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Abstract

Importance of the work: Ivy-gourd is a nutrient-rich but underutilized microgreen. Light spectrum,
especially blue and red light ratios, influences plant growth and phytochemicals. This study
explored optimal light combinations to enhance growth and quality in ivy-gourd microgreens.
Objectives: To produce ivy-gourd microgreens in a plant factory under different ratios of blue (B)
and red (R) light combinations and to investigate its growth and phytochemical properties.
Materials and Methods: A 3 %6 factorial in a randomized complete block design was used. Factor
A was three ivy-gourd accessions from Thailand and factor B was six different light combinations
using white (W), monochromatic red (R) and monochromatic blue (B) and three combinations of
varying B-to-R ratios (B75:R25, B50:R50, B25:R75).

Results: There were significant differences in growth and carotenoid content among the accessions
(p < 0.05), while there was no significant difference in the phytochemical content. However, all
parameters were significantly different under the B and R light combinations. Monochromatic
R light promoted the growth and demoted the phytochemicals. Contrarily, increasing the B light
percentage caused decreased growth and increased phytochemical levels. The non-linear regression
analysis revealed a strong correlation (coefficient of determination > 0.8) between increasing
the B light amount and each of fresh weight, hypocotyl length, vitamin C, 2,2-diphenyl-1-
picrylhydrazyl (DPPH) antioxidant activity, phenolic compounds and total soluble solids, while
pigments and dry weight did not show such a correlation.

Main finding: There was a specific optimum level of the B light ratio to maximize each
phytochemical. The growth parameters were maximized under monochromatic R light. In contrast,
phenolic compounds and the DPPH antioxidants peaked close to 100% B light, while the total
soluble solids and vitamin C content maximized in the range 50—75% B light.
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Introduction

In modern agriculture, innovation is key to achieving
global food security, with Control Environment Agriculture
and artificial lighting being the leading approaches. The Plant
Factory with Artificial Lighting approach is a promising system
with light-emitting diodes (LEDs) providing photosynthetically
active radiation (PAR) (Alrifai et al., 2019) and less energy
consumption (Gupta and Agarwal, 2017; Morrow, 2008). In
leafy greens and microgreens, certain light spectra are crucial
for plant growth and phytochemical synthesis (Olle and Virsile,
2013; Samuoliené et al., 2013).

Microgreens, produced using various types of edible
seeds (Huang et al., 2016; Treadwell et al., 2010) are rich in
vitamins, minerals and phytochemicals (Brazaityte et al., 2019;
Verlinden, 2019), with over 100 species currently used for
production (Ebert, 2022; Treadwell et al., 2010).

While the Cucurbitaceae family includes many edible
species, it is not commonly used for microgreen production
(Fapohunda et al., 2018), likely due to limited published
research and its low profile among producers and consumers.
Results from growing cucumber, pumpkin, and bottle gourd
microgreens under greenhouse conditions indicated vitamin
C levels of less than 25mg/100g fresh weight (FW) and
2,2-diphenylpicrylhydrazyl (DPPH) antioxidant activity of
less than 4.31 umol Trolox equivalent/100g FW, while total
phenolic compounds were in the range 67-89 mg gallic acid
equivalent/100 g FW (Yadev et al., 2018).

However, ivy-gourd (Coccinia grandis L. Voigt), a nutrient-
rich member of this family, is an underutilized vegetable often
used in Indian (Soundarya et al., 2022) and Thai cuisines (FAO,
1999). 1t is rich in vitamins and minerals (FAO, 1999) and
phytochemicals (Sutar et al., 2010), especially antioxidants
and phenolics (Nanasombat and Teckchuen, 2009; Sakharkar
and Chauhan, 2017). Ivy-gourd leaves contain carbohydrates,
alkaloids, glucosides, flavonoids, tannins and saponins (Pathania
and Chawla, 2023). In addition, the plant has anti-hyperlipidemic
(Bunkrongcheap et al., 2015), anti-diabetic (Akhtar et al.,
2007), obesity-controlling compounds (Tak et al., 2021) and
antimicrobial properties (Khatun et al., 2012).

