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The Effect of Light Intensity from Growth Light-emitting Diode
on Red Oak in Hydroponics Greenhouse System
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Abstract

Among various environmental factors for plant growth, light is one of the most
important variable affecting plant cultivation through the process of photosynthesis.
Plantsusuallyabsorbsunlightandespeciallytendtouseredandbluelightofthevisualspectrum
which have the greatest impact on plant growth. For limited cultivated area, plants were
grown under chamber or greenhouse where sunlight may be limited. Thus,
supplementing limited sunlight with artificial lighting can help increasing the light
intensity in greenhouse. In this study, the array of light-emitting diodes (LEDs) was
designed to determine the effect of light intensity with different spectrum such as red,
white and blue light on plant growth; shoot length, root length, fresh weight and dry weight.
The arrangement of 50 LEDs on the plate (30 cm x 30 cm) was designed. The light
treatments were 327 Lux of red light, 1,078 Lux of white light, 4,338 Lux of blue light
and 2,028 Lux of fluorescent light as control. Red Oak were hydroponically grown
with deep flow technique (DFT) in growth room and were irradiated with light source
at 30 cm from the top of plant canopy. At the end of the light treatment (21 days
after transplanting into growth room), the maximum shoot length and root length
were obtained in Red Oak with blue light compared with LED lighting. Shoot length
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and root length of Red Oak treated with blue light were 28.7 and 23.1 cm, fresh
weight of shoot and root were 11.82 and 1.12 g/plant, and dry weight of shoot and
root are 0.42 and 0.06 g/plant, respectively. Shoot length of Red Oak with blue light
was 3.7% lower and root length was 9.5% greater than plant under fluorescent treatment.
However, no significant differences were observed in fresh weight and dry weight
of Red Oak between in blue light and fluorescent light. The measured power
consumption of red, white and blue LED were 2.27, 2.06 and 2.04 W, respectively.
In conclusion, our results indicated that the growth of Red Oak was strongly influenced
by blue and red light, when the light intensity drastically increased (from 327 to
4,338 Lux), the growth parameters increased. In the other hand, the growth under
white light with 1,028 Lux was decreased and less than plant growth under red light
and blue light.

Keywords : Light-emitting Diode; Light Intensity; Plant Growth; Hydroponics Plant Production;
Energy Saving

Introduction

The light-emitting diodes are a semiconductor light source. The color of light or
wavelength is determined by the energy band gap of the semiconductor. Modern LEDs
are available the visible wavelengths with very high brightness. LEDs become to
be used in multitasking lighting due to many advantages over the early light sources
including small package, long useful life, minimum heating, wavelength specificity
and narrow bandwidth, low energy consumption and high efficiency in lumens per Watt.

In agriculture, related with this study, LEDs are now used in application as
the secondary or supplement lighting for plant in greenhouse or limited cultivated
area that the amount of sunlight may be limited, because of specific wavelength and
a narrow bandwidth (Johkan et al., 2012). As we known that light is one of the most
important factors in plant growth and each emitted color spectrum triggers different
morphogenetic and photosynthetic responses that can vary among different plant
species (Lin et al., 2013). Plants are generally tend to used more of blue and red light.
In the LEDs generated light, the conventional light colors are made from a variety
of semiconductor materials. Blue LEDs are based on the semiconductors Gallium Nitride
(GaN) and Indium Gallium Nitride (InGaN). Red LEDs are made with Gallium Arsenide
(GaAs). In RGB system, white light from LEDs can be formed by the most method
of mixing differently colored light; red (R), green (G) and blue (B). In the previous study,
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blue light is involved in many plant activities such as photomorphogenesis and
photosynthesis (Whitelam G. and Halliday, K., 2007), but the response highly from plants
depends on the intensity of blue light. Most studies with blue light only and blue mixed
with red and white light indicated that containing irradiation produced higher plant
biomass accumulation (Matsuda et al., 2008; Yorio, N.C. et al., 2001). Red light
induces the leaf blades elongation of lettuce and lettuce treated with blue-containing
LEDs light appeared reddish leaves, whereas the leaves of lettuce treated with
red light were bright green (Johkan et al., 2012). The fresh weight and dry weight
of lettuce with blue light increased compared with fluorescent and red light (Johkan et al.,
2012). However, the application of red-blue-white (RBW) has been studied, supplemental
light quality can be used to create the growth of plants grown under RBW LEDs light
that brings the maximizing in economic efficiency of plant production (Lin et al., 2013).

