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FRENCH SYNTHESIS 

DEVELOPPEMENT DE VARIETES ELITES DE TOMATES : 

REPRODUCTION, PHENOTYPAGE ET SELECTION. 

  

1) INTRODUCTION 

1.1) ISI SEMENTI  

ISI Sementi SpA est une entreprise de semences italienne située à Fidenza (PR, Italie) fondée en 1981 

par Florindo BONI et reprise par Angelo et Paolo BONI. Le programme de sélection sur la tomate a 

commencé en 1984 et a abouti à l’obtention d’un certain nombre de variétés à succès tel que : Leader 

F1, la deuxième tomate industrielle la plus cultivée en Europe ou encore Pixel F1 la plus cultivée en 

Italie (www.isisementi.com [accessed 15 January 2018]). 

1.2) LA TOMATE (Solanum lycopersicum L.) 

La tomate est l’un des légumes les plus consommés dans le monde (E. Liedl et al., 2013). Sa 

production représente une surface de 5.0*10^6 ha avec un rendement de 37 tonnes par ha (O.Ronga, 

2018). Le succès de ce produit s’explique par ses nombreuses formes de consommation : fraiches, en 

salades, en jus, en soupes… (J.A.Labate et al., 2007) mais aussi par ses composants nutritifs et ses 

effets bénéfiques pour la santé. Cette plante est adaptée aux climats tempérés : 15°C la nuit, 25°C le 

jour. Cette dernière caractéristique en fait une culture adaptée à notre région (E. Liedl et al., 2013) 

(Sato et al., 2016). La tomate cultivée (Solanum lycopersicum) appartient à un clade composé de 13 

espèces proches et est originaire de la cote Andière. L’hypothèse la plus répandue est qu’elle a été 

domestiquée au Mexique (J.A.Labate et al., 2007). Les caractéristiques de cette espèce sauvage 

étaient alors : un fruit rouge de petite taille avec une croissance indéterminée, une forte auto 

incompatibilité et des graines dispersées par les insectes. La domestication a permis d’obtenir des 

fruits de plus grande taille ainsi que l’établissement d’une dominance apical. La tomate a été 

introduite au 16ème siècle en Espagne et en Italie et s’est répandu pendant la période d’après-guerre. 

Les premiers cultivars européens avaient des fruits jaunes à rouges, aplatis, avec des sillons profonds 

et des fleurs à stigmate extroce. La sélection à proprement parlé de la tomate est apparu en 1800 et a 

connu son apogée au 20ème siècle (E. Liedl et al., 2013). Le contrôle total des croisements, 

l’autofécondation, la possibilité de croisements avec un grand nombre de Solanacées, les ressources 

génétiques très développées ainsi que l’identification facile du génome ont permis de nombreuses 

avancées (E. Liedl et al., 2013) (N.Schauer, 2004). La première étape majeure a été la découverte de  

  



  



l’effet d’hétérosis en 1933 qui a permis, en 1946, la création du premier hybride de tomate (C.Doré, 

2006). Puis, en Novembre 2003, un grand projet de séquençage du génome de la tomate a été lancé 

pour finir en Mai 2012 par un consensus du génome (Sato et al., 2016). En parallèle l’amélioration 

de la tomate a porté sur l’augmentation de la productivité et le développement d’une large variabilité 

d’aspect du fruit (N.Schauer, 2004). Globalement ces caractères sont corrélés négativement avec le 

goût qui, durant de nombreuses années, n’était pas pris en considération par les sélectionneurs et est 

devenu aujourd’hui une préoccupation majeure (E. Liedl et al., 2013). Le nouvel enjeu est donc de 

développer une variété ayant une bonne conservation dans le temps, avec de nombreuses résistances 

aux maladies, fermes et savoureuses (Saliba-Colombani, 2001). Cependant il s’agit là de caractères 

polygéniques. En effet ont été identifiés en 2001, par Saliba-Colombani, 81 QTLs dans le contrôle de 

26 composants organoleptiques majeurs. Cette polygènie ainsi que les relations existant entre ces 

gènes rendent le travail des sélectionneurs particulièrement complexe. 

1.3) OBJECTIFS DU STAGE 

Le principal objectif de cette étude a donc été de faciliter le développement d’une variété élite de 

tomate savoureuse. Pour ce faire une caractérisation des variétés commerciales de ISI sementi a été 

réalisée puis, un outil de détection des composants organoleptiques basé sur la NIR-

spectrophotométrie a été calibré. 

1.4) CARACTERISATION  

Morphologique (APP-RECIATION OF SEMPLIFICATION PROJECT) 

« Highput phenotyping methods in fresh market tomato : Appreciation of simplification » est un 

projet qui a pour objectif d’accélérer la création de nouvelles variétés grâce à l’utilisation d’une 

application, the fieldbook app, pour la caractérisation des lignées présentent à ISI sementi. Cette 

interface interactive développée par l’équipe de Trevor Rife et Jesse Poland à la Kansas State 

University facilite le phénotypage, permet de prendre des photos et, par la suite, exporter toutes les 

données dans une forme appropriée à leur traitement.  

Moléculaire (TASTE IT ISI PROJECT) 

Le second projet dans lequel s’est inscrite cette étude est Taste it ISI project qui a pour objectif la 

facilitation de la quantification des composés responsables du goût. Ce projet est le résultat d’une 

collaboration étroite avec ASTRA innovazione : un laboratoire d’analyse basé à Imola (BO) qui 

propose des tests de perception du goût. La saveur de la tomate est le résultat de la combinaison entre 

sucre, acide et 16 composés aromatiques volatiles. L’un d’eux, l’acide L-glutamique, a été identifié 

en 1908 par Kikunae Ikeda comme le principal responsable du goût caractéristique de la tomate dans  

 



 

Tableau 1. Présentation du panel et répartition dans les différents projets. 

  Cod Tipologie APP-reciation ASTRA 

innovazione 

ISI 

tests 

IS01 Cherry  X  

IS02 Cherry  X  

IS03 Cherry X X  

IS04 Cherry X X  

IS05 Cherry  X  

IS06 baby plum X X  

IS07 baby plum  X  

IS08 Pink X X X 

IS09 Pink X X X 

IS10 Pink  X  

IS11 Specialities X X X 

IS12 Specialities  X  

IS13 Specialities X X X 

IS14 Specialities X X X 

IS15 Specialities X X X 

IS16 Specialities X X X 

IS17 miniplum  X X X 

IS18 miniplum  X X X 

IS19 miniplum  X X  

IS20    X 

IS21 Cluster1   X 



laquelle il est présent en grande quantité (140 mg/100g) (Kurihara, 2009). Classiquement le sucre se 

mesure sur l’échelle du Brix qui évalue le taux de sucre soluble en pourcentage. Enfin l’acidité est 

estimée par le biais du taux d’acide citrique. 

La première stratégie développée a donc été de caractériser les lignées commerciales. 

1.5) CALIBRATION DU SCiO® (TASTE IT ISI) 

L’outil développé pour ce dernier projet est un scanner infrarouge portable nommé SCiO® 

(https://www.consumerphysics.com/business/technology/ [consulté le 3 Mars 2018]).  

Suite à sa calibration il permettra l’estimation de la quantité des composants responsables du goût 

avec un simple scan. La première utilisation de la NIR-spectrophotométrie à ces fins a porté, au milieu 

des années 1960, sur la détection de la qualité interne de la pomme. Elle s’est ensuite largement 

rependue. Cette méthode a notamment été développée sur la tomate et a abouti à l’obtention de 

modèles robustes (Cen 2007, Clément 2008, Camps 2012, Sirisomboon 2012, Ecarnot 2013, 

Wilkerson 2013). La seconde stratégie développée a donc été d’utiliser les valeurs obtenues 

précédemment pour calibrer le SCiO® est le rendre opérationnel pour le futur. 

2) MATERIEL ET METHODES 

2.1) MATERIEL VEGETAL 

PANEL 

Le panel construit est basé sur des variétés régulièrement utilisées à ISI sementi SpA (Tableau 1). Il 

est composé notamment de variétés commerciales hybrides développées par ISI Sementi : IS18, une 

variété mini plum reconnue pour sa couleur rouge et pour son goût sucré. Est aussi présente sa sœur : 

IS17, une mini plum, elle aussi connue pour son fort brix. IS15, une variété sucrée de mini plum ayant 

un fort taux de lycopène. IS14, une mini plum rayée (aussi dit striped) possédant des caractéristiques 

proches de IS15. IS16, une tomate cocktail sucrée rayée et forte en lycopène. Et IS11, une mini plum 

orange brillante riche en beta-carotene, sucre et composés aromatiques lui donnant un goût fruité. 

Toutes ces variétés sont petites avec un poids allant de 16 à 30g. Mais, dans ce panel se trouvent aussi 

deux variétés sœurs, IS09 et IS08. Ces variétés cœurs de bœufs, rustiques, résistantes et roses (pink) 

sont plus largement connues pour leur fort et atypique goût 

(http://www.isisementi.com/Prodotti/Specie.aspx?Lang=ITA&PID=77 [consulté le 10 Février 

2018]). Dans ce panel sont comprises des variétés leader du marché créés par la concurrence. IS02, 

une variété de tomate cerise (cherry) ronde et rouge de Syngenta (Bâle, Switzerland) possédant une 

composition en sucre 30% supérieure aux valeurs du marché. IS05 une tomate cerise connue pour ses   

https://www.consumerphysics.com/business/technology/
http://www.isisementi.com/Prodotti/Specie.aspx?Lang=ITA&PID=77


Tableau 2. Résumé des conditions climatiques observées à Verona durant la période de culture. 

 Temperature maximal 

(°C) 

Temperature minimal 

(°C) 

Photopériode (h) 

February 8 3 11 

March 12 5 12 

April 21 13 13 

May 23 14 14 

  

  



résistances de HM Clause’s (Portes-lès-Valence, France). IS07, une baby plum de Syngenta 

possédant un haut Brix. IS10, une tomate rose et sucrée de Semillas Fito (Barcelona, Espagne). Et 

une orange : IS12 de Syngenta avec théoriquement de bons attributs gustatifs 

(https://www.virtualmarket.fruitlogistica.com/ [consulté le 10 Février 2018]). Pour compléter ce 

panel, ont été ajoutées des variétés expérimentales d’ISI sementi : IS01, IS03, IS04, IS06, IS19.  

Pour le projet APP-recitation of simplification seule une partie du panel a été considérée alors que 

pour Taste it ISI l’intégralité du panel a été étudié. Il faut aussi noter que pour la calibration du SCiO® 

la variété IS21 a été ajoutée comme témoin négatif.  Enfin, pour les analyses les variétés ont été 

séparées par typologie : Specialities destinées à un marché spécifique ; Cherry petite et de forme 

ronde; Baby Plum and Mini Plum ovales ou cylindriques; et Pink dont la peau est rose. 

CONDITIONS DE CULTURES 

Le matériel utilisé a été semé le 12 Février 2018 et repiqué le 19 Mars 2018 dans les serres de Vérone. 

La culture s’est faite avec des conditions d’exposition à la lumière ainsi que des températures non 

contrôlées (Tableau 2). Il n’y a pas eu de traitement phytosanitaire et les plantes ont été arrosées une 

fois tous les deux jours. La caractérisation de la plante a eu lieu 3 mois après la semi et celle du fruit 

2 semaines après cette dernière. 

2.2) CARACTERISATION MORPHOLOGIQUE 

TRAITS PHENOTYPIQUES  

La caractérisation phénotypique est réalisée sur 27 traits divisés en deux catégories : caractérisation 

de la plante et caractérisation du fruit. Les échelles utilisées sont basées sur le protocole de distinction 

homogénéité et uniformité de l’Union Européenne plus précisément sur les traits CPVO.  

CARACTERISATION DE LA PLANTE 

Tout d’abord une caractérisation globale de la plante a été menée : Coloration anthocyane de l’axe 

principal de la plante. Visible seulement au stade plantule il permet de distinguer les espèces sauvages 

des espèces cultivées (CPVO trait numéro 1) ; Type de croissance : elle peut être déterminée ou 

indéterminée (CPVO trait numéro 2) ; Nombre d’inflorescence : Donne une idée du rendement de la 

plante ; Coloration anthocyane de la tige (CPVO trait numéro 3) ; Longueur des entrenœuds : Il est 

largement rependu qu’une plante avec de longs entrenœuds produits moins d’inflorescence (CPVO 

trait numéro 5) ; Taille de la plante (CPVO trait numéro 6). 

