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Abstract. In order to improve the physiology of plants, this research evaluated the effect of
high-intensity LED light (red, blue and green) on the following variables: germination (PG), hypo-
cotyl length (HL), fresh (FW) and dry (DW) weight, in three types of lettuce seed (White Boston,
Romana and Black Simpson). Exposure times with colour light were 12, 6 and 3h, with a comple-
ment of time for treatments with 6 and 3h of white LED light. We used a completely randomised
design with four replications of 30 seeds. Treatments with green and red light to 12h had increases
above 90% in HL against the control for the three varieties. The blue light treatment (3h) increased
23% in FW White Boston variety and the red light (3h) increased 14% the DW variable in Roman
variety, compared to the control. In this study, treatments with colour light presented results above
the control; however, a treatment with a single type of light is not optimal to improve plant physiol-
ogy. The physiological responses evaluated showed variation related to the genotype of seed and to
the time of exposure to high-intensity LED light, so this type of light is a viable option for improv-
ing the physiology of plants.
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INTRODUCTION

Light is an important factor for the growth and development of plants. It is
a fact that plants are able not only to respond to light intensity but also to its qual-
ity or colour (Zhang and Folta, 2012), through their photoreceptors, which are
activated under specific wavelengths (Liu 2012, Hogewoning et al. 2010). There
are three major classes of photoreceptors for plants — phytochromes, crypto-
chromes and phototropins — which make precise adjustments to their development
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and growth with respect to different environmental conditions (Chen et al. 2004).
Cryptochromes are sensitive to blue/UV-A light and responsible for some proc-
esses such as the morphology of plants (Lin 2000). Phototropins are responsible
for plants orientation to a light source (phototropism) and other responses such as
the accumulation of chloroplasts (Zhang and Folta 2012), whose response is
stimulated by blue light. The phytochromes, which absorb red and infrared light,
are responsible for processes such as germination, reproduction and dormancy
(Mathews, 2006). This demonstrates that light is a key factor for plants growth,
mainly in controlled environments (Park et al. 2012).

In controlled environment agriculture, lighting systems are important (Kozai,
2007) and technological advances in this area are valuable (Bourget 2008). Tradi-
tionally, high pressure sodium vapour, fluorescent and incandescent lamps of
different spectral emissions have been used for these purposes (Kim et al. 2004),
but these light sources have limitations, such as short life time, high power con-
sumption and heat emission (Astolfi et al. 2012). LED light (light emitting diode)
has become an alternative for plant growing systems (Massa et al. 2008); these
devices are being used as a source of illumination in greenhouses, crop growth
chambers and research on growing plants in space (Morrow, 2008; Yeh and
Chung 2009, Hogewoning et al. 2007, Ilieva et al. 2010, Massa et al. 2008). The
great advantages of this lighting system include the ability to control spectral
composition, its small size, the production of high levels of light with a low radi-
ant heat index, and the lifetime of these devices to keep working for years without
replacement (Gupta and Jatothu 2013, Xu et al. 2012, Bourget 2008) .

Lettuce (Lactuca sativa) is one of the most important crops in the world and
greenhouse production is one of the most commonly used (Fu et al. 2012). Be-
cause of the photosensitive characteristics of lettuce seeds, these have been used
in research as a model for evaluating their response to the quality of light. Based
on the description above, the objective of this study was to evaluate the effect of
high light intensity LED type, with different wavelengths (red, blue and green),
on the germination and seedling growth of lettuce (Lactuca sativa), with different
exposure times (3, 6 and 12 h).

