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Introduction 

Microgreens are among the plants that are well-suited for cultivation 

with LEDs, given their nature for indoor cultivation, which makes 

them a good component for this type of production. These are tiny, 

edible and young plants considered a superfood due to their 

nutritional composition. Harvesting is usually between 7 and 21 days 

after sowing, with a height of 3 to 10 cm and only the shoot system is 

harvested with or without the true leaves (1). The phytochemicals 

and minerals are dependent on the species, light quality, substrates 

and other cultivation systems and postharvest interventions. But 

generally, microgreens are naturally rich in carotenoids, phenolic 

acids, flavonoids, tocopherols and ascorbic acid (1, 2). Microgreens 

are also good sources of minerals such as phosphorus, potassium, 

magnesium, manganese, copper, zinc, calcium and iron, but the 

composition is species-dependent (3). However, the growth of 

microgreens is affected by complex factors, including light quality. 

 LEDs are an essential tool for the cultivation of crops, 

including microgreens, as an alternative source of light, particularly 

for indoor and urban farming. Light is a driving factor in the growth 

and development of crops that provides energy for photosynthesis 

(4). Plants comprise photoreceptors (phytochromes, cryptochromes 

and phototropins) that stimulate or inhibit the growth and 

metabolism (5). Just like microgreens that can be grown under 

indoor and urban farming, the utilisation of applicable LED is vital. 

Microgreens are natural sources of minerals and rich in antioxidant 

properties, wherein harvesting can be done between 7 and 21 days 

from sowing, but it depends on the species and whether the true 

leaves have emerged or not.  

 Blue and red light-mediated elongation in plants is due to 

the presence of cryptochromes and phytochromes, respectively (6). 

The elongation is along with the activities of GA20-oxidase and gene 

expression under blue light (7). Furthermore, blue and red provide 

energy for photosynthesis and photoreceptors that regulate 

morphogenetic events (plant elongation, flowering, stomatal 

opening and leaf expansion (4). It was reported that red LEDs 

potentially increase plant yield and vitamin C content (8). Moreover, 

red light contributed to elongation, resulting in taller plants (9, 10). 

Red light contributed a higher biomass than blue light, wherein the 

latter exhibited a higher amount of Rubisco along with reduced 

biomass (11). These effects might have a different impact on the 

cabbage microgreens; hence, the study was conducted to 

determine the impact of LEDs on the growth of cabbage 

microgreens under ambient conditions.  
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Abstract  

Artificial lighting is essential in indoor farming, wherein light quality is considered in crop production. In this study, light-emitting diodes (LEDs) 
using different colours (red (R), blue (B), RB and white (as control) were used to determine the impact on the growth of cabbage microgreens 

under ambient conditions. A completely randomised design with 4 replications was used. Microgreens were exposed to LEDs for 10 hr and 14 hr 

in darkness. The microgreens were harvested 10 days after emergence by cutting them from the surface of vermicast (as the substrate) using a 

sterilised pair of scissors. Results showed that white LED had shorter microgreens and hypocotyls than the other LEDs. Whereas the leaves were 
longer by exposing the microgreens to blue and RB LEDs than the white LED, the former LEDs showed a similarity with the red LED. A high root 

count was observed in microgreens with blue and RB LEDs, which was higher than red LEDs. But the white LED showed a similar root count to 

the other LEDs. Moreover, white LED produced a higher chlorophyll content based on its high SPAD index. Red and RB LEDs produced a higher 

fresh weight of microgreens than white LEDs. Fresh weight per microgreen had a positive relationship with the fresh weight yield of 
microgreens. Likewise, microgreen height, hypocotyl length and leaf length displayed a positive and significant association with a high yield of 

cabbage microgreens. Either red or RB LED is recommended to obtain a higher yield of microgreens for ambient indoor growing conditions.   
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Materials and Methods 

Seed material preparation 

The seeds of cabbage using the Green Gold F1 variety were 

purchased online and are available in the country. Distilled water 

was used to soak the seeds for 5 hr and 30 min. After which, the 

seeds were sterilised for 30 min using sodium hypochlorite                  

(1 %, v/v). The seeds were washed 3 times with distilled water 

before air drying. Microgreen trays (32 cm × 24 cm × 4.5 cm: L ×            

W × H) with vermicast as substrate were used to sow the seeds. The 

vermicast used contains 5.41 % total nitrogen, 564.92 ppm 

available phosphorus, 30.30 cmol/kg exchangeable potassium 

and 6.25 pH. 

