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Influences of Site—specific N Application on Rice Grain Yield and Quality in
Small Size Paddy Field

Min—-Gyu ChoiT, Won-Young Choi, Hong—-Kyu Park, Jeong—Kwon Nam, Nam—Hyun Back, Jun—-Hee Lee,
Sang-Su Kim, and Chung-Kon Kim

Honam Agricultural Research Institute, NICS, RDA. lksan 570-080, Korea

ABSTRACT For precision farming the influences of
site-specific N application on rice grain yield and quality
were investigated in 0.5 ha paddy field from 2001 to 2003.
In pre-cultured soil, EC, O.M., total nitrogen, phosphate
and potassium content showed high spatial variation,
ranging from 11.63 to 52.03% of coefficient of variation,
while that of pH was relatively low. In rice growth
characteristics, tiller number at panicle formation stage was
more than 10% in coefficient of variation, but plant height,
SPAD figure at panicle formation stage and milled rice
yield, protein content in brown rice showed less below
10%. Spatial dependence was over 0.60 in pH, total
nitrogen, phosphate and potassium in pre-cultured soil and
was over 0.50 in plant height, SPAD figure and protein
content, while it was below 0.22 in tiller number at panicle
formation. The range of spatial dependence was longer
than 20m in all factors except for protein content in brown
rice. Basal dressing nitrogen rate was positively correlated
with pH, SiO,, plant height and SPAD figure. Nitrogen
fertilization rate at panicle formation stage was positively
correlated with EC and O.M.. Protein content in brown rice
was positively correlated with SiO; in pre-cultured soil.
Milled rice yield was positively correlated with plant
height, tiller number and SPAD figure at panicle formation
stage.

Keywords : precision farming, rice, mapping, soil chemical
properties, paddy field
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Table 1. Descriptive statistics of soil chemical properties and growth characteristics.
Time Ttems 2001
! ¢ Minimum Maximum Average CV (%)
Pre-culture OM. (%) 2.0 3.0 245 11.63
» pH (1 : 5) 4.88 5.46 5.22 2.51
n Total N (%) 0.15 1.62 0.50 45.19
” Available P-Os {mg/kg) 138 296 210 14.37
” Exchangeable K (cmol(+)/kg) 0.10 1.51 0.24 28.47
Post-culture Relief (cm) 0 12.5 5.6 43.7
” EC (dS/m) 2.1 10.7 55 29.3
PFS' Ammonium nitrogen (ppm) 0.30 20.0 10.6 52.7
» Leaf color (SPAD) 29.6 383 34.6 4.0
” Leaf N content (%) 0.5 23 1.5 23.6
MTS Plant height (cm) 44.7 57.0 50.6 4.57
PFS Plant height (cm) 65.7 80.8 72.0 4.49
MTS Tiller number (No./m®) 360 634 503 11.01
PFS Tiller number (No./m?) 317 520 383 10.6
Milled rice yield (kg/10a) 431 667 545 8.06
Head rice yield (kg/10a) 393 606 492 8.19
Head rice percentage (%) 83.6 93.7 90.2 2.07
Protein content (%) 6.40 7.60 6.91 4.06
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Table 1. continue.
Time Items 2002
Minimum Maximum Average CV (%)
Pre-culture EC (dS/m) 3.71 9.85 6.45 17.45
” O.M. (%) 2.94 52 4.00 9.93
” pH (1 : 5) 4.28 6.01 4.98 4.97
” Total N (%) 0.6 5.01 1.82 52.03
” Available P,Os (mg/kg) 80 207 153.4 18.98
” Exchangeable K* (cmol(+)/kg) 0.17 0.72 0.32 2438
Post-culture Relief (cm) 0 8.4 3.6 56.6
PFS' Leaf color (SPAD) 24.5 36.6 30.4 7.81
” Leaf N content (%) 2.4 39 3.0 9.69
” Plant height (cm) 52 76 66.5 7.66
” Tiller number (No./m?) 333 738 487 14.21
Culm length (cm) 70 87 76.2 4.15
Panicle number (No./m’) 276 468 366 10.59
Milled rice yield (kg/10a) 389 558 495 6.22
Protein content (%) 6.9 8.0 7.5 3.40
Time Items 2003
Minimum Maximum Average CV (%)
Pre-culture EC (dS/m) 5.40 13.20 8.71 20.74
” OM. (%) 1.00 4.74 3.83 11.84
” pH (1 : %) 5.13 571 5.37 1.96
” Total N (%) 0.10 2.20 1.04 44.13
n Available P,Os (mg/kg) 108 223 173 12.81
" Exchangeable K* (cmol(+)/kg) 0.14 0.57 0.27 26.46
” Si0; (mg/kg) 35.0 107.0 59.0 2391
Post-culture Relief (cm) 0 16.0 8.9 35.83
PFS’ Leaf color (SPAD) 25.9 354 29.18 5.38
” Leaf N content (%) 2.6 3.7 3.1 8.20
” Plant height (cm) 59 77 68.9 5.62
” Tiller number (No./m’) 321 607 445 11.8
Milled rice yield (kg/10a) 435 583 494 5.81
Protein content (%) 6.9 8.2 7.4 3.40

'PFS : Panicle formation stage, *MTS : Maximum tillering stage, Protein content :
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Table 2. Geostatistical parameters of the soil chemical properties and growth characteristics.

