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Abstract

Aims Thegod of this paper isto present the results of astudy run over
7 consecutive yearswhich aims a characterising the Tempora Stability
of Within-Field Variability (TSWFV) for the most routinely measured
vine parameters. In the context of precision viticulture TSWFV is of
importance to know whether or not it is relevant to use the within-field
variability of theyear « n » to design asite-specific management strategy
for theyear «n+1».

Methods and results: The experiment was based on 6 vine parameters
measured at 30 Sites located within a non-irrigated vineyard block.
Parameters measured included indicators of avine capacity to produce
hiomass (pruning weight, yield and size of the canopy) aswell asindicators
of harvest qudity (sugar content, pH and Totd Titrable Acidity). For each
parameter asignificant tempord variahility of thefield averagewas observed
from one year to ancther. Thistemporal variability led usto define the
TSWFV asthe occurrence of consistently high value or low value zones
within thefield. The definition of high and low valuesis done according
to the averagefield value of the year for each parameter.

Conclusion: TSWFV analysisalowsthe parametersto be classified into
two distinct types. Type 1 parameters (pruning weight, yield and canopy
size) which present asignificant TSWFV and type 2 parameters (suger,
Totd Titrable Acidity and pH) which present no TSWFV.

Significanceand impact of study: For precision viticulture management
theseresultsare Sgnificant. They show thet yield or vigour (pruning weight,
size of the canopy) maps of the previous years are relevant in designing
Ste-gpecific management Srategiesin theyear « n+1 » or subsequent years.
Conversdly, mapsof quality parametersfrom previousyearsare not useful
in determining how to manage harvest quaity intheyear « n+1».

Key words: Vitisvinifera, within vineyard variahility, tempora stability,
precision viticulture.

Résumé

Objectif : Cet article présentelesrésultats d'une expérimentation rédisée
Sur sept années consécutives sur une parcelledevigne non-irriguée. Ceite
expérimentation a pour objectif d'étudier la Stabilité Temporelledela
Variahilité Spatiale au niveau Intra Parcellaire (STVSIP ou TSWFV en
anglais) de quel ques principaux parametresviticoles. Dansle domaine de
laviticulturedeprécision, l'étudedelaTSWFV estimportante pour savoir
sil est pertinent d'exploiter lavariabilitéintraparcellaire observéel'année
«n» afin deffectuer unemodulation desintrants ou des pratiques|'année
«n+l».

Méthodes et résultats: L'expérimentation est basée sur le suivi de six
paramétres mesurés sur 30 placettes distinctesal'intérieur dune parcelle.
L es paramétres choisis sont des paramétres quantitatifs (rendement, poids
deshoisdetalle, surface delacanopée,) maisauss des paramétresdela
quditédelavendange (sucre, adiditétotdeet pH). Quel quesoitleparamétre
considéré, uneimportante variation delamoyenne parcellaire aéé obsarvée
duneannéeal'autre. Cette variabilité temporelle nous aconduit adéfinir
laTSWFV commela présence de motifs spatiaux, stablesdansletemps,
correspondant ades valeursfortes et faibles. Lanotion de zone forte et
faibledevient donc relative alamoyenne parcellaire observée pour chaque
année et chague paramétre.

Concluson : L'andysedelaTSWFV apermisde mettre en évidence deux
classes de parametres. Les parametres de type 1 (poids des bois detaille,
rendement et surface delacanopée) qui présentent une stabilité temporelle
importante de la variabilité spatiale et les parametres de type 2 (sucre,
pH et aciditétotale) dont lavariabilité spatiae ne présente pas de stabilité
temporelle.

Signification et impact del'éude: Les cartesissues delamesure des
paramétres quantitatifs, considérés comme les plus prévisibles, pourront
congtituer une base pour mettre en place une modulation patide desintrants
et des pratiques. A l'inverse, la cartographie des paramétres de laqualité
delavendange semble plus difficile a utiliser pour mettre en place des
pratiques de gestion delaqualité.

Mots-clés: Vitisvinifera, variabilité spatiae, stabilité temporellg, viticulture
de précision.
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INTRODUCTION

Recently, precision agriculture and site-specific
management (Plant, 2001) has become increasingly
popular for many crops such aswheat (Yamagishi et
al., 2003), corn (Kravchenko et al., 2005), cotton (Boydell
and McBratney, 2002), sugar cane, etc. Thisismainly
dueto the use of emerging technologiessuch asred-time
sensors, airborne imagery and differential global
positioning system (Auernhammer, 2001, Stafford, 2000).
The spatial variation of crops assessed with these
technologies consgtitutes a new approach in agriculture
and it hes convinced researchersand farmersthat uniform
management may not be gppropriatefor al circumstances
(McBratney and Whelan, 1999).

