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ABSTRACT

Objective: To determine the influence of light quality on the growth of cucumber plants (Cucumis sativus L.),
through the intensity of expression of different characteristics.

Design/methodology/approach: A completely randomized block design was used with four treatments and
10 repetitions. The treatments consisted of combinations of white (B), red (R) and blue (A) LEDs placed in
growth chambers, with percentages of: 100B-0R-0A, 70B-30R-0A, 80B-OR- 20A and 60B-27R-13A, growth
chambers with LED-based lighting systems lamps were used. Seeds of the “Top 1056’ cultivar, Persian type,
were sown. The response variables evaluated in the cucumber plants were plant height, stem diameter, leaf
greenness, leaf area, fresh and dry biomass of leaves, stem and root of the plants.

Results: The light spectrum emitted by the LEDs influenced the morphology of the cucumber seedlings.
With the 80B-0R-20A treatment, where there was greater blue light emission, greater leaf greenness and stem
diameter were achieved. In contrast, the 70B-30R-0A treatment, with more red light, increased plant height
and leaf area. Fresh and dry biomass of leaves and stem were also modified by light quality. Plants grown in
the 70B-30R-0A treatment produced the greatest amounts of fresh and dry biomass, both stem and leaves.
Limitations on study/implications: The use of artificial lighting systems, with different spectral compositions
for production in controlled environments presents a viable opportunity to enhance crop growth. Therefore,
it is important to investigate how the light spectrum of different LED combinations affects the growth of
cucumber seedlings.

Findings/conclusions: The light spectrum emitted by LED combinations influenced the morphology of
cucumber seedlings, since with 80B-0R-20A treatment, resulted in greater leaf greenness and stem diameter,
while the 70B-30R-0A treatment increased the height and leaf area of the plants.

Keywords: white ligh, red light, blue light.
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INTRODUCTION

Light-emitting diodes (LEDs) represent a promising technology for the greenhouse
industry and are currently being tested for horticultural applications (Mitchell ez al., 2012).
A LED is a unique type of semiconductor diode. The wavelength of the emitted light (light
color) depends on the properties of the semiconductor material.

LEDs can have peak emission wavelengths ranging from UV-C (~250 nm) to infrared
(~1000 nm) and are the first light source capable of controlling the spectral composition.
This allows wavelengths to be matched with plant photoreceptors to enhance optimization,
production, and influence the morphology and composition of plants (Bourget, 2008). Plant
species have the ability to respond in various ways to light quality (color or wavelength),
light intensity (photon flux density or irradiance), and the combination of both (Nguy-
Robertson et al., 2015).

The plant response to the received light spectrum is determined by the action of
different photoreceptors. According to Xie et al. (2019), these can be grouped based on
the region of the electromagnetic spectrum they detect: phytochromes detect red (600 to
700 nm) and far-red (700 to 750 nm) light in a dynamic photoequilibrium relationship,
while cryptochromes and phototropins respond to blue light from 350 to 500 nm (Fantini
et al.,2019).

Light quality affects plant growth, development, and morphology (Fukuda ez al., 2008).
The photosynthetic organs of plants (leaves and green stems) absorb photons more efficiently
in the blue and red regions of the incident visible radiation spectrum, while absorption in
the green and infrared regions is minimal, as most of these photons are reflected as diffuse
radiation (Lazo and Ascencio, 2010). On the other hand, tomato and pepper seedlings
grown under blue light, either alone or in combination with red light, exhibit reduced
stem height (Javanmardi and Shandiz, 2013). Additionally, blue light supplementation
promotes the growth of spinach, radish, and lettuce under red light (Yorio ez al., 2001).

MATERIALS AND METHODS

The research was conducted at the Plant Physiology and Anatomy Laboratory of the
Faculty of Agronomy, Autonomous University of Sinaloa, in Culiacdn, Sinaloa, Mexico.
Growth chambers with LED-based lighting systems were used. Cucumber seeds cv. “Top
1056°, a Persian type, were sown in polystyrene trays with 128 cavities.