Growing conditions 

The growing conditions used for cabbage microgreens were 

ambient temperature: 30 ± 2 ˚C and relative humidity: 65 ± 5 %. 

The distance between the LEDs and microgreens was 30 cm. The 

microgreens were exposed to 10 hr of light and 14 hr without light. 

Harvesting 

At 10 DAE, the microgreens with true leaves were harvested from 

the surface of the substrate using a  sterilized pair of scissors.  

Microgreen height, hypocotyl length and leaf length 

Thirty microgreens were used to measure the height from above 

the surface of the substrate up to the tip of the leaf using a ruler. 

The hypocotyl length was measured from above the substrate to 

the attachment of leaves using a ruler. The difference between 

microgreen height and hypocotyl length was computed for the leaf 

length. Measurements were done at 2 - 10 DAE with 2 days interval.  

Root length and root count per microgreen 

At 10 DAE, a ruler was used to measure the root length from the 

point of attachment to the tip of the longest root. Root count per 

microgreen was counted at 10 DAE.  

Chlorophyll content 

A chlorophyll meter was used to measure the chlorophyll of the 

cabbage microgreens. Measurement was done 10 DAE or during 

the harvesting of microgreens.  

Fresh weight of microgreens 

Harvested microgreens were weighed using a digital weighing 

scale. Fresh weight per microgreen and fresh weight yield were 

recorded at harvesting.  

Total soluble solids  

At the harvesting stage (10 DAE), a digital refractometer was used 

to measure the total soluble solids of the microgreens. 

Dry matter 

The microgreens were oven-dried for 48 hr at 70 °C (12). 

 

Statistical analysis 

All data gathered were analysed using the analysis of variance for a 

completely randomised design replicated 4 times. The least 

significant difference test was used to determine the treatment 

means differences STAR program, developed by the International 

Rice Research Institute, was used to analyse the data.  

 

Results and Discussion 

Microgreen height 

The microgreen height of cabbage was significantly affected by LEDs 

(Table 1). Results showed that in all observation periods, the 

microgreen height displayed a significant variation among LEDs.       

At 2-6 DAE, LEDs such as blue, red and RB consistently produced 

taller microgreens, which were taller than white LEDs. However, at 

the 8th DAE, taller microgreens were observed in blue LED, while 

white LED had the shortest microgreens. Additionally, at the 

harvesting stage, which is the 10 DAE, white LED consistently 

produced shorter microgreens. Results indicate that blue, red and 

RB induced the elongation of the cabbage microgreens, resulting in 

taller stature of cabbage microgreens. Previous studies reported the 

same observation that red light contributed to elongation, resulting 

in taller plants (9, 10, 13). It suggests that to obtain a higher 

microgreen height, growers have the option to choose from blue, 

red and RB, depending on the available LED.  

 Elongation is light-mediated by blue light through 

cryptochromes, which concurred with the results that microgreens 

grown under blue LED produced taller stature than white LED (6). 

Cryptochromes are blue light receptors that mediate the elongation 

(14). However, the exposure duration must be considered to avoid 

the decrease in elongation (15). Other studies reported that red light 

contributed to stem elongation and the exposure period is 

considered because a longer contact with this light has higher 

efficiency (16-18). This indicates that the exposure of microgreens to 

blue LED is still beneficial; however, a study on the exposure period 

of microgreens to different LEDs is recommended. 

Hypocotyl length 

A significant variation in the hypocotyl length among LEDs was 

observed (Table 2). Early stage, particularly at 2 DAE, RB and blue 

LEDs displayed a similarity in hypocotyl length, but the former had 

longer hypocotyls than red and white LEDs. However, as the 

microgreens matured from 4-10 DAE, blue LEDs displayed a 

competitive hypocotyl length, which was longer than white LEDs. 

Although the former LED showed a similar hypocotyl length to red 

and RB at 10 DAE. In addition, white LED consistently exhibited the 

shortest hypocotyls among the LEDs. The increase in the hypocotyl 

length is due to the stimulation effect of red and blue LEDs, which 

was also reported by previous studies (9, 10, 13).  

