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Table 1.

The calendar days and growing degree days (GDDs) to different growth stages of “TK9’ rice variety plant-

ed at different transplanting dates in a two-crop system in 20062008 and 2010.

Transplanting to 50% tillering Panicle initiation to
Crop Transplanting 50% tillering to panicle initiation 50% heading

Year  season date Days GDD (C) Days GDD (C) Days GDD (C)
2006 1 Feb. 21 19.0 189.2 40.3 508.7 20.0 320.1
I Aug. 10 10.3 196.6 36.3 655.1 19.0 318.1
2007 1 Feb. 13 18.3 201.5 44.0 524.1 21.0 314.2
I Aug. 10 14.7 2533 34.7 619.2 21.3 350.9
2008 I Feb. 19 23.7 242.7 38.7 585.6 21.7 3203
I Aug. 11 12.7 244.9 36.0 664.5 18.3 309.8
2010 I Jan. 20 21.7 227.8 43.0 448.7 28.0 340.8
Feb. 04 26.3 253.1 39.7 455.6 23.7 323.7
Feb. 23 20.3 249.9 38.3 463.8 21.3 313.9
Mar. 05 18.7 2133 40.0 488.8 21.3 3385
I Jul. 07 14.3 277.2 40.0 752.2 16.3 309.7
Jul. 23 12.7 232.7 373 702.2 17.0 303.5
Aug. 10 12.3 245.9 36.3 652.9 18.0 316.4
Aug. 20 11.7 2159 433 777.2 21.3 299.8
Mean 16.9 232.9 39.1 592.8 20.6 320.0
SD* 49 254 2.9 112.2 3.0 14.5
CV(%) 29.0 10.9 7.4 18.9 14.6 4.5

“ SD, standard deviation; CV, coefficient of variation.
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The calendar days and growing degree days (GDDs) to different growth stages of “TNG71’ rice variety

planted at different transplanting dates in a two-crop system in 2006-2010.

Transplanting to

50% tillering to Panicle initiation to

Crop Transplanting 50% tillering panicle initiation 50% heading
Year  season date Days GDD (C) Days GDD (C) Days GDD (C)
2006 1 Feb. 21 17.0 166.4 40.7 505.4 18.0 282.6
I Aug. 10 12.3 233.5 29.0 525.7 233 405.1
2007 1 Feb. 13 16.3 184.9 42.0 477.1 20.3 3183
I Aug. 10 11.7 200.2 32.7 579.9 18.7 329.6
2008 I Feb. 19 213 211.4 36.3 542.3 20.7 291.8
I Aug. 11 12.0 232.1 30.7 569.9 19.7 328.7
2009 I Feb. 04 14.7 173.6 453 514.2 23.0 300.8
Feb. 19 14.0 174.1 453 523.9 20.3 291.9
Mar. 05 14.7 145.7 38.0 472.8 19.7 291.7
I Jul. 07 13.0 255.5 36.3 700.6 16.3 338.1
Jul. 23 10.3 205.7 38.0 733.5 16.3 3329
Aug. 10 11.3 216.9 31.0 615.1 17.3 323.0
Aug. 23 12.7 253.3 32.7 619.0 21.7 344.0
2010 I Jan. 20 19.3 196.8 49.0 514.3 23.7 303.2
Feb. 04 243 223.6 42.0 515.1 233 323.7
Feb. 23 21.7 263.6 393 450.7 18.3 277.4
Mar. 05 17.3 193.3 40.3 4933 18.0 301.0
I Jul. 07 15.7 302.2 343 6438.7 17.3 311.4
Jul. 23 12.3 226.6 34.0 640.5 18.0 323.6
Aug. 10 12.0 226.6 343 623.8 17.3 318.8
Aug. 20 14.0 258.4 373 668.5 25.0 372.8
Mean 15.1 216.4 37.5 568.3 19.8 319.5
SD* 3.8 37.7 5.3 80.1 2.6 30.0
CV(%) 25.2 17.4 14.1 14.1 13.1 9.4

* SD, standard deviation; CV, coefficient of variation.
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Table 3. The calendar days and growing degree days (GDDs) to different growth stages of “TNGS22’ rice variety
planted at different transplanting dates in a two-crop system in 2006-2010.

