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a b s t r a c t

Management zones can be defined as homogeneous regions for which specific management decisions are
to be considered. The delineation of these management units is important because it enables or at least
facilitate growers and practitioners performing site specific management. The delineation of manage-
ment zones has essentially been performed by (i) clustering techniques or (ii) segmentation algorithms
arising from the image processing domain. However, the first approach does not take into account the
spatial relationships in the data, and is prone to generate a large number of fragmented zones while
he second methodology has only been dedicated to regularly-spaced, within-field data. This work pro-
poses a new approach to generate contiguous management zones from irregularly-spaced within-field
observations, e.g. within-field yield, soil conductivity, soil samples, which are a very important source
of data in precision agriculture studies. A seeded region growing and merging algorithm has been specif-
ically designed for these irregularly-spaced observations. More specifically, a Voronoi tessellation was
implemented to define spatial relationships between neighbouring observations. Seeds were automati-
cally placed at specific locations across the fields and management zones were first expanded from these
seeds. The merging procedure aimed at generating more manageable and interpretable zones. The merg-
ing algorithm was defined in a way that made it possible to incorporate machinery and technical man-
agement constraints. Experiments demonstrated that the proposed methodology was able to generate
relatively compact and contiguous management zones. Furthermore, machinery and technical con-
straints were shown to significantly influence the results of the delineation which proved the importance
of accounting for these considerations.

� 2017 Elsevier B.V. All rights reserved.

1. Introduction

Site-specific management has become a subject of growing
interest due to its ability to deal with the technical, economic
and environmental issues of the agricultural domain (Oliver,
2010). A popular tool to implement site-specific management is
through the delineation of management zones. These management
zones can significantly help growers and agronomy specialists to
perform site-specific management across the fields in question.
Their delineation will also greatly facilitate all kinds of machinery
intervention within these fields.

There must be no confusion between the concept of manage-
ment zones and the concept of management classes (McBratney
et al., 2005), however. Management zones are spatially contiguous
entities, i.e. closed sets from a topological point of view, over which
a specific application can be performed (Fig. 1). On the contrary, a
management class is an open set which combines all the manage-

ment zones over which the same treatment will be applied. It must
be noted that in the literature, many authors actually delineate
management classes rather than management zones. Indeed, most
authors mainly use classification-based methods such as the well-
known k-means algorithm and its fuzzy variant, the fuzzy c-means
algorithm (Li et al., 2007; Moral et al., 2010; Peralta et al., 2015).
These approaches are generally well-accepted because they sys-
tematically find patterns in the data, whether these patterns are
actually interesting or not. The authors assume that the variable
of interest is spatially organized and that the resulting classes will
consequently be organized in zones. However, depending on the
level of noise and autocorrelation of the variable under considera-
tion, the resulting management zones may suffer from being
highly fragmented within the field. Indeed, no spatial information
is taken into account and the variable of interest is simply consid-
ered as a spatial information. Multiple improvements have been
proposed to overcome this problem. For instance, spatial
coordinates have been included in the classification-based (Oliver
and Webster, 1989). Although the approach is interesting and
enhances the contiguity of the management zones, there is a need
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to carefully consider the weighing of the spatial coordinates com-
pared to the values of the agronomic variable under study. It must
be noted that some management zones are still fragmented to a
lesser or greater extent. Other approaches intended to apply spatial
filters, either before or after classifying the observation methods
(Ping and Dobermann, 2003). These techniques help decrease the
zones fragmentation but result in the loss of meaningful informa-
tion. Indeed, spatial filters smooth the information and might mask
the existing heterogeneity within the fields, especially if large fil-
ters are used.

