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Effects of Red/Blue Light Ratio and Short-term Light Quality

Conversion on Growth and Anthocyanin Contents of Baby Leaf Lettuce
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Seung Yu Kim, and Young Chul Um, Seung Ryong Cheong

Vegetable Research Division, National Institute of Horticultural and Herbal Science, RDA, Suwon 440-706, Korea

Abstract. To establish the optimum artificial light illumination method for baby leaf lettuce in closed plant
factory system, the effects of red/blue light quality and short-term light quality conversion on growth and
anthocyanin content were investigated. The growth of ‘Hongha’ lettuce was most favorable under red single
wavelength LED light after 23 days of treatment, sequentially followed by the growth under red/blue mixed
light, blue light, and fluorescent light. Total anthocyanin content in the mixed red/blue light (R57-B43) was
4.1-fold and 6.9-fold increased compared to the red LED and fluorescent light, respectively. With increasing
the blue light ratio to 43%, the growth of lettuce was significantly decreased, while the relative chlorophyll
content and Hunter’s a* value was increased, indicating that the red/blue light ratio inversely affects on
growth and anthocyanin pigment development. By changing light quality from red to red/blue mixed light
source (R57-B43) for 9 days before harvest, the growth rate decreased compared to the continuous red light
illumination, while the anthocyanin content dramatically increased compared to either red LED or fluores-
cent light. Whereas, when the light source was changed to red light, the growth rate was increased but
anthocyanin content was reversely decreased. The result demonstrated that both growth and anthocyanin
expression could be effectively regulated by shifting of light quality between red and red/blue mixed light
source at a specific growth stage of lettuce in a plant factory.
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Fig. 1. The absolute irradiance spectrum of LED and fluo-
rescent light sources. R, B, RB, and FL in legend repre-
sent Red, Blue, Red/Blue, and Fluorescent light sources,
respectively. The wavelengths of maximum irradiance for
Red and Blue LED lamps were 668 and 462 nm, respec-
tively.
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Table 1. Effects of growing temperature and light qualities on growth of ‘Hongha’ lettuce at 23 days after treatment.

Temp. (°C) Light source No. of Leaf shape Fresh weight (g/plant) Root length

(A) (B) leaf index” Leaf Root (cm)

15 R100-B0 4.6 1.59 3.41 0.17 13.6

R0-B100 32 1.77 1.66 0.11 13.8

R57-B43 4.0 1.16 2.30 0.09 13.6

FL 4.2 1.65 1.33 0.06 114

25 R100-B0 44 1.54 3.52 0.77 14.8

RO-B100 3.6 1.93 2.18 0.28 10.8

R57-B43 4.8 1.21 3.02 0.71 13.0

FL 4.0 1.72 1.67 0.35 12.0
A * ns ns *x ns
B Kk sk sk %k Kk
A*B * ns kk kosk *

“Leaf length to width ratio.

ns. " **Non-significant or significant at P = 0.05 or 0.01, respectively.
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Fig. 2. Effects of growing temperature and light sources on
Hunter’s a and SPAD value of ‘Hongha’ lettuce. A;
Hunter’s a* value, B; SPAD value. Vertical bars repre-
sent mean + SD.
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Fig. 3. Total anthocyanin contents of ‘Hongha’ lettuce
under different light qualities. Growing temperature is
contant 15°C. Vertical bars represent mean £ SD.
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Table 2. Effects of red and blue LED light ratio on growth of ‘Hongha’ lettuce at 23 days after treatment in growth chamber.

Light Hypocotyl No. of Leaf shape Leaf area FW of leaf SPAD Hunter’s
source length (cm) leaf index” (cm?/plant) (g/plant) value a* value
R100-BO 1.13 b 43Db 20b 849a 2.7a 15.0b -257¢
R87-B13 1.10b 5.0a 1.8 be 94.0a 28a 10.9d -155¢
R67-B33 1.19b 440b 1.7¢ 50.1b 1.8b 13.1¢ -129¢
R57-B43 0.70 ¢ 430b 1.2d 60.0b 23 ab 17.1a -10.0a
FL 1.71a 3.0c 30a 34.1c 13¢ 11.5d -20.6¢

“Leaf length to width ratio.

YMean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 4. Effects of short-term light quality change on leaf
area (A) and Hunter's a* value (B) in ‘Hongha’ lettuce.
The R, RB, R—> RB, and RB — R in X axis represent
continuous R100-B0, continuous R57-B43, R57-B43 con-
version from R100-B0, and R100-B0O conversion from
R57-B43 at 14 days after treatment for 9 days. Vertical
bars represent SE of the means.
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