The enticing nutritional profile of ivy-gourd has raised
interest in its production as a microgreen. Therefore, the current
research was planned to study the effects of genetic variation
and the light spectrum, specifically different combinations
of blue and red spectra on the growth and phytochemical
synthesis of ivy-gourd microgreens.

Materials and Methods
Planting material

Three accessions of ivy-gourd seeds were obtained from
the Gene Bank of the Tropical Vegetable Research Center,
Kasetsart University, Nakhon Pathom Province, Thailand.
Their accession codes were CGR 001, CGR 009 and CGR
016, being collected from Pattani, Ratchaburi and Phetchabun
Provinces, respectively located in the South, Central and
Northern Thailand, respectively. A germination test was
performed to assess the germination capacity of each accession
to determine the optimal seeding rate.

Experimental design and light treatments

A 3 x 6 factorial experiment in a randomized complete
block design was conducted with three replicates in which
replications (blocks) were repeated over time. Factor A
consisted of the three ivy-gourd accessions, while factor
B consisted of six different light spectra using white (W),
monochromatic red (R) and monochromatic blue (B) and three
combinations of varying B-to-R ratios (B75:R25, B50:R50,
B25:R75), as shown in Fig. 2.

The light setups were arranged using sets of vertical growing
tires, each with two growing chambers (0.06 m x0.06 m x0.05
m) equipped with adjustable 50 cm long, 20 W monochromatic
batten Plug and Grow LED lights (Civic Agrotech Co. Ltd;
Thailand). The light intensity was set at 150 pmol/m*/s using
a spectrometer (PAR meter; UPRtek, Model PG200N; United
Power Research Technology Co-operation; the Netherlands).
The photoperiod was 16 hr/8 hr light/darkness cycle, with an
equal DLI of 8.64 mol/m*d. The growth room temperature was
maintained at 25 + 2°C, with 50% relative humidity (RH) and
the CO, levels were in the range 350—380 parts per million.

Seed treatments and seed sowing

The seeds were hydro-primed, sterilized and sown in containers
10 cm x10 cm X7 cm in size (150 seeds per container with 100
cm? growing area) with a peat moss substrate (pH 6.0; Potgrond
H; Klasmann-Deilmann GmbH; Germany). After germination,
the containers were placed randomly under one of the six specific
lighting combinations and kept for 6 d until harvesting. On the 11
day after seed sowing, the microgreens were harvested. The study
period was from November 2022 to February 2023.
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Fig. 1 Light spectrum combinations of six treatments: A) white light; B) monochromatic red (R); C) B25:R75; D) B50:R50; E) B75:R25;
F) monochromatic blue (B)
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Fig. 2 Growth performance and total soluble solids (TSS) of ivy-gourd microgreens grown under different spectrum combinations at 6 d after
germination: (A) hypocotyl length; (B) fresh weight; (C) dry weight; (D) yield per container; and (E) total soluble solids (TSS)

W = white light, R = red light, B = blue light; Different lowercase letters above bars are significantly different (p < 0.05) according to Duncan’s multiple
range test (n = 3). Error bars indicate + SD.
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Growth and total soluble sugar determination

Growth

Yield (grams per container), fresh weight (grams) and
dry weight (DW; grams) were measured using an analytical
balance (ES 600HA; Zepper; Thailand). The yield was
determined just after harvesting all the microgreens in a
container with 100 cm? area. Then, 10 fresh microgreens
were measured for FW. The same samples were dried in
an oven (1375FX; Sheldon Manufacturing; USA) at 60°C
until a constant weight (DW) was obtained (Li et al., 2021).
The hypocotyl length (HL) was measured in centimeters.

Total soluble solids

The total soluble solids (TSS) were determined using
a refractometer (PALI; Atago; Japan), according to (Dalal
etal., 2019).

Phytochemical analysis

Chlorophyll a, b, total chlorophyll and carotenoids were
measured as pigments using the spectrophotometric method
(Dere et al., 1998), and the total phenolic (TP) content was
measured using the Folin-Ciocalteu colorimetric method
(Pintatum et al., 2014). DPPH radical scavenging assay was
applied (Oueslati et al., 2012) to measure DPPH antioxidant
levels. The vitamin C was analyzed using the 2,4- dinitrophenyl
hydrazine method (Roe et al., 1948).

