
Rahul Belgaonkar, 2024, 12:4 

ISSN (Online): 2348-4098 

ISSN (Print): 2395-4752 

 

 

 

© 2024 Rahul Belgaonkar. This is an Open Access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 

provided the original work is properly credited. 

International Journal of Science, 
Engineering and Technology 

An Open Access Journal 

Review on Impact of Led Lights on Seed Germination 

and Seedling Growth  
Rahul Belgaonkar, Shweta Patil 

Research Focus: Botany, Independent Researcher, India  

 

I. INTRODUCTION 
 

Advancements in agricultural technologies have 

significantly influenced plant cultivation, particularly 

in controlled environments. Among these 

technologies, light-emitting diodes (LEDs) have 

emerged as a prominent tool owing to their energy 

efficiency and ability to tailor light spectra to 

specific growth requirements of plants. This review 

article explores the effects of LED lighting on seed 

germination and seedling growth across a variety of 

plant species. 

 

Seed germination is a critical stage in the life cycle 

of plants, marking the transition from dormant to 

growing seedlings. The success of this process 

depends on various environmental factors including 

temperature, moisture, and light quality. Light, in 

particular, plays a important role in regulating seed 

dormancy and germination and is a critical 

environmental factor influencing plant growth and 

development, particularly during the initial stages 

of seed germination and early seedling growth. 

Seed germination is a complex physiological 

process that marks the beginning of a plant's life 

cycle by transforming dormant seeds into actively 

growing seedlings. This process is regulated by 

various environmental factors, of which light plays a  

 

important role. Light not only triggers the 

biochemical pathways necessary for germination 

but also influences subsequent seedling 

development, affecting attributes such as stem 

elongation, leaf expansion, and root growth (Massa 

et al., 2008; Franklin and Quail, 2010) 

 

During sprouting, the seeds undergo significant 

physiological changes that are heavily influenced by 

environmental factors, with light being one of the 

most crucial factors. Light not only triggers the 

biochemical pathways necessary for germination 

but also influences the direction and quality of 

growth during sprouting. For instance, light 

regulates phototropism, which guides the direction 

of the plant's growth towards the light source, 

optimizing photosynthetic efficiency, overall 

strength, and vitality (Bourget, 2008). 

 

Traditional lighting systems such as fluorescent and 

incandescent lamps have been extensively used in 

horticultural practices. However, these systems offer 

broad-spectrum light, which is less efficient and 

lacks the specificity required to optimize different 

stages of plant development (Kim et al., 2013).  

 

The advent of Light-Emitting Diodes (LEDs) has 

revolutionized agricultural practices, particularly in 
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controlled environment agriculture (CEA). LEDs 

offer significant advantages over traditional lighting 

systems such as fluorescent and incandescent 

lamps, which are often inefficient and lack spectral 

specificity. LEDs can be finely tuned to emit specific 

wavelengths, thus providing precise control over 

the light spectrum. This capability allows for the 

optimization of light conditions tailored to the 

specific needs of different plant species, thereby 

enhancing germination rates and seedling quality. 

 

The use of Light-Emitting Diodes (LEDs) in 

controlled environment agriculture (CEA) offers 

significant advantages such as durability, energy 

efficiency, and precise wavelength control. These 

features are particularly beneficial in both space 

and terrestrial applications, as highlighted by Massa 

et al. (2008). 

 

This review examines the effects of LED lighting on 

seed germination and early seedling development 

across a range of plant species. By comparing the 

effects of LED lights with traditional lighting 

systems, this study highlights the unique 

advantages of LEDs in promoting key physiological 

processes during critical stages of plant growth. The 

findings presented underscore the potential of LED 

technology to enhance agricultural productivity by 

providing tailored light environments and suggest 

avenues for further research to refine these 

techniques and expand their applications in 

horticulture. 

 

II. OVERVIEW OF THE LIGHT SIGNALING 

PATHWAY 
 

The light signaling pathway in plants is a 

fundamental mechanism that governs responses to 

light, including processes such as seed germination, 

photo morphogenesis, and circadian rhythm 

regulation. This pathway involves photoreceptors, 

such as phytochromes, crypto chromes, photo 

tropins, and UVR8, each of which responds to 

different light wavelengths. With the advent of 

Light-Emitting Diodes (LEDs), there is 

unprecedented control over these wavelengths, 

enabling the precise manipulation of these 

signaling pathways to optimize plant growth and 

development. 

