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W PRA, R A A A A A K R A A A
JCEIEN G, MR PSR 1 S 25 (T RE A LA
FANNR % 58 20 5 2 75 A7 T8 22 5 55 1) 28 1) R WY i
W, AR AR T il s b Z 48R3 5 (free
air CO, enrichment, FACE) ,%éfﬁ¥é‘“” s VL2 A H A
i 2640 A1 Y ik 2 5 (YLY2) Rk g6 bk, 0l A
H2g i RS CO, WREE  WH9E R CO, WX 5 P 4458
HE M RO EER RIS BEF R, LU &
CO, R JEIREE T $2 R A sC i A 7 S BB .

1 MR5AE

1.1 IR

HE FACE RGO T LIRS 5 M T VLT
XN B A 30560 TN (119°42707E, 32°35'5"N) .
IR X AL HE 3 A%t FRIE (1E % K Co, W) i 3 4
FACE i 40 B (% IE % KA CO, ¥ B & 200
pmol - mol ™) - iz 4T E T FACE P&l J& el )45 38 )
HUL IS AE CO, A, (HIE N CO, ¥k EEXT i P = 200
pmol «mol ™" Xf BB FHHR A 42 4% FACE &8 , HABE 551
HARRE—",
1.2 R REE

ARG IR 2 4~ CO, bBEA M. IR CO, W E
(BPIEH KA €O, HFE , 24 395 pmol -mol ™", 2/ AC)
FIfE CO, Y (#9595 wmol -mol ™' ,iC/E EC) , ‘FHHE
AP 2014 4E 6 H 28 H-10 A 25 H,

Pk R B 2640 CRIEEZ< 32 R A Y B 2 %5
CHI R 2585 ), L cslseoi it 4350 10 F 18 H A 10
H24H, KINEM,5 H 20 HiER,6 A 21 HATH
e, AR A (BT BR) L 24 o8- m®, Sl A RS
22.5g-m” RIE G (ARH N:P,0; :K,0=
15% :15% :15% ) FIR R P At 1, o AL o5 40% (6
H20H),/EEE(6 H 28 H) FIFAE(7 A 25 H) %
i 30% , BB R R R 9.0 g m ™, VEIENE it FH
FE ) 45 8 ) R — 3
1.3 MERNBEFHE
1.3.1 &R #A% BN, RAM DR
BT RS (3£ [ LI-COR 2 #] ) Il E SR e S
B, ALFE T R 4GE 338 (net photosynthetic rate, Pn) |
K AL 5 E ( stomatal conductance, Gs) . 78 & # F
(transpiration rate, Tr) | Jfd [8] CO, ¥ & (intercellular
CO, concentration, Ci) 5 i [l 25 <. CO, ¥k £ (‘ambient
air CO,concentration,Ca) Z . ( Ci/Ca) , ¥ AT 5E
KA FIFHZCE (water use efficiency, WUE) .

WUE = Pn/Tr (1)

ST A 21 H (AR 30 d,#77101) ,8 A 19
H (B 59 d,228880) ,9 A 5 H(BHJE 76 d WK
B ,9 A 20 A (BARJE 91 d, W) 10 H 7 H
(BT 108 d, HER S ) |, BRAb A e CR AT USRI
13 F (55 1 e gt M ATl aE .
1.3.2 "t@ERAFFHAFEHEGNE T
7H21 H(B#&JE30d),8 A 19 H(E#J5 59 d),9
H5 H(BAJE 76 d),9 A 19 H(BHJ590d),10 H
7 H (RS 108 d) , K H] Mini-PAM fE #5 2 i -
RIS (Walz 22 5] FER) W& 4R PO 80 )
MLk, W ETREE Y 20 min, T 0.1 wmol-m™-s™
W56 I 2 9745 ¢ ' (original fluorescence , F)) |, T
TERRSTIREE A 8 000 wmol -m ™ +s™ AU ALK MG T, A5
B K76 )t (maximal fluorescence, F, ) , ik Fs[H] 24 0. 8
s, ki 45 oS AT IF I S 56 FDOG AR 6 (3R Sh 800
pmol -m™+s™") | FERF 20 s F SRR 1 YAk oI
SEJCHE N T F,, IR PS I R R T R
(maximum photochemical , F /F ) PS Il SZFri /=&
(actual photochemical efficiency, ®PS 1l ) ik K
Z X0 ( photochemical quenching, qP ) FIIHE G 22 K &R
% ( non-photochemical quenching, NPQ) At E et
ZHL
1.4 HiEAE

FIFH Microsoft Excel 2013 #F47 8045 20 7 FAE A,
K /N 3 256 (LSD ) AT AL BR A (19 22 5 b 5 Pk A
.