MATERIAL AND METHOD

Biological material. Three types of lettuce seed (Lactuca sativa) were used,
White Boston (1) Roman (2) and Black Simpson (3) varieties, from Itsco, Rancho
Los Molinos and Hortaflor brands, respectively, obtained in Mexico City. The
seeds were homogenised according to their size, shape and colour, with an aver-
age weight (150 seeds) of 0.96, 1.1 and 1.13 mg for White Boston, Romana and
Black Simpson, respectively.
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LEDs instrumentation. For seed germination, a shelf of 145 x 29.5 x 41 ¢cm
was constructed and divided into 10 sections of 14 cm. Shelf walls were made of
wood and the edge for the support was aluminium. The interior walls of each
section of the chamber were covered with aluminium paper. Nine sections had
four LEDs (two colours and two white), plus the section of the control, which had
two LEDs (white), located at a height of 24 cm. Three sections were placed with
red LEDs (600-650 nm), three blue LEDS (450-500 nm) and three green LEDs
(490-540 nm). High intensity LEDs (SILED®) were used, with a power of 5 W,
adjusted to an intensity of 550 + 5 lux, measured with a light meter (Steren®,
HER-410 model). Exposure times with colour light were 12, 6 and 3 h, where the
complement of time for treatments 6 and 3 h was done with white LED light with
12h photoperiod. To achieve this, a timer card for ignition of the colour and white
LEDs was constructed, based on the Microchip PIC16F877 microcontroller, along
with a relay system (Fig. 1).
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Fig. 1. LED Panel with 10 sections and Timer circuit for timing control

Experimental Design. The experiment consisted of nine treatments of light, the
product of three wavelengths (red, blue and green) and three exposure times (3, 6
and 12 h), as well as a control, with white light. The experimental design was com-
pletely randomised, with four replications of 30 seeds per experimental unit. The
selected seeds were sown and 10 h after, light treatments application began.

Germination test. Planting seeds for germination test was carried out accord-
ing to the recommendations of ISTA (1999). The seeds were placed in sterile
plastic Petri dishes of 5.5 cm diameter, using as the substrate a layer of filter pa-
per moistened with 3 mL of purified water. Each light treatment consisted of 12
Petri dishes, the product of the four replicates for the three varieties of lettuce.
Germination took place inside the shelf with alternating cycles of light (12 h) and
dark (12 h). Counting of germinated seeds was done at intervals of 12 h in the
first four days, then it was performed every 24 h, until the seventh day. Water was
added daily to planting.
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During the experiment, the following variables were evaluated: 1. Germina-
tion velocity (GV). At each count, the germination criterion was the break of the
seed and the radical emergence, with length equal to or greater than 2 mm. Ger-
mination velocity was calculated, according to that reported by Hussein et al.
(2011), 2. Percentage of germination (PG). In the final count, lettuce seedlings were
considered normal when they had a length equal to or greater than 0.8 cm and had
all its parts (root, hypocotyl and cotyledons). Percentage of germination for all
treatments was calculated, considering the total number of normal seedlings among
the total seeds; 3. Average length of hypocotyl (HL). Hypocotyl length of normal
seedlings was measured, for the calculation of average length per treatment, as an
indicator of vigour; 4. Fresh weight (FW). Fresh weight (mg) of normal seedlings
was determined on a bascule (Velab®, VE-1000 model), and 5. Dry weight (DW).
The drying of seedlings was achieved in an electric stove (Riossa®, E-51 model) at
a temperature of 65°C for 72 h; once this was finished, dry weight (mg) of seedlings
was determined in a bascule (El Crisol®, AR1140 model).

Statistical analysis. Data were subjected to analysis of variance, using the
GLM procedure of SAS (SAS Institute, 1998), in a completely randomised design
with four replications. Comparison of means was performed using the multiple
comparison procedure (LSD), with a significance level of 0.05.

RESULTS

Data analysis showed statistically significant differences in some of lettuce
variables assessed. For Variety 1 (White Boston) highly significant differences
were shown (p < 0.01) between treatments of light (red, blue and green, with three
exposure times plus a control) for variables of germination (G24) and speed of
germination (V24 and V168) after 24 and 168 h, respectively, as well as for aver-
age length of hypocotyl (HL), assessed on the seventh day, whereas for fresh
weight (FW) significant differences (p < 0.05) were noted between treatments.
Variety 2 (Romana) showed highly significant differences (p < 0.01) between
treatments for HL and dry weight (DW). On the other hand, Variety 3 (Black
Simpson) showed differences (p < 0.1) between treatments for the final germina-
tion percentage (PG) and highly significant differences (p <0.01) for HL.

