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ight is one of the most dynamic and influential environmental factors in agriculture, 

particularly in horticultural crops like spices. Unlike static elements such as soil type or 

genetic makeup, light interacts with plants in four unique dimensions like quality, quantity, 

direction and duration. These variables not only provide energy for photosynthesis but also 

serve as informational signals that guide plant development. In the context of spice 

production, light significantly impacts yield, quality and secondary metabolite formation. 

With over 4.5 million hectares dedicated to spice cultivation globally and an annual 

production surpassing 11 million tonnes, understanding and managing light is crucial for 

optimizing both productivity and product quality. 

Photosynthesis and light as an energy source 
The most fundamental role of light in plant biology is its contribution to photosynthesis: the 

process through which plants convert light energy into chemical energy. This energy fuels 

plant growth, reproduction and metabolic functions. The photosynthetically active radiation 

(PAR) range, spanning 400 to 700 nanometers, is especially critical, as it is absorbed by 

chlorophyll to drive this energy conversion process. blue and red wavelengths are most 

efficient for photosynthesis. Blue light supports vegetative growth and stomatal regulation, 

while red light influences flowering and biomass accumulation. For spice crops, which rely 

heavily on the production of aromatic and medicinal compounds, the quality of light can be 

just as vital as the quantity. Plants under RB light exhibited higher levels of phytochemicals 

such as polyphenols, flavonoids, and reducing sugars, which stimulated curcumin synthesis in 

the acclimation phase (Merchant et al.,2022). 

 
Relative range of wavelengths (Source: Prasad.,2014) 
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Light’s role in secondary metabolite synthesis 
Beyond primary growth, light greatly influences the synthesis of secondary metabolites and 

compounds like flavonoids, terpenoids and alkaloids that contribute to the flavor, aroma and 

therapeutic value of spices. Red light stimulates carotenoid formation, enhancing pigment 

and antioxidant content. Blue light promotes phenolic and flavonoid production, essential for 

medicinal properties and aroma profiles in spices like turmeric and basil. Tthese bioactive 

compounds not only enhance the market value of spices but also offer health benefits to 

consumers. Controlled lighting strategies, including artificial light supplementation, can be 

employed to tailor these secondary profiles to meet specific market or pharmaceutical 

demands. Eugenol yield in clove is highest under moderate shade (~40–60%), whereas heavy 

shading at 80% significantly reduces both leaf mass and eugenol content, resulting in lower 

overall yield. (Setiawan et al., 2021) 

Light intensity and measurement 

Light intensity, or the total amount of light available to plants, is a major determinant of 

growth. Measured in lux or foot-candles, light intensity varies throughout the day and by 

geographical location. A lux meter is commonly used in agricultural settings to monitor and 

adjust light conditions. the intensity of light directly affects photosynthesis rates. In spice 

crops like ginger and cardamom, optimal light conditions are required to support rhizome 

development and essential oil accumulation. Moderate shading (around 40–60%) has been 

shown to reduce plant stress from heat and light, improving water use efficiency and overall 

growth. Cardamom under 50 % shade had more active tillers and higher capsule yield than 

under full sun or 75 % shade; photosynthetic rate, stomatal conductance, and transpiration 

were optimal at 75 % shade. (Alagupalamuthirsolai et al.,2019) 

Light quality and canopy dynamics 
Light quality refers to the spectrum or wavelength composition of light. As sunlight passes 

through a plant canopy, the ratio of red to far-red light (R: FR) decreases. Plants use this shift 

as a cue to detect crowding, initiating morphological changes like stem elongation and altered 

leaf orientation. In dense spice plantations, managing canopy structure to optimize light 

penetration is key. Shade-tolerant species such as cardamom exhibit specific adaptations, 

while sun-loving spices like coriander require different spacing and pruning techniques to 

ensure light accessibility. 

 
Light transmission through plant canopy (Source: Shimazaki et al.,2007) 

Blue light and stomatal function 
Stomata are small openings on leaf surfaces that regulate gas exchange and transpiration. 

Blue light specifically triggers stomatal opening by activating phototropins which are the 

proteins that respond to light and signal and the movement of ions like potassium. This 

process enhances CO₂ uptake for photosynthesis and maintains plant hydration. In spice 
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crops, efficient stomatal function under blue light can improve photosynthetic efficiency and 

water management. This is especially beneficial in tropical regions where water conservation 

is essential. Stomatal responses to light are thus integral to crop resilience and productivity. 

Blue light leads to better photosynthetic efficiency, thereby producing more photosynthetic 

products, and finally, positively affects the production and development of the harvestable 

organs of saffron. (Moradi et al., 2021). 

 
Blue light responses in stomata (Source: Shimazaki et al.,2007) 

Photomorphogenesis and plant development 
Photomorphogenesis is the process by which light shapes plant structure and growth. It 

includes responses such as stem elongation, leaf expansion and flowering. These changes are 

mediated by specialized light receptors including phytochromes, cryptochromes, phototropins 

and UVR8. Phytochromes respond to red and far-red light, toggling between active and 

inactive states based on light exposure. Cryptochromes and phototropins detect blue light and 

regulate growth direction, chloroplast movement and leaf orientation. UVR8 detects UV-B 

radiation and initiates protective mechanisms. Together, these systems allow plants to adapt 

to changing light conditions. 

Artificial lighting and photo-selective technologies 
Modern agriculture leverages artificial lighting and photo-selective materials to control light 

environments. Light-emitting diodes (LEDs) can be tailored to emit specific wavelengths that 

stimulate desired plant responses. These are especially useful in greenhouses or indoor 

farming, where natural light is limited or inconsistent. Photo-selective nets are another 

innovative tool. These nets alter light quality by filtering and scattering incoming sunlight. 

Depending on their color and material, they can enhance specific light wavelengths and 

reduce heat stress. They also moderate humidity and wind exposure, further supporting plant 

health. 

Light’s impact on quality and shelf life 
Light doesn’t just influence growth; it also affects the quality and post-harvest behavior of 

spice crops. Light-driven processes enhance the synthesis of pigments like anthocyanins and 

chlorophyll, improving visual appeal. Essential oil production, which determines flavor and 

aroma, is also light-sensitive. Furthermore, exposure to certain light wavelengths boosts 

antioxidant levels and disease resistance. These changes improve not only the nutritional 

profile of spices but also their shelf life. Pre-harvest light management can thus reduce 

spoilage and enhance marketability. It is seen that light exposure significantly degrades 

turmeric pigments reducing their color intensity and antioxidant activity highlighting the need 

for light-protected processing and storage to preserve their bioactive properties (Jung and 

Hong.,2021) 
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Future directions and conclusion 
As global demand for high-quality spices continues to grow, integrating light management 

into cultivation practices offers a powerful tool for farmers. From adjusting canopy 

architecture to employing cutting-edge LED systems and photo-selective nets, there are 

numerous strategies to harness light for optimal growth and quality. Research continues to 

uncover new insights into light-plant interactions, offering opportunities for precision 

agriculture in spice production. By embracing light as a critical factor, not just for 

photosynthesis but for holistic plant health and output, growers can sustainably increase 

yield, improve product quality and meet the demands of global markets.In conclusion, light is 

not merely an environmental condition, it is a driving force that shapes every stage of a spice 

plant’s life cycle. Managing it effectively is the key to unlocking the full potential of spice 

agriculture. 
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