These emerging technol ogies have also been used
morerecently on perennid crops, especialy winegrapes,
to characterise the spatial variation in the production
systems. Many projects located around the world have
focused on site-specific management in viticulture :
(Bramley, 2001; Tisseyreet al., 2001; Taylor et al., 2002;
Ortegaet al., 2003; Lamb et al., 2004; ArnG et al., 2005).
According to al these papers, winegrapes are assumed
to present a good opportunity for site-specific
management. The two major reasons presented for this
hypothesisare:

- The perennia aspect of grape vines. Inthisregard
vinesdiffer sgnificantly from broadacre crops. Thereis
no rotation and the same vine is always at the same
location over time periods of 30 yearsor more. Asaresult
vine development is an integration of thelocal soil and
micro-climate conditions over time. Thismay mean that
ayied map, asugar map, or another production parameter
map which highlights the within-field variability of the
year n, may be useful for predicting or assessing the
variahility of the same parameter a theyear n+1. Inother
words, due to its perennia nature, the within-field
variahility of vineyardsisassumed to present asignificant
tempord stahility.

- Some site-specific management srategiesare dready
regarded ashighly vauable particularly regarding qudity
management. The pdid variability of yidd, sugar, titrable
acidity and other parameters of year « n» could be a
relevant information sourceto plan adifferentia harvest
inorder to optimisethe quaity at harvestinyear «n+1».
Another possible significant application isthe control of
thevigour through differential fertilization, irrigation
and/or canopy management. Differential management is
aready being conducted in some vineyards around the
world.

For most of these applications, a knowledge of the
within-field variability at year « n » is considered as
significant to the adoption and the design of asite-specific
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management strategy inyear « n+1». In this context, it
seemsto be relevant to perform a study of the tempora
stability of the main vine production parameters in
viticulture. Thegod of this paper isto present the results
of astudy run over 7 consecutive years which aimed a
characterising the temporal stability of the within-field
variahility for the most common vine parameters. This
knowledge will contribute significantly to knowing (i)
whether or not it is relevant to use the within-field
variability of year « n » to design a site-specific
management strategy inyear « n+1» and (ii) whether al
the parameters present the same tempord stability. The
first part of thispaper will present the experimental field,
the sampling strategy and the methods used to process
and analyse the data. The second part of thiswork will
present the main results and will discussthe potentid to
adopt site-specific management on the basis of data
collected in previous years.

MATERIALSAND METHODS
1. The experimental field

This experiment was conducted in Southern France
on the research vineyard of INRA at Pech Rouge
(Gruissan-Aude-France). Theexperimentd fiddisal.2ha
of non-irrigated Syrah variety trained in Royat cordon. It
islocated near Gruissan, Aude, France (RGF93 datum,
Lambert93 coordinates: E:709800, N:6226840), on the
Clape limestone massif. Thisfield waschosen asitis
typica of vineyardsin the areain terms of its soil type,
vinedensity (4,000 vineshal) and trellising (1.7 mtraining
height with 3wirelevels).

At the beginning of the study, in 1999, the vineyard
was 8 years old. The mean elevation is 68 m above sea
level, therow direction is gpproximately East-West and
the general aspect is easterly (seefigure 1a). Like many
vineyardsinthisares, it was assumed to have Sgnificant
within-field soil variability. Although, the soil washeavily
cultivated prior vineyard establishment (deep ripping a
70 cm depth), the different soil layers were noticeable
from thetop sail (figure 1b).

Fgure 1c showstheresult of oil gravel messurements.
The percentage of element of asize higher than 125 mm
confirms the difference between marls, limestone with
clay and limestone.

2. Measurements
a Sampling location

It was assumed thet the main source of vinevariability
was dueto soil variation. A stratified sampling scheme
was designed according to soil observations. Thirty Sites
were defined within thefieldin order to takeinto account
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the soil variability and the different levations of thefield.
Figure 1c showsthe final sampling scheme which has
been used. The number of samplesassigned to each sail
type was approximately proportiond to the area of the
soil type (11 sites for limestone with clay, 12 sitesfor
marls, and 7 Steson limestone). Thefield border and the
different Steswere geo-located with adifferentia globa
positioning system (Leica Geosystems GS 50 and
Omnigtar corrections). The elevation was measured with
alaser tachymeter (Leica TPS 1100).

b- Sampling considerations and sampling scheme

The sampling design was congtructed bearingin mind
thet the ability to perform asdective harvesting operation
isdetermined by the « footprint » (resolution) of the grape
harvester. This meansthat the spatia variahility that our
experiment had to consider was at least determined by
the areathat the grape harvester operatesover a any given
time. (i.e. 1 row width over 4-5m. dlong therow). These
consderations lead to the design of a sampling scheme
which takesinto account the size of the machine. It was
chosen to measure the variability at a site which occurs
over 5m. A site of measurement was then considered
asasuccession of fivevinesalong arow. According to
our plantation dengity (1 vineevery 0.9 maong arow),
thisdefinition matcheswith thesze of themachine(4.5m
aong arow). For aconsdered sampling site::

- Yield, pruning weight and canopy size were
measured individually onthe 5 vinesin arow for each
gte. Themean and thevariance were then systematically
computed and attributed to the Site of measurement.

