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Multivariate forecasting model to optimize management of grape
downy mildew control
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Summary

,{im ofthis studywaslo develop a for€casting model
roî Plssmoparu víticola to achieve rational disease ma-
tragement and to reducethe ùse of copp€r treatments in
organic farning. Startitrg from meteo-climatic, agrono-
mic and phytopalhological data a paÉial least squares
discriminant analysis rvas d€velop€d. Thr€e differènt
strutegies were compared: treatments according to the
established organic agricultural practice (standard)i
treatments accorditrg to the predictive model and un-
treated control wher€ no Inngicides agrinst downy mil-
dew were applied. The modelling approach was divided
into thr€e phases: l) mod€l calibration; 2) fi€ld testing
^nd 3) a poste oîi model performanc€ evaluation. The
prediction was separately considered and modeÌed for:
i) disease ons€t and ii) disease progress. The resrlts for
ph{se 1 showa percentage of correctclassilication equÀl
to 91.8 70 for the disesse otrset with 3 days clapsed bet-
ween the prediction of Iirst potential aftack and disease
onset and to 9r.23 % for disease progrèss. ln ffeld t€s-
ting phase the percetrtag€ of correct classificatior Ì{as
equal 10 {bout 81 7. for both the analyscd y€ars (2009
ard 2010). In the phase 3 the p€rcentages wer€ quiedy
higher for th€ 2009. The number of fungicide applic{-
tions on the paÉial least squares discriÌninant atralysis
modelÍ'as alnìost ù alf compared ivith standsrd schedu-
le both in 2009 and 2010. Finally this approach show€d
the possibifry to reduce îungicidal treatmentr atrd to
avoid applying copper not essential for disssc conÍol
representing a first step in th€ model validation.

K e y w o r d s : Partial icast sqldes disoiúlnaú amlysis,
copper. lorccasting model. hosfpaihogen intcractioq organlc tur-
mi\g, P ldshòpard riti.a ld.

Inrroduction

The choice and timiùg of pesticide appìications are
essentìal to achieve a concct plant protection. Djrective
20091128/EC on sùstajnable use of pesticides encoumge
the development offorecasring dia$osis sysiems to dcter
mnre wlúher and when to apply plant protection measu-
res. Forecasting models could give a decisive suppotr to rhe
farmer..  especial l t  ro r |e orddnic gro$er5 be(!ù"e orgJtr ic
production method inplics that only few plant prutection
products could be used and they have prevenlivc activiry

Thc modcls simulate epidemic processes aúd proy;de the
onset and development ofhalmfuÌ organisms. Ipidcmiolo
gical modcls can be either empirical or nechanìstic (BRU-
rtll- et da 2002). Empi.ical models are elaborated stariing
fiom data collectcd under specific field conditions and not
necessarily cortain cause-effect relationship between va.i-
ables. On the contrary mechanistic nodels are based on an
a"/t rt analysis ofthe factor influencing epidemics (CaFFr
e/ at 2007). when the waming system indicates a citical
situation based on a risk ìndex, the alarm is gìven for car-
rying out the treatments. Optimizing the placement of ap-
plications it is possible to reduce tbe number of Íealrnents
and so thc ncgadve impacts due to the pesticides or the
enviro nenl and hcalth of famers and consumels. Star-
tins froln Goidadch model (corDAMcn el aa 1957) and
the "ttuee ten ru1e" (BaLDAccr 1947) several predicÌive mo-
d€ls have been devclopedin order to detemine the optimal
tine for applying fungicides agair.Lst Plasmoparu yíticola
(BERK. et Cl-rRT.) BEù. et DE TONI (Àtr{caREy er d/.
1991, tlll-l 2000, VREr and BLoEsl:iH, 2002, Rossr el al
2008) but generally these approaches tend ro overerimale
the risk of infections and induce to treat the vineyard even
if not necessary with an excessjvc applicatjon ofpcstìcì
des. Some forecastìng models, otherwise, undemstimatc
the dsk ol inîection leaving the pathogen to breakout.

