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Abstract. To produce a high quality crop, light is an essential environmental factor in greenhouse cultivation. In the
winter season, solar radiation is weak than other season. Therefore, using supplemental light during a low radiation
period can increase the crop growth and yield. This study was conducted to select the economical supplemental light
source for greenhouse cultivation in pepper during the low radiation period. The green pepper (Capsicum annuum
‘Super Cheongyang’) was transplanted on 5 September 2019. Supplemental lighting treatment was conducted from 1
January 2020 to 31 March 2020. RB LED (red and blue LED, red:blue = 7:3), W LED (white LED, R:G:B = 5:3:2),
and HPS (high-pressure sodium lamp) were used as the supplemental light source. Non-treatment was used as the
control. The plant height, SPAD, and number of nodes of pepper plants have no significant differences by
supplemental light sources. However, the number of ramifications plants was the greatest in RB LED light source.
Moreover, supplemental lighting increased photosynthesis of the pepper plant, and especially, the RB LED had the
highest photosynthesis rate during supplemental lighting period. Also, the yield of pepper increased in the
supplemental lighting treatment than in the control, and the RB LED had the greatest yield than other light sources.
The electricity consumption was the highest in W LED and the lowest in HPS light. Through the economic analysis,
the RB LED had high economic efficiency. In conclusion, these results suggest that using RB LED for supplemental
light source during low radiation in pepper greenhouse increase the yield and economic feasibility.
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Fig. 1. The changes of temperature and relative humidity in greenhouse
during experiment period.
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Fig. 2. The supplemental light used in experiment (A, White LED; B, RB LED; and C, HPS). W LED, white LED (R:G:B =5:3:2); RB LED, red and
blue LED (R:B = 8:2); and HPS, high pressure sodium lamp.
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Fig. 3. The spectral distribution of light source used in the experiment.
W LED, white LED (R:G:B = 5:3:2); RB LED, red and blue LED
(R:B =8:2); and HPS, high pressure sodium lamp.
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Fig. 4. Plant height of pepper as affected by different supplement light
source during 12 weeks after treatment. Control, non-treatment; W
LED, white LED (R:G:B =5:3:2); RB LED, red and blue LED (R:B
= 8:2); and HPS, high pressure sodium lamp. Vertical bars indicate
standard errors of the means (7 = 6). Duncan’s multiple range test at
p=<0.05.
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supplement light source during 12 weeks after treatment. Control,
non-treatment; W LED, white LED (R:G:B = 5:3:2); RB LED, red
and blue LED (R:B = 8:2); and HPS, high pressure sodium lamp.
Vertical bars indicate standard errors of the means (»=6). Duncan’s
multiple range test at p < 0.05.
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Fig. 7. SPAD of pepper plant as affected by different supplement light
source during 12 weeks after treatment. Control, non-treatment; W
LED, white LED (R:G:B =5:3:2); RB LED, red and blue LED (R:B
= 8:2); and HPS, high pressure sodium lamp. Vertical bars indicate
standard errors of the means (= 6). Duncan’s multiple range test at
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Table 1. The analysis of estimated potential impact on commercial yield and net income.

Treatment” Commercial yield Gross income Incremental cost (won/10a) Net income” Income ratio"
(kg/10a) (won/10a) Facility” Electrical™ Total™ (wor/10 a) (o)

Control 2,303.3 9,201,200 - - - - 100

W LED 2,499.8 9,999,300 206,250 45,960 252,210 545,890 106

RB LED 3,144.9 12,579,800 206,250 41,576 247,826 3,130,774 134

HPS 2,808.3 11,233,200 99,000 38,729 137,729 1,894,271 121

“Control, non-treatment; W LED, white LED (R:G:B = 5:3:2); RB LED, red and blue LED (R:B = 8:2); and HPS, high pressure sodium lamp.
Ylight source cost x number of light sources per 10a + persisting period.

-W and RB LED, persisting period 20 years, 250,000 x 66 +~ 20 = 825,000 won/year — 825,000 +~ 4 = 206,250 won/ 3 month

- HPS, persisting period 5 years, 30,000 x 66 + 5 = 396,000 won/year — 396,000 ~ 4 = 99,000 won/ 3 month
*Total electricity consumption x number of light sources per 10 a x electric charge cost.

-W LED, 17.409 kW x 66 x 40 won = 45,960 won/3 month
-RB LED, 15.749 kW x 66 x 40 won = 41,576 won/3 month
-HPS, 14.67 kW x 66 x 40 won = 38,729 won/3 month
“Total = Facility + Electrical.

YNet income = Gross income — (Total incremental cost + gross income of control).
“Income ratio = (Gross income of control + net income)/Gross income of control x 100.
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