- Thequdity parameters (Sugar contert, titrable acidity
and pH) were assessed through a sample of 200 berries
picked asregularly aspossibleaong thefivevinesat the
sampleste.

Elevation (m)
1251
100+
754
504

25+

For mapping purposes, the spatial coordinates of the
measurementswere dtributed to the centrd vineat aste.

¢- Measurements

Between 1999 and 2005, severd measurementswere
systematicaly carried out on the 30 sample sites.

Yield and pruning weight were manually measured
with scales. In 2001 and 2002, the yield was measured
withthe Pellenc SA. prototypeyield monitoring system
embedded on agrape harvester. This measurement lead
to systematic yield sampling on the whole field with a
rate of approximately 2400 points.harl.

Canopy Szewas assessed by image andysis. Images
weretakenwith adigita camera(Olympus 1.4 Mpixels)
once the canopy growth had stopped and after the last
summer pruning operation. Images were aso grabbed
beforethe occurrence of yellow leavesdueto water deficit
(whichiscommon in Syrah vines on these soil typesin
thisarea). Theimageswere collected and processed with
Matlab (Mathwork inc. software) using the method of
Souchon et al. (2001).

The harvest quality parameters, sugar content, pH
and total titrable acidity, were measured on 200 berries
picked on the 30 sites on the day that the block was
harvested.

Table 1 summarizesthe history of thetrial and the
different measurements carried out on the grape field
since 1999. Canopy size measurements stopped in 2002
because this parameter was particularly difficult to
measure properly. Moreover, despite alow correlation
with pruning weight (r = 0.7), canopy size highlighted
the same within field spatia patterns (figure 2).
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Figure 1 - a) Elevation (in m) map of the experimental field, b) Map of thetop soil accordingto a soil survey,
¢) Map of sail gravel content (per centage of elementswith asizemorethan 12,5 mm) and final sampling scheme.
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Table 1 - Measurementscarried out on the 30 sites of the experimental field
(O : availabledata, « - »: not available)

1999

2000

2001 2002 2003 2004 2005

O

Yield - manually measured -

Yield - with the Pellenc monitoring
prototype (grape harvester)

Canopy size
Pruning weight
Sugar
Titrable acidity
PH

SO O O O

o - o o

O - - -

QA O O o O
S QO QO

3. Data analysis
a Datamapping

Inthisstudy, mapswereonly used asatool to visudize
theresultsand to confirm datistical anayss. Datamapping
was performed with 3Dfield software. Theinterpolation
method used in this study was based on a determinist
function (inverse distance weighting) dueto the small
number of measurement points (n = 30). For agiven
parameter, datawere mapped in 20 % quantilesfor each
year. Thisremoved absolute differences between years
and makesthe interpretation of maps over severd years
easier and highlightsthe potentia stability of zones of
high/low and medium values. For each map, the class
«very smdl » (white) correspondsto the 0-20 % quantile,
the class « very high » (black) correspondsto the 80-
100 % quantile and the class « medium » (gray)
corresponds to 40-60 % quantile of the data centered
on the median, etc.

b- Tempora stability andyss
- Tempora stability between pairs of years

Tempord gtability analysis was performed to verify
whether the same part of the vineyard systematically
presents high, medium or low vaues from year to year.
Testing the temporal stability of a parameter can be
summarized by a correlation analysis of the values
observed on dl the sitesin year « n» versusthe vaues
of the same parameter observed in year « n+1 ». To
conduct such an andyd's, arank correlaion anayss basad
on the Spearman rank method was chosen over classical
linear correlation (e.g., Pearson). This choice was made
inorder to limit the assumptionson thetype of rdaionship
between the samevariablesat different dates (over severd
years). The Spearman rank method doesn't require any
assumptionsonthelinearity of therelationship or on data
distribution. Moreover, this method matched the aim of
our study which was to assess whether the same part of
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a)

b)
Figure 2 - Comparison between map of canopy
and map of pruning weight in 1999.
a) Canopy size map, b) Pruning weight map.
Each of the 5 greyscale classes correspond to 20 % of the data.
Classesareranked fromwhitefor thelowest valuesto black for the
highest values.

afidd sysematicaly presentshigh, mediumor low vaues
from year to year.

The Spearman coefficient (rg) was computed
according to equation 1 (see Saporta, 1990; for more
detalls).