Statistical analysis

Two-way analysis of variance was conducted. The mean
difference was determined using Duncan’s multiple range
test to compare multiple group means. The confidence
interval was set at 95%. Furthermore, a regression analysis
was performed based on the B light proportion versus the
growth and the phytochemical contents to identify any
correlations.

Results

Based on the results, the accession factor significantly
affected all growth parameters, the yield and the carotenoid
content of the ivy gourd microgreens. At the same time,
there were no significant differences among the accessions
for the TSS and phytochemicals. In contrast, the light
spectrum factor significantly affected the growth, TSS
and phytochemicals. Additionally, there was insignificant
interaction between accession and light spectrum treatments
(Table 1).

Accession effect on growth, yield and carotenoids

The CGR 001 and CGR 009 accessions produced higher
yields than CGR 016, whereas CGR 009 had the highest FW,
DW and HL values among the three accessions. However, CGR
016 had the highest carotenoid content (Table 2).

Table 1 Statistical significance of main and interaction effects of accession
and light spectrum on growth and phytochemical parameters of ivy-gourd
microgreens at 6 d after germination.

Factors Accession Light AxLS
(A) spectrum (LS)
Yield *x *x ns
Fresh weight *x *x ns
Dry weight *x *x ns
Hypocotyl length *x *x ns
Total soluble solids ns *ox ns
Chlorophyll a ns *E ns
Chlorophyll b ns wE ns
Total chlorophyll ns wox ns
Carotenoid content wE woE ns
Vitamin C ns o ns
Phenolic compounds ns wox ns
DPPH antioxidant ns o ns

DPPH = 2,2-diphenyl-1-picrylhydrazyl;
** = highly significant (p < 0.01); ns = non-significant (p > 0.05)

Table 2 Growth parameters (hypocotyl length, fresh weight, and dry weight yield) and carotenoid content of three ivy-gourd accessions grown under

LED light at 6 d after germination, averaged across light spectrum treatments.

Accession Hypocotyl length Fresh weight Dry weight Yield Carotenoid content
(cm) (mg/microgreen) (mg/microgreen) (g/container) (mg/100g FW)
CGR 001 2.28 £0.84° 98.49 £ 16.52° 6.40 £0.57° 11.40 £ 1.67° 7.56 £0.28°
CGR 009 2.62 +£0.84° 104.25 £17.71* 7.31+£0.45° 10.89 £ 1.77% 7.63+£0.21°
CGR 016 2.38+0.81° 99.09 £ 14.95° 7.01 £0.57 10.47 £1.41° 7.90 +£0.32°

Values represent means+ SD (n = 6); Means within the same column superscripted with different lowercase letters are significantly different (p < 0.05),

according to Duncan’s multiple range test.
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Light spectrum effect

Effect on growth, yield and total soluble solids

The light spectrum treatments significantly affected the HL,
FW, DW and yield of the ivy-gourd microgreens, with their
effects following similar trends. R produced the significantly
highest values while the combination of B and R light produced
a significant decrease in all growth parameters-the higher the B
proportion, the lower the growth and yield. Unexpectedly, when
the B light proportion was maximized, all other growth parameter
values (except for DW) increased, though not to the same highest
value as R light. Notably, W light produced intermediate values
for all growth parameters, except for yield (Figs. 2A-2D).
Furthermore, W light and the B50:R50 light spectrum significantly
dominated TSS accumulation in the ivy-gourd microgreens, while
the R light produced the lowest value (Fig. 2E).

Effect on phytochemicals

Pigments

There were significant differences among all pigments of
ivy-gourd microgreens due to the effects of the light spectrum
treatments. Notably, the highest pigment content was produced
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under the B75:R25 light treatment, while the BS0:R50
treatment had the lowest values for all pigments. Furthermore,
the W light produced Chl a and carotenoid contents in amounts
comparable to B75:R25 (Figs. 3A-3D).

