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Effect of Free Air CO, Enrichment( FACE )on Yield Formation of Three-line Indica Hybrid Rice Cultivar
Shanyou 63

LIU Hong—jiang', YANG Lian—xin', HUANG Jian-ye', DONG Gui-chun', YANG Huan', ZHU Jian—guo?, LIU Gang?, WANG Yu-long'

(1. Key Lab of Crop Cultivation & Physiology, Jiangsu Province, Yangzhou University, Yangzhou 225009, China;2. State Key Laboratory of
Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )

Abstract: In this study, the Chinese unique Free Air CO, Enrichment FACE, 200 pmol *mol™ higher than ambient AMB research platform was
used to investigate the effects of FACE on grain yield formation of three—line indica hybrid rice cultivar Shanyou 63 under two levels of N in—
put:Low (LN, 125 kg-hm™)and normal N (NN, 250 kg+hm™)in 2004—2006. The results showed that: (1)Compared with AMB treatments,
FACE significantly increased plant height by 6.7% on average at maturity of Shanyou 63(P<0.01 ), however, no CO, effect was observed on the
whole growth duration of Shanyou 63.(2)On average, FACE increased the grain yield of Shanyou 63 significantly (P<0.01), with an average
increase of 34.8% across the three years (42.4%, 27.3% and 31.2% in 2001, 2002 and 2003, respectively ). The year effect and the interaction
between [CO,|xyear were significant(P<0.05 or P<0.01 )for grain yield. (3)FACE increased yield components of Shanyou 63 significantly (P<
0.05 or P<0.01), averaging 10.3%, 10.3%, 21.7%, 4.9% and 4.3% for panicle number per unit area, spikelet number per panicle, spikelet
number per unit area, filled grain percentage and 1 000—grain weight, respectively. (4 )N effect was not significant on yield and its components
of Shanyou 63, while its interaction with year was significant for panicle number, spikelet number and grain yield per unit area.

Keywords: three—line indica hybrid rice; free air CO, enrichment(FACE ); growth duration; yield and yield components
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150 CJAMB M FACE 3 1 FACE AMB3H/KFE 4 B B R EAN A ARk B 0 B 2 AR I8
Table 1 Significance test for whole growth duration and plant
:g 140 height at harvest of rice among different treatments
E 5 KW BME G347 M7 P P
E AFIIREL Co, 1 0.0 0.0
%E“n 120 | N(A) 1 0.0 0.0
;g Year(4-) 2 153.6 76.8
= 1o | COXN 1 07 07
YearxN 2 0.6 0.3
100 =
LN NN LN NN LN NN YearxCO, 2 3.6 1.8
2004 2005 2006 Year xCO, xN 2 7.5 37 . .
FACE : 12T COL ML T s AMB: 5L CO, HRJE (XD RN co, 1 4593 4593 573 000
NN: %5 LN AR T N 1 L0l 072
Notes: FACE: Free—air CO,enrichment; AMB: Ambient(CK ). NN: Normal Year ) 192.9 96.5 241 0.00
nitrogen; LN : Low nitrogen. The same as below COXN | 75 75 0.9 0.36
E 1 FACE ﬂiﬁiﬁkﬁii"ﬁ'ﬁﬁ \ %2”@(2004_2006) YearxN 2 29 14 0.4 0.71
Figure 1 Effect of FACE treatment on growth duration of rice in YearxCO, 2 200 100 25 0.11
2004—2006 YearxCO,xN 2 11.2 5.6 14 028
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& 2 FACE b ¥R XF7K 75 A FAHA R S IS0 (2004—2006 )
Figure 2 Effect of FACE treatment on plant height of rice at harvest
in 2004—2006
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FACE ZEFEXHIL 63 ;= w sz i 2 . H
2 2 W% (1)FACE ZHIIL G 63 77 f P34 L) e
723180 gom2, HAFEIE R 34.1%, Hirf:2004
2005 2006 4F43 51| b X BE 3 7= 42.4% 27.3% 312%
(2)7F FACE 55T ,NN AbH 5P bk LN Zb 3™
6.5%., FLrf1:2004 4F 1 LN ZbBERE = 8.1% ,2005 2006
AEAYBIEE LN A EIE = 11.8% 15.7%. (3G
B, CO, AbEEXTIIAR 63 & (52 MiliA R B & /KT, COx
AP I NXAF B ) BRSSO 7= 1 52 i 3473 (.
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2.3.1 FACE XHlifft 63 Fav i AU 52 i

