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Abstract: To understand the effect of elevated CO, concentration, temperature, and different weather of photosynthetically

active radiation (PAR) on diurnal variation photosynthetic characteristics of rice, a paddy field experiment utilizing free air
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CO, enrichment (FACE) technology was conducted at two concentration levels of CO,( ambient and elevated 200wmol/mol )
and two temperature regimes ( ambient and elevated 1—2°C ) between cloudy and sunny days, using the widely cultivated
inbred Japonica rice ( Oryza sativa 1.) Nanjing 9108 as the test material. Diurnal variation in the photosynthetic
characteristics of rice were measured every hour from 9:00 to 17:00 in the two kinds of weather. The diurnal variations in
net photosynthetic rate ( Pn) under each treatment followed a single —peak curve during cloudy days without a midday
depression in photosynthesis, and a double—peak curve during sunny days with a midday depression. The results showed
that elevated atmospheric CO, concentrations significantly increased rice Pn. However, elevated temperature tended to
reduce Pn. Therefore, elevating atmospheric CO, concentration by 200mol/mol had a greater effect on the photosynthetic
characteristics of rice than elevating temperature by 1—2°C. Elevated CO, concentration improved rice intercellular CO,
concentration (Ci) and inhibited transpiration rate (Tr) by an average 10.8—22.0%. Elevated temperature nonsignificantly
decreased Ci and increased Tr by an average 5.0—13.5%. Rice Tr on sunny days was larger than on cloudy days, by an
average of 9.8—31.2%. Rice stomatal conductance ( Gs) decreased significantly under elevated CO, concentrations and
temperature. This indicated that CO, concentration, temperature, and PAR had a comprehensive effect on rice water use
efficiency (WUE). The PAR on cloudy days was 53.3% lower than on sunny days. At the same time, the average Pn on
cloudy days was lower by an average of 37.1—72.0% than that on sunny days. Compared with ambient conditions, Pn
increased under elevated CO, concentrations average by 21.6—38.8% and 38.6—58.4% in the low PAR of cloudy days and
in the high PAR of sunny days, respectively. It is suggested that more attention should be focused on the effect of elevated
CO, concentration, elevated temperature, and the downward trend of PAR on rice, which would be conducive to a more

comprehensive assessment of climate change impacts on rice production.
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Fig.1 Diurnal variation of temperature and photosynthetic active radiation between cloudy and sunny days
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Table 1 Results of elevated temperature between cloudy and sunny days

KX, Weather ACET—ACAT ECET—ACAT ECAT—ACAT ECET—ECAT
BHK Cloudy 1.48 1.23 0.30 0.92
XK Sunny 1.15 1.43 0.39 1.04

ACET—ACAT: ¥ 5% CO, ¥ J3 1 55 1 Ab #E—3R 5% CO, ¥k B FIIR B2 AL #E ambient CO, and elevated temperature—ambient CO, and ambient
temperature ; ECET—ACAT ; & CO, ¥ J& F1 = i A Bl— 3R 858 CO, ¥k JE AL BE AL BE elevated CO, and elevated temperature—ambient CO, and ambient
temperature ; ECAT—ACAT ;{5 CO, ¥ J& F1 348 5% i 3 Ak B—3R B8 CO, ¥k B2 AR 22 40 3 elevated CO, and ambient temperature—ambient CO, and
ambient temperature ; ECET—ECAT : 15 CO, ¥ B Fl = iR AL 3 — 5 CO, ¥R B RIS AL BT elevated CO, and ambient temperature—elevated CO, and

ambient temperature
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Fig.2 Diurnal variation of rice net photosynthetic rat of elevated CO, concentration and temperature between cloudy and sunny days
T.RJE temperature; ACAT : ¥15% CO, ¥ 5 FiR & AL 3 ambient CO,and ambient temperature ; ACET : 33455 CO, V& JE IR IR AL HT ambient CO, and
elevated temperature ; ECAT; 5 CO, ¢ FIFREEIREALFE elevated CO, and ambient temperature ; ECET : 85 CO, ¢ Rl IR ALFE elevated CO, and
elevated temperature, &I HVEHE A P E AR UERE (n=3) ,ns, ANWFE, = Fl =+ J3HIFRRTE P<0.05 Fl P<0.01 /K- [ 24 57 b 3
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Table 2 Average value of photosynthetic parameters of elevated CO, concentration and temperature between cloudy and sunny days

