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Abstract. The plant factory controls temperature, lighting, plant nutrients, and
other environmental factors to provide a consistent, plant-friendly environment
for predictable yields. In addition, microgreens can be grown profitably in expen-
sive urban plant factories in a short harvest period. This study uses hydroponics
with artificial lighting in the form of a Light-Emitting Diode (LED) with difter-
ent ratios of lux and Photosynthetic Photon Flux Density (PPFD), i.e., 100 1x and
44.26 molem™2es ™! PPFD for 100% blue; 600 Ix and 20.32 molem2es~! PPFD
for 100% red; 1000 Ix and 95.92 molem~2es ™! PPFD for 100% white, with main-
tained 25-27 °C of temperature and 70-80% of relative humidity. Microgreens
of red and green lettuce were watered once a day with 250 ppm of plant nutri-
ents using a commercial AB mixture and liquid organic fertilizer. The LED light,
plant nutrient, and lettuce variety utilized in this study significantly affected the
plant height, color parameters of L*, a, and b, and chlorophyll content of SPAD
chlorophyll, chlorophyll a, chlorophyll b, and total chlorophyll content seven days
after planting, as determined by the three-way MANOVA and Duncan test. A PCA
model with two PCs has 88.0% of the explained variables for a comprehensive
analysis of the LED data’s variability.
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1 Introduction

Lettuce microgreens are among the most popular and are widely used in salads and other
nutritious foods. Lettuce is rich in fiber and low in calories, which is ideal for dieters. It
also contains vitamin A, folate, C, K, and phenolic compounds [1]. Nutritional quality
is frequently related to plant characteristics. Different leaf colors, such as antioxidant
substances, might impact the nutritional value of a plant. Red lettuce has higher levels of
lipophilic antioxidant activity, ascorbic acid, and phenolic compounds than other green
vegetables. Other beneficial substances commonly found in lettuce include flavonoids,
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beta-carotene, and chlorophyll, which are crucial for enhancing the antioxidant and
nutritional content of the diet [2].

Chlorophyll is recognized as a highly valuable bioactive compound that has earned
great attention in recent years, coinciding with healthy lifestyle movements. Chloro-
phyll has antioxidant, anti-inflammatory, antimutagenic, and cancer-fighting properties.
Two types of chlorophyll are present in lettuce: Chlorophyll a and Chlorophyll b [3-5].
Chlorophyll a and b function as photoreceptors that aid plants in absorbing and trans-
mitting light energy [6]. The chlorophyll concentration in leafy vegetables is influenced
by various factors, including nutrients and light. Chlorophyll is a crucial factor in plant
development because it absorbs sunlight and uses its energy to produce organic com-
pounds for photosynthesis [7]. Therefore, to grow plants indoors, artificial lighting must
be used as a substitute for sunshine so that photosynthesis can occur. Plant factories are
commonly employed for indoor farming as it allows us to regulate the environmental
elements that affect the plants. There are a large number of different systems that are
amenable to being modified for application in the plant factories sector. The most preva-
lent is the hydroponic system utilizing the Nutrient Film Technique (NFT). It aids in
nutrient absorption by plant roots by diluting plant nutrients in the water and suspending
them in a solution [8].

LEDs (light-emitting diodes) are frequently employed in indoor agriculture. Red and
blue light benefit photosynthesis [9]. Red-colored LED lights are connected with plant
height, exhibiting a strong correlation within six weeks of lettuce planting [10]. Blue
light alters chlorophyll and chloroplast formation [11]. White LED light was crucial in
apple plants’ seedling stage [12]. Additionally, white LED affects the fresh weight of
lettuce plants [13]. In addition to light, plants required nutrients for optimal productivity,
which included plant elongation. Planting media must have a fair number of mineral com-
ponents; hence, plant nutrients are usually utilized. Additional study indicates that the
R:B ratio influences plant growth and photosynthesis. Despite substantial plant growth
and quality research, the optimal light quality and R:B ratio has yet to be determined
[14]. This phenomenon encourages investigation into the influence of the visible light
spectrum on photosynthetic rate and plant growth to determine the impact of LED color
and different nutrients on the development of red and green lettuce microgreens.