A completely randomized block design was used with four treatments and ten
replications. The treatments consisted of: 100% white light, 0% red, and 0% blue (100B-0R-
0A) emitted by white LEDs (B); 70% white light, 30% red, and 0% blue (70B-30R-0A)
from a combination of white and red LEDs (R); 80% white light, 0% red, and 20% blue
(80B-0R-20A) achieved by combining white and blue LEDs; and 60% white light, 27%
red, and 13% blue (60B-27R-13A), generated by using a mix of white, red, and blue
LEDs. These treatments were applied in the respective growth chambers, where the
percentages of light for each treatment were determined based on the number and types
of LEDs installed.

The spectral distribution achieved with the LED combinations used is shown in Figure
1. Additionally, the absolute quantities of photosynthetic photon flux (PPF), red light (RL),
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Figure 1. Spectral distribution (400-800 nm) of light emitted by combinations of white (B), red (R), and blue
(A) LEDs.

far-red light (FRL), and blue light (BL), as well as the relative amounts of RL and BL with
respect to PPT, and the proportions between RL, BL, and FRL, are detailed in Table 1.

The light quality (Table 1), expressed in terms of the corresponding PPF, for the
wavelength intervals of 400 to 700 nm (photosynthetically active radiation), 400 to 500 nm
(blue light), 600 to 700 nm (red light), and 700 to 800 nm (far-red light) was determined
using a spectroradiometer (FieldSpec Pro®VNIR, Analytical Spectral Devices, USA). The
combination of white and red LEDs (70B-30R-0A) emitted more red light (20.87 gmol
m~ %51, which was 52.78%, 26.1%, and 12.69% higher than the respective combinations
of white and blue LEDs (80B-0R-20A), white, red, and blue LEDs (60B-27R-13A), and
white LEDs alone (100B-0R-0A). With 70B-30R-0A, conditions had the highest amount of
far-red light (4.48 umol m ™% s™"), followed by the quantities of gmol m~? s~ generated by
60B-27R-13A, 100B-0R-0A, and 80B-0R-20A.

Table 1. Spectral characteristics of light emitted by LED combinations.

Parameters Treatment
100B-0R-0A | 70B-30R-0A | 80B-0R-20" | 60B-27R-13"
FFF (400-700 nm)* 81.31 70.51 79.15 68.76
LA (400-500 nm)* 19.67 15.73 33.08 24.85
LR (600-700 nm)* 18.52 20.87 13.66 16.55
RL (700-800 nm)* 2.78 4.48 1.68 3.26
LA: FFF [(400-500/400-700 nm)*100]” 24.20 22.31 41.80 36.13
LR: FFF [(600-700/400-700 nm)*100]” 22.77 29.60 17.26 24.06
LA: LR (400-500/600-700 nm)” 1.06 0.75 2.42 1.50
LA: LRL (400-500/700-800 nm)” 7.07 3.51 19.70 7.62
LR: LA (600-700/400-500 nm)” 0.94 1.33 0.41 0.67
LR: LRL (600-700/700-800 nm)” 6.66 4.56 8.13 5.07

PPF=Photosynthetic Photon Flux. BL=Blue Light, RL=Red Light, FRL=Far-Red Light. B=% White
LEDs, R=% Red LEDs, A=% Blue LEDs. Absolute quantities X (#mol m™? s7h), relativey (%), and
proportionalz (dimensionless).
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Regarding blue light emission, the combination of LEDs 80B-0R-20A produced
33.08 umol m ™2 5", which was 110.3%, 68.17%, and 33.12% higher than the blue light
emitted by the combinations of LEDs 70B-30R-0A, 100B-0R-0A, and 60B-27R-13A,
respectively. The photosynthetic photon flux varied from 68.76 umol m~?s™ ! to 81.31
umol m~%s™1,

The response variables evaluated in the cucumber plants were: plant height, measured
with a tape measure; stem diameter, obtained with a digital caliper (6MP, Truper Tools,
Mexico); leaf greenness, estimated with a chlorophyll meter (SPAD 502, Konica Minolta,

Japan); leaf area, calculated using the formula:
LAy =(Lenght* Widih) A 0.851

proposed by Blanco and Follegati (2003); and fresh and dry biomass of leaves, stem, and
roots, determined using a precision balance (CP622, Sartorius, Germany), after drying in
an oven (292, Felisa, Mexico) at 70 °C until a constant dry weight was achieved. The data
obtained were subjected to analysis of variance and mean comparison using Tukey’s test at
95% confidence level, using the Minitab 19 statistical package.