Suivi de la caractérisation des feuilles. L’ensemble de ces traits sont important car ils sont 

responsables de l’impression d’une plante en bonne santé ou non : Attitude de la feuille (CPVO trait 

numéro 7) ; Longueur de la feuille (CPVO trait numéro 8) ; Largeur de la feuille (CPVO trait numéro  

https://www.virtualmarket.fruitlogistica.com/%20%5bconsulté


  



9) ; Division de la feuille (CPVO trait numéro 10) ; Taille des folioles (CPVO trait numéro 11) ; 

Intensité de la couleur verte (CPVO trait numéro 12) ; Brillance de la feuille (CPVO trait numéro 

13) ; Relief de la feuille : formation de cloques (CPVO trait numéro 14) ; Attitude du pétiole par 

rapport à l’axe principal (CPVO trait numéro 16) ; Maturité (CPVO trait numéro 43). Enfin 

l’inflorescence est caractérisée : Type d’inflorescence (CPVO trait numéro 17) ; Couleur de la fleur 

(CPVO trait numéro 20) ; Pubescence du style : Ce caractère est intéressent car sa présence facilite 

la capture du pollen (CPVO trait numéro 19) ; Joint d’abscission, qui facilite la récolte (CPVO trait 

numéro 21) ; Longueur du joint (CPVO trait numéro 22). 

CARACTERISATION DU FRUIT  

Cette caractérisation se déroule avant maturité : Epaules vertes, où green shoulders (CPVO trait 

numéro 35) est la présence d’une démarcation sur le haut du fruit ; Extension des épaules (CPVO trait 

numéro 36) ; Intensité des épaules (CPVO trait numéro 37) ; Intensité de la couleur verte du fruit 

(CPVO trait numéro 38) ; Rayures vertes, notamment attendues pour la typologie striped specialities ; 

Forme du fruit : aplati, oblate, circulaire, rectangulaire, cylindrique, elliptique, en forme de cœur 

(cordate), ovale, obovale, pyriforme, obcordate (CPVO trait numéro 25). 

ANALYSES STASTISTIQUES 

Dans un premier temps les variétés ont été caractérisées par une analyse exploratoire. Puis les données 

ont été traitées dans R, et une analyse des correspondances multiples a été menée. Pour ce faire, la 

variable typologie a été considérée comme variable illustrative. Cette analyse a permis de confirmer 

l’analyse exploratoire mais aussi de visualiser les regroupements entre les différentes typologies pour 

les caractères traités. 

2.3) CARACTERISATION MOLECULAIRE 

TRAITS PORTANT SUR LA SAVEUR 

L’analyse de la saveur a été faite par 14 testeurs expérimentés de l’entreprise ASTRA innovazione. 

Les traits mesurés sont les suivants : perception sucrée, perception de l’acidité, arôme herbacé, arome 

de tomate, arome global, goût plaisant, RSR % qui est une autre forme de mesure du sucre, acidité, 

acide citrique, pH pour évaluer le goût. Intensité de la couleur, intensité olfactive, croustillance, 

moelleux, consistance, jutosité, dureté et adhésion de la peau, calibre, poids, couleur L ou 

luminescence, couleur A ou échelle du rouge au bleu, couleur B ou couleur du jaune au bleu (Mc 

Guire, 1992) pour évaluer la qualité ainsi que différents paramètres de l’attractivité sur le marché : 

attractivité visuelle, olfactive, de la structure, globale. 

Pour cette analyse la moyenne des 14 testeurs a été prise en considération.  

  



  



TRAITS DE LA QUALITE DU FRUIT 

 Acide l-glutamique 

Pour la détection de l’acide L-glutamique un kit megazyme (MEGAZYME, Bray, Ireland) a été 

utilisé (https://secure.megazyme.com/L-Glutamic-Acid-Assay-Kit.) [Consulté le 10 Fevrier 2018].  

Ce kit est basé sur la réaction suivante  

𝐿𝑔𝑙𝑢 + 𝑁𝐴𝐷+ + 𝐻2𝑂 – (𝐺𝐼𝐷𝐻) → 2𝑜𝑥𝑜𝑔𝑙𝑢𝑡𝑎𝑟𝑎𝑡𝑒 + 𝑁𝐴𝐷𝐻 + 𝑁𝐻4
+ 

𝑁𝐴𝐷𝐻 + 𝐼𝑁𝑇 + 𝐻+ − (𝐷𝑖𝑎𝑝ℎ𝑜𝑟𝑎𝑠𝑒) → 𝑁𝐴𝐷+ + 𝐼𝑁𝑇_𝑓𝑜𝑟𝑚𝑎𝑧𝑎𝑛 

Le INT-formazan est en proportion stœchiométrique avec l’acide L-glutamic et détecté avec un 

spectrophotomètre à 492 nm. La concentration est alors obtenue en mg/100g d’échantillon. 

 Brix/acidité 

Le Brix et l’acidité ont été obtenus avec le pocket Brix-Acidity Meter for tomatoes PAL-BX|ACID3 

développé par ATAGO® (Tokyo, Japan). Le Brix a été évalué par réfractométrie, qui mesure la 

déviation de la lumière causée par le sucre soluble présent. L’acidité est obtenue par la conductivité 

de l’échantillon et correspond à une mesure de l’acide citrique.  

ANALYSES SATISTIQUES 

Après la caractérisation de chaque variété par une analyse exploratoire les données ont été traitées 

dans R et une analyse en composantes principales a été effectuée. Elle permettra d’affiner la 

précédente analyse mais aussi de visualiser des regroupements de variétés pour les traits mesurés.  

2.4) CALIBRATION DU SCiO® 

Pour la calibration du SCiO® chaque variété a été scannée selon le plan suivant : 5 fruits ont été 

mesurés sur 5 faces avec 5 mesures de la même face. 

Les données ont été collectées dans le serveur SCiO®. L’algorithme SCiO® a alors permis de mettre 

en relation les spectres et les valeurs obtenus afin d’établir une correspondance entre les deux par la 

méthode de partial least square regression (PLSR). La qualité du model est testée par la confrontation 

entre les valeurs obtenues par le model crée et les valeurs mesurées puis, un R², mesurant le coefficient 

de corrélation, est établi. C’est ce dernier paramètre qui a été étudié afin de déterminer les modèles 

fiables et les modèles à améliorer. 

3. RESULTATS ET DISCUSSION 

3.1) CARACTERISATION MORPHOLOGIQUE (Fig. 1) 

Tout d’abord il faut noter que toutes les variétés du panel présentent une croissance indéterminée, 

une plantule avec une couleur anthocyane, ont une feuille bipannate, ont une inflorescence jaune 

multiparate et ont un joint d’abscission. Ces caractéristiques sont dues au fait que le panel est composé 

de tomates destinées au marché du frais. 

  

https://secure.megazyme.com/L-Glutamic-Acid-Assay-Kit


 

 
.  

Figure 1. MCA output, a : répartitions des variétés colorées par typologies dans le plan formé par la 

dimension 1 avec un coefficient d’inertie de 19.7% et la dimension 2 avec un coefficient d’inertie de 

14.1% ; b : répartition des variables dans le plan formé par les dimensions 1 et 2 qui expliquent 34% 

de la variation observée. 

  

a 

b 



CARACTERISATION DE LA PLANTE  

La typologie cherry est caractérisée par un fruit circulaire à elliptique possédant de moyennes épaules. 

C’est une petite plante avec une feuille erect à semi-erect. Elle est composée de deux variétés qui 

partagent un grand nombre de caractères : 

- IS03 qui se démarque par son absence de coloration anthocyane de la tige, ses feuilles 

semi-erect et ses épaules vertes claires. 

- IS04 qui elle a une coloration anthocyane de la tige, une feuille erect et des épaules vertes 

moyen. 

La typologie baby plum quant à elle est composée d’une seule variété IS06 : une grande plante aux 

petits entrenœuds et une feuille horizontale et verte foncée. Son fruit très particulier est pyri-ovate sur 

un petit pétiole. 

La typologie mini plum est caractérisée par des grandes plantes ayant des feuilles horizontales et 

vertes foncées mates. Le fruit est de forme circulaire à elliptique avec de grandes épaules vertes. 

- IS17 est la seule de cette typologie à présenter une taille moyenne et des feuilles brillantes. 

Elle se distingue aussi par son petiole horizontale. 

- IS18 a de longues feuilles et un petiole semi-dropped. 

- IS19 se différentie par ces grandes folioles. 

La typologie pink possède des caractères uniques : des formes de fruits atypiques et un style non 

pubescent. Ses gros fruits aux petites épaules sont présents sur une plante aux feuilles semi-dropped 

et vertes claires. 

- IS08 est une plante de grande taille aux larges folioles, les feuilles sont marquées par un 

relief moyen et un pétiole semi-erect. Le fruit présente des épaules vertes clairs et a une 

forme caractéristique obcordate. 

- IS09 est plus petite avec de plus petites folioles et moins de relief sur la feuille. Le pétiole 

est horizontal et le fruit a des épaules plus foncées. Il présente là aussi une forme 

particulière : oblate 

Les oranges possèdent une feuille verte claire, sans relief mais avec de larges folioles mais s’opposent 

de par leur attitude générale. 

- IS11 a une feuille semi-dropped avec un pétiole horizontal et un fruit vert clair et elliptique 

sans épaules. 

- IS13 a une feuille et un pétiole semi dropped. Son fruit est cylindrique avec des épaules 

vertes foncées et un petit pétiole.  

  



  



La typologie striped ne semble pas avoir d’unité. Elle présente les variétés suivantes : 

- IS14 est de petite taille avec une tige peu colorée et une feuille erect. Le fruit est obovate 

rayé vert clair avec un petit pétiole.  

- IS15 est de taille moyenne. Sa feuille est semi-erect. Le fruit est de forme elliptique et non 

rayé à ce stade de maturité (maturité au stade vert). Il présente cependant des épaules 

vertes foncées. 

- IS16 est elle aussi de taille moyenne avec une feuille semi-erect. Cependant elle présente 

un fruit circulaire vert clair rayé avec un petit pétiole. 

Il est possible ici de relever un certain manque de diversité intra et inter-typologie qui peut s’avérer 

problématique pour la création de nouvelles combinaisons de caractères. Cette observation ne 

s’applique pas aux spécialités (orange et stripped) qui ne semblent pas présenter d’homogénéité dans 

leurs caractères, signe de l’apparition multiple et indépendante du caractère discriminant mais aussi 

d’une sélection plus récente. 

ANALYSE DES CARACTERES 

L’analyse en composante multiple semble confirmer les résultats exposés précédemment et permet 

de visualiser les regroupements des variétés en fonction des caractères étudiés.  

Tout d’abord, il semblerait que la typologie pink se détache des autres : en effet, elle est isolée à une 

extrémité du premier axe. Cet éloignement peut s’expliquer par la forme atypique de ses fruits mais 

aussi par la non pubescence du style. A l’opposé, sur cette même dimension sont présentes les 

typologies mini plum, cherry et baby plum. Avec une proximité plus particulière entre cherry et baby 

plum qui sembleraient former un même groupe. Cependant il faut relever que dans ce panel, chaque 

typologie est représentée par un nombre limité de variétés. Toute la diversité n’est donc pas 

représentée ici et il se peut qu’un ajout de variétés éloigne ces deux typologies. Mais la proximité 

entre ces trois variétés peut s’expliquer par leur fruit circulaire à elliptique et la présence d’un style 

pubescent. Ce sont les caractères contribuant à la construction du second axe qui permettent de les 

discriminer (taille de la plante, attitude de la feuille, coloration de la feuille, brillance et green 

shoulders). Globalement il semblerait que les variétés se regroupent le long des axes par typologies 

car la variabilité intra-typologie est faible, ce qui peut être problématique pour l’amélioration, comme 

expliqué précédemment. C’est l’opposé qui est observé dans les typologies de type specialities qui ne 

semblent pas former une unité. Ceci peut être le signe d’un faible apparentement entre les variétés 

composent la typologie. Elles semblent aussi très différentes des variétés déjà présentent dans le 

panel. Cela se visualise notamment par la faible contribution des specialities dans ces deux premières 

dimensions. 



 

 

 

Figure 2. PCA output, a : répartitions des variétés colorées par typologies dans le plan formé par la 

dimension 1 avec un coefficient d’inertie de 39.5% et la dimension 2 avec un coefficient d’inertie de 

18.5% ; b : répartition des variables dans le plan formé par les dimensions 1 et 2 qui explique 58% 

de la variation observée. 

