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Abstract: Vineyards vary substantially in the quantity agdality of grapes they
produce. The study was undertaken in a commer8airiidano” vineyard block (0.6
ha) in the municipality of Mogoro (Sardinia isleally) during the vintages of 2008,
2009 and 2010. A total of 106 plants were sampletl georeferenced. To assess the
joint spatial and temporal variation of the vineperties, a multivariate geostatistics
technique was applied, called factor cokriging, ekhaims at decomposing the overall
variance in a restricted number of regionalisedesdapendent factors. The thematic
maps of the vineyard properties and the ones ofadtiers show a large variability on
both space and time. All the measurements of 3$pageeement reveal a lack of
temporal stability of the variation patterns ovee years.
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1.Introduction

Precision Viticulture (PV) is an application of némformation Technologies (IT) used
to maximize grape production efficiency and qualitigile minimizing environmental
impact and risk. It is actually dependent on thistexce of spatial variability in either
product quantity or quality or both. Some variabiesy also be temporally variable, but
have stable spatial patterns or show little temlpetability. The most compelling
argument for the adoption of PV is the accuratesssent of variability that has been
observed in vegetative growth, yield and grape iualver the past few years
(Bramley, 2004). The objectives of PV will diffedepending on the market
requirements for wine, and the use of selectivedsiing might be utilized to optimize
quality (Bramley et al., 2003). Thus winemakerschee produce grapes that maintain
certified characteristics of good quality over ffgars and to reduce the interventions by
adopting site-specific techniques. Grape qualitghiwi the zones characterized by
different vegetative vigor is tested by using atdied sampling and the results are used
to formulate differential harvest strategies (Braynlet al. 2005). When maps are
delivered, farmers receive a large amount of ddtigiwhas to be analyzed rapidly. This
means that the decision, as to whether or not #pigropriate to apply site-specific
management (SSM), has to be made in a few days. skep is even more critical in
viticulture when the information is delivered anthbyzed at the cooperative level. The



primary technological advance that makes precisigriculture feasible is the yield
map, which enables the farmer to estimate croplyiébr sections as small as a few
square meters and to display the collection ofedahestimates in color-coded maps.
Growers can identify high- and low-yielding regiaofsthe field and precisely quantify
the differences between them. To produce accurafesrof yield and grape quality, the
use of geostatistics may be much valued but it I8 acveeded to introduce a
methodology for evaluating the temporal stabilifyspatial patterns in the vineyard.
The objectives of this work were to delineate hoerepus zones within a vineyard and test
their stability over the years.

2. Materialsand M ethods

This study was undertaken in a commercial “Semitianmeeyard block (0.6 ha) in the
municipality of Mogoro (Sardinia, Italy) during theears 2008, 2009 and 2010. The
plants were harvested at 106 locations georefedebgausing a DGPS device (GRS1,
TOPCON), and the number of bunches, the averagehbweight and the total
production per plant were determined for each Y@arariables). The Babo® degree of
the grapes was calculated by rifractometric metlsidg an optical refractometer (MR
210, Greensis) and the total acidity (tartaric poids expressed in ml of NaOH 0,1 N
used for tritated 7.5 ml of must solution. The meaments were done only in 2010.
The multivariate data set then included elevenaides.

To assess the joint spatial and temporal variatdnthe vineyard properties a
multivariate geostatistical technique was appliedlled factor cokriging analysis
(FCKA), which aims at decomposing the overall vace in a restricted number of
regionalised scale-dependent factors. The theodenying FCKA was described by
Castrignano et al., 2000 and Wackernagel, 2003.

To produce the maps of the variables, MultiGausaroach was used which requires
a prior Gaussian transformation of the initial ibtite into a Gaussian-shaped variable
(Wackernagel, 2003, pp. 238-249).

The transformed data were then submitted to gesistat analyses and the estimates
were back-transformed to the raw data to produemé#tic maps.

The three basic steps of FCKA are the following:

1) modelling the coregionalization of the set ofiailes, using the so called Linear
Model of Coregionalization (LMC) and interpolatitite variables at the nodes of a 1 by
1m-cell grid by cokriging;

2) analysing the correlation structure between \thdables, by applying Principal
Component Analysis (PCA) at each spatial scale;

3) cokriging specific factors at the characteristiales and mapping them.