2 ZEREHSMH
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spAl

1 3% 1 AT AR S 59 191 d 1 F L 2640
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30,59.76 .91 1108 d M F A9~F-34 Pn 435Il AC 444
FHEAN 25% 16% 25% 18% Il 8% , XF A [A] i b 1
7,C0, VREEF Al Y Wik 2 SR AE 30.59.76 .91
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OAC OEC
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- iy - YY2640
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BRERH
Days after transplanting/d
1 ACIBE CO, ¥R, EC. 8 CO, WRIE
+ 0w P RIFRIRAE 0.1,0.05 F10.01 KT i, TR,
Note : AC ; Ambient CO, concentration. EC:Elevated CO, concentration.
+, * , #% indicate significant at 0. 1,0. 05 and 0. 01 level, respectively. The same as following.
1 ZEXBAREFHUHTLRAM Pn X5 CO, iR E NG R
Fig.1 Response of elevated CO, concentration on Pn of the fully expanded leaves
from the top at different growth stages of hybrids
®1 BCO, KENEXBARNEFTHNHNTERAMAESHNERBZRRE (P H)

Table 1 Significance test for the photosynthetic parameters of the fully expanded leaves from the top at different growth

stages of hybrids in response to elevated CO, concentration( P value)

HEZ5 I H A5 REL Days after transplanting/d
Photosynthetic parameters Ttem 30 59 76 91 108

HrG A R Pn CO, W 0. 000 ** 0. 000 ** 0. 000 ** 0. 000 ** 0. 263
st A 0.911 0.001* 0. 430 0. 000 ** 0.703
CO, YR BEx i b 0.673 0.295 0. 000 ** 0. 000 ** 0.972
SALFE Gs = CO, VRJE 0. 000 ** 0.002 ** 0.092* 0.344 0. 391
A 0. 007 ** 0. 450 0. 205 0.003 ™ 0. 544
CO, WREE X 0. 003 ** 0.211 0.076* 0.025* 0.239
FRNB R Tr CO, W& 0. 000 ** 0.001** 0.074" 0. 369 0. 744
i 0. 634 0.099* 0. 166 0.011* 0. 444
CO, WP x il 0. 003 ** 0. 088" 0.071* 0.014* 0.717
KSR HRCE WUE CO, W 0. 000 * 0. 000 ** 0. 000 ** 0. 000 ™ 0. 547
A 0.432 0. 002 ** 0.023* 0.311 0.511
CO, WREEx i Fh 0. 005 ** 0.023" 0.705 0. 063" 0.799

JifE] CO, WREE/ JEI 25 R, CO, ¥ pE 0. 190 0.378 0. 356 0.004 * 0. 000 **
€O, HE Ci/Ca il 0. 006 ** 0.015* 0.068" 0.072" 0.769
CO, WREEx i Fh 0. 002 ** 0.103 0.457 0.024 " 0.225

E:07

A3 MIFRRTE 0.1.,0.05 F1 0. 01 K Fik#

Note; , * , o

w2, TR,
significant at the 0. 1,0. 05 and 0. 01 levels respectively. The same as following.

& 2 26 1 Al AL 2640 M F Gs TER G 30
o1 d ¥R RF Y B 2 5 (H A 2 ispg 2 A

A JC R 2E S, R CO, HRIETHR (EC 2%

&) 1E

FEaRJ5 30,59 176 d 2 BRI B Gs X435 k%
K 19% 28% 1 19% B XFFEHR S5 91 Fl1 108 d B Gs 2

TR EF, MASE SRS, EC 4

7R Y Pk 2



41 ZRARFENE IS CHEMEXT 5 CO, WL f 2l 2 i 1 775
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Fig.2 Response of elevated CO, concentration on Gs of the fully expanded
leaves from the top at different growth stages of hybrids
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Fig.3 Response of elevated CO, concentration on Tr of the fully expanded

30

leaves from the top at different growth stages of hybrids
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KA CO, TR A IE 30.59.76 .91 #1108 d 2 HELS 21 Al Al S FOR R B I 5 Ci/Ca
ASEEF R WUE SE943 53600 46% 48% 41% 21%  WIZES3HIN, EC &0 T B85 59 d 41, Bl 2640
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Fig.4 Response of elevated CO, concentration on WUE of the fully expanded leaves
from the top at different growth stages of hybrids
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Fig.5 Response of elevated CO, concentration on Ci/Ca of the fully expanded

leaves from the top at different growth stages of hybrids

MR Ci/Ca “FH1 435034 0 9% 1 16% , o Y WAL 2
S RIEE N 2% F1 12% , 1 AL 2640 43 53N 16% il
20%, CO, WEE5 SR EAEXT R RS 30 F191 d it
Ci/Ca W52 AR 3 i 25 K-
2.2 AE CO, REMETLZBMIN L BIMK
BHESHNEXMNE

