A2 24 Chines

e Journal of Ecology 2013,32(1):15-21

AL

BEX RIEHESRRIEY

EREFERNFm’

KeEder

KiEE A 1R BES

(" EAF RN 5 K F A P b 100094; 2 P EAEAFHRLR, L 1000815 P R L XS, s
110866; * P EAF K, 47K 100049; ° ZAITAH FIE, A RIE 150030)

B E ARTRAGHSEMAGREABRENNE SFEHAEA-—EmAHmER, HTH
PARAGE R THEWWEN S AP E RIS RIEHR K &L 53R AR DK e 36, A
JTF R R RS (FATD) 4 R A ARG 34T 2 MEEHE DI R RS, £REW R
WHT, RAABEKRL T A AEBERN, ERRHEG; 2B, BHEFET
PE S MLPRE L Am, FLA B AR IR T AR e, et e Kl R G B R, 2 AR
BHETFEZRAR,W (41 ROIPTE)REFEH 0, W(FH2 RaOITE) H
BEATFERATH(RANLEF) ;W LA S REAEEEN BT REFALER, T
BN BE BN, TR ERD A A KB A SR R A Bt gt e Rk

KA THAWERS,; AKX, BHESRS,; Af; fHEKSFE

HESES Sl6l XEERREE A XEHS  1000-4890(2013)1-0015-07

Effects of free air temperature increasing on the rice growth and grain yield in Northeast
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Abstract: It is recognized that global warming is more obvious in high latitude and cool climate
regions, and shown definite uncertain features. In order to clarify the adaptation trends of the
crops to future climate scenarios, a simulation experiment station of infrared temperature increas-
ing was set up in Harbin of Northeast China, and the free air temperature increasing ( FATI) sys-
tem was applied to simulate the effects of increased temperature on rice grow and yield. Two tem-
perature gradients were installed, i. e. , each set with one infrared lamp (W, ), and each set with
two infrared lamps (W, ). Under increased temperature, the rice growth and development accel-
erated, and the begining-spike period was in advance while the harvest period delayed. The tiller
number increased while the yield per tiller declined, the plant height increased but the plant ap-
peared lodging at milk-ripe stage, and the leaf area increased and the single leaf showed an ex-
tended length. As compared with the control, the rice yield differed under two warming gradi-
ents, i. e. , increased under W, but slightly decreased under W,. There existed differences with
the control in the aboveground organic matter distribution and the spike grain structure under in-
creased temperature. Under temperature increasing, the rice 1000-grain weight reduced, whereas
the grain moisture content, leaf chlorophyll content, and leaf net photosynthetic rate increased.

Key words: free air temperature increasing ( FATI) system; Northeast China; rice field ecosys-
tem, rice; crop growth and yield.
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IPCC 55 4 AR EFE H,1906—2005 4EAY 100 4F
[B), 2Bk BT T (0.74+0.18) €, H
HE 50 AE TR M 45 10 4E (0. 13+0.03) C,JL
I 100 AR SVA TR 3R (5 10 4 (0.07+0.02)
C)HHI2 M5, BiITE] 2090—2099 4F4 Bk H3 BKr
TR 1.8 ~4.0 C,ZBfLIRELE 1.1 ~6.4 C (IPCC,
2007) o SR, LI 2 fy A=A A2 192 7E 2245 Fl X 3R 1
(953 4 2 A 4 — 14 ( Pritchard & Amthor,2005) . db
LBRMER TR FERAEES L HFH
IR /N, i 26 5 b DX IR b T T AR X
(Trenberth et al. ,2005) , A AL ] 2050 4
FE IR AETE 1.2 ~2.0 °C, 3] 2100 41 R
T 2.2 ~4.2 C(ZK],2005)

IKFEE A E R EE AR EED 2 —, H ek
BRI AR TR AL A 1/3 , 7ERTILLh 35° FlfE4 0 ~
2000 m J"VZFhAH ( Yoshida,1981) . 7 [, K A8 5
BAENE— KR EEY, mar-a 5 e Y ErT
1) 40% LA b (# AR &R, 1997) o A K5
T SAAR BT K A B A B R AR N P A A R R
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S T 1. 43 °C RS IR AR A I AR
HR (0. 44 °C) B ik 3 A5 (PR 2006) .

