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Growth and Anthocyanins of Lettuce Grown under Red or Blue Light-emitting
Diodes with Distinct Peak Wavelength
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Abstract: Growth and anthocyanins of lettuce (Lactuca sativa L., ‘Mid-season’) grown under LED lamps with blue light in the
range of 430-470 nm or with red light in the range of 630-670 nm were analyzed in this study. Cool-white fluorescent light
was used as the control. Photosynthetic photon flux, photoperiod, air temperature, relative humidity, and CO; concentration
in a closed plant production system were 201 + 2 umol-m™-s”, 16/8 hours (day/night), 22/18°C, 70%, and 400 pmol-mol”,
respectively. At 21 days after light quality treatment, growth characteristics and anthocyanins content of lettuce as affected
by the peak wavelength of blue or red LED were significantly different. Among peak wavelengths treated in this stusy, R1 treatment
(peak wavelength 634 nm) and R6 treatment (peak wavelength 659 nm) were effective for increasing leaf width, leaf area,
shoot fresh weight, and photosynthetic rate of lettuce. B5 treatment (peak wavelength 450 nm) and B4 treatment (peak wavelength
446 nm) increased the anthocyanins concentration and chlorophyll content in lettuce leaves, respectively. Anthocyanins in lettuce
leaves increased linearly with decreasing hue value of leaf color and with increasing SPAD value of lettuce leaves. From these
results, it was concluded that the red LED with peak wavelengths of 634 nm and 659 nm and the blue LED with peak wavelengths
of 450 nm can be used as potential light spectra for increasing the yield and anthocyanins accumulation of leafy vegetable.

Additional key words: artificial lighting source, chlorophyll content, leaf color, photosynthetic rate, phytochemicals, plant factory
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Fig. 1. Spectral characteristics of a cool-white fluorescent lamp
used as the control in this study.

Table 1. Treatments of blue and red LED lamps with distinct
peak wavelength used in this study.

Wavelength Peak

Treatments Lighting range wavelength

source (nm) (nm)
B1 Blue LED 430-434 432
B2 435-439 436
B3 440-444 440
B4 445-449 446
B5 450-454 450
B6 455-459 456
B7 460-464 460
B8 465-470 466
R1 Red LED 630-634 634
R2 635-639 638
R3 640-644 644
R4 645-649 649
R5 650-654 654
R6 655-659 659
R7 660-664 662
R8 665-670 668
Control Cool-white

fluorescent lamps

H = HE SallA QAT HiFHN-P-K-Ca-Mg = 0.8-2.0-
6.0-3.0-2.0mg-L", pH 6.0, EC 1.5dS-m™)& uj2] 200mL
(40mL x 53)A FF5FoATt. HAFAIAE WY S 2
2 7] 16/8h, 7] 22/18°C, L= 70%, CO; 5% 400
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umol-m>-s'S GAS=E 7} g2 LED 27|t
A% SMPS(SP-320-48, Mean Well, Taiwan)S ©]-835}o]
FFE Ao

H2F A& AR AF(o]5) HHAFAIAE) Woll A3
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of wg} Snm 7FA o8 SRS Aolal, At RI-R8
630-670nm 2] A3 J S Snm 7HH o2 LESE Flojth
(Table 1). 3+H AMLw7} 4,000KQ1 WelAl &3 =(DULUX
L55W/840, Osram, Germany)©] =72 AMEE ITh(Fig. 1).
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Co., UK)E ARgste] SAsk3ich o|Aof| 71Z3}to] FEAJoM] FeS A&l tHFuleki and
Francis, 1968).

Hue = tan’(b/a) (1)
SAIxz2|
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Table 2. Growth of lettuce grown under blue or red LED lamps with distinct peak wavelength at 21 days after transplanting.

Number Leaf Leaf Leaf Leaf Shoot fresh Shoot dry Percent x w
Treatments of legth width shape area weight weight dry S%A 1 Pn 2 1