 

 Phytochromes: Phytochromes are sensitive to red 

and far-red light and exist in two forms, Pr (inactive) 

and Pfr (active). The transition between these forms, 

driven by red and far-red light, regulates essential 

processes such as seed germination. LEDs can emit 

specific red and far-red wavelengths, precisely 

controlling the Pr to Pfr ratio, thereby promoting 

germination or maintaining dormancy, as needed. 

This precise control is crucial for managing seedling 

establishment, particularly in species sensitive to 

light cues (Chen et al., 2004; Rockwell et al., 2006). 

 

Cryptochromes: Cryptochromes absorb blue and 

UV-A light, thereby influencing 

photomorphogenesis, flowering time, and circadian 

rhythms. The use of blue LEDs can enhance 

cryptochrome activation, leading to desired plant 

responses such as inhibition of stem elongation and 

promotion of leaf expansion. This control is 

particularly beneficial in controlled environments, 

such as greenhouses, where optimizing light quality 

can significantly affect growth outcomes. 

Cryptochromes also play a role in integrating light 

signals with hormonal pathways, thereby affecting 

processes such as seed dormancy and germination 

(Chen et al., 2011). 

 

 Phytotropins: Phototropins are blue light receptors 

that mediate phototropic responses and are 

essential for directing plant growth towards light 

sources. The application of blue LEDs enhanced 

these responses, ensuring optimal light capture for 

photosynthesis. Phototropins also regulate stomatal 

opening, chloroplast movement, and leaf 

expansion, which are critical for maximizing 

photosynthetic efficiency and water use, particularly 

under artificial lighting conditions (Briggs & 

Christie, 2002). 

 

 UVR8: UVR8 is sensitive to UV-B light and initiates 

protective responses in plants, such as synthesis of 

UV-absorbing compounds and activation of DNA 

repair mechanisms. While UV light has traditionally 

been challenging to incorporate UV light into 

controlled growing environments due to potential 
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damage, UV LEDs provide a controlled way to 

expose plants to UV-B, enhancing protective 

responses without the risks associated with natural 

UV exposure (Rizzini et al., 2011). 

 

Integration and Crosstalk: The use of LEDs allows 

for the precise manipulation of these light signaling 

pathways, enabling targeted activation of 

photoreceptors. This capability is particularly 

valuable for fine-tuning plant developmental 

processes such as germination, growth, and 

flowering.  

 

LEDs' ability of LEDs to provide consistent and 

specific light conditions helps eliminate the 

variability associated with natural light, leading to 

more predictable and optimized plant growth 

outcomes. The integration and crosstalk among 

photoreceptors, such as phytochromes, 

cryptochromes, and phytotropins, can be finely 

managed through LED settings, making LEDs an 

indispensable tool in modern horticulture (Jiao et 

al., 2007). 

 

In summary, the light signaling pathway is a 

complex yet vital system in plants that influences 

growth and development through interactions with 

specific light wavelengths. LEDs, with their precise 

spectral control, offer unparalleled opportunities to 

exploit these pathways to improve agricultural 

practices. This technology not only enhances plant 

productivity and quality, but also provides 

sustainable solutions for controlled environment 

agriculture. 

 

III. ROLE OF LIGHTS IN REGULATION OF 

SEED GERMINATION 
 

1. Natural Light 

Natural sunlight provides a comprehensive 

spectrum of wavelengths, making it essential for all 

the stages of plant growth. This full-spectrum light 

supports a wide range of physiological processes 

including photosynthesis, phototropism, and photo 

periodism, which are crucial for seed germination 

and seedling development. However, the intensity 

and duration of natural sunlight can vary 

significantly depending on the geographic location, 

season, and weather conditions. This variability can 

lead to inconsistent growth outcomes, particularly 

in regions with less favorable climates. 

Consequently, controlled environments such as 

greenhouses often rely on supplemental lighting to 

ensure a consistent and optimal light environment 

for plant growth (Massa et al., 2008). 

 

Transition to LED Lighting 

The use of Light-Emitting Diodes (LEDs) has 

revolutionized agricultural practices by offering 

precise control of light quality, intensity, and 

duration. Unlike natural sunlight, LEDs can be fine-

tuned to emit specific wavelengths tailored to the 

requirements of different plant species and growth 

stages. This capability is particularly advantageous 

during seed germination, where the quality of light 

can significantly influence germination rate, 

seedling strength, and overall plant health. 