More recently, segmentation methods arising from the signal
processing domain have been used to delineate management zones
(Pedroso et al., 2010; Roudier et al., 2008; Zane et al., 2013). One
significant advantage of segmentation approaches is that the pur-
pose of these methods is the detection of contiguous objects (Pal
and Pal, 1993). Segmentation approaches are very effective when
it comes to extracting an object from a significantly different back-
ground. For example, segmentation methods are widely used in the
medical domain to identify tumours or to delineate organs (Pham
et al., 2000). However, in agriculture, management zones are not
well-defined objects that can be clearly distinguished from other
surrounding objects because the variations in agronomic informa-
tion between two management zones are not crisp but graduated.
There is no prototype of what the segmentation should look for,
e.g. in terms of shape or colour. Segmentation approaches were
usually implemented so to process regularly gridded data, yet
agronomic data can be either recorded on a regular or irregular
grid (Taylor et al., 2007). From a general perspective, irregularly-
spaced observations can be relocated on a regular grid by interpo-
lation. However, interpolation is likely to affect the distribution of
the dataset, can be computationally intensive, and might require
skilled operators to perform the process. To avoid this drawback,
Pedroso et al. (2010) introduced an approach that is able to process
irregularly-spaced datasets.

To be fully operational, a variable-rate application map must
take into account the machine that will be used to perform the
site-specific treatment (Tisseyre and McBratney, 2008), so to avoid
generating management zones whose shape cannot be handled by
the machinery. A variable rate application map should take into

account the following main aspects: (i) the rate changing response
time, i.e. the time required to change the applicate rate from a cur-
rent value to a desired value (Fulton et al., 2001, 2005), (ii) the
accuracy of the application rates, i.e. the ability of the machine to
apply a specific rate (Roudier et al., 2011) and (iii) the spatial foot-
print of the machine, i.e. the minimum area the machinery can deal
with (Tisseyre and McBratney, 2008). Recently, some authors have
proposed the delineation of rectangular management zones to ful-
fil the operational requirements of variable rate applications (Cid-
Garcia et al., 2013). Their approach intends to find the optimal zon-
ing of the field by minimizing the variance between rectangular
management zones of different sizes. This method was proven very
effective on a sparse spatial dataset consisting of soil samples.
However, the optimality might be much more difficult to reach
on highly-dense spatial datasets. Improvements based on semi-
variogram analyses have been proposed to address the problems
of (i) an insufficient number of sample sites and (ii) the optimal
size of rectangular management zones (Zhang et al., 2016). How-
ever, this new approach still requires manual supervision for the
estimation of variogram parameters and requires an interpolation
of the variable to be segmented.

The major contribution of this work is to propose a method to
generate management zones for irregularly spaced data while
accounting for the technical constraints surrounding the agro-
nomic operation to be performed. First, the proposed segmentation
algorithm is presented from a theoretical standpoint. Then, an
implementation of the overall approach is proposed. Next, the
methodology is tested on real within-field soil phosphorus require-
ments with the objective of performing a variable rate fertilization.
The robustness and sensitivity of the methodology are carefully
evaluated.

2. A seeded region growing and merging approach

In the segmentation literature, the region growing and merging
approach is one of the most commonmethods to detect contiguous
objects (Pal and Pal, 1993). From a practical standpoint, the grow-
ing procedure aims at initializing the detection of objects by
expanding small regions into larger ones. This step often leads to
the identification of still relatively small zones that need to be
merged to define the objects of interest more clearly. The region
growing algorithm is generally driven by a set of initial regions,
the seeds, from which the regions are expanded (Adams and
Bischof, 1994; Mehnert and Jackway, 1997). The growing step is
a very good way to account for the trade-off between over and
under segmentation. Over-segmentation would occur if each
observation available in the dataset was being considered as an ini-
tial zone or if the methodology was identifying a very large number
of zones. In that case, the computational time of the merging algo-
rithm would be dramatically increased because the number of
fusions to be evaluated would be very large. It should be under-
stood that the growing procedure is not compulsory. Management
zones might be created by solely relying on a merging algorithm
(Pedroso et al., 2010). On the other hand, the number of seeds must
not be too low so as to avoid an under-segmentation effect. This
latter effect would lead to a loss of information because relevant
structures would be missed within the dataset. The proposed
methodology involves the use of a seeded region growing and
merging algorithm to perform the management zone delineation.

2.1. The seeded region growing procedure

2.1.1. Concept of seeds in region growing algorithm
From a more theoretical point of view, assume a dataset made

of n observations. Let S be the set of k seeds S1, S2, . . ., Sk to initiate

Fig. 1. Management classes and management zones. Four spatially contiguous
management zones and three management classes are present within this field.
One management class corresponds to one specific application.
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