This research aimed to determine the reaction of red and green lettuce microgreens
to artificial lighting and various nutrients. It is necessary to investigate how LEDs, plant
nutrients, and plant variety interact with one another regarding their physicochemical
properties. The study used a plant factory with LEDs that generated different light colors,
whereas red, blue, and white LEDs. This research used two other plant nutrients, AB
Mix and Liquid Organic Fertilizer. This research will contribute to developing an optimal
approach for cultivating red and green lettuce microgreens in indoor farming.

2 Materials and Methods

2.1 Plant Materials

In this study, red leaf lettuce (Lactuca sativa var. Crispa L., Known You Seed®) and
green leaf lettuce (Lactuca sativa, Known You Seed®) were utilized. Planting was con-
ducted in an environmental conditions-controlled chamber for seven days. Temperature
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and relative humidity were monitored through environmental data logger monitoring,
ranging from 24-26 °C, and relative humidity at 68—70%. Both lettuces were planted in
Rockwool media and placed in a 24 x 19 cm tray with two replicate trays on each grow
light. In planting holes, seeds were manually sown by hand, and the distance between
each planting hole was 2 cm. Watering was done once per day with liquid organic fertil-
izer (POCNASA ®) and AB Mix (Nutrisiip ®). Three different LED lamps were used
as grow lights. The first one was 100% white with 1000 Ix and 95.92 molem 2es™!
PPFD with a wavelength of 550 nm; the second one was 100% red color with 600 Ix,
20.32 molem2es~! PPFD, with a wavelength of 660 nm; and lastly, we used 100% blue
with 100 1x, 44.26 molem2es~! PPFD, with a wavelength of 470 nm. PPFD, lux, and
wavelength were measured using a PAR meter and quantum sensor (LICOR LI-250Q
PAR), consisting of the LI-250 Light Meter and LI-190R Quantum Sensor, in addition
to a light meter (Lutron LX-107).

2.2 Physical Characteristics Analysis

Plant height, fresh weight, and color parameter measurements were carried out using
plant microgreen, which harvests seven days after planting. Observable stems on the
Rockwool surface were randomly measured to quantify plant height samples by mea-
suring 18 samples using a ruler. Green spinach and red lettuce microgreen were weighed
by every 18 samples from each area on each tray using an analytical balance. Chromame-
ter (Konica Minolta CR-400, photodiode sensor) was used to measure the color of green
and red lettuce microgreen by producing the values of L, a, and b. Each of the three
samples represented a tray region containing six distinct locations.

2.3 Chlorophyll Content Analysis

When both varieties of microgreens reached seven days after planting, red and green
microgreens were randomly collected. Each planting tray’s microgreens were harvested
until their weight reached a maximum of 2.5 g for six sample replications. The chloro-
phyll concentration was determined by extracting the material from the obtained micro-
greens, diluted in acetone:ethanol (1:1 v/v) for 24 h at dark-room temperature. After
twenty-four hours, the extracted material turned green due to the presence of leaf pigment
extract solutions.

Optical Density was determined by measuring chlorophyll concentrations using an
Ultraviolet-Visible Spectrophotometer (UV-Vis) (LW Scientific UV-200-RS) (OD). UV-
Vis was utilized at wavelengths of 440 nm, 645 nm during the peak absorption of
chlorophyll a, and 663 nm during the peak absorption of chlorophyll b [15, 16].

Chla = (13.7x0Dgg3) — (5.76x0Dg45) €))
Chlb = (25.8x0ODg45) — (7.7x0ODg33) 2)

Chltot = (20.0xODg45) — (0.1xODg33) 3)
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Chl a: chlorophyll a (mg.L™1).

Chl b: chlorophyll b (mg.L™1).

Chl tot: total chlorophyll (mg.L~1).