  



 

3.2) CARACTERISATION MOLECULAIRE (Fig. 2) 

CARACTERISATION DU GOÛT 

La typologie Cherry semble être caractérisée par un goût plaisant défini par un haut RSR, arôme de 

tomate et perception du sucré. Certaines des variétés représentant cette typologie ont des 

caractéristiques originales tel que IS05 qui est largement en dessous des autres pour les caractères 

énoncés précédemment mais présente une meilleure consistance. IS01 et IS02 sont opposées alors 

que IS04 semble être au milieu de toutes ces variétés et présente toutes les meilleures caractéristiques. 

Les baby plum semblent être des variétés très différentes : IS07 est caractérisée par sa forte couleur 

mais avec une mauvaise consistance, croustillance et perception sucrée et il semblerait qu’IS06 soit 

son opposé. Les variétés mini plum se distinguent principalement par les caractéristiques de leur peau 

mais partagent de nombreux points communs. Il faut remarquer qu’elles ont de bas scores pour tous 

les traits jouant sur l’attractivité et la qualité du fruit. Les pink semblent être assez proches mais 

peuvent être discriminées par leur intensité de couleur pour IS08 et IS09 et l’arôme global bien 

meilleur pour IS10. Dans ce panel orange specialities semble être la typologie la plus qualitative en 

termes de goût. En effet elle présente les plus fortes valeurs d’acide L-glutamique, de Brix, RSR, 

arôme de tomates, perception du sucre et intensité de la couleur. Cette typologie est composée de 

variétés très différentes : 

- IS12 qui ne partage pas les caractéristiques de cette typologie. 

- IS11 qui semble être la meilleure pour tous les caractères d’attractivité 

- IS13 qui possède la meilleure consistance, le meilleur Brix et acide L-glutamique. 

Pour finir la typologie striped est caractérisée par la dureté de sa peau, l’arôme herbacée et sa 

croustillance. 

- IS14 a la moins bonne consistance 

- IS15 a une mauvaise consistance mais une bonne perception de l’acidité  

- IS16 est la meilleure pour tous les caractères de la typologie mais avec une mauvaise 

perception de l’acidité. 

Une fois de plus pour les specialities il ne semble pas y avoir d’homogénéité. 

ANALYSE DES CARACTERES 

L’analyse en composante principale semble confirmer les résultats exposés précédemment mais 

permet aussi de visualiser les regroupements des variétés en fonction des caractères étudiés. Comme 

il a été observé précédemment la typologie pink semble très clairement isolée. Dans ce cas précis cela 

n’as rien d’étonnant car elle se situe à l’extrémité de l’axe fortement corrélé avec les variables de 

poids et de taille. Elle semble donc être en partie isolée à cause de sa morphologie. Cependant il faut 

aussi noter sa corrélation négative avec l’attractivité du fruit et les variables des composés   



Tableau 3. R² obtenus par la correlation entre les valeures estimées du le model créé par 

l’algorithme SCiO® et les valeurs mesurées.   

  

Trait R2 (%)  Trait R2 (%) 

color intensity 0,393  olfactory pleasantness 0,429 

olfactory intensity 0,346  pleasant taste 0,655 

sweet perception 0,589  pleasant structure 0,752 

acidity perception 0,534  pleasant overall 0,664 

herbaceous aroma 0,815  medium weight 0,727 

tomato aroma 0,433  caliber 0,709 

global aroma 0,529  hardness 0,615 

crunchiness 0,723  color l 0,714 

consistency 0,769  color a 0,575 

juiciness 0,72  color b 0,716 

mellowness 0,689  RSR % 0,788 

hardness of the peel 0,716  acidity 0,623 

adhesion of the peel 0,709  acid citric % 0,584 

visual pleasantness 0,553  pH 0,474 

brix 0.831  Acide L-gluatamic 0.323 



responsables du goût. Il semble pertinent de relever la proximité entre IS08 et IS09 surement dû à 

leur lien de parenté. Sur cette analyse il semblerait que la typologie la plus proche des pink soit mini 

plum. En effet elle est la seule à s’inscrire dans cette partie de l’axe. Toutes les autres typologies 

semblent être dans la partie positive de la corrélation avec les variables de goût et d’attractivité : RSR. 

arôme de tomate, perception du sucre… La position de la typologie orange semble la définir comme 

la meilleure typologie en termes de goût. Il est intéressant de relever, une fois de plus, la diversité des 

variétés qui la composent avec IS12 largement isolée des autres. Il est possible de supposer que le 

caractère discriminant n’a pas d’origine commune entre ces variétés. Cette hypothèse est observable 

car IS12 semble orangé alors que les autres sont jaunes. 

3.3) CALIBRATION DU SCiO® (Tableau 3) 

Des modèles de bonne qualité ont pu être créés pour un certain nombre de traits tel que : Le Brix (R² 

= 0.831%), l’arôme herbacé (R² = 0.815%), la croustillance (R² = 0.723%), la consistance (R² = 

0.769%) et la jutosité (R² = 0.72%). Classiquement un bon R² doit être supérieur à 0.8%, mais il s’agit 

ici de l’initiation du model, les effectifs sont donc assez faibles. Il est donc considéré qu’un R² 

supérieur à 0.7 est prometteur et sera certainement facilement amélioré avec l’ajout d’individus. 

Malheureusement certains modèles présentent des R² particulièrement bas : intensité de la couleur 

(R² = 0.393%), intensité olfactive (R² = 0.346%), acide L-glutamique (R² = 0.323%) qui demandent 

encore à être travaillés.  

4. PERSPECTIVES 

L’étude menée ici a permis une caractérisation des variétés, sur le terrain, simplifiée grâce à 

l’utilisation de Fieldbook app, mais aussi de commencer le travail de calibrage du SCiO®. Cependant 

certains points peuvent être améliorés. Tout d’abord la caractérisation a mis en évidence les manques 

de diversité dans les typologies cherry, mini plum, baby plum et pink. Pour améliorer ce panel il 

pourrait donc être intéressant d’introduire des caractères divergeant de ceux déjà présents. Cela 

permettrait une meilleure définition des points communs à la typologie mais aussi de créer des 

tomates avec des combinaisons de caractères originaux.  

Pour le travail assez complexe du calibrage du SCiO®, plusieurs axes d’amélioration peuvent être mis 

en évidence. Tout d’abord pour améliorer les R² il semble primordial, d’augmenter les effectifs et 

d’introduire des valeurs extrêmes. Il pourrait aussi être intéressant de séparer les modèles par 

typologie. En effet la couleur spécifique des pink, oranges ou stripe pourrait avoir une incidence sur 

le spectre et créer un biais par « l’effet typologie » actuellement non connu. Aussi, la mesure du 

spectre n’a pas pu être prise le même jour que la mesure effectuée par ASTRA inovazione pour des  



  



raisons de localisation. Ceci a pu créer un biais. Il faut relever que le bas R² observé pour l’acide L-

glutamique, variable particulièrement intéressante, peut être expliqué par les difficultés survenues 

lors de la mesure. En effet il faut signaler que lors du contrôle, le spectrophotomètre, a présenté une 

faible fiabilité pour la longueur d’onde utilisée. Aussi la mesure du témoin positif fourni par le kit a 

présenté un biais : pour une valeur attendue de 0.10 mg/ml une valeur de 0.07 mg/ml a été mesurée. 

Enfin une erreur de stockage semble avoir joué sur la qualité de la réaction. En effet lors de la mesure, 

les valeurs affichées n’étaient pas stables. Il faut noter que les conditions de transport des fruits au 

lieu d’analyse n’étaient pas optimales. En effet les fruits ont été récoltés largement avant maturité 

(fruit encore vert) et conservés au réfrigérateur. Or ce moyen de conservation est connu pour 

endommager le goût. Un autre moyen d’améliorer la mesure soulevé par Clément en 2008 est de 

sonder le fruits. Cette idée peut être reliée avec les bons résultats obtenus en 2004 par Jha qui a 

développé des modèles forts en travaillant sur le jus. Quelques remarques peuvent être faites sur la 

construction du model. Tout d’abord il faut signaler que les variations du spectre dépendant de 

plusieurs variables simultanément, or les modèles construits ici ne tiennent comptes que d’une 

variable à la fois. De plus, il s’agit ici d’une régression linéaire multiple normalement affecté par des 

problèmes de multicolinearités réduisant la performance. Pour limiter ce problème un tri dans les 

longueurs d’ondes utilisées peut être réalisé. Il est aussi intéressant de noter que l’échantillon utilisé 

pour la calibration est le même que celui pour la validation. Or il est préférable que les deux soit 

indépendants. Il pourrait donc être intéressant de créer un deuxième panel servant à la validation 

(Steinbach, 2013). Il faut noter que la caractérisation a porté ici que sur une partie des composés 

responsables du goût. En effet d’autres composés tels que les lycopènes, les caroténoïdes ainsi que 

les composés volatiles semblent être primordiales a l’étude de la saveur et ne sont pas présents ici 

(Saliba-Colombani, 2001). Enfin pour la création d’une nouvelle variété élite il pourrait être pertinent 

des faire une analyse génétique sur ces différents caractères. Or, les traits liés au goût sont très souvent 

dépendants de l’environnement. La caractérisation faite ici pourrait donc être différente dans un autre 

lieu (E. Liedl et al., 2013). 
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Figure 1. Picture of the ISI Sementi SpA company building (source: isisementi.com). 

 

 

 
 

Figure 2. Phylogenetic tree of Solanum specie (Spooner, 2005). 
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1. INTRODUCTION 

1.1) ISI SEMENTI COMPANY 

ISI Sementi SpA is an Italian seed company located in Fidenza (PR, Italy) founded in 1981 by 

Florindo BONI and taken by Angelo and Paolo BONI (Fig.1). This organization offers a complete 

assortment of horticultural products; obtained partly from her own research (there are 15 species in 

the breeding’s process) and partly thanks to the collaboration with other major international seed 

companies. Products are exported in many countries of the Mediterranean area as well as in North 

and South America. The tomato-breeding program started in 1984 and year after year, a growing 

number of competitive varieties were put on the market. In 2004, the company known a big success 

with his Leader F1 second processing tomatoes variety more grown in Europe, and in 2006 with Pixel 

F1: indeterminate mini plum tomato more grown in Italy (www.isisementi.com [accessed 15 January 

2018]). 

1.2) TOMATO (Solanum lycopersicum L.) 

Tomatoes are among the most widely consumed vegetable in the world (E. Liedl et al., 2013). Its 

production represent 5.0*106 ha with 37 tons per ha worldwide (Ronga, 2018). The success of these 

products was caused by all these forms of consumption: fresh, in salads, juices, soups… (Labate et 

al., 2007) but also by its compounds nutritive and their health benefits. This plant is adapted to the 

tempered climate: 15°C night, 25°C day and needs a simple growing requirement to cultivate it in our 

countries. (Liedl et al., 2013 Sato et al., 2016). Tomato is a diploid specie with 12 chromosomes 

(Liedl et al., 2013). It is a simple small genome of 950 Mpb (Sato et al., 2016) and 35 000 genes 

known to be rich in repetitive sequences. These genetics characteristics, the short time of generation 

and the simple growing made the tomatoes like an interesting model and with an important research 

for its improvement. That is why tomato was one of the first plant with a high-density linkage map, 

and one of the first crop for which molecular marker assisted selection were suggested. Lot of these 

studies talk about the fruits development and they permitted to elucidate the genetics bases (Liedl et 

al., 2013, Schauer, 2004). The cultivated tomato (Solanum lycopersicum) occurs in a clade of 13 

closes species (Fig.2). It is native of the Andiere coast in the north west of the South America. The 

main and more widespread hypothesis is that tomatoes have been domesticated on Mexico but some 

researches sustain that the domestication took place in Perù or maybe independently in the both areas 

(Labate et al., 2007). The wild specie characters were red small fruits, with an indeterminate growth 

of the main axe, a big self-incompatibility and seed dispersal by the insects. Later, the domestication 

permitted the development of fruits with a greater size, an apical dominance and an erect growth.   

http://www.isisementi.com/


 

 

 

 

 

 
Figure 3. Images of tomato fruits and relative typology of some ISI Sementi varieties selected for 

this study (source: personal source). 
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Tomatoes were introduced, during the early part of the 16th century in Europe like an ornamental 

plant and adopted like vegetable during the century in Spain and Italy. The first European cultivar 

was yellow to red, flattened fruits with deep furrows and flowers with a stigma-exerted from the 

anther tube. Tomatoes area was extended after wars. Then, many advances were done because of the 

possibility to control crosses, the self-pollination, the lack of duplication and the natural variability. 

