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Spettro d’Azione 
(µmol di CO2 per µmol di luce incidente) 
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Bean   (Balegh & Biddulph, 1970)

Qualità della luce e Fotosintesi 

Wavelength (nm) 

Resa Quantica Spettrale 
 (µmol di CO2 per µmol di luce assorbita) 
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“average plant”   (McCree, 1970)



Qualità della luce e Fotomorfogenesi  

Paradiso R., Proietti S., 2021. Light quality manipulation to control plant growth and 
photomorphogenesis in greenhouse horticulture: the state of the art and the opportunities of 
modern LED systems. Journal of Plant Growth Regulation, 1-39 

Photoreceptors Plant response Wavelengths 

Red, Far-red 

(600-750 nm) 

Blue 

(450-500 nm) 

 

 

UV-A 

(320-390 nm) 

UV-B 

(290-315 nm) 

Green  

(530- 570 nm) 

PHYs 

 

 

Germination, De-etiolation, Shade avoidance, 

Inhibition of stem and petiole elongation,  

Leaf expansion and flattening, Circadian rhythms, 

Flowering, Branching 
 
 

 

 

CRYs 

De-etiolation, Inhibition of stem and petiole elongation, 

Leaf expansion, Circadian rhythms, Flowering, Flavonoid 

biosynthesis. Response to shade by B/G photoperception 

  

PHOTs 

 

Leaf flattening, Phototropism, Stomatal opening, 

Chloroplast relocation 

ZTL/FKF1/LKP2  

 

Circadian rhythms, Flowering 

 

 UVR8 De-etiolation, Flavonoid biosynthesis 





Illuminazione artificiale in orto-floricoltura 

 • Aumento delle rese 
• Controllo dell’epoca di produzione 
• Miglioramento della qualità 

• Assimilativa 
• Fotoperiodica 
• Sostitutiva 



Molti aspetti 
- intensità 
- composizione spettrale 
- fotoperiodo 
- efficienza energetica 
- geometria degli impianti 

Illuminazione artificiale in orto-floricoltura 

Molti processi influenzati/controllati  
- fotosintesi, accrescimento, sviluppo 
- composizione dei tessuti (qualità degli ortaggi) 
- composti benefici 
- sensibilità alle patologie 



RESPONSE GROUPS (cold greenhouse) 

I - winter - early spring 

   night temperatures 7-10°C; SD - low light intensity 

II - late winter - spring 

    night temperatures  10-13°C ; SD - low light intensity  

III - late spring - autumn  

 night temperatures 13-16°C; LD - high light intensity 

IV - summer 

 higher than 16°C; LD - high light intensity 

Antirrhinum majus L.  

Juvenility Inflorescence development

Flower induction

Paradiso R., Aronne G., De Pascale S., 2008. Thermal and Light Requirements 
for Flower Differentiation of Snapdragon. Acta Hort., 801(2): 1399-1405.  

Critical size = 300 cm2/plant leaf area 



Lisianthus russellianus Hook 
(syn. Eustoma grandiflorum Griseb.)  

Paradiso R., Fiorenza S., De Pascale S., 2008. Light requirements 
for flowering of Lisianthus. Acta Horticulturae, 801(2): 1155-1160.  

RESPONSE GROUPS 

(heated greenhouse in mild winter climate) 

I - late autumn-winter (from the end of October to the middle of February) 

II - early spring (from the end of February to the end of June) 

III - late spring-summer (from the middle of April to the end of June) 

Time for flowering 
(days) 

 

Light integrals 
at flowering 

(MJ/m2) 

Daily light integrals 
(MJ/m2) 

 

Echo 103 784 7.6 

Cessna 126 1069 8.5 
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• Paradiso R., A. Maggio, De Pascale S., 2012. Moderate variations of day/night temperatures affect flower 
induction and inflorescence development in Phalaenopsis. Scientia Horticulturae, 139: 102-107.  

• Paradiso R., De Pascale S., 2014. Effects of plant size, temperature, and light intensity on flowering of 
Phalaenopsis Hybrids in Mediterranean Greenhouses. The Scientific World Journal, Vol. 2014, Art. 420807. 

