HIO|QA|ARIZSEL (J of Biosystems Eng.)
Vol. 30, No. 6, pp. 360~365 (2005)

olZAlZGt @

OO

0%
ujo

0|83I0 E

MHE

oF slEtMOE B 2

ol

HEF o

|
]

0|&

ol

Rice Yield Prediction Based on the Soil Chemical Properties Using Neural Network Model

J. H. Sung

ANosiraet

D. H. Lee

Precision agriculture attempts to improve cropping efficiency by variable application of crop treatments such as fertilizers
and pesticides, within field on a point-by-point basis. Therefore, a more complete understanding of the relationships between

yield and soil properties is of critical importance in precision agriculture. In this study, the functional relationships between

measured soil properties and rice yield were investigated. A supervised back-propagation neural network model was

employed to relate soil chemical properties and rice yields on a point-by point basis, within individual site-years. As a
results, a positive correlation was found between practical yields and predicted yields in 1999, 2000, 2001, and 2002 are
0.916, 0.879, 0.800 and 0.789, respectively. The results showed that significant overfitting for yields with only the soil
chemical properties occurred so that more of environmental factors, such as climatological data, variety, cultivation method

etc., would be required to predict the yield more accurately.
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Fig. 1 The experimental paddy field for soil sampling, yield monit-
oring, and site for neural network training and predicting.
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N = count of output layer

Ey = predicted value of k node

tr = reference of k node

Table 1 Descriptive statistics of soil chemical properties and rice yield for training and predicting of test field

I
o
A
HoZ

2

= L H
Au)
&3k

oM Av. PO Exch. cations Av. SOz yield

year K Ca L Mg
g kg mg kg cmol, kg mg kg kg/10a
109 avg 2.36 1223 0.68 479 1.00 93.70 594.96
(twaining) std 0.125 14.441 0.144 0.700 0.164 24.181 78.581
CV (%) 53 11.8 6.5 14.6 164 25.8 13.2
avg 2.32 117.22 0.68 4.82 1.01 96.27 588.23
(pr;(fizzng) std 0.168 14.60 0.039 0.641 0.161 24.489 68.096
CV (%) 73 125 5.8 13.3 16.0 25.4 11.6
" avg 231 79.98 0.63 4.44 1.00 107.08 471.33
(Ufl?:igg) std 0.143 10.990 0.052 0.385 0.131 31.672 73.141
CV (%) 62 13.7 83 8.7 132 29.6 15.5
avg 2.29 80.28 0.62 4.50 1.02 108.08 460.15
(o j(?ig?ing) std 0.111 9.246 0.044 0.428 0.107 30.206 95'175.
CV (%) 4.9 115 7.1 95 10.6 279 20.7
avg 2.43 91.87 0.75 5.46 1.16 80.73 570.72
(té?rg;g) std 0.104 15.305 0.367 0.844 0.146 22.478 80.567
CV (%) 43 16.7 48.6 15.5 12.6 27.8 14.1
avg 2.44 9231 0.69 5.42 1.16 78.28 558.22
(o j:ig:mg) std 0.119 15.817 0.663 0.824 0.162 22.774 84.829
CV (%) 49 17.1 9.2 15.2 14.0 29.1 15.2
avg 2.67 71.93 0.68 5.06 1.36 78.45 703.01
(triiorgig) std 0.234 11.752 0.074 0.644 0.144 16.787 43.004
CV (%) 8.8 16.3 11.0 12.8 10.6 214 6.1
avg 2.77 72.66 0.66 4832 131 80.65 690.03
(priggfmg) std 0.284 10.527 0.077 0.564 0.140 14.443 54.087
CV (%) 103 14.5 11.7 11.7 11.0 17.9 7.8

OM=organic matter, Av.=available, Exch.=exchangeable
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Table 2 The Pearson correlation coefficients between the soil chemical properties and rice yield

index P>0s K Ca Mg Si02 Yield
OM 0.004 0.070 -0.086 -0.107 -0.074 -0.282*
P20s 1.000 0.128 -0.564%%* -0.549%** -0.502%#* -0.112
K 1.000 -0.078 -0.098 -0.064 0.058
1999 Ca 1.000 0.973%** 0.741*** 0.148
Mg 1.000 0.703%%** 0.193
Si0> ’ 1.000 0.002
OM -0.077 0.051 0.405%* 0.302* -0.065 0.045
P05 1.000 -0.178 -0.221 -0.236 0.232 -0.523***
K 1.000 -0.217 -0.109 0.039 ©0.002
2000 Ca 1.000 0.732%** 0.232 0.172
Mg 1.000 -0.032 0.296*
Si0; 1.000 -0.318
oM 0.049 -0.033 0.227 -0.052 0.315* 0.097
P20s 1.000 0.021 -0.754%%* -0.698*** -0.655%** -0.135
K 1.000 -0.005 0.004 -0.048 -0.096
2001 Ca 1.000 0.881%** 0.882*** 0.081
Mg 1.000 0.690%** -0.068
Si0; 1.000 0.103
OM 0.281* -0.110 -0.214 -0.248 -0.137 -0.052
P05 1.000 0.097 -0.409** -0.438%* -0.298* 0.071
K 1.000 0.223 0.231 0.212 0.081
2002 Ca 1.000 0.983*** 0.794%%* 0.104
Mg 1.000 0.788*** 0.114
Si0; 1.000 0.019

*, ¥k, ¥EE singificant at 0.05, 0.01 and 0.001 probabilities, respectively
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Table 3 The Pearson correlation coefficients of soil chemical pro-
perties and rice yields in there years

index Yo
2000 2001 2002
1999 0.097 -0.029 -0.197
OM | 2000 0.308* 0.063
2001 0.095
1999 0.077 -0.048 0.112
P.Os | 2000 0.459% 0.295*
2001 0.448%+*
1999 -0.047 -0.064 -0.048
K 2000 0.038 0217
2001 031
1999 0.361%+ 0.339%* 0.563#%
Ca 2000 0.896%+* 0.810%**
2001 0.809%*
1999 0.488%+* 0.474% %+ 0.592%%+
Mg 2000 0.737%%* 0.749%%
2001 0.828%**
1999 0.071 0.241 0.365%*
Sio, | 2000 0.178 -0.180
2001 0.687+**
1999 0.151 0.154 0.295*
Yield | 2000 -0.036 -0.068
2001 -0.087

*, RE ek singificant at 0.05, 0.01 and 0.001 probabilities, respectively
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Table 4 Training iteration and final error of neural network

year training iteration final error
1999 100,000 0.075
2000 100,000 0.117
2001 100,000 0.221
2002 100,000 0.214

training rate 0.1, momentum 0.9
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Fig. 3 Yield maps generated by soil properties in 1999 to 2002
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