It can be indeed easily crossed with a large range of Solanum. The true breeding tomatoes appeared 

in 1800 and was at is golden age in the 20th century (Liedl et al., 2013). During this period the 

tomatoes improvement had known lot of advances. One of the first big step was, in fact, in 1933 with 

the discover of the heterosis effect who ended, in 1946, by the creation of the first hybrid of tomato 

(Doré, 2006). It is also possible to note the first transgenic variety in 1994, named Flavr Savr 

(Calgene, Davis, Etats-Unis). Moreover, November 2003 was the beginning of the sequencing project 

by the tomatoes’ international project with a BAC who continued with the use of markers and high 

density genetic linkage map in 2008 and finished with the tomatoes’ consortium in May 2012 (Sato 

et al., 2016). During this golden age of tomatoes improvement the fresh market tomatoes breeding’s 

objectives were to increase the productivity and to develop varieties with better fruits aspect (shape 

and color) without take in consideration the genetic variability and all the other traits (Schauer, 2004). 

Initially, were developed characters, which increase the mechanical harvested possibilities: fruits 

firmness with the gene MH-1, and short size production (gene br), concentrated fruits, earliness and 

jointless pedicel. Then the efforts have been concentrated on the appeal for the market: smooth, large, 

round fruits with a tiny blossom end scar (nipple blossom scar gene). The most updated improvement 

done was the discover of the diseases resistances and the gene og which permit a growth under 15-

30°C. Globally all the characters developed during the domestication and the first years of the 

tomatoes selection are correlated negatively with the flavor of the fruits which was not considered by 

the breeders. (Liedl et al., 2013). But, these last years, consumers expectation changed, the taste has 

become one of their major concerns. It gave a new challenge to the seeds production companies: shelf 

life, many disease resistance, genes associate high fruit firmness and a good flavor in the same variety 

(Saliba-Colombani, 2001). Breeding for these two last traits and, more in general, for the organoleptic 

quality has been severely restricted by the polygenically inherited and quantitative trait loci nature of 

the characters (Sinesio, 2010). It was shown in 2001 by Saliba-Colombani who had detected 81 QTLs 

involved on the control of based on 26 major physical and chemical components. These major traits 

involved on the organoleptic quality seems to present QTLs on the chromosome 2, 3, 9, 11 of the 

Tomato. Some interesting relation between QTLs were find like a co-localization between QTLs for 

dry matter, weight and acidity or a negative correlation between fruit weight and sugar content 

illustrated by their QTLs co-localization. 



 

 

 

 

 

 

 

  

Figure 4. Pictures of the Fieldbook App. Main screens (http://wheatgenetics.org/fieldbook). 

Figure 5. Representation of the SCIO model performance; a. calibration process b. recognizing 

method (source: https://www.consumerphysics.com/). 
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That’s why improving organoleptic quality seems to be a complex goal for fresh market tomato 

breeders. (Saliba-Colombani, 2001). 

1.3) INTERNSHIP GOALS 

This internship has indeed the aim to facilitate the development of new improved tasty tomato 

varieties. To operate, this internship was divided in two goals. The first one was to realize a complete 

characterization of the ISI sementi’s commercial varieties (Fig. 3). This characterization consists in 

two main parts: I) morphological, thanks to the APP-reciation of simplification project, II) molecular, 

with the detection of the tasty compounds thanks to the taste it ISI project. The second one, included 

in the Taste it ISI project, has the goal to calibrate and validate a tasty-compound-detection tool based 

on the NIR spectrophotometry, the SCiO®. 

1.4) TOMATO CHARACTERIZATION 

Morphological (APP-RECIATION OF SEMPLIFICATION PROJECT) 

Thanks to the progress done for instruments, the easy access to internet and the development of lots 

of APP, a big project was created this year at ISI sementi: high-troughput phenotyping methods in 

fresh market tomato: Appreciation of simplification. The objective of this project is to accelerate the 

development of new improved crop varieties with the use of an interactive tool that facilitate the 

measure of plant performance directly in the field: the Fieldbook APP. 

(http://wheatgenetics.org/fieldbook [accessed 10 February 2018], Fig. 4). The Fieldbook APP is an 

open source android app. This is an interface used to collect some data on field developed by the team 

of Trevor Rife and Jesse Poland at the Kansas State University. It permits to do an electronically 

phenotyping of the interest traits on an interactive support, take photos and then import all the data in 

a workable table to treat it or to do a data collection. The first part of the strategy developed here have 

been to use this technology to do a phenotyping on the field about morphological traits of the fruits 

and the plants to characterize the commercial lines.  

Molecular (TASTE IT ISI PROJECT) 

The Taste it ISI project has the objective to molecularly/tasty characterize a panel of ISI commercial 

varieties and to create a tool for the detection of the flavor components in tomato that can be used in 

the field/greenhouse. This project is the result of a collaboration between ISI Sementi and ASTRA 

Innovazione: a laboratory of chemical, microbiology, sensory and quality analysis based in Imola 

(BO) who propose some test with the aim of measuring the texture and the perception of the taste. 

Tomatoes flavor is indeed the result of the combination of: sugar, classically measured on the Brix 

scale and considered as good if it is near to 10 (yara.fr [accessed 10 February 2018]); acids the more  
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known is the citric acid (Sinesio, 2010); 16 aromatics volatiles and some amino acids. In 1908 

Kikunae Ikeda identified the main component responsible of the characteristic taste of the tomato: L-

glutamic acid. This component, highlighted in lot of studies to cause the umami taste, is present in 

high quantity in ripe tomatoes (140 mg/100g) (Kurihara, 2009). The glutamic acid is a proteinogenic 

non-essential amino acid. It can be free or bound with a protein. The form of the glutamic acid that 

cause the umami taste is its sodium salt or the glutamate ion. This component is degraded with the 

extreme temperature or pH (Montevecchi, 2012).  

1.5) CALIBRATION OF THE SCiO® (TASTE IT ISI) 

Sensory analysis, physical and chemical methods can efficiently describe flavor and texture but are 

not of practical use for breeders because of their need of large sample and several weeks of analysis. 

Furthermore, to simplify the detection of these organoleptic compounds, a new protocol was 

developed thanks the use of a portable near infrared (NIR) scan called SCiO®. Last part of the strategy 

was in fact to use the results of ASTRA Innovazione from the commercial line to characterize them 

and use this value to calibrate the SCiO® and make him operational for the future. 

(https://www.consumerphysics.com/business/technology/ [accessed 3 March 2018], Fig. 5).  

NIR analysis was used for the first time in this way by the United States Department of Agriculture 

(USDA) in the mid-1960s. It was developed to detect the internal qualities of apple: predict fruit 

maturity levels, sugar content and give indirect measures of taste and texture. Then, it began a popular 

analysis method because of its qualities. Indeed NIR spectroscopy is simple, regent-free, quick; less 

than 30 second of analyze time; and nondestructive. It permits a multi-constituent analysis with an 

interesting level of accuracy and precision. It is admitted that chemical, physical, and structural 

properties individual present in a sample influence the measured spectra, that’s why it seems to be an 

interesting tool for the organoleptic compound measure (Steinbach, 2013). This method had known 

some results on tomatoes organoleptic studies, with some valid and interesting success (Cen 2007, 

Clément 2008, Camps 2012, Sirisomboon 2012, Ecarnot 2013, Wilkerson 2013). The NIR 

quantification can be done indeed by confronting a sample spectrum to a mathematical model built 

with the spectra of known materials (reference data). Usually the calibration and validation of 

measured NIR spectral data is correlated through statistical methods to reference data and it is 

considered as an accurate secondary analytical method.  

  

https://www.consumerphysics.com/business/technology/


 

 

Table 1. Presentation and repartition of the panel in the different projects 

  Cod Tipology Morphological 

characterization 

Molecular 

characterization 

SCiO 

calibration 

IS01 Cherry  X  

IS02 Cherry  X  

IS03 Cherry X X  

IS04 Cherry X X  

IS05 Cherry  X  

IS06 baby plum X X  

IS07 baby plum  X  

IS08 Pink X X X 

IS09 Pink X X X 

IS10 Pink  X  

IS11 Specialities X X X 

IS12 Specialities  X  

IS13 Specialities X X X 

IS14 Specialities X X X 

IS15 Specialities X X X 

IS16 Specialities X X X 

IS17 miniplum  X X X 

IS18 miniplum  X X X 

IS19 miniplum  X X  

IS20    X 

IS21 Cluster1   X 
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2. MATERIAL AND METHODS 

2.1) PLANT MATERIALS 

PANEL  

A panel based on the varieties usually used or developed at ISI Sementi SpA was assembled (Table 

1). The panel was mainly composed by commercial hybrids developed by ISI Sementi: IS18, a mini 

plum variety knows for its intense red color but also for its sweet taste. There was also its sister, IS17, 

a red glossy mini plum who contains lots of brix, responsible to its intense taste. The IS15 variety, a 

sweaty mini plum brown who contains lot of lycopene. IS14, a mini plum striped with characteristics 

closes to IS15. IS16, a sweaty cocktail striped strong in lycopene. IS13 who is yellow and with a 

strong taste. And IS11, an orange glossy mini plum variety oval rich in beta-carotene sugar and 

aromatics compounds who gives to it a fruit taste. All this varieties are little with a weight from 16 to 

30g. But in this panel was included also IS09 and IS08. These sorrentina tomatoes are rustics, safe 

and pink with a typical strong taste. As IS17 and IS18, the expectation for IS09 and IS08 was that 

they are close because of their common parents  

(http://www.isisementi.com/Prodotti/Specie.aspx?Lang=ITA&PID=77 [accessed 10 February 

2018]).  In the panel was comprised some varieties leader of the current markets, considered as tester. 

IS02, the red round cherry Syngenta’s (Bâle, Switzerland) leader with a sucrose composition 30% 

superior of the values of the market. IS05 the cherry high resistance HM Clause’s tomato (Portes-lès-

Valence, France). IS07, the baby cherry plum tomatoes of Syngenta knows to its high brix. IS10, a 

sweet oblate pink tomato by Semillas Fito (Barcelona, Spain). And the orange speciality IS12 by 

Syngenta also knows for its excellent flavor attributes  

(https://www.virtualmarket.fruitlogistica.com/ [accessed 10 February 2018]). To complete the range 

of this panel, some varieties present in the experimental phases of ISI were added: IS01, IS03, IS04, 

IS06, IS19.   

The efforts for the morphological characterization were concentrated only on the ISI varieties: 

commercials hybrids and experimental phase and excluding the testers. Regarding the molecular 

characterization, all the panel was considered.  

It’s important to note that the cluster variety IS21 was added like negative telltale/control.  

 

For the analysis. For the following analysis, varieties were separated according to their typology: i) 

specialities; tomatoes dedicated to a specific market; ii) cherry; the small globose tomato; iii) Baby 

Plum and iv) Mini Plum; who are oval or cylindrical; and v) Pink one with their typical skin color. 

 

 

 

http://www.isisementi.com/Prodotti/Specie.aspx?Lang=ITA&PID=77


 

 

Table 2. Summary of the climatic values observed at Verona during the growing’s month. 

 Temperature maximal 

(°C) 

Temperature minimal 

(°C) 

Light time (h) 

February 8 3 11 

March 12 5 12 

April 21 13 13 

May 23 14 14 
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GROWING CONDITIONS 

Plants used for the measure were sowed the 12 of February 2018 and transplanted the 19 of March 

2018 in the Verona’s greenhouse of ISI Sementi SpA. They were cultured under uncontrolled 

temperature and light conditions. The climatic values are summaries in Table 2. These plants were 

cultured without any phytosanitary treatment and watered two times per week. The characterization 

of the plant took place 3 months after sowing and the fruits characterization 2 weeks after the 

characterization of the plants. 

2.2) MORPHOLOGICAL CHARACTERIZATION 

PHENOTYPIC TRAITS 

Characterization was based on 27 key traits. This large phenotyping permit to have a general view of 

the variety’s characteristics and could be useful for the variation of the consumer’s expectation. Was 

first took in consideration the plant characterization specifically divided into 3 main parts: i) the 

global plant, ii) the leaf, and iii) the inflorescence. Then, in a second time, the fruit characterization. 