 

LEDs allow for the replication and enhancement of 

specific aspects of natural light that are beneficial 

for plant growth while also mitigating the 

limitations and unpredictability associated with 

natural sunlight. By selecting appropriate 

wavelengths, LEDs can be used to mimic the natural 

conditions under which plants have evolved, but 

with greater consistency and control. 

 

Specific Wavelengths and their Effects 

Massa et al. (2008) emphasize the importance of 

red (660 nm) and blue (400-500 nm) wavelengths in 

promoting photosynthesis and photo morphogenic 

responses, respectively. The precise control of these 

wavelengths using LEDs enhances seedling vigor 

and growth. Green light, while not as critical, 

contributes to overall plant health and facilitates 

visual monitoring, an aspect also noted by Massa et 

al. (2008). 

 

The use of Light-Emitting Diodes (LEDs) has 

revolutionized the control of light quality in 

agricultural practices, particularly in the context of 

seed germination. LEDs offer precise control over 

specific wavelengths of light that can be tailored to 

optimize various growth processes, including the 

critical early stages of seed germination and 

seedling development.  
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2. Red Light 

Red light with wavelengths around 660 nm is 

particularly effective in promoting seed 

germination. It enhances phytochrome-mediated 

responses that are crucial for breaking seed 

dormancy in many species. Phytochromes, primarily 

Phytochrome B, detect red light and trigger the 

synthesis of gibberellins (GA), hormones that 

promote germination by mobilizing stored 

nutrients within the seed. Studies have shown that 

red LED light can significantly increase germination 

rates and uniformity compared with dark conditions 

or other light types. 

 

3. Blue Light 

Blue light, typically around 450 nm, affects seedling 

morphology by promoting compact and sturdy 

growth, which is beneficial for subsequent 

transplantation. It activates cryptochromes, 

photoreceptors that influence the levels of abscisic 

acid (ABA), a hormone that can inhibit germination 

under certain conditions. Blue light exposure has 

been shown to improve germination rate and 

uniformity in various crops, including tomato and 

lettuce, by enhancing phototropism and stomatal 

opening, which are crucial for efficient gas 

exchange and water use in seedlings. 

 

4. Combined Red and Blue Light 

The combination of red and blue LEDs (purple) 

often yields the best results for seed germination 

and early seedling growth, leveraging the benefits 

of both the light spectra. This combination has 

been shown to improve germination rates, seedling 

vigor, and overall plant health in various crops 

including chili pepper, cucumber, and lettuce. The 

synergistic effect of these wavelengths enhances 

both phytochrome and cryptochrome pathways, 

leading to optimal growth conditions for a wide 

range of species. 

 

5. Other Wavelengths 

Additional wavelengths such as green, yellow, and 

far-red also play specific roles in plant growth. 

Green light can penetrate deeper into the plant 

canopy, supporting photosynthesis in the lower 

leaves, whereas yellow light can influence 

photoperiod responses and flowering. Far-red light 

affects the phytochrome system, influencing 

flowering and shade avoidance responses, which 

can be crucial for optimizing plant spacing and 

yield (Kim et al., 2013; Mitchell et al., 2012). 

 Mechanisms of LED Light Action: LED light 

influences seed germination by activating 

photoreceptors such as phytochromes and 

cryptochromes, which regulate the balance of 

phytohormones crucial for germination and stress 

responses. Phytochromes activated by red light 

initiate the synthesis of gibberellins, whereas 

cryptochromes activated by blue light modulate 

ABA levels. This hormonal interplay governs key 

processes such as seed dormancy, germination, and 

subsequent seedling development. 

 

IV COMPARISON WITH TRADITIONAL 

LIGHT SOURCES 
 

1. LED Lights vs. Fluorescent Lamps 

The economic viability and practical benefits of 

LEDs in horticulture are increasingly recognized. As 

LED technology advances, the costs continue to 

decrease, making it a more attractive option 

compared to traditional fluorescent lighting, which 

lacks spectral specificity and efficiency (Massa et al., 

2008). 

 

Fluorescent lamps are a common choice in 

horticulture because of their broad-spectrum light 

and relatively low cost. They emit light across the 

visible spectrum, which makes them somewhat 

effective for general plant growth. However, 

fluorescent lamps have several drawbacks when 

compared to LEDs. 

 

Energy Efficiency  

Fluorescent lamps consume more energy and have 

a shorter lifespan than LEDs. This not only increases 

operational costs but also requires more frequent 

replacement. 