63 (R (Xen )~ R(Xis )
n=1- Z

n.(n2 - 1)

[eql]
Where:
n: number of sites of measurement on thefield,

Xk ty: isthevaueof the parameter X onthesitek and
theyearty,

Xk to: isthevalueof the parameter X onthesitek and
theyear t,,

R(Xk t7): istherank of thevalueamong all thevalues
of theyear ty,

R(Xk t1): istherank of thevalueamong al thevaues
of theyear t,



W=

ik2(n3 -n)
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Table 2 - Mean field values and coefficient of variation observed on each parameter for the seven years
of thetrial (NA : not available)

coefficient of

Year Mean variation
1999 2000 2001 2002 2003 2004 2005 (all years) (mean field)
Annual Mean v (%)
PH 342 373 3.55 3.37 3.72 3.59 3.53 3.56 3.84
Sugar (g.1™) 186 200 228 208 218 227 202 210 7.33
Titrable acidity
(H2504 8.1 483 416 394 495 384 323 458 422 14.48
Pruning weight (Kg.vine”) 0.80 0.82 0.63 0.76 NA 0.62 NA 0.73 12.98
Yield (Kg.vine™) 240 222 1.75 1.23 1.54 1.38 2.23 1.75 26.49
Canopy size (m”) 0.81 2.08 1.92 NA NA NA NA NA NA
rgvariesfrom-1to 1. rg=limpliesthat al thevaues Where:

present exactly the samerank in both series, which would
denote, inour case, agtrong tempora sability of thevaues
between two successiveyears. Significance of rgisgiven
by alow probability. Threelevels of significance were
choseninour work : 1%, 5% and 10 %.

b. Tempora stahility analysis over the whole
experiment

A more global analysis was conducted in order to
quantify the temporal stability of the different spatial
patterns over the seven years. The goad of thisanadysis
wasto give an index that allowsthe parametersto be
ranked according to their tempora stability. Thisanayss
was conducted with Kendall's coefficient of concordance
(W). W coefficient was originally developed to quantify
the agreement between severd judgesin their assessments
of agiven set of n objects. Such atest was used in this
study becauseit didn't require any assumptionseither on
thedistribution of the vauesor on thetype of relationship
(i.e linearity) between dataseries. W only focuseson the
rank of thevaluesand provides an assessment on how the
rank given by severd judgesfits between the different
objects. In this study, the n objects were the 30 sites of
measurement, and the 'judges were the different years.
For each parameter, the analysis was then conducted on
a matrix where the lines referred to the sites of
measurement and the columnsto the year. W variesfrom
0incaseof total disagreement (i.e. no temporal stability)
to 1in case of total agreement. The equation to compute
W isgiven by equation 2. (after Sgporta, 1990).

S(R, -R)?
=l [equ. 2]

12 with

n

3

n

% -
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k
R = 3 R(Xir) wna
t=1

n: isthe number of sites of measurement,
k: isthe number of year,

R: isthe averagerank of the measurement site over
al the consdered year.

RESULTSAND DISCUSSION
1. Mean field variability over time

Table 2 presents summary field statistics for each
parameter and for each year of our trial. Focusing onthe
yield, the mean field value varies from 1.23 kg.vine'
in 2002 to 2.4 kg.vine'1 in 1999. Thisresult highlights
asignificant tempora variability in the averageyieldin
non-irrigated conditions with a potential two-fold
differenceinyield within aseven year period. The other
parametersin Table 2 dso show similar resultsto yield.
A significant temporal variability of themean fieldis
observed over the seven yearsfor pH (varying from 3.42
in 1999 to 3.73 in 2003), sugar content (varying from
186 ¢.1in 1999t0 228 g.I"1in 2001), TTA (varying from
3.23g/"1in 2004 t04.95 g1 in 2002) and pruning weight
(varying from 0.62 kg.vine'1in 2004 t0 0.82 kg.vine'in
2000). Variation observed on canopy size between 1999
and 2000-2001 is due to a change in the measurement
procedure. The 2000 and 2001 dataincluded acdibration
procedure to convert the canopy sizeinto m2. In 1999,
the size of the canopy was measured in percentage of
green pixel in the image frame. This change largely
explains the observed variability whichis not only due
to year effect.

The observed tempord variahility islargey explained
by specific climatic conditionsin each year which srongly
affect average values at thefield scale. Thiseffect is
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observed on both quantity parameters (yield and pruning
weight) and harvest quality parameters (sugar conten,
pH and TTA). In table 2, the temporal coefficient of
variation (computed from annual means over the seven
years) is particularly significant for the yield (CV =
26.49%). Conversdly, thetempord coefficient of variation
of pH and sugar content (repectively 3.84 % and 7.33 %)
arethelowest. Thisresult was expected since average
field vauesof pH and suger drivethedate of harvest. For
these parameters, the potential tempora variability due
to climatic conditions of the year is offset by the choice
of the harvest date.

2. Annual Within-field variability

Figure 3 presents median values and boxplots
summarizing the distribution of vaues observed for each
parameter and for each year. Boxplotsare centred on the
median value. The size of the box represents the limit
of the upper and the lower quartiles (75 % and 25 % of
thedistribution respectively). Thewhiskersrepresent the
5% - 95 % percentiles of the ditribution.

For each parameter, the median values present the
sametrend asthemean value presented intable 2. Figure 3
a0 showsthelarge range of variation around the median
regardless of the year or the parameter. Focusing on the
yield, figure 3 shows that the range of variation (5% -
95 % of thedistribution) isat least of 2 kg.vine'l whatever
theyear (whichistwicetherangein mean yied observed
intable2). Thisequatesto &t least of 8 Mkg.harl variation
within-field yield. However thisrange of variationisnot
constant over time; with ayield range of more than
4 kg.vine'l in 1999 and around 2 kg.vinel in 2004.

pH

Sugar

Similar results were observed for all the parameters
(figure 3).