H 3R 2 AJH, CO, W FE 5 24 28 /i R b & Rl =
BOAHOCHEAFAE 22 57, CO, WRBE 5t /v Pn WUE %
B EEIEME, 5 G Ml Tr BB ERMLE 5
Ci/Caf IEAHG (R, ARG S8
A SCHEIRAFTEW B 22 5% . Horh,Pn 5 WUE 24
EIEME, S Tr 2R FAMK, 5 Gs . Ci/Ca BT
FZMFEMEGs 5 Tr M1 Ci/Ca YWEMN B EF EMHK HE
WUE 20 8 3 A6 Tr 5 Ci/Ca R EF LMK, 5
WUE 4% 2 A,

2.3 & CO, REMEZRBHFRASHHFMm

M 3 3% 4 1] J, 5 ER8E CO, & FAI L, KRR
CO, WREFFE L 2 A TER RS 108 d YR F/F,
YR REL 4% JEXF R 30.59 .90 d Y 2 A4S Rl A
F/F {TEREZN, K CO, MEFEX AT 108
d it OPSITE i & 5 (AR5 30,5976 F1 90 d 41
BRI 7% 35% 14% 14% , 5 OPSIAHAL, KX CO,
WETHE M AR5 108 d qP JC R B8R 5
30.59.76 190 d 45N 6% 35% 12% 14% , H 2 4~
SRR PIIEA—F . KR CO, WIETHE I 2 AR
5 30 d iR NPQ 44 T R R, A AR5 90 d YLY2
M NPQ A BTN,

A, AR ARG KB 2 A fht FF/F, 2 7E
B 22 5% Hoh o, R EE S SRR B BEAEXT RS AR 59,
76 d [ F /F, 5053552 AN SRR CO, [0 B i 3
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FAR—E, R CO, WL 5 M AR AR AR RIS R iE] 3 J0 2 HARRON s ah R XS RS AR 30,76 FT 90
WY A OPS T JC R R0 BRAEA S 108 d A, A d i A NPQ HYSZIR A B 2 /K F-, CO, W 15 dh
I R oP FF7ER BAY A 225 5 CO, WKEZS MR EAR(UERARS 90 d kB B#EKF,

R2 AR CO, REMEZFHTHRIZBH A ASHESHNBEXXE

Table 2 Relationships of photosynthesis characteristic parameters between hybrids to ambient and elevated CO, concentration

. CO, W ) . . Ml co, wepE/
b . A LG MR Kodmg e
Index 2 Pn Gs Tr WUE e LR
concentration e E Ci/Ca
€O, ¥ pE |
CO, concentration
S AST (P2
FHEHER 0. 860 ** 1
Pn
= R
R ~0.512* -0.214 1
Gs
7% s 1 R
AR -0. 660 ** -0.418" 0.870 ™ 1
Tr
K53 F .
- . B . B . 1
WUE 0.79%4 0. 811 0. 635 0.773

JfuE] O, ¥/ JE
%3, €O, #RJE Ci/Ca
YRR 0. 05 ACEAHSCHE L, ™ RRTE 0. 01 ZKPAHSCHMN 3 . n=36,

Note: * , ™ indicates significant correlation at 0. 05 and 0. 01 level, respectively. n=36.

0.235 0.235 0.565™ 0.412~ -0.299 1

*3 B CO, REMNFEXZHBARNEETHMA T LRI RSN
Table 3 Effect on chlorophyll fluorescence parameters of the fully expanded leaves from the top at different

growth stages of hybrids of elevated CO, concentration

pSjie 214 st Qb3 A5 KEL Days after transplanting/d
Fluorescence parameters Cultivar Treatment 30 59 76 90 108

PS Il R F =it Y Fifk 2 & AC 0.813 0. 842 0. 829 0.832 0. 814
F/E, EC 0. 803 0. 831 0. 849 0. 837 0.782
il 2640 AC 0. 836 0. 843 0. 842 0.826 0.791

