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Figure 1 Solar irradiance spectrum and absorption spectra of major
photosynthetic pigments (Chlorophyll a, Chlorophyll b, and
Carotenoids).
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Figure 2 (a) LED lighting in a plant factory. (b) Output spectra of commonly used LED chips. Schematic diagrams of LED packaging with (c)

dispensing phosphor and (d) remote phosphor.
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Figure 3 (a) Schematic diagram of DBRs. (b) Calculated reflectance spectra of typical polymeric DBRs [49]. (¢) Structural schematic and SEM
image of HMMs. (d) Experimentally measured transmittance and reflectance spectra of the HMMs [54].
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Figure 4 (a) Schematic illustration of spectral conversion materials in
a greenhouse setting for enhancing plant growth. (b) Greenhouse
covered with the commercially available red LLEAF films for the
growth of leafy greens. Republished with permission from LLEAF
(http://www.lleaf.com.au/).
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Figure 5 (a) Schematic side views of a planar film and a unidirectional light extraction film with a surface micro-dome structure, respectively. (b)
Surface morphology of micro-dome structure. (c) Photograph of a representative unidirectional light extraction film under green light illumination,
where the structured area measures 150 mm x 240 mm. (d) Front and (e) back views of the unidirectional light extraction film. (f) Comparison of
forward spectral irradiance under simulated solar irradiation. (g) Total external quantum efficiency (EQE) and forward EQE of the unidirectional light

extraction film at different incident angles [68].
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Figure 6 (a) Schematic diagram comparing the greenhouse heat balance using T-RC film versus a conventional film under solar irradiation. (b)
Physical image of the T-RC film. Measured spectral thermal radiation performance of T-RC film and polyolefin (PO) film in the (c) solar and (d)

infrared wavelength ranges [86].
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Figure 7 (a) Design process of the coolhouse film via the synergetic genetic and deep learning algorithms. (b) Schematic and a cross-section SEM
image of the coolhouse film. (c) Theoretical design spectrum and experimental spectrum of the coolhouse film. (d) Photograph of the meter-scale

coolhouse film [87].
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Figure 8 (a) Schematic diagram of the layered structure of the PMF-RC film. (b) Illustration of the PMF fabrication process, showcasing the
polymer multilayer co-extrusion technique employed. Measured (c) transmissivity spectra and (d) mid-infrared emissivity spectra of the PMF-RC and

PE films [89].
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Global food security and energy sustainability are under increasing pressure due to continuous population growth and the
escalating effects of climate change. Agriphotonics, an emerging interdisciplinary field, offers a promising technological
pathway for advancing Controlled Environment Agriculture (CEA) by enabling precise regulation of light quality
(spectral distribution), intensity, and photoperiod. This review consolidates recent advancements in photon management
technologies for CEA systems, focusing on three key areas of research: (1) active spectral modulation strategies using
programmable lighting to precisely match the photosynthetic needs of crops; (2) passive photon management through
wavelength-conversion materials to optimize solar spectrum utilization and enhance light-use efficiency; and (3) the
integrated application of photon management with radiative cooling technologies to jointly regulate the light-thermal
environment, alleviating heat stress in crops. Evidence suggests that these photonics-based approaches can significantly
improve crop light-use efficiency, yield, and quality, while also reducing the energy consumption of CEA systems, thus
contributing to a more sustainable agricultural future.
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