Total phenolic compounds

The TP compounds differed significantly with the various
spectrum combinations. The B light produced the highest results,
whereas the R and B25:R75 combinations produced the lowest.
The results for the W, B50:R50 and B75:R25 light treatments
were substantially identical to the maximum value (Fig. 3E).

Vitamin C

The vitamin C content was significantly different among the
light treatments and followed a rising trend with the proportion
of B light, with the maximum produced by the B75:R25 and
B50:R50 treatments. In contrast, the R treatment produced the
lowest level (Fig. 3F).

DPPH antioxidant activity

The DPPH antioxidant activity displayed the same rising
trend with the B light proportion, reaching its highest value with
the B light. The lowest level was observed in R light. The B25:R75
and B50:R50 treatments produced comparatively lower amounts
of antioxidants than the W light treatment (Fig. 3G).
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Fig. 3 Total chlorophyll content of ivy-gourd microgreens grown under different light spectrum combinations at 6 d after germination: (A) chlorophyll a;

(B) chlorophyll b; (C) total chlorophyll; (D) carotenoid content; (E) phenolic compounds; (F) vitamin C; (G) 2,2-diphenyl-1-picrylhydrazyl antioxidant
activity; W = white light, R = red light, B = blue light, FW = fresh weight. Different lowercase letters above bars are significantly different (p < 0.05)
according to Duncan’s multiple range test (n = 3). Error bars indicate + SD. TEAC = Trolox equivalent antioxidant capacity aaa
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Correlation between blue light proportion with growth and
phytochemicals

Based on the regression analysis results, there was a
significant non-linear relationship between the blue
light percentage (BLP) and the growth, yield and some
phytochemicals of the ivy-gourd microgreens. The BLP was
strongly correlated (coefficient of determination, R?> 0.8)
with the HL, FW and yield of ivy-gourd microgreens, which
decreased as the BLP increased from 0% to 50-75%, then rose
again as the BLP approached 100% (Figs. 4A—4D). In contrast,
the TSS increased with a higher BLP, peaking at 50-75%,
before declining (R*>> 0.8), as shown in Fig. 4E. The effect
of BLP on pigments such as chlorophyll was minimal
(R? < 0.3), as shown in Figs. 4F—41. However, BLP had a
strong positive correlation (R?> 0.8) with TP, vitamin C and

. Nat. Resour: 59 (2025) 590307

DPPH antioxidants, with peak values occurring at 75—100% for
TP, 50-75% for vitamin C, and 100% for DPPH antioxidants
(Figs. 4J-4L).

Discussion

Effects of accessions on growth, total soluble solids and
phytochemicals

Genetic markup plays a crucial role in determining the
quantity and quality of microgreens. Other studies have
shown substantial differences in growth and phytochemical
content among accessions and cultivars of microgreens
such as amaranth (Di Bella et al., 2020; Ebert et al., 2015),
hemp (Corrado et al., 2022), radish (Tilahun et al., 2023)
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and broccoli (Di Bella et al., 2020). The current study
hypothesized that the genetic differences would similarly
affect the growth and phytochemical content of ivy-gourd
microgreens.

The results revealed significant differences in growth
parameters and yield among the three accessions, with CGR
009 having superior growth and yield, while CGR 016 had the
highest carotenoid content. Notably, there were no significant
differences in the other phytochemicals, such as chlorophyll
a, b, and total chlorophyll, and TP, vitamin C and DPPH
antioxidant activity. This suggested a close genetic relationship
among the three accessions, consistent with other findings
on ivy-gourd genetics in Thailand (Kittiwongwattana, 2022).
Additionally, there was no interaction between accessions and
light spectrum treatments.

Effect of light spectrum on growth and total soluble solids

Based on the results, the light spectrum significantly
impacted the growth, yield and secondary metabolite synthesis
in the ivy-gourd microgreens. the R light produced higher
growth and yield values than the B light and the R and B
combinations. Growth and yield metrics, such as HL, FW, DW
and yield of ivy-gourd microgreen, were highest under the R
light and decreased with increasing B light mixtures. Notably,
the growth under the B light increased up to 100%; however, it
was still not as effective as R light alone.