RESULTS AND DISCUSSION

The quality of light emitted by the LED combinations had significant effects (P<0.05)
on the height, greenness, and leaf area of cucumber plants (Table 2). The highest amount
of red light (20.87 pmol m~? s_l), the highest red light to photosynthetic photon flux
ratio (29.60%), and the highest red light to blue light ratio (1.33), emitted by the LED
combination with 70B-30R-0A, caused plant height to increase by 20.6%, 12.1%, and
3.2% compared to the height achieved by those grown under the LED combinations of
80B-0R-20A, 100B-0R-0A, and 60B-27R-13A, respectively. These results are consistent
with those of Ding et al. (2010), who observed that Paconia suffruticosa seedlings were taller
when grown under red light, as well as with those of Juwei ¢t al. (2016), who reported that
Morus alba plants exhibited greater stem length under red light.

The results show that higher absolute quantities (Table 2), relative, and proportional
(Table 1) of red light promoted increased stem length, while the highest amount of blue
light in the light environment had the opposite effect. This is because blue light directs

Table 2. Influence of light quality emitted by white, blue, and red LEDs on stem length and diameter, leaf
greenness, and leaf area in Persian cucumber seedlings “Top 1056°.

Tratamiento Plant height Stem diameter Greenex:y Lea2tf area
(cm) (mm) (Spad units) (cm”[plant)
100B-0R-0A 7.72%+1.29 ab 2.81+0.19a 30.77x2.12 ab 23.81+4.14b
70B-30R-0A 8.65+0.59 a 2.87+0.28 a 27.85+1.98 ¢ 27.98+3.65 a
80B-0R-20A 7.17x1.44b 2.62+0.21 a 32.38+2.45a 16.25%£2.02 ¢
60B-27R-13A 8.38+1.38 ab 2.66%+0.39 a 28.82+2.78 be 15.31+£3.01 ¢

*B=% White LEDs, R=% Red LEDs, A=% Blue LEDs. =Means * standard deviation; values with the
same letter within each column are statistically similar (Tukey, p=<0.05).
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plant behavior towards photosynthetic efficiency rather than stem elongation, resulting in
more compact and efficient plants. This reduction in stem growth is consistent with the
findings of Dougher and Bugbee (2001), who reported that under high light intensities,
blue light strongly inhibits stem elongation. Similarly, Javanmardi and Shandiz (2013)
found that tomato and pepper seedlings had shorter heights when grown under blue
light, either alone or in combination with red light. In terms of stem diameter, the results
were inverse to those for plant height, although no statistical differences were observed
(Table 2). However, leaf greenness was more intense in plants that received more blue light
(33.08 wumol m~?s™', as indicated in Table 1) from the 80B-0R-20A LED combination,
with SPAD values exceeding those of plants that received less blue light (15.73 gmol m~?
s™!) from the 70B-30R-0A combination by 16.2%. Light quality also caused significant
modifications in leaf dimensions. Thus, the leaf area of plants grown with 70B-30R-0A,
which had the highest amount of red light (20.87 gmol m~?s™"), a high red light: PFF
ratio (29.60%), and a red light: blue light ratio (1.33), was 72.1% and 82.7% larger than
that of plants grown under the influence of 80B-0R-20A and 60B-27R-13A, respectively.
The latter combinations had the highest absolute, relative, and proportional amounts of
blue light and the lowest amounts of red light, which is often associated with increases in
the transmission of photosynthetically active radiation and blue light (Costa et al., 2010;
Hogewoning et al., 2010; Souza et al., 2011). With a relatively low PFF (100 gmol m~*s™ "),
blue light can alter leaf morphology and photosynthesis (Hogewoning et al., 2010; Terfa et
al., 2013).