 

Spectral Control 

Fluorescent lights offer limited control over specific 

wavelengths, which can be a significant 

disadvantage during critical growth stages, such as 

seed germination. In contrast, LEDs can be precisely 

tuned to emit specific wavelengths such as red or 
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blue light, which are known to optimize 

germination rates and seedling vigor. 

 

Heat Output 

Fluorescent lamps can generate significant heat, 

potentially stressing plants, and increasing cooling 

costs in controlled environments. However, LEDs 

produce minimal heat, which reduces the risk of 

heat stress and lowers the overall energy footprint 

(Bourget 2008). 

 

2. LED Lights vs. UV Lights 

UV light influences plant growth by affecting DNA 

repair mechanisms and inducing the production of 

secondary metabolites, which can enhance certain 

plant characteristics, such as flavor or pest 

resistance. However, excessive UV exposure can 

damage plant tissues and inhibit growth. LEDs offer 

several advantages over ultraviolet (UV) light. 

 

Safety and Control 

LEDs allow for precise control of light intensity and 

quality, significantly reducing the risk of damage 

associated with UV exposure. This controlled 

approach ensures that plants receive the optimal 

amount of UV light required to trigger beneficial 

responses without the detrimental effects of 

overexposure. 

 

Targeted Benefits 

While UV light can be beneficial in certain contexts, 

it is generally less versatile than LEDs, which can 

provide a broader range of beneficial wavelengths, 

including blue, red, and far-red, which are crucial 

for various growth stages (Bae & Choi, 2008). 

 

3. LED Lights vs. High-Pressure Sodium Lamps 

High-pressure sodium (HPS) lamps are widely used 

in greenhouses owing to their high intensity and 

efficiency. However, they emit a broad spectrum of 

light with strong emphasis on the yellow and red 

parts of the spectrum, which can be suboptimal for 

some stages of plant development. 

 

Spectral Specificity 

HPS lamps are less effective than LEDs in providing 

the specific wavelengths required for different 

growth stages. For instance, blue light necessary for 

chlorophyll synthesis and compact growth is not 

adequately provided by HPS lamps. LEDs, however, 

can be customized to deliver precise spectral 

compositions that enhance photosynthesis and 

growth. 

 

Heat Management 

HPS lamps generate a substantial amount of heat, 

which can create a challenging growing 

environment, particularly in controlled settings, 

such as greenhouses. This excess heat can 

necessitate additional cooling systems, thereby 

increasing operational costs. LEDs produce 

significantly less heat, making them more suitable 

for tightly controlled environments (Darko et al. 

2014). 

 

In summary, although traditional light sources such 

as fluorescent lamps, UV lights, and HPS lamps 

have been instrumental in horticulture, they are 

increasingly being replaced by LEDs because of 

their superior energy efficiency, spectral control, 

and versatility. LEDs not only enhance seed 

germination and seedling growth but also offer a 

more sustainable and cost-effective solution for 

modern agricultural practices. 

 

V. LIGHT-INDUCED REGULATION OF 

SEED GERMINATION IN CROPS 
 

The use of Light-Emitting Diodes (LEDs) in 

agriculture has provided unprecedented control 

over light quality, allowing researchers and growers 

to fine-tune the light environment to achieve 

optimal seed germination and early plant growth. 

Different wavelengths of light, particularly in the 

red, blue, and far-red spectra, play distinct roles in 

regulating seed germination in various crop 

species.  

 

1. Red Light (600-700 nm) 

Red light is crucial for activating phytochromes, 

which are photoreceptors that are sensitive to red 

and far-red light. In many crops such as rice (Oryza 

sativa), basil (Ocimum basilicum), sunflower 

(Helianthus annuus), and sesame (Sesamum 

indicum), exposure to red light promotes 

germination by converting phytochrome B from its 
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inactive form (Pr) to its active form (Pfr) (Jones & 

Bailey, 1956; Lobiuc et al., 2017). This activation 

leads to the synthesis of gibberellins, hormones 

that promote germination by breaking down seed 

dormancy and mobilizing nutrient reserves (Franklin 

and Quail 2010). 