Scales used were based on the Protocol for distinctness, uniformity and stability tests of the European 

Union, on the CPVO traits.  

PLANT CHARACTERIZATION 

The global characterization of the plant was first done for the following traits (Table 3). 

- Anthocyanin coloration of the main axis of the plant. This character was visible at the 

seedling stage of the plant. In the past this trait permitted to discriminate the wild species, 

without anthocyanin coloration, and the improved species with this kind of coloration. 

This character could be absent to present. The panel was constructed only with modern 

varieties, so the result expected is 100% with anthocyanin coloration (CPVO trait number 

1). 

- Growth type: The panel was constructed with varieties created or sold by ISI Sementi in 

the fresh market program, so this characteristic was known; an indeterminate growth was 

expected. (CPVO trait number 2). 

- The number of inflorescence: measured with a scale from weak to many. This character 

was important to have an idea of the yielding of the plant. 

- Anthocyanin coloration of the stem: measured on a scale from absent to very strong 

(CPVO trait number 3). 

- Length of the internode: permit also to have an idea of the yielding of the plant. It was 

known that a plant with long internode produce les inflorescences. This character was note 

short to long (CPVO trait number 5). 

- The height of the plant: very short to very long. (CPVO trait number 6).  
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Then the leaf characterization (Table 4). All the traits evaluated are important for the improvement 

of the varieties because they give the impression of an ill or sick plant. Furthermore, it is crucial for 

start a breeding for improving the photosynthesis capacity of tomato.  

- Attitude of the leaf: from erect to dropping (CPVO trait number 7) 

- Leaf length: from short to long (CPVO trait number 8). 

- Leaf width: from narrow to broad (CPVO trait number 9). 

- The type of blade was noted. In our case, only bipinnate was expected, the observation of 

a pinnate was the sign of another specie (CPVO trait number 10). 

- Then the size of the leaflets: with a scale from very small to very large (CPVO trait number 

11). 

- The intensity of the green color: from light to dark (CPVO trait number 12). 

- The glossiness of the leaf: was noted from weak to strong (CPVO trait number 13). 

- Blistering: was the formation of little bulge behind the ribs of the leaf (CPVO trait number 

14). 

- The attitude of the petiole to the main axis was noted in a scale from semi-erect to semi-

dropping (CPVO trait number 16). 

- Time of maturity: early or late maturity (CPVO trait number 43).  

Finally, the inflorescence was characterized (Table 5): 

- Type of inflorescence: mainly uniparous, uni-multiparous or multiparous. Because of the 

varieties choose to construct the panel, 100% of multiparous was expected (CPVO trait 

number 17). 

- The color of the flower: yellow or orange. It is important to note that it is rare to observe 

an orange flower (CPVO trait number 20). 

- Pubescence of the style: present or absent. This character was interesting because the 

presence of a pubescence permitted a better capture of the pollen (CPVO trait number 19). 

- Abscission layer: this was the jointing and was characterize with a presence/absence trait 

(CPVO trait number 21). This jointing was positively selected for the fresh market 

tomatoes because helps the manual harvesting. 

- Length of the joint: short to long (CPVO trait number 22). 

 

 



 

 
T

a
b

le
 5

. 
T

ra
it

s 
o
f 

th
e 

in
fl

o
re

sc
en

ce
 c

h
ar

ac
te

ri
za

ti
o

n
 w

it
h
 t

h
e 

co
rr

es
p
o
n
d

en
t 

sc
al

e.
 

1
1
 

     

T
a
b

le
 6

. 
T

ra
it

s 
o
f 

th
e 

fr
u

it
 c

h
ar

ac
te

ri
za

ti
o
n

 w
it

h
 t

h
e 

co
rr

es
p
o
n
d
en

t 
sc

al
e.

 

1
1
 

      O
b
co

rd
at

e 

(O
B

C
O

R
) 

1
0
 

     1
0
 

     P
y
ri

fo
rm

 

(P
Y

) 

9
 

  P
re

se
n
t 

(P
R

E
S

) 

A
b
se

n
t 

(A
B

S
) 

 9
 

P
re

se
n
t 

(P
R

E
S

) 

V
er

y
 l

ar
g

e 

(V
L

A
) 

 V
er

y
 d

ar
k

 

(V
D

) 

P
re

se
n
t 

(P
R

E
S

) 

O
b
v
at

e 

(O
B

O
) 

8
 

     8
 

     O
v
at

e 

(O
V

) 

7
 

    L
o
n
g
 

(L
O

N
G

) 

7
 

 L
ar

g
e 

(L
A

R
G

E
) 

D
ar

k
 

(D
A

R
K

) 

D
ar

k
 

(D
A

R
K

) 
 C

o
rd

at
e 

(C
O

R
) 

6
 

     6
 

     E
li

p
ti

c 

(E
L

I)
 

5
 

    M
ed

iu
m

 

(M
E

D
) 

5
 

 M
ed

iu
m

 

(M
E

D
) 

M
ed

iu
m

 

(M
E

D
) 

M
ed

iu
m

 

(M
E

D
) 

 C
y
n
li

n
d
ri

c 

(C
Y

) 

4
 

     4
 

     O
b
lo

n
g
 

(O
B

G
) 

3
 

M
u
lt

ip
ar

r

o
u
s 

(M
P

) 
   S

h
o
rt

 

(S
H

O
R

T
) 

3
 

 S
m

al
l 

(S
M

A
L

L
) 

L
ig

h
t 

(L
IG

H
T

) 

L
ig

h
t 

(L
IG

H
T

) 
 C

ir
cu

la
r 

(C
IR

) 

2
 

U
n
i-

m
u
lt

ip
ar

ro
u

s 
(U

P
M

P
) 

O
ra

n
g
e 

(O
) 

   2
 

     O
b
la

te
 

(O
B

L
) 

1
 

M
ai

n
ly

 

u
n
ip

ar
o
u
s 

(U
P

) 
Y

el
lo

w
 (

Y
) 

A
b
se

n
t 

(A
B

S
) 

P
re

se
n
t 

(P
R

E
S

) 
 1
 

A
b
se

n
t 

(A
B

S
) 

V
er

y
 s

m
al

l 

(V
S

M
) 

 V
er

y
 l

ig
h
t 

(V
L

) 

A
b
se

n
t 

(A
B

S
) 

F
la

tt
en

ed
 

(F
L

A
) 

A
b

b
re

v
ia

t

io
n

s 

L
T

I 

F
C

T
 

F
P

B
 

JN
T

 

P
E

L
 

A
b

b
re

v
ia

t

io
n

s 

F
D

T
 

E
X

G
 

IG
S

 

IG
F

 

G
S

T
 

F
S

T
 

T
ra

it
 

T
y

p
e 

o
f 

in
fl

o
re

sc
en

ce
 

C
o

lo
u

r 
o

f 
th

e 

fl
o

w
er

 

P
u

b
es

ce
n

ce
 

st
y

le
 

A
sc

is
si

o
n

 

la
y

er
 

L
en

g
th

 p
et

io
le

 

T
ra

it
 

G
re

en
 

sh
o
u
ld

er
 

E
x
te

n
t 

o
f 

g
re

en
 

sh
o
u
ld

er
 

In
te

n
si

ty
 o

f 

g
re

en
 

sh
o
u
ld

er
 

In
te

n
si

ty
 o

f 

g
re

en
 (

fr
u
it

) 

G
re

en
 

st
ry

p
es

 

F
ru

it
 s

h
ap

e 

  



  |8 

FRUIT CHARACTERIZATION 

 Traits used are summarized in the Table 6. 

- Green shoulder: a present or absent trait (CPVO trait number 35) who was the presence of 

a demarcation of the color on the top of the fruit. 

- Extent of green shoulder: from very small to large (CPVO trait number 36). 

- Intensity of green shoulder: also named color of the green shoulders, from light to dark 

green (CPVO trait number 37). 

- Intensity of green: it was the color of the fruit, from very light to very dark (CPVO trait 

number 38). 

- Green strypes: it was a present/absent character who was expected for the striped speciality 

composed by striped fruits after maturity. 

- Shape of the fruit: And it was declined in all these shapes: flattened, oblate, circular, 

oblong, cylindric, elliptic, cordate, ovate, obvate, pyriform, obcordate (CPVO trait number 

25). 

STASTISTICAL ANALYSIS 

In order to make all these data statistically informative, a numeric scale was created to attribute at 

each qualitative trait a specific score. The characterization of each variety was done by an explorative 

analysis. Then, the non-transformed data were treated with the R logiciel. Variables who present a 

unique statute were eliminated to permit a Multiple Correspondence Analysis (MCA). For this study, 

the variable typology was considered as an illustrative variable. This analysis permitted to confirm 

the explorative analyses, visualized the traits repartition behind the varieties and typology to, at the 

end, seen the typologies clustered according to these traits. 
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2.3) MOLECULAR CHARACTERIZATION 

FLAVOR TRAITS 

Analyses of the flavor traits were done by ASTRA Innovazione. Different types of data were 

considered: measure about the flavor and the quality of the fruits to characterized the organoleptic 

quality of the fruit but also traits able to evaluate the appeal of the varieties in the market. Traits were 

evaluated by a direct measurement or by the establishment 14-experimented tester panel. Following 

tasty traits were evaluated: sweet perception, acidity perception, herbaceous aroma, tomato aroma, 

global aroma, pleasant taste, who were evaluated by the testers and: RSR % proportional to the sugar 

concentration, acidity, acid citric %, pH who were measured. Traits able to evaluate the quality and 

the appeal of the variety on the market were also proceeding in the SCiO® instrument because, as a 

goal of this internship, they will be interesting to the development of a new successful variety. In this 

category the following traits were evaluated: Color intensity, olfactory intensity, crunchiness, 

consistency, juiciness, mellowness, hardness of the peel, adhesion of the peel, visual pleasantness, 

olfactory pleasantness, pleasant structure, pleasant overall. And were added the following measure: 

medium weight, caliber, hardness, color l: color of lightness, color a: a scale positive for red-purple 

to negative for the bluish-green, color b: positive for the yellow to negative for blue (Mc Guire, 1992). 

SPECTRUM AQUISITION 

The entire panel of tomatoes was scanned with the SCiO® NIR spectrophotometer. For each variety 

a total of 125 spectrum were obtained thanks to this following plan: for each variety 5 fruits on 5 

slices with 5 replicates (scan on the same place).  

FRUIT QUALITY TRAITS 

The measure of the tasty compounds for each part of each fruit were done with followings methods. 

- L-glutamic acid 

For the analyses of the L-glutamic acid a Megazyme kit (MEGAZYME®, Bray, Ireland) was used 

(https://secure.megazyme.com/L-Glutamic-Acid-Assay-Kit.) [Consulted the 10 of February 2018].  

This kit is based on the following reaction: 

 

𝐿𝑔𝑙𝑢 + 𝑁𝐴𝐷+ + 𝐻2𝑂 – (𝐺𝐼𝐷𝐻) → 2𝑜𝑥𝑜𝑔𝑙𝑢𝑡𝑎𝑟𝑎𝑡𝑒 + 𝑁𝐴𝐷𝐻 + 𝑁𝐻4
+ 

𝑁𝐴𝐷𝐻 + 𝐼𝑁𝑇 + 𝐻+ − (𝐷𝑖𝑎𝑝ℎ𝑜𝑟𝑎𝑠𝑒) → 𝑁𝐴𝐷+ + 𝐼𝑁𝑇_𝑓𝑜𝑟𝑚𝑎𝑧𝑎𝑛 

 

The INT-formazan is stochiometric with the L-glutamic acid quantity and detected with a 

spectrophotometer at 492 nm. 

 

  

https://secure.megazyme.com/L-Glutamic-Acid-Assay-Kit
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Then the rapport: 

𝑉 × 𝑀𝑊

𝜀 × 𝑑 × 𝑣
× ∆𝐴𝐿𝑔𝑙𝑢 

 

(V: Final volume (ml), MW: Molecular weight of the L-glutamic acid (g/mol), ɛ: extinction coefficient of INT-

formazan at 492 nm (l/mol*cm), d: light patch (cm), v: sample volume (ml)) 

permit to obtain the quantity of the L-glutamic acid present in the sample in g/l. Then a conversion 

was done to obtain the results in mg/100g of sample. 

