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Abstract. This study was conducted to examine the effect of artificial light source and photoperiod on the
growth of leaf lettuce (Lactuca sativa L.) ‘Seonhong Jeokchukmyeon’ in a closed-type plant production system.
Seedlings were grown under 3 light sources, fluorescent lamp (FL, Philips Co. Ltd., the Netherlands), WL
#1 (Hepas Co. Ltd., Korea), and WL #2 (FC Poibe Co., Ltd., Korea), each with 3 photoperiods, 12/12, 18/6,
and 24/0 (Light/Dark). An irradiance spectrum analysis showed that FL has various peaks in the 400-700
nm range, while WL #1 and WL #2 have only one monochromatic peak at 450 and 550 nm, respectively.
The greatest plant height, fresh and dry weights were obtained in the 24/0 (Light/Dark) photoperiod. The
24/0 (Light/Dark) photoperiod treatment promoted vegetative growth of the leaf area. Length of the longest
root, number of leaves, fresh weight, and total anthocyanin contents were greater in FL than in either WL
#1 or #2. The greatest chlorophyll fluorescence (Fv/Fm) was found in the 12/12 (Light/Dark) photoperiod
with FL treatment. The energy use efficiency of the LED increased by about 35-46% as compared to FL.
Results suggest a possibility of LED being used as a substitute light source for fluorescent lamp for lettuce
cultivation in a plant factory system.

Additional key words: fluorescent lamp, spectrum, white light emitting diode
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Fig. 1. Schematic diagram of a recirculating ebb and flow
hydroponic system in the closed-type plant production
system. The main features are A, control system; B, artificial
light (fluorescent and white LED) sources; C, recirculating
ebb & flow hydroponic system; D, solution tank; E, pump;
F, heating and cooling system; G, CO, supplier; and H, light
intensity control The environmental conditions are PPFD,
100 pmol-m?2-s™; air temp., 21 £ 2°C; RH, 60 + 10%; and
CO,, 400 + 50 pmol-mol".
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Table 1. Electrical energy use efficiency of light source used
in a closed-type plant production system.

Electrical energy Electrical energy

Light source®

calculation (W)
WL #1 205V x 1.36A x 2 557
WL #2 80V x 2.46A x 2 393
FL 210V x 2.02A x 2 848

“The light sources are WL #1, white LED (Hepas Co., Ltd.,
Korea); WL #2, white LED (FC Poibe Co., Ltd., Korea); and
FL, fluorescent lamp (Philips Co., Ltd., the Netherlands).
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Fig. 2. Spectral distributions of different light sources used: WL
#1, white LED (Hepas Co., Ltd., Korea); WL #2, white LED
(FC Poibe Co. Ltd., Korea); and FL, fluorescent lamp (Philips
Co. Ltd., the Netherlands).
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Table 2. Effect of light source and photoperiod on growth of lettuce grown in a closed-type plant production system.

Light Photoperiod Plgnt Length of the Leaf area No. of Fresh weight (g) Dry weight (9)
source” (Light/Dark) height longest root (cm?/plant) leaves Shoot Root Shoot Root
(cm) (cm)
12/12 14.9 320 b 1,505.1 bc 6.2bc 226d 20c 0.8 d 0.07 d
WL #1 18/6 15.8 d-f 325 ab 1,671.7 b 6.1bc 311c 34b 13 ¢c 011 c
24/0 17.9 bc 263 ¢ 1,318.7 de 6.1 bc 401b 35b 1.8 b 0.19 a
12/12 15.2 ef 27.7 ¢ 1,167.8 e 53¢ 21.7 de 18 c 09d 0.07 d
WL #2 18/6 16.2 de 317 b 12579 e 6.3 b 389 b 43 a 1.7b 0.13 bc
24/0 181 b 318 b 1,599.6 bc 6.3 b 476 a 46 a 22 a 0.19 a
12/12 15.2 ef 35.0 ab 1,264.3 e 79 a 174 e 15¢c 08d 0.05d
FL 18/6 16.9 cd 36.0 a 1,440.4 cd 79 a 309 ¢ 30b 15¢c 012 ¢
24/0 208 a 33.8 ab 1,990.6 a 79 a 523 a 46 a 22 a 0.16 b
Light source (A) - - - - - - - *
F-test Photoperiod (B) -— * - NS - -— - -
A x B - - - NS - - * NS

“The light sources are WL #1, white LED (Hepas Co., Ltd., Korea); WL #2, white LED (FC Poibe Co., Ltd., Korea); and FL, fluorescent

lamp (Philips Co., Ltd., the Netherlands).

yMgg*rl separation within columns by Duncan’s multiple range test at P = 0.05.

" Nonsignificant or significant at P = 0.05, 0.01, or 0.001,
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Fig. 3. Chlorophyll fluorescence as affected by light source and
photoperiod of lettuce grown in a closed-type plant production
system. Light source: WL #1, white LED (Hepas Co., Ltd.,
Korea); WL #2, white LED (FC Poibe Co. Ltd., Korea); and
FL, fluorescent lamp (Philips Co., Ltd., the Netherlands). Data
shown are means + SE (n = 18).
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Fig. 4. Total anthocyanin content as affected by light source
and photoperiod of lettuce grown in a closed-type plant
production system. Light source: WL #1, white LED (Hepas
Co., Ltd., Korea); WL #2, white LED (FC Poibe Co., Ltd.,
Korea); and FL, fluorescent lamp (Philips Co., Ltd., the
Netherlands). Data shown are means + SE (n = 18).
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Fig. 5. Effect of light source and photoperiod on growth of
lettuce measured at 48 days after sowing. FL, fluorescent
lamp (Philips Co., Ltd., the Netherlands); WL #1, white LED
(Hepas Co., Ltd., Korea); and WL #2, white LED (FC Poibe
Co., Ltd., Korea). Photoperiods were 12/12, 18/6, or 24/0
(Light/Dark).
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