Table 1 presents the comparison of mean values for the variables with statisti-
cally significant differences. For variety 1 G24, V24 and V168, all treatments
showed similar results, except for the 5th (blue 6 h and 6 h white) and the lowest
was 4 (blue 12 h). For the variable HL the best results were obtained for treat-
ments 7 (green 12 h) and 1 (red 12 h), with increases of 159% and 129%, com-
pared with the control, respectively. The FW variable had the highest value for
treatment 6 (blue 3 h and 9 h white) followed by 8 (green 6 h and 6 h white), with
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increases of 23% and 19% relative to the control, being the lower FW for treatment
7 (green 12 h). Although variables PG and DW did not show significant differences
between treatments, those with colour light presented results above those of the
control.

On the other hand, for Variety 2 (Romana) mean values of the variables with
significant differences, it was observed that for HL, treatments 7 (green 12 h) and
1 (red 12 h) showed increases of 136% and 91%, respectively, against the control,
while treatment 5 (blue 6 h and white 6 h) had the shortest length. For variable
DW the highest value was shown in treatments 3 (red 3 h and white 9 h), 2 (red 6
h and white 6 h) and 1 (red 12 h), with increases over the control of 14%, 9% and
7%, respectively; conversely, treatment 5 (6 h blue and white 6 h), 8 (green 6h
and 6h white) and 9 (green 3 h and 9 h white) obtained lower weight. Although
variable FW did not show significant differences between treatments, those with
colour light presented results above the control, while for variable PG, control
resulted above the light treatments, except for treatment 3 (red 3h and white 9 h).

Also, for variables with significant differences in Variety 3 (Black Simpson),
the best results for HL were obtained in treatments 1 (red 12 h) and 7 (green 12
h), with increases of 95% and 71%, respectively, compared with the control,
while treatment 5 (blue 6 h and white 6h) had the lowest value of HL. For the
variable PG the highest value was obtained in treatment 4 (blue 12 h) with an
increase of 8% compared with the control; on the contrary, the lowest value was
found in treatment 5 (blue 6 h and white 6 h). Although FW variable did not show
significant differences between treatments, those with colour light showed results
above the control; while for the DW variable the control value was under the val-
ues of red light treatments.

DISCUSSION

The results of this investigation confirm that plant growth can be improved
with the use of light sources with specific wavelength, such as high intensity LED
light. Performance was evaluated in germination and seed vigour tests of three
varieties of lettuce, each of which presented results with significant differences
between them, for different variables, despite having the same light exposure
treatments. These results suggest that the responses to light quality in lettuce vary
with the genotype of the seed (Lin et al. 2013, Ohashi-Kaneko et al. 2007, Hirai
et al. 2006). The average length of the hypocotyl was the only variable that
showed significant differences in all lettuce varieties used in this research; green
light and red light, with 12 h of exposure, were the treatments that achieved the
greatest lengths. Other authors have reported that exposure to red light LEDs for 1
week in red lettuce seedlings (Lactuca sativa L. cv. Banchu Red Fire) resulted,
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after 17 days, in a greater height compared to those exposed to blue light (Shoji et
al. 2010). Also, Kobayashi et al. (2013) reported a greater height of miniature
lettuce plants grown in hydroponics and exposed to red LED light, which is con-
sistent with the results obtained in this investigation. Other plants, like strawber-
ries (Samouliné et al. 2010) and radish (Samouliné et al. 2011), in red LED light
environments showed similar results, even with other light source such as red
fluorescent, in perilla plant (Nishimura et al. 2009). This is because phytochrome,
photoreceptive proteins responsible for activating some processes in plants, including
seed germination, detiolation of seedlings and shade avoidance (Hernandez et al.
2010), act by monitoring the balance of red and infrared light when they detect
changes and respond through the plant photomorphogenesis (Stutte 2009) .

Other studies have shown that treatments with monochromatic red light result
in reduction of plant biomass, so it is advisable to supplement them with blue
light (Liu 2012, Shin et al. 2008, Li et al. 2010). In the present investigation, re-
sults for the fresh weight variable, although colour light treatments improved in
relation to the control (white light), treatment 6 (blue 3 h and white 9 h) was the
best; however, the dry weight variable improvement was achieved in treatment 3
(red 3 h and white 9 h) for Variety 2. Other authors have found that red light illu-
mination increases the rate of photosynthesis of the plant, causing an increase in
dry weight (Nishimura et al. 2009). These findings suggest that exposure to red
light produced an increase in DW, but less moisture absorption by the seedling, as
the FW was lower compared with seedlings exposed to blue light. It is known that
red light promotes seed germination (Jha et al. 2010), however, in the present
investigation this did not happen.

