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Ground-penetrating radar can predict the soil depth at which the petroplinthic horizon
starts in the Sudan Savanna, West Africa

In the Sudan Savanna (annual rainfall: 600—900 mm), Plinthosols having a petroplinthic
(PP) horizon are widely distributed. Because the PP horizon reduces soil volume and storage
of water and nutrients, crop production in areas occupied by Plinthosols becomes limited.
However, the distribution of Plinthosols has not been precisely known and conventional soil
surveys require too much cost and effort. Therefore, at the Institute of Environment and
Agricultural Research (INERA) Saria Station, Burkina Faso, we examined if
ground-penetrating radar (GPR) can predict the soil depth at which the PP horizon starts or
the top boundary of the PP horizon (d in Fig. 1). GPR is an equipment that can be used to
detect soil interfaces that have abrupt boundaries and contrasting soil materials. In this study,
effective soil depth is defined as the soil depth at which the PP horizon starts (d in Fig. 1)
since only the soils overlying the PP horizon would contribute to crop production.

Our findings are as follows:

® Because relative permittivity of the PP horizon (e2 in Fig. 1) is much higher than that of
the overlying horizon (g1 in Fig. 1), GPR can predict the top boundary of the PP horizon
(Figs. 1 and 2).

® Dominant soils in the Sudan Savanna (i.e., Ferric Lixisols, Petric Plinthosols and
Pisoplinthic Petric Plinthosols) can be distinguished from the top boundary of the PP
horizon (lkazaki et al., 2018), and sorghum vyield positively correlated with effective soil
depth (Fig. 3). Therefore, maps of soil types and soil productivity can be easily created
by using GPR (without conventional surveys).

® The top boundary of the PP horizon can be determined from a scanned image through a
simple correction, enabling the procedure for making maps of soil types and soil
productivity to become user friendly.

® Note that the above procedure can be applied only where the soil becomes very dry. This
is because soil water having higher permittivity than PP horizons prevents GPR from
detecting the top boundary of the PP horizon. This procedure may be applied to dry areas
of Brazil and East Africa where PP horizons are widely observed.

With these findings, researchers studying soil and water conservation, fertilization methods,
crop breeding, and so forth would be able to take greater account of the inherent soil
conditions, which in turn would accelerate their studies for achieving sustainable agriculture
in the Sudan Savanna.

(K. lkazaki, F. Nagumo, S. Simporé [Institute of the Environment and Agricultural Research,
Burkina Faso], A. Barro [Institute of Environment and Agricultural Research, Burkina
Faso])
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Fig. 1. Schematic diagram of the detection of the petroplinthic horizon

The soil depth at which the petroplinthic horizon starts (d) can be estimated by converting the time it took

the radar to travel from the surface to the boundary, assuming that the electromagnetic wave velocity in a

vacuum is 3.0 x 108 m sec ! and g1 was 3.0.
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Fig. 2. Relationship between predicted depth
and observed soil depth at which the petroplinthic
horizon starts (d in Fig. 1)

Figs. 2 and 3 are cited from lIkazaki et al. 2018.
doi:10.1080/00380768.2018.1502604
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Fig. 3. Relationship between sorghum yield and
effective soil depth (d in Fig. 1)
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