 

2. Blue Light (400-500 nm) 

Blue light, as perceived by cryptochromes and 

phototropins, is essential for chlorophyll synthesis 

and phototropism. It plays a significant role in 

regulating seedling morphology and in promoting 

compact and robust growth. Crops like cucumber 

(Cucumis sativus), lettuce (Lactuca sativa), and 

mung bean (Vigna radiata) respond well to blue 

light, which enhances phototropic responses and 

stomatal opening, thereby improving gas exchange 

and water use efficiency during early growth stages 

(Srivastava, 2020). 

 

3. Far-Red Light (700-800 nm) 

Far-red light influences the phytochrome system, 

particularly by regulating photoperiodic responses 

and shade avoidance mechanisms. Far-red light can 

delay or promote flowering in crops such as rice 

and lettuce, depending on the photoperiodic 

requirements of the species. It also affects the 

elongation of seedlings, a response that can be 

manipulated to optimize plant architecture and 

spacing in cultivation systems (Wang et al., 2017). 

 

4. Combined Spectra and Other Light Colors 

The combination of red and blue light often 

provides synergistic effects, enhancing both 

germination rate and seedling vigor. Purple LEDs, 

which emit a mix of blue and red lights, are 

particularly effective in crops such as bitter gourd 

(Momordica charantia) and melon (Cucumis melo),  

 

promoting balanced growth and high 

photosynthetic efficiency. Green light, although less 

effective for photosynthesis, penetrates deeper into 

the canopy, supporting photosynthesis in the lower 

leaves and contributing to the overall biomass 

(Mitchell et al., 2012). 

 

 

 

V. CONCLUSION & FUTURE 

PERSPECTIVES 
 

The utilization of LED technology in agriculture has 

yielded several benefits for enhancing seed 

germination, seedling vitality, and crop productivity 

overall. This review emphasizes the significant part 

played by various LED wavelengths, such as red, 

blue, and far-red, in regulating crucial physiological 

processes in diverse crops. LEDs offer greater 

precision and control compared to traditional 

lighting systems, providing a sustainable and 

efficient solution for modern horticultural 

operations. The incorporation of LEDs in CEA has 

the potential to transform agricultural practices. 

Further research is needed to explore the 

interactions between different LED wavelengths and 

plant physiological processes, as well as the 

potential for LEDs to diminish pathogen loads and 

enhance specific crop characteristics. As technology 

continues to progress, it is increasingly vital to 

deepen our comprehension of how particular light 

spectra interact with plant physiological pathways 

to optimize growth and development. 

 

Several critical questions and areas for future 

research emerge in the context of LED lighting in 

agriculture. A key question is how LED spectral 

combinations can be further optimized for specific 

crop species to enhance germination and early 

growth stages. Investigating the specific spectral 

needs of various crops, including the less 

commonly studied species, could lead to tailored 

lighting solutions that maximize efficiency and 

productivity. Additionally, the long-term effects of 

LED exposure on crop physiology and yield, 

particularly concerning secondary metabolites and 

nutritional content, remain unclear. Understanding 

how prolonged exposure to specific LED spectra 

affects plant metabolism and product quality can 

help develop guidelines for optimal lighting 

conditions in controlled environments. 

 

Furthermore, integrating LED lighting with other 

environmental control systems, such as 

temperature, humidity, and CO2 levels, presents an 

opportunity to enhance crop growth and resource-

use efficiency. Exploring the synergistic effects of 
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combining LED lighting with controlled 

environmental parameters could provide valuable 

insights into achieving maximum growth potential. 

Another area of interest is the mechanisms 

underlying the differential responses of crops to 

various LED wavelengths, and how these 

mechanisms vary between species. Research into 

the genetic and biochemical pathways activated by 

different light spectra can reveal the fundamental 

processes driving crop responses to LED lighting, 

aiding in the development of crop-specific lighting 

strategies. 

 

Advancements in LED technology, such as tunable 

and programmable lights, offer the potential to 

dynamically adjust lighting conditions according to 

plant developmental stages. This capability could 

optimize growth conditions in real time, responding 

precisely to the changing needs of plants 

throughout their growth cycle. Finally, 

understanding the potential environmental and 

economic impacts of widespread LED adoption in 

agriculture, particularly in terms of energy 

consumption and carbon footprints, is crucial. 

Assessing the sustainability of LED technology 

involves not only its benefits in plant growth, but 

also its broader impact on the agricultural 

ecosystem and the environment. Addressing these 

questions will help refine the use of LED lighting in 

agriculture, enhance both the efficiency and quality 

of crop production, and contribute to more 

sustainable agricultural practices. 
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