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Abstract: Photosynthesis is a vital process through which plants transform light energy into chemical 

energy, essential for their growth and development. The efficacy of photosynthesis is influenced by 

the quality and wavelength of light absorbed by chlorophyll pigments, with varying wavelengths 

impacting plant morphology and productivity in distinct ways. However, comprehensive 

understanding of the precise roles of each wavelength, especially in controlled agricultural 

environments, remains limited. This study seeks to evaluate the impact of red, blue, green, and far-red 

light wavelengths on photosynthetic efficiency to determine the most effective spectra for best plant 

growth. The analysis indicates that red and blue wavelengths are optimal for photosynthesis, as they 

are highly absorbed by chlorophyll a and b. Blue light promotes compact growth and regulates 

stomatal function, while green light, despite its lower absorption, penetrates deeper to support shaded 

foliage. Additionally, far-red light enhances photosynthesis through the Emerson effect when paired 

with red light. The study integrates recent insights on spectral efficiency and the role of far-red light 

beyond the traditional PAR range to propose improved lighting strategies for modern agriculture. 

These findings imply that optimized artificial lighting systems using tailored spectral combinations 

can significantly improve plant productivity, energy efficiency, and sustainable practices in vertical 

farming, greenhouses, and controlled-environment agriculture. 
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1. Introduction 

Photosynthesis is a crucial biological mechanism that allows plants to transform light 

energy into chemical energy like glucose supporting their growth and metabolic 

functions. This process is primarily driven by chlorophyll and other photosynthetic 

pigments that absorb light at specific wavelengths[1]. 

The efficacy of photosynthesis is significantly influenced by the quality and quantity 

of light available. By studying how different wavelengths influence photosynthetic 

activity, researchers and agronomists can better tailor artificial lighting conditions in 

greenhouses, vertical farms, and controlled-environment agriculture[2]. 

Photosynthesis is a vital mechanism that allows plants to transform light energy into 

chemical energy, facilitating their development and metabolic functions. This process, 

driven primarily by chlorophyll pigments, depends heavily on the quality and quantity 

of light received. Different light wavelengths such as red, blue, green, and far-red 

influence photosynthetic efficiency differently, affecting plant morphology, stomatal 

regulation, and biomass accumulation. Understanding these effects is crucial for 

optimizing artificial lighting systems in controlled-environment agriculture, vertical 

farming, and greenhouse cultivation. Therefore, studying the impact of various 
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wavelengths on photosynthesis can enhance agricultural productivity by tailoring 

lighting conditions to plant physiological needs[3]. 

2. Materials and Methods 

This study employed a descriptive analytical method to examine the effects of 

different light wavelengths on photosynthetic efficiency in plants. The analysis was 

conducted based on a comprehensive literature review of classical and contemporary 

research, including seminal works by Emerson and Chalmers, McCree, Inada, and recent 

advancements by Zhen et al., to synthesize existing findings on the absorption and 

quantum yield properties of chlorophyll a and b under varied spectral conditions. The 

methodology involved comparing the physiological impacts of red (620–750 nm), blue 

(450–495 nm), green (495–570 nm), and far-red (700–800 nm) light based on their 

absorption spectra and known effects on plant growth and morphology. Key parameters 

assessed included chlorophyll absorption efficiency, influence on stomatal regulation, 

canopy penetration, and the Emerson enhancement effect. The approach further 

integrated conceptual analysis of Photosynthetically Active Radiation (PAR) ranges with 

emphasis on how each wavelength contributes to plant development and biomass 

accumulation. Data were synthesized to identify optimal light spectra combinations for 

enhancing photosynthetic activity in controlled-environment agriculture. This 

methodological framework enables a holistic understanding of the spectral efficiency of 

different wavelengths without experimental data generation but based on critical analysis 

and interpretation of previously validated empirical results. This literature-based 

analytical method supports practical applications in greenhouse optimization, vertical 

farming, and artificial lighting system design to improve agricultural productivity[4]. 