The ainì of this study was to develop a multivadate
statistical model based on the partial least squares disùimi-
nani analysjs ("LSDA) for prediction ofP t'itìcola ],]fec-
tions in order to reduce the use ofcopper in oryanic farming
staÉing from meteo-climatic, agonomic and ph]'topatho-
logical data. This approach was canied out considerìng
rwo different khds ofpredictioni the discase onsei and thc
disease progress (ìnîcction cycle development during the
remaininc season).

Matérial Ànd Methods

Field rr i  a 1s: Two yeals (2009 and2010) off ic ld
tÌials were canied out in an organic vineyard near Romc
(ccntral Italy) (lat. 41.4oN, lory. 12.3"E, 180 m a.s.l.). The
grape variety tested was 'Malvasia di Candìa , and rhe root
stock (44 years old) employed was Kober 5BB (nrr Ae,,-
Ian lieri \ I/. ripdria). Thc training system was "tendone",

consisting of a continuous overhead canopy ùndc. which
the bunches are disposed (P,,aNA ef dl 2004). Plots wcrc
prepared, each containing i2 plants and rep$led ibùr ri-
nes in randomized blocks.
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Distances between villes \ì'ere 2.50 m x 2.50 m, with
b bulìer ro$ beMe. I  rredrmerrs. l \c rLir  orgaî sn t \J.

P ritiulu- The ldials were calried out according to Eu-
ropeaù .ìnd Mediie anean Plan! Protection OÌganizatiotr
Standard PPI/31(3) (EPPO, 2004).

Tlìrec djilerent applicalìon slrat€gies lvere comparcd:
i) re.ìhenis according to the estabÌished oryarlic àgrìcul-
tual practicc oî the area (Shdard); ii) treatments accor
ding to the prcdictive modelPLSDA iii) untreated confol
wherc no fungicides agaìnst downy mildew were applìed.
The teatments. established by the modclling PLSDA ap-
plicaiion, were ditTcrenl ftom the stàndard tr*hÌìenls only
on the base of the time of antj doMy mildew applìcation
and not îor the type of Foduct used (Tab. I ). The products
were sFayed until near run'otf at a pressure of 1.5 ba!
with suffi cienl covenge ofthe lolver and upper surfaces of
the leaves. For all the prodùcts the equipment used to spray
was a pulled spúyù (Mafignani K.wH. elecfostatic
spraycr system - MaÍjgnani s.rl., S. Agata sul Santemo,
Ravema - Italy).

\ 4 e  e o - o l o J i r r l  o r r J :  A  ú c r r l c r  . . . i o ì
(Wireless Vantagc Pro 2rú - Davis Instruments, Halward,
Califomiè-UsA) was placed into thc trial sile to record
mereo-clinatical data. Data wcÉ acquìred tlÌrougl a CSM
node111 inte$ated with the weather station for remote the
transmission to a data manag€ment software (Wcalherlink
5.9.0). Data 1Ìom Remote TÈnsmit Units (RTU' on thc
fic1d are collected evcly 15 minutes.

D i s c a s e  a s s e s s n 1 e n t :  T h e  v i n e y a r d  w a s  c a -
retully inspected twice a ùcek to provide a desciption
oî P ríticald deveLopnent and to veify the efiicacy of
heatments. Thc rime of first appcarance ofdowny mildew
lesjons was detected. Grapevine leaves and bunches were
visuaìly assessed, l00leavcs and l00bunches werepìcked
randomly ftom the central 10 vlnes of each plot. The di
sease incidence was calculaled as the perccnlage of leaves
and bunches diseascd out oîa total Dumber assessed. The
arca of lcavcs and buncles showlry s]Ìnptoms oîdiseasc

(disease sevedly). were also cstimated to compute dlscase
sevcrity (infection degree, TD) thsl was calculated usjng a
sc.ìle ofnire clîsscs (0-8) usins theTovnsend Heuberser
formùla (To\tìislND-HlutRctR I 943).

