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Fig. 1 Effects of asymmetric warming on rice aboveground dry mass (a) and grain yield(b) under the FATI facility
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Table 1 The parameters of the Richards equation for grain filling of rice grown under the asymmetric
warming regimes in 2008
i k3 THE /g

Positions Treatments ‘ b ¢ d R 1000-grain weight
IR AR CK 26.97 0.70 0.17 0.52 0.995 26.8870. 36 a
Superior grain AW 25.33 0. 66 0.23 0.59 0.995 26.1640.39 a
DW 25.70 —1.00 0.15 0.17 0.992 26,2070, 16 a
NW 25.47 1. 98 0.26 1.40 0. 988 26.18740. 36 a
55 ok CK 20. 20 14. 68 0. 44 7.54 0. 997 20.1040.25 a
Inferior grain AW 21.58 29.42 0.85 13.77 0.995 21.574+0.74 a
DW 20. 71 37.06 1.05 19. 41 0.995 20.70740. 30 a
NW 23.79 5.72 0.18 2.61 0. 985 21.8240.92 a

a kPR KT hE s boe F d W Or RS G RN IE R

A means the maximum weight of akernel;b,c and d mean equation parameters; R?> means determination coefficient

F 2 AEXTFRMEIIERT 2008 AP ERFMESEHH M

Table 2 Grain filling parameters of midseason rice grown under the asymmetric warming

regimes in 2008

Potfiins Trci‘ims GR, GRo/Wo GRn T W oo Too v,
S CK 0.70 0.21 1.32 8. 11 12.07 35,77 0.75
Superior grain AW 1.05 0.25 1. 66 5.16 11.55 25. 25 1. 00
DW 0.97 0.25 1.35 5.19 10.19 35. 00 0.73

NW 0.91 0.16 1. 46 6. 39 13.63 24. 24 1.05

559 CK 0.17 0.06 0.78 28. 80 15. 20 39.18 0.52
Inferior grain AW 0.16 0. 06 1.02 31. 48 17.75 36. 80 0.59
DW 0.17 0.05 0.91 32.51 17.73 36. 80 0.56

NW 0.18 0.07 0.73 26. 32 14.55 51.70 0.46

GRo : B U HE 2 3 3 GRo /W « A X 2 IR 3 5 GRu + d K I T 285 T o« B3 K SHE AR I 0] 5 W o« B L S N R 5 To S I 1) 5 V. P04

GRy : Initial grain filling potential; GRy /Wy : Relatively initial grain filling potential; GR,, : Maximum grain filling rate; Tyo: Time
reaching the maximum grain rate; W, : Weight of a kernel at the time of maximum grain filling rate; Tgo: The time of grain filling

reaching 99% ;V,: Mean grain filling rate
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Table 3 Effects of asymmetric warming on pre-and post-anthesis dry mass accumulation and

their ratios to the total biomass under the FATI facility

AEHT T 9 B VAR
. AEHT YRR 5 He B/ % RS TR T e/ 2
ARy i i b3 MR/ g MR /g
) ) i Ratio of pre-anthesis ~ Ratio of post-anthesis dry
Year Cultivars Treatments Pre-anthesisdry Post-anthesis dry ) )
dry mass to totalbiomass mass to totalbiomass
mass accumulation mass accumulation
2006  GUIEHE 7 2 CK 3.4940.10 b 3.2940.27 a 51.66+1.81 b 48.34+1.81 a
Wuyunjing 7 AW 3.31£0.19 b 2.37+0.11b 58.17+0.50 ab 41.8340.50 ab
DW 3.5340.13 b 1.70£0.31 b 67.9743.07 a 32.034+3.07 b
NwW 4.1040.25 a 2.4240.36 b 63.0844.93 a 36.924+4.93 b
2007 GRIERE T2 CK 5.80+0.19 a 4.90+1.38 a 18.58-+3.12 b 51.42+3.12 a
Wuyunjing 7 AW 5.4040.37 a 4.03+0.11 a 57.13+2.15 ab 42.8742.15 ab
DW 5.40£0.11 a 3.25£0.08 a 62.4640.88 a 37.5440.88 b
NW 5.41+0.08 a 4.447+0.94 a 55.89+4.66 ab 44,11+4.66 ab
2008 kR 44 CK 4.747+0.51 a 3.60+0.44 a 56.74+5.69 a 43.26%5.69 a
Nanjing 44 AW 4.85+0.43 a 2.66+0.22 a 64.41+5.62 a 35.59+5.62 a
DW 4.72£0.19 a 3.26£0.34 a 59.3442.85a 40.66+2.85 a
NwW 4.67+0.21 a 3.397£0.64 a 58.6543.94 a 41.3543.94 a