LA R ALSE BRCORE R AR
PNat Kb Photosynthetic Stomatal conductance  Intercellular CO, Transpiration Water use efficiency

Weather Treatment rat(Pn)/ (Gs)/ concentration( Ci)/ rate(Tr)/ (WUE)/

(umol m™2s7")) (mol m2s7") (umol/mol ) (mmol m™2s7") (' mmol/mol )
PN ACAT 10.99+5.89 0.55+0.16 342+18 8.36+2.32 1.22+0.55
Cloudy ACET 9.62+5.74 0.48+0.16 338+18 9.03+2.49 0.98+0.51
ECAT 13.36+6.27 0.46+0.17 536+25 7.00+2.45 1.84+0.63
ECET 12.00£5.90 0.44+0.16 532+31 7.37+2.38 1.54+0.57
[EPN ACAT 15.07+3.80 0.54+0.21 321+15 6.56+1.42 2.46+0.75
Sunny ACET 13.18+4.03 0.44+0.16 319+30 6.89+1.36 1.83+0.66
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Fig.3 Diurnal variation of rice stomatal conductance of elevated CO, concentration and temperature between cloudy and sunny days
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Fig.4 Diurnal variation of rice intercellular CO, concentration of elevated CO, concentration and temperature between cloudy and

sunny days
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&S i LUE H, CO, e B R B T 5 X AN [R) AN KRG ZE 1 R (Tre) H AR TR 1 52 M B B AN — 3, i &
RIS J5E RIS, —F 8 BEAERAR R, 3 2 v UA, NIE I i, CO, M T =
Xf7KFE Tr B AR AR AR FH 18 204 538 K, BEIE - 10.8%—29.0% , i5E TH s iR RV Fak 3] 5 /K | 1
W&~ 5.0%—13.5%,

AFIRAGAKAE Tr 2250005, KR Tr HASE S B th £ ) B R TG K 43 51 T 13.00 Fl 14,00 2247
INFIWEAE, B R AY H S 1k A WG (EURT AB R B 5 K T K 1, IR ACAT (ACET \ECAT #1 ECET /KAF &M Tr 1) H
AL A o3 ) LU RS RN T 27.4% 31.2% 18.3% 1 9.8% ,SE-XJ84 N T 20.9% .,

2.2.5  CO, M FRLEE T B AN [R] R AR 7K R K 3 AL R 9 B A2 4k

H 6 nI L, CO VR ETHE B e T RRI RS T KRR FIH R (WUE) | R FEAR T AR RS T KRS
WUE, Z#3CHAEHIABE . AR, KR WUE H 2L YEXT CO, M B R B 04 i i 35 3K 2] 5 3% 7K SF
FH KK R WUE ) ECAT . ACAT ACET F1 ECET 425 1 50.9% 87.1% .19.7% , B KiEE T 51.7% .96.3% .
23.3% (% 2),

CO, VR FRIETH =, /K WUE FIR Y H AR AL 80 hy Bl (R 281k 5 b TH G T R R 3 i g R R80T
FEr ke, [Rl—abBE i R/KAE WUE H AR (k358 B 2 & TP R 1, ACAT (ACET ,ECAT F1 ECET 418 43l 3%
T 101.5% 85.5% 104.1%F1 92.2% .,
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Fig.5 Diurnal variation of rice transpiration rate of elevated CO, concentration and temperature between cloudy and sunny days
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Fig.6 Diurnal variation of rice water use efficiency of elevated CO, concentration and temperature between cloudy and sunny days