P r e d i c t ì v c  n o d e l  d c s c r i p t i o n :  A  P L S
DA was consìdercd in order to predicl th€ optimal time for
applyìng copper conpounds againsl grape downy mildew
and itwas builtbi' examining the ìnteraclions benvccn pa-
thogen, hosl and environmenl. This consists of a clàssical
partial least sqùares (PLS) re$ession analysis wh€rc the
rcsponse variable is càtegorical ry-blocki rcplacedby a set
of dummy variables describìng the categoics, see belowl.
thus exprcssingthe class membership ofthe statisrjcàl nmts
(SaBArrER er dl. 2003, Cosr^ ei dl 2010). Thc modelling
approach was divided inlo ihree dilTcrcnt phasesi I ) model
calibratjoni 2) field testing and 3) .r porletóll modcl per-
fomancc cvaluation. Thc damsets úerc constructcd con-
sidering tle following variablcs: Y: diseasc incidence and
sevcriry on the unrcated cortrol:X: l8 daily vanabìes: or
dinal dale (slarting from Jànuary I st oî the same year.), 3r
tempcratue (maxnnum, minimum and mean; 'C), air Re
lative Humidjty (Rll;maximum, minimum and meanr %),
mcan soil teÌnpcralùre at 20 cn depth("C), lain late (mn).
mean soil RII al 20 cm depth, mean so il RH 3i 40 cm dcplh,
Ìncan wind speed (kmhr), mean solsr radiatioù (lvatt m:).
total solar radiatior (Watt m-2), upper îo1iat page wet (h),

l o ú e r  r o l i a ' f a g e  $ e r  { h ) .  C O I D  A  \ l r  H  I  l ' a ì .  ! , a o c '  n e
phenological sages according 1o th€ BtsCH identification
grapevìne keys (LorFNz el dt 1994) and epidemiological
characterislic ofP litrold in order to cstablìsh thc infec-

Being PLSDAa classificalion method, quartitahvc re-
spons€ ofY lvas converted inio binary response varìablc
ofdaily disease presence (l) or abscnce (0) Thc binarv
response variable was based on the dajly differential ìncre-
asc ofpathogen att.ìck and calculded 3s the filslderivative
ofthe infection pcrcentage slowing a value $caler than a
specifi c thrcshold (?athogctThresh). Thc PalhogenThresh

Confrmial prodùds md acrive ingrcdiùrs used agairstP viricoia. The paraneres ropofed are: Trcabnents (ST = Srìndard whcre

viles *,ere sprayed according |o rhe growcrr schcdule: PLSDA= Parl.l Lcast Sqù.res Dìsc mìnÀniAnaÌysjs where vnes were slr.y

€d accoidlng to thc lo.ecading nodcl): Coìnmercìal nme of the lfoducts used; Composìîioù of th€ lrodùcls used: tlc percent.ge of
copper (% Cu+) andtheyeds ofacti!ìrv

TrcahÌrnts ComerciJllmc

14 2009

15.2

l i . 2

ST Cùprobenlon blu

Cuproxat SDI

ILSDA Cutroberton blù

CqrÒxèt SDI

Tribasìc copper s,bh.te

Coppd orychloride

Tribasjc copper sùbhatc

ST Cùlroxat SDI

Be olù

ILSDA Cuproxat SDI

Bertorm

Tnbaslc colpcr suhhale 15.2 20i0

Coppeihydroxidc l0

1îbasÌc colp€r !ùbhate 15.2

Coppeihydroridc 10
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was empfically calculated as the minjmum daily value
(0.4 %) that allowed a statistically significant diferencc
betw€en two the disease incidence assessments at rwo ti
mes. Similarly, for severiry index, a PatbogenThresh daily
valuc of0.02 % was empilica.lÌy calculared.

The prediction was sepalately considered and mo-
delled for: l) the disease onsct and 2) the infcction cycle
deveÌopment durirg the remaidng season (disease pro-
sress) because sccondary idections rcquired differenr.
en1ionmental conditions that the prìmary infections. For
tie disease onset was considered the presÈncc/absence of
thc pathogen. Therefore, two diîfcrcnt provisional models
were adopted îor the disease onset (MDO) and disease plo-
$ess (MDP). Themodels were developedusjng a procedu-
re $ritten in MATLAB 7.1 Rl4.