Items 2001 - )
Nugget Sill Range (m) Q value Model R

O.M. 0.136 0.17 61.3 0.22 Linear 0.42

pH 0.041 0.05 61.3 0.22 Linear 0.53

Total N 0.007 0.02 56.2 0.65 Exponential 0.97

Available P;0s 310 110 69.6 0.72 Spherical 0.99

Exchangeable K" 0.014 0.06 46.3 0.79 Spherical 0.51

Relief 0.905 7.411 61.3 0.88 Linear 0.85

EC 0.010 4.029 93.1 0.99 Spherical 0.99

Ammonium nitrogen 0.145 0.528 0.3 0.72 Exponential 0.0

Leaf color (SPAD) 1.622 2.104 61.3 0.22 Linear 0.49

Leaf N content (%) 0.050 0.141 42.6 0.64 Spherical 0.94

Plant height in MTS 1.34 5.389 144 0.75 Exponential 0.51

Plant height in PFS 0.010 13.57 443 0.99 Spherical 0.91

Tiller number in MTS 984 3182 10.2 0.69 Exponential 0.57

Tiller number in PFS 933 1920 44.3 0.51 Spherical 0.81

Milled rice yield (kg/10a) 537 1958 26.1 0.72 Exponential 0.68

Head rice yield (kg/10a) 896 1793 65.7 0.50 Exponential 0.76

Head rice percentage (%) 1.029 3.640 12.0 0.71 Exponential 0.29

Protein content (%) 0.011 0.079 12.7 0.86 Spherical 0.39

Items - 2002 7
Nugget Sill Range (m) Q value Model R

EC 0.760 1.912 61.3 0.60 Linear 0.97

oM. 0.05 0.17 39.6 0.71 Spherical 0.97

pH 0.084 0.164 84.16 0.48 Linear 0.48

Total N 0.784 1.022 61.3 0.23 Linear 0.71

Available P,Os 492 9554 61.3 0.48 Linear 0.76

Exchangeable K" 0.004 0.006 61.3 0.33 Linear 0.68

Relief 1.030 4.648 324 0.77 Spherical 0.92

Leaf color (SPAD) 1.49 5.764 0.30 0.74 Exponential 0.40

Leaf N content (%) 0.051 0.104 61.3 0.51 Linear 0.90

Plant height in PFS 5.10 36.75 86.0 0.86 Spherical 0.98

Tiller number in PFS 1900 5530 61.3 1 0.65 Linear 0.83

Culm length (cm) 1.210 13.38 61.3 0.91 Linear 0.97

Panicle number (No./m’) 777 1744 61.3 0.55 Linear 0.83

Milled rice yield (kg/10a) 771 1003 61.3 0.22 Linear 0.42

Protein content (%) 0.015 0.063 13.5 0.76 Exponential 0.49
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Table 2. continue.
Items 2003
Nugget Sill Range (m) Q value Model R’
EC 1.860 3.803 61.3 0.51 Linear 0.88
OM. 0.160 0.216 61.3 0.25 Linear 0.56
pH 0.003 0.001 20.7 0.73 Exponential 0.86
Total N 0.078 0.241 44.7 0.76 Spherical 0.92
Available P,Os 74.70 671.3 61.3 0.88 Linear 0.99
Exchangeable K" 0.002 0.006 73.0 0.66 Spherica 0.95
Si0; (mg/kg) 0.100 200.6 18.8 0.99 Spherica 0.87
Relief 6.160 12.65 57.4 0.51 Spherical 0.92
Leaf color (SPAD) 1.341 3.013 61.3 0.55 Linear 0.95
Leaf N content (%) 0.027 0.088 61.3 0.69 Linear 0.96
Plant height in PFS 8.36 17.96 61.3 0.53 Linear 0.95
Tiller number in PFS 2324 2999 61.3 0.22 Linear 0.53
Milled rice yield (kg/10a) 419 851 25.5 0.50 Exponential 0.74
Protein content (%) 0.013 0.064 15.4 0.79 Spherical 0.49
2002
Fig. 1. Kriged maps of relief values (cm) in the paddy field at post-culture.
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Fig. 2. Kriged maps of soil chemical properties of O.M. (%) in the paddy field.
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Fig. 3. Kriged maps of soil chemical properties of EC (dS/m) in the paddy field.
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Fig. 5. Kriged maps of N basal fertilization by soil test in the paddy field at pre-culture,
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Fig. 7. Kriged maps of tiller number per m’ at panicle formation stage in the paddy field.
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Fig. 8. Kriged maps of N fertilization at panicle formation stage by growth of rice in the paddy field in 2003.
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Fig. 10. Protein content (%) map in brown rice on variable-rate N application of basal dressing and N fertilization at panicle

formation stage.

Table 3. Correlation coefficient between the soil chemical properties, growth characteristics and rice yield (2003).

Relief  pH EC Si0, OM. TN BF PH TN SPAD PIF PC
Relief 1
pH -0.070 1
EC 0.044  -0.264 1
Si0, 20066 0195  0.292 1
O.M. -0.098 -0.096 0.162  0.001 1
T-N 0209 -0.031 0,001 -0.062 -0.085 1
BF 0048  0.179 0014 0512 -0.854 0036 1
PH 0291  0.103 -0267 0045 -0297 -0.185 0279 1
TN 0.186 0066 -0247 0107 -0.019 -0292 0.071 0519 1
SPAD 0169 0.028 -0.173 0248 -0.193 -0.160 0299 0293  0.162 1
PIF 0268 -0.075 0291 -0.185 0.168 0310 -0.241 -0.748 -0.880 -0.526 1
PC 20.051 0059 0.030 0.188 -0266 0.149 0327 0.108 0.095 0174 -0.156 1
Yield 0008 -0.184 -0.098 0136 -0.152 0057 0198 0332 0209 0167 -0316 0.173

T-N : Total nitrogen, BF : N basal fertilization, PH : Plant height in Panicle formation stage, TN : Tiller number per m’ in
Panicle formation stage, PIF : N fertilization at panicle formation stage, PC : Protein content in brown rice.

*Significant level (5% : 0.159, 1% : 0.208).
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