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Abstract: Light and phytohormones are key regulators of 

plant growth, development, and adaptation. Their 

interaction forms the basis of plant physiology, integrating 

external environmental cues with internal hormonal 

responses. While individual effects of light spectra and 

phytohormones have been extensively studied, 

understanding their synergistic relationship in growth 

regulation remains an emerging research focus, especially 

for application in controlled environments. There is limited 

integration of light spectrum-phytohormone interaction 

knowledge into practical greenhouse and vertical farming 

technologies to optimize growth and productivity. This 

study aims to analyze how different light wavelengths, 

including red, blue, and far-red, influence the biosynthesis 

and action of major phytohormones—auxins, gibberellins, 

cytokinins, abscisic acid, and ethylene—in plant systems. 

The analysis shows that red light promotes auxin-mediated 

cell elongation; blue light limits gibberellin production, 

resulting in compact growth; far-red light increases auxin 

and ethylene, enhancing elongation but risking structural 

weakness. Low light induces ABA and ethylene, slowing 

growth and promoting leaf abscission. This article 

synthesizes the biochemical pathways linking light 

perception to hormonal regulation and proposes practical 

applications for optimizing lighting strategies in 

greenhouses and vertical farms. Understanding these 

interactions allows for targeted crop management, 

development of stress-resilient varieties, and maximizing 

yield in artificial environments, addressing food security 

challenges in resource-constrained regions. 

Keywords: Light spectra, phytohormones, plant 

physiology, photoreceptors, greenhouse, photosynthesis, 
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Introduction 

Plants have complex adaptation mechanisms that allow them to respond to both internal and 
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external factors. They perceive environmental stimuli such as light, humidity, and temperature 

and respond to them through genetic and physiological pathways. Among these stimuli, light 

is one of the most crucial regulators, governing essential processes such as photosynthesis, 

phototropism, photoperiodism, and photomorphogenesis[1]. 

Internally, phytohormones serve as key regulators of plant growth rate, tissue differentiation, 

organ formation, and responses to stress. The interaction between light and phytohormones 

highlights a coordinated regulatory system, where external light cues are converted into 

physiological responses through hormonal signaling. This article analyzes the interaction 

between these two key factors based on scientific sources[2]. 

Plants possess complex adaptive systems enabling them to respond effectively to external 

environmental cues and internal hormonal signals. Light acts as a primary regulator of plant 

growth processes such as photosynthesis, photomorphogenesis, and photoperiodism, while 

phytohormones coordinate growth, development, and stress responses. The interaction 

between light spectra—particularly red, blue, and far-red wavelengths—and phytohormones 

like auxins, gibberellins, cytokinins, abscisic acid, and ethylene determines plant morphology 

and productivity. Understanding this synergy is crucial for optimizing crop growth in 

controlled environments such as greenhouses. This article investigates the mechanisms 

underlying these interactions and highlights their practical applications in modern agricultural 

systems[3]. 

Methods 

This study employed a literature-based analytical approach to investigate the interactions 

between light spectra and phytohormones in plant growth and development. Data were 

collected from contemporary plant physiology textbooks, peer-reviewed journal articles, and 

authoritative scientific sources such as Taiz & Zeiger, Hopkins & Hüner, and specialized plant 

physiology databases. The analysis focused on synthesizing findings about how red, blue, 

green, far-red, UV-A, and UV-B light wavelengths influence the synthesis, activity, and 

signaling pathways of key phytohormones, including auxins, gibberellins, cytokinins, abscisic 

acid, and ethylene [4]. The methodology included comparative evaluation of experimental data 

on photoreceptor activation—phytochromes for red and far-red light, cryptochromes and 

phototropins for blue light—and their downstream hormonal regulation effects, such as auxin 

biosynthesis under red light and gibberellin inhibition under blue light conditions. 

Additionally, practical applications of these interactions in greenhouse and vertical farming 

systems were examined by integrating experimental outcomes with controlled environment 

management strategies to optimize plant morphology, productivity, and stress resistance[5]. 

The study also reviewed specific examples from recent literature demonstrating light-hormone 

synergy in stem elongation, leaf expansion, and flowering. A descriptive synthesis was used to 

summarize and explain these physiological processes in an integrated manner. The method 

ensured a comprehensive understanding of light–phytohormone interactions, focusing on 

mechanisms that could inform future controlled environment agriculture research, crop 

productivity optimization, and plant adaptation studies[6]. 

Results and Discussion 

Detailed Overview of Light Spectra 
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Light is a form of electromagnetic radiation that includes a specific range of wavelengths. 

