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Abstract: The increases in air temperature and atmospheric carbon dioxide ( CO,) concentrations are the two most
important attributes of global climate change. CO, concentrations have increased from 280 pmol/mol in 1800 to 396 pwmol/
mol at present, and in the worst case scenario, it is estimated to reach 936 pmol/mol by the end of this century.
Concomitant with the enhanced greenhouse effect caused by the increasing concentrations of CO, and other greenhouse
gases, the projected rise in the global average surface air temperature before 2100 relative to 1980 - 1999 is about 1.8 -
4.0°C. Rice is one of the most important food crops for more than half of the world’s population. In this review, we

introduced the experimental platforms that have been used to study the effects of rising temperatures and CO, comcentrations
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on crops. Subsequently, the experimental progress achieved so far was summarized systematically, highlighting the effects of
two important environmental factors—temperature and CO, concentration—on rice growth and development. The factors
studied include photosynthesis, development process, tillers formation, biomass production, grain yield, process of
fertilization, carbon and nitrogen metabolism, rice quality and rice/weed competition etc. As the main substrate for
photosynthesis, the elevated concentrations of atmospheric CO, exhibited direct beneficial effects on rice productivity in most
cases. In contrast, the effects of temperature rise, or its combined effect with higher CO, concentrations, on the rice growth
process varied substantially ( from negative to positive ). This reflects the complex relationship between the treatment factors
(including the CO,/ temperature treatment level and duration) and the varieties and growth conditions of rice. Until now,
our knowledge in this field has mainly been obtained from the studies conducted in closed or semi-closed gas chambers. The
focus of future research will be the use of rice T-FACE ( Temperature-Free Air CO, Enrichment), in combination with
chamber facilities, to carry out further multidisciplinary research. The ultimate goal will be to understand the effects of
temperature/CO, interactions on the key processes of rice growth and the biological mechanisms involved in such interactions
to improve our ability in predicting the variation in rice growth with changing climatic conditions and to develop more

effectively the adaptation strategies to cope with climate change.
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1), PR 2R AE 1 AP A A bR DN TSR R A K 0 R K B S5 e o i m e A
SR AR AR 7 Ak B2 TR 17 , e 2 2 0 ol kDA SRR BE A RO, WA A R IR O AR, i T
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Table 1 Comparison of different methods used to simulate future atmospheric CO, and temperature for rice crops
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1 frFHEFM (119°42'E,32°35'N) B95E H T-FACE F & (2014 4F- 8 H i)
Fig.1 T-FACE platform located in paddy field at Yangzhou, China (119°42'E,32°35'N) (' Photograph in August 2014 )
(a) CO,MES4EE , CO, supply apparatus; (b) Ambient 425, The full view of Amibient ring; (c¢) FACE B4 %5t, The full view of FACE ring;
(d) FACE R IX, temperature increment plot in the FACE ring
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JETF R 28 34 F1 40°C Z5 A T 5l 206 A iR BN 21% 32%F1 143% , Jif AFEIX — 5 B0 7 5 2 11
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CTGC IREGINAT 2 MIZE | Yun 2552 3R3HE 673 wmol/ molCO, VR Timybyeo A K FiT 510 43 BEXC in | {EH4 7 1.
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BOBAsE RS (34 F140°C) T CO, A5 T80 = /3 BEU W34 N, X — NG ] BE -5 12 3 000 Tl 3 Ak 381 17 15
FER KA K, BRILZ AN, JRA — S SCHRRGE CO, 557 B X 40 BE i fre AR B S i 9 58 AR ST

5 ¥MIREFSHE

5.1 YA
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M) - Y5 B A R, CO, M AR ) X — B A T BB SR RS - Ak /K A R AR PR IR 8 1 K B KRR, DR e ) B
KR IAAE R R AEEIR AT . Yun &5 CTGC iR F2 W | CO, He B B2 T8 Y6 Timybyeo 2E#)
ik 0 RO T ALk PR ] A A S T T[] A CO, R BT e (R 40T b ) 5 B 300 0 U 2 4y - 35 43 S 48
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FIRI R A 17 A FEE 664 wmol/mol CO, Ml 29 37°C A KR EE N bk AE Y F- 0 51 T 70% |
22% , ANIRIZEE RIS FE S LIAR RV I K (142% vs. 59% ARIEXTE T, T ) , WK SIS/ IME IR R 43 BE
T (97%% 27% ) FETE (54% vs 49%) I H (46% vs 5%) . Moya 2513 H i (s i Fh TR72 A1 N22 F 90 1 2510l
B Co, W BERE AN 200,300 wmol/mol ffiH IR T N22 i AE My 43 B I 29% F1 59% , =53 (+4°C) N
BAMN 30RO T = 56 IR & B, KRS A B8 A K 39 TR CO, ViR J3E T v X6 7K A K 1) 398 25 25007 s 20>
IR (22°C) RS (32°C) 2544 T, CO, MR BE T i TR72 ARk T 543 B34 in 38% 113%™

T 22 0 SCRRARGE , /KRS AL i Xt e CO, M BE i b AS 22 A= KR BE I B2, Ziska 257 OTC R B KW, CO,
WeBEHE M 200,300 pmol/mol i TIR72 B S AE Wyt V3443 i3 hn 319 F1 40% {5 CO, SR EE R AR KA 0
fEANE . Cheng 58" 4RI, A2 AE KT COLIREEHN 300 wmol/mol FNPLUIY AT 10°C H 68 Ak FIZEH T 5