FACE ZbBEXHlIHE 63 BAA7 i R A ) 52 1 4n
2 iR e B3 2 AL (1)FACE AL 63 B i
FRRBOF 2 He 6 B 388 0 10.3% ., H: v 20042005
2006 4F4351 Ho B3  8.3% . 10.6% .13.9% ., (2)7E
FACE £&fF NN b Ay i FUEECE 4 e LN b B
/D 1.6%, Hodr:2004 4F e LN AbEIE A 4.9%,2005
2006 44351 b LN b0 2.0% .7.7% . (3) 581143
Bra i, CO, Kb DL Je Nx A BE 1 B AERON Xl 63
P TR A S I TR B TR R KO N AR PR L
Ko COXAFEEFN COXN FI COXNXAE BE (1 5 AR %
TR T A TR R s e 4 R A B i /K (3R 2)

RS P 2 ZE RN 7 BERE T ALY 8 43 BE R T
AT EER 2 /0 5 BEERAR Y E IR, Bk 3 AT,
FACE b3 63 B 1T AR f5e 1 43 BERIOT- 35 LU X
HESEIN 14.4% , {153 BERUHR FL X BCF BE 0.2% . Giit
TR, CO, Kb BEXF LA 63 FA7 I AR e /= 0 BE 4K
(R S M 3K 31 i 7K X BE U3 TC 1 50 M, 10
B FACE ZbBEAdi = 2R 223 MIAEINAR 63 Hv i FUREEL
(R34 i F FACE AbFRAEHE T /3 BE R AE 2RI
2.3.2 FACE XHiliff 63 F A AL 452 i

FACE KbFEXHINAL 63 480 AL £ 52 i an 3k 2
Jizse H3& 2 Al : (1)FACE Zb¥dfE 63 4 fH 550
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Table 2 Effect of FACE on grain yield and yield components of rice in 2004—2006
Year N CO, FH%-m™ FiEL - panicle™ S AL - m™ 2559 T-HiH /e 7t /g m?
2004 LN AMB 244.8 188.3 46 102.6 79.5 29.9 1 094.8
FACE 278.2 207.7 57 205.6 85.2 31.2 15225
% 13.6 10.3 24.1 7.2 4.6 39.1
NN AMB 283.7 169.3 48 047.5 79.0 29.8 1129.8
FACE 291.9 204.3 59 498.4 838.2 31.4 1 646.0
% 2.9 20.7 23.8 11.7 52 45.7
2005 LN AMB 225.2 154.4 34 779.5 78.2 30.2 819.3
FACE 257.6 173.5 44 688.6 80.9 31.3 1130.2
% 14.4 12.4 28.5 3.4 38 37.9
NN AMB 236.4 157.2 37 173.2 77.4 29.7 854.3
FACE 252.4 168.3 42 5154 75.8 30.9 996.6
% 6.8 7.0 14.4 -2.1 4.2 16.7
2006 LN AMB 238.8 175.8 41 961.1 76.2 30.5 975.7
FACE 253.8 183.5 46 653.3 81.0 31.8 1200.2
% 6.3 44 11.2 6.3 43 23.0
NN AMB 192.8 159.9 30 849.4 77.1 30.6 725.8
FACE 234.4 171.2 40 109.0 79.3 31.8 1012.1
% 21.6 7.1 30.0 2.9 3.8 39.4
CO, Mean AMB 237.0 167.5 39 818.9 77.9 30.1 933.3
FACE 261.4 184.8 48 445.0 81.7 31.4 12513
% 10.3 10.3 21.7 4.9 4.3 34.1
ANOVA Y ok Y ok ns * *k
CO, ok sk sk # o sk
N ns ns ns ns ns ns
CO,xN ns ns ns ns ns ns
COxY ns ns ns ns ns *
NxY w ns ok ns ns *
COxNxY ns ns ns ns ns ns