A moredetailed andlyssof thewithin-fidd variability
ispresented intable 3induding the coefficient of variation
(CV) computed for each parameter and each year. The
CV statistic summarizesthe variability observed at a
within-field level. It correspondsto the standard deviaion
normalised by the mean and givesthe percentage of the
mean value that the standard deviation correspondsto.
CV isusudly used to compare the magnitude of variation
of different parameters. In thiswork, it isimportant to
note that CV's values are highly dependant on the
considered parameter : pH presents the lowest CV
(average of 4), pruning weight and yield present the
highest CV with an average of 38.6 % and 47 %
respectively. In generd theresultshighlight asignificant
spatia variability of quantity parameterslikeyield and
pruning weights and aless significant spatial variability
for harvest qudity parameters. Similar resultshave dready
been observed in other partsof theworld (Bramley et al.,
2004, Taylor et al., 2005). Whatever the parameter, the
CV dsovary dradticaly from oneyear to another. During
the seven yearsthis experiment lasted, results show that
CV can dmost double for most of the parameters. This
isparticularly truein the casein pH, where CV varies
from 3to5, sugar content (7-15), TTA (7-14) and, pruning
weight (26-40). Yield seemsto present arelaively more
stable CV overtime.

3. Discussion on the within field variability

Theresultspresented in sections 3.1 and 3.2 are based
on non-spatia descriptive statistics. Neverthelessthey
highlight variability in space (at awithinfield level) and
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Figure3- Temporal variation of yield, pruning weight, canopy size, sugar, titrable acidity and pH.
The 25 %-75 % percentiles are represented by the size of the box, the median isrepresented by the horizontdl line, the 5 %-95 % percentiles
are represented by the « whiskers » and the outliers are represented by « 0 ».
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Table4 - Rank Correation Coefficient rg of Spear man computed between yearsfor all the paramaters
(* p>0.1,** p>0.05, *** p > 0.01) « - » correspondsto anot significantrg.

Year

Average spatial
coefficient of

Cocfficient of variation (%) 1999 2000 2001 2002 2003 2004 2005 v fiation
crs(%o)

PH 4 3 5 5 5 5 4 44

Sugar (g.1") 15 9 10 9 12 7 7 9.8
Titrable acidity (H2SO4g.1") 14 9 10 10 13 13 7 10.8
Pruning weight (Kg.vine™) 47 40 40 26 NA 40 NA 38.6

Yield (Kg.vine™) 43 44 48 47 51 54 42 47
Canopy size (m®) 10 10 8 NA NA NA NA 93

in time for the most common parametersin viticulture.
Some of these parameters present asignificant variability
in space or time, particularly the quantity parameters of
yield and pruning weight, and can be designated as
«typel» paameers Conversy other parameters present
lesssignificant variahility either in spaceor intime: eg.
harvest quality parameterslike sugar, pH and TTA, and
these parameters can be designated as « type 2 ».

One of the most significant goals of precision
viticultureisto usethe spatid variability observedin year
«n»to provide site-specific management optionsin the
vineyardinyear «n+ 1 ». Inthiscontext, our resultsraise
severd questionswhich haveto be addressed:

- Firgtly, regarding the magnitude of spatid variation,
managing within-field variability of type 1 parameters
may be more interesting than type 2 parameters. This
conclusion comes from the analysis of avery smplistic
datistic based on the coefficient of variation which doesn't
takeinto account other considerations like profit margin,
winery requirements, etc. In other locations and with a
similar magnitude of spatia variation of type 2 parameters,
Bramley et al. (2005) concluded that Site-specific
management of grape quality was profitable for the
growers.

- Secondly, regarding the significant temporal
variahility observed, especidly for type 1 parameters, it
seems redundant to consider managing the spatial
variability if it ismasked by the temporal variability.
Nevertheless, if the spatia variability exhibits consistent
patterns over the yearsthen it may possibly be managed
despite the temporal variability. Thisassumption is of
importancesinceit alowsthe consideration of congistent
zonesa awithinfield scae, Verifying the occurrence of
zoneswould then requireto identify locationswhich have
auniform response over theyears. Thisdefinitioninclude
the possibility for azoneto be high oneyear and to below

-33-

the next year (i.e. to have flip flop effects). The spatial
resolution of our dataset isnot large enough to test such
aproposition. Thefollowing redlistic assumption isthen
made : the average level of the different zoneswould
changeover thetime, nevertheless, zoneswhich present
highest, medium, and lowest va ues compared to themean
of the field would then have the same locationsin the
field. Figure 4 provides an illustration of such an
assumption. Figure 4 shows a hypothetical field with
three zones. The zonesare consgtent over thetime since
they are at the same location two years in a row.
Hypothetical boxplots of the field zonesillustrate our
assumption for the two years : asignificant temporal
variability isobserved since averagefield vaue can change
dradticaly from ayear to another. Neverthdess, the spatid
pattern remains consistent across both years sincethe
zonesof high, mediumand low vauesremain at the same
location. Considering thisthe Tempora Stability of the
Within-Field Variability (TSWFV) isinteresting in the
frame of our work. Indeed, it allows the user to know
whether it is possible or not to consider the within field
variahility of the previousyear in the management of the
field in the subsequent year(s).