In this study, the effects of light intensity with different light spectrum such
as blue, red and white LEDs light on the growths of Red Oak in hydroponics
greenhouse were reported. Shoot length, root length, fresh weight, dry weight and

leaf number of Red Oak under different light treatments were also determined.
Methodology

Plant and growth conditions

Seeds of Red Oak (Lactuca sativa L.) were sown in substrate and hydroponically
grown for 21 days in controlled-environment. At 21 days after sowing (DAS) , all of the
60 Red Oak seedlings were transplanted into hydroponics greenhouse system with
mixing of nutrient solution A and B (6 ml per 1 litre of water). The nutrient solution
was renewed every week for summer or 2 weeks for winter and adjusted to pH 5.5 - 6.5
for lettuce. The photoperiod was maintained at 16 h and 8 h for dark periods. The air
temperature and relative humidity for all treatment were maintained throughout
the experiment at lower than 30°C and 70%, respectively. The plants were irradiated
with 3 different light treatment of LEDs, namely blue light, red light and white light.
Plants were harvested at 42 days after sowing. The experiment was independently
performed triple for a randomized design of light treatment conditions and plant

measurements represented means of 15 plants (five plants for each replicates).
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30 cm

LEDs Plate

Figure1 A illuminance measurement of LEDs plate with lux meter at test plane 30 cm

Light treatments

Blue (B), red (R) and white (W) LEDs were used in the design through-hold
type with diameter of 5 mm, a viewing angle of 30° and forward voltage 3 V for blue
and white light and 2 V for red light at current 20 mA. Fifty through-hold of LEDs
were arranged on a square plate with dimension of 30 cm with radial arrays because
of high irradiance efficiency. The radial arrays were constant brightness area at the
center with the fewest number of LEDs (Chen and Wu., 2010). The peak emission of
the blue light and red light were 454 nm and 660 nm, respectively (Lin et al., 2013).
The white light from trichromatic LEDs had the peak emission from 460, 540 and
615 nm (Lei et al., 2007). The illuminance of LEDs light were measured with Lux meter
and recorded 30 cm below the panel of LEDs plate as shown in Figure 1. Red Oak were
hydroponically grown with deep flow technique (DFT) in growth room (Figure 2) and
were irradiated with light source at 30 cm from the top of the plant canopy. The light
treatments for Red Oak in this experiment consisted of 327 Lux of red light, 1,078 Lux of
white light, 4,338 Lux of blue light and 2,028 Lux of fluorescent (FL) light as control.
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Figure2 Deep flow technique (DFT) system in controlled growth room

Plant growth measurements

Shoot length, root length, fresh weight (FW), dry weight (DW) and leaf number
which the parameters were measured. Shoot length and root length of Red Oak were
measured and recorded every week. Red Oak was harvested at 42 days and recorded
shoot length, root length and leaf number. Then the plant samples were determined
for fresh weight and dry weight separating shoot and root section. Plant samples were

dried oven for 72h at 72°C before dry weight measurement.

Results and discussion

Red Oak, one of the famous lettuce is widely commercially grown in hydroponics
greenhouse due to its fast growth and high market value. The adding of LEDs as the
supplement light for Red Oak in hydroponics greenhouse may help the plant grow

faster and increase the plant production.
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Red Oak at 42 days

Figure3 Morphology of Red Oak treated with 4 difference light sources; blue LEDs,
white LEDs, red LEDs and fluorescent light at 42 days after sowing

Figure 3 presents the morphology of Red Oak with the difference light sources at
42 days after sowing. The most normal appearance and natural morphology of Red Oak
were obtained in Red Oak with fluorescent and blue light. Red Oak treated with red light
and white light shown a long stem with small leaf and short root length. According
to Johkan (Johkan et al.,, 2012), healthy roots can support the shoot growth by fully
absorbing nutrient solution. In contrast, sprouting seedling in which stems rapidly
elongate due to low light intensity have short and small roots which decreases
plant growth. In addition, the appeared leaf area of Red Oak under blue light were
larger than Red Oak under red light and white light. However, new leaves that grow
after transplanting shown less reddish leaves than before and become bright green.

