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A simulation of growth duration in FACE rice
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Abstract Global atmospheric CO,concentration CO,  was projected to reach levels of 650 —780 wmol mol ~'at the end
of this century IPCC 2000 . The increasing atmospheric CO, and associated climate may greatly affect agricultural
productivity worldwide. However little was known about the effect of free-air CO, enrichment FACE on growth duration
of rice. In order to predict the changes of growth duration of rice under FACE condition we conducted a FACE experiment
at Anzhen 31°37'N 120°28'E ~ Wuxi Jiangsu province in 2001 —2003.

The FACE facility consisted of three FACE rings three repetitions and five ambient rings and the ambient rings were
90m apart to avoid contamination of elevated CO,. Rice were grown from transplanting to harvest under two levels of CO,
for three consecutive years 2001 —2003  and the target CO, of the FACE rings was 200umol mol ' above that in the
ambient air. The annual mean temperature was about 16°C  the annual mean rainfall was 1150 mm and the annual sunshine
hours were 2000h in the experiment area.

The experiment was conducted in 3 years using the japonica cultivar Wuxiangjing 14. Seeds were sowed on 18 May and

30270777 30471013 40120140817
KZCX-2-408 KSCX3-SW-440
2005-12-06 2006-04-20
1973 ~ . E-mail emsun@ yzu. edu. en
" Corresponding author. E-mail ylwang@ yzu. edu. cn

Foundation item The project was financially supported by National Natural Science Foundation of China No. 30270777 30471013  Great International
Cooperation Research of National Natural Science Foundation of China No. 40120140817 and Key Direction Research of Knowledge Innovation in
Chinese Academy of Science No. KZCX-2-408 KSCX3-SW-440

Received date 2005-12-06 Accepted date 2006-04-20

Biography SUN Cheng-Ming Ph. D. mainly engaged in crop cultivation and physiology and their simulations. E-mail ¢cmsun@ yzu. edu. cn



614 27

seedlings were hand transplanted with 3 plants each hill on 13 June. Hills and rows were 16. 7 and 30 c¢m apart
respectively equivalent to 24 hill m > . Three levels of N application were 150kg/hm’> low LN  250kg/hm’ medium
MN and 350kg/hm” high HN . To calculate the days of main growth duration of rice in both ambient and FACE plots
10 hills per experiment plot were selected and marked to investigate leaf age. Results showed that the mean days from
sowing to heading from heading to maturity and the whole growth duration of rice shortened 3 —4.5d mean value 3. 4d

2 —3d mean value 2.4d and 5 —7.5d mean value 5.8d in FACE treatment compared with CK. Increasing of nitrogen
application rate could weaken the effect of FACE on growth duration.

In order to describe these changes and predict the growth duration of rice we developed a growth duration model of
rice in FACE condition based on the “ rice clock model” . The factor of N contents in rice plants was introduced to adjust
the growth duration model in FACE rice. The model was tested with different experimental data and the errors between
simulated days and observed days in the CK and FACE conditions were small with the RMSE in different growth duration
from the biggest 2. 64d to the smallest 0. 15d. The results showed that the growth duration model in FACE rice was not only

accurate but also applicable.

Key Words rice free-air CO,enrichment growth duration simulation model
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1 FACE
Tablel Effect on growth duration in FACE rice
Co, - -
N o, Days from sowing to heading d Days from heading to mature d Days of whole growth duration d
N treatment -
treatment 2001 2002 2003 Mean 2001 2002 2003 Mean 2001 2002 2003 Mean
HN FACE - 101 100 100.5 - 58 60 59.0 - 159 160 159.5
CK - 104 103 103.5 - 59 61 60.0 - 163 164 163.5
MN FACE 98 100 98 98.7 54 57 58 56.3 152 157 156 155.0
CK 102 103 101 102.0 56 59 60 58.3 158 162 161 160.3
LN FACE 96 99 97 97.3 52 53 55 53.3 148 152 152 150.7
CK 101 102 100 101.0 56 58 58 57.3 157 160 158 158.3
Mean  FACE 97.0  100.0  98.3  98.8 53.0  56.0 57.7  56.2 150.0 156.0 156.0 155. 1
CK 101.5  103.0 101.3  102.2 56.0 58.7  59.7  58.6 157.5 161.7 161.0 160.7
HN 350 kg/hm* MN 250 kg/hm* LN 150kg/hm? Amount of nitrogen application was 350 kg/hm®> MN Amount of

nitrogen application was 250 kg/hm?> LN Amount of nitrogen application was 150 kg/hm?
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NUP = NRC x X, + NUP, 5
Fy N NUP N NUP,. N X, N gm>
NRC recovery coefficient NUP, N
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Table 2 The parameter values of growth duration simulation in FACE rice 2002
K P Q G B NRC
-4.050 1.187 1.157 -1.225 0.0272 0.350
2.4
2001 2003 FACE 3 3
CK  FACE N RMSE 0.15d
2.64d 1.26d 2001
-0.02% ~5.45% 1.59% 2003 -4.28% ~1.20% -0.60%
0.99
3 FACE
Table 3 Comparison between the observed and simulated days of different growth duration in FACE rice
N co, Days of different growth duration d s
Year N treatment CO, treatment - - :
Sowing to heading Heading to mature Whole growth duration
2001 MN CK Observed 102 56 158 5 64
Simulated 102.02 59.23 161.25 ’
FACE Observed 98 54 152 0.96
Simulated 97.86 55.24 153.10 ’
LN CK Observed 101 56 157 | a8
Simulated 100. 06 58.09 158. 14 '
FACE Observed 96 52 148 | 77
Simulated 95.98 54.18 150. 15 '
2003 HN CK Observed 103 61 164 0.71
Simulated 103.59 60. 00 163.59 ’
FACE Observed 100 60 160 » 3
Simulated 99.34 57.54 156.88 ’
MN CK Observed 101 60 161 0.88
Simulated 102.23 59.21 161.44 ’
FACE Observed 98 58 156 0.98
Simulated 98.04 56.78 154.82 ’
LN CK Observed 100 58 158 0.15
Simulated 100.17 58.02 158.19 ’
FACE Observed 97 55 152 0.68
Simulated 96. 06 55.64 151.70 ’
3
1 co, Kim % Co,
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