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Application of the CSM-CERES-Rice model for evaluation

of physiological traits associated with rice yield
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ABSTRACT: The objective of this study was to evaluate the CSM-CERES-Rice model for simulating the physiological
characteristics associated with rice yield. The field data used to validate the model was obtained from the experiment
that was conducted in the farmers’ fields at Khum Thong sub-district, Lat Krabang district, Bangkok. Seven
non-photoperiod sensitive rice cultivars consisting of Chainat 1, Suphan Buri 1, Suphan Buri 2, Suphan Buri 3,
Pathum Thani 1, Pathum Thani 80 and Phitsanulok 2 were used. Randomized Complete Block Design (RCBD) with 4
replications was used as the experimental design. Three planting dates were selected, i.e. 13 February 2010 (planting
date 1), 15 August 2010 (planting date 2) and 16 January 2011 (planting date 3). Three plants were used per hill
with a space of 25x25 cm. The soil, weather, management and plant data of the 3 planting dates were recorded. The
CSM-CERES-Rice model was used to evaluate CGR, LAI and SLA at different growth stages similar to actual field
conditions. Model evaluation was done by comparing the simulated values with their corresponding observed data
using coefficient of determination (R?), normalized root-mean-square error (RMSEn) and index of agreement (d).
The results showed that the model can be used to simulate CGR, LAI and SLA as indicated by good agreement in all
planting dates, especially the CGR from 45 days after transplanting to harvesting which is the most important phase
in contributing to the non-photoperiod sensitive rice yield.

Keywords: physiological traits, CSM-CERES-Rice model, crop growth rate
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Figure 1 Comparison between observation and simulation for crop growth rate (CGR) at 45 days after

transplanting to harvesting of 7 rice cultivars in 3 planting dates.

Table 1 Means for observation (Obs.) and simulation (Sim.) for crop growth rate (CGR) of 7 rice cultivars in

three planting dates

, , CGR (@m?d™"
Cultivar Planting date Mean Obs. " Mean Sim.” RMSEnN (%) d
1 (13 Feb 2010) 8.79 11.50 32.77 0.92
Chainat 1 2 (15 Aug 2010) 11.50 12.10 9.12 0.99
3 (16 Jan 2011) 11.53 9.47 26.36 0.92
1 (13 Feb 2010) 8.37 9.21 15.06 0.98
Suphan Buri 1 2 (15 Aug 2010) 9.73 9.48 27.04 0.88
3 (16 Jan 2011) 10.43 7.06 49.67 0.75
1 (13 Feb 2010) 8.65 11.93 59.62 0.57
Suphan Buri 2 2 (15 Aug 2010) 12.72 12.46 11.27 0.98
3 (16 Jan 2011) 15.15 11.26 36.19 0.83
1 (13 Feb 2010) 5.94 9.02 67.49 0.73
Suphan Buri 3 2 (15 Aug 2010) 10.43 10.29 35.20 0.84
3 (16 Jan 2011) 11.23 7.25 49.17 0.74
1 (13 Feb 2010) 4.80 9.41 132.75 0.09
Pathum Thani 1 2 (15 Aug 2010) 7.92 9.71 26.17 0.92
3 (16 Jan 2011) 10.91 7.58 35.55 0.89
1 (13 Feb 2010) 7.58 9.76 66.88 0.46
Pathum Thani 80 2 (15 Aug 2010) 11.07 10.16 34.33 0.81
3 (16 Jan 2011) 11.11 77 47.15 0.81
1 (13 Feb 2010) 6.11 8.33 61.41 0.66
Phitsanulok 2 2 (15 Aug 2010) 9.70 9.78 36.96 0.77
3 (16 Jan 2011) 9.03 6.54 50.93 0.73

" Average over all three growth stages

RMSEn = Normalized root mean square error
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Table 2 Means for observation (Obs.) and simulation (Sim.) for crop growth rate (CGR) at each growth stage
of 7 rice cultivars

