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研究

概要

市販されているセンサーの現場データから、肥料成分と相関が高い土壌水の電気伝導度を計

算する数式のパラメータを簡便に得る手法を開発しました。これにより、煩雑な実験が不要にな

り、センサーによる土壌中の肥料成分の変化の測定の可能性が開けました。

研究シーズの内容
土壌中の肥料や塩分などの溶液濃度を知るためには、

土壌水の電気伝導度(ECw)が良い指標となります。そのた

め、センサーによって ECw を連続的に測定することが重要

です。市販されているセンサーは土壌のみかけの電気伝導

度(ECa)と土壌水分量(θ)を測定できるものの、ECa とθか

ら ECwを推定するために必要な数式のパラメータを得ること

が難しいため、せっかく測定した ECaとθを十分活かせてい

ませんでした。本研究で開発した手法により、ECw を指標と

でき、溶液濃度変化の指標を得ることができるようになりまし

た。

従来はパラメータを得るために精密な実験室での実験が

必要とされていましたが、開発した手法では、現場から採水

した土壌溶液を直接パラメータを得るための入力データとし

て用いることができるところが簡便です。

また、簡単に計算を実行するためのWeb版インターフェイ

スも開発されています。

研究シーズの応用例・産業界へのアピールポイント
・畑や園芸ハウスでのセンサーを用いた肥料成分の推定

・肥料の節約による生産費の削減や農地周辺の環境負荷軽減技術の開発
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The parameter set at the topsoil layer (0.2 m depth)
estimated in this modified method is shown in Table 2.
Figure 6 shows the change in the estimated ECw, calculated
from θ and ECa measured with TDR probes, and para-
meters in Table 2, when compared with to the ECw directly
measured from the soil solution. The estimated curve is
more stable than in Fig. 4, where no laboratory data was
used. RMSE was 0.37, 0.50 and 0.53 dS m-1 for each probe.

Figure 7 shows a similar result as in Fig. 4, but with
a reduced set of fiel d data; 8 data were included out of full
dataset comprising 17 entries. As for a depth of 0.2 m, the
same data from the laboratory experiment, as shown in Fig.
6, i.e., the two datasets of the dry and wet soils, were also
used in the analysis. Weights were set as 1 for both the fiel d
and laboratory data. The estimated parameter in this figu r e
is summarised in Table 3. By comparing the curves of
Fig. 4 (for depths of 0.4 m and 0.6 m) and Fig. 6 (for a depth
of 0.2 m) with Fig. 7, the estimated curves represent the

measured data equally well. In other words, decreasing the
measured data from 17 to 8 did not significa nt ly deteriorate
the estimation, as the reduced data included the driest data
in mid-July and, therefore, the range of the water content
of the reduced dataset was similar to that of the whole data.

In Figs 7, 8 data out of the full set of 17 data were
used. The remaining 9 data were used for the validation
set. RMSE for the estimated ECw for the validation set was
0.41, 0.50 and 0.35 dS m-1 for probes at a depth of 0.2 m,
0.27, 0.25 and 0.23 dS m-1 for probes at a depth 0.4 m depth,
and 0.09, 0.12 and 0.09 dS m-1 for probes at a depth of
0.6 m. This result was not particularly higher than the
RMSE of the estimation from the whole set of data; in some
of the probes, RMSE got smaller. Therefore, it was con-
fir

m
e d that the estimation of Fig. 7 did not deteriorate from

Figs 4 and 6 although the numbers of data were reduced
from 17 to 8.

As we have shown in the reduced set of fiel d data,
increasing the numbers of data points (from 8 to17) does
not always improve the estimation. The estimation can be
improved by using as wide range of water content as pos-
sible, from dry soil to wet soil, to minimise the discrepancy
of the fitt ed range of water content and the monitored range
of water content, as shown in Fig. 5. When it is technically
diffic

u
l t to obtain a wide range of water content, laboratory

data under extreme water content conditions can be used to
form an additional dataset, as shown in Fig. 6.

The estimation of ECw based on the parameter set deter-
mined under laboratory conditions (Fig. 3 in Miyamoto
et al., 2015) was improved with the proposed method,
which uses the parameter set determined directly from the
fie

l
d- obt ai ned value. For example, in Miyamoto’s estima-

tion, the NO3-N concentration at a depth of 0.6 m was twice
as large as the NO3-N concentration measured with the
extracted soil solution because ECw rose twice as much as
the soil solution ECw. In the proposed method, the highest
value of the estimated ECw was similar to that of the meas-
ured ECw value. Therefore, a more realistic value of NO3-N
can be obtained by the proposed method.

This is because the parameters estimated in the proposed
method (Table 1) reflec t the properties found under the site-
specific heterogeneous condition, and they are different
from the parameters shown in Miyamoto et al. (2015); they
are soil-specific parameters determined through a labora-
tory experiment. Therefore, the parameter set obtained at
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Fig. 7. Estimated ECw (the solid line, the dashed line and the
chain line representing TDR probes) and the measured ECw of
the extracted soil solutions (the closed and open circles represent-
ing suction cups), estimated from a reduced set of fiel d data. At
a depth of 0.2 m, laboratory data under dry and wet condition was
also used.

Tab l e 3. Estimated parameters with reduced numbers of fiel d dat a

Depth 0.2 m* 0.4 m 0.6 m

Probe ID 2A 2B 2C 4A 4B 4C 6A 6B 6C

a 2.1132 2.1481 2.2485 0.8123 0.2586 0.2307 0.0000 0.0890 0.0003

b -0.7660 -0.7975 -0.8430 0.2431 0.1851 0.1780 1.0088 1.3214 1.2144

ECs 0.0304 0.0001 0.0000 0.0000 0.0000 0.0000 0.0002 0.0002 0.0000
*Laboratory data at dry and wet condition was also used.

図:ECw の測定値（○●）と推定値（線）
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