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ABSTRACT This experiment was conduced to clarify the
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The Effect of Temperature and Radiation on Grain Weight and Grain Nitrogen
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2° u(Inaba & Sato, 1976), U(Hawaker & Jenner, 1993),

effects of growth temperature and radiation on grain weight
increase and grain nitrogen accumulation in rice. Final grain
weight became heavy and grain-filling duration shortened
with radiation increase during grain-filling period (GFP). In
addition, grain nitrogen accumulated duration during GFP
was influenced strongly, but final grain nitrogen content was
influenced slightly by accumulated radiation (AR). Accu-
mulated effective temperature (AET) described well variation
of grain weight (GW) and grain nitrogen content (GN), but
GW and GN showed large variation under different radiation
during GFP, when related with AET or AR, indicating that
there was a limiting in describing variation of GW and GN
by any single factor between AET and AR. However, AET
multiplied by AR could describe relatively well the varia-
tions of GW and GN regardless of radiation during GFP.

Keywords : rice, temperature, radiation, grain weight, grain
nitrogen content
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Table 1. Parameter estimates for the sigmoidal function relating grain weight to the

on the threshold temperature of 7C

AT OIX|=

—

accumulated effective temperature based

o Growth Estimated parameters

Year Varieties >

temp. a b x0 R
18 26.76 (1.10) 71.53 (8.31) 239.71 (10.20) 0.984
21 27.23 (0.66) 68.18 (6.27) 235.44 (6.46) 0.990
Odae 24 25.53 (0.70) 79.08 (8.88) 258.22 (8.81) 0.983
27 24.87 (0.71) 89.92 (11.12) 282.04 (10.88) 0.979
Pooled 25.69 (0.64) 80.12 (7.44) 247.52 (7.81) 0.948
18 25.41 (1.11) 79.30 (9.55) 234.73 (11.40) 0.983
21 26.25 (1.22) 76.67 (12.93) 235.37 (13.10) 0.963
Hwaseong 24 24.90 (0.62) 75.45 (8.31) 232.12 (8.09) 0.983
27 23.90 (0.72) 62.84 (10.77) 224.82 (11.28) 0.960
2000 Pooled 24.88 (0.41) 73.04 (4.86) 229.28 (4.98) 0.970
18 23.60 (0.88) 74.81 (8.60) 210.73 (9.63) 0.985
21 23.77 (0.75) 80.02 (8.82) 240.50 (9.69) 0.987
Ilpum 24 22.91 (0.68) 103.18 (11.29) 263.92 (11.59) 0.986
27 21.52 (0.63) 74.47 (13.10) 219.67 (12.23) 0.966
Pooled 22.47 (0.51) 82.00 (7.51) 225.61 (7.66) 0.952
18 23.80 (0.69) 92.44 (6.94) 231.62 (8.10) 0.993
21 23.15(0.53) 66.71 (6.32) 207.53 (6.18) 0.988
Chucheong 24 21.99 (0.68) 69.02 (9.97) 221.97 (9.86) 0.971
27 20.75 (0.39) 78.16 (7.80) 221.04 (7.61) 0.985
Pooled 21.93 (0.39) 75.06 (5.66) 213.36 (5.55) 0.961
18 21.27 (3.01) 168.20 (29.61) 388.00 (59.63) 0.988
21 21.40 (1.95) 167.69 (25.47) 371.56 (43.90) 0.994
2007 Ilpum 24 17.52 (1.06) 136.77 (23.93) 278.54 (28.63) 0.985
27 16.42 (1.03) 125.07 (27.91) 259.88 (31.63) 0.975
Pooled 18.21 (0.75) 145.47 (14.15) 309.52 (18.89) 0.973

Values in parenthesis are standard error of the parameter estimates
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Fig. 1. Sigmoidal grain growth curve (—) fitted to the data
pooled across growth temperatures (@, 18°C; O, 21TC;
v, 24C, v, 27C) during grain-filling period. The
parameter values of sigmoid curve are presented in
Table 1.
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Fig. 2. Sigmoidal grain nitrogen accumulation curve (—) fitted
to the data pooled across growth temperatures (@,
18C; O, 21C; w, 24C, v, 277C) during grain-filling
period. The parameter values of sigmoid curve are
presented in Table 2.

Table 2. Parameter estimates for the sigmoidal function relating grain nitrogen content to the accumulated effective temperature
based on the base temperature of 7°C, the calculated final grain nitrogen content (GNfnl), and grain-filling duration

(GFDfnl)
Growth Estimated parameters GNfnl GFDfnl
temp. a b x0 R’ (mg/grain) (day)
18 0.225 (0.029) 141.28 (30.99) 337.57 (50.09) 0.9784 0.214 (0.027) 69 (13)
21 0.234 (0.029) 131.18 (40.60) 328.21 (55.21) 0.9720 0.223 (0.027) 52 (13)
24 0.227 (0.021) 146.06 (32.26) 323.54 (43.31) 0.9776 0.216 (0.020) 45 (8)
27 0.218 (0.020) 136.07 (36.37) 298.82 (44.77) 0.9776 0.207 (0.019) 35 (8)
Pooled 0.226 (0.010) 140.29 (14.50) 323.94 (19.82) 0.9705 0.215 (0.010) -