On the other hand, blue light promoted hypocotyl decrease progressively in
treatments with 3 and 6 of exposure. The results agree with those reported by
Shoji et al. (2010) and Kobayashi et al. (2013), where the increase of blue light
decreases hypocotyl length of lettuce seedlings, however, 12h irradiation with
blue light promoted a slight increase of hypocotyl, in the present study. This de-
crease is due to cryptochromes (cry) which inhibit stem elongation (Folta and
Spalding, 2001). In another aspect, blue light irradiation promotes fresh and dry
weight due to the increase of leaves, therefore their effectiveness is mentioned to
promote biomass production (Hogewoning et al. 2010), consistent with the best
treatments for this experiment, where values above those obtained with white
light were observed. Final germination percentage (PG) for blue light treatments
showed values above the control, in Varieties 1 and 3; the best results were ob-
tained with 12 and 3 h of exposure, respectively, and exposure to 6h of light de-
creased the PG in all varieties. We would suggest that PG with blue light is
a function of exposure time and the variety of seed used.
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The results of this research show that green light treatments are consistent
with the results of Johkan et al. (2012) and McCoshum and Kiss (2011), who
found that they promote the growth of plants and seedlings. Other authors have
mentioned that green light has an effect on the growth and development of plants
(Folta and Maruhnich 2007, Zhang and Folta 2012). In the case of lettuce (Lac-
tuca sativa), Kim H. et al. (2004) reported that this kind of light penetrates the
canopy and potentially increases its development, to promote greater photosynthesis
of lower leaves. Green light affects cry receptors and reverses the effects of blue
light (Banerjee et al. 2007, Folta and Shea 2008). Recent research reports mention
the use of green light to enhance the growth of lettuce, in combination with other
wavelengths (Kim H. et al. 2004, Massa et al. 2008), because this light causes ex-
cessive stem elongation (Johkan et al. 2012), as occurred in this investigation,
which resulted in thinning, compared with other treatments. It is also possible to
observe that the greater weight (FW and DW) for green light treatment was the
treatment of 6 h green light and 6h white light, which is a combination of wave-
lengths, as recommended by previous authors for improving the growth of lettuce.

In recent years, LED technology has had a spectacular development, with the
use of new base materials, such as aluminium indium gallium phosphide (Alln-
GaP) and indium gallium nitride (InGaN), among others (Yeh and Chung, 2009).
This has allowed the development of high intensity LEDs, with powers from 1 W
forward, i.e. much higher power than the standard LED. In this study high inten-
sity LEDs of 5 W were used, as an option for growing vegetables and plants in a
controlled environment (greenhouse and growth chambers), for the benefits that
this technology brings, such as: light intensity; lower energy consumption (energy
cost savings of 40%), increased device longevity compared to other lighting sys-
tems, increased switching speed, better colour control (Fillipo et al. 2010) and being
a device which could be environmentally friendly, since it does not use toxic gases,
such as fluorescent lamps and mercury (Zhang and Wong 2007), among others.

It is necessary to use technological advances to face social relevant issues
such as food production, which has been affected by several factors, among which
are the population growth and global climate change (Chakraborty and Newton
2011, Ainsworth and Ort 2010), making it necessary to increase agricultural pro-
duction (Graham-Rowe 2011). As a result, plant production in controlled envi-
ronments has grown rapidly around the world to meet food demand (Liu 2012). In
this type of agriculture, high intensity LED light could be an alternative to in-
crease the yield.

This suggests a need for further investigation of the effects of treatment with
high intensity LED light in different wavelength combinations, and for evaluation
of the development of plants, in order to create new lighting systems based on this
kind of light for the production of lettuce and other vegetables in controlled envi-
ronments.
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CONCLUSIONS

In the present study we investigated the effect of high intensity LED light of
three wavelengths (red, blue and green) in three varieties of lettuce seed (White
Boston, Roman, Black Simpson) and the following conclusions were obtained:

1. The seed of the variety Boston showed differences in average hypocotyl
length and fresh weight, with increases of 159% and 23%, respectively, in treat-
ments with green light (12 h) and blue light (3 h and white light 9 h) with respect
the control (white light 12 h).