CGR (gm?*d")
Cultivar Growth stage " " RMSEN (%) d
Mean Obs. Mean Sim.
TP to 30 DAT 5.09 5.65 32.36 0.69
Chainat 1 30 to 45 DAT 16.31 16.62 17.93 0.04
45 DAT to harvest 9.93 11.37 14.81 0.93
TP to 30 DAT 4.83 2.66 53.22 0.42
Suphan Buri 1 30 to 45 DAT 14.55 12.37 34.61 0.03
45 DAT to harvest 9.14 10.72 20.00 0.83
TP to 30 DAT 4.60 6.23 56.98 0.08
Suphan Buri 2 30 to 45 DAT 17.79 16.58 39.63 0.00
45 DAT to harvest 14.13 12.84 10.30 0.92
TP to 30 DAT 4.59 2.96 65.41 0.00
Suphan Buri 3 30 to 45 DAT 14.14 12.51 46.45 0.00
45 DAT to harvest 8.86 6.36 57.00 0.46
TP to 30 DAT 4.61 2.42 54.57 0.45
Pathum Thani 1 30 to 45 DAT 8.36 12.19 95.88 0.00
45 DAT to harvest 10.65 12.09 24.27 0.83
TP to 30 DAT 5.61 2.42 69.72 0.53
Pathum Thani 80 30 to 45 DAT 12.75 14.54 60.97 0.09
45 DAT to harvest 11.40 10.13 11.80 0.87
TP to 30 DAT 5.46 2.02 75.56 0.44
Phitsanulok 2 30 to 45 DAT 10.89 12.88 59.15 0.09
45 DAT to harvest 8.50 9.74 18.99 0.76

" Average over all three planting dates

TP = Transplanting, DAT = Days after transplanting, RMSEn = Normalized root mean square error
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Table 3 Means for observation (Obs.) and simulation (Sim.) for leaf area index (LAl) of 7 rice cultivars in three
planting dates

LAl
Cultivar Planting date y N RMSEN (%) d
Mean Obs. Mean Sim.
1 (13 Feb 2010) 2.69 3.35 27.79 0.87
Chainat 1 2 (15 Aug 2010) 6.57 3.24 52.13 0.52
3 (16 Jan 2011) 5.36 2.43 61.41 0.61
1 (13 Feb 2010) 2.75 212 31.83 0.81
Suphan Buri 1 2 (15 Aug 2010) 4.77 2.07 70.37 0.55
3 (16 Jan 2011) 4.03 1.28 78.27 0.52
1 (13 Feb 2010) 1.99 2.88 48.65 0.67
Suphan Buri 2 2 (15 Aug 2010) 4.60 2.95 43.39 0.66
3 (16 Jan 2011) 4.75 2.28 57.18 0.60
1 (13 Feb 2010) 1.99 2.21 23.67 0.90
Suphan Buri 3 2 (15 Aug 2010) 3.88 2.33 27.22 0.86
3 (16 Jan 2011) 4.38 1.43 72.82 0.51
1 (13 Feb 2010) 212 2.16 12.50 0.96
Pathum Thani 1 2 (15 Aug 2010) 3.92 1.97 35.83 0.77
3 (16 Jan 2011) 4.16 1.24 74.74 0.55
1 (13 Feb 2010) 2.38 2.33 2.67 1.00
Pathum Thani 80 2 (15 Aug 2010) 4.49 2.08 38.86 0.78
3 (16 Jan 2011) 4.25 1.47 74.41 0.57
1 (13 Feb 2010) 2.54 1.86 30.54 0.81
Phitsanulok 2 2 (15 Aug 2010) 5.71 1.71 50.29 0.69
3 (16 Jan 2011) 4.03 1.14 75.64 0.52

" Average over all three growth stages

RMSEn = Normalized root mean square error
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Table 4 Means for observation (Obs.) and simulation (Sim.) for leaf area index (LAl) at each growth stage of
7 rice cultivars

LAI
Cultivar Growth stage ” " RMSEN (%) d
Mean Obs. Mean Sim.
30 DAT 2.73 2.01 53.88 0.38
Chainat 1 45 DAT 6.70 3.94 51.65 0.39
harvest 5.18 3.06 57.79 0.48
30 DAT 2.00 0.89 70.35 0.30
Suphan Buri 1 45 DAT 6.03 2.35 70.73 0.37
harvest 3.52 2.22 38.19 0.09
30 DAT 2.08 1.88 51.37 0.00
Suphan Buri 2 45 DAT 5.52 3.58 51.75 0.44
harvest 3.75 2.65 46.32 0.45
30 DAT 2.05 0.97 76.89 0.34
Suphan Buri 3 45 DAT 4.80 2.57 64.06 0.38
harvest 3.40 2.44 38.41 0.44
30 DAT 2.01 0.87 72.69 0.38
Pathum Thani 1 45 DAT 4.39 2.39 60.33 0.31
harvest 3.81 212 56.80 0.43
30 DAT 2.37 0.96 77.71 0.48
Pathum Thani 80 45 DAT 5.36 2.51 65.18 0.34
harvest 3.39 2.41 41.64 0.46
30 DAT 2.60 0.72 89.21 0.45
Phitsanulok 2 45 DAT 5.25 2.06 70.89 0.35
harvest 4.44 1.93 60.36 0.37