Values in parenthesis are standard error of the parameter estimates
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Fig. 3. Sigmoidal grain growth curves (—) fitted to the accu-
mulated effective temperature (base temperature = 7C)
at different radiation conditions (@, 16; O, 23; V¥,
34, V7, 58 mol/m’/day) during grain-filling period. The
parameters for the sigmoidal function are presented in
Table 3.
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Fig. 4. Sigmoidal grain growth curves (—) fitted to the accu-

mulated radiation (base temperature = 7°C) at different
radiation conditions (@, 16; O, 23; ¥, 34, </, 58 mol/
m2/day) during grain-filling period. The parameters for
the sigmoidal function are presented in Table 4.

Table 3. Parameter estimates for the sigmoidal function relating grain weight with accumulated effective temperature.

. Radiation 2
Year Varieties (mol/m?/day) a b x0 R
16 22.942 (1.22) 86.23 (16.35) 226.17 (15.77) 0.953
23 24.269 (1.04) 73.813 (12.28) 214.83 (11.91) 0.964
Hwaseong
34 25.409 (1.05) 73.023 (12.02) 208.35 (11.53) 0.963
58 26.032 (0.36) 65.23 (3.96) 186.24 (3.78) 0.995
16 20.424 (0.79) 77.93 (10.83) 234.17 (10.90) 0.975
23 21.733 (0.84) 96.22 (12.60) 234.62 (12.19) 0.978
2002 Ilpum
34 22.281 (0.56) 92.97 (8.84) 203.12 (7.82) 0.988
58 24.604 (0.79) 84.97 (12.05) 200.37 (10.52) 0.983
16 18.609 (0.61) 112.86 (12.32) 223.77 (11.08) 0.985
23 19.715 (0.94) 101.47 (16.26) 228.82 (15.25) 0.968
Chucheong
34 22.263 (0.52) 70.92 (6.68) 209.48 (6.46) 0.988
58 23.585 (0.91) 72.05 (11.71) 193.52 (10.96) 0.963
16 13.779 (0.82) 152.90 (22.35) 262.58 (28.12) 0.986
2007 IIpum 34 19.416 (1.09) 112.39 (15.54) 268.45 (20.91) 0.991
58 20.762 (0.63) 97.48 (10.80) 250.07 (12.77) 0.992
Values in parenthesis are standard error of the parameter estimates
o, B2 At dARRe s B ¢ ded 4 FHF FATH HF FUT =E¥ke el B
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Table 4. Parameter estimates for the sigmoidal function relating grain weight with accumulated radiation.

Radiation

- 2
Year Varieties (mol m2 day) a b x0 R
16 22.94 (1.22) 96.56 (18.30) 253.28 (17.66) 0.953
23 24.27 (1.04) 121.76 (20.25) 354.38 (19.64) 0.964
Hwaseong
34 25.41 (1.05) 178.47 (29.37) 509.22 (28.18) 0.963
58 26.03 (0.36) 271.71 (16.49) 775.84 (15.72) 0.995
16 22.94 (1.22) 96.56 (18.30) 253.28 (17.66) 0.953
23 24.27 (1.04) 121.76 (20.25) 354.38 (19.64) 0.964
2002 Ilpum
34 25.41 (1.05) 178.47 (29.37) 509.22 (28.18) 0.963
58 26.03 (0.36) 271.71 (16.49) 775.84 (15.72) 0.995
16 18.61 (0.61) 126.39 (13.80) 250.60 (12.41) 0.985
23 19.72 (0.94) 167.39 (26.83) 377.45 (25.16) 0.968
Chucheong
34 22.26 (0.52) 173.35 (16.32) 512.00 (15.80) 0.988
58 23.59 (0.92) 300.13 (48.77) 806.17 (45.64) 0.963
16 13.78 (0.82) 174.74 (25.54) 300.09 (32.14) 0.986
2007 Ilpum 34 19.42 (1.09) 272.95 (37.74) 651.96 (50.78) 0.991
58 20.76 (0.63) 403.84 (44.73) 1036.0 (52.92) 0.992

Values in parenthesis are standard error of the parameter estimates

Table 5. Final grain weight (GWfnl), grain filling duration (GFDfnl), and accumulated radiation during grain filling (ARfnl)
that were estimated from the parameters for sigmoidal grain growth curves in Table 3 and 4