The analysis presented in the next section aims at
verifying the assumption of TSWFV asdefined inthis
section. Parameters of type 1 and type 2 were conddered
and processed in the same way.

4. Analysis of the Temporal Stability of the Within
Field Variability (TSWFV)

a Resultsof corrdation rank

Teble4 summarizesthevauesof rg (Spearman'srank
correlation coefficient) observed on the entire data set.
Spearman'srg was computed for each possible pair of
years and each available parameter. Like the Pearson's
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Figure4 - Hypothetical field with three zones of high, medium and low zonestwo yearsin arow.
a) year n with high averagevalues. b) same hypothetical field theyear n+1 with alow averagevalue
but consgtent patter nsof low, medium and high values

linear correlation coefficient, Spearman'sr g givesthe
strength that two series of vaues arelinked with.

Table 4 showsthat two classes of parameters can be
considered. This distinction follows the one madein
section 3.3 (« type 1 » and « type 2 » parameters) :

- « Type 1 » parameters always present high and
datistically significant values of rg. Thisisthe case for
yield, pruning weight and to alesser extent for canopy
Size. Focusing on pruning weight, this parameter shows
rsvaluesvarying from 0.45 (for the pair 2000-2002) and
0.84 (for the pair 1999-2004). For al (10 over 10) the
availablepairsof years, rqvauesare setigtically sgnificant
for the pruning weight. Yield, with 19 pairsof yearsover
the 21 congdered, presentshigh and Satisticaly Sgnificant
rsvalues. For canopy size, only three pairs of yearswere
available, neverthdess, thethree of them weresignificant.
Significant rg values are not necessarily observed between
yearsinarow. They are observed between 1999 and 2004
(rs=0.84) for the pruning weight or between 1999 and
2003 (r5=0.70) for theyield. These results show that a
strong TSWFV isobserved for these parametersand that
thisSTSWFV isaso relevant on the long term.

- « Type 2 » parametersaways present small and not
necessarily statistically significant vauesof rg Thisisthe
casefor TTA, sugar and to alesser extent for pH. Focusing
on TTA, rgvalues are setistically significant for only 4
pairs of years among the 21 considered. Significant rg
remains small for this parameter (maximum rg = 0.515
for the pair 1999-2004). For sugar and pH, with 7 and 9
yearsover the 21 consdered respectively, despiteanumber
of rgvaueshigher than that observed for the TTA, results
aresamilar. Again, itisinteresting to notethat correlaions
between years does not necessarily appear between two
yearsin arow; significant correlaion is, for example,
observed between years 1999 and 2004 for TTA, between
years 2000 and 2005 for pH and sugar. Theseresultsshow
thet avery week TSWFV isobserved for these parameters

b- Mapsanaysis
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The maps presented figures 5, 6 and 7 confirm the
results highlighted by the Spearman’srank correlation
coefficients(rg) intable4. Figures5, 6, 7 only showsmaps
of pruning weight, yield and TTA obtained over the seven
years of the experiment. Sugar and pH maps were not
presented Sincethey exhibit Smilar characterigicsto TTA.
For each map, black zones correspond to high valuesand
white zonesto low valuesin respect to the mean values
for each particular year.

Mapsof pruning weight highlighted consstent petterns
regardiessof theyear. Thefield consstently hasonezone
of high pruning weight in the northern part and two zones
of low vaues (south east and south west) separated by a
thinlong zone of high vaues. Because of theinterpolation
method and sampling rate, the thin zone of high values
did not appear clearly in every years(especialy in2002).
Pruning weight maps of 1999, 2001 and 2004 present
very smilar patternsinthefield and correspond to years
which had the highest r 4 correlation coefficient (see
table4).

Mapsof yield aso presented consi stent patterns over
the years. Nevertheless, this consistency isless obvious
than with the pruning weight. This result was expected
sincer ¢ correlation coefficients were slightly smaller
for thisparameter. Yield mapsaways showed oneor two
zonesof highyidd inthenorthern part of thefield. These
zones are sometimes separated with athin zone of low
yield (especialy in 1999, 2000 and 2004). A zoneof low
yield congstently appearsin the southern part of thefield.
Once again because of the interpolation method and the
sampling rate, the contour of thislow yield zone changes
dightly from oneyear to ancther. Theyidd mapsof 1999,
2001 and 2003 present very Similar spatia patterns. This
result was expected since these years correspond to the
yearswith the most significant r coefficient (table4). An
analysis of spatio-temporal relationships between
parameterswas not the purpose of thiswork, nevertheless,
it isinteresting to see that high and low pruning weight
zones often match with high and low yield zones,
respectively .
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Table4 - Rank Correlation Coefficient rg of Spear man computed between yearsfor all the paramaters
(* p>0.1,** p>0.05, *** p > 0.01) « - » correspondsto anot significant rg,

