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Abstract. This study was performed to analyze the effect of light quality of discharge lamp on growth and phy-
tochemicals contents of lettuce (Lactuca sativa L. cv. Jeokchima) grown under metal halide (MH) lamp, high-pres-
sure sodium (HPS) lamp, and xenon (XE) lamp in a plant factory. Cool-white fluorescent (FL) lamp was used as the
control. Photoperiod, air temperature, relative humidity, CO, concentration, and photosynthetic photon flux (PPF) in
a plant factory were 16/8 h (day/night), 22/18°C, 70%, 400 umol - mol~%, and 200 umol - m2 - s%, respectively. MH
lamp had the greatest fraction of blue light (400-500 nm) of 23.0%. However, HPS lamp had the lowest fraction of
4.7% for blue light and the greatest fraction of 38.0% for red light (600-700 nm). At 11 and 21 days after transplant-
ing, leaf length, leaf width, leaf area, shoot fresh weight, and shoot dry weight of lettuce as affected by the light qual-
ity of the discharge lamp were significantly different. The leaf area of lettuce grown under HPS, MH, and XE lamp
increased by 45.7%, 16.3%, and 9.5%, respectively, as compared to the control. These results were similar for shoot
fresh weight. Growth characteristics of lettuce grown under HPS lamp increased since HPS lamp had more fraction
of red light. However, growth of lettuce grown under MH and XE lamp decreased since they had more fraction of
blue light. As compared to the control, the ascorbic acid in lettuce leaves grown under discharge lamp decreased. The
greatest anthocyanins accumulation of 0.70 mg/100 g was found at MH treatment. Anthocyanins content in lettuce
leaves grown under XL and HPS lamp were 79.3% and 8.6%, respectively, compared with the control. Growth and
phytochemicals contents of lettuce were highly affected by the different spectral distribution of the discharge lamp.
These results indicate that the combination of discharge lamp or LED lamp for enhancing the light quality of dis-
charge lamps is required to increase the growth and phytochemicals accumulation of lettuce in controlled environ-
ment such as plant factory.

Additional key words: artificia lighting source, high-pressure sodium lamp, meta halide lamp, xenon lamp, fluo-
rescent lamp, anthocyanin, ascorbic acid
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Table 1. Specifications of metal halide (MH), high-pressure sodium (HPS), xenon (XE), and cool-white fluorescent (FL) lamp used in this

study.
Light sources Mode number Electric power consumption (W) Number of lampsinstalled
MH MH 100W/640P, PHILIPS 100 2
HPS NHT 100W, SAMLIP 100 2
XE UCD 60, KAIGEN 60 2
FL DULUX-L2G11 55W/840, OSRAM 55 6
AMRI0]| - AESE, M223 M4z 20134 401
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Table 2. Operating conditions of HPLC for analysis of anthocya
nins.

Item Operation conditions

Instrument HPLC (Waters HPLC system, USA

Column MH 100W/640P, Philips

Detector (UV) NHT 100W(mini), Samlip

Column temperature 35°C

Mobile phase Water : Acetonitrile : Acetone : Phosphoric acid
=81.7:84:84:15 (Vi)

Flow rate 10mL - min
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Fig. 1. Spectra characteristics of (A) meta halide lamp, (B) high-pressure sodium lamp, (C) xenon lamp, (D) cool-white fluorescent
lamp, and (E) sun light.

Table 3. The fraction of blue light, green light, and red light to Table 4. Ultraviolet (UV) radiation, photosynthetically active

photosynthetic photon flux (PPF) illuminated from metal radiation (PAR), and infrared (IR) radiation illuminated from
halide (MH) lamp, high-pressure sodium (HPS) lamp, xenon metal halide (MH) lamp, high-pressure sodium (HPS) lamp,
(XE) lamp, cool-white fluorescent (FL) lamp, and sun light xenon (XE) lamp, and cool-white fluorescent (FL) lamp.
(SUN). Radiation illuminated from artificial lighting sources
i Fraction of blue, green, and red light to PPF (%) Lighting (W -m?)
ightin
sogmsg Blue light Green light Red light sources uv PAR IR
(400-500nm)  (500-600 nm)  (600-700 nm) (300-400 nm)  (400-700nm)  (700-1,100 nm)

MH 230 524 245 MH 1.65 32.94 13.72
HPS 4.7 57.2 38.0 HPS 0.03 21.69 9.57
XE 220 48.6 293 XE 1.02 2374 7.99
FL 194 42.3 38.3 FL 0.34 24.46 2.67
SUN 254 345 39.7
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Table 5. Growth characteristics of lettuce ‘ Jeokchima grown under metal halide (MH) lamp, high-pressure sodium (HPS) lamp, xenon
(XE) lamp, and cool-white fluorescent lamp (Control) at 11 days after transplanting.