7 :ns, no significance. * P<0.05. ** P<0.01,

AEBOT Y4 He T BB 0 10.3% . Horbr . 2004 .2005 ,2006
AEAY S X BRI 15.5% .9.7% .5.7% ., (2)7F FACE
ZRAFR NN b B 4 850 A8 B00F- 34t LN A 3 gk 2>
3.8%, FH1:2004 2005 2006 4E4> 5 LN AbFys />
1.7%.3.0% .6.7% . (3) 51153 MR B, CO, AbFEXHIL AL
63 REFEF AL B2 IR B 1A R 2K N b
Ph S NxAEBE (COXAEFE (COXN  COXNXAE B 1Y B AR
BN X R AT AL B e S AR B B KT (3R 2) .
2.3.3 FACE XJliff; 63 B i BRI AL B 520

FACE ZE3U6HI 63 S5 T AR AL Z0 52 e 2
F2 iR, M 2 WAL (1)FACE A FRAEIIAL 63 2
A7 T AR AL BOT- 2 B X R34 i 21.7% , Horh 2004,
2005 .,2006 £E43 5 F X} BRI 1 24.0% .21.2% . 19.2% .,
(2)7F FACE £ T, NN ZbH (v i BB AL BT 15 He
LN Ab 398 /0 4.3% . Horfr:2004 4F 1 LN Ab 23
4.0%,2005 ,2006 4F-43-51 H LN Zb B8 /D 4.9% 14%
(3)GEitsrdr e, CO, ZbEE L Kz NxAF 1) B AE XTI
It 63 HLA AR AL E A 3R 21 T AR i 2E 7K N
AEBRUA T, COXAETE (COXN , COXNXAF: BE 1 B AERL N
X B T AR AR BRI 5 e P AR B I K (3R 2)0

2.3.4 FACE XHliff; 63 45525 1

FACE 4bHEXH L 63 45 52 3R 5y 5 Wi 40 3 2 FF
No HHF 2 A[H1: (1)FACE ZhBIIIE 63 4550
X A 4.9% , Hi - 20042005 2006 4E4351 He
X HRBETN 9.4% .0.7% 4.6% ., (2)1E FACE &1 F ,NN
AL FREE SRS LN AR ERg > 1.6% ., Hir:2004 4F
v LN ZhHEBE 0 3.5% , 2005 .2006 4F 43 1) [ LN &b 3
W 6.3%.2.2%. (3)GE1H iR, CO, AbFEXTIIPE

3R 3 FACE 2B B ERE S D EHMSEMTEER
IR 0E (2006 )
Table 3 Effect of FACE on number of maximum tiller per unit area

and productive tiller ratio in 2006

€O, BRI AP e 2 53 BE X I BE IR
LN NN LN NN
AMB 333.6 308.8 69.6 59.5
FACE 3544 380.8 69.6 59.2
CO, * ns
N ns *%
COxN ns Ns

7 :ns, no significance. * P<0.05,** P<0.01,
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SRR AR E 2K (R 2),
2.3.5 FACE XHliff; 63 T-Rim 1540

FACE A3 63 Tk fE A sZm ang 2 fis .
H 2% 2 W] (1)FACE Zb#d i ft 63 TR V-3 1k
XoF RESEI 4.3% . i :2004 2005 ,2006 4543 5 L X6T HE
4N 4.9% 4.0% 4.0%, (2)1F FACE 44 F ,NN &b
TR E T4 EE LN AP0 0.3%, Hir:2004 4F- L LN
b B 00.4% ,2005 2006 4E 43 5] L LN 4b B /0
1.2%.0.1% . (3)Gi it 1], CO, AFXF — R L5 H
FEIAR 63 T-hr H A FE M A AR 8 5 /K-, N A FR LK,
NXAELE  COXAELE \COXN , COXNXAEFE (1) HAERN X ]
IKFE TR [ FE M S AR R B E 7K (R 2),

3 it

KT KREE TR FACE AEF {405 1 , Kobayashi
G R FACE 4bBRAH H AKE A 5 FP Akitako—
machi FFAEI FE X FRER L 2 d; B MBS B 5 46 B,
FACE Kb PR3 AR o AP i A 14 Fl i i) Leoxs g
PR 3.4 d, ShEEI - H A IR 2.4 d, 4
A H W HBOT- 3 o IR 46 4 5.8 d AR5 R,
FACE AbFRAH = R4 hFIAL 63 2 EF I H %S
XTREAHIA (BT 1) BEERILAL 63 A= F WXt FACE 4b 3
M o7 A e S SRR A AR [R) (3% 4) o BARARIFFE I IK
B A R AR S A S A 25 R (R 4),
Al RE SRS 2 ™ A — s, HLE 63 A= 7
X FACE &b B 37 1) 34 55 A5 e it b A [] AT g 32 222
2 TRl B P 2 RUAS [R) BT 3 i, ELAR D R A A
fF Tt —25E