- Brix/acidity 

To finish, brix and acidity values were obtained with the pocket Brix-Acidity Meter for tomatoes 

PAL-BX|ACID3 developed by ATAGO® (Tokyo, Japan). Brix was evaluated by refractometry who 

measured the deviation of the light caused by the sugar, one brix degree correspond at 1g of sugar in 

100g of solution. The acidity value was obtained with the conductivity of the sample. This measure 

corresponded at the acid citric concentration in the sample in %. 

STATISTICAL ANALYSIS 

For each traits and varieties, the mean of the 14 testers was considered. An analysis of the variance 

(ANOVA) was done to control the quality of the test and detect a tester effect. After the 

characterization of each variety by an explorative analysis, the data was treated with the R logical. A 

principal component analysis (PCA) was done to confirm the explorative analysis, discriminate 

varieties who have specifics characters or clustering the one who have common traits and see the 

correlation behind the trait measured. In this case, it was particularly interesting to see the correlation 

between the quality traits ant the variable about the pleasantness who were defined as illustrative 

variable. 

2.4) CALIBRATION OF THE SCiO® 

Data were collected and meanwhile registered on the SCiO® web-cloud. All the data were then put in 

relation with the specific spectrums obtained on the SCiO® server. One spectrum was attributed at 

one value. To create the model, data were processed and normalized. In this case data was of 

multivariate nature (multiple wavelength measurement). The principle was: the independent variable 

was the measured absorbance at one single wavelength (X) that was measured for a concentration 

during the calibration (dependent variable, Y) who was the reference value. With the prerequisites 

that the Lambert-Beer law is followed, the relationship Y = f(X) can be expressed by univariate 

calibration using linear regression and permit to precisely characterize the relationship and be used 

for the prediction of new samples (Steinbach, 2013). In the end, calibration and prediction models 

were obtained using partial least square regression (PLSR). The result was visualized, at first, by a  

 



 

 

 
Figure 6: Graphic of the phenotypical characterization of the plant for each varieties by typology a. 

cherry tomatoes; b. baby plum; c, pink tomatoes 2; d. speciality orange; e. speciality striped; f. mini 

plum; Legend: NFS: number of inflorescence, SAC: anthocyanin coloration of the stem, SLI: length 

of the internode, PHE: height, LAT: attitude of the leaf, LTL: leaf the length, LTW: leaf width, 1STL: 

size of the leaflets, LCT: intensity of the green color, GLO: glossiness, BLI: blistering, LPT: attitude 

of the petiole to the main 
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PCA, then the correlation between the spectrum and values observed was obtained by the SCiO’s® 

algorithm who created the model. In the future this model permit with one spectrum to obtain the 

value of the fruit correspondent. To evaluate the quality of the model known value were compared to 

the estimated value obtain by the SCiO’s® server, and the reliability of the relation was estimated by 

a R². 

 

3. RESULTS AND DISCUSSION 

3.1) MORPHOLOGICAL CHARACTERIZATION 

EXPLORATIVE ANALYSIS 

Phenotypical characterization was done on the greenhouse. It is important to note that all the varieties 

have an indeterminate type of growth, a seedling anthocyanin color with a bipinnate type of blade 

and with a yellow inflorescence multiparous and the presence of an abscission layer. All these 

characteristics confirm that all the varieties in the panel are tomatoes mainly created for the fresh 

market. 

- Plant characterization 

The first typology described is cherry tomatoes (Fig. 6a). It is characterized by a long size, a leaf 

composed of medium leaflet, with a dark not glossy color and a horizontal petiole. A little variability 

can be observed behind the two varieties who composed this typology. The first one is the 

anthocyanin coloration of the stem: weak for IS03 and medium for IS04, the leaf attitude semi erect 

for IS03 and erect for IS04 and the width medium for the first one and narrow for the second one. 

The pink typology is composed of two sisters who seems close by their general aspect but can be 

easly discriminated. The first point is the height. It seems like IS09 is smaller than IS08. But they can 

be also defined by their different leaf: the first one has large leaf with medium leaflet and the second 

one medium leaf width with large leaflet. A little difference of blistering can be observed, medium 

for IS08 and weak for IS09. Then, a little difference of the attitude of the petiole is observed, semi 

erect against horizontal (Fig. 6c). Specialties can be divided in two groups: orange and striped 

tomatoes. The oranges tomatoes are really peculiar (Fig. 6d). Even if the leaf has the same characters: 

medium size with large leaflets, light green color and without blistering; their general attitude is the 

opposite: semi-dropped for IS11 and semi-erect for IS13 and with a different attitude compare to the 

main axis: IS11 horizontal and IS13 semi-dropped. It is also interesting to note that in the striped 

varieties the IS16 and IS15 are similar for the plant characteristics: medium plant with medium 

internode length with medium leaf semi erect and medium leaflet. In this case, they can be 

discriminated by the attitude of the petiole who is horizontal for IS16 and semi-erect for IS15 or by 

little earliness of the flowering for IS16. IS14 is completely different of the others: this is a short plant   



 

 

 
Figure 7: Graphic of the phenotypical characterization of the fruit for each variety by typology a. 

cherry tomatoes; b. baby plum; c, pink tomatoes 2; d. speciality orange; e. speciality striped; f. mini 

plum; Legend: FPB: Pubescence of the style, PEL: Length of the petiole, FDT: Green shoulders, 

EXG: Size of green shoulders, IGS: Color of green shoulders, IGF: Color of the fruit, GST: Strype, 

TOF: Time of flowering, FOR: Shape of the fruit.  
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with less anthocyanin coloration of the blade. The leaf is upright long dead smooth and with a medium 

color (Fig. 6e). Mini-plum varieties were also characterized (Fig. 6f). In this typology are IS18 and 

IS19, two closed varieties. These productive varieties are known to produce similar fruits but are used 

in different way in Sicily because of their leaf characteristics. IS18 is shorter with long leaf semi erect 

dark green and a petiole semi-dropped. IS17 have a medium size with erected medium leaf medium 

dark but with a strong glossiness with a petiole horizontal. These characteristics make one more 

adapted for the winter cycle and other better for the two summer’s cycle. The variety ISI19 is a mix 

of both of them but with large leaflet and without glossiness and blistering. To finish, the ISI06 variety 

was characterized as the only representative of the baby plum typology (Fig. 6b). This long plant with 

small internodes have medium dark green horizontal leaf. 

- Fruit characterization 

Cherry tomatoes (Fig. 7a) have similar characteristics: a pubescent style with a short petiole with 

circular fruits who present green medium green shoulders. The only difference that can be noted 

between the two varieties chosen to represent this typology is the color of the green shoulders who is 

light green to IS03 and medium green to IS04. The pink typology can be easily discriminated than 

the other because it has specifically characters (Fig. 7c). It is the only typology who does not present 

a pubescent style, know to facilitate the pollen adhesion and because they have de medium size 

petiole, rare character in the panel. The common characters of the varieties used are the little green 

shoulders and the early time of flowering. Even if they are close they can be discriminated by the 

color of their green shoulders: light green for IS08 and medium for IS09 and the fruit shape: IS08 is 

obcordate and IS09 oblate. Orange specialties is represented by two different varieties:  IS11, with 

light green elliptical fruits without green shoulders and a medium petiole length. IS13, a light green 

cylindrical fruit with dark medium size green shoulders and a short petiole. In the stripped speciality 

varieties (Fig. 7e) lot of fruits shape are represented: IS14 is obovate, IS15 elliptical and IS16 circular. 

For all the characters taken there IS14 and IS16 are very similar. A striped light green fruit, an early 

time of flowering, a pubescent style and a short petiole. At the opposite IS15 is not stripped but this 

medium green fruit present some dark green shoulders and an early time of flowering. With the two 

types of characterization done we can conclude the speciality typology regroup varieties with large 

phenotypical characters. The Mini plum typology (Fig. 7f) present a shape uniformity with an 

elliptical fruit and some common characters as the pubescent style, the medium petiole and the 

medium time of flowering. For the fruits, part IS18 and IS19 seems to be the closest varieties because 

they have the same characteristics. They can be discriminated of the IS17 by the green color light for 

IS18 and IS19 but very light for IS17. Then, the ISI06 variety was characterized as the only  

 



 

 

 
Figure 8. MCA output, repartition of the varieties colored by typology on the plan formed by the 

dimension 1 (19.7%) and 2 (14.1%).  
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representative of the baby plum typology (Fig. 7b). This variety present a medium green pyri-ovate 

fruit with an early time of flowering, a pubescent style and short petiole. 

MULTIPLE CORRESPONDENCE ANALYSIS  

Multiple Correspondence Analysis (MCA) performed on the phenotypic traits across the panel 

revealed a structuration, with Dim1 and Dim2 explaining respectively 19.7% and 14.1% of the 

variance (Fig. 8). At first, it seems to be clear that the pink typology is stands by the other; this 

typology is at one extreme of the axis. This fact could be due by their atypical shape and the no 

pubescent style not present in any other typology. It is interesting to note that there are near of the 

first dimension and in the positive part. It is possible to say that it can be characterize with the high 

contribution of the first axis (Annex 1): fruit with small green shoulders, medium petiole, semi 

dropped light leaf and absence of anthocyanin coloration. It is also important to note that, as expected, 

varieties who compose this typology seem to be close related. Along the negative part of the first 

dimension are present mini plum, cherry and baby plum typologies. As observed in the pink typology, 

varieties who compose the mini plum and cherry typology seem to be close related. Indeed, cherry 

typology seems to be close with baby plum as they share numerous similar characters and can be 

clustered in an only one typology, but we have to remind the fact that our typology is represented by 

only few varieties and the observation are maybe not representative of the repartition observed in the 

market. Globally all these typologies; cherry, mini plum and baby plum; seems to have the same 

position on the first axis due to their circular and elliptic shape with the presence of a pubescent style. 

This is the contribution of the second axis who permit to discriminate the cherry-baby plum to the 

mini plum. Repartition of the trait along this axis is: the size of the plant is long in the positive part; 

leaf attitude, horizontal for the positive part and erect for the negative part; leaf coloration, medium 

to dark; the glossiness of the leaf weak in the positive part; green shoulders medium to long. These 

results show that globally varieties can be group along the axis by typology because they are 

composed by close related variety. This lack of diversity could be a problem to the improvement of 

a new successful variety in case of change of the expectation in the typology. It is also the sign of a 

close market who seems to be based on one specific phenotypic ideotype. In the opposite are the 

specialties seems to be, at first represented by varieties very different by their characters. It seem 

important to note that specialties typologies are less correlated with these two dimensions. Maybe 

because they present character combination different of the others typologies. But orange seems to 

be closer to the pink one and stripped to the 3 others. In this case, it seems to be like a non-sense to 

weak these varieties by typology but it is sign of high genetic variability, useful for tomato 

improvement.   
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Figure 9. Graphics of the ASTRA innovazione characterization of the taste for each variety by 

typology a. cherry tomatoes; b. baby plum; c. pink tomatoes 2; d. speciality orange; e. speciality 

striped; f. mini plum;  
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We can think that these typologies are composed of varieties with small-parented link maybe due to 

a multiple origin of the trait. To have a better view regarding this organization, the next step of the 

study, it could be to genotypically characterize the entire panel with molecular markers (SSR, SNP, 

GBS) and construct a phylogenetic for the varieties. It will be done in the near future. 

3.2) MOLECULAR CHARACTERIZATION 

ASTRA INNOVAZIONE 

- Flavor characterization 

The quality of the evaluation done by ASTRA innovazione was tested (Annex 2). For five traits, it 

seems that there is an effect of the tester: herbaceous aroma, consistency, mellowness, adhesion of 

the peel and visual pleasant. It has to be take in consideration in the future observations because is 

the sign of a bad reliability of the measure. It is also possible to see small effects of the typology and 

the variety that confirm the wide genetic range of varieties.  