Treatment No. of leaves Leaf length (mm) Leaf width (mm) Leaf shape index* OoDbDY Leaf area (mm?)
MH 9.8b* 122.0b 80.2b 1.52a 17.1b 19,240b
HPS 11.4a 141.2a 87.0a 1.63a 18.0b 25,390a
XE 10.0b 120.8b 73.8c 1.64a 20.9a 20,393b
Control 9.8b 127.0b 80.6b 1.58a 15.0c 19,306b
LSD g0 10 9.3 6.1 0.16 14 2,970
Fresh weight (g/plant) Dry weight (g/plant) Leaf color
Treatment -
Top Root Top Root Hue Saturation
MH 5.87b 1.28ab 0.40b 0.074bc 104.7b 27.8c
HPS 7.29 1.38a 0.49a 0.095a 114.5a 39.8a
XE 6.98a 1.38a 0.48a 0.086ab 98.5¢ 21.0d
Control 5.73b 1.05b 0.38b 0.067c 109.6ab 35.4b
LSD o5 0.91 0.24 0.06 0.013 5.0 36

?Leaf length divided by leaf width.

YOptica density difference (ODD) measured by a chlorophyll meter (SPAD 502, Minolta, Japan).

*Means with the same letter are not significantly different.

i ZHF 11.2%, 7.9% =LA VEREOL, MH2F XE A
oA @A AFe diRTHT B YERTH

olIF A Faol B FARE Jelh, 5 AR

S ®Wol AU Jd= HPS HTelA 434 AF]
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A Zzt a4, 2.6, 2000 =A UERdTH(Table 4).
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WTHCho 5, 1998).

A 5 219400 =Tl AL slellq A
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U, Gu, A9 NS BEFIN FeL <

v WA Vet (Table 6). HPS A2]7¢] g
2L 143486mmPEA tET]  98,474mml  HIE|A
159 =A YeRsTh olast Aae AP AASOIA
= AR YERdTE. HPS He]Tte] A AAIES
69.8g/plant2X] thZT-9] 44.9g/plant Xt} 168 =A|
ERtem, XEF MH Agl7e] AP AAlTE tix
Tl wisi ZzE 15, 130 =ZA JERdtE AR
AEZLE XE AqolM 270gplantzA thz7-2] 1.72g/
plantol] HISIA 1LewE =4 Yepton, HPSSH MH
AT izl HIsiA 22 15, 1.4 FA e
ot Aol thEToxe] 8 24, = 71, A
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Table 6. Growth characteristics of lettuce ‘ Jeokchima grown under metal halide (MH) lamp, high-pressure sodium (HPS) lamp, xenon
(XE) lamp, and cool-white fluorescent lamp (Control) at 21 days after transplanting.

Treatment No. of leaves Leaf length (mm) Leaf width (mm) Leaf shape index* oDDY Leaf area (mm?)
MH 21.8a 223.0b 150.0b 1.49 15.3b 114,481b
HPS 22.2a 249.8a 173.0a 1.45a 12.7c 143,486a
XE 19.8a 216.0b 157.0ab 1.3% 17.2a 107,821b
Control 19.8a 219.0b 145.0b 1.52a 15.5b 98,474b
LSD g0 25 194 17.1 0.21 14 21,168
Fresh weight (g/plant) Dry weight (g/plant) Leaf color
Treatment -
Top Root Top Root Hue Saturation
MH 59.5a 7.69a 2.35a 0.41ab 111.2b 36.2b
HPS 69.8a 7.78a 2.57a 0.36ab 116.0a 46.6a
XE 66.6a 9.29a 2.70a 0.45a 111.0b 33.5b
Control 44.9b 5.20b 1.72b 0.29b 114.2a 44.4a
LSD o5 11.3 2.06 0.56 0.12 18 3.0
?Leaf length divided by leaf width.
YOptica density difference (ODD) measured by a chlorophyll meter (SPAD 502, Minolta, Japan).
*Means with the same letter are not significantly different.
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Fig. 2. Ascorbic acid content in lettuce leaves grown under metal
halide (MH) lamp, high-pressure sodium (HPS) lamp, xenon
(XE) lamp, and cool-white fluorescent lamp (Control).
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Fig. 3. Anthocyanins content in lettuce leaves grown under metal
halide (MH) lamp, high-pressure sodium (HPS) lamp, xenon
(XE) lamp, and cool-white fluorescent lamp (Control).
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