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Abstract: This study explores the effect of different LED light wavelengths on the growth of water spinach 

(Ipomoea aquatica). Over an eight-day period, plants were exposed to red, blue, white, and green LEDs, and their 

height and leaf development were monitored. Red light produced the greatest height increase (4.7 cm), while blue 

and white lights supported balanced leaf growth, with three leaves each by Day 8. Green light resulted in the least 

growth. These results highlight the importance of light spectrum in shaping plant growth and suggest practical 

applications for optimizing sustainable indoor agriculture. 

 

Keywords: Water spinach, LED light wavelengths, Plant growth, Sustainable indoor agriculture 

 

INTRODUCTION 

Light is one of the most critical environmental factors influencing plant growth and development. Beyond its role 

as the primary energy source for photosynthesis, light also regulates several physiological processes such as 

photomorphogenesis, stomatal activity, circadian rhythm, and hormonal regulation (Hogewoning et al., 2010). The 

spectrum, intensity, and duration of light exposure determine how efficiently plants capture energy and how they 

shape their morphology. Understanding these interactions is especially relevant in controlled-environment 

agriculture (CEA), where artificial lighting systems are increasingly used to enhance crop productivity and 

sustainability (Bantis et al., 2018). 

 

Plants respond differently to specific regions of the light spectrum due to the presence of specialized 

photoreceptors. Blue light with a wavelength of 400–500 nm plays an essential role in regulating leaf expansion, 

chlorophyll synthesis, and stomatal opening. It promotes compact growth, higher chlorophyll content, and efficient 

photosynthesis in leafy vegetables such as spinach and lettuce (Hasan et al., 2017; Johkan et al., 2012). However, 

excessive blue light may reduce stem elongation and leaf size, suggesting that optimal levels are required for 

balanced development. Meanwhile red light with a wavelength of 600–700 nm is vital for photosynthesis, seed 

germination, stem elongation, and flowering (Lin et al., 2020). When combined with blue light, red light enhances 

leaf size, biomass accumulation, and balanced morphology (Johkan et al., 2012). Green light with a wavelength in 

between 495–570 nm, recently shows evidence that suggests it can penetrate deeper into the leaf canopy, 

supporting photosynthesis in lower tissues where red and blue light cannot reach effectively (Kim et al., 2004). 

Although green light alone does not maximize growth, its integration into a full-spectrum regime may improve 

overall plant performance, particularly in dense plantings. Lastly, white light, which combines red, blue, green, 

and sometimes far-red wavelengths, closely mimics natural sunlight and provides a balanced spectrum for plant 

development. While it may not maximize any single growth parameter, white LED light supports moderate 

photosynthesis, stem elongation, and leaf expansion, making it a practical choice in small-scale and educational 

settings (Bourget, 2008). 

 

The rise of light-emitting diode (LED) technology has revolutionized plant growth studies by offering spectrum-

specific control, energy efficiency, and longer operational lifespans compared to traditional light sources (Massa 

et al., 2008). This advancement has allowed researchers to design and optimize traits such as plant height, leaf 

morphology, and biomass accumulation (Hasan et al., 2017). Despite this progress, many studies have focused on 

model crops such as lettuce and kale, while less attention has been given to leafy vegetables of regional importance, 

such as water spinach. Water spinach is widely cultivated in Asia and valued for its nutritional content, but its 

responses to specific light spectra remain underexplored. 

 

Therefore, this study examines the effects of different LED light wavelength (red, blue, green, and white) on the 

growth performance of water spinach. By linking plant growth responses with physical concepts such as photon 

energy and light absorption, this research not only contributes to the understanding of plant–light interactions but 

also provides insights into the optimization of artificial lighting strategies for sustainable indoor agriculture. 
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METHODOLOGY 

Water Spinach was chosen for its rapid growth and sensitivity to environmental changes, making it suitable for 

short-term light experiments. Seeds were obtained from a certified agricultural supplier and soaked in water for 

12 hours to promote uniform germination. Then, about 20 seed were planted in each container.  The elongation 

and the growth of water spinach was an average data obtained from each container. The soil used is made up from 

a 1:1 mixture of coconut coir and organic compost, providing good aeration, water retention, and nutrients. Each 

container was placed inside a light-isolation box to prevent contamination between treatments as shown in Figure 

1. Four compartments were equipped with red, blue, green, or white LEDs. The environment was maintained at 

~26°C, and each plant was watered with 10 mL of distilled water twice daily. No fertilisers were applied to ensure 

that light was the only variable affecting growth. Four LED types were tested: red (660 nm), blue (450 nm), green 

(520 nm), and white (full spectrum). Lamps were positioned 25 cm above the plants with equal power output to 

maintain uniform intensity. Plants were exposed to a 16 h light/8 h dark cycle daily, controlled by a digital timer. 

