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Correlation analysis for rice quality traits with five climatic variables from heading to harvest in rice cul-

tivar ‘TK9’ grown in 24 cropping seasons in the first-half years and 25 cropping seasons in the second-half years in

2008-2012.

Rice quality trait ADMAT” ADMAXAT ADMINAT ADSH ADIR

The first-half year (n = 24)
Crude protein 0.531%* 0.565%* 0.518%* 0.294 0.235
Amylose -0.689%* -0.664** -0.714%* -0.307 -0.387
Whiteness 0.770%* 0.751%* 0.803** 0.263 0.501*
Transparency -0.656%* -0.651%* -0.651%* -0.474* -0.536%*

The second-half year (n = 25)
Crude protein 0.013 0.014 0.017 -0.280 -0.257
Amylose -0.787%* -0.730%* -0.800%** -0.427* -0.328
Whiteness 0.576%* 0.585%* 0.552%* 0.167 0.498*
Transparency -0.563%%* -0.476* -0.606%* -0.362 -0.043

“ ADMAT: accumulated daily mean air temperature; AMDAXAT: accumulated daily maximum air temperature; ADMINAT: accu-
mulated daily minimum air temperature; ADSH: accumulated daily sunshine hours; ADIR: accumulated daily irradiance.
*: significant at 0.05 probability level; **: significant at 0.01 probability level.
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Table 2. The multiple regression equations for grain yield with five climatic variables from heading to harvest in
rice cultivar ‘TK9” grown in 24 cropping seasons in the first-half years and 25 cropping seasons in the second-half

years in 2008-2012.

Climatic variable Regression coefficient P>|t] Model R? Model P of F
The first-half years (n = 24)
Intercept 5.045 0.056 0.500 0.020
ADMAT* 0.320%* 0.002
ADMAXAT -0.123%* 0.006
ADMINAT -0.192%* 0.003
ADSH -0.060** 0.005
ADIR 0.007 0.100
The second-half years (n = 25)
Intercept 3.492 0.443 0.203 0.461
ADMAT -0.017 0.658
ADMAXAT 0.021 0.256
ADMINAT -0.003 0.871
ADSH -0.011 0.404
ADIR -0.003 0.524

“ ADMAT: accumulated daily mean air temperature; AMDAXAT: accumulated daily maximum air temperature; ADMINAT: accu-

mulated daily minimum air temperature; ADSH: accumulated

daily sunshine hours; ADIR: accumulated daily irradiance.

*: significant at 0.05 probability level; **: significant at 0.01 probability level.
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Table 3. The multiple regression equations using stepwise selection for rice quality traits of milled rice with five
climatic variables from heading to harvest in rice cultivar ‘TK9* grown in 24 cropping seasons in the first-half years
and 25 cropping seasons in the second-half years in 2008-2012.

Rice quality trait Climatic variable Regression coefficient P>t Partial R Model R*  Model P of F
The first-half years (n = 24)
Crude protein Intercept -0.760 0.643 0.695 <0.001
ADMAT* -0.236%* <0.001 0.108
ADMAXAT 0.129%* <0.001 0.319
ADMINAT 0.104** <0.001 0.268
Amylose Intercept 22.995%%* <0.001 0.510 <0.001
ADMINAT -0.005%* <0.001 0.510
Whiteness Intercept 6.776 0.328 0.767 <0.001
ADMAT -0.660* 0.011 0.044
ADMAXAT 0.246* 0.032 0.050
ADMINAT 0.457** 0.003 0.644
ADSH 0.055 0.144 0.029
Transparency Intercept 6.555%* <0.001 0.431 <0.001
ADMAT -0.004** <0.001 0.431
The second-half years (n = 25)
Crude protein Intercept na’ n.a. n.a. n.a. n.a.
Amylose Intercept 23.061%* <0.001 0.639 <0.001
ADMINAT -0.004%** <0.001 0.639
Whiteness Intercept 26.600** <0.001 0.560 <0.001
ADMAXAT 0.014%* 0.003 0.342
ADSH -0.048%** 0.008 0.065
ADIR 0.016* 0.013 0.153
Transparency Intercept 5.609%* <0.001 0.644 <0.001
ADMAXAT 0.004* 0.039 0.086
ADMINAT -0.007** 0.001 0.368
ADSH -0.011%* 0.004 0.112
ADIR 0.003** 0.008 0.078

All variables left in the model are significant at the 0.150 level.

“* ADMAT: accumulated daily mean air temperature; AMDAXAT: accumulated daily maximum air temperature; ADMINAT: accu-
mulated daily minimum air temperature; ADSH: accumulated daily sunshine hours; ADIR: accumulated daily irradiance.

n.a.: no variable met the 0.150 significance level for entry into the model.

