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INTRODUCTION & AIM RESULTS

Lettuce is one of the most important economic vegetables in the world. It can be grown in
vertical farm system, which is a promising alternative, especially in urban areas where space
Is limited. This system allows the production of high quality and nutritional value products
with minimum water consumption, using LEDs as energy-efficient light sources (Budavari et
al. 2024).

The use of LED lights in vertical farms emerges as an alternative to increase the nutritional
parameters of horticultural plants by contributing to the production of nutraceutical
compounds (Najera et al. 2022). The most commonly used light spectra are blue (450-495
nm) and red (620-700 nm) (N4jera et al. 2022; Wong et al. 2020). Both directly impact
photosynthesis and indirectly influence plant architecture that favors light interception,
promoting photosynthesis (Lee et al. 2024; Wong et al. 2020). A higher blue light correlates
with elevated phytochemicals, whereas red light enhances overall biomass (Van Brenk et
al., 2025).

The inclusion of non-PAR light spectra such as far red (FR) light has shown promising
results in improving crop yields. The addition or a higher fraction of FR in the spectrum
enhanced fresh and dry biomass, leaf area (Kelly and Runkle 2024), and height of lettuce
plants (Lee et al. 2019). However, FR light could have an inhibitory effect on the
accumulation of chlorophyll (Wong et al. 2020) and polyphenols and on some
micronutrients, although this effect would depend on the lettuce cultivar (Lee et al. 2019).
Despite the well-established roles of blue, red, and far-red light in plant development, their
combined effects on biomass, pigment content and mineral accumulation in lettuce cultivars
under vertical farming remain poorly understood. We hypothesize that the addition of FR
enhances biomass accumulation at the expense of dry matter content. Conversely, blue-
enriched spectra, with or without FR, will favor the accumulation of pigments and minerals.
Thus, the aim was to evaluate the interactive effects of incorporating FR on the blue (B), red
(R) and B+R spectrum on the growth, pigment content and mineral composition of two
contrasting lettuce cultivars grown hydroponically in a vertical farming system.
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CONCLUSION

« The addition of FR resulted in faster but less dense growth of lettuce plants, especially when combined
with red light, by significantly improving fresh weight and reducing dry matter content.

* In general, spectra with a higher proportion of blue light were confirmed as a key modulator of the intrinsic
guality of both types of lettuce, increasing the concentration of pigments and macro- and micronutrients.

« Overall, the results show that blue light optimizes the biochemical quality of lettuce, while red light
combined with FR maximizes yield. This provides clear guidelines for the design of lighting strategies
according to the production objective: biomass versus functional quality.
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