Each compartment was lined with reflective material to maximise light distribution and eliminate interference 

from external light sources.  

 

 

 
Figure 1 (a) and (b) is the experimental set up for measuring the plant growth for different light 

 

FINDINGS 

The growth of water spinach under different LED light treatments revealed significant variations in plant height 

across the eight-day period as shown in Table 1. From the data, it is observed that red and blue light treatments 

produced the greatest increases in height compared to white and green light. At day 8, plants grown under red light 

reached 4.7 cm, slightly exceeding those under blue light at 4.5 cm. meanwhile, plants under white (3.0 cm) and 

green light (3.8 cm) showed comparatively slower growth. The growth observed under red light is consistent with 

the role of red wavelengths in stimulating phytochromes, which regulate stem elongation and biomass 

accumulation (Lin et al., 2020). From the data, blue light also contributed substantially to height gain, specifically 

after day 4, reflecting its role in chlorophyll production, stomatal regulation, and efficient photosynthesis (Johkan 

et al., 2012). The data for green light treatment shows the lowest growth performance which is aligning with 

reports that plants reflect much of the green spectrum, reducing its effectiveness for photosynthesis (Kim et al., 

2004 while white light, as a full-spectrum treatment, provided intermediate results, confirming its ability to support 

general development but not maximise any single growth parameter (Bourget, 2008). 
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Table 1 Plant height of water spinach (Ipomoea aquatica) under different LED light treatments 

Day  White (cm) Red (cm)  Blue (cm)  Green (cm)  

1 0.2  0.3  0.4 0.2 

2 0.3  0.5 0.4 0.3 

3 0.3 0.6 0.4 0.3 

4 0.7 1.1 1.2 0.9 

5 1.3 1.8 2.0 1.6 

6 1.9 2.7 3.0 2.3 

7 2.4 3.7 3.7 3.0 

8 3.0  4.7 4.5 3.8 

 

The growth trends of water spinach under different LED light treatments are shown in Figure 2. Across the 8-day 

period, plant height increased steadily under all light conditions, but the rate of elongation varied significantly 

depending on the wavelength provided. From this figure, after 8 days of observation, red and blue LED lights 

promoted the highest growth rates, with final plant heights of 4.7 cm and 4.5 cm, respectively. This indicates that 

both wavelengths are highly effective in stimulating vegetative growth, though red light showed a slight advantage 

in overall elongation. The pronounced effect of red light supports its role in activating phytochromes, which 

regulate stem elongation and photosynthetic efficiency (Lin et al., 2020). Green light produced moderate growth, 

with plants reaching 3.8 cm by Day 8. Although green wavelengths are largely reflected by plant tissues, their 

ability to penetrate deeper into the canopy may provide supplementary photosynthesis in lower leaves (Kim et al., 

2004). However, compared to red and blue light, the growth-promoting effect of green was weaker. 

 

 
Figure 2 The plant height versus different light used 

 

CONCLUSIONS 

This study demonstrates that the growth of water spinach is strongly influenced by the wavelength of LED light. 

Among the treatments, red light produced the greatest stem elongation (4.7 cm), followed closely by blue light 

(4.5 cm), while green light supported moderate growth (3.8 cm) and white light resulted in the lowest growth (3.0 

cm). These findings highlight the role of red and blue wavelengths in promoting rapid vegetative development 

through the activation of specific photoreceptors, whereas green and white lights were less effective. Based on the 

results, it can be suggested that combining red and blue wavelengths, can optimize plant growth and offer practical 

benefits for sustainable indoor agriculture. 

 

COMPLIANCE OF ETHICAL STANDARDS 

Not applicable. 
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