2000 2001 2002 2003 2004 2005
PH
1999 - - - - - -
2000 - - 0454 * 0345 * 0487 *
2001 - 0464 % - 0438 *
2002 0.549  ** - 0377 *
2003 0329 * 0501 *
2004 -
Sugar
1999 0343 * 0492 * - - - -
2000 0480 * - - - 0419 *
2001 - - - 0466 *
2002 - - -
2003 0313 * 0374 *
2004 -
Titrable acidity
1999 0343 * - - - 0,515 * -
2000 - - - 0,363 * 0424 *
2001 - - - -
2002 - - -
2003 - -
2004 -
Pruning weight
1999 0,657 *** (0840 *** (578 *** 0,842 ***
2000 0,799 *** (454 * 0,585 **
2001 0,727 *** 0,822 ***
2002 0,527 **
2003
2004
Yield
1999 0,598 *** (576 ** 0,619 *** (0702 *** 0401 * 0,565 **
2000 0441 * - 0,408 * 0,606 *** 0,509
2001 0388 * 0711 *** (579 ** (0445 *
2002 0,567 ** - 0,540  **
2003 0,546  ** 0,665 ***
2004 0,490 *

Canopy size
1999 0,556 ** 0419 *
2000 0,521 **
2001
2002
2003
2004
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2003

2005

Figure5 - Pruning weight maps. Each of the 5 greyscale classes correspond to 20 % of the data.
Classes are ranked from whitefor the lowest vauesto black for the highest values.

1/, §

2003

2002

Figure6 - Yield maps. Each of the 5 greyscale classes correspond to 20 % of the data.
Classes are ranked from white for the lowest valuesto black for the highest values.

For TTA, consgtent zones are difficult to identify with
several maps showing almost inverse responses, e.g.
the 1999 and 2005 maps. Thisresult confirmsthat TTA
present aweak TSWFV. Sugar and pH maps present
smilar characterigtics.

A visud analysis of the maps confirmsthe results
presented table 4 and highlights the relevance of our
analysis, in particular the use of the Spearman's r
coefficient to assess thetime stability of thewithin-field
variability. Maps show consistent zones of yield and
pruning weight and aknowledge of thiscong tent pattern
may be a significant decision support when considering
future Site-specific management of thefields.

5. Temporal stability over the whole experiment
and discussion

The previous section (section 3.4) focused on ayear
per year analysis of the time stability either through the
Spearman'sr ¢ coefficient or the maps. Nevertheless, a
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more global analysis over the entire period of the
experiment isrequired to confirm this conclusion. This
global analysiswill be necessary to provide an objective
index for ranking each parameter from the most to the
least time consistent. Thissectionaimsat providing such
anandyss.

Table 5 presents the Kendal's coefficient of
concordance (W) of each parameter computed over the
seven years of the experiment. W illugratesto what extend
aparameter can be considered astime stable considering
al the yearstogether. Again, table 5 allowstwo types of
parametersto be consdered :

- « Type 1 » parameterswhich present high Kenddl's
W vdues; pruning weight (W = 0.76) , Size of the canopy
(W=0.71) andyidld (W = 0.59),

- « Type 2 » parameterswhich present low Kendal's
W values; pH (W =0.37), sugar (W =0.35) and TTA
(0.29).
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Table5 confirmstheresults presented inthe previous
two sections. The within-field variability of type 1
parameters can be considered significantly time stable.
Among these parameters, pruning weight presents the
highest TSWFV. Despite a high W value, the non
significant result observed for canopy szeismainly due
to the small number of years (three) available for this
andysis. Yield can be considered astime stable over the
seven years. Neverthelessthe smaller W val ue observed
for this parameter, compared with pruning weight and
canopy size, probably means aless sgnificant TSWFV.
This confirmsthe results from table 4 that a significant
TSWFV wasnot conggtently observed between all years
(2 over 21 comparisons are not significant). Table 5
confirmsthat « type 2 » parameters don't present any
TSWFV for pH, sugar or TTA.

Theseresultsarerdevant since « type 1 » parameters
(and especidly pruning weight) are strongly related to
water and nutrients availability. They largely depend on
soil characteristics (soil texture, soil depth, etc.) and
topography (water flow) that differ littlefrom year to year.
The non-irrigated condition in the vineyard studied may
further emphasise these results. The smaller TSWFV
observed for yield compared to pruning weight may be
due to its less significant link with time stable field
attributes. Disease problems, dimatic anomalies, or other
anomdieswhich may affect yield may explainthisamdler
TSWFV level. Thisresult isof importancein the context
of precision viticulture. It meansthat pruning weight (or
other vigour assessment) and yield mapsto alesser extent
may condtitute relevant decision supportsto manage the
within-field variability for future years. Regarding the
resultsof thisstudy, variability observed either in pruning
weightsor ayield map remainsrelevant for a least seven
years. Varigble rate operations (irrigation, fertilisation,
pruning) could therefore be driven by the spatid varighility
observed in pruning weights or yield in previous years.
A first smple relevant application could beto optimise

yield assessment by atarget sampling procedure based
onthespatid variahility of previousyield or vigour maps.