R 5 B 5 AS TR B 38w 500 22 57 | 35 KT
Datas followed by different lowercases within each column mean significant difference at 5% level.
2.4 RTYREIEE AL J5 it R 0 5% 38 R 3 43 i BE AR 15, 7%,
FH e 4 AT, 3 R iR b ¥R L K R AR S i R 17. 80K 20. 500 , 4k Ji Z5FF 1 e 38 - 3 43 5 R
(e iz 2 AL IS 25 AT 0 B s ZRRAE S T W) BT Y B B 17.2% .12, 5% 1 11. 3% . 46 J5 T 9 i (il 5% 3z
BRYETRENEH. AW DW I NW 4b 3 zﬂ?w\”uwm L. 54\8 3% H9.9%,
F4 EXNHREEENEEABTUOREEZ
Table 4 Effects of asymmetric warming on dry matter translocation of rice leaf and stem to the

grain during post-anthesis phase under the FATI facility

LS MR Wi %/ % I R38R/ % TG T R 538 3/ %
Ay b P Kb 3 Rate of rice leaf translocation  Rate of rice stem translocation Rate of rice leaf and
Year Cultivar Treatments to the grain during to the grain during stem translocation to the grain
post-anthesis phase post-anthesis phase during post-anthesis phase
2006 Wik 75 CK 20.88+2.90 a 29.12+3.15 a 25.0 &= 3.05 a
Wuyunjing 7 A 17.2943.00 a 24.8441.58 a 22.4 + 3.21a
DW 19.70+£1.79 a 21.5740.51 a 21.1 = 1.55 a
NW 17.54+3.46 a 26.72+2.51 a 23.7 = 0.57 a
2007 WMizH 75 CK 25.65+3.39 a 25.01%2.07 a 25.8£8.11 a
Wuyunjing 7 Aw 19.1042.39 a 22.3542.56 a 25.1+ 1.79 a
DW 16.63+3.48 a 24.53+3.85a 24.7 = 3.95 a
NwW 18.76+2.55 a 26.48+2.94 a 24.7 + 2.95 a
2008 MR 44 CK 34.8240.30 a 22.68+3.06 a 25.2 £ 4.94a
Nanjing 44 AW 33.3442.36 a 16.75+3.09 a 27.4%+ 7.65a
DW 30.49+3.21 a 20.47+2.84 a 24.0 4+ 3.07 a
NwW 28.28+3.34 a 15.50+0. 66 a 20.2 4 3.47 a
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Table 5 Effects of asymmetric warming on leaf and stem dry weight and their ratios to
the total biomass at maturity under FATI facility
e . e - T g ﬂﬂﬁiﬁﬁﬁ?tlﬁﬁd/% %?;P)?H?H:WJ/%
Year Cultivars Treatments Leal dry weight Stem dry weight Retio of leaf dry Ratio of stem dry
weight to total biomass weight to total biomass
2006  RizHi 75 CK 1.2324-0. 06 ab 2.69%0.11 a 18.654:0.28 b 40.81%1.21 a
Wuyunjing 7 AW 1.2540.09 ab 2.214+0.14 b 22.574+1.01 a 40.1240.89 a
DW 1.1540.05 b 2.04740.13 b 21.8840.99 a 38.6740.86 a
NW 1.3540.04 a 2.61%0.01 a 21.5240.45 a 40.59%40.22 a
2007  RiEH 78 CK 1.6540.13 a 4.9741.16 a 15.6040. 80 a 45.25+4.82 a
Wuyunjing 7 AW 1.5740.20 a 3.6040.49 a 17.7940.75 a 40.634+2.35 a
DW 1.5340.25 a 3.44740.63 a 18.9542.76 a 42.13£5.19 a
NW 1.5740.17 a 3.69+0.32 a 18.9941.83 a 44.15+1.72 a
2008 R 44 CK 1.2140.10 a 2.88+0.25 a 14.9141.26 a 35.4142.99 a
Nanjing 44 AW 1.2040.05 a 2.4640.01 a 16.0270.19 a 32.83+1.18 a
DW 1.2540.10 a 2.67+£0.17 a 15.7240.95 a 33.76+1.35 a
NW 1.3040.12 a 2.68+0.25 a 16.224-0.47 a 33.324+1.17 a
F6 FXNHREBERXNKBEHEESE A EAMEH LA
Table 6 Effects of asymmetric warming on sink capacity of per panicle, grain-leaf ratio and
the ratio of green leaves weight to total biomass under FATI facility
1 A 7 R g Bt 1 A
Year Cultivar Treatment Sink capacity of per panicle Grain-leaf ratio Ratio of green leaves
to total biomass)
2006 Rz 72 CK 3.3940.18 a 0.964+0.01 a 30.0542.54 a
Wuyunjing 7 AW 2.78+0.12 b 0.924+0.01 ab 30.0142.99 a
DW 2.8940.12 b 0.8840.02 b 28.16+3.52 a
NW 2.9140.05 b 0.8940.01 b 29.50+2.40 a
2007 ks 7 CK 4.45+0.15 a - 22.504+0.42 a
Wuyunjing 7 AW 4,0440.16 a - 22.38+1.35 a
DW 4.2440.17 a - 22.3640.53 a
NW 4.16240.20 a - 21.20+1.60 a
2008 RiKE 44 CK 4.0140.10 a 1.1740.06 a 12.5040.50 a
Nanjing 44 AW 3.91240.06 a 1.13£0.05 a 12.4440.32 a
DW 3.8940.40 a 1.0520.08 a 12.30240.73 a
NW 3.93%0.10 a 1.0720.01 a 11.64420.39 a
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Table 7 The correlation of grain yield and accumulated temperatures and rice canopy average