Phalaenopsis 
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Light Emitting Diode 
(LED) 

Illuminazione artificiale e sorgenti luminose 
High-Pressure Sodium 

(HPS) 

Metal-Halide 
(MH) 

Heliospec LX601C 
https://www.heliospectra.com/ 

Eye Hortilux MH 
https://eyehortilux.com/grow-lights/standard-metal-halide/ 

Eye Hortilux Super HPS 
https://eyehortilux.com/grow-lights/super-hps/ 
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Illuminazione assimilativa 



Illuminazione assimilativa e illuminazione “di controllo” 





Interlighting Intra-canopy lighting 



Illuminazione assimilativa 





TL 

ML 

BL 

BS 



Paradiso R, de Visser P.H.B., Arena C., Marcelis L.F.M., 2020. Light response of photosynthesis and stomatal 
conductance of rose leaves in the canopy profile: the effect of lighting on the adaxial and the abaxial sides. 
Functional Plant Biology, 47, 639-650 

Ad 89.7% 

Absorptance 

Ab 83.1% 

Light response of photosynthesis 

Photosynthetic capacity 



Under adaxial lighting palisade cells act as a light guide to spongy cells, 

while under abaxial lighting spongy cells acts like a light trap 
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Up-scaling single leaf  canopy 

Paradiso R., Meinen E., Snel J.F.H., De Visser P., Van Ieperen W., Hogewoning S.W. and Marcelis L.F.M., 
2011. Spectral dependence of Photosynthesis and Light Absorption in Single Leaves and Canopy in Rosa 
hybrida. Scientia Horticulturae, 127: 548-554.  



 LUE 
(% max value under HPS) 

 Green Red 
HPS 100   96 

LED 645 nm 136 136 

LED 680 nm 128 126 

 645 LED’s > 680 LED’s > HPS 
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HPS: Philips Green Power 600W 

LED 645 nm: Roithner type 645 

LED 680 nm: Roithner type 680 
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(per incident ligh, on single leaf, in short period) 



Qualità della luce e fioritura di long day plants (LDP) 

Luce rossa
(giorno, conversione veloce)

Pr Pfr
Luce rosso lontano

(notte, conversione lenta)

Giorno lungo, LD (notte breve):

l’accumulo di Pfr

promuove la fioritura in LDP

e la inibisce in SDP

Giorno breve, SD (notte lunga):

la riconversione in Pr

promuove la fioritura delle SDP 

e la inibisce in LDP

Illuminazione fotoperiodica 

De Pascale S., Paradiso R. 2021. Capitolo 5.8 Programmazione della produzione. 
In Floricoltura. A cura di S. De Pascale, D. Romano, A. Ferrante, V. Scariot. 
Edagricole (Bologna) 

PPE (Phytochrome PhotoEquilibrium) = Pfr/Ptotale  

Antirrhinum majus  

Fuchsia x hybrida 

PPE intermedio = 0.63–0.80 

Petunia x hybrida 



Ranunculus asiaticus L. 

Temperature 

Vernalization requirement of the tuberous roots (?)  

Temperature requirement: night/day: 5-10/12-25°C  

(optimum day T 16°C) 

Light intensity 

Medium to high (PPFD: 500-1000 µmol photons m-² s-1)  

Photoperiod 

Quantitative Long Day Plant (> 13 Hours) 

Photoperiodic light quality (?) 
Tuberous

roots
Rosetta Flowering Dormancy

Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul AugApr



Carillo P., Arena C., Modarelli G.C., De Pascale S., Paradiso R., 2019. Photosynthesis 
in Ranunculus asiaticus L.: the influence of the hybrid and the preparation 
procedure of tuberous roots. Frontiers in Plant Science, Vol. 10, Art. 241 

2 Hybrids x 2 Preparation procedures 
(climatic chamber) 



26 

Photoperiod lighting: day extension to 14 hours, PPFD 5 mmol m-2 s-1 

2 Hybrids x 2 Preparation procedures x 4 Photoperiodic treatments 
(glasshouse) 
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Modarelli  G., Arena C., Pesce G., Dell’Aversana E., Fusco G.M., Carillo P., De Pascale S., Paradiso 
R., 2020. The role of light quality of photoperiodic lighting on photosynthesis, flowering and 
metabolic profiling in Ranunculus asiaticus L., Physiologia Plantarum , 170(2), 187-201. 

Carillo P., Modarelli G.C., Fusco G.M., Dell’Aversana E., Arena C., De Pascale S., Paradiso R., 2021.  
Part 2 – Experiment on plant from non vernalized tuberous roots. In progress. 

Plant sensitivity to light spectrum is species- and genotype- dependent! 

Intrinsic differences between the hybrids account for 

about 50% of variability! 

LED R:FR 3:1 (high PPE) is the most effective 

Flowering earliness depends on metabolic response  



Carillo P., Dell´Aversana E., Modarelli G.C., Fusco G.M., De Pascale S., Paradiso R., 2020. 
Metabolic profile and performance responses of Ranunculus asiaticus L. hybrids as affected 
by light quality of photoperiodic lighting. Frontiers in Plant Science, Vol. 11, Art. 597823 

Flowering Pre-planting Vegetative phase 

Hybrid MBO Hybrid MDR 

- Differences in reserve material and in metabolic response 
to cold determine flowering earliness in the genotypes 

- Some changes in metabolic profile depend on day length 
and light quality, however most of the responses are 
under a strict genetic control 



Warm white light fluorescent tubes 
(Philips Sylvania Linx - LE 55W/830) 

Red:Blue LEDs arrays (8:1 ratio) 
each containing 16 LEDs 660 nm (Red) + 2 LEDs 445 nm (Blue) 

(Osram Oslon SSL 80 LH CP7P 1 W + LD CQAR 2 W) 
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Illuminazione sostitutiva 
Solanum tuberosum L. 