H A, S AR A X VR 1452 W 5% 32 B4 155 A
TN | T3 SRR A AL A5 T 1, B N A3 ki
8T Kam TAE (W XU Fnsk 442, 2009 ; Yao et al. ,
2011 ;Zhang et al. ,2011) , HH T 2BRASHE 3 22 H
T E SR RS IR S AR B ( FZE R LA BN
S RL A, BFAM LT AP R 256 B (free air tempera-
ture increasing, FATI) 5t~ T —Fh 58 S AZ AL N
ARG RRMA R (45 W5F,2007) . Harte
25(1995) 1 Je I FH 2T A& 5 B 2 7 55 L RL 2 i &2
P 1 ) R A AR S R Gt R K, Wan 5§
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G . ENEFETER ST T4 B IF R R IR R,
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%,2011a,2011b; Dong et al. ,2011; Zhang et al. ,
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SIS ST A I, T8 R I 10 FE R TE K R
B TR T (Peng et al. ,2004) , %5—J7 I, £S5
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mono,2008) , %£F FATI i 45 X} v [E F8 4 ) ZR AL b
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Fig.1 Diurnal variation of air temperature over rice cano-
py under different increasing temperature gradient
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Fig.2 Diurnal variation of rice canopy temperature under
different increasing temperature gradient
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Table 1 Differences of growing stages under the free air
temperature increasing ( FATI)

A W Bk PR WEAE FEEM BEkH
Hi  HEI(DAT) (DAT)  (DAT)  (DAT)

FAK45  CK 5-29  6-20(21) 8-11(73) 8-22(84) 9-27(119)
W,  5-29 6-20(21) 8-8(70) 8-18(80) 9-29(121)
W,  5-29  6-20(21) 8-7(69) 8-17(79) 9-29(121)

AR DL 20% KRR T MBI 28 ) A afis, PRI DK RE R 434 1)
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Fig.3 Rice tillering number distribution frequency with 60
point samples under temperature increasing
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Fig.4 Effect of increasing temperature on rice plant height
in different growth periods
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Fig.5 Effect of increasing temperature on rice LAI in dif-
ferent growth periods
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Fig.6 Effect of increasing temperature on rice plant dry
weight in different growth periods
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Table 2 The effect of increasing temperature on distribution of above—ground organic matter of rice
Qb B HRTE Tl EX KN - Y BEH St
(g 7" (g- 7 (g7 (g- 7" (g) (g- ™)
CK 41.02+2.22 a 22.85+1.43 a 14.54+1.22 a 4.25+0.61 a 4.82+0.67 a 0.17+0.00 a
W, 42.47+3.01 b 23.92+1.76 b 14.32+0. 83 a 4.67+0.64 a 4.79+0.61 a 0.20+0.00 b
W, 42.56+1.23 b 23.68+0.75 b 14.19+1.02 a 4.69+0.53 a 4.12+0.62 b 0.21+0.00 b
Al —BIAS R FREAR 2K 3 5% & /K (P<0.05)
3 FHNEEAIEX K EER L REm
Table 3 Effect of increasing temperature on rice grain structure
Qb P *‘(Mfi — WAL AE — WAL AE — WAL AE :7?(15‘2 WA AE WA AE TRRAE
HHEL SR SRR ORI (g) ik SR Gy R SR (g)
CK 10. 1 a 48.8 a 4.2 a 1.7 a 20.4 a 54.8 a 4.1a 1.8 a
W, 9.5b 48.1 a 4.4 b 1.6 a 20.1 a 51.6 b 5.4b 1.6 b
W, 9.4 b 44.2 b 4.4 b 1.4 b 19.2 b 46.0 ¢ 7.4 ¢ 1.3 ¢
[l — B [l R FA 5] 5% W KF-(P<0. 05) KRS — K 14% &k,
Fa4 FHNEBAEIKBEEEMREZWHIE
Table 4 Effect of increasing temperature on rice yield components
Qb2 EER T JESS TSR EL SRR TR E FK BLiSioyRae s
(%) (cm) (%) (g) (%) (kg - hm™)
CK 8.3 a 24.1 a 103.6 a 92.8 a 33.7 a 14.4 a 5048.4 a
W, 9.6 b 24.2 a 96.7 b 91.2 ab 31.4 a 19.4 b 5432.3 b
W, 9.7b 24.1 a 90.2 ¢ 88.4 b 28.6 b 19.9 b 4987.3 a

[l —FUA ] FEARFRIE ] 5% 53K (P<0. 05) APRLEE G — S AL 14% 5K 4t
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Fig.8 Effect of increasing temperature on net rice photo-
synthetic rate in different rice growth periods
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Fig. 9 Effect of increasing temperature on diurnal varia-
tion of rice net photosynthetic rate
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