EC 0. 831 0. 846 0. 839 0. 829 0.759

PS T S prst 77 i Y Wi 2 5 AC 0.281 0.132 0.162 0. 148 0. 084
epsil EC 0.311 0. 190 0.178 0. 187 0.073
M 2640 AC 0. 300 0. 168 0.183 0. 181 0.075

EC 0.312 0.216 0.217 0.188 0. 092

PR D F Y Y Miff 2 5 AC 0. 450 0.219 0. 280 0.244 0. 146
ab EC 0. 500 0.325 0.293 0.316 0.138
M 2640 AC 0. 498 0.288 0. 320 0.331 0.139

EC 0. 505 0. 360 0.378 0. 339 0. 194

Bt AR R 8 Y Pt 2 = AC 1. 606 2.571 2.503 2.242 2.110
NPQ EC 1.471 2. 546 2. 656 2. 564 2.088
Ml 2640 AC 2.361 2.797 2.974 2.904 2.187

EC 2.067 2.643 2.852 2. 885 2.171
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F4 BCO, REMEXBARNLEFTHNBTERAMEASHHNERBZHRE (P E)

Table 4 Significance test for chlorophyll fluorescence parameters of the fully expanded leaves from the top at different

growth stages of hybrids in response to elevated CO, concentration( P value)

TSR ok AR5 KEL Days after transplanting/d
Fluorescence parameters Index 30 59 76 90 108
PS Il ki Froht CO, W 0. 104 0.324 0.026 " 0.286 0. 000 **
FusE A 0. 000 ** 0.041" 0. 688 0.057* 0. 000 **
CO, VR BEX A Ah 0.559 0.091* 0. 005 ** 0. 829 1. 000
PS I SEFR i 7= CO, 0.022* 0. 000 ** 0.028" 0.048 0. 840
epsil i A 0.273 0. 006 ** 0. 009 ** 0.122 0. 750
CO, VR BEX A Fh 0.281 0. 629 0.389 0.155 0.355
Tk AR 2B CO, i 0.034" 0. 000 ** 0. 060" 0. 055" 0. 501
ar wi Rl 0.047* 0.003 ** 0. 002 ** 0.011* 0. 489
CO, MRHEX T 0. 109 0.289 0.218 0.121 0.364
ISR AL ES i CO, Wi 0. 003 ™ 0. 491 0. 842 0.007 ** 0. 944
NPQ s 0. 000 ™* 0.220 0. 000 ** 0. 000 ** 0. 769
CO, Y EEX TP 0. 220 0. 620 0.081* 0.003 ™ 0.993
Pron B, BRAE AR5 108 d A1, CO, He 5 5 i Foxt HoAh
3 itie W A Gs I Tr Y94 AR RIFRIE 09 AR, K4

I, HATRA CO, WREE T I -1,5-—
IR AR Ak I3 B ( Rubisco ) A #% CO, T, 78 74 1
W CO, MeBE T ISR M e A R BRI AE KA
5 CO, WePEIAR BT A MR 2 N B AdE I BT
HI FACE #5875 & I TCTe 78 & i 2 5 AR K A5
T E RS s 23 SR B T 6B Y B
Sl AW, CO, W FE T+ E] 200 wmol - mol ™' fiff
Y i 2 SR # S 30.59.76 .91 F1 108 d i H Pn 43
AN 26% 14% 7% 8% 1 8% , {i {); 2640 43 5 34 il
24% 18% 45% 27% 1 9% , 2 i fp bR R4
TR 2 A~ SRR A e I 22 SN (R T B (RP
FARIE 76 191 d) R I WL 0 AP 22 5. 1 P 2640
A Pn XF CO, BN A Y PG 2 S 3~5 15, %
SIHTEERIMIEN] T Fp 22 5 . BEWIK RS A A 6B i
F4) I ) R R B S ) A 58 4l 22 ) AT RE A e I I 22
o

YE B 3 e 3 SRR AR5 2 DA B CO,
WP T = 1 AR IR TR I K 43 1 R R0CR BE B =2 3
It ARHESE R, W CO, B IREE R KR ARy
Gs Il Tr B2 TR HBEME LY B 2 5 5 B
% CO, REEE Y Wik 2 S0t Gs Tr 3451 T
K% 29% 17% , H. 35935 B4 B 3% K7, {5 G 2640 1Y
Gs Al Tr BYFEIEYI/INT 7% , Rk 5 B E K-, 7257

FIFHZCRZ P BT WAL, AAFSR R B, & CO, W
JEE T AN [R] B HI J7K 43 ) R 8338 n (A A= 4K 5 1
FIBEIR/INF A KA, i, R CO, WREETHE IR A
T 1 i A A R T R p B