  

LEDs 
Microgreen height (cm) 

2 DAE 4 DAE 6 DAE 8 DAE 10 DAE 
Blue (B) 1.99 a 5.64 a 8.33 a 10.48 a 11.14 a 
Red (R) 1.98 a 5.57 a 7.85 a 9.69 b 10.40 a 
RB 1.96 a 5.36 a 7.76 a 9.52 b 10.70 a 
White 1.51 b 3.81 b 6.42 b 8.20 c 9.23 b 
StdError 0.14 0.30 0.32 0.32 0.44 

Table 1. The height of cabbage microgreens as affected by LEDs at different observation periods 

Means with different letters in a column are significantly different at 5 % level using the Least Significant Difference test. DAE – days after emer-
gence  
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 It was reported that blue light stimulates the elongation, 

which results in longer hypocotyls (19). Additionally, the presence of 

cryptochromes (a flavoprotein blue light receptor) found in plants, 

blue light mediated the elongation, whereas red light is detected by 

phytochromes (6). Previously reported that the elongation is 

associated with the GA20-oxidase and gene expression under blue 

light (20). A further investigation into the gene expression and the 

enzymatic activity of GA20-oxidase and the activity of the 

photoreceptors (phytochrome and cryptochrome) in cabbage 

microgreens grown under LEDs is recommended. Additionally, the 

photoreceptors contribute to the elongation in plants, which was 

observed in the elongation of the hypocotyls that became longer 

under red and blue LEDs (14, 17, 18). 

Leaf length 

The utilisation of LEDs significantly influenced the leaf length of 

cabbage microgreens (Table 3). It was observed that from 2 to 10 

DAE (except at 6 DAE), blue, red and RB LEDs constantly denoted 

longer leaves of microgreens. This indicates that the elongation of 

leaves, the use of LEDs, except white, play a pivotal role in obtaining 

longer leaves, including longer hypocotyls and taller microgreens. 

Leaf growth is affected by light, as previously reported (21). This was 

observed in the study wherein RB had longer leaves than white LED. 

Root length and root count per microgreen 

The root length of cabbage microgreens was not affected by LEDs 

(Table 4). However, the root count per microgreen showed a 

significant variation among LEDs (Table 4). A high root count was 

observed in microgreens grown in blue, RB and white LEDs. But the 

red LED had the lowest root count per microgreen among blue and 

RB LEDs. Results show that blue and RB LEDs significantly 

contributed to the stimulation of root count rather than root 

elongation. These LEDs displayed a similar effect to a white LED. Red 

LED induced a larger leaf area of cabbage microgreens as compared 

with white and blue LEDs.  

Chlorophyll content 

A high SPAD index was observed in microgreens with white LED, 

which was significantly higher than the other LEDs (Table  4).  

Fresh weight per microgreen, fresh weight yield and dry matter 

The fresh weight per microgreen of cabbage microgreens was 

substantially affected by LEDs (Table 5). Heavier fresh weight of 

microgreens was obtained in red and RB LEDs. However, the latter 

exhibited a comparable fresh weight to microgreens grown in blue 

LED. The white LED had the lightest fresh weight among the LEDs 

used. It was previously reported that fresh biomass was higher in 

amaranth and turnip green microgreens exposed to blue than red 

and white (22), which was contradicted by the current results. 

However, they found that a higher fresh weight was observed in red 

light than in white, which concurred with the present study. The 

difference may be due to species-specific factors in which the effect 

of LEDs varies.  

 On the other hand, the low fresh weight in blue LED may be 
due to the activity of ribulose-1,5-bisphosphate carboxylase/

oxygenase (Rubisco), which plays a pivotal role in photosynthesis. It 

was previously reported that tomato seedlings with blue light 

exhibited a higher amount of Rubisco along with reduced biomass 

(11). This may explain why blue LED exposure to cabbage 

microgreens displayed a low fresh weight as compared with red and 

RB LEDs. However, a further investigation is needed on the amount 

of Rubisco in cabbage microgreens.  