Contingency table and Cohen’s kappa statistic wieegl to evaluate the stability of the
spatial patterns of variation over the three-yearga of study.

3. Results

The exploratory analysis (results not shown) of snead variables in the different years
revealed considerable variation both across theyerd and over time. The spatial
variation was attested by the high values of CVéemas substantial temporal
variability between the vintages was observed,eatetl by the mean and maximum
values, which varied significantly among the di#ier dates for each type of variable.



A LMC was fitted to the Gaussian transformed ddtallovariables, including two basic
structures: a nugget effect and an isotropic spakmodel with range=18 m. The
overall spatial and temporal variance was splito iritvo approximately equal
components, the not-spatially correlated compofrungget effect) and the short-range
component. The previous results show that the maasation within the vineyard
occurred at very short distance.

The spatial maps of the eleven variables, obtanyecbkriging, show a large variability
on both space and time making difficult to disclesene distinct spatial patterns (only
the maps of grape mass per plant were reportedgumrd-1). Nevertheless, there is a
wide central area mostly characterised by the lsighalues of number of bunches,
average bunch weight and total production per piarall the three years and by the
minimum values of acidity and Babo degrees of ggape 2010 characterized by a
general increase in erraticity.
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Figure 1: Thematic maps of grape mass per plant for tk&t&ears.

In PCA applied to 18m-range structure we retaimedeigenvectors (factors) producing
eigenvalues greater than one. Therefore, we focosethe first three factors, which
accounted for 36%, 30% and 20%, respectively, o thtal variation at the
corresponding spatial scale. The positive loadialyes for the three factors (data not
shown) indicated the variables recorded in 2009)828nd 2010 as the ones most
influencing the first, second and third factor, pestively. These factors can then be
assumed as indicators of grape production in 20092808 and also of grape quality in
2010, even if the proportion of the spatially stawmed variance explained by each one
of them is quite low.

Figure 2 shows the maps of the indices obtaineddmssifying the scores of each factor
into three isofrequency classes, called low, medana high. All the maps look quite
variable, characterised by many spots of contrgstailues, so that it is very difficult to
disclose some common patterns of spatial dependentaning stable over the years.
At a visual inspection, the maps (Figure 2) do meeal a sensible spatial association
from one year to another one, which means that deahpvariation, related to
meteorological pattern, exceeded spatial variatiaime three years. However, to make
these comparisons more objective, we calculatedctmbingency matrices (not shown)
to assess the spatial shift of the classes frol2@8 vintage to 2009 vintage and from
the 2009 vintage to 2010 vintage. The results shioat the classes high, low and
medium corresponding to the 2008 vintage remaitedulesin the corresponding classes
(high, low and medium) of the 2009 vintage at tlecpntages of 37.40, 32.91 and
34.14, respectively, whereas the resting part moweke other classes. About 34%f the
class high was transformed into low class and 31%w class into high class. As for
the transition from the 2009 vintage to 2010 vietaige high class remained stable for



41.39% and moved to low class for 26.52%, wherkaddw class remained stable for
46.65% and moved to high for 31.95%. In synthdsis,results show that the overall

temporal stability of the classes between the gega2008-2009 and 2009-2010 was
about 35% and 45%, respectively. These resulte@mérmed also by the values of k

statistics, 0.023 and 0.18 for the two cases, w@s@dy, which are extremely low, even

if significantly different from zero. Such a lowvie of spatial association over time can
be attributed mainly to the sensitivity of the waed to the contingent conditions.
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Figure 2: Maps of the first three factors.
4. Concluding remarks

The main objective of this work was to assess thgmitude, structure and persistence
in time of the spatial distributions of quantit&ivand qualitative properties of a
vineyard using multivariate geostatistics. In tktsidy we showed that multivariate
geostatistics can be used to assess the heteragesgatial and temporal distributions
within a vineyard and could then be used effickemti PV. However, to make site-
specific management successful, the spatial digtab of vine should be well
structured and the temporal persistence high enoliglé preliminary results seem to
advice against the use of PV in the study viney#indugh the analysis should be
repeated over several years in order to reveahb#urecurrent patterns over time.
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