B CO, BT T KB AIEH T HETES R
FLFREH A A 56, HRTAEAE AR R B2 AR
WFHE RIS A KA CO, e B T i il Y 22 58 4l 5 i
Gs P2 R IERaH (HRIR)E 30,59 A1 76 d HZ4sc &
Hrt f Ci/Ca ¥JC 1 484k, MR AR5 91 F1 108 d N
HETHEIN, & CO, W IEE R AR A A T E T
P SALBR I AR S ALBR ], Al g5 R =, <AL
PRI AT REAN LR 25 A 0 RO A T IR BB N

-2 2O S HOT LU et 7 R G N AEPERR
A B RRAVEIN 2 i OGS ThRE DR | TCHR 5 AR E T
PS Il SOt 777 e (F /F,) 2 R Wi e & 1k
FHTEAS Rl 18 T 3Z 40 F2 B2 A B AR S b, AN 56 36
W, CO, WeRE Tt i 2 s AL A e A A5 108 d Al
SEF,/F, Y0 e, (0 At 0] ) OC B R
bRt i (OPS 1) AT LA el 1 Ttk 2
R R e it A PS T 38 & BE A LIS i f 2
KEH(qP) WL PS T FIH F32 K QA AY% 1L
MR JEOIR 2 T S B GO TP AR E T ARG o B
KARWIIL, CO, He B T i 4 1] OPS I Fil qP b 2534
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o BB 2 A~ dh AR T PR AR AR Y R RE S 2
W TCEAE, MRER AW A2 T 306, X
ST R R S M B A SRR B, SR
RER KM CO, e By 2R REIRIE IR T AL i R
JERGE Nk, M RO RES TR, REHDEEIE
B2 XA A WG B R A A . AR
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Dynamic Responses of Leaf Photosynthesis and Chlorophyll
Fluorescence to Elevated Atmospheric CO, Concentration
for Two Hybrid Rice Cultivars

ZHOU Ning'? JING Liquan' ZHU Jianguo' WANG Yunxia’ WANG Yulong"* YANG Lianxin"*

(' Co-Innovation Center for Modern Production Technology of Grain Crops/ Jiangsu Key Laboratory of Crop Genetics and Physiology,
Yangzhou, Jiangsu 225009 ;2 Jiangsu Food and Pharmaceutical Science College, Huai'an, Jiangsu 223003 ;° College
of Environmental Science and Engineering, Yangzhou University, Yangzhou, Jiangsu 225009 ;*State Key Laboratory of

Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing, Jiangsu 210008)

Abstract:In order to explore the dynamic effects of elevated atmospheric carbon dioxide ( CO,) concentration on
photosynthesis and fluorescence characteristics of hybrid rice, the dynamics of high CO, concentration on leaf
photosynthetic and fluorescence parameters and its interspecies differences of rice in different growth stages of rice was
studied by using Free Air CO, Enrichment ( FACE) technology. The high—yield hybrid rice variety Yongyou2640 and
Yliangyou No.2 were grown in the environmental CO, and the elevated CO, concentration from plant transplanting to
grain maturity. Elevated CO, concentration increased the averaged net photosynthesis rates by 25%, 16%, 25% , 18%
and 8% at 30, 59, 76, 91 and 108 d after transplanting, respectively. Except for 108 d, the CO, effects on the other
measuring dates all reached significant level of P<0.01. Compared within two varieties, the responses of Yongyou2640 to
elevated atmospheric CO, on net photosynthetic rates were greater than that of Yliangyou No.2 on 76 d and 91d. A
consistent downtrend was detected on stomatal conductance and transpiration rate at different growth stages, and the
decrease of Yliangyou No.2 was more than Yongyou2640 in most cases. Though stomata closed partially upon CO,
elevation, there were no significant effect on the ratio of intercellular to air CO, concentration ( Ci/Ca) during the first
three growth stages, and Ci/Ca even increased significantly during the last two stages. In the later grain—filling stage,
F /F, of both rice varieties decreased by 4.0%, but there was no significant effect on the other periods. The increase of
CO, concentration made the actual photon yield and photochemical quenching of PS Il increase significantly. The above
results suggested there were many differences in the dynamic response of the photosynthesis parameters of the two hybrids
to high CO, concentration, but the differences in response parameters of the fluorescence parameters were little. The
results could provide a basis for enhancing the predictive ability of rice response and formulating coping strategies under
climate scenarios.

Keywords : FACE, photosynthesis, fluorescence parameter