R light led to a 2.03-fold increase in HL compared to W light.
R and B lights worked together to regulate microgreen hypocotyl
elongation through phytochrome (Phy) and cryptochrome (Cry)
pathways (Tsuchida-Mayama et al., 2010). These pathways
activate COP1 (CONSTITUTIVE PHOTOTMORPHOGENIC
1) and stabilize HY5 (LONGHYPOCOTYL 5) and HYH (LING
HYPOCOTYL 5 HOMOLOG) promoting photomorphogenesis
and hypocotyl elongation (Brazaityte et al., 2021). The R light
effect on elongation was consistent with findings in mustard
and kale (Brazaityte et al., 2021), amaranth and turnip green
microgreens (Toscano et al., 2021). In addition, Kong et al.
(2019b) reported that under 100% B light, a low phytochrome
equilibrium triggered hypocotyl elongation, resembling
a shade avoidance response to low light intensity.

For growth and yield, monochromatic R light reportedly
provided a higher quantum yield (measured in moles of CO,
assimilated per mole of photons) than the blue and green light
spectra (Liu and van Iersel, 2021; Zha et al., 2020). Hence, this
would explain how the R light increased the FW, DW and yield
by 1.5-fold, 1.8-fold and 1.43-fold, respectively, compared to

W light. Notably, B light accumulated higher levels of FW
and DW than W light and the R and B combinations in the
current study. Similarly mustard microgreens had the highest
DW and FW at 100% B and the lowest at 50% B, while kale
microgreens recorded the highest FW and DW at 10% B and
100% B, respectively (Brazaityte et al., 2021). R and B light
combinations induces stomatal opening, while B light alone
induces stomatal conductance and rubisco enzyme activity
(Li et al., 2023). Furthermore, B light produced an increment
in the transcriptional rates of genes encoding the Calvin cycle
enzymes (Wang et al., 2009). In addition, B light controls
the relocation of chloroplasts and influences light capture;
consequently, the maximum light amount is harvested under the
low intensity of B light and this improves the photosynthesis
rate (Jones-Baumgardt et al., 2020).

The TSS is the key parameter for determining the taste and
quality of fruits and vegetables, representing the percentage
of dissolved solids (primarily sugars) in a solution (Chen et
al., 2019). The main sugars in microgreens such as mizuna,
kohlrabi and broccoli are sucrose, fructose and glucose
(Samuoliene et al., 2019), with the TSS having the strongest
correlation with sucrose (Wei et al., 2020). The light spectrum
significantly influences the sugar contents in plants (Choi
et al., 2015; Fan et al., 2013). In the current study, the ivy-
gourd microgreens had the highest TSS under W light and the
lowest under monochromatic R light. A combination of R and
B light yielded higher TSS values from the monochromatic
spectrum, with the peak observed in between the B50:R50 and
B75:R25 ratios (Fig. 4E). This combination proved effective
in promoting sugar accumulation, consistent with findings by
Ohashi-Kaneko et al. (2007) and Li et al. (2017).

Effect of light spectrum on phytochemicals

Pigments

The combination of B and R light has been shown to
promote chlorophyll and carotenoid concentrations (Fan et al.,
2013). In the current study, the B75:R25 combination produced
the highest levels of Chl a, b, total chlorophyll and carotenoid,
while the B50:R50 combination produced the lowest. This
higher B light dosage significantly stimulated chlorophyll and
carotenoid synthesis, consistent with findings in basil (Lobiuc
et al., 2017) and amaranth microgreens (Toscano et al., 2021).
Chlorophyll biosynthesis depends on the interaction of Cry
and active Phy (Hernandez and Kubota, 2016). However,
R light suppresses chlorophyll biosynthesis gene expression
such as MgCH, GIuTR, and FeCH (Wang et al., 2009)
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and reduces the tetrapyrrole precursor (5-aminolevulinic acid),
leading to decreased chlorophyll formation (Sood et al., 2005),
with the downregulation of chlorophyll precursors such as
AIA, Pro IX, Mg-Proto IX and Pchilide (Fan et al., 2013).