" Average over all three planting dates
DAT = Days after transplanting, RMSEn = Normalized root mean square error
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Table 5 Means for observation (Obs.) and simulation (Sim.) for specific leaf area (SLA) of 7 rice cultivars in

three planting dates

SLA (cm®g™)
Cultivar Planting date N " RMSEN (%) d
Mean Obs. Mean Sim.
1 (13 Feb 2010) 227.21 149.53 35.27 0.54
Chainat 1 2 (15 Aug 2010) 348.89 145.63 58.55 0.33
3 (16 Jan 2011) 344.49 145.60 58.29 0.39
1 (13 Feb 2010) 208.03 147.77 30.06 0.34
Suphan Buri 1 2 (15 Aug 2010) 276.79 145.63 51.12 0.57
3 (16 Jan 2011) 298.82 143.63 54.18 0.51
1 (13 Feb 2010) 196.05 156.93 23.06 0.62
Suphan Buri 2 2 (15 Aug 2010) 295.75 151.43 53.53 0.54
3 (16 Jan 2011) 300.31 151.00 49.84 0.31
1 (13 Feb 2010) 202.81 152.13 25.61 0.50
Suphan Buri 3 2 (15 Aug 2010) 242.73 148.03 33.81 0.77
3 (16 Jan 2011) 294.62 148.77 50.90 0.44
1 (13 Feb 2010) 221.61 144.03 37.66 0.21
Pathum Thani 1 2 (15 Aug 2010) 286.05 140.17 39.62 0.78
3 (16 Jan 2011) 301.61 141.17 54.33 0.46
1 (13 Feb 2010) 201.13 147.93 26.61 0.61
Pathum Thani 80 2 (15 Aug 2010) 233.76 145.70 33.87 0.77
3 (16 Jan 2011) 296.48 146.53 54.73 0.54
1 (13 Feb 2010) 236.30 147.20 37.76 0.40
Phitsanulok 2 2 (15 Aug 2010) 313.63 144.60 42.21 0.62
3 (16 Jan 2011) 296.30 146.77 51.86 0.48

" Average over all three growth stages

RMSEn = Normalized root mean square error
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Table 6 Means for observation (Obs.) and simulation (Sim.) for specific leaf area (SLA) at each growth stage
of 7 rice cultivars

SLA (cm®g™)
Cultivar Growth stage » " RMSEN (%) d
Mean Obs. Mean Sim.
30 DAT 333.51 163.10 55.67 0.40
Chainat 1 45 DAT 344.43 169.20 52.94 0.33
harvest 242.65 108.47 59.38 0.35
30 DAT 291.57 163.43 49.72 0.42
Suphan Buri 1 45 DAT 307.02 170.27 48.62 0.40
harvest 185.05 103.33 44.68 0.25
30 DAT 285.55 165.80 49.82 0.43
Suphan Buri 2 45 DAT 308.52 171.07 47.18 0.37
harvest 198.05 122.50 45.41 0.42
30 DAT 284.36 162.57 48.60 0.42
Suphan Buri 3 45 DAT 275.64 171.13 39.83 0.34
harvest 180.16 115.23 40.21 0.42
30 DAT 287.02 160.93 48.63 0.41
Pathum Thani 1 45 DAT 32417 170.10 50.95 0.38
harvest 198.08 94.33 54.01 0.34
30 DAT 288.32 159.30 49.14 0.39
Pathum Thani 80 45 DAT 288.36 169.43 45.29 0.40
harvest 154.69 111.43 29.95 0.42
30 DAT 305.61 160.13 49.21 0.32
Phitsanulok 2 45 DAT 319.73 171.13 48.73 0.35
harvest 220.89 107.30 52.58 0.24

" Average over all three planting dates
DAT = Days after transplanting, RMSEn = Normalized root mean square error
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