KT KRG =kt FACE ZbFR AR R, Kim 50058
B FACE AZbBEAE H AR 5 Fh Akitakomachi 197
I X BRI 12.8% , Hid 1998 1999 F1 2000 4F
A3 BN 16.1% 9.7% 11.4% ; HMEAE R Yang 2501
P 5E 2 W], FACE i 38 BV RE RS & AP A5 BE 14 197
O e BB AN 12.8%, Hirf 2001.2002 F1 2003
AEAY AN 10.8% . 14.1% . 13.6% ., A<HFFE W, FACE
AL PR = R 2 SRR AR 63 77 5734 EL X R34 i
34.1%, Hrfr 2004 .2005 Fl 2006 4E43 S0 42.4% |
273%H1 31.2%( 3 2), H7= i BE 2 HREAS i Aok
1.66 15, ULHINAE 63 F= Xt FACE Ab P ()i [ LA
(ETTY NS

M= R R (3 2), = R 443 hiAg Il

63 J= i X FACE b3 () e i BH o K 4 A A, 2
FEH T FACE 28 Falifl 63 SRR 46500 48 hn
5 | B BRLASE TR R A Tt DR R 0 v AR T4 o i 1 i
Bo FACE 54 Flifh 63 A fb400m Tk 8 42 5
PR T T 308 A TR R A A S LR T e ST 4 L VR
HEMFTHE S FACE fF F = R Z43SHAEINAL 63 # e
([ 2,55 4) ZEMTIR MR AL &9 & (59 SO )
A I P R A O (AR R A i Tk — 200 5E

9T AR AL 63 7 A 3 A
R, XA R 5w T 2 08 8 BIA ST
g LRI, A7 T RVERA (X)) BRI AR R (X,) (55
FR(X)FNTRLE (X)X 34 B AR A, [l
J .Y ==3 231.633 +4.294X, +6.414X, +14.065X; +
32.552X,, YLiE BN 0992, AT 0H , FAA Ta]
FUREL AL 2 45 50 % TR XN 63 7= &
FR) T 321 AR R 1M 0.491,0.454.0.257 .0.102,,
SN C A S R ) A TP & g R VATIYAY b
XTI 63 7= 5 i g 1 ik, HA Rk ol A A
IRA G R | b A E

R4 KBAREERMEBTH ME EREFEMRER
Xt FACE &b 2 iR 2
Table 4 Summary of responses of growth duration, plant height,
yield and its components of different types of rice cultivars to FACE

iH HA i i
B ] 1998-2000 2001-2003 2004-2006
g RN MBI, G
PR R A I
PR Akitakomachi WA 14 i 63
Y i WA B HURE R RIS
ErG=El| 146 158 136
HEEUKF
fR% LN 40 150 125
1% NN 80 1§ 90 250 250
R HN 120 &, 150 350 —
2EFH W — -58d” 0.0 d™
BLEAIRE E — -2.2%" +6.7%"
TR +12.8%" +12.8%" +34.19%™
GERNATTR AV E +8.6%" +18.8%"™ +10.3%"
TEREFIAE £ +1.9%" ~7.6%" +10.3%™
P TR +11.5%" +9.1%" +21.7%"
L5508 +0.8%™ +4.9%" +4.9%"
TR +1.3%" +1.3%" +4.3%"

7 :ns, no significance ; +, P<0.1;", P<0.05;, P<0.01,
D& A Kim 50,
2)¥dER A Yang 557,
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W7 ArpRIE 8 A PR mEiRA . ARSI
WA AR 2RI FE (NN) 7= b Hobg il [ s
(B2 ), S5 S5 55 - AR Iz, il 60 it 22 g Ah 3
(NN) S IAFF = . Giit# M, NxYear [ 5.
YEXTIAE 63 BN AR AR . i fe it DL ™ m 34k
e i KA (3 2) i — 2B UE I N X = I B
B8N BH i 37 KR A K ZR A S A () s

KT COxN W HAERNL , Yang S2IAN , Bl % it
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W R EL TR AR I S A IE T X
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BIE 280 B0 KR ™ i AR R AE K S8
[ AAEAE COXN BRRIZLN

S 3 -
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