This study also utilized a SPAD (Soil Plant Analysis Development) meter (SPAD-
502 Plus — Konica Minolta) to assess the SPAD chlorophyll of red and green lettuce
microgreen.

2.4 Statistical Analysis

Plant height, fresh weight, color parameters of L, a, and b, and chlorophyll content of
SPAD chlorophyll, chlorophyll a, chlorophyll b, and total chlorophyll obtained were
analyzed by conducting three-way multivariate analysis of variance (MANOVA) to
determine how LED and nutrients used are affecting the growth and physicochemical
properties of red and green lettuce microgreen. Duncan’s multiple range test (DMRT)
was also used to further statistical comparison between the various LEDs (p 0.05).

In addition, the analytical method known as Principal Component Analysis (PCA)
was applied to red and green lettuce microgreens to determine the relationship between
plant growth and the physiochemical properties, reduce the dimension of the data, and
identify patterns that were distinct between the various LEDs and the plant nutrients.
This PCA was analyzed so that the results could be presented more concisely. The
principal component analysis (PCA) involves the development of axes through the linear
combination of data based on several elements known as principal components (PC),
which are data predictions based on the variance that has the most significant impact. In
addition, the PCs, which have more essential characteristics, will have a broader range
of values and more pertinent information [17].

3 Result and Discussion

3.1 LEDs and Plant Nutrient Effect on Chlorophyll and Growth of Red
and Green Lettuce

The three-way MANOVA test was used to compare the effects of different LED light
colors and plant nutrients on plant height, fresh weight, color parameter (L, a, b value),
chlorophyll SPAD, chlorophyll a, chlorophyll b, and total chlorophyll content, all of
which are indicative of plant growth and physicochemical parameters of red and green
lettuce microgreen. The Duncan test was also used to determine the effect of LED
lighting on plant growth and the physicochemical parameters of red and green lettuce
microgreens (Table 1).

Light is known to be an essential component of photosynthesis in plants. Chloro-
phyll is a photosynthetic pigment that aids plants in increasing metabolite production,
hence enhancing photosynthesis activity [18]. Different chlorophyll concentrations are
produced by the LEDs employed in this investigation. The white LED had the most
significant impact on the chlorophyll content, producing the most excellent chlorophyll.
However, chlorophyll contents acquired through SPAD analysis continue to be greater
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than those obtained from UV-VIS analysis and result alignment. Microgreens of red and
green lettuce grown under blue LED have the second-highest chlorophyll concentration
after those produced under white LED. In contrast, red LED produces the lowest conse-
quence. Microgreens of red and green lettuce grown under white LED weigh somewhat
more than those produced under red LED. The fresh weight significantly rises when
exposed to red light in Rapeseed plants, indicating that the two phenomena are related
[18]. In addition, the plant grown under red LED was the tallest, according to the data.
Red light is known to trigger photosynthesis, whereas blue light is known to reduce
leaf area and elongation while increasing photosynthetic efficiency per unit of leaf area.
Similar photosynthetic rates are seen under both blue and white LEDs, causing both to
yield the highest chlorophyll concentration ([16; 17]. When exposed to the red region
of the visible spectrum, chlorophyll is known to absorb light actively [18]. Naturally,
photosynthetic activity rises as a plant absorbs light, resulting in optimal plant growth.

Besides lighting, plant nutrient also plays a significant role in plant growth. The two
nutrients used in this study, AB Mix nutrient, indicated a better result in the average
growth parameter than liquid organic fertilizer. Other research showed that after 30 and
35 days after seeding, AB Mix used in lettuce plants is reported to grow longer in height
than lettuce plants grown with liquid organic fertilizer [21]. In addition, further research
revealed that using liquid organic fertilizer alone did not affect the plant height and the
number of leaves on Pak Choy plants [22].