2.3 CO, VR AL T = A R R AT KRG B R E S5 AR e

AN A IR R X /K R G RRAIE AR 5 e 22 5 0 ), LR SR IAE 5K RO & FRAE S EOH AN ], 6 & R AIE
SHRANIA IR (2 3) . RAVRE (W) & PAR FIJEEHLRIVE 045, 5 PAR # B E 416, PAR 5
JKFE Pn Gs Ci \Tr \WUE BUAS[FIRRBEIE A G, CO, MR 5K FE Pn Ci \WUE [a]AH2C, 15 Gs Al Tr fAHG,
IEE 5 Pn . Gs Ci \WUE G, Hid 5 Gs il WUE 1A 2] 8 7K,

HASE ,Pn 5 Gs Ci \Tr WUE IEREHE, Ci5 Gs Tr U EMIC, XM /TR, PAR . CO,
e 5 RN S 5 K R B2k Gs . CiTr \WUE 784k, ST 52 M /K F P,
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£3 CO,REMBEABTHRBARS TABLHMHLESHESHEXRXER

Table 3 Relationships among rice photosynthesis characteristic parameters of elevated CO, concentration and temperature between cloudy and

sunny days
o ay et
etz N €O, "= Photosynthetically #0tAHEE  SILFE MR COMKE AR TKAMFI %
Weather Temperature . . .
Index (W) (1) active radiation Pn Gs Ci Tr WUE
(PAR)
\ 1 -0.014 0.014 0.544 " 0.454 " -0.075 -0.228 ** -0.329 " 0.582""
CO, -0.014 1 0.024 0.045 0.342"" -0.198 ** 0.940 ** -0.215"" 0.379**
T 0.014 0.024 1 -0.007 -0.073 -0.139 " -0.019 0.124 -0.193 "
PAR 0.544 " 0.045 -0.007 1 0.694 " 0.505**  -0.068 0.175* 0.534 "
Pn 0.454 " 0.342" -0.073 0.694 ** 1 0.547 " 0.151" 0.264 " 0.809 **
Gs -0.075 -0.198 ** -0.139 " 0.505 " 0.547 " 1 -0.177 " 0.570 " 0.233""
Ci -0.228 ** 0.940 ** -0.019 -0.068 0.151* -0.177** 1 -0.244 ™" 0.204 "
Tr -0.329 " -0.215*" 0.124 0.175 " 0.264 " 0.570**  -0.244"* 1 -0.227 "
WUE 0.582 " 0.379 " -0.193 ** 0.534 " 0.809 ** 0.233*" 0.204 " -0.227 " 1

E H1E Degree of freedom, df=45; # il %% 4MIFRTE P<0.05 Fl P<0.01 K F% R 5%,

3 iTFig

IKFENCA I AE 223 B85 2 BN T PAR i B G == I RS 5c IR /D% A K PAR KR FEAR I O,
{HYTHR FACE i3 25 2015 4FK R B 137 K(6 A 17 HE 10 A 26 H) iR 2 =Bl K B RE 51
30 K73 K 34 KUY Hh 2 R e BIR KRB KREA T 53.3%, 2015 4EKREFFRNIBA R Z 5K,
FRATTAEMIE T CO, M, Hh 2 J5 , FFAIN 0 T8 G R mT 300, e AR B R0 T Y6 & H ARk, FA KRG B R (57
1) FE R () A B AR CO, M FEM R I | & BT CO, MR BE 45 F N /KAE P 155 BE LE (R 14 08
BF % 58 A TS R, DL R A9 PAR W35 5 CO, YR X KRG A R IERN . i T Tolk & B RS i A s e 45
UL I 8 R KA PAR AN IR B B SRR AVER . S Al AR A R KR
S e AR RRIRASAAE R KRG A B AR CO, ¥ 3 A T it w137 22 S A ik — 2B BP9

