
Introduction

New plant production techniques like vertical farming are needed for the 21st century 

agriculture to reinvent itself1. Leafy greens and especially lettuce, due to its economic 

value, short growth cycle, size and low maintenance is the main crop production of 

vertical farming. The main limiting factor of indoor farming is the high initial 

investment cost related to the lamps (artificial light) as well as their running costs2. 

Thus, development of more efficient lighting strategies is indispensable to improve the 

profitability of vertical farms3. Exposing leafy vegetables alternatively to a short 

photoperiod having high PPFD followed by a same photoperiod having low PPFD, 

corresponding to the LCP, might be more profitable than using a longer photoperiod of 

moderate PPFD, for a same DLI. 

Materiel and methods

Three lighting treatments were compared for 4 leafy greens (arugula, Eruca sativa

Mill.; lettuce, Lactuca sativa L. cvs Salanova Green and Red Butter, and Bergam’s

Green) grown in growth chambers under LED having a Blue: Red ratio of 0.13. 

Two experiments were performed by using two lighting treatments: 5L/1N (5h at 

PPFD of 180 µmol m-2 s-1 and one hour of dark; total of 20h of lighting per day, 

control) and 6L/6LCP (6h at PPFD of 280 µmol m-2 s-1 and 6h of LCP at 20 µmol m-2 s-1; 

total of 12h of lighting per day + 12h at LCP) for a similar DLI of 12.96 mol m-2 per day. 

A third experiment using the same DLI was performed to compare 5L/1N (20h 

lighting + 4h dark per day) and 5L/1LCP (20h lighting + 4h LCP per day) treatments.

Conclusions

- A higher DLI, for A, SG and SR, with relatively low PPFD and long photoperiod (5L/1LCP) may 
increase fresh shoot biomass more than a higher PPFD and shorter photoperiod (6L/6LCP)

- 5L/1LCP may reduce the lettuce SLW, while a positive effect may be observed for arugula.
- 5L/1LCP reduced the shoot dry weight of arugula and BG compared with 5L/1N, although no effect 

was observed for SG and SR.
- For a same DLI of 12.96 mol m-2 day-1, leafy greens exposed alternatively to a short photoperiod 

having high PPFD followed by an equivalent (6L/6LCP) or shorter photoperiod of low PPFD 
(5L/1LCP), corresponding to their LCP, did not have a better light use efficiency and productivity 
than plants grown under moderate PPFD with a short dark period (5L/1N). 
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Table 1. SPAD values, Fv/Fm ratio, performance index of PSII (PIabs), maximum net 
photosynthetic rate (Amax), rate of leaf dark respiration (Rd), apparent quantum yield (φ), 
light compensation point (Γ; LCP) and light saturation point (LSP) of four leafy greens (BG: 
lettuce cv Bergam’s Green; A: arugula; SG: lettuce cv Salanova Green Butter; SR: lettuce cv 
Salanova Red) exposed to three light treatments (n= 2 to 15).

Table 2. Growth parameters, Shoot Fresh Weight (SFW), Root Fresh Weight (RFW), Shoot Dry Weight
(SDW), Root Dry Weight (RDW), Shoot Root Ratio, Leaf Area (LA), Leaf Area Index (LAI), Specific Leaf
Weight (SLW) and Pphoton Yield (PY) performance of four leafy greens after 31 days of cultivation
exposed to three light treatments (n=5 to 9)

Results and discussion

For arugula, the use of 5L/1LCP reduced the SPAD value by 18% and a slight increase 
was observed for Fv/Fm (+2.5%) compared with the other light treatments (Table 1). 
For all studied species, the Fv/Fm ratio were within the 0.80-0.84 values generally 
observed for C3 plants4, showing the absence of stress under short night (1N) or 
continuous lighting (LCP). The apparent quantum yield (φ) of arugula increased by 
41% under 6L/6LPC compared with 5L/1N and 5L/1LCP. For all species or cultivars, PI 
was higher under 5L/1LCP and the light saturation point (LSP) was lower (-26%) 
under the 6L/6LCP treatment, showing a low light adaptation compared with 5L/1N 
and 5L/1LCP.
SR showed a lower shoot fresh weight (SFW) under 6L/6LCP (-37%) compared with 
5L/1LCP. However, 5L/1LCP decreased the shoot dry biomass of BG (-28%) compared 
to 5L/1N and 6L/6LCP, while its leaf area increased (+43%). The leaf area of SG also 
increased (+54%) under 5L/1LCP compared with 6L/6LCP, without any effect on the 
plant biomass. For arugula, 5L/1LCP reduced by 29% the shoot dry biomass 
compared with 5L/1N. Based on fresh biomass, the photon yield of SR exposed to 
6L/6LCP was 44% lower compared with the two other treatments. However, on a dry 
weight basis, 6L/6LCP increased the photon yield of BG by 29% compared with 
5L/1LCP, while 5L/1LCP decreased the photon yield of arugula compared with 5L/1N. 

Literature cited

1 Kalantari, F., Mohd Tahir, O., Mahmoudi Lahijani, A., and Kalantari, S. (2017). A review of vertical farming technology: a guide for implementation of building integrated agriculture in cities. Adv. Eng. 
Forum 24, 76–91. https://doi.org/10.4028/www.scientific.net/AEF.24.76
2Shimizu, H., Saito, Y., Nakashima, H., Miyasaka, J., and Ohdoi, K. (2011). Light environment optimization for lettuce growth in plant factory. In Proceedings of the 18th IFAC World Congress. International 
Federation of Automatic Control Vol. 18 B. Sergio, C. Angelo, Z. Sandro, eds (Kyoto: International Federation of Automatic Control), p. 605–609. https://doi.org/10.3182/20110828-6-IT-1002.02683
3 Van Iersel, M.W. (2017). Optimizing LED lighting in controlled environment agriculture. In Light Emitting Diodes for Agriculture: Smart Lighting. S. Dutta Gupta, eds (Springer Nature). p. 59–80. 
https://doi.org/10.1007/978-981-10-5807-3_4
4 Fu, W., Li, P., and Wu, Y. (2012). Effects of different light intensities on chlorophyll fluorescence characteristics and yield in lettuce. Scientia Hort. 135, 45–51. 
https://doi.org/10.1016/J.SCIENTA.2011.12.004

https://doi.org/10.4028/www.scientific.net/AEF.24.76
https://doi.org/10.3182/20110828-6-IT-1002.02683