The color values of L, a, b produced by green and red lettuce microgreen resulted in
the opposite trend of differences in chlorophyll content in various LED lights. In contrast
with chlorophyll content, the white and blue LED has no distinction of color parameters
and lower value than the red LED. The color values of L, a, b produced by green and red
lettuce microgreen resulted in the opposite trend of differences in chlorophyll content in
various LED lights. In contrast with chlorophyll content, the white and blue LED has.

no distinction of color parameters and lower value than the red LED. Other research
reported that the chlorophyll content of various lettuce varieties is different and has no
correlation to L, a, and b value [1]. Generally, this research indicated that the chlorophyll
content of green lettuce microgreen was higher than red lettuce microgreen. Bevly et al.
(2018) [23] reported that the red leaf lettuce plant didn’t show a very excellent chloro-
phyll concentration, which was affected by anthocyanin content. The chlorophyll also
showed a strong relationship with carotenoid attention simultaneously. It means the rise
in carotenoid concentration on the leaf will be followed by total chlorophyll content.
Chlorophyll contains excellent vitamins A, C, E, K, and carotene.

3.2 Relationship Between LEDs and Plant Nutrient Effect on Physicochemical
Properties of Red and Green Lettuce

Figure 1 demonstrates the Principal Components of Analysis (PCA) of red and green
lettuce microgreens towards their growth parameter such as plant height, SPAD, L*, a,
b, chlorophyll a, chlorophyll b, and total chlorophyll content. The cumulative sum of
the first two PCs is quantified by 88% of the total variance, with PC1 being 78% and
PC2 10%. Samples are divided by varied LED as seen in Fig. 1.a based on PC1. The
score plot PC1 vs. PC2 displayed that the score for red and green lettuce microgreens
grown under the red LED is separated by PC1 with the blue and white ones. Scores
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Fig. 1. Principal component analysis scores plot of different LED light (a), plant nutrient (b),
lettuce microgreen variety (c), and loadings plot (d).

for microgreens under the red LED spread along the PC1 positive axis; meanwhile, the
white and blue LED is on the PC1 negative side. Figure 1.b and Fig. 1.c exhibits the
samples being clustered based on plant nutrient variety. However, the result has shown
that plant variety and nutrients cannot characterize red and green lettuce microgreens.

The score plot in Fig. 1.a proves that red and green lettuce microgreens can be
clustered by varied LED based on PC1. Based on the loading plot shown in Fig. 1.d,
each parameter affects red and green lettuce microgreens differently. A PC score further
from zero significantly influences the clustering of red and green lettuce microgreens.
Plant height, L*, and b* values account for the positive PC1 score; meanwhile, SPAD,
chlorophyll a, chlorophyll b, and total chlorophyll content are negative. Fresh weight
has zero PC value, implying that it does not affect clustering.

The L* value has the highest positive impact based on PC1; meanwhile, SPAD and
chlorophyll a have the most negative effect on plant growth. Conclusively, chlorophyll
a will decrease, followed by the increase of the L* value. Based on the research done
by Hu (2010) [24], Lab* of barley plants has a significant correlation with chlorophyll
content and SPAD. It is possible because chlorophyll, carotenoid, and other pigments
are strongly influenced by leaf color. Chlorophyll and carotenoids are responsible for
the green and yellow colors in the leaf, respectively, the leaf color will appear brighter,
and the L* value will increase. From the result that can be seen in Fig. 1.a, red has the
most impact on the parameter. Other research reported that plants grown under red LEDs
significantly displayed a lower growth value than white, green, blue, and red LEDs [25].
The DMRT result in Table 1. Also showed a similar outcome, where the L* value in
the red LED is higher than the other LEDs. Due to their similarity, it is challenging to
classify red and green lettuce microgreens based on their plant nutrients and varieties.
Figure 1.d demonstrates that the L* value significantly benefits clustering, although it
was unable to cluster the red and green lettuce microgreens in our study. The explanation
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Fig. 2. Microgreens are grown under white LED on the 7th day after sowing green leaf lettuce
(a) and red leaf lettuce microgreens (b).

for this outcome is the slight difference between the values of L*, a, and b. Figure 2
demonstrates that both microgreens grown under all conditions have green leaves, as
they are in the early stages of development. The lettuce plant’s leaves will turn red eleven
days after planting [26].