2. Roman seed variety had differences in average hypocotyl length and dry
weight, with increases of 136% and 14%, respectively, in treatments with green
light (12 h) and red light (3 h and white light 9 h) compared to the control (white
light 12 h).

3. Black Simpson seed variety showed differences in average length of hypo-
cotyl and final germination, with increases of 95% with red light (12 h) and 8%
blue light treatments (12 h), compared to the control (white light 12 h).

4. Physiological responses caused by exposure to different wavelengths of
light in lettuce vary with the genotype of seed and with exposure time.

REFERENCES

Ainsworth E.A.,Ort D.R., 2010. How Do We Improve Crop Production in a Warming World?
Plant Physiology, 154, 526-530.

Astolfi S., Marianello C., Grego S. and Bellarosa R., 2012. Preliminary Investigation of LED
Lighting as Growth Light for Seedlings from Different Tree Species in Growth Chambers.
Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 40, 31-38.

Banerjee R., Schleicher E., Meier S., Viana R. M., Pokorny R., Ahmad M., Bittl R. and
Batschauer A., 2007. The signaling state of Arabidopsis cryptochrome 2 contains flavin
semiquinone. Journal of biological chemistry, 282, 14916-14922.

Bourget C.M., 2008. An Introduction to Light-emitting Diodes. Hortscience, 43, 1944-1946.

Chakraborty S., Newton A.C., 2011. Plant Pathology, 60, 2-14.

Chen M., Chory J., Fankhauser C., 2004. Light signal transduction in higher plants. Annual Re-
view of Genetics, 38, 87-117.

Fillipo R.V.H., Cano G.H.B. and Chaves O.J.A., 2010. Aplicaciones de iluminacién con leds (in
Spanish). Scientia et Technica, 45, 13-18.

Folta K.M., Maruhnich S.A., 2007. Green light: a signal to slow down or stop. Journal of Ex-
perimental Botany, 58, 3099-3111.

Folta K.M., Shea K.C., 2008. Light as a Growth Regulator: Controlling Plant Biology with Nar-
row-bandwidth Solid-state Lighting Systems. Hortscience, 43, 1957-1964.

Folta K.M., Spalding E.P., 2001. Unexpected roles for cryptochrome 2 and phototropin revealed
by high-resolution analysis of blue light-mediated hypocotyl growth inhibition. The Plant
Journal, 26, 471-478.



HIGH INTENSITY LED LIGHT IN LETTUCE SEED PHYSIOLOGY 675

Fu W, Li P, Wu Y., 2012. Effects of different light intensities on chlorophyll fluorescence char-
acteristics and yield in lettuce. Scientia Horticulturae, 135, 45-51.

Graham-Rowe D., 2011. Beyond food versus fuel. Nature, 474, S6-S8.

Gupta S.D., Jatothu B., 2013. Fundamentals and applications of light-emitting diodes (LEDs) in in
vitro plant growth and morphogenesis. Plant Biotechnology Reports, 7, 211-220.

Hernandez A.C., Dominguez P.A., Cruz O.A., Ivanov R., Carballo C.A., Zepeda B.R., 2010. Laser
in agriculture. Int. Agrophysics, 24, 407-422.

Hirai T., Amaki W.,Watanabe H., 2006. Action of blue or red monochromatic light on stem inter-
nodal growth depends on plant species. Acta Horticulturae, 711, 345-350.

Hogewoning S.W., Trouwborst G., Engbers G.J., Harbinson J., van Ieperen W., Ruijsch J., van
Kooten O., Schapendonk A.H.C.M., Pot C.S., 2007. Plant physiological acclimation to irradia-
tion by light-emitting diodes (leds). Acta Horticulturae, 761, 183-191.

Hogewoning S.W., Trouwborst G., Maljaars H., Poorter H., van Ieperen W., Harbinson J., 2010.
Blue light dose — responses of leaf photosynthesis, morphology, and chemical composition of
Cucumis sativus grown under different combinations of red and blue light. Journal of Experi-
mental Botany, 61, 3107-3117.