Paradiso R., Ceriello A., Pannico A., Sorrentino S., Palladino M., Giordano M., Fortezza R., De Pascale S., 
2020. Design of a module for cultivation of tuberous plants in microgravity: the ESA project “Precursor of 
Food Production Unit (PFPU)”. Frontiers in plant science, Vol. 11, Article 417. 



White fluorescent tubes 

LEDs panels 



Light 
energy

Chlorophyll
fluorescence 

Heat

Photochemistry

Paradiso R., Arena C., Rouphael Y., d’Aquino L., Makris K., Vitaglione P., De Pascale S. 2018. 
Growth, photosynthetic activity and tuber quality of two potato cultivars in controlled 
environment as affected by light source. Plant Biosystems , 153(5): 725-735 

Net Photosynthesis and Chlorophyll a fluorescence 



 

Avanti - WF 
 

Avanti - RB 
  

 

Colomba - WF 
 

Colomba - RB 
 

Proteins

(g 100 g-1 dw)

Starch

(g 100 g-1 dw)

Total dietary 

fiber

(g -1100 g dw)

Total

glycoalkaloids

(mg kg-1 dw)

α-solanine

(mg kg-1 dw)

α-chaconine

(mg kg-1 dw)

‘Avanti’ WF 11.49  a 86.6 10.6 a 209.4 25.8  b 183.6 ab

RB 8.08  b 91.0 9.8  b 217.4 20.5  b 196.8 a

‘Colomba’ WF 9.13  b 87.3 9.6 b 264.5 56.2  a 208.3 a

RB 8.95  b 88.6 7.0 c 205.9 99.3  a 106.6 b

Significance

Cultivar (C) ns ns *** ns * ns

Light source (L) * ns *** ns ns ns

C × L * ns *** ns ns *

Stomatal density 



Bando MIPAAF - Florovivaismo biologico 
Fiori eduli biologici come fonte di alimenti nutraceutici e ingredienti salutistici - FLOUER 

Coordinatore: Stefania De Pascale 
U.O. DIA - Roberta Paradiso 
U.O. DIF - Alberto Ritieni 
in collaborazione con Danilo Russo 

Microorganismi benefici 

Coperture diffusive 

Coperture fotoselettive  

Alpega Grower Società Agricola arl (Salerno) 
Nanometro zero Farmhouse Società Agricola arl - (Salerno) 



Dottorato in Food science / Tesi di Laurea magistrale 

Alberto Ritieni      / Raffaele Romano 
Il controllo dello spettro luminoso per il miglioramento delle proprietà nutraceutiche dei fiori eduli 

 

LED 

- sorgente luminosa addizionale in trattamenti di breve durata o in 

maniera pulsata in serra (applicazioni in serre commerciali) 

- sorgente unica in trattamenti di lunga durata in camera di crescita 

(applicazioni in vertical farm) 

 

Effetti di blu, verde, rosso e rosso lontano su: 

- caratteri agronomiche e fisiologici su piante in coltivazione (DIA) 

- proprietà nutrizionali e nutraceutiche e sicurezza alimentare (DIF) 



Bantis F, Smirnakou S, Ouzounis T, Koukounaras A, Ntagkas N, Radoglou K (2018) Current status and recent achievements in the 
field of horticulture with the use of light-emitting diodes (LEDs). Sci Hortic 235: 437-451 

Dueck T, Van Ieperen W, Taulavuori K (2016) Light perception, signalling and plant responses to spectral quality and photoperiod in 
natural and horticultural environments. Environ Exp Bot 121: 1-3 

Ouzounis T, Rosenqvist E, Ottosen CO (2015) Spectral effects of artificial light on plant physiology and secondary metabolism: a 
review. HortScience 50: 1128-1135 

Devlin PF, Christie JM, Terry MJ (2007) Many hands make light work. J Exp Bot 58: 3071-3077 
 

Paradiso R., Proietti S. (2021) Light quality manipulation to control plant growth and photomorphogenesis in greenhouse 
horticulture: the state of the art and the opportunities of modern LED systems. J Plant Growth Regul 
https://doi.org/10.1007/s00344-021-10337-y 



22/09/2021, 14:30  
 

Il miglioramento genetico della vite: 
quando tradizione e innovazione si incontrano  

Clizia Villano  



Grazie! 


