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Soil mapping as a tool for agricultural management

Opinion

The globalization of agriculture has changed the concepts of how
to conduct a farm due to the international market pressure. In addition,
concern for the environment and climate change has led farmers to
adopt more sustainable techniques. Therefore, it is essential using
technologies that enable increasing crop yields and rational use of
agricultural inputs, which will minimize environmental impact and
maximize the profits of farmers. Precision Agriculture (PA) has been
shown to great potential for achieving these goals. The principle of PA
is that agricultural fields are not homogeneous, thus spatial variability
of crop yield and the factors that control this variability should be
thoroughly studied. Therefore, tools which allow understanding
the spatial variability of crop yield and their relationships in time
and space, as well as factors that control it, has been developed and
tested. Geostatistics is one of the most important tool for Precision
Agriculture. It was developed by George Matheron and described
in his paper entitled Principles of Geostatistics.! In the beginning,
Geostatistics was developed for mining, but now many other fields
have used its concepts, including Agriculture. Contrary to traditional
statistics where independence between samples is generally assumed,
geostatistics takes advantage of the fact that samples located in
proximity to one another are often more similar than those obtained
at large separation distances, i.e., it provides a means of quantifying
this spatial correlation.” In a practical way, geostatistics is used to
create maps of many agricultural variables such as soil, weed, crop
yield etc, in order to apply site-specific management through Kriging
interpolation method.

In Brazil, the most common Precision Agriculture technique which
has been adopted by farmers is georeferenced soil sampling in order
to apply fertilizers in variable-rate or in homogenous zones. However,
some important questions still have to be answered. Among these it
can highlight: Which sampling design should be adopted? How many
samples should be taken? Is kriging always the best interpolation
method? How to determine the map quality?

The most common sampling design for Precision agriculture
is grid sampling, which consist of creating a regular or irregular
geo referenced grid in the crop field. Management zone sampling
is another way, based on knowledge of historical management or
using an auxiliary variable such as topographic variables, electrical
conductivity, yield maps etc. Many factors should be taken into account
to choose the most appropriate sampling method, including economic
factors and characteristics of the area (i.e., soil type, topography,
fertility management, cropping history, irrigation etc). The number of
samples is another important issue should be analyzed. Evidently, the
more samples taken, the more quality of soil maps® demonstrated that
when soil properties are sampled at a similar rate to crop yield, it is
possible to understand the cause and effect relationships related to the
spatial distribution of crop yield and soil properties. High correlations
between soil properties and crop yield can be observed when variables
are sampled at a similar intensity. However, sampling soil at a similar
intensity to crop yield is not economically feasible on a larger scale.
Thus, solutions that provide similar sampling intensity are necessary
for the evaluation of soil properties and crop yield. One possibility is
the development of sensors that evaluate soil properties at a similar
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intensity to crop yield such as electrical conductivity sensor,* soil pH,’
on-the-go near infrared reflectance spectroscopy or real-time NIRS.

Building a soil map is not a hard task, however, the question is: is
this map has quality? In other words, are estimate values similar to
real values? Therefore, soil map quality indexes should be performed
in order to verify its precision and accuracy. Map quality is typically
determined by comparing observed mapped values with those obtained
by various quantitative and qualitative analytical techniques. Plots of
predicted vs. measured values should always be visually examined
to assess prediction quality. One of the quantitative measures is map
precision, calculated as the standard deviation of the residuals. Map
accuracy, another quantitative measure, is the square of bias, and bias
is the average of the residuals. The mean square error (MSE) is the sum
of precision and accuracy. Frequently, root mean square error (RMSE)
is used to compare interpolation methods because it is expressed in
the same unit as the study variable.” Therefore, these indexes can be a
valuable tool to verified map quality and it will assist decision-making
about sample design, number of samples and interpolation methods.
Soil mapping can be a useful tool for agricultural management,
however it is still necessary more studies in order to improve map
quality and reduce soil sampling cost.
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