With the Figure 9 it’s possible to conclude that cherry tomatoes have an herbaceous aroma not 

developed but a characteristically pleasant taste who is partially explain by a high RSR%. In this 

cluster it’s possible to distinct the variety IS05 characterize by a low olfactive intensity, sweet and 

acidity perception but a good consistency and crunchiness. On the opposite, there are IS01 and IS02 

with a good olfactive intensity, sweet and acidity perception but who are bad for the consistency and 

crunchiness. It seems as the variety IS04 try to combine all the good characteristics of them. The 

oranges specialities are characterize by their low sweetness and herbaceous taste. It is particularly 

interesting because the measure of the tasty characters shows that this typology has the best results 

for the acidity, pH and RSR% who are maybe the key of the herbaceous traits. It seems to be like 

IS11 variety has globally a better aroma perception, IS13 less aroma perception with a little bit more 

of consistency and IS12 the wort aroma quality. Principal characters of the striped tomatoes are their 

consistence, crunchiness and acidity perception. With, in the opposite a bad sweet perception and low 

olfactory intensity. There is an outsider, IS16 who is better for these characteristics but bad acidity 

perception. The typology baby plum is hard to characterize because, in our panel, it is represented by 

two opposite varieties: IS07 with a high color intensity but bad for the consistence crunchiness and 

sweetness and IS06 as the opposite. However, globally, it is possible to conclude that this typology 

shown a medium aroma, sweetness and acidity perception. As it is usually known, mini plum typology 

is characterized by their sweet taste but with a low acidity and herbaceous aroma. Our observation is 

a little bit different because we have to note that all the varieties who represent this typology seem to 

show the higher acid citric concentration and a medium RSR%. So, we can think that there are others 

components causing the sweet perception and the acid citric is not powerful on the acidity perception. 

It seems like IS17 have the best color and olfactive intensity, IS18 better peel and IS19 the worst.  



 

 

 

   
Figure 10. Histogram of the L-glutamic concentration (mg/100g of sample) according to the 

variety. 

 
Figure 11. Histogram of the acidity measure (%) according to the variety. 

 
Figure 12. Histogram of the brix measure (%) according to the variety. 
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In the end there is the pink typology with medium characteristics for all the flavor traits measured. 

Once again, this observation seems to be strange because the pink typology present the lowest value 

for all the tasty compound measurement. Once again, the two sister varieties seems to share the same 

characteristics but can be discriminated by the color intensity that is higher for IS09. The third variety 

present for this typology, IS10, seems to present a better global aroma. 

FRUITS QUALITY TRAITS 

- Glutamic acid 

After a first look at the L-glutamic acid data (Fig. 10), it is possible to say that: IS13 (340 mg/100g) 

and IS17 (236.7 mg/100g) seems to have the best glutamic acid concentration. On the opposite, the 

variety IS21 (86.71 mg/100g) have the lower glutamic-acid value. In this case, it was the expected 

results because IS21 is well known of his tasteless characteristic as a cluster tomato (round shape). 

Not far of this variety, there is the pink typology who, as in the ASTRA innovazione results, shows 

low value. In the stripped typology, IS15 can be discriminate with its very low value. And in the mini 

plum typology, IS18 is discriminated by its high value. 

- Acidity  

The acidity (Fig. 11) observed as expected, was almost the same for each variety, from 0.4% to 0.6%. 

There is only one variety, IS09 who seems to be high, but for the others the variation is almost 

inexistent. This result is different than the one obtain by ASTRA Innovazione. This observation can 

be due to the different measurement methods but also the maturity of the fruit. 

- Brix 

As it was observed at first IS11 (8.5%) and IS13 (8.06%) have the best results for the measure of the 

brix (Fig. 12). It is interesting because they are both in the orange speciality typology. It seems like 

IS21 has the worst one. Once again, it was the expected results because IS21 is known to be tasteless. 

Results in typology seem to be homogenous and around 5, sign of a medium brix. It is interesting to 

note that for this measure, in the striped speciality typology, is the variety IS17 who is a little bit 

different than the others with less brix. It is also interesting to note that the brix obtained by ISI and 

the RSR obtain by ASTRA Innovazione are almost the same.  

 



 

 

 

Figure 13. PCA output, repartition of the varieties colored by typology on the plan formed by the 

dimension 1 and 2. 

 

 
Figure 14. SCIO algorithm output of the recognizing’s trust percentage for each variety obtain with 

the NIR spectrum. 
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PRINCIPAL COMPONENT ANALYSIS  

Principal Component Analysis (PCA) performed on the phenotypic traits across the panel revealed a 

relevant structuration, with Dim1 and Dim2 explaining respectively 39.5% and 18.5% of the variance 

(Fig. 13). Once again, varieties are clustered along the axis by typology. As previously, the pink 

typology seems to be isolated in a specific region of the graph. It is interesting to note that this part is 

well correlated with the variable weight, caliber and pH and negatively correlated with all the tasty 

traits (Annex 3). It seems that the pink varieties are discriminated by their morphological 

characteristic and by the taste. It is interesting to note that the IS08 and IS09 are closer together than 

with the IS10. It was expected and is the consequence of their parental linkage. The closest typology 

of the pink seems to be mini plum. On this graphic mini plum typology is characterized by its 

olfactory intensity and its mellowness. As the pink typology, mini plum varieties are close to the 0 

on the second dimension. It is interesting because this axis is well correlated with the color traits, the 

peel characteristics and the consistence of the fruit who seems to be neutral for these two typologies. 

All the others typologies are presents in the other part of the first axis. This part of the axis is well 

correlated with the pleasantness characters, the RSR, tomatoes aroma and sweet perception. The more 

different typology along this axis is orange specialties who seems be the tasty typology. Its position 

on the plan shows its good level in L-glutamic acid composition, brix and color intensity who permit 

to discriminate it. As observed previously, varieties who composed this typology are very different 

and it is possible to see here that the variety IS12 doesn’t seems to share the expect characteristics of 

orange speciality with the other varieties of this typology. It is an heteroclite group maybe sign of the 

apparition of their discriminating character in different way. This hypothesis can be verified on the 

photos because the color of IS12 is orange while the others tend to be yellow. The striped speciality 

is present in the bass part of the graphic and place with the harness of the peel, the herbaceous aroma 

and the crunchiness. In this experiment, they seem to be grouped and they not present high diversity 

of characters. Finally, cherries have a good place along the pleasant characters axis and disposed 

around the first axis, so at 0 on the second axis. They seem to share the same consistence and aspect 

characteristics with the pink and mini plum but be at the opposite for the taste. As previously, this 

typology is close to IS06, but the second baby plum variety seems to contrast it because is on the 

negative part of the first axis. Finally, striped specialties, baby plum and cherry seems to be mix on 

this plan. Typologies construction doesn’t seem to take account the parental linkage but only 

phenotypical characters. 

 

 

 



 

 

Table 7. ASTRA inovazione traits with the corresponding R² obtain by the corrlation between 

estimed value of the SCiO®  model create with the spectrum and the measure and the true value.  

 

 

 
 Figure 15. L-glutamic acid relation between estimed value of the SCiO® model create with the 

spectrum and the measure and the true value in mg/100mg of dry matter 

.   

Trait R2 (%)  Trait R2 (%) 

color intensity 0,393  olfactory pleasantness 0,429 

olfactory intensity 0,346  pleasant taste 0,655 

sweet perception 0,589  pleasant structure 0,752 

acidity perception 0,534  pleasant overall 0,664 

herbaceous aroma 0,815  medium weight 0,727 

tomato aroma 0,433  caliber 0,709 

global aroma 0,529  hardness 0,615 

Crunchiness 0,723  color l 0,714 

Consistency 0,769  color a 0,575 

Juiciness 0,72  color b 0,716 

Mellowness 0,689  RSR % 0,788 

hardness of the peel 0,716  acidity 0,623 

adhesion of the peel 0,709  acid citric % 0,584 

visual pleasantness 0,553  pH 0,474 
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3.3) CALIBRATION OF THE SCiO® 

ASTRA INNOVAZIONE TRAITS 

The model built for the flavor traits permitted to discriminate the varieties (Fig. 14). It is interesting 

because it is a sign that each variety have a specific spectrum. It is the confirmation that we can 

expected to build some useful models thanks to the spectrum. To discriminate bests models, R² were 

observed (Table 7). This method seems to have some results for of the herbaceous aroma (0.815), the 

crunchiness (0.723), the consistency (0.769), the juiciness (0.72), and the appreciation of a pleasant 

structure (0.754). Classically a R² is considered as good if it is superior at 0.8, but this study reviews 

only the initiation of the model, the data has to be improve so models with a R² superior at 0.7 were 

considered as good. Unfortunately, it seems to be not so powerful for the color intensity (0.393), the 

olfactory intensity (0.346) and the tomato aroma (0.433). Good results for the textural traits were 

expected because of the high link between physical characteristics and spectrum (Saliba-Colombani, 

2001) but also because of the quantity of strong models developed with the firmness in the literature 

(Clement 2007, Ecarnot 2013). 

FRUIT QUALITY TRAITS 

A model was obtained for the L-glutamic acid with a R² of 0.323 (Fig. 15). This low R² could be 

explained by lots of reasons. At first, on the literature, studies about the amino-acid detection with 

NIR-infrared have ended, for the validation of prediction models resulted, at R 2 values from 0.04 to 

0.91 according to the component (Kovalenko, 2006). We have to note that the detection procedure 

used for the measure of the L-glutamic acid was in our case not too much reliable. At first because of 

the spectrophotometer known to its bad accurate and accuracy in the range of wavelength used for 

this analysis. A standard sample was tested to see the distort. For an expected value of 0.10 mg/ml a 

value of 0.07 mg/ml was observed. Furthermore, the measure done was not repeatable, stable. During 

the manipulation, there was a variation of the absorbance value done by the spectrophotometer in 

time (<0.01). This kind of variation could be due to some interference in the solution, but it was not 

our case because the interference have to be observe in the first absorbance measurement, take at the 

end of the first reaction, with an absorbance variation upper at 0.01, and here it was observed during 

the second measure. Therefore, the second reason could be due to the reaction who was not ended. 

However, even after 30 min of reaction the measure was not stable, maybe because of the temperature 

who was not really at 25°C and who slow the reaction. Also because of the quality of the solution 

who were stored in the freezer. This storage way could degraded the enzyme who are normally stored 

at 4 degrees. Finally, the low R² could be due to the lack of diversity and extreme value in our model, 

or also a too little effective. In any case, it could be interesting to increase our effective to have a 

strongest model. 



 

 

 
Figure 16. Acidity relation between estimed value of the SCiO® model create with the spectrum 

and the measure and the true value in %. 

 

 
Figure 17. Brix acid relation between estimed value of the SCiO® model create with the spectrum 

and the measure and the true value in %.   
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The lack of variation observed for the acidity does not permit to obtain any relation (Fig. 16). This 

absence of variation could be explained by the use of a no adapted measurement tool, the high 

maturity of the fruits but also because they were conserved on the fridge who is known to decrease 

the fruit quality. The other critical point is the transport between the field and the laboratory. So, it 

could be interesting here to redo this measure with another instrument because the relation obtained 

with the ASTRA Innovazione value doesn’t show this problem. 

A model was also obtained for the brix with a R² of 0.831 (Fig. 17). This result was expected because 

some similar case are founded on the literature with observed R² of 0.69 (Cen, 2007) or upper than 

0.8 (Sirisomboon 2012, Wilkerson 2013). This model seems to be reliable and could be improve by 

the increase of the effective. 

DISCUSSION 

For these models, it is important to note that, to have a maturity stage for the manipulation, fruits 

were harvested before the maturity (green fruits) and conserved in the fridge during the transportation. 

So, it does not permit an optimal maturation of the fruit. And it is known that the quality of the fruit 

depends of the environmental condition of the fruit maturation (E. Liedl et al., 2013) and a better 

quality of the fruit can be expected with a maturation on the plant. Furthermore, the day of the 

measurement made by ASTRA Innovazione is not the same of the measure of the spectrum and it can 

be misleading. The good way to overcome this problem could be to scan and take the measure directly 

on the field on the fruits matured on the plant.  