In the current study, the carotenoid content varied
significantly among treatments, with the B75R25 light
combination producing the highest levels, while BSOR50
produced the lowest. However, the statistical analysis revealed
only a weak relationship between carotenoid and BLP (Fig. 41)
indicating that the increasing BLP did not affect the carotenoid
content of the ivy-gourd microgreens. Carotenoid biosynthesis
is regulated by R, B and W light photoreceptors (Gupta and
Pradhan, 2017). Similar studies on mustard, kale, arugula and
red cabbage (Ying et al., 2020), green and red basil (Lobiuc et
al., 2017) and red amaranth (Meas et al., 2020) microgreens
also showed no significant differences in carotenoids due to
spectrum effects. However, Samuoliene et al. (2017) found
that 33% B light led to the highest carotenoid levels in beet
microgreens, suggesting that the effect of the light spectrum
on carotenoid synthesis is species-specific; for ivy-gourd
microgreens, a specific B and R combination is required to
maximize this pigment synthesis.

Total phenolic compounds, vitamin C and 2,2-diphenyl-1-
picrylhydrazyl antioxidant activity

Based on the current results, BLP had a significant effect
on the TP compounds in ivy-gourd microgreens, with a strong
positive correlation (R* = 0.93), as shown in Figs. 3E and 4J.
However, there was a positive relationship with B light up to a
specific point (Fig. 4)), with the TP compounds increasing with
BLP up to 50% after which it plateaued. Similar findings were
reported in other studies, where higher phenolic levels were
observed in green and red basil microgreens under a higher B
light combination (1R:2B), according to (Lobiuc et al., 2017) and
in turnip greens and amaranth under monochromatic B (Toscano
et al., 2021). Additionally, kale and mustard microgreens had
a positive linear relationship with 5-30% B (Ying et al., 2020).

B light stimulates cry-mediated protective mechanisms
against reactive oxygen species and enhances phenolic compound
biosynthesis through isoprenoid/phenylpropanoid pathways (Iwai
etal., 2010) . Enzymes such as phenylalanine ammonia-lyase (PAL)
and flavonoid 3’ hydroxylase (F3H) are more active under B light
and W light than under R light (Kim et al., 2015). PAL plays a role
in initiating phenylpropanoid biosynthesis (Chang et al., 2009).
Monochromatic B light also promotes higher transcription rates,
enhancing phenylpropanoid biosynthesis and gene expression
patterns (Brazaityte et al., 2021). While W light boosts kaempferol

synthesis and reduces hydroxybenzoic acid and quercetin, B light
influences the synthesis of various phenolic compounds (Kim et al.,
2015), leading to an increase in the overall phenolic content.

The DPPH antioxidant activity in the ivy-gourd microgreens
had a non-linear, positive relationship with BLP, peaking at
100% B (Fig. 4L). This was consistent with Vastakaité et al.
(2015) and Lobiuc et al. (2017), indicating the major role of
B light in enhancing plant antioxidant activity. B light, with
its shorter wavelength, induces stress and activates Cry that
triggers the production of reactive oxygen species in plant
cells. In response, Cry upregulates the genes responsible for
synthesizing antioxidant compounds such as anthocyanin,
phenolic compounds, flavonoids and vitamin C (Larsen et al.,
2022; Roeber et al., 2021).

Conclusion

The growth and phytochemical contents were investigated
of ivy-gourd microgreens of three accessions grown under
different light spectra, especially B and R light combinations.
Based on the findings, monochromatic R light notably
enhanced the growth and yield of the ivy-gourd microgreens.
W light significantly increased the TSS level compared to
the other light spectra tested, while B light enhanced the
phytochemicals, namely vitamin C, total phenolic compounds
and DPPH antioxidants. Nevertheless, the optimum B light
proportion that maximized phytochemicals varied with the
type of phytochemical. All three ivy-gourd accessions differed
in their physical traits that can affect the growth and yield of
microgreens; however, they did not differ in their TSS and
phytochemical contents (except for carotenoid) and had similar
responses to the tested light spectrum treatments.
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