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ABSTRACT This experiment was conducted to construct
process models to estimate grain weight (GW) and grain
nitrogen content (GN) in rice. A model was developed to
describe the dynamic pattern of GW and GN during grain-
filling period considering their relationships with temperature,
solar radiation and growth traits such as LAI, shoot dry-
weight, shoot nitrogen content, grain number during grain
filling. Firstly, maximum grain weight (GWmax) and maximum
grain nitrogen content (GNmax) equation was formulated in
relation to Accumulated effective temperature (AET)
Accumulated radiation (AR} using boundary line analysis.
Secondly, GW and GN equation were created by relating
the difference between GW and GWmax and the difference
between GN and GNmax, respectively, with growth traits.
Considering the statistics such as coefficient of determination
and relative root mean square of error and number of
predictor variables, appropriate models for GW and GN
were selected. Model for GW includes GWmax determined
by AET x AR, shoot dry weight and grain number per unit
land area as predictor variables while model for GN
includes GNmax determined by AET x AR, shoot N
content and grain number per unit land area. These models
could explain the variations of GW and GN caused not
only by variations of temperature and solar radiation but
also by variations of growth traits due to different sowing
date, nitrogen fertilization amount and row spacing with
relatively high accuracy.
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Fig. 1. Changes of AET and AR during grain filling period of a rice cultivar “Ilpumbyeo” sown at different sowing dates.

Table 1. Leaf area index, shoot dry weight, shoot N content at heading, grain number, grain weight, grain N content at harvest
of rice sown at different dates, transplanted with different row spacings and fertilized with three N levels.

Variable

Minimum Maximum CVJ’F(%)

3

Average n

Leaf area index at heading (m*/m?) 1.15 6.42 3.69 45.19 33

Shoot dry-weight (g/m’) 279.49 944.57 612.44 35.68 33

Shoot N content (g/m’) 2.36 13.98 7.82 45.64 33

Grain number(No./m”) 9981.08 42627.86 26122.50 39.67 33

Grain weight (mg/grain) 17.72 26.30 21.81 8.99 33

Grain N content (mg N/grain) 0.2212 0.2776 0.2511 5.80 33
iCV : coefficient of variation
n : number of data used for statistic analysis

cheFal H7)9) sinkeh source® A7) $3ko] THE7), A (20090)0] AEF B} 2o F47| AKH U Folof
AU 9 oA AHUEE GelshE B olde o4 wAS Aow Bsockad 2,
24HF Forzlol 28 4 ek 84 53 ASURAN Uik Aol BT % A4

=
719 QAR eE 12~64, AR T4
944.6 g m?, ZA LTS 24~14.0 g m”
9881 ~4262871 <] tﬂe]—
%k" L}EMAI =%

%7] A2
WolZ A e
3 74

V)o] $AE 28 o, Y7h X0
¥ %}3%5 X oisje} o ¥Eel 24

Frh vkt o) 9l 9% A% Xl 9E Yo W8S s e
29l FAF 4 gbd, o) 4% Xel 12 v 4%0 Xol2jo| o2

27h ARIAR Z-§51A] S 24, & 2
4 Xoll gt YO 9h-& Uetle Ae2A o] g
st geae Aol K & 2001).
Webb(1972)] oJsto] 22 AEsHA 2k A0 2t
AN paol S1E ¥, F2 B S 39 HHw
Fe el Age] AREuolN itel A e
g F£& o] &%l tiMoller-Nelsen er al., 1976; Walworth
et al., 1986). 7) S=(2001)2: 1=¢lHole} 7ro] EAE 2= g
et e 49 AMAAA 2ol aeele o
on, Z&9] 7gNESE o] &3 B A& W sEdS

271 A



278 BHEX|(KOREAN J. CROP SCL.), 55(4), 2010

Grain weight (mg/grain)
30

25 -

20 -

15 4

O OBC OO0 e

14 -

0 2x 1F 4x 1P Gx 108

Grain N content (mg/grain)
030

025 -
020

0.5 A

0.10 g
0.05 - é d
o

008 r .
2x 1F 4% 107 Bx 1F

EATXx AR (T - MJ m™2)

Fig. 2. Scattergram and boundary line of grain weight (left) and grain N content (right) in relation to AET multiplied by
AR under different sowing dates, N fertilization rates, and row spacings during grain-filling.

Table 2. Parameter estimates for logistic functions relating GWmax and GNmax to AET multiplied by AR.

Parameter estimates

Y R2

a b x0 y0
GWmax 22.348(1.059) -1.730(0.207) 84888.81(6401.51) 4.2084(0.524) 0.990
GNmax 0.249(0.015) -1.495(0.196) 97541.11(9991.49) 0.0493(0.006) 0.989

Logistic function [Y = a/(1-(EAT*AR/X0)+y0)]

The values in parenthesis are standard error of parameter estimates.
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Table 3. Relationship between grain weight and source-sink related characters during grain-filling period by stepwise
multiple linear regression analysis.

. Parameter Partial Model .

Variable Fstimate R-Square R-Square F Value Probability
Leaf area index (LAI) -1.69106 0.3648 0.3648 25.51 <0001
Shoot dry weight (TDW) 0.0268 0.4288 0.7936 225.01 <.0001
Grain number (GNO) -0.0008377 0.0786 0.8722 133.19 <.0001
Shoot N content (TNU) 0.6255 0.0070 0.8792 11.12 0.001

Table 4. Relationship between grain N content and source-sink related characters during grain-filling period by stepwise
multiple linear regression analysis.