Conversdy, thelack of TSWFV observed in « type2 »
parametersindicatesthat thereisno obviousrelationship
between time stable vineyard attributes, like physicd soil
propertiesand topography, and these parameters. Qudlity
maps (pH, sugar and TTA) of the previous years are
therefore of little valueto drive either quality assessment
or differentid harvest of the qudity for the yearsto come.
Onceagain, non-irrigated conditions may be emphasising
thisresult. Theresults aso highlight that within-field
variability of « type 2 » parameters is much more
complicated to prediict. Inirrigated conditionsresultsmay
bedifferent. Ontwo irrigated blocks (4 yearsand 3years
of measurements), within field measurements reported
by Bramley (2005) showed consistent patternsfor each
attribute (sugar content, pH, total titrable acidity and
phenoals).

Plant water satusmay have asignificant contribution
to quality at thewithin field level. Experimentsrun by
Ojedaet al. (2005) tended to show that harvest quality
results from a strong interaction between the climate of
the year and water availability (mainly explained by soil

Table5- Kendall's coefficient
of concor dance computed over seven years.

Kendall W Sigifol.coa Ir;ce
Pruning weight 0.76 .
Size of canopy 0.71 Ns
Yield 0.59 e
pH 0.37 Ns
Sugar 0.35 Ns
Total acidity 0.29 Ns

/ﬁb

2002

2004

2005

Figure7 - Titrableacidity maps. Each of the 5 greyscale classes correspond to 20 % of the data.
Classes are ranked from white for the lowest valuesto black for the highest values.
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attributes). Depending on climatic factors and thewithin-
fidldvariability of soil attributes, thisinteraction may lead
tovery different spatia patternsin nortirrigated conditions.

CONCLUSION

Theaim of this paper wasto present the results of a
study run over 7 consecutive years to characterise the
Tempora Stability of the Within-Field Variability
(TSWFV) for themost common vine parameters. Inthe
context of precison viticulture, TSWFV isof importance
to know whether or not it isrelevant to use the within-
field variability of theyear « n»to design asite-gpecific
management Srategy ontheyear « nt+1». Theexperiment
was based on 6 parameters measured on 30 Sites|ocated
withinanonirrigated vineyard. Parameters measured the
vines capacity to produce biomass (pruning weight, yield
and size of the canopy) aswell as harvest grape quaity
(sugar content, pH, Total Titrable Acidity).

Whatever the parameter, a significant temporal
variability of the mean response was observed from one
year to another. Thistemporal variability lead to the
definition of the TSWFV asthe occurrence of consistent
high values or low values patterns over the years. High
and low values were defined in relation to the mean
vineyard value of the year for each parameter. TSWFV
analysis alowsthe parametersto be classified in two
distinct types. Type 1 parameters (pruning weight, yield
and canopy Sze) which present asignificant TSWFV and
Type 2 parameters (sugar, TTA and pH) which present
no TSWFV. Thisresult may indicate astrong relaionship
between Type 1 parametersand severd timestablefield
attributeslike soil texture, soil depth, topography and the
resulting water and nutrients availability. Non-irrigated
conditions may serve to emphasise such arelationship.
Conversely, Type 2 parameters present amore erratic
within field distribution over the years. For these
parameters, it was hypothesised that astrong interaction
between the climate of the year and water availability
(mainly explained by soil attributes) may lead to
inconsigtent zones at the within-field scale.

For precision viticulture management, these results
aresignificant. They show that yield or vigour (pruning
weight, size of the canopy) maps of the previous years
are relevant in designing site-specific management
drategiesintheyear « n+1» or subsequent years. For the
vineyard used in the study, avigour map (pruning weight)
remained relevant over 6 years. Conversely, maps of
quality parameters from previous years are not useful
in determining how to manage harvest quality inthe year
«n+l».

Nevertheless, on the basis of these results many
questions il need to be addressed in futurework :
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- The possihility of designing an optimised targeted
sampling scheme based on the amount of within field
variability observed in previous years. An early
assessment of theyield is often required by wineries
for management purposeand harvest logistics. Improved
harvest logitics will assist both growers and wineries
dike.

- Thepossihility to use «type 1 » parameter mapsand
s0il mapsin association with climatic dataor plant water
gatusdatato predict within-fidd quaity variahility. This
hypothes's needsto beinvestigated to determineif qudity
can be predicted as a season progresses.

- Therelevance of airborneimagery or ground based
sensors in assessing the within field variability of
«type 1 » parameters. Information provided by such
sensors should remain relevant over anumber of years.
Experiments specifically dedicated to study thetempora
stahility of information provided by airborne imagery
and itslink with ground truth information are yet to be
investigated.
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