Year Varieties Radiation GWinl GFDfnl ARfnl
(mol/m*/day) (mg/grain) (day) (mol/m?)
16 21.8 (1.15) 34.6 (4.6) 542.5 (72.5)
23 23.1 (0.98) 31.1 (3.5) 719.1 (80.3)
Hwaseong
34 24.1 (1.00) 30.5 (3.4) 1043.9 (116.2)
58 24.7 (0.34) 273 (1.1) 1589.8 (65.1)
16 19.4 (0.75) 334 (3.1) 523.7 (48.5)
23 20.6 (0.80) 37.3 (3.6) 862.5 (82.3)
2002 Ilpum
34 21.2 (0.53) 344 (2.4) 1177.2 (83.8)
58 23.4 (0.75) 32.5(3.3) 2186.3 (194.2)
16 17.7 (0.58) 40.1 (3.4) 629.2 (53.7)
23 18.7 (0.89) 38.1 (4.6) 878.9 (105.5)
Chucheong
34 21.1 (0.50) 30.1 (1.9) 1031.3 (64.7)
58 22.4 (0.87) 29.2 (3.3) 1705.3 (191.7)
16 13.1 (0.78) 51.5 (6.8) 823.6 (108.7)
2007 Ilpum 34 18.4 (1.04) 43.2 (4.8) 1469.6 (163.9)
58 19.7 (0.59) 38.7(3.2) 2245.8 (186.9)

Values in parenthesis are standard error of the parameter estimates

o utet 5~139) Fobt Aol YrkTable 5). 2% B AUANY 2 FUFS $47] DA
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Fig. 5. Relationship between effective accumulated tempera-
ture (base temperature = 7°C) multiplied by accumulated
radiation and grain weight at different radiations (@,

16; O, 34; ¥, 58 mol/m’/day) during grain-filling period.
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Table 6. Statistical difference analysis of linear regressions between observed and estimated grain weight during grain-filling

at different radiations by the equations in Fig. 5.

iati Linear regression

Year Varieties Radlaztlon & n' F-value Critical F-value

(mol/m*/day) Intercept Slope
16 0.219 1.045 10 291 3.80
23 -0.398 1.050 10
Hwaseong

34 -1.090 1.015 10
58 -3.169 1.073 10
16 0.172 1.026 10 3.72 3.80
23 -0.016 1.014 10

2002 Tlpum
34 -0.369 1.026 10
58 -2.265 1.050 10
16 0.794 0.980 10 3.19 3.80
23 -0.393 0.984 10

Chucheong

34 -2.002 1.153 10
58 -2.562 1.108 10
16 0.357 0.931 8 2.66 5.84

2007 Ilpum 34 -0.341 1.073 7
58 -0.225 0.965

+

n: number of data used for statistic analysis.
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Fig. 6. Sigmoidal grain nitrogen accumulation curves (—) fitted
to the accumulated effective temperature (base tem-
perature = 7°C) and the accumulated radiation at diffe-
rent radiation conditions (@, 16; O, 34; ¥, 58 mol/
mz/day) during grain-filling period. Parameter estimates
for the sigmoidal curves were presented in Table 7
and 8.

Y T S
y= AET- AR 15003
L+ (50183105 )

R? = 0.9592

0.10 4 +0.032

Grain N content (mg N/grain)

0.05

0.00

0.0 5.0e+5 1.0e+6 1.5e+6 2.0e+6 2.5e+6
AET x AR (C - MJ m~?)

Fig. 7. Relationship between effective accumulated temperature
(base temperature = 7°C) multiplied by accumulated
radiation and grain N content at different radiation con-
ditions (@, 16; O, 34; ¥, 58 mol/m’/day) during grain-
filling period.

Table 7. Parameter estimates for the sigmoidal function relating grain nitrogen content with accumulated effective temperature.

Radiation (mol/mz/day) a b x0 R’
16 0.194 (0.020) 175.824 (30.543) 339.681 (48.517) 0.983
34 0.206 (0.014) 113.094 (19.306) 264.489 (25.789) 0.985
58 0.198 (0.007) 104.882 (13.659) 249.515 (16.204) 0.989

Values in parenthesis are standard error of the parameter estimates

Table 8. Parameter estimates for the sigmoidal function relating grain nitrogen content with accumulated radiation.

Radiation (mol/m’/day) a b x0 R’
16 0.194 (0.020) 200.942 (34.906) 388.206 (55.448) 0.983
34 0.206 (0.014) 274.657 (46.887) 642.331 (62.630) 0.985
58 0.198 (0.007) 434.511 (56.587) 1033.706 (67.132) 0.989

Values in parenthesis are standard error of the parameter estimates

Table. 9. Final grain nitrogen content (GNfnl), grain filling duration (DAHfnl), and accumulated radiation during grain filling
period (ARfnl) that were estimated from the parameters for sigmoidal grain nitrogen accumulation curves in Table

7 and 8.

Radiation (mol/m’/day) GNfnl (mg/grain)

DAHfnl (day) ARfnl (mol/m’)

16 0.184 (0.019)
34 0.196 (0.013)
58 0.188 (0.007)

61.9 (10.0) 990.2 (160.0)
43.1 (6.0) 1465.1 (203.1)
40.3 (4.1) 2335.4 (236.7)

Values in parenthesis are standard error of the parameter estimates
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Table 10. Statistical difference analysis of linear regressions between observed and estimated grain nitrogen content during
grain-filling under different radiations by equation in Fig. 7.

Radiation Linear regression

(mol/m*/day) Intercept Slope n F-value Critical F-value
16 -0.0004 1.0448 3.32 5.84
34 -0.0029 1.0438
58 -0.0022 0.9392

"h: number of data used for statistic analysis.
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