3. Results and Discussion 

The Impact of Light Wavelengths on Photosynthetic Efficiency 

Photosynthesis is the biological process through which plants, algae, and certain 

microorganisms transform light energy into chemical energy, predominantly as glucose.  

This process transpires in specialised cellular organelles known as chloroplasts, which 

house pigments—predominantly chlorophyll a and chlorophyll b—that capture light 

energy[5]. 

Role of Light in Photosynthesis 

Light is made up of electromagnetic radiation that travels in waves. The distance 

between the peaks of these waves is known as the wavelength, and it determines the color 

of the light. The visible light spectrum, which ranges from approximately 400 to 700 

nanometers (nm), is crucial for photosynthesis and is referred to as Photosynthetically 

Active Radiation (PAR)[6]. 

Different wavelengths within this range do not contribute equally to photosynthesis. 

This is because chlorophyll and other accessory pigments absorb some wavelengths more 

efficiently than others. The two main regions of the spectrum that are most effective for 

photosynthesis are the blue region (around 430–470 nm) and the red region (around 640–

680 nm)[7]. 

Light Wavelengths and Photosynthesis 

Red Light (620–750 nm): 

Red light is particularly efficacious in facilitating photosynthesis owing to its 

substantial absorption by chlorophyll a and b.  It promotes flowering and fruit maturation 

in numerous plant species. However, prolonged exposure to only red light can cause 

excessive elongation and reduced leaf thickness, which may impair structural stability[8]. 

Blue Light (450–495 nm): 

Blue light plays a key role in chlorophyll synthesis and regulates stomatal opening, 

crucial for gas exchange during photosynthesis. It also influences plant architecture by 

promoting compact growth with shorter stems and broader leaves, which can improve 

light capture and biomass accumulation[9]. 

Green Light (495–570 nm): 



 414 
 

  
Central Asian Journal of Theoretical and Applied Science 2025, 6(3), 412-415.         https://cajotas.centralasianstudies.org/index.php/CAJOTAS 

Despite the green light is less absorbed by chlorophyll compared to red and blue 

wavelengths, it penetrates deeper into leaf tissues and the lower canopy. This trait allows 

green light to contribute to photosynthesis in shaded leaves, enhancing overall canopy 

efficiency[10]. 

Far-Red Light (700–800 nm): 

Far-red light engages phytochrome photoreceptors, which govern plant 

developmental processes including seed germination, stem elongation, and flowering. 

When combined with red light, far-red light can trigger the Emerson enhancement effect, 

leading to higher photosynthetic rates than with red light alone[11]. 

Photosynthetically Active Radiation (PAR) 

Photosynthetically Active Radiation (PAR) encompasses the spectral range of 400 to 

700 nm, which is most effective for driving photosynthesis[12]. Within this range, red and 

blue wavelengths are the primary contributors to light absorption by photosynthetic 

pigments[13]. 

While green light has a lower absorption rate, it still plays an important role in 

canopy-level photosynthesis due to its penetration capacity[14]. Far-red light, though just 

outside the PAR range, contributes indirectly through its effect on light signaling and 

plant morphology[15]. 

4. Conclusion 

Photosynthesis is strongly dependent on the spectral quality of light. Each 

wavelength influences different physiological and developmental aspects of plant life. 

Red and blue lights are most efficient for photosynthesis, while green and far-red lights 

support overall efficiency through canopy penetration and regulatory functions. 

Understanding the nuanced effects of various wavelengths can significantly enhance 

plant productivity, especially in controlled environments. By optimizing artificial lighting 

systems based on these insights, agricultural practices can be made more energy-efficient 

and yield-optimized. 

In conclusion, the study confirms that red and blue wavelengths are the most effective 

for enhancing photosynthetic efficiency, while green and far-red light support deeper 

canopy penetration and regulatory functions. Understanding these interactions allows for 

the optimization of artificial lighting in agriculture to improve productivity and 

sustainability. 
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