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Abstract. The exact knowledge about the spatial distribution of weeds
in arable ﬁelds is imperative when site-speciﬁc herbicide applications are
applied. In the recently used weed maps derived from spatial sampling
continuous threshold-based contours of weed patches or areas of equal
weed abundance are generated in geoinformation systems (GIS) in order
to assess areas for herbicide applications. Latest research results prove
that this procedure can lead to ambiguous weed distribution maps, hence
inappropriate herbicide applications. In this study the potential of GISgenerated 3D-weed density maps in the context of plant protection will
be presented applying a high resolution sampling dataset.

1

Introduction

The increased demands made on producers of agricultural crop in the European
Union regarding the reduction of pesticide applications and the complete traceability of all pesticide applications have induced a trend towards the transfer of
the Precision Farming strategy into plant protection [18], [19]. The main objective of this idea is to apply pesticides site-speciﬁcally where necessary. Due to the
fact that weeds occur in stable patches [13], [14], [16] within crop rotations they
are dedicated for the implementation of Precision Farming strategies in plant
protection compared to other crop-aﬀecting factors such as insects, nematodes
and plant diseases which are comparatively more mobile [18].
In order to get the precise continuous information about the distribution of
weeds for the herbicide application discrete sampling procedures are carried out
[5]. The uncertainties of those sampling procedures are well-known and documented [1], [4], [6]. After this initial sampling process geostatistical analysis can
be carried out in order to apply interpolation methods such as kriging and to
get information about the spatial autocorrelation of the sampling datasets [4],
[7], [8], [11]. In several other studies deterministic interpolation methods are applied without further analysis of the sampled datasets [6], [9], [15]. As a result
of both interpolation approaches 2D contour maps are produced which are the
basis for the herbicide application with GPS-guided plant protection sprayers.
These weed distribution maps have vast intrinsic uncertainties and ambiguouties
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caused by the sampling accuracy, the sampling area and the thresholds used in
order to calculate areas of equal weed abundance.
In this study the eﬀective use of 3D-weed density maps will be demonstrated
applying a striking example based on a high resolution mapping dataset from
a ﬁeld experiment at Klein-Altendorf research station near Bonn, Germany in
2003. There will be a discussion about the future requirements for the application equipment and the necessary application precision in order to use the
demonstrated 3D-weed density maps eﬃciently.

2

Threshold-based weed maps

With the intention of applying herbicides site-speciﬁcally weed sampling datasets
are used in order to determine areas of a speciﬁc jeopardizing weed abundance
for many years [5].
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Fig. 1. Spatial distribution of grass weeds in a winter wheat ﬁeld near Bonn, Germany
determined applying the WeedScanner technique [3] in 2003. Each triangle represents
a single grass weed plant within the subset of the arable ﬁeld examined.

Due to the fact that the contours of equal weed abundance produced in the
GIS (e.g. contour lines in Fig. 2) vary largely with respect to the threshold applied there is a great danger of over- or even underestimating the real weed

Backes and Plümer
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distribution. This would have the negative side eﬀects of either wasting chemical
resources or the long-term establishment of the spreading of certain weeds. The
reasons for those uncertainties in threshold-based weed distribution maps are
manifold. For a review see [12] and [17]. First of all the precision of spatial sampling (spatial resolution of the sampling grid and the size of the sampling area)
has got an important inﬂuence on the weed map [4]. The absolute invariance
against the initial position of sampling was reported to be another inﬂuencing
factor [1]. Finally, the interpolation method applied has got signiﬁcant impact
on the mapping result in relation to the sampling scheme applied in the arable
ﬁeld [2], [6].
The loss of information which is induced by applying threshold-based weed
distribution maps suﬃciently indicates that this strategy is inappropriate for
Precision Farming.

3

3D-weed maps

The application of the z-values from a spatial sampling procedure as density
information in a new three-dimensional mapping approach in Precision Farming
appeared to be very promising in this context. The uncertainties mentioned
earlier which arise from spatial sampling and the threshold-based mapping are
moderated when weed density at inﬁnitely variable units of the arable ﬁeld can be
treated with herbicides. The 3D-density map in Fig. 2 shows an example of such
a map. At very high densities the herbicide dosage could increase to a certain
maximum while at lower weed densities the plant protection sprayer would not
be switched oﬀ completely as e.g. in the case of threshold-based maps. Compared
to the dataset presented in Fig. 1 which shows a high resolution sampling result
of grass weeds applying the WeedScanner technique [3] the 3D-weed density map
in Fig. 2 covers more than 90% of all detected weeds. In the example in Fig. 2 the
real distribution in Fig. 1 was sampled at a very dense sampling grid of 4.0x4.0
metres applying a comparatively large sampling area (counting quadrate) of 1
square metre. A sampling precision such as this is only possible using onlinemethods of spatial sampling which do not necessarily require manual labour (e.g.
[10]).

4

Discussion

The results of this GIS-based study prove that there is a great potential for
the application of 3D-GIS datasets in Precision Farming and plant protection
in particular. The uncertainties and vaguenesses resulting from sparse spatial
sampling, threshold calculation and interpolation could be reduced signiﬁcantly
applying 3D-density maps of e.g. weeds. Future research eﬀorts will have to focus
on the adjustment of plant protection sprayers to the required 3D-datasets and
the improvement of spraying precision. The combination of both high resolution
weed datasets and the capabilities of GIS in mapping and data analysis prove
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Fig. 2. This is an example of a 3D-weed density map. The gray scale contour lines
represent areas of equal weed abundance (black=1, dark gray=5, light gray=15 grass
weed plants per square metre) which have to be calculated in recently applied thresholdbased weed management.

that further enhancements of Precision Farming strategies will also be possible
in other crop-aﬀecting factors such as plant diseases nematodes or insects.
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