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Abstract

Surface soil environment was surveyed and characterized using a multi-frequency electromag-
netic wave (EM) sensor. Traditional resistivity method needs multiple point electrodes in the
field to investigate the deeper points, however, this method uses broadband electromagnetic data
to obtain the apparent conductivity from different depth, i.e., the higher the frequency, the
shallower data we can obtain. It is non-invasive and rapid, therefore, appropriate for wide area
environmental survey. Five frequencies of 2310, 3870, 7950, 24510 and 47970 Hz were applied so
that we obtained vertical profile of the domain. Forest under different management, winter-
ponded paddy field, orchard and tea farm in hilly mountainside and orchard in plain field were
investigated using a broadband electromagnetic wave sensor sounding. Surface electrical con-
ductivity (EC) obtained by Wenner array has the highest correlation with 47970Hz data, showing
it is the appropriate frequency for surface soil investigation. Moreover, EC in the order of several
tens milli-Siemens obtained by EM sounding corresponded very well with the EC obtained by
traditional method. Conductivity data successfully showed management induced changes in
soil environment by conductivity map along with vertical conductivity profile, which is advan-
tage of broadband EM survey. Water content changes in forest after rainfall, effect of ponding
management in paddy field, and the differences in fertilizer application practice in hilly farm,
were clearly demonstrated by the broadband EM sensor.

Key words : Electromagnetic wave sounding, nondestructive investigation, Electrical conductivity.
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Fig. 1 Schematic representation of multi-frequency electromagnetic wave sensor measurement.
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Table 1 Soil physical properties of examined field.
Land Management Forest West Forest South Paddy field Tea farm Orchard (hilly) Orchard (plain)

Soil Brown forest  Brown forest Gley paddy Red-Yellow Red-Yellow Red-Yellow

soils soils soils soils soils soils
Sampling point 20 21 21 25 21 12
Sampling Depth (cm) 10 10 10 10 10 10
ECi.5 (mSm ) 14.73 (4.66) 17.82 (1.73) 15.07 (3.29) 41.53 (4.96) 11.84 (0.37) 3.05 (0.09)
Moisture ratio (gg ') 0.38 (0.18) 0.46 (0.10) 0.41 (0.05) 0.53 (0.16) 0.31 (0.01) 0.33 (0.04)
VWC (m®m 3" 0.39 (0.14) 0.43 (0.1D) 0.42 (0.11) 0.58 (0.15) 0.29 (0.05) 0.32 (0.04)
Bulk density (Mgm ®) 1.07 0.95 1.42 0.95 0.95 1.08
Soil Hardness (kg cm ) 1.09 (0.65) 1.97 (0.92) — 1.66 (0.46) 3.62 (1.44) 5.36 (1.42)

+VWC ; Volumetric water content
() ; Standard Deviation
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Table 2 Depth of investigation estimated from soil conductivity.

Land Management

. Forest West
Electrical

Forest South Paddy field Tea farm Orchard (hilly)

Orchard (plain)

conductivity (mS m ) 0.21 2.36 13.18 14.59 7.90 46.82
Frequancy (Hz) Unit : m
47970 13.83 7.26 5.27 4.60 4.48 3.29
24510 16.52 8.67 6.29 5.50 5.35 3.93
7950 22.27 11.68 8.48 7.41 7.21 5.29
3870 26.95 14.14 10.26 8.96 8.72 6.41
2310 30.89 16.21 11.77 10.28 10.00 7.34
60 X
y=1.3429x - 1.967
?=0.975 x*
_ 50 } %&
S x @
(%}
Epl
N
g X Standard Deviation
E) 30 b GEM-2 Wenner array
< X ForestWest 0.283 0.639
g o Forest.South 2.064 0.643
i 99 A Paddy Field 1.527 0.694
0, O TeaFarm 1.967 3.071
8 + Orchard (hilly) 1.919 4.564
10 X Orchard(plain) 6.813 9.840
& Each mean

— regression line for each mean
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Fig. 3 Comparison of EC between traditional Wenner array measurement and multi-frequency EM survey
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Fig. 5 Vertical EC map obtained by multi-frequency EM survey.
(a) Forest West, (b) Forest South, (¢) Tea farm, (d) orchard (plain), (e) orchard (hilly), (f) Paddy
field (Before Inundation), (g) Paddy field (After Inundation)
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Fig. 6 Vertical EC map of before and after rain in the forest obtained by multi-frequency EM survey.
(a) Forest West (Before rain), (b) Forest West (After rain), (c) Forest South (Before rain), (d)

Forest South (After rain)
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Table 3 Volumetric water content changes before and after rainfall.

Sampling

GEM-2—EC data at

; : 313

Site  Rainfall - p o omy O™ 0701, [mS m 1]

West before 10 0.186 (0.176) 0.207 (0.283)
after 10 0.229 (0.130) 0.470 (0.589)

South before 10 0.207 (0.051) 2.362 (2.064)
after 10 0.253 (0.069) 2.626 (2.031)

() ; Standard Deviation
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chromatography of 1: 5 soil extracted water.

Sampling Depth (cm)

Forest West

Forest South Paddy field Tea farm Orchard (hilly)

Orchard (plain)

10 10 10 10 10 10
PO,* 18.92 19.91 23.05 83.5 19.7 19.6
F N.D. N.D. N.D. N.D. N.D. 0.3
Cl 6.42 5.12 1.4 2.8 1.5 0.5
NO,  Unit:mgL* 1.70 N.D. 0.2 N.D. N.D. N.D
Br 0.48 0.58 N.D. 0.3 0.6 N.D
NOs 5.76 0.42 15.7 25.4 0.6 2.5
SO 10.87 20.53 24.2 45.9 18.7 2.7
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