 However, the fresh weight yield was affected by LEDs. The 

same trend with fresh weight per microgreen to fresh weight yield 

LEDs 
Hypocotyl length (cm) 

2 DAE 4 DAE 6 DAE 8 DAE 10 DAE 
Blue (B) 0.3300 ab 4.95 a 7.10 a 8.63 a 8.78 a 
Red (R) 0.3125 b 4.79 a 6.86 ab 7.89 b 8.27 a 
RB 0.3600 a 4.59 a 6.45 b 7.64 b 8.39 a 
White 0.3250 b 3.20 b 5.42 c 6.77 c 7.32 b 
StdError 0.01 0.27 0.25 0.27 0.36 

Table 2. The hypocotyl length of cabbage microgreens as affected by LEDs at different observation periods 

Means with different letters in a column are significantly different at 5 % level using the Least Significant Difference test. DAE – days after emer-
gence 

LEDs 
Leaf length (cm) 

2 DAE 4 DAE 6 DAE 8 DAE 10 DAE 

Blue (B) 1.66 a 0.69 ab 1.23 a 1.85 a 2.36 a 

Red (R) 1.67 a 0.77 a 1.00 a 1.80 a 2.14 ab 

RB 1.60 a 0.77 a 1.31 a 1.88 a 2.31 a 

White 1.19 b 0.62 b 0.99 a 1.43 b 1.92 b 

StdError 0.13 0.04 0.17 01.0 0.13 

Light-emitting diodes Root length (cm) Root count per microgreen Chlorophyll content (SPAD Index) 

Blue (B) 2.99 a 5.95 a 18.98 b 

Red (R) 2.70 a 5.03 b 18.80 b 

RB 2.77 a 5.95 a 19.92 b 

White 2.10 a 5.38 ab 21.89 a 

StdError 0.31 0.34 0.90 

Table 3. The leaf length of cabbage microgreens as affected by LEDs at different observation periods 

Means with different letters in a column are significantly different at 5 % level using the Least Significant Difference test. DAE – days after emer-
gence 

Table 4. The root length, root count per microgreen, leaf area and chlorophyll content of the cabbage microgreens as affected by light-emitting 
diodes  

Means with different letters in a column are significantly different at 5 % level using the Least Significant Difference test  
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was observed.  This indicates that LEDs (except white) had a 

substantial role in becoming heavier in weight, which may be due to 

the absorption of moisture from the substrate used. Although the 

dry matter was higher in white LED and the lowest was observed in 

blue LED (Table 5). But the latter showed a similarity with RB, yet 

higher than the red LED.  

Total soluble solids  

LEDs did not significantly influence the total soluble solids 
irrespective of colours (Table 5). This indicates that growers have the 

option of the LEDs to be used because there was no effect on the 

total soluble solids. 

Pearson correlation analysis of the parameters 

Table 6 shows the correlation of fresh weight yield with the other 

parameters. It was observed that a very high and positive association 

exists between fresh weight yield and fresh weight per microgreen. 

This indicates that the fresh weight of every microgreen plays a 

pivotal role in obtaining heavier cabbage microgreens. This was 

observed in microgreens grown in red and RB LEDs (Table 5).  

 Moreover, microgreen height and hypocotyl length 

displayed a high and positive correlation with fresh weight yield. 

Those parameters contributed to a higher fresh weight, which was 

observed in red and RB LEDs (Tables 1, 2 and 5). Fresh weight yield 

and leaf length displayed a moderate and positive association. 

Moreover, a very high and positive association of hypocotyl length 

with microgreen height and leaf length. It was also reported by 

another study that microgreen height and hypocotyl length had a 

very high and positive association with each other (23). Additionally, 

fresh per microgreen contributed to high microgreen yield (23, 24).  

 

Conclusion  

Red, blue and RB LEDs produced longer microgreens and 

hypocotyls than white LEDs. Whereas the leaves were longer 

when exposed to blue and RB LEDs compared to the white LED. 

Blue and RB LEDs produced higher root counts, which were 

higher than red LEDs. But the white LED showed a similar root 

count to the other LEDs. However, white LED produced a higher 

chlorophyll content. Red and RB LEDs produced a higher fresh 

weight of microgreens than white LEDs. Fresh weight per 

microgreen and fresh weight yield of microgreens displayed a 

positive relationship. Likewise, microgreen height, hypocotyl 

length and leaf length displayed a positive and significant 

association with a high yield of cabbage microgreens. To obtain a 

higher fresh weight yield of cabbage microgreens, either red or 

RB LED is recommended.    
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