4 Conclusion

The various plant variety generate different chlorophyll levels, with the green lettuce
microgreens containing more chlorophyll than the red ones. In this study, AB Mix and
liquid organic fertilizer are utilized as nutrients; nonetheless, AB Mix produced superior
results for the average growth parameter. The DMRT test indicates that red LED is ideal
for promoting plant heights. Meanwhile, blue LED is suitable for increasing chlorophyll
content, white LED is responsible for the fresh weight of the plant. PCA analysis shows
that the application of two PCs explains 88% of the total variable; samples of red and
green lettuce microgreens are classified by the various LEDs utilized in this study using
PC1. This study reveals that artificial lighting is a feasible replacement for natural light.

Acknowledgments. This research was funded by Universitas Gadjah Mada with the Final
Project Recognition Grant during Fiscal Year 2022 in agreement with contract number
3550/UN1.PIII/Dit-Lit/PT01.05/2022.

References

1. Mampholo B M Maboko M M Soundy P and Sivakumar D, Dec. 2016 Phytochemicals and
Overall Quality of Leafy Lettuce (Lactuca sativa L.) Varieties Grown in Closed Hydroponic
System J Food Qual 39, 6 p. 805-815.

2. Martinez-Ispizua E et al., Feb. 2022 The Nutritional Quality Potential of Microgreens, Baby
Leaves, and Adult Lettuce: An Underexploited Nutraceutical Source Foods 11, 3.

3. Viera I Herrera M and Roca M, Aug. 2022 Influence of food composition on chlorophyll
bioaccessibility Food Chem 386.



10.

11.

12.

13.

15.

16.

18.

19.

20.

21.

22.

23.

Hydroponic NFT-Based Indoor Farming of Red and Green Lettuce 633

. dos Santos C P Noboa C S Martinez M Cardoso J C and Sala F C, 2021 Morphological

evaluation of lettuce genotypes grown under hydroponic system Hortic Bras 39, 3 p. 312-318.

. Yilmaz C and Gokmen V, 2015, Chlorophyll, in Encyclopedia of Food and Health, (Elsevier

Inc.), p. 3741.

. Ryouichi T Ito H and Tanaka A, 2010 Regulation and Functions of the Chlorophyll Cycle,

in The Chloroplast: Basics and Applications, ed C. A. Rebeiz, C. Benning, H. J. Bohnert,
H. Daniell, J. K. Hoober, H. K. Lichtenthaler, A. R. Porties, and B. C. Tripathy. (Dordrecht:
Springer Netherlands), p. 55-78.

. Heldt H-W and Piechulla B, 2011, The use of energy from sunlight by photosynthesis is the

basis of life on earth, in Plant Biochemistry, (Elsevier), p. 43-64.

. Waluyo W HADIATNA F and YUONO Y, Jun. 2022 Hydroponic Nutrient Film Tech-

nique (NFT) System Based on Automation in Ciparay Village REKA ELKOMIKA: Jurnal
Pengabdian kepada Masyarakat 3, 2 p. 88-95.

. Bouly J P et al., Mar. 2007 Cryptochrome blue light photoreceptors are activated through

interconversion of flavin redox states Journal of Biological Chemistry 282, 13 p. 9383-9391.
Ulagnathen K, Nov. 2018 Investigation on Vegetable Growth Using Artificial Sunlight for
Indoor Farming COJ Electronics & Communications 1, 4.

Senger H, Jun. 1982 THE EFFECT OF BLUE LIGHT ON PLANTS AND MICROORGAN-
ISMS Photochem Photobiol 35, 6 p. 911-920.

Choi K'Y Shawon M R A Kim J K Yoon Y J Park S J and Na J K, Aug. 2022 Effect of
White LED Light on the Growth of Apple Seedlings in Controlled Environment System
Horticulturae 8, 8.