Table 3 shows that the production of fresh biomass exhibited significant differences
(P=0.05) due to light quality. Plants grown under 80B-0R-20A conditions accumulated
36.8% more fresh weight in leaves compared to those grown under 60B-27R-13A. The
same table also shows that fresh biomass accumulation in stems varied significantly; plants
grown in the 70B-30R-0A environment produced 38.18% more fresh weight in stems
compared to those grown under 80B-0R-20A. No statistical differences were observed in
the fresh biomass of roots.

However, in relation to dry weight (Table 4) of the organs in question, it was found that
plants grown in an environment with a higher amount of red light (20.87 yumol m~%s7h),
emitted by the LED combination of 70B-30R-0A, produced 63.5% more dry weight of
leaves compared to the leaves from plants grown under 80B-0R-20A.

Table 3. Influence of light quality emitted by combinations of white, blue, and red LEDs on the fresh
biomass of Persian cucumber seedlings “Top 1056°.

Fresh weight (g)
Treatment
Leaves Stem Root
100B-0R-0A 0.258%+0.059 ab 0.435+0.052 a 0.508+0.217 a
70B-30R-0A 0.233+0.029 ab 0.470+0.050 a 0.313+0.069 a
80B-0R-20A 0.368%0.302 a 0.330+0.065 b 0.333+0.170 a
60B-27R-13A 0.162+0.044 b 0.305+0.066 b 0.364+0.177 a

B=% of white LEDs, R=% of red LEDs, A=% of blue LEDs. Means * standard deviation with the same
letter within each column are statistically similar (Tukey, p<0.05).
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Table 4. Influence of Light Quality Emitted by Combinations of White, Blue, and Red LEDs on the Dry
Biomass of Persian Cucumber “Top 1056 Seedlings.

Dry Weight (g)
Treatment
Leaves Stem Root
100B-0R-0A 0.0239%0.0053 a 0.0127%0.0026a 0.0215=0.0120 a
70B-30R-0A 0.0224+0.0041 ab 0.0115%+0.0038 a 0.0134%0.0031 ab
80B-0R-20A 0.0137%0.0058 ¢ 0.0084+=0.0048 a 0.0158=0.0076 ab
60B-27R-13A 0.0170%£0.0060bc 0.0243+0.0095 a 0.0110%=0.0035 b

B=% of white LEDs, R=% of red LEDs, A=% of blue LEDs. Means * standard deviation with the same
letter within each column are statistically similar (Tukey, p<0.05).

Although no statistical differences were found in the dry weight of the stem, the 70B-30R-
OA treatment resulted in a 36.9% increase compared to that produced with 80B-OR-20A.
Meanwhile, for root dry weight, a high ratio of blue light to red light (2.42 gmol m™?s~",
indicated in Table 1) emitted by 80B-OR-20A influenced the plants to produce 17.91%
and 43.63% more root biomass compared to that produced by plants grown under the
respective conditions of 70B-30R-0A or 60B-27R-13A, which emitted lower amounts of
blue light (15.73 or 24.85 umol m s, respectively).

The results can be linked to the fact that red light increases the photosynthetic rate of
plants, leading to increases in dry weight (Nishimura et al., 2009). This is why authors like
Ayala-Tafoya et al. (2015) found that the dry weight of leaves and stems in pepper plants
increased when cultivated under red netting, due to the interaction of higher fluxes of total
radiation, photosynthetically active radiation, and red light. Similarly, Casierra-Posada et
al. (2012) have noted that under blue light conditions, there is a decrease in the total dry

weight of plants such as strawberry, beetroot, and broccoli.

CONCLUSIONS

The light spectrum emitted by combinations of white (B), red (R), and blue (A) LEDs
influenced the morphology of cucumber seedlings. With 80B-0R-20A, where there was
higher blue light emission, greater leaf greenness and stem diameter were achieved.
Conversely, with 70B-30R-0A, which provided more red light, plant height and leaf area
were increased. This influence of light quality was also observed in the characteristics
of fresh and dry biomass of leaves and stems, as plants grown under 70B-30R-0A
illumination showed the highest average biomass. However, this was not the case for the

root system.
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