The sLatistical models with respect to the determìnis-
lic ones- consider that the pathogen expression, measured
on a certajn date, is depending on the parameters acquired
the days before: normally is accepted a differencc in time
(Timelag) of 3 d aÌnong the climatic clìange (event) and
the pathogen appearancc. Timelag represents the elapse
between the pathogen level and the daily,meteo-climatìc
dala (X block) shifted i days beforc. Furthemrore. ìr wàs
considerÈd the possibilily thai tlle elcDt could be relaled
to the variable of specific adjacent (n) days (Tincseries,
X block 1, X-block 2, X-block n). Consequently, the
pos. ibir iD roconbine l leTme\er ies \anabler qas cols -
dcred in order to account variablcs wejghts different fiom
the "X-block 0" condition.

The daily prcdjction value was exFesscd as probabi-
liry of significant daily incremcùt or absence orc of the
dìsease. For thc lvhole model pefomanoc evaluation a
conlision mahix has beenused retumjng iùdication oî the
corcdly predicted values together with the îalse positives
(rvhen the nodcl predicted an infection but the dis$se
did not appear) and false negati\res (when the model did
not prcdict an infeciion that actùally occuned). The best
model relative to the disease onset was chosen îollowing
two parameters: i) dle pùcentage of correct classification
of the observed values with respect to ihc prcdicted ones
(Corclass); iì) days elapsed between the prediciion of th€
first potciìtial attack and the disease onset (DeltaDayFiNt

Based on the thcc dilTerent phase analysis, the follo-
wing dàtaset composirions were uscd:

M o d c l  c a l i b r a t i o n  p h a s e :  P L S D A  m o d e l
calihalion on 2006 and 2007 yeady data oî disease lncr-
dence, valìdaÌion on yearly data 2008 disease incidence;
extraction ofbest models in terms ofi) days elapsed bef
ween the prcdiction of the first potential attack and the di-
sease onset (DeltaDayFirstAttack) for model disease onset
(MDO), ji) the percentage of conect classification of the
obseNed values with respcct to the predicted (Conclass)
for model disease progress (MDP).

F i e l d  t e s t i n g  p h a s e :  a p p l i c a t i o n  o î b e s t  m o
dels MDO and MDP, exbactcd in phase l, to prcdict di-
sease onset and disease prcgress oD data 2009 and 20i0,
respectively and tungicide applications posilioning.

A  p o s t e r i a r ì  m o d e l  p e r f o r m a n c c  e v a -
luat ion: a:  lnodel cal ibrat ion on 2006, 2007, 2008,

2009 yearly data of disease incidence and severiq,, valida
tion on yearly data2010 disease incidcncc and severiq,; b:
model calibration on 2006, 2007, 2008, 2010 yearly data
ofdisease incidence and severity, validation on yearly data
2009 disease ìncidence and s€verity; c: exfaction of best
models in terms of MDO and MDP for disease incidence

The MDP predictions were peforlrl€d considering a
progcssive dataset being built by model subset plus the
days ofthe last analysis year (2009 or 2010 respeclively)
pdor the testing oncs.

Statistical infercnlìal analysis: Statistics were pefor
med wjth GapMad Instar versior 3.00 for Windows (Ga-
phPad Softwarc, San Diego Califomia USA, \i'rvw.graph-
pad.com). Data on disease incidence and disease severìty
werc arcsine transfomed. Data obtained were subjecied to
statistical analysjs using an analysis ofvarìance (ANOVA)
and TUKEY'S lest (P < 0.05) for qumtitative vdiables (di-
sease incid€nc€). For ordjnal variables (disease severity)
jndividual antifrugal activity diferences of the products
were comparcd by a KRUSLAI-WAILIS test (a nonpara-
metric test) withDUNN'S post hoc t€sl (P < 0.05).

Results

M o d e l  c a l i b r a t i o n  p h a s e :  T h e  b e s t  m o d e l
chosen for the model calibraiion phase for tle disease on
set (MDO) was identified selecting a Corlclass value as
hish as possible (91.8 %), paired with the lowest assoct-
able DeltaDayFirsL{ttack G3 d) (Tab- 2). The best model
relative to thc disease progress phase (MDP) was chosen
lòllowing ihe Co[Class Frameter AíÌer disease onset, du
ing disease proFess phase (MDP), other parameters as the
fàlse positive and the false negative were used to optimize
the models. Therefore, lor ficld tcsting phase botl for 2009
and 2010, a combining prediction approach using MDO
for the disease onset and MDP for disease progess phase,
was lsed respÈctively.