Lu N Saengtharatip S Takagaki M Maruyama A and Kikuchi M, 2019 How Do White
LEDs’ Spectra Affect the Fresh Weight of Lettuce Grown under Artificial Lighting in a
Plant Factory?—A Statistical Approach Agricultural Sciences 10, 07 p. 957-974.

. Wang J Lu W Tong Y and Yang Q, Mar. 2016 Leaf morphology, photosynthetic performance,

chlorophyll fluorescence, stomatal development of lettuce (Lactuca sativa L.) exposed to
different ratios of red light to blue light Front Plant Sci 7, MAR2016.

Sari E K and Hidayati S, Jun. 2020 Determining Chlorophyll Content and Carotenoid in
Lettuce (Brassica) using UV-Vis Spectrophotometry Fullerene Journal of Chemistry 5, 1
p- 49.

Gao D et al., May 2021 Improvement of chlorophyll content estimation on maize leaf by vein
removal in hyperspectral image Comput Electron Agric 184 p. 106077.

. Wu N etal., Apr. 2020 Practicability investigation of using near-infrared hyperspectral imag-

ing to detect rice kernels infected with rice false smut in different conditions Sens Actuators
B Chem 308 p. 127696.

Saleem MH et al., 2019 Effect of Different Colors of Lights on Growth and Antioxidants
Capacity in Rapeseed (Brassica Napus L.) Seedlings Ann Agric Crop Sci 4, 2 p. 1045.

Izzo L G Mickens M A Aronne G and Gémez C, Aug. 2021 Spectral effects of blue and red
light on growth, anatomy, and physiology of lettuce Physiol Plant 172, 4 p. 2191-2202.
Snowden M C Cope K R and Bugbee B, Oct. 2016 Sensitivity of Seven Diverse Species to
Blue and Green Light: Interactions with Photon Flux PLoS One 11, 10 p. e0163121.

Bella F et al., 2020 The Combination Effect of AB Mix Nutrition and Azolla Liquid Organic
Fertilizer on The Growth and Yield of Green Leaf Lettuce (Lactuca Sativa L.) in Hydroponic
Wick System Jurnal Produksi Tanaman 8, 9 p. 823-830.

Sundari O : Raden I and Hariadi U S, POC and AB Mix influence on Growth and Yield
Pakchoy plants (Brassica chinensis L.) With Hydroponics.

Mampholo B M Maboko M M Soundy P and Sivakumar D, Nov. 2018 Variety-specific
responses of lettuce grown in a gravel-film technique closed hydroponic system to N supply
on yield, morphology, phytochemicals, mineral content and safety J Integr Agric 17, 11
p. 2447-2457.



634 A. N. K. Sinaga et al.

24. HuHetal., 2010 Assessment of Chlorophyll Content Based on Image Color Analysis, Com-
parison with SPAD-502 in 2010 2nd International Conference on Information Engineering
and Computer Science p. 1-3.

25. Baidya A et al., Dec. 2021 Effect of different wavelengths of LED light on the growth,
chlorophyll, B-carotene content and proximate composition of Chlorella ellipsoidea Heliyon
7,12 p. e08525.

26. Meng Q and Runkle E S, Oct. 2020 Growth Responses of Red-Leaf Lettuce to Temporal
Spectral Changes Front Plant Sci 11.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Hydroponic NFT-Based Indoor Farming of Red and Green Lettuce Microgreens in Response to Artificial Lighting
	1 Introduction
	2 Materials and Methods
	2.1 Plant Materials
	2.2 Physical Characteristics Analysis
	2.3 Chlorophyll Content Analysis
	2.4 Statistical Analysis

	3 Result and Discussion
	3.1 LEDs and Plant Nutrient Effect on Chlorophyll and Growth of Red and Green Lettuce
	3.2 Relationship Between LEDs and Plant Nutrient Effect on Physicochemical Properties of Red and Green Lettuce

	4 Conclusion
	References