Others notes can be done about the model construction. At first it is important to say that variations 

of the NIR spectrum is multivariate, it depend on more than one variable simultaneously. The low 

results could maybe be explained by a combination of characters who are not taking account in this 

construction. Then, NIR data analysis using multiple linear regression (MLR) is normally affected by 

multicollinearity, which leads to a poor prediction performance. To overcome this problem and to 

obtain a strong and robust predictive model, the number of wavelengths used for the analysis has to 

be cut down to keep only the more significant for the considered parameter (Steinbach, 2013). It is 

also important to note that the evaluation of our model is based only on the observation of the R2. It 

could be interesting to observe also the standard error calibration who permit to taking account of the 

analyte range and distribution of the calibration sample population, who have an influence on the 

model. It is possible to add that the validation and the calibration were done with the same 

sample/variety. But to guarantee the integrity and applicability of the derived calibration model it is 

important to validate it with a totally independent sample. It could be interesting to create a second  
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independent set of samples collected from additional production runs (or lots) and use it to validate 

the performance of the calibration model. As said previously the variation range of the sample used 

for the calibration have an effect on the model built. To ensure a good model it is necessary to assure 

that the calibration set of samples is representative of the existing variations and shown a consistent 

number of representative samples at each analyte concentration level (Steinbach, 2013). But as said 

previously in the characterization, it is not the case in our panel who seems to present a lack of extreme 

values. The interesting thing to do now is to include varieties who complete the panel for a better 

range of value to have the extreme values for each trait and a better calibration. To improve the quality 

of these models, especially models with a worst R², it could be interesting to discriminate tomatoes 

by typology and build one specific model for each typology. Indeed, it is possible to think that the 

typical color specific at one typology as orange, pink… can have an incidence on the spectrum 

independently of the variation due to the compound and present a specific spectral signature 

(Clement, 2008). Create different model for each typology can permit to eliminate the ”typology 

effect” on the variation of the spectrum and make it more precise because this effect is not known in 

a simple way, and more reliable. The second way to do that can be to cut the wavelength near to the 

red length. An other idea developed by Clement in 2008 is to penetrate the fruit for a better measure 

of it’s compounds. This idea can be link with the good results obtain for the NIR-infrared models 

developed for the brix on the tomatoes juice who obtained a R² of 0.92 with a low standard error 

(0.009) in the Jha studie’s in 2004.  

In the end, it seems interesting to precise that here the characterization of the taste was done on few 

traits who are not enough to characterize the taste. At first, others important compound not measured 

here have a role on the taste as the pigment: lycopene and carotenoids. It could be good to add these 

compounds in our analysis because they are interesting for the breeding goal and known for their 

spectral signature (Clement, 2008). Then, the acidity and the brix are known to have a role on the 

taste but present a low correlation with the tomato-like flavor, it is more important to consider their 

ratio who is the real actor. To finish, as mentioned in the introduction, taste is also the result of 

volatiles compound not present in our study and, the weak correlation previously mentioned justified 

the study of volatile composition (Saliba-Colombani, 2001). 
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4. CONCLUSION 

The phenotypical characterization, the ASTRA Innovazione study and measure done by ISI permitted 

to characterize each varieties and typologies with their discriminant traits. 

The APP-reciation project presents the following results: 

The cherry typology can be characterized by a circular to elliptic fruit shape with medium green 

shoulder at green maturity, short plants with medium green erect leaves. The typology is composed 

by two varieties who seem to share numerous characters. IS03 can be discriminated because of its 

weak of anthocyanin coloration of the stem, a semi erect leaves, a medium width and light green 

shoulders. IS04 present a medium anthocyanin coloration of the stem, an erect leaf, a narrow width 

and medium green shoulders. Very close to this typology, there is baby plum. It is represented by a 

unique variety: ISI06, a long plant with small internodes has medium dark green horizontal leaf with 

medium green pyri-ovate fruit who present an early time of flowering, a pubescent style and short 

petiole. On the other hand, mini plum typology can be characterized by a long size of the plant, a 

horizontal dark green leaf with a weak glossiness and a circular elliptical fruit who present long green 

shoulders at the green maturity. It is composed by two sister-varieties useful for their different leaf 

characteristics. IS17 has a medium size with erected medium leaves, medium dark but with a strong 

glossiness with a horizontal petiole and a very light green color of the fruit. IS18 is shorter than IS17 

but with long leaf semi erect dark green and a petiole semi-dropped with a light green fruit. The last 

variety who composed this typology in our panel is ISI19 with large leaflet and without glossiness 

and blistering with a light green fruit. The pink typology is really different in comparison from the 

three others first because it presents characters who doesn’t exist in the others typologies or in our 

panel: an atypical shape and the no pubescent style. It can be characterized by a fruit with small green 

shoulders, medium petiole, semi dropped light leaf and absence of anthocyanin coloration. This 

typology is composed in our panel by two varieties that can be discriminated. IS08 is a long plant 

with medium leaf width with large leaflet who present a medium blistering and a petiole semi-erect. 

The fruit present light green shoulder and a typical obcordate shape. IS09 is smaller, with large leaf 

with medium leaflet weak blistered and with a horizontal petiole. The fruit present medium green 

shoulders and is particular oblate shape. For the orange, one leaf seems to be similar: medium size 

with large leaflets, light green color and without blistering. But the general attitude of the varieties 

who composed it is opposite. IS11 has a semi-dropped leaf with a petiole horizontal compared to the 

main axis and light green elliptical fruits without green shoulders and with a medium petiole. IS13 

have a semi- erect leaf with a semi- dropped petiole and a light green cylindrical fruit with dark 

medium size green shoulders and a short petiole. Striped typology is composing by the following 

varieties. 
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IS14, a short plant with less anthocyanin coloration of the blade. The leaf is erect long dead smooth 

and with a medium color. The fruit is obovate striped light green with an early time of flowering, a 

pubescent style and a short petiole. IS15, a medium plant with medium internode length with medium 

leaf semi erect and medium leaflet and a semi-erect petiole. The fruit is elliptical not stripped with 

medium green fruit present some dark green shoulders and an early time of flowering. IS16, a medium 

plant with medium internode length with medium leaf semi erect and medium leaflet, a horizontal 

petiole and an earliness of the flowering. The fruit is circular striped light green with an early time of 

flowering, a pubescent style and a short petiole. To summarize, we can note a lack of diversity on the 

typology but also inter-typology who can create problem into the improvement process because it is 

necessaire to create new character combination. In the opposite, specialities don’t present any 

homogeneity and it seems to make a non-sense to characterize specialities by typology because they 

are composed of a large phenotypical features sign of the multi apparition of their common trait. We 

can also highlight that the use of the Fieldbook app really improve and facilitate the phenotyping in 

the greenhouse.  

The second project, taste it ISI, permitted to characterize varieties thanks to their fruits quality traits.  

Cherry typology seems to be characterized by a pleasant taste; with a good RSR, tomatoes aroma, 

sweet perception and medium consistence and aspect characteristics. Some of the varieties who 

compose this typology present original characteristics as IS05 characterize by a low olfactive 

intensity, sweet and acidity perception but a good consistency and crunchiness. IS01 and IS02, the 

opposite, with a good olfactive intensity, sweet and acidity perception but who is bad for the 

consistency and crunchiness. In the middle is IS04 with all the best characteristics present on this 

typology. If at first, with the unique variety it seems like it can be clustered, the add of IS07 permited 

to show a really difference in the taste analyses with the cherry typology and IS06. IS07 presents a 

high color intensity but bad for the consistence crunchiness and sweetness. IS06 is the opposite. 

However, globally, it is possible to conclude that the cherry typology is characterized by medium 

aroma, sweetness and acidity perception. Mini plum is represented by 3 varieties who share lot of 

tasty characters but can be discriminate by their peel characteristics. This typology can be 

characterized by its olfactory intensity and its mellowness with neutral color traits, the peel 

characteristics and the consistence but also to be at the opposite of the pleasant traits. 
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These last characteristics are shared with the pink typology who can be characterized by its 

morphological characteristics and by the taste in opposite with cherries. It is interesting to note that 

the IS08 and IS09 are closer together, even if they can be discriminate by their color intensity and 

acidity values, than with the IS10 who has the best global aroma. It was expected and is the 

consequence of their parental linkage. For this panel orange speciality seems to be the tastier 

typology. It presents a good level in L-glutamic acid composition, brix, RSR, tomatoes aroma, sweet 

perception and a color intensity who permit to discriminate it. Varieties who composed this typology 

are very differents and it is possible to see here that the variety IS12 doesn’t seems to share the 

expected characteristics of orange speciality with the other varieties of this typology. IS11 seems to 

be the best for all the pleasantness characteristics and IS13 with a better consistency and the highest 

brix and L-glutamic acid values. Striped speciality is characterized by the harness of the peel, the 

herbaceous aroma and the crunchiness. For the tasty traits stripped seems to be homogenous. IS16 is 

the best for these characteristics but bad acidity perception. IS14 seems to have the worst consistency.  

And IS15 a bad consistency but with the best acidity perception. We can note that striped speciality, 

baby plum and cherry seem to share lot of tasty characters. Once again, for this characterization it is 

possible to see that orange speciality is an heteroclite group maybe sign of the apparition of their 

discriminating character in different way. Typologies construction do not take account the parental 

linkage but only phenotypical characters. That is interesting because in one typology it is possible to 

have lot of diversity of character who permit to create new combination. We can note that in our panel 

lot of typology are represented by only few varieties and are not representative of the repartition 

observed in the market. It could be interesting to introduce some new different varieties to have higher 

tasty characteristics.  

The second part of the project was to calibrate the SCiO®, a NIR spectrophotometer who can now be 

used for estimating the brix and 12 others traits without destructing the samples. For the other traits 

the correlation between the true value and the value predicted by the model is under 0.7 so can be 

considered as small but the majority of the characters present are encouraging the results. To improve 

the correlation and finish the calibrate of the SCiO®, it is important now to increase the number of 

sample, the variation range in the panel but also work on the conservation of the fruit from the field 

to the lab. The conservation used during this study seems indeed to affect the fruits quality. Finally, 

if, in the future we will want to do some genetics analysis on this kind of traits, for the development 

of an improved variety, it will be important to know that lot of these characters are environmental 

dependent. It is also important in our case because according to the growing condition the model 

developed for the varieties discrimination could be false (E. Liedl et al., 2013). 
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ANNEXE 

Annex 1: APP-reciation of simplification, MCA construction of axis. 

 

 
Figure. Graphic representing variable repartition on the of the two main dimension who 

represent 34% of the variation.  

 

Table. Variable contribution for the construction of the 3 main axis.  
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Annex 2: ASTRA innovazionne: test of the quality  

Table. Test of the Quality of the ASTRA innovazione results: analysis of variance 
 

TESTOR VARIETY TYPOLOGY 

COLOR INTENSITY 0,32 0,00000001 1E-10 

OLFACTORY INTENSITY 0,76 0,53 0,059 

SWEET PERCEPTION 0,66 0,0000001 0,00001 

ACIDITY PERCEPTION 0,51 0,38 1E-14 

HERBACEOUS AROMA 0,0028 0,00001 0,000000001 

TOMATO AROMA 0,44 0,22 0,001 

GLOBAL AROMA 0,1493 0,85 0,00001 

CRUNCHINESS 0,13 0,000000001 1E-16 

CONSISTENCY 0,03 0,000000001 1E-16 

JUICINESS 0,914 0,00001 1E-10 

MELLOWNESS 0,0123 0,3715 1E-13 

HARDNESS OF THE PEEL 0,92 1E-13 1E-13 

ADHESION OF THE PEEL 0,00042 0,00000001 0,00001 

VISUAL PLEASANTNESS 0,014 0,1239 0,000107 

OLFACTORY 

PLEASANTNESS 

0,0501 0,043 0,0015 

PLEASANT TASTE 0,51 0,009273 0,0000001 

PLEASANT STRUCTURE 0,5141 0,02771 1E-12 

PLEASANT OVERALL 0,1911 0,002722 0,000000001 

MEDIUM WEIGHT x 0,2842 1E-14 

CALIBER x 1E-10 1E-16 

HARDNESS x 1E-16 1E-12 

COLOR L x 1E-16 1E-16 

COLOR A x 0,059 0,23 

COLOR B x 1E-16 1E-16 

RSR % x 1E-12 1E-16 

ACIDITY x 0,6336 1E-16 

ACID CITRIC % x 1E-13 1E-16 

PH x 0,0002457 1E-16 

 

 



 

 

 

 

 
Figure. Boxplot of the significant tester effects traits in the ASTRA innovazione analysis of 

the fruit taste. Legend: blue line is mean of the trait; a. Herbaceous aroma: overestimation of 

the tester 12 and under estimation of the tester 8; b. Consistency: under estimation of the tester 

2; c. Mellowness: large variability of note. Overestimation of tester 12 and 5, under estimation 

of the tester 2, 3, 4, 8, 9, 10; d. Adhesion of peel: overestimation of the tester 4, 13 and under 

estimation of the tester 1, 3, 7; e. Visual pleasantness: overestimation of the tester 1, 2 and 

under estimation of the tester 4, 5, 6, 11. 
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Annexe 3: Taste it ISI, PCA construction of axis. 

 
Figure. Graphic representing variable repartition on the of the two main dimension who 

represent 58% of the variation.  

 

Table. Variable contribution for the construction of the 5 main axis.  
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