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Identification of flowering patterns specific to strawberry varieties in production 
condition using longitudinal data analysis
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Introduction:
The development of soillessculture for strawberry production is a major socio-economic challenge. This technique improves competivenessby premature plantation
(December)in warmedgreenhouse(minimaltemperature+8�ƒC)allowinganextensionof floweringand,thus,of fruit production. However,this culturalpracticeis dependenton
extensionof the floweringperiod. Tothis end,a better knowledgeof floweringandvegetativegrowth of varietiesisneeded.
Plantdevelopmentis defined as a combinationof processeswhich are subject to environmental,physiologicaland geneticconstraints. Althoughflowering in strawberrywas
physiologicallyandgeneticallywell described,little isknownconcerningthe dynamicof thesedevelopmentalprocessesalongtime.
Theobjectiveof this studywasthus to identify phenologicalphasesthat characterizevarietiesin production condition.

Thirty two plantsper genotypewere phenotypedweeklyduring28 weeksfor
their number of newly emerged flowers, leaves,crowns and stolons. We
proposea new modellingframeworkbasedon multiple change-point models
for the identification of phenologicalphaseson the basisof plant follow-up
data. Two multiple change-point modelswere built for eachvariety, one for
floweringandanotheronefor vegetativegrowth.

Results: Three flowering patterns were identified

Perspectives:
A direct extensionwould be to build multiple change-point modelsdirectly on the basisof multivariate
plant follow-up data, combiningflowering,vegetativegrowth and runneringvariables. Thiswould allow
to identify globaldevelopmentalphasesrelyingon the different developmentalprocessesin competition
within plants.

Statisticalmodel for longitudinaldata analysis:
Toidentify floweringpattern, we hypothesizethat:
i) floweringpattern for a genotypetakesthe form of a successionof well-differentiatedstationaryfloweringphases
ii) the distributionof the numberof weeklyemergedinflorescencesdoesnot changesubstantiallywithin eachphase,but changemarkedlybetweenphases.

Thesefloweringpatternshavebeenanalyzedusingsegmentationmodelsfor eachvariety. Thisanalysisconsistsof identifyingsynchronousphaseson the 32 plantsmeasuredfor
a variety.
We usedthe slopeheuristic(Guédon, 2015b), a model selectioncriterion dedicatedto the segmentationobjective,to determinethe numberof floweringphasesand different
diagnostictools to assessthe assumptionof the segmentationin stationaryfloweringphases(Guédon, 2013, 2015a).
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Longitudinal data analysis illustrated with the Gariguette variety 
A. Weekly number of newly emerged flowers during one cycle of production (Weekly mean in 

red).
B. Flowering data (row: individual; column: date). The number of newly emerged flower is 

represented by color intensities from 0 (yellow) to 25 (red)
C. Piecewise constant function (in black) representing the mean flowering level in each phase. 

Weekly mean number of newly emerged flowers ( red full line) and associated standard 
deviation (red dashed line)
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Limits between 
flowering phases

Materials andmethods:

Leaves and flowers models during the
seasonof production

Successiveflowering phases were identified using categorical
multiple change-point models:
(i) A first phaseof high flowering intensity (64 to 110 daysafter
plantation)commonto all the varieties.
(ii) either a secondphaseof low flowering intensity followed by a
third final phaseof high flowering intensity (pattern 1; Gariguette
and Cléry) or a single secondphase of low flowering intensity
(pattern 2a; Capriss,Darselect)or intermediatefloweringintensity
(pattern 2b; CifloretteandCIR107).

Thevariety effect on the distribution of the number
of newly emergedflowers in each flowering phase
was tested using a one-way ANOVA on ranks
(Kruskal-Wallis test and post-hoc analysis). The
results are shown for (i) the first phase of high
flowering intensity,(ii) the intermediatephaseof low
flowering intensity and (iii) the final phase of
potentially high flowering intensity. When the two
last flowering phases were merged (Capriss,
Darselect, Ciflorette and CIR107), we use the
commonlimit found for Gariguetteand Cléryto split
thesetwo lastphases.

Assessment of the 3 flowering patterns

Change in the rhythm of leaf emergence: 
Can we predict the flowering time using these 

changes?

Plantmaterials: 6 varietiesconstratedby their numberof coldhour,precocityandflowering

Pattern 1: 

pattern 2b:

pattern 2a:


