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Abstract.

The objective of this study was to compare the growth and light use efficiency of red leaf lettuce grown under

three types of combined light-emitting diodes (LEDs) and fluorescent lamps (FL) in a closed-type plant production system.
The eighteen days-old lettuce seedlings of red leaf lettuce (Lactuca sativa L., ‘Jeokchima’) were transplanted to the close-
type plant production system equipped with three types of combined LEDs with red (R, 655 nm), blue (B, 456 nm), green
(G 515 nm), and white (W, 456 nm + 558 nm) (R:B=8:2, R:W:B=8:1:1, R:G:B=8:1:1) and FL. The seedlings were grown
under normal growth conditions (20°C, 181+4 umol'm?-s, 12 h photoperiod) for four weeks. Lettuce plants grown under
FL had significantly higher leaf shape index than those under all LED treatments. Although growth of shoots and roots was
not show any significant difference among LED treatments, all of the LED treatments induced about 34% higher shoot
fresh weight than that of the FL. On the other hands, the total power consumption of FL was 145 kW for 4 weeks, while
the mean value of LED treatments was 54 kW, which was about 3 times lower value than that of the FL. The light use effi-
ciency based on dry matter in LED treatments was about 34 mg/W and this was about 3.5 times higher energy saving value
than the FL. In conclusion, this study showed that irradiation of optimal combined LEDs in closed-type plant production
systems can improve the lettuce growth as well as maximize in light use efficiency through energy saving than the FL.

Additional key words : artificial light source, energy saving, plant factory
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Fig. 1. Nutrient film technique (NFT) systems equipped with 3
types of combined LEDs and control (fluorescent lamps) in a
closed-type plant production system used in this study.
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Fig. 2. Relative spectral distribution of 3 types of combined light-emitting diodes (LEDs) and control (fluorescent lamps). (A) control, (B) red
and blue (R:B = 8:2), (C) red, white, and blue (R:W:B = 8:1:1), and (D) red, green, and blue (R:G:B = 8:1:1) LEDs. Total photosynthetic
photon flux density (PPFD) was 18144 umol-m™s™ in each treatment. Spectral scans were measured at the top of the pot.
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Table 1. Spectral data for 3 types of combined light-emitting diodes (LEDs) and control (fluorescent lamps). Data were recorded at the
plant canopy (25 cm from LED lighting sources) with a spectroradiometer. The spectral data were acquired from five points (a center

and four edges of each tray of pots) and the means were shown (n = 5).

Light source

Parameter Control” RB RWB RGB

Blue (400-500 nm) 52 41 26 23
Green (500-600 nm) 92 0 10 10
Red (600-700 nm) 33 143 147 152

Far-red (700-800 nm) 8 0 1 0
PPFD (400-700 nm)” 177 184 183 185
Total photon flux (400-800 nm) 185 184 184 185

Fraction (%)*

Total 100 100 100 100

Blue 28 22 14 13

Green 50 0 6 5

Red 18 78 80 82

Far-red 4 0 0 0

“Fluorescent lamps.
YPhotosynthetic photon flux density (umol-m?s™).

*Fraction of far-red, red, green, and blue wavelengths in terms of total photon flux (400-800 nm).
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Fig. 3. Heat dissipation of 3 types of combined light-emitting diodes (LEDs) and control (fluorescent lamps). (A) control, (B) red and
blue (R:B = 8:2), (C) red, white, and blue (R:W:B = 8:1:1), and (D) red, green, and blue (R:G:B = 8:1:1) LEDs used in this study.
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Fig. 4. Leaf shape index (A) and lettuce plants (B) grown under 3 types of combined light-emitting diodes (LEDs) and control
(fluorescent lamps) at 4 weeks after transplanting. The data indicate the means + S.E. (n=12). Significant at p <0.001.
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Table 2. Growth characteristics (n=12) and chlorophyll (Chl) contents (n=6) of lettuce plants grown under 3 types of combined LEDs and

control at 4 weeks after transplanting.

Light source Fresh weight (g) Dry weight (g) Leaf area Specific leaf  Total Chl Chla Chl b
Shoot Root Shoot Root (em”) weight (mg/em®)  (ug/mL) (ng/mL) (ng/mL)

Control”  24.82b  3.29b 135b  0.18b 826.50 1.65b 122032 912la 30.82

RB 36.98a  4.04ab  187a  023ab  950.17 1.98a 101.09ab  73.13ab 24.96

RWB 37432 4.53ab  1.8%  024ab  980.19 1.93a 96.10b 72.20b 23.90

RGB  34.00ab  4.89a  1.83ab  0.28a 929.22 1.97a 93.47b 69.39b 24.09

“Fluorescent lamps.
YMean separation within columns by Tukey’s test at p<0.05.
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Table 3. Total power consumption and light use efficiency of 3 types of combined LEDs and control.

Light source Total power consumption

Power savings compared with control

Light use efficiency”

(kW) (%) (DW mg/W)
Control* 145+ 1.8 0 9.99
RB 55+0.8 62.0 34.01
RWB 54+0.2 62.5 34.76
RGB 55+£0.6 63.0 34.17

“Electric power consumed by only lighting sources.

YProduction of shoot biomass per unit energy consumption (biomass/energy).

*Fluorescent lamps.
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