FH AR KA Akihikari (99 5 A 7= 5 S BI04 0 249% , HIK — 39 0 L3R, JLTAS 32 5L A5 Ak 14 52 )« 38 B 4
4 1°C, CO, W - 2573641 1.8% .
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H IR RN CO, R ELAE A R AN ] T4 5 AR SR I S s i AR AL A A S5 Y o, Sl
JE 1928 BAE IR AR — 7 RN DR RO , 6B A AL AR R B S e KT BRIk
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KA CO, e S R T XoF 7K AR 40 S5 3 B A 5 i R AR /0 T HL 45 SRR — 3, SOIRAR B (1) e T 7R
AT I 25 S BB 5 RR . Baker %P HGH , m IR AL FLEE R[] CO,7KSFF TR30 A9 HI ¥ 8~ F&, {0
CO, GIRLBE M BA BAFRN . H AR BB B (36—40°C ) 50 A B, CO, 18 14 A AR A= 1 I BE T /K e HI g 3
(+5%) AEHA = A AR EE T MRS 530080 T 17% ,42% 1 56% (Kim %) | Ziska %57 OTC
RIGF, CO, 5 I BAEX R SR HI (5200 AR LTS5 . Moya 50 Hi3E CO, ¥R BE T i X 6 T fikiat
Al HT A SR, (R SRR 5T R AR A KRS HI 2 2 PR, Ainsworth ™ X FiR S EWF IS 4T
BRI, CO, M BE T = T Mha P85 T AE K A/K RS HI P33 1% (n=18) (BAESIRMA T (n=5) XA it
VEFISEATH R o MR L2 S e TR Ak = M e ARG AR N A3 B A E L H A . Kim 26 AR CTGC IR 58 & L, CO, fi5 4
Xt Akihikari SCESIAR T 85 0T 5 2 L SR 0k S (0 AR K TR R 3 v e A W Ak i Ziska ST 2R
OTC 150 & B, CO, VR B T w25 (i AN [7] 5 5 A F 7K At G 0 R e L 129 0 2 1 o (EL P A 3R IR A AR
6 FFhI~2

5t —FE, CO, v B R X 7K R foc 28 7= 12 (9 52 W A7/ B[] B0 skl RO Sy, = AT . — Bl iAol
CO, FI FE 2 U R P T /K R, AT 2 4538 7= 785 77 (B EL R A 1 R HIESCiR, B R FACE 98 & 31 2003
SRR SE IR AR AE T, CO, MR B T w3 i /K e 7= i - 38 N T 6%, 17 2004 4F =il 2 IAE T (24 F AR 1T
2003 4F5 1.5C) , [A]— SRR = 05 B = 18 17% , CO, FIATE BE M) A7 A 5. 35 19 F AR A5, T 000 7 PR i X 3 24 1
TR RTIETIN CO, e BE T i Xk AR 7= i R AR

UL IN R CO, ¥ B R T e %o /K A P B A S WA AR X Ik ST, Baker 451 L2800 & B, CO, 1534
il 28°C 1 34°CAE KR T TR30 AYATRL= W3, (H 35 oK ik /K7 ik 32 20 5 00 W 28 BA 56 1K &
TEAC TR PR AR K (H S CO, MBS TARSUY . Yun 252 43,673 wmol/mol CO,f#i Iimybyeo F# #
BN 17% 34 1.7°C R D 129% , W52 [ T 2 00 R 7= i T 8 3 284k, O, 5 1B TR BLAE R0
Madan %50 % B, FF A6 301 0 o TR A0 (160 Al N22 A7 o i 38 TR L (H CO, b B B J L 5 TR B i TR

http ; //www.ecologica.cn



14 1 SO A R CO, MR AN B B KA A K K & s F 5 ik Je 7

TR, ST OTC IRIG B, 556 BEAH EL , CO, ¥R 32 L2 [ B 384 /&7 T /KRR 1 184 7= s 2 5 79 D)L 7 s 7
T B PR ARG ) A BRI JCAH BB R s R i R

SRR, KA KRS SCHRARAE T B it CO, MRS o amklfE A, 2 90 AR AR .cTGC A
OTC R 5657 ¥ W] | i T LA 450 2 3B HEH KR CO, W T XK Rl = B A 389 353800 . Kim 25620 3
FERRIE (26—30°C ) i 5% & B, A e AR T, CO, A5 HE 1 1991 F1 1992 4 Akihikari Al K 7= & - 351 43 31 34 Jin
45% 1 20% , {EAF H5% o A R EE R 20000 15% 1 91% ., FE B /K R 52 I (TRRI) Lin 4558 8135 OTC {56 &
B, CO, M FEHE MM 200,300 pmol/mol i 25.6°C AE I BE T HIAE IR72 FEEE 43 I3 I 48% F1 51% , M AEHE I 4°C
ZAME T H A BN 27% 1 39% , FIFRRERIF-G SR FIALEE Ziska 2507 1 24000 & BH, CO, He B 38 i 200
300 pmol/mol i 5L T AR =443 BRI 15% F1 27% (B3R 4°C 500 B X A AERRON L2, X —f 1)
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