Hussein J.H., Abdulla I.S., Oda M.Y ., 2011. Effect of Accelerated Aging Conditions on Viability of
Sunflower (Helianthus annus L.) Seeds. Euphrates Journal of Agriculture Science, 3, 1-9.

Ilieva 1., Ivanova T., Naydenov Y., Dandolov I. and Stefanov D., 2010. Plant experiments with light-
emitting diode module in Svet space greenhouse. Advances in Space Research, 46, 840-845.

Jha P., Norsworthy J.K., Riley M.B., Bridges W. Jr., 2010. Annual changes in temperature and light
requirements for germination of palmer amaranth (Amaranthus palmeri) seeds retrieved from
soil. Weed Science, 58, 426-432.

Johkan M., Shoji K., Goto F., Hahida S., Yoshihara T., 2012. Effect of green light wavelength and
intensity on photomorphogenesis and photosynthesis in Lactuca sativa. Environmental and Ex-
perimental Botany, 75, 128-133.

Kim H.H., Goins G.D., Wheeler R.M., Sager J.C., 2004. Green light suplementation for enhanced
lettuce growth under red- and blue-light-emitting diodes. Hortscience, 39, 1617-1622.

Kim S.J., Hahn E.J., Heo J.W., Pack K.Y, 2004. Effects of LEDs on net photosynthetic rate, growth
and leaf stomata of chrysanthemum plantlets in vitro. Scientia Horticulturae, 101, 143-151.

Kobayashi K., Amore T., Lazaro M., 2013. Light-Emitting diodes (LEDs) for Miniature Hydroponic
Lettuce. Optics and Photonics Journal, 3, 74-77.

Kozai T., 2007. Propagation, grafting and transplant production in closed systems with artificial
lighting for commercialisation in Japan. Propagation of Ornamental Plants, 7, 145-149.

LiH., Xu Z., Tang C., 2010. Effect of light-emitting diodes on growth and morphogenesis of upland
cotton (Gossypiumhirsutum L.) plantlets in vitro. Plant Cell Tiss Organ Cult, 103, 155-163.

Lin C., 2000. Plant blue-light receptors. Trends in Plant Science, 5, 337-342.

Lin K.H., Huang M.Y, Huang W.D., Hsu M.H., Yang Z.W., Yang C.M., 2013. The effects of red,
blue, and white light-emitting diodes on the growth, development, and edible quality of hydro-
ponically grown lettuce (Lactuca sativa L. var. capitata). Scientia Horticulturae, 150, 86-91.

Liu W., 2012. Light Environmental Management for Artificial Protected Horticulture. Agrotechno-
logy, 1, 1-4.

Massa G.D., Kim H.H., Wheeler R.M., Mitchell C.A., 2008. Plant productivity in response to LED
lighting. Hortscience, 43, 1951-1956.



676 G.P. PARDO et. al.

Mathews S., 2006. Phytochrome-mediated development in land plants: red light sensing evolves to
meet the challenges of changing light environments. Molecular Ecology, 15, 3483-3503.

McCoshum S., Kiss J.Z., 2011. Green light affects blue-light-based phototropism in hypocotyls of
Arabidopsis thaliana. Journal of the Torrey Botanical Society, 138, 409-417.

Morrow R.C., 2008. LED lighting in horticulture. Hortscience, 43, 1947-1950.

Nishimura T., Ohyama K., Goto E., Inagaki N., 2009. Concentrations of perillaldehyde, limonene,
and anthocyanin of Perilla plants as affected by light quality under controlled environments.
Scientia Horticulturae, 122, 134-137.

Ohashi-Kaneko K., Takase M., Kon N., Fujiwara K., Kurata K., 2007. Effect of light quality on
growth and vegetable quality in leaf lettuce, spinach and komatsuna. Environmental Control in
Biology, 45, 189-198.

Park Y.G., Park J.E., Hwang S.J., Jeong B.R., 2012. Light Source and CO2 Concentration Affect
Growth and Anthocyanin Content of Lettuce under Controlled Environment. Horticulture, Envi-
ronment, and Biotechnology, 53, 460-466.