F i e l d  t e s r i n g  p h a s e :  F i g s  l  a n d 2  s h o w  t h e
relationship among meteorclogical data (A), conside.ing
the impofarce of climatic conditions îor tle epidemiolo-
gy of grape downy mildew, phenological growth stage of
host (B), considering that susceptibiliry of grape depends
on its phenologìcal status, and epid€mioÌogical sitùaiion
(B) for 2009 and 2010. Epidemiological situation in 2009
(Tig. lB) indicates that starting ùom the "thee ten lule"
(BarDAccr 1947)the infective rain ca]lsins disease onset, at
ihe end of jncubation, lvas the rain of Ì l7d DOY (MaX 28).
This Éin pen tted zoospores to reach the siomata and to
penehte into the plant through tle stomata. The appearan-
ce of oi1 spots was on 153d DOY (June, 3). Thereafter the
fiúher development ofthe epidemic is reported in Fig. lB.
Epidemiological situation in 2010 (Fig.28) jndicates tlat
disease symptoms occured on 144ú DOY (May, 24). Pri-
mary and secondary inîections aferepoÍed (Fig. 2B). The
incubàtion period was calculated on the basis of the me-
thod proposed by GolDANlCH erdr (1957). PLSDA model
was able to 1òrecasl thc alalms (Figs 1B and 2B), conside-
ring environmental factors, host factors, epidemiological
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T a b l e  2

Resutrs relative to tl€ tesL model choscD fo. the nodel calibratio!, lìe]d t€sling (ibr both 2009 úd 2010) and a posteriorì (for both

incidcnce and severily and rb. the two yeds ofanalysis 2oo9 úd 2010) phases reloÎtilg: model (MDo = modei lor the disease Ònset;

MDp : modeÌ lì)l dìe disease progrcss)i luúber of LV (I-atent vcclot; nmber oî obserled valucs. false posilives and negatrves:

lercorage ofcorecr cldsificallon and DehaDayFirsrAttack (days eiapsed beNeen rlic prediction oflhe first lotential aúack atrd the

disease onsei). Ior tne !ì posrdiori model to predici rhe disease incidence data of the year 2009 war added ro the historicaÌ dataset

(2006.2007 anil2008) ùd teste.t wirh ilata ofrh€ year 2010 úd data ofthe yeaî 2010 was added to lhc histoîicaÌ daiase! (2006,2007

dd 2008) and tested wilh daia of the veù 2009

Model % Córect DeltaDaylist
clasification A1lack

Model 1 1 3

8 7

91.80 -3

9r.23 2
MDO

MDP

2 171

2 I7)

MDO + MDP autosca:e
(2009)
MDO+MDP aùtoscàle
(2010)

t28

190 24

1,7

1 1 +2

381.30

81.60

Aposterori MDO + MDP
(incidence) (200e)

MDO + MDP
(2010)

89.r9

78.0,1

Ì 3 121,

97

-3

-3

Aposterioi MDO+MDP
Geveriry) (2009)

MDO + MDP
(2010)

Ì l

t 2 l

96

96.22

E l . l  l1 4

5
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Fig. 1 : Rclalionship morg mcteorÒlogicaÌ daia (A), pathogen elldemioÌogioal parameteB (B) host phelo1ogr cal eroú1h stage (B) Ùd