Transplanting to

50% tillering to Panicle initiation to

Crop Transplanting 50% tillering panicle initiation 50% heading
Year  season date Days GDD (C) Days GDD (C) Days GDD (C)
2006 1 Feb. 21 18.7 182.5 49.0 640.5 24.7 399.5
I Aug. 10 9.3 178.1 36.7 662.2 24.0 404.0
2007 1 Feb. 13 18.3 200.7 50.0 611.2 233 374.6
I Aug. 10 9.7 166.6 39.0 693.5 20.7 324.7
2008 I Feb. 19 23.0 234.0 46.3 683.3 253 406.2
I Aug. 11 9.7 186.7 39.0 722.7 20.7 345.7
2009 I Feb. 04 17.0 204.0 54.3 626.8 24.0 337.0
Feb. 19 11.7 150.1 54.0 635.9 23.7 343.7
Mar. 05 14.3 136.4 477 611.6 233 376.8
I Jul. 07 11.7 228.8 43.7 846.6 17.7 357.5
Jul. 23 9.0 177.7 443 861.0 17.3 3442
Aug. 10 10.7 204.1 38.0 747.9 21.0 326.8
Aug. 23 9.3 186.1 36.3 691.2 23.7 357.5
2010 I Jan. 20 19.3 196.8 61.0 657.6 26.0 354.0
Feb. 04 253 238.6 52.7 623.1 21.0 313.9
Feb. 23 18.0 216.7 48.7 600.5 22.7 368.8
Mar. 05 19.0 215.7 50.0 656.6 22.7 256.9
I Jul. 07 14.0 270.8 41.0 771.3 21.0 381.3
Jul. 23 11.7 213.5 40.0 751.4 19.3 3422
Aug. 10 10.3 194.5 40.3 735.3 19.3 330.7
Aug. 20 10.3 193.5 413 739.2 23.7 3432
Mean 14.3 198.8 454 693.8 22.1 351.9
SD* 4.9 30.5 6.8 74.1 2.4 34.0
CV(%) 343 15.3 15.0 10.7 10.9 9.7

* SD, standard deviation; CV, coefficient of variation.
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Table 4. Results of internal validation of growing degree days (GDDs) models for predicting growth stages in three

rice varieties.

Estimated coefficients of linear model”

Prediction of development rate (d)

Growth stage/Variety 95% CI* b, b, Pred. value Pre. error
Transplanting to 50% tillering
TK9 Lower limit 0.02420 0.00405 0.93 -0.07
Upper limit 0.02792 0.00421 1.06 0.06
TNG71 Lower limit 0.07457 0.00397 0.86 -0.14
Upper limit 0.07907 0.00403 1.02 0.02
TNGS22 Lower limit 0.04740 0.00451 0.88 -0.12
Upper limit 0.05146 0.00455 1.01 0.01
50% tillering to panicle initiation
TK9 Lower limit 0.08439 0.00143 0.84 -0.16
Upper limit 0.09013 0.00145 1.04 0.04
TNG71 Lower limit 0.04886 0.00162 0.91 -0.09
Upper limit 0.05074 0.00164 1.03 0.03
TNGS22 Lower limit 0.03793 0.00136 0.94 -0.06
Upper limit 0.03949 0.00138 1.04 0.04
Panicle initiation to 50% heading
TK9 Lower limit 0.01047 0.00305 0.97 -0.03
Upper limit 0.01259 0.00308 1.02 0.02
TNG71 Lower limit 0.02361 0.00294 0.92 -0.08
Upper limit 0.02547 0.00297 1.01 0.01
TNGS22 Lower limit 0.00926 0.00272 0.93 -0.07
Upper limit 0.01155 0.00274 1.02 0.02

“ CI, confidence interval.

b, and b, indicate the intercept and regression coefficient in linear model using training dataset in internal validation, respectively.
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(A) Transplanting to 50% tillering (B) 50% tillering to panicle initiation (C) Panicle initiation to 50% heading
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Fig. 1. Curve fitting diagrams showing the linear relationships between development rates and growing degree days

(GDDs) for different growth stages in three rice varieties. (A) Transplanting to 50% tillering; (B) 50% tillering to
panicle initiation; and (C) panicle initiation to 50% heading.
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Table 5. The growing degree days (GDDs) models for predicting growth stages in three rice varieties based on
pooled data sets.