Samuoliené G., Brazaityté A., Urbonaviciuté A., Sabajeviené G., Duchovskis P., 2010. The effect of
red and blue light component on the growth and development of frigo strawberries. Zemdirby-
ste-Agriculture, 97, 99-104.

Samuoliené G., Sirtautas R., Brazaityté A., Sakalauskaité J., Sakalauskiené S., Duchovskis P., 2011.
The impact of red and blue light-emitting diode illumination on radish physiological indices.
Central European Journal of Biology, 6, 821-828.

Shin K.S., Murthy H.N., Heo J.W., Hahn E.J. and Paek K.Y, 2008. The effect of light quality on the
growth and development of in vitro cultured Doritaenopsis plants. Acta Physiologiae Plantarum,
30, 339-343.

Shoji K., Johkan M., Goto F., Hashida S.N., Yoshihara T., 2010. Blue Light-emitting diode light
irradiation of seedlings improves seedling quality and growth after transplanting in red leaf let-
tuce. Hortscience, 45, 1809-1814.

Stutte G.W., 2009. Light-emitting Diodes for Manipulating the Phytochrome Apparatus.
Hortscience, 44, 231-234.

Xu H.I, Xu Q., Li F.,, Feng Y., Qin F., Fang W., 2012. Applications of xerophytophysiology in
plant production-LED blue light as a stimulus improved the tomato crop. Scientia Horticulturae,
148, 190-196.

Yeh N., Chung J.P., 2009. High-brightness LEDs-Energy efficient lighting sources and their poten-
tial in indoor plant cultivation. Renewable and Sustainable Energy Reviews, 13, 2175-2180.
Zhang L., Wong M.H., 2007. Environmental mercury contamination in China: Sources and impacts.

Environment International, 33, 108-121.

Zhang T., Folta K.M., 2012. Green light signaling and adaptive response. Plant Signaling & Be-

havior, 7, 1-4.



HIGH INTENSITY LED LIGHT IN LETTUCE SEED PHYSIOLOGY 677

ZASTOSOWANIE SWIATEA LED WYSOKIEJ INTENSYWNOSCI
W FIZJOLOGII NASION SALATY (Lactuca sativa L.)

Guillermo Paniagua Pardo, Claudia Hernandez Aguilar,
Fernando Rico Martinez, Arturo Dominguez Pacheco,
Claudia Lizbeth Martinez, Efrain Martinez Ortiz
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Streszczenie. W celu uzyskania poprawy fizjologii roslin, w badaniach dokonano oceny
wpltywu $wiatta LED wysokiej intensywnosci (czerwone, niebieskie i zielone) na nastgpujace
zmienne: kietkowanie (PG), dtugos¢ hipokotylu (HL), §wiezej (FW) i suchej (DW) masy nasion
trzech odmian sataty (White Boston, Romana i Black Simpson). Czasy naswietlania $wiatlem barw-
nym wynosily 12, 6 and 3 h, z uzupetiajacym do$wietlaniem wariantow z czasami 6 i 3 h biatym
$wiattem LED. Zastosowano kompletnie zrandomizowany uktad doswiadczenia, w czterech powto-
rzeniach po 30 nasion. Warianty ze $§wiatlem zielonym i czerwonym oraz czasami naswietlania do
12 h wykazaty ponad 90% wzrost HL w stosunku do kontroli dla trzech odmian. W wariancie ze
Swiatlem niebieskim (3 h) uzyskano 23% wzrost parametru FW u odmiany White Boston, a w wa-
riancie ze $wiatlem czerwonym (3 h) 14% wzrost zmiennej DW u odmiany Roman, w poréwnaniu
do kontroli. W badaniach zastosowanie naswietlania $wiattem barwnym dato lepsze wyniki niz w
przypadku kontroli, jednak naswietlanie jednym rodzajem $wiatta nie jest optymalne dla uzyskania
poprawy fizjologii roslin. Oceniane reakcje fizjologiczne zmienialy si¢ w zalezno$ci od genotypu
nasion i czasu naswietlania $wiattem LED wysokiej intensywnosci, tak wigc zastosowanie tego typu
$wiatta stanowi mozliwa opcje w poprawie fizjologii roslin.

Stowa kluczowe: LED, wysoka intensywnosc, salata, fizjologia