AWFFERI K FEFIR G K P H AR 46430 by e FUOBLE I 2k . FR P W BLAE 1300, 171 )5 B
PAR H9 F R REAG , R & ADEA“ K7 15K Pn 7 12.00 F1 1400 PRI A B0 T B2 A9 R R, 7= A4 1Ok
FART, T EAEAR FACE -G BIBFSE TR & UK R RDE A« 2R B4, nl B HO 52 ] fa gt (2h)
A, XFMRYCA R LR AR RS, VPR BF5EIA, ASRAHE T IS R P ad i Ane
SR B PP AE A3, ARG A ME I RCR AR A RN, 2R W KRB, PSRt R S R
PS I 2y H0 AT 8 e 3 52 21 ATP A NADPH [RlAk 7= Az gk & A= F/F (8 F R X T RESEMT A Po 4R
BRI A RN 2 — (B AA BT IA A AR B & A 5 Ry 32 22 S ALBR il 5 1 ke, RS FLBR il 76
AR T B AR T ALRR . A0 R KE 9108 S AR 4 ey 1z iy 28 B 15 2 JL AR PAR {H
FE 1300mol m™ s 247, W K4 PAR M3t T HAMAMA , 3300 B S FLIEHT, Gs BEAK, 2ob &« A R” 4 ™=
A FEER A AL T I — 05T,

KR SR S S DG A e i, A6 BT A B K (SRR Po KT RS R (RESR I &
BIE PAR ROKHISS TKFDEARES . it PAR 5566 SR /00T, PAR 55 Gs 1E B EHHE, ik rl LA
HEMIBA K PAR TR, SEUKRESIN Gs 6l SALBREIZEBAK Pn FREMEZFEH . K Pn B9 T FEARFITK
FE A= J I R, DA BRI el i it i e R 55 T 42 2 B ROK B Y P, (AR ABIFSE

YEVI G B AR — R 2 i A B R 0 5 B2 A R B 4 PR i, AN IREE R % CO, MR B iR
JE PAR %538 o BCAR KR I PR A A At B R K R AR SRR SE e AT R AR R S
IKFEI A SR A R B 1) IEAH B A G, CO, MR BETH R A2 ifE T KRG A YRR, B TR 880W AH R, X S T
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WFFEAs R — 22 AR R R RS FACE B WA~ A 38K R S i P F- 3 L Ambient B3 i T
35% , W] Rg 5K ARGl G A P OB R —— A T 1, 5- IR (LR N & ( Rubisco ) 7E RS CO, MR THim
B RACACRE ISR G Ambient oI IR AL FE B R ANG KK AE St P R REIR BEAHIL S TRE T 12.5%,
FACE Fe{ 3l A0 B K R /K R P [ 25 5B, BOCP-45 R R T 10.2% , Bis K BR AW . 34 T A
55 1 R CO,MEEX /KA AR TR FEASCR  (EL B /K R A A & 1 YRR X RS2 iR el 55, BVAR R R CO, Mk EE A
il N R REC G A AT R BR A, KRS AR AR R CO MR il \PAR GBI AR BRSE T 22 ESIFEAK Gs LI
MR XFPIREEAEAL Y CO, BT KRR S ALBEL B8, Gs R, B0 2 0 B T 5 SR T e B
TR I Ao B R 2R I VR R JRLEE 21 DR TR DS I 1 Gs X COL, IR, CO, M BETH g I, i K4 i
b P KAE P BYSENE LG B R FEAIC, 7T RE I 55 0L R ) % 1 1) A= B A TR 5, R CO, i B2 i g T A1 a2k 7K A
ERRE SIS AR & B R I OGS E A SCHRE MR IRRDE & G2 S s A o 12,

4 ZHie

KNG HASMURHE S COMREE TR PAR SFIABE R BRAHC, TEAM T, IR E PAR g RAK,
FECTKAE Pn BRRE T 37.1%—72.0% i KRR E HAZMWE A TR IR  BIRIFREAE IS . A
[FIRAST, CO, MR BT X KR A VR AR 2 iR B A ], B R RN IG R K Fed P 23 0l 34 0 T 21.6%—38.8% Fll
38.6%—58.4% ,JHRFFAR T CO, 38 Xt KR AV FH B 1A% 07 5 1 B8 T v 2 80 i B K R & 1 A Ea 34
HARAS CO,MREEXT KT AVERMIETE, Gs FEAKFDEAIEH E A EZIMAER XY CO, MBS n i B2
FHEEk PAR KT /KRR ADEHRRT KREE T Gs FEAK LIE I BT AL
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