Red Oak under blue light shown the highest increasing in rate of shoot and
root elongation after 1 week in experiment. At the end of the treatment (21 days after
transplanting into growth room), the maximum shoot length and root length were
obtained in Red Oak with blue light compared with LEDs lighting. Shoot length and
root length of Red Oak treated with blue light were 28.7 and 23.1 cm, respectively
(Figure 4 and Figure 5). Shoot length of Red Oak with blue light was 3.7% lower and
root length was 9.5% greater than Red Oak under fluorescent control. Red Oak under
blue light had a significantly higher root length (23.1 cm) comparing with Red Oak under
red light (15.0 cm) and white light (12.9 cm) treatment. No significant differences were
observed in root length of Red Oak with red light and white light after 21 days in
experiment. At the end of experiment, root length were increased 83, 24 and 9% for
Red Oak treated with blue, red and white light compared with Red Oak at 21 days.
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Result of the fresh weight and dry weight including shoot and root section of
Red Oak influenced by the light intensity are shown in Table 1. Shoot FW and DW,
and root FW and DW of Red Oak were the greatest when irradiated with blue light,
for all LEDs light source. However, no significant differences were observed in FW
and DW of Red Oak with blue light and fluorescent. The greatest FW and DW were
observed in Red Oak with blue light for all compared with LEDs light sources, fresh
weight of shoot and root were 11.82 and 1.12 g/plant, and dry weight of shoot and root
are 042 and 0.06 g/plant, respectively. There were no significant differences in

leaves number of Red Oak among the light treatment.

M redLED
I white LED
" M BueLED
. . Fluorescent

Shoot Length (cm)

INluminance (lux)

Figure 4 Effect of illuminance on shoot length of Red Oak

B redLED
B White LED
Bl BucLED
. Fluorescent

Root Length (em)

Illuminance (lux)

Figure 5  Effect of illuminance on root length of Red Oak
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Table1  Effectsofilluminance on fresh weight, dry weight and leaves number of Red Oak

at 42 days
Light | Illuminance | Fresh Weight (g/plant) Dry Weight(g/plant) Leaves
Source (Lux) Shoot Root Shoot Root Number
RLED 327 5.76x1.42 0.40+0.17 0.2182 0.0263 13.00+1.47
+0.0570 +0.0107
W LED 1,078 4.30+1.94 | 0.34%0.16 0.1728 0.0202 9.92+1.56
+0.0799 +0.0104
B LED 4,338 11.82+4.81 | 1.12+0.64 0.4202 0.0558 11.78+2.11
+0.1474 +0.0273
FL 2,028 15.32+4.38 | 1.25+0.64 0.6267 0.0612 | 13.63+2.33
+0.1859 +0.0197

Conclusions

In this study, growth measurement including shoot length, root length, fresh weight,
dry weight and leaves number were greatly affected by blue LEDs light. Irradiation with
blue light increased the growth of Red Oak, but shoot length, fresh weight and dry weight
were less than that Red Oak treated with fluorescent at 42 days. Blue LEDs light tends
to stimulate and increase biomass production or dry weight. In conclusion, our results
indicated that growing Red Oak in hydroponics greenhouse under blue LEDs light is
useful in stimulating the growing after transplant into limited sunlight cultivated area.
The power consumption of red, white and blue LEDs were 2.27, 2.06 and 2.04 W,
respectively. Moreover, according to Yorio (Yorio, N.C. et al., 2001), it was higher in
dry weight of lettuce under red light supplemented with blue light than lettuce under
red light only. Thus, further investigation about the mixing ratio of blue and red LEDs

are needed to improve for increasing the plant growth in the future.
Acknowledgement
This research has been supported by the Thailand Research Fund (TRF), Thailand (contract

number MSD5610069) and Green Energy Co., Ltd. The authors would like to express

their sincere appreciation for all of the support provided.



72 waTeIAUBNLETINgAVRDALEadRd S UM sz UgnidrernaansalonlussuulsaiseulalnsTuiing

References

Chen and Wu. (2010). Investigation of irradiance efficacy for LED phototherapy with
different arrays. Optics Communications. Vol. 283. pp. 4882-4886.

Johkan, Shoji, Goto, Hahida and Yoshihara. (2012). Effect of green light wavelength and
intensity on photomorphogenesis and photosynthesis in Lactuca sativa.
Environment and Experimental Botany, Vol. 75. pp. 128-133.

Lei, Xia, Ting, Xiaoling, Ming, and Guangdi. (2007). Color rendering and luminous efficacy
of trichromatic and tetrachromatic. Microelectronics. Vol. 38. pp. 1-6.

Lin, Huang, Hsu and Yang. (2013). The effects of red, blue, and white light-emitting diodes
on the growth, development, and edible quality if hydroponically grown lettuce
(Lactuca sativa L. var. capitata). Scientia Horticulture. Vol. 150. pp. 86-91.

Whitelam, G., and Halliday, K., (2007). Light and plant development. Oxford, UK:
Blackwell Publishing.

Yorio, N.C., G.D. Goins, H.R. Kagie, RM. Wheeler and ].C. Sager. (2001). Improving
spinach, radish, and lettuce growth under red light-emitting diodes (LEDs) with
blue light supplementation. Hortscience. Vol. 36. pp. 380-383.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