partial lear sqùares dbcnminant úalysis (PLSDA) modelal.m (B) tor tte fint ycaf oî analvsis (2009).
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Fig. 2 i Rclationship uong meteorological dala (,{), pattoscn cpidcmiolosical pannrcrcN (R), hostphcnological g.oúh stase (B) aÌd
parrlal lear squarcs dìscimilut anabris (PLSDA) nodel alann (B) îor the sccond ycd ol aùalysis (20 I 0).
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conditions and rhe interactions amone them. Tab. 2 shorvs
the whole prediclion rcsults found in the field testing pha-
se by applytug thc rwo bcst modch for the MDO and the
MDP both îor 2009 and 2010. For 2009, thc DeltaDay-
FìntAttack resulted to be of -3 d: onMat,31 l(Day Of
Year (DOY) = l5ll the first alarm was signàlled, indeed,
on June 3 (DOY= 154)whenthe tust downy nildew sym-
ptoms appeared on the leaves oîthe unh eated contol (fig.
lA). Thc al.ìm on May 3l \,!as ignored because bctween
May, 31 and June.2 26.4 mm of rainîa]1 occured and it
was impossible to spray with a tfactor opefated sprayer
Based on forecasting model therc wc'rc 25 alarms beFeen
Man 3l (DOY: i51) andAugusl 5 (DoY = 217) but only
five roatments were caffied oul. The alams s,here the
fungicide application already protected planls (thc period
of proiectant activiry of frngicide applicallon was estina-
tcd betwccn 7 and l0 d based on grapevift phenological
staees) were disrcgarded. Gonerally the predìctive modcl
providcd 24 *rong pfediclions on a total of 128 with 17
falsc positivcs .ìnd 7 false negatives (Tab. 2; Fig. 3,4). For
the second y€ar oîanalysis (2010) the fi$t alarm occxÍed
on May, 26 (DOY : I 4ó)" 2 d hter the first down]' mlldcw
symptoms wcrc obseNed in the field, but it was notificd
in time lo peri-om thc first trcrtnent on May, 24 (DOY:
144). thanks to the îÌnel-ag of the model of 3 d (Tab. 2;
Fis.38). The second alann \,!'as notified onMxy.30 (DOY

= 150) but tIìe second treatuìent was caried outon June, l
(DOY: 152) because úc first lrcalmenl aheady protected
vincs ftom this prediclcd inîection. The alanns continued
until June, l8 (DOY: 169) with rwo treatments on June, 8
and 15 (DOY = 159 ard DOY = 166). Aftef rhe treatment
made on July, 13 (DOY = 194) other 2 treahents were
made on Jub. 23 (DOY : 204) and on August, 2 (DOY =
214). Generally the predictive model provid€d 35 wrong
prcdictions on a total of 190 with 24 false positives.ìnd I I
false negatives (Tìb.2;l-ig. 38).

Disease control :  Tabs 3 and. l  report  the resxl ts
oî the àssessments on leaves and bunches for 2009 and
2010 respeclively. At harvesl (BBCH-89), both standard
and PLSDA showed significanr ditrerences in disease in
cidence in comparison with the untreated contol, although
2010 PLSDA was not as effective as the reference product
(Standard). Disease severiry on plants trcated îccordjng ftr
the growc/s schedule was not statistically dìfferentin com
paison with plants treated using |LSDA nodel.

A  ? o s t e r i Ò r i  m o d e l  p e r f o r m a n c e  e v a
I u a 1 j o n : To prcdici thc discase nrcidcncc, data ol Lhe
yeàr 2009 were added to historical datasets (2006, 2007
and 2008) and tested with data oîthe year 2010. Data ofthe
ycar 20l0 wcrc ddedto h istorical datasets (2006,2007 and
2008) and tested with data of the year 2009 for the MDO
and MDP (Tab. 2). The test average corecr classificarion
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1-f il
Fis.3: ptol ofthe prescùcc/absmce (1/0) ofthc obscned (conlinùoxs line) dd predicted (dotîcd line) lnfecriols for A) Modcl o! 2006,

2007 dd 2008 ùd rest on 2009 ùd B) Mo'leìon 2006,2007,2008,2009 dd Test on 2010 onÌ)' úc cerlral infection lreriods (68 d

for rested year 2009 ard 74 for tesied ycar 20 Ì 0) are reporred. Th€ drows jndicale thc treatìîents cùricd out durlng rhc cx|erlmenl

' f  a b l e  l

Effeci ofdiflcre!ftreahneúrs on Ìcavcs aÌdbunches, expresed as djscase incidelcc a.d diserse seleity ag.inslP/dnaparariticola
(2009)