Growth stage/Variety by b, R’ Pr<F
Transplanting to 50% tillering
TK9 0.02619 0.00415 0.939 <0.0001
TNG71 0.07707 0.00399 0.842 <0.0001
TNGS22 0.04954 0.00453 0.900 <0.0001
50% tillering to panicle initiation
TK9 0.08769 0.00144 0.851 <0.0001
TNG71 0.04992 0.00163 0.916 <0.0001
TNGS22 0.03878 0.00137 0.943 <0.0001
Panicle initiation to 50% heading
TK9 0.01159 0.00307 0.986 <0.0001
TNG71 0.02464 0.00296 0.944 <0.0001
TNGS22 0.01059 0.00274 0.970 <0.0001

“b, and b, indicate the intercept and regression coefficient in linear model, respectively; R*, coefficient of determination; Pr < F,
probability of F test.
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Table 6. The growing degree days (GDDs) needed to reach different growth stages in three rice varieties using model
prediction.

Transplanting to 50% tillering to Panicle initiation to Transplanting to Transplanting to

Variety 50% tillering panicle initiation 50% heading panicle initiation 50% heading
TK9 234.7 633.6 322.0 868.3 1190.3
TNG71 231.3 582.9 329.5 814.2 1143.7
TNGS22 209.8 701.6 361.0 911.4 1272.4
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Fig. 2. Comparison of the changes of growing degree days (GDDs) and development rates during the periods of dif-

ferent growth stages among rice varieties. (A) Transplanting to 50% tillering; (B) 50% tillering to panicle initiation;
and (C) panicle initiation to 50% heading. The trend lines are estimated from GDD models.
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Establishment and Validation of Prediction Model
for Rice Growth Stages

Shih-Hong Lin', Chun-Tang Lu’, Woei-Shyuan Jwo’, and Hsiu-Ying Lu*"

Abstract

Lin, S. H., C. T. Lu, W. S. Jwo, and H. Y. Lu. 2014. Establishment and validation of
prediction model for rice growth stages. J. Taiwan Agric. Res. 63(1):30-42.

The aim of this study is to establish the models for predicting three major growth stages (i.e.,
50% tillering, panicle initiation, and 50% heading) of three mid-late maturing Taiwan rice varieties (i.c.,
‘TK9’, “TNG71’, and ‘TNGS22’). Data sets were collected from the field experiments of rice variet-
ies planted at various transplanting dates in a two-crop system in 2006-2010. For every growth stage
of each variety, a linear regression model for predicting growth stage was established using daily
development rate during the period as the dependent variable and its corresponding daily effective
accumulated temperature (growing degree days; GDD) as the independent variable. The predictive
capability of GDD model was tested by internal validation. It showed that all the 95% confidence in-
tervals (CI) of the differences between predicted and actual values of development rate included zero,
which reveals an acceptable predictive error at 5% significance level. Then, all data sets were pooled
to build up the GDD models for predicting growth stage. The estimated values of intercept and re-
gression coefficient in these GDD models were within the 95% CI of those estimated values obtained
from above validation procedures. Results suggest that the established GDD models for predicting
rice growth stages are robust. With these models, GDDs need to reach each growth stage in three rice
varieties could be estimated. Results also indicated that these three rice varieties were not completely
identical in development rates during the periods of different growth stages. Although they are mid-
late maturing varieties, the sequence of full maturity for these three mid-late maturing varieties is in
the order of ‘“TNG71’, ‘TK9’, and ‘“TNGS22’. It was due to the growth of “TNG71’ was faster during
the period from 50% tillering to panicle initiation, while the growth of ‘TNGS22’ was slower during
the period from 50% tillering to 50% heading in spite of rapid growth before 50% tillering. Therefore,
to increase paddy yield, proper field management should be arranged in critical growth stages in re-
spective rice varieties.

Key words: Effective accumulated temperature, Growing degree days, Linear regression model, De-
velopment rate, Predictive error.
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