Plants primarily utilize the 400–700 nm range, known as Photosynthetically Active Radiation 

(PAR). Different wavelengths within this spectrum trigger different physiological responses in 

plant tissues[7]. 

Red light (660–680 nm) is among the most effective for photosynthesis. It is absorbed by 

phytochrome receptors and plays a key role in seed germination, stem elongation, and 

vegetative growth. In particular, red light activates phytochrome B, which stimulates auxin 

biosynthesis and promotes cell elongation. 

Blue light (430–470 nm) is detected by cryptochromes and phototropins. It significantly 

influences plant morphology, leaf opening, stomatal regulation, and photomorphogenesis. 

Besides contributing to photosynthesis, blue light also modulates various growth processes[8]. 

Green light (500–550 nm), traditionally considered less active, has recently been shown to 

penetrate deeper into plant tissues and affect metabolic processes. 

Far-red light (above 700 nm) interacts with phytochromes and activates the shade avoidance 

response, enhancing elongation. However, excessive far-red light can lead to undesirable 

stretching of the plant. 

UV-A and UV-B radiation stimulate protective stress responses. These wavelengths enhance 

the production of secondary metabolites and increase the plant’s resistance to harmful external 

factors[9]. 

Phytohormones: Types and Functions 

Phytohormones are organic compounds produced in small amounts in plants that have 

powerful physiological effects. Their functions are diverse and critical for plant life. 

Auxins are primary growth regulators involved in cell elongation, root formation, and tropic 

responses. The most common form is indole-3-acetic acid (IAA). 

Gibberellins promote stem elongation, seed germination, and flowering. They are especially 

important in the transition from vegetative to reproductive phases in perennial plants[10]. 

Cytokinins stimulate cell division, delay leaf senescence, and regulate organogenesis. 

Abscisic acid (ABA) is known as the stress hormone. It controls stomatal closure during water 

stress and slows down growth processes. 

Ethylene, a gaseous hormone, is associated with fruit ripening, leaf abscission, and plant 

responses to various stresses. 

Interaction Between Light and Phytohormones 

The interaction between light and phytohormones determines how plants respond to their 

environment. Photoreceptors detect light signals, which are then translated into intercellular 

responses via phytohormonal pathways[11]. 

For instance, red light activates phytochromes, which increase auxin biosynthesis, enhancing 

growth and elongation[12]. 

Blue light reduces gibberellin biosynthesis through cryptochrome activation, limiting 

excessive stem elongation. This is particularly important in controlled environments, such as 

greenhouses, where plant height must be managed for optimal yield[13]. 

Far-red radiation increases both auxin and ethylene levels, leading to more elongation. 

However, if not regulated, this may cause fragile, overstretched plants[14]. 
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In contrast, low light conditions increase the production of ethylene and ABA, slowing growth 

and accelerating leaf abscission, mimicking stress-like symptoms. 

Practical Applications 

These scientific insights can be applied in advanced plant cultivation systems such as 

greenhouses, vertical farming, and LED-based artificial lighting environments. For example: 

➢ A balanced combination of red and blue light optimizes leaf development and 

flowering. 

➢ Blue-light-dominant conditions promote compact, dense plant architecture, which is 

ideal for confined spaces. 

➢ Controlled far-red exposure helps prevent excessive elongation, maintaining robust 

plant structure[15]. 

Understanding the synergy between light spectra and phytohormones provides new 

opportunities in modern agriculture, especially in regions with limited natural light or harsh 

climates. 

Conclusion 

The interaction between light spectra and phytohormones is a central mechanism in plant 

development. Light signals are modulated through hormonal pathways, affecting nearly all 

physiological processes in plants. These insights enable targeted crop management strategies, 

breeding for stress-tolerant varieties, and achieving maximum productivity in closed and 

controlled environments. 

In conclusion, the interaction between light spectra and phytohormones plays a crucial role in 

regulating plant growth, development, and adaptive responses. Red, blue, and far-red light 

influence the synthesis and activity of auxins, gibberellins, cytokinins, abscisic acid, and 

ethylene, mediating processes such as elongation, leaf expansion, and stress responses. 

Understanding these mechanisms enables optimized crop management in controlled 

environments like greenhouses and vertical farms, promoting higher yield and quality. 

Integrating light-hormone knowledge into practical agriculture offers sustainable solutions 

for enhancing productivity, especially under limited natural light conditions, while 

maintaining plant health and structural integrity. 
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