1l

Nroder 2006. 2007. 2003 Te.t2010

lì
t l
t l 11 1,f 1_l

03/06/09 t9/0ó/09
(BBCH',71) 9IBBCH 75)

leaves leaves

20tt7t09 18/08/09 08/09/09
(BBCH-79) (tsBCH 85) (BBCH-89)

lcalcs buncles leaves bùchcs leaves bunches

PLSDA

0 a 9.00Ìr

9.33 b 0..11 b

1.33 a
0.33 a
0.33 a

6.11 a

2.lt b

2.ó7 b

i .00 b
3.:3 b

5.67b

6.00b

14.00a 0.67a 23.67 a 3.00a 34.33 a 467a

PLSDA

0.21a 7,16 a

2.08 ab 0.04 ab

0.25 a

0.08 a 0.31 b
0.50 ab

3.63 a

0.63 a

0.75 a

1 . 1 . 1 a

1 ,12 ̂

0.54a

* Erpresing ùe perc.Dr ot leaves dd buchcs discased out of a toral nmber asesed. Mcals in the sme row followed by same

letter are rot siSnifìcantly djtlererl according to thc TUKEY rest ar P < 0.05.
*+ ExtJreslng the lercelt areà Ò | leales dd buchcs showing symlroms of disease. Means i! thc same rÒw followcd by same leitcf a.c

nol signiicaÌtly dìflerent according lo the KRUSK{L wAlLiS tcst lollowed by DLTNN s mu]tiple compa.isÓn rest at P < 0 05
" phcnological srowth st gcs and BBCH ide ificariols kcys ol gràpevin€: 71 liuil set: yolng lruits begin to swell, renúins of

flowers lostì75 berÌos pea-sized, bùnches he8;79 maìority of berles louclingr 85 softotrjng ofbúlesi 89 - beries Îìpe fol

is equal to 89.19 % for the testedyear2009 andto 78.04 %
for the lested year 2010. In both cases it is possjble to ob
scrve ihat DeltaDayFi*L{ttack is equal to 3 d. For thc pre-
diction of disease soverily aPathogenThresh daily value of
0.02 % was empidcally c.rlculated. Also in this case darr of

the year 2009 were added 1o historical datasets (2006. 2007
and 2008) ànd tested with dara of the year 2010. Data of
the yeaf 2010 were added to hislorical datascts (2006, 2007
and 2008) and lested with data of the year 2009 for MDo
and MDP The test averag€ conect classificalion is equàl
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T a b l e  4

Effèct ofdifferenl ireaLnieÌts oD leavcs ad bùnches, exprcsed as diease incidence ard dìscasc scvcfiry, agailsi P/as ìnopatu ritidla
(2010)

26/05/10 28/06/10
(BBCH"57) (BDCH ls)

lexves leaves bxncbes

I9tO7tI0 02/08/10 09/09/10
(BBCH 77) (BBCH-8I) (BBCH-s9)

leaves bùrches leaves bunches leaves bunchcs

PLSDA

2.00 a

1.00 a

l �25 a

6 7 5 a  1 . 2 5 a  2 l . 7 s a  1 5 . 5 0 !  2 9 . 0 0 a  2 0 . 2 5 a  3 6 . 5 0 a  3 1 . 0 0 a
4 . 0 0 a  0 b  9 . 7 5 b  i . 0 0 b  1 1 . 5 0 b  4 . 2 5 b  1 6 . 0 0 b  1 0 . 0 0 c

5.00a 0.25b l :1 .25 b ,1.75b 17.25b 8.75b 22.00b 16.50b

PLSDA

6.23 a 3.31 a 1.34 a

l .ó3 b 0. .11 b 1.9: l  b

2.12ab 0.88 àb :1.:14 ab

9.19 a 7.61 a

2.75b 1.59 b

0.31 a
0 . 1 3  b

)  .22 a

0 5 6 a

0.81 a

0.25 a

0. i6  b

* Exprcsing the percent of leàves ard bùlches dlseased ont oîa iotaÌ .ùúber assessed. Meab in thc suc row followcd by sme
Ìetter are nol signjficùdy ditèrert accÒrdi.gto ile TUKEY LesL ùr p< 0.05.

++ Expressingîlc percent area olÌeaves àùd buùches shorvn,g symptoms ofdisede. Means in tbe sane roù followedby saDe lettef arc
ùoi siglificdtly diflereúL accordjng to the KRUSKAL WAILIS tesrfoìlowed b), DUNN's muLrilLc comldisotr test at p < 0.05.