temperatures during whole growing duration

U Accumulated temperatures

L JE B4 E Increment of temperature

25 1 I Kb B 5 X5 1 R AR H 2
o . L § N N N 23
o BERTRE G SRS BOE Ak BN 0E H 4R MEREXHEWZEE  HRER H R AR A
5 verage
Reduction Increment Increment Diurnal Difference of average Average Average
Index i o diurnal
of pre- of post- of whole average temperature between maximum minimum
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Impacts of Asymmetric Warming on Plant Source-sink
Characteristics of Japonica Rice in Jianghuai Region

DONG Wen-jun"**,YANG Zhong-liang' , LAI Yong-cai' ,TIAN Yun-lu* ,ZHANG Bin’ ,MENG Ying',
CHEN Jin®

(1. Institute of Farming and Cultivation, Heilongjiang Academy of Agricultural Sciences,
Harbin, Heilongjiang 150086; 2. College of Agriculture, Nanjing Agricultural University,
Nanjing,Jiangsu 210095; 3. Northern Japonica Rice Molecular Breeding Joint Research Cen-
ter, Chinese Academy of Sciences, Harbin, Heilongjiang 150086; 4. Rice Institute of
Wuchang, Heilongjiang Academy of Agricultural Sciences, Wuchang, Heilongjiang 150229;
5. Rice Research Institute, Guangdong Academy of Agricultural Sciences,Guangzhou,Guang-
dong 510640;6. Soil and Fertilizer and Resources and Environment Institute, Jiangxi Acade-

my of Agricultural Sciences,Nanchang,Jiangxi 330200)

Abstract; Climate warming presents significantly asymmetric trends with greater temperature elevation in the
daily mean minimum than the daily maximum temperature. However, less was known about the impacts of
asymmetric warming on the source-sink characteristics of rice plant. Therefore,a field warming experiment was
performed with a Free Air Temperature Increase (FATD facility to investigate the actual impacts of asymmet-
ric warming on plant source - sink characteristics of japonica rice in Jianghuai region from 2006 to 2008 in
Nanjing city,Jiangsu province.China. The results showed that field warming tended to reduce the aboveground
dry mass averagely by 9.3%,16.3% and 6. 1% ,and the grain yield were averagely by 4. 6% ,12.0% and 7.
7% in the all-day warming (AW) ,daytime warming (DW) and nighttime warming (NW) plots, respectively.
The AW,DW and NW decreased post-anthesis dry mass accumulations respectively by 23. 9% ,30.5% and 13.
9% on average while the pre-anthesis dry mass staying almost unchanged. Warming tended to increase the ratio
of leaf dry weight to total dry mass weight and decrease the ratio of the stem dry weight to total dry mass
weight. Warming was to the disadvantage of the filling of superior kernels, while it was in favour of the filling
of inferior kernels. The sink capacity of per panicle was respectively 9. 9% ,7.4% and 7. 4% lower in the AW,
DW and NW treatments than the un-warmed control. Meanwhile, warming decreased the grain-leaf ratio aver-
agely by of 4.1%,9.5% and 8. 1% , respectively,in the AW,DW and NW treatments. The results indicated
that warming-led decline of source and deficiency of sink might be the main factors of warming-led decrease in
rice yield under future climate pattern in Jianghuai region.

Keywords: climate warming; rice production; asymmetric warming; free air temperature increase (FATID) ;dry

mass accumulation;grain filling; grain yield
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