*: significant at 0.05 probability level; **: significant at 0.01 probability level.
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Fig. 1. Changes in grain yield to the average values of
daily mean air temperature (MDMAT), daily maximum

air temperature (MDMAXAT) and daily minimum air
temperature (MDMINAT) calculated from heading to
harvest in the first-half and second-half years of rice
cultivar “TK9’ grown in the cropping seasons of 2008—
2012.
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Fig. 2.

Changes in crude protein and amylose of milled rice to the average values of daily mean air temperature

(MDMAT), daily maximum air temperature (MDMAXAT) and daily minimum air temperature (MDMINAT) calcu-
lated from heading to harvest in the first-half and second-half years of rice cultivar ‘TK9” grown in the cropping sea-

sons of 2008-2012.
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Fig. 3.

Changes in whiteness and transparency of milled rice to the average values of daily mean air temperature

(MDMAT), daily maximum air temperature (MDMAXAT) and daily minimum air temperature (MDMINAT) calcu-
lated from heading to harvest in rice cultivar ‘TK9’ grown in 24 cropping seasons in the first-half years and 25 crop-

ping seasons in the second-half years in 2008-2012.
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Effects of Climatic Factors during Grain Filling Stage
on Yield and Quality of Rice:
A Case Study of Cultivar ‘TK 9°

Chia-Hsun Ho', Chwen-Ming Yang”", Chiao-Ling Hsiao', and Ming-Hsin Lai’

Abstract

Ho, C. H., C. M. Yang, C. L. Hsiao, and M. H. Lai. 2015. Effects of climatic factors during
grain filling stage on yield and quality of rice: A case study of cultivar ‘TK 9°. J. Taiwan
Agric. Res. 64(4):317-329.

A five-year field study was conducted in the experimental farm of Taiwan Agricultural Re-
search Institute (TARI) (Wufeng District, Taichung City) in 2008-2012. Rice (Oryza sativa L. cv.
‘TK9’) plants were planted in ‘Lichun’ (means ‘start of spring’) in the first half and ‘Dashu’ (means
‘major hear’) in the second half of the year as well as one and two solar terms before and after them in
each year. There were 49 planting times/seasons in total within five-year experimental period, where
weather data were also collected from the nearby weather station located at TARI. Five climatic fac-
tors, namely, daily mean air temperature (DMAT), daily maximum air temperature (DMAXAT), daily
minimum air temperature (DMINAT), daily sunshine hours (DSH), and daily irradiance (DIR) were
computed to calculate the respective cumulative (i.e., ADMAT, ADMAXAT, ADMINAT, ADSH,
and ADIR) and average (i.e., MDMAT, MDMAXAT, MDMINAT, MDSH, and MDIR) values of
these variables during grain-filling stage (from anthesis to harvest). The effects of climatic factors on
yield and quality of this cultivar were analyzed based on these datasets. From the results of correla-
tion matrices, crude protein and whiteness of milled rice were positively correlated, while amylose
and transparency were negatively correlated, with ADMAT, ADMAXAT and ADMINAT in the first
half year. By the stepwise selection of multiple regression analysis, results indicated that the cumula-
tive values of temperatures were the main climatic variables affecting rice quality, but their weights
varied with changes in climatic environment in both the first and the second halves of the year. Re-
sults showed that rice yield was closely correlated with MDMAT, MDMAXAT, and MDMINAT in a
convex curvilinear function. In the first half, the maximum values of yield for MDMINAT, MDMAT
and MDMAXAT were occurred near 22.5, 26, and 31C, respectively, but were shifted to 20, 24, and
29°C in the second half. Rice quality was also significantly correlated with these three variables in a
curvilinear fashion. Crude protein and whiteness of milled rice were positively correlated while amy-
lose and transparency were negatively correlated. Variation was in a greater extent in the first half of
the year. As a summary, temperature variables are more important in determining grain yield and rice
quality of cultivar “TK9’. When combining the experimental results with historical weather data of
the major production areas (Maoli County, Taichung City, Changhua County, and Yunlin County) of
this cultivar, the best month for grain filling is May in the first half and is October in the second half.
To better match these two months for these areas, the first crop should be planted at 15 days before
‘Lichun’ while the second crop should be cultivated at 15 days after ‘Dashu’.

Key words: Solar term, Lichun (start of spring), Dashu (major heat), Daily mean air temperature,
Daily maximum air temperature, Daily minimum air temperature.
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