leaves (cm) (cm) index” (cm?) (g/plant) (g/plant)  matter (em™g?)  (umol-m™-s7)
B1 20.8 cdef® 25.3 bcde 17.0 def 1.49 bede 1,834.0 def 96.3 abcd 3.3 abc 3.4 def 569.2 gh 5.61 ab
B2 19.4 def 24.4 cdef 16.8 ef 1.46 bcde 1,592.1 ef 79.2 cdef 3.2 abc 39 ab 500.0 h 496 abc
B3 19.2 def 26.6 abcd 17.4 cdef 153 bed 2,000.3 cde 86.8 bcdef 3.5 a 4.0 ab 580.7 fgh 6.13 a
B4 19.4 def 24.7 bcdef 18.1 abcde 1.36 ef 1,568.0 f 74.5 ef 31 abc 41 a 5084 h 4.52 bcd
B5 184 f 26.7 abcd 15.8 f 1.70 a 1,762.2 def 663 f 2.6 bc 39 abc 6835 defg 337 d
B6 204 cdef 26.1 abcd 16.8 def 1.55 abc  1,813.1 def  88.6 abcde 3.2 abc 3.5 bcde 568.1 gh 4.72 abcd
B7 19.0 ef  26.7 abcd 17.0 def 1.57 ab 1,913.4 def 799 cdef 3.0 abc 3.6 abcd 661.3 defg  4.31 bcd
B8 194 def 26.1 abcd 16.8 def 1.55 abc  1,647.0 ef 66.8 f 2.6 bc 39 abc 6382 efgh  3.53 cd
Average B 19.5 25.8 17 1.53 1,766.30 79.8 31 38 588.7 4.64
R1 21.2 bcde 28.6 a 19.6 a 1.47 bcde 2,569.1 a 108.7 a 32 abc 29 fgh  829.0 bc 5.83 ab
R2 240 a 26.3 abcd 19.3 ab 1.37 ef 2,359.8 abc 102.2 ab 33 abc 3.2 defgh 743.6 cde 5.76 ab
R3 21.2 bede 27.1 ab 19.4 ab 1.39 cdef 2,385.2 abc 98.8 abc 27 abc 27 h 888.0 ab 5.04 abc
R4 21.2 bede 24.1 def 18.0 abcde 1.34 ef 1,925.7 def 774 def 2.7 bc 34 cde 735.6 cde 4.30 bced
R5 21.6 abcd 27.3 ab 18.7 abcd  1.45 bcdef 2,507.9 ab 92.7 abcde 2.6 ¢ 2.8 gh 988.5 a 441 bed
R6 22.2 abc 26.0 abcd 19.0 abc 1.38 def 24526 ab 1087 a 34 ab 3.1 efgh 7202 cdef 621 a
R7 21.0 bcde 27.0 abc 18.1 abcde 1.48 bcde 2,502.2 ab 102.0 ab 34 ab 3.3 defg 7532 bcde 5.18 ab
R8 234 ab 227 ef 17.6 bedef 1.30 f 2,4455 ab  103.19 ab 3.1 abc 3.0 efgh 787.3 bed 4.69 abcd
Average R 22 26.1 18.7 14 2,393.50 99.2 31 31 805.7 5.18
Control 234 ab 225 f 16.8 def 1.33 ef 2,107.4 bcd 93.2 abcde 3.2 abc 3.3 def 677.1 defg 5.46 ab
LSD g5 2.5 2.6 19 0.15 424.8 209 0.8 0.5 143.2 1.55

“Means with the same letter are not significantly different.

YThe ratio of leaf length to leaf width.

*The ratio of leaf area to the shoot dry weight.

“Photosynthetic rate measured by a portable photosynthesis system (LCi, ADC Bioscientific Co., UK).
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Table 3. Leaf color, SPAD value, and anthocyanins of lettuce grown under blue or red LED lamps with distinct peak wavelength

at 21 days after transplanting.

Treatments Leaf color SPAD’ Anthocyamgs
Hue Saturation (mg-100 g7)
Bl 106.6 ef” 32.4 de 14.5 bc 41.86 f
B2 108.4 de 33.0 cde 14.2 bcde 6392 b
B3 105.6 f 281 f 14.8 ab 48.50 d
B4 106.6 ef 30.7 ef 155 a 55.61 c
B5 108.2 de 35.6 cd 14.0 bcde 65.35 a
B6 109.3 cd 32.7 de 14.1 bede 4842 d
B7 109.8 cd 35.6 cd 14.3 bcd 46.45 e
B8 111.2 ¢ 36.4 ¢ 134 e 46.30 e
Average B 108.2 33.1 14.4 52.05
R1 116.0 ab 474 a 113 g 524 k
R2 115.6 ab 46.3 a 12.0 fg 4.69 1
R3 115.6 ab 474 a 124 f 491 Kl
R4 116.1 ab 45.6 ab 14.1 bcde 338 m
R5 116.4 a 46.0 ab 13.6 cde 827 i
R6 116.0 ab 45.6 ab 13.7 cde 5.18 k
R7 115.6 ab 46.2 a 133 e 6.34 j
R8 115.5 ab 46.8 a 13.4 de 896 h
Average R 115.9 46.5 13.0 5.87
Control 1138 b 42.6 b 14.8 ab 17.64 g
LSD.os 2.4 3.5 0.9 0.37

“Means with the same letter are not significantly different.

YValue measured by a chlorophyll meter (SPAD-502, Minolta Co., Japan).
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Fig. 2. Lettuce grown under blue and red LED lamps with distinct peak wavelength (B1, 432 nm; B2, 436 nm; B3, 440 nm;
B4, 446 nm; B5, 450 nm; B6, 456 nm; B7, 460 nm; B8, 466 nm; R1, 634 nm; R2, 638 nm; R3, 644 nm; R4, 649 nm; R5,
654 nm; R6, 659 nm; R7, 662 nm; R8, 668 nm; Control, fluorescent lamps) at 21 days after transplanting.
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