Variable PE;Z%:E: Rf-)éi;ﬁe Rl-vé:i:lre F Value Probability

Leaf area index (LAI) -0.02602 0.3179 0.3179 51.89 <.0001

Shoot dry weight (TDW) 0.000231 0.4763 0.7942 143.77 <.0001

Grain number (GNO) -0.0000094 0.0558 0.8500 144.70 <.0001

Shoot N content (TNU) 0.01548 0.0349 0.8849 58.52 <.0001
Table 5. Parameter estimates for the equation (3) to estimate grain weight during grain filling period.
Version Parameter estimates R’ RMSE

a b o d e (%)

A 2347  (0.99) 0.0439 (0.02) 0.6674 (0.06) -0.5173 (0.05) -0.1895 (0.06) 0.979 7.94

B 2.050  (0.86) - 0.6141 (0.05) -0.4717 (0.05) -0.1573 (0.05) 0.978 8.00

C 12.395  (6.25)  -0.0913 (0.03) - -0.3034 (0.06)  0.2057 (0.06)  0.962 10.10

D 0.112  (0.04) -0.0831 (0.03) 04293 (0.07) - -0.3969  (0.06)  0.965 9.78

E 7.558  (1.84) 0.0167 (0.02) 0.5353 (0.05) -0.5823 (0.05) - 0.977 8.16

F 27362  (12.65) - - -0.3886  (0.06) 0.2095 (0.06)  0.958 10.42

G 0.077  (0.03) 0.5160  (0.06) - -0.5275 (0.05)  0.962 10.07

H 1.012 (0.05) -0.1456 (0.03) - - -0.0334 (0.03)  0.956 10.73

I 6.557  (0.89) - 0.5223  (0.04) -0.5582 (0.04) - 0.977 8.17

J 2489  (0.70)  -0.0944 (0.03) - -0.0997  (0.03 - 0.958 10.47

K 0.779  (0.15) -0.1848 (0.02) 0.0310 (0.03) - - 0.958 10.74

L 0956 (0.01) -0.1701 (0.02) - - - 0.957 10.77

M 2114 (0.38) - -0.1318  (0.03) - - 0.930 12.78

N 5474  (0.96) - - -0.1839  (0.02) - 0.953 10.81

0] 1.190  (0.05) - - - -0.1521 (0.02) 0.943 11.66

P 0.850  (0.01) - - - - 0.924 13.58
The values in parenthesis are standard error of the parameter estimates
a, b, c d e=FAT FHELAAN GWmax, LAL TDW,  stefoje], 24 A5 4 RMSES 4% 2= 42 £ 5
GNO 9 TNU 77te] H31% Uelji= sjejole) < 62 2tk
fog hoij = FARLTE FHEDANA GNmax, LAL %7175 SAF Hgke wetn lEH -, AgAs 3
TDW, GNO ¥ INU Z4z}o] amts vt mhetulg RMSE— #EkYS ) Version 19] 79 shetul o] =7}
o] ASBAE s 23ste] A (DI 4 2)9 370 ofHAE BHAN0.977)E HIFA 3L, RMSE(8.17%)
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Table 6. Parameter estimates for the equation (4) to estimate grain N content during grain filling period.

Version Parameter estimates R’ RMSE
f g h i j (%)
A 59543 (24.63) -0.0418 (0.02) 0.1365 (0.06) -0.6019 (0.05) 04397 (0.06) 0979  7.59
B 66.765 (27.39) - 0.1887 (0.05) -0.6445 (0.04) 0.4073 (0.05) 0.979 7.62
C 84166 (33.02) -0.0706 (0.02) . -0.5588  (0.05) 0.5214 (0.04) 0978  7.73
D 1497  (0.54) -0.1830 (0.03) -0.1122 (0.07) - 0.1707  (0.06) 0959  10.24
E 3904 (1.04) 00218 (0.03) 04353 (0.05 -0.4448 (0.05) ; 0972 8.8
F 150.20 (54.71) - - -0.6205 (0.05)  0.5203 (0.04) 0.976 7.92
G 0598 (0.22) 0.0988  (0.07) ; 01303 (0.05 0945 1137
H 0842 (0.04) -0.1653 (0.02) ; ; 0.0751  (0.03) 0959  10.29
1 3.245 (0.49) - 04172  (0.05) -0.4127 (0.04) - 0.972 8.81
J 1.481 (0.42) -0.0776  (0.03) - -0.0452  (0.03) - 0.955 10.44
K 0.656 (0.12) -0.1376 (0.02) 0.0575 (0.03) - - 0.958 10.40
L 0.958 (0.01) -0.1114 (0.02) - - - 0.955 10.51
M 1.342 (0.22) - -0.0599  (0.02) - - 0.941 11.55
N 2.824 (0.50) - - -0.1143  (0.02) - 0.952 10.63
0 1011 (0.04) - ; - 0.0580 (0.02) 0943  11.44
P 0.887 0.01) - - - - 0.941 11.70

The values in parenthesis are standard error of the parameter estimates
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Fig. 3. Comparison of the observed grain weight(®) with the grain weight () simulated by the equation (5) and the equation
(6) and GWmax (—) estimated by the equation (1). The treatment such as 5/10, 0 kg, 30x7 cm, thinning means that
rice plants ware sown at 10th May, fertilized with 0 kg N/ha level, transplanted with 14 cm row spacing and thinned
to double row spacing at heading time.
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Fig. 4. Comparison of the observed grain N content(@®) with the grain N content (---) simulated by the equation (7) and the
equation (8) and GNmax (—) estimated by the equation (2). The treatment such as 5/10, 0 kg, 30x7 cm, thinning means
that rice plants were sown at 10th May, fertilized with O kg N/ha level, transplanted with 14 cm row spacing and thinned

to double row spacing at heading time.
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