" Phenological erowlh stagcs and BBcH'ideitificaiions leys otgiaperùc: 7l îruit sctr young fiîìts beSln to swell, renajns of
florvers lostì 7s beries rea-sizcd, bucheshangiT9 majoriry of beriès Loucilinsj 85 soîrcninsolbcrricsj 89 beries rip€ for

to 96.22 9l for the tesred year:009 and to 8i. t 1 % for rhe
tested year 2010. The DcltaD.ìyFirstAttack is cqual to -5 d
for ihe frst casÈ and to -:1 for the laft€r

Discussion

The mosl encouraging resxlts enc.ged from the use
ol the lorccasting model, conceming the prediclìon ol first
treatnent (MDO) $.hich ]s cssential in order to avoid the
establishmenl of rhe disease jn the viney.ìrd. Indeed, the
earÌy prevention is essenlial for good control olgrape dow-
ny mildew disease particùlarly nr oryanic îarming \yhere
no curative peslicides arc a!àìlable.

In this study, thePLSDAforecastingmodelallows a re-
duction oftÌeatments and avoids unnecessary anti milde1l
aeahnenls ol organic famers. The fie]d lcstjng phase was
cèllied oui on a verl' limited number ofrcÌnporai observa
tions tor model c.ìlibration (200ó, 2007 ard 2008). This
allowed to inprovc the model robustness (WrsE and tucl(iR
Ì991) being onc ofthe few cases ìn liieralure ofrwo years
ofappiicatioùs in field bascd où only 3 years as hisiorical
dàta. Nevel1heless, the model provided a good level ofpre
diction (8 I % of correct classilication in borh tested years).
ln 2009, durnrg îhe nonirored period. I trearments werc
caÍied oul on standard treatnen1, whilc, in the same peiod
the PLSDA model prol,ides rhc nced ofjusr 5 treatments,
undcrhring the superfluoùs relnaining 4. In 2010 the first
dolvny mildci,synptom obsen'ed1rllhe ficld, occured 2 d
after the fiIsl alc.t, but it lvas notified in lime to perform
rhe lÍst treaLncnt rhat is May, 2,1, thanls b rhe TimeI-ag
ofthemodel o13 d.In this case 13lreahents were carrìed
oul by the lilmer, wlìile in the same pcriod rhe PLSDA
treatment pfovides the necd ofjust 7 ones. The aÌro!/er,,
r/t nodelpefomance evalxation both îor the iesred yeal

2009 and 2010 predicling both the disease incidence and
sev€riry. This rcsulted in belter peformance with respect
to thc in field one by considering: the DeltaDa),Fj$L{ttack
(incidence: -3 d ù. -3 and +2 for thc ycar 2009 and 2010
respectively; severity: -5/-4 rr. -3 and +2 for the ),ear2009
and 2010 respcctively). The total number of false posìtives
and ncgaijves (tested yeaf 2009: 24 for the field phase, 6
and 5 for incjdence and severily prediction for the a prsre
/toll phase respectively; test€d year 2010: 35 for thc field
phase, t8 and 16 Iòr incìdence and severity prediction for
thc d posrcltoli phase respectively) and lìnally lor the per-
centage oîcorlecl cl.ìssjficatìon (tested yeaf 2009: 81.3 9/o
for the fieldphase,89.19 o; and 96.22 % for incidence and
sevenq/ prediction for the d ?of€rtoli phase respectrvely:
lested year 2010: 81.6 % for th. field phase and only for
the sevedty prediclìon for the d ?osr€/toll phase respec-
tìvcly with a value equal to 8l.ll %).

CoÍclusions

This work shows lhe possiìrility to reduce tungicidal
trc.ìtments and to avoid copper teahents not essential lòr
discasc control with economics and enviromenÌa1 advan-
lages. Foràll thesereasons, this study represents a first slep
in the model valid.rtion in order to try to overcome the ry-
pical limìlalìons ofthe aciual forecasting models îor infec-
tions with the aim oî rationalizing treatnents and make a
more puncrual pcst control.
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