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Precision agriculture (PA) is a management method that measures and manages within-field variability.
Previously, PA has required expansive and time consuming measurement of soil physical and chemical
properties. In this paper we use a new and more rapid method of data collection based on Visible and
Near-Infrared Spectroscopy (VIS–NIRS) in the 400–2200 nm spectral range to predict soil organic carbon
(SOC), plant available [Mg, P, K], pH and texture at the farm scale. The experimental work was done at
the experimental Station at Baborówko (52.583778°N, 16.647353°E) in Poland. The focus of the paper
was to look at the effect of the number of samples on the calibration. Different calibration schemes using
PLS regression with calibration datasets of different sizes were applied. The best predictions were obtained
using K-means clustering for calibration sample selection. Using this scheme and 79 calibration samples,
satisfactory results were obtained predicting SOC (r2 = 0.63; RMSEP = 0.13%) and soil texture (e.g. clay,
r2 = 0.71; RMSEP = 0.36%). The use of the entire dataset did not improve significantly the prediction ability
(r2 = 0.72; RMSEP = 0.12% for SOC and r2 = 0.73; RMSEP = 0.32% for clay). Reasonable results were obtained
for available Mg content (r2 = 0.53; RMSEP = 1.54 mg.100 g−1) and pH (r2 = 0.52; RMSEP = 0.34 pH unit).
Available [P, K] gave unsatisfactory results (r2 b 0.5 for both; RMSEP 6.27 and 3.31 mg.100 g−1 respectively).
The maps (SOC and pH) generated with the K-means clustering scheme were compared with those obtained
with reference data. The results show that the VIS–NIRSmethod is suitable to adequately predict SOC and texture
using 1.5 samples per ha (79 samples). The method can also be useful as a rough screening for pH and available
Mg thereby significantly reducing the cost of mapping.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Site-specific management (SSM) is a precision agriculture practice
that can provide positive economic and environmental impacts on
modern crop production. It is based on the management of crop at a
spatial scale more limited in scale than that of the entire field
(Franzen et al., 2002; Mzuku et al., 2005). Visible and Near-Infrared
Spectroscopy (VIS–NIRS) is a method to access high-resolution soil
data, which is needed to achieve SSM. VIS–NIRS is a rapid and non-
destructive analytical technique that correlates diffusely-reflected,
near-infrared radiationwith the chemical and physical properties ofma-
terials (Chang and Laird, 2002). Furthermore, quantitative predictions of
primary (e.g. total N, total C) and secondary (e.g. cation exchange

capacity, clay content) soil attributes can be very accurate, as
Viscarra Rossel and McBratney (2008) have shown in their review.
Information on spatial variability is lost when samples are bulked
to obtain a representative sample from a definite area. In this case
the acquisition of samples from e.g. a sampling grid and analysing
them with a VIS–NIRS system can provide insightful information
about that variability. The problem is to decide how many samples
are required to capture variability. Transition from a standard soil
testing approach to the adoption of VIS–NIRS method for precision ag-
riculture requires a shift in mentality as underlined by Van Vuuren
et al. (2006) but is also a technical challenge (Auernhammer, 2001).

VIS–NIRS has been used in agriculture for assessing grain, fertilisers
and soil qualities (Ben-Dor and Banin, 1995; Faraji et al., 2004; Mohan
et al., 2005). VIS–NIRS is now a dominant analytical technique which
is used globally for food, feed, and grain analyses and for quality assess-
ment purposes (Chang et al., 2001). Nonetheless, the complex nature of
the soil matrix is still a challenge for the VIS–NIRS community (Stenberg
et al., 2010). Soil properties that have been predicted using VIS–NIRS
include soil moisture, SOC content, electrical conductivity (EC), cation
exchange capacity (CEC), soil acidity, and some macro and micro ele-
ments (Chang et al., 2001; Dunn et al., 2002; Sørensen and Dalsgaard,
2005; Velasquez et al., 2005; Viscarra Rossel et al., 2006).
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Absorption in the near-infrared spectral region (780–2500 nm) is
dominated by molecules that contain strong bonds between light
atoms. Specifically, these are molecules that contain C\H, N\H or
O\H bonds. This makes the near infrared region particularly useful for
measuring forms of carbon, nitrogen and moisture content and eventu-
ally all properties related to those. The size, the possibility of analysing
wet samples and the use of fibre optics make a VIS–NIRS spectropho-
tometer suitable for field work (Christy, 2008) and are advantages
over a mid-infrared (MIR) spectrometer.

Recent research seems to prove that local calibration (at a field or
farm scale) still has an important role to play since it provided better
estimation when predicting (SOC and clay) over national and reduced
national libraries (Wetterlind and Stenberg, 2010). For that reason,
the objective of this work was to test the VIS–NIRS method for deter-
mining various soil chemical (gravimetric SOC content, soil acidity,
soil available [Mg, K, P]) and physical (soil texture) properties of topsoil
collected on a grid sampling field in western Poland. Particular empha-
sis was given to SOC and clay content because of their importance not
only in precision agriculture but also in the context of climate change
as soil is one of the largest pools in the global carbon system and regular
losses of greenhouse gases are measured in soils (e.g. Loubet et al.,
2011). Moreover, clay content is often positively correlated with SOC

content (Homann et al., 2007). Since increasing sampling density is
often too expensive and time-consuming for a farmer to implement
(Wetterlind et al., 2008), we decided to focus our attention on the influ-
ence of the number of samples required for calibration and on the effect
of that number on the root mean square error of prediction (RMSEP)
and onmap accuracy.With that aim inmind, fourmethods to select rep-
resentative calibration samples were tested on 199 validation samples.
The sample selection schemes investigated were based on (1) random
sample selection, (2) analyte concentration, (3) K-means clustering,
and (4) PCA scores. These schemes were applied to calibration datasets
of different size (20 to 199 samples). The mapping potential of the VIS–
NIRS method was tested on SOC and pH.

2. Materials and methods

2.1. Sample collection and preparation

More than four hundred (403) soil samples were collected from a
regular soil sampling grid of resolution of 35 m (Fig. 1) in the experi-
mental station of the Institute of Soil Science and Plant Cultivation
(IUNG) in Baborówko near Poznań (Wielkopolska, Poland). The station
conducts its field trials on an area of 53.6 ha on three adjacent fields

Fig. 1. Baborówko field with sample locations.
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