JK e AT T AR AE BUR SR A IR/, Ainsworth RS RS 0268, KA CO, MM 365 1 T1H%)
627 mol/mol fifi 7K e B T BUB AL HHE i 279% " AR b, AT 9 K B, XA AT BY I A6 A B A K A
(RIS BE) T 5, TR T COMEBERE N 164 wmol/mol fiff B4 T BB AL T 43 26% , X — 45 R 5 Firi
FACE 3056 o 4SS R8I0 [0 ( £9+20% ) A3 i As0I 59 i sk AE AL B R R CO, e BE T w8 (o /KRS B4 T
FRRRACE S 53 0 23% 25% (18] 2b) , 5%t BROK Fegme W 42230 . 7 2250 iR 3R B, CO, 5 85 it sl AL AL B XS B A7
TR AE RIS JC BAERLN AT UL S AU VA 28 i 2 A B 3 R 0 AR LA 63 AKX KR CO, MR 32 T v 1) i)
N, 3 ] RES AR A K R A 4> BE R AE T B AR Y B 45 A 06, [AI IR, 336 1 15 W A X 60 ok ek 100k 00 i 22 A B
T BE RRE A B B AR 1

P TR AL B B T BB A AR AR A e B, ST & B, 5 CO, VRIS T R AE 2 R e 3
T2 A AR (+13% , T8 1) AL R (+7% , 1 2a) LRGN AT S, R FACE #F98 €M, K< €O,
W B T e A KORE R RO i 32U 1 5 A B R D i o B R R AN T S O i R S AR
KR4 B 5 A R A S A O T AR R T A R R A KR A B T R TR AR AR
A 53 fiff Ry S T E R ZE B T B i i . RS COMRIE T s S BV R BOY 2 FH 52T &
BEINA OC (& 3a, & 7) AT EIE AL EON 2 R (K 3b) . BTE SR CO,MRBEEE N KR 8
KA AP 2 DA B R ( DL 7) O A — 3, S A WS R R S R R S B B R
TEIE BLRE IR A 2,

SESLR SPRE AR LR A KNS R K RS I A 4 S e o, RUE N R FACEY iR ¥R, KK €O,
WL T R K RE LS 5068 1 2 BB ka3, 250k DRI S A AN AR BE T 57 . ARBIFE 2 B, W BRZRE R, KRR CO,
VLGN =N %8 R {0k e S0 YA S T S A e A s | S )| W S M ST S TS B A S s ST T
F(EL4) , BT AR T R A KRR CO, VR BT R X R 5 520 (BT K i 524 28 kL 28 A
AR Hhr 52 34 23% 28% F1 19% , Y493k B K S, KA CO, MR T % i AL AL BUK 7 52
K MR A E AT AT AR B0 B A I B R R (K 4) . REBOEAR AT sh i % 45
A F IR ERBOCA T WRRE ) T 2 A E I EEF R SR G A RO A
B Ab KRS B AE AR AR (HDGA 1 RS D B AR 4 T R A e (R TR LI K | 1 T A B b B
IKFEXT CO, M Ry 386K ) F B2 JF PN, 5 BEAR I, A6 A PR AR R T B AL ek~ | 2 AR , 18 i S e vt
S ETRIE CO, MR FHRE S B BI85 .

Ainsworth'* 2008 4E%& R HIL5 R £, CO, AL H M BE M 365 E T3 627 wmol/mol i 7K A = f - 147 38 fin
23%(n=97) ,H:rft FACE £&/F F 38 IE HA 13% (n=20) ,(H3X —8 A& /001 1% A 41 & I 91 2 32 F 19 FACE
LGRS ARG R W, FACE 151 T KA CO, M BE T (KRG R0 8 AW 38 1 ( +32% , K] 5a) , X — 3
PRI 2 KT Ainsworth RIS 30 4E -  (H 5 R — FACE -2 Zeacfg = i o 43 e AR e
IR T — 25 15 R A AL B, 45 SR R LA B I RIS A T AR CO, VR JEE T 3 (/K R A T B
A3 SN 55% (p<0.01) F1 25% (p<0.1) , & WA 8K %6 BEK R = B i 7 I I S AR I i3 (TR 5)  ix 5
SESRE AR S B N S IE AR — B (B 4) , BREATARL ™ ] HERR BT s AR A B AT AR A TR A 25 5, T o
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VRS M sz MRl IR B 2 AL BRXT CO, RERISIN TR VE R . 5 B I AR = AL, 57 COL ¥R BE IR BE T 55 A B 7K
P BT P 5 O B R ( +34% ) BH g KT X IR el s A AL FROK A (< 20%, 181 5)

Ambient-CO, ! p Elevated-CO,

B 7 AE CO,iREMIRESEKTERAAERERIKIL (2011 £10 A 18 H)
Fig.7 Growth situation of above—ground under different CO, concentration and source-sink treatments of Shanyou 63 at maturity ( Oct.

18, 2011)
CK, R ( ARBTHE L) control; LC, BT ER G- cutting off whole flag leaf; SC, i) o 2 [64s e ol— YR R A cutting off half of primary branch;
Ambient CO,, #1155 CO, ¥ ; Elevated CO,, & CO,¥KJE

TRAE A i ) R I B e T AR R AR RIR B, 5 e 0 A A — B, AR Y R KR CO, R B T i X
WA BT IR AL A B K A 3 b5 A e 20 A 0 39% (439% F1 28% , Hii T & 35 B K, TRlREHD , K CO, Mk
JEE T A% A B R g A A BEK RS AR AR AR W 1 23 3G N 31% \46% F1 26% , 2 IR B > X6 BE > i 4 K AR, (H
I 258 A i AT R I SR A e (&1 6) o ANTaUEed & 3, Y5 Ak BRGA R 8 1 W] A ) e A R A%
BAYSBC L, P AR AL R B KRG (+39% ) FIZERS (+61% ) o i1 b330 A= 4 o R s fin T
RE -5 A A B K R PR PR 25 St sl N A 3 380 406 A5 TRl A s B8 i RIS oA C (LT 7)

b T ==Y e S ] ) ey B N e s BT -9 X o s i = W i o 3 O Y eSS A
25 B B 1 it S DR IR A AT & AR AT FR I AS [ R R i SRR W SR DR B S Ak
FEXT CO, RSO AR5 4 AT BE PR e & A 08 | Y 9R XA 75 HE [RD B0 A B A

4 it

ARG — AU S T ARG X KA CO, MR T3 R i o7 5 T RS s e I 288 2 8 5 Ao v AR
P25 B R RGN 5, AR IS & B, Fh A A A /INR 22 L (an gy k) nl 3458 CO, A8 ACRBESON , T 48 K IR
JiEFE (UG AE ) DU 3R AEREON Jk 55 . AT =8 B 45 S S 80 A e N B 1 R IR R R A O, TS A ) SR A

o T OKARTIRIZE ST E 53 e S CO, REABHESE ) SO HE A [ A R ST Dol 50 2 Ak B CO, BRSSO 14 97 1 4
P A R At it o it 274 145 DR 2T S 5 B 22 B E 5ok ol 2%
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