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Physiological mechanisms of light quality alternation in
alleviating the injury on lettuce caused by continuous red and
blue light illumination

LIU Wenke, LIU Jiayuan

(Institute of Environment and Sustainable Development in Agriculture/Key Laboratory of Energy Conservation and Waste
Management of Agricultural Structures of Ministry of Agriculture and Rural Affairs, Chinese Academy of Agricultural
Sciences, Beijing 100081, China)

Abstract In environmentally controlled plant factory, the effects of conventional light (NL, 400 pmol/(m?:s),
18 h/6 h photoperiod, R/B=4:1) , continuous light (CL, 300 gmol/(m?-s), 24 h/0 h photoperiod, R/B=4:1)
and spectral alternation continuous light (CL-A, red light with 320 pmol/(m?®-s) and 18 h light period, blue
light 240 pmol/(m?-s) with6 h light period, respectively) on the growth, yield, DPPH radical scavenging
rate, and contents of carbohydrate, reactive oxygen species and MDA of lettuce were investigated via
hydroponic culture and diurnal six sampling method (3 times at 6 h interval in the light period and 3 times at
2 h interval in the dark period) . The results showed that: The lettuce leaves were damaged and the plant
morphology was changed after 12 days treatment. The shoot fresh weight and leaf area of lettuce were the

highest and the injury grade was the lowest under CL-A treatment. In NL, CL and CL-A order, the contents

B 2024-01-04
ELTH.: dERUAZRAZRNF TETE(CAAS-IEDA-TO7) ;R BARMFEEEE LT E (31672202)
E—1E#&: XXR(ORCID: 0000-0003-4066-8120) . FAR R, EENFREEEFREFIZEFZE5 TRFEARH R, E-mail: liuwenke@caas. cn



132 0 LN ES I Y NS S 4

2024 4F 55 29 %

of starch and sucrose, the DPPH free radical scavenging rate increased gradually significantly, while the

contents of hydrogen peroxide and MDA increased first and then decreased, but the superoxide anions

content increased first and then decreased or always increased. In conclusion, light quality alternation

alleviates the injury on lettuce caused by continuous red and blue light illumination. This study provides

scientific support for the application of alternating light quality and continuous lighting in artificial light plant

factories.

Keywords lettuce; continuous light; spectral alternation; carbohydrate; reactive oxygen species
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Table 1 Growth and physiological injured degrees of lettuces grown under LED red-blue CL and alternating light

b 3 Mo bR /g i T AR /em? oE AR/ % e/ (g/em®) 5% A9
Treatment  Shoot fresh weight Leafy area Injured leafy area ratio Specific leafy weight Injured degrades

NL 39.53+1.74 ¢ 468.00£72.99 b 18.85+4.14 a 0.0540.01 a B

CL 45.32+2.35b  606.00+78.82 ab 26.1842.37 a 0.0440.01 a rf 4§

CL-A 54.714+2.59a  766.00£92.34 a 7.79+£2.23b 0.044-0.01 a B

T NL O LLHDLH MGG CL NI 2 G CL-A WAL DL B gt I . R,

Note: NL is the conventional illumination of red and blue light; CL is continuous lighting; CL-A is a continuous illumination with

alternating red and blue light. The same below.
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Table 2 Effects of LED red-blue continuous light and alternating light on starch content of lettuce

b 3 WUAE BT %] Sampling time
Treatment 6:00 12:00 18:00 20:00 2200 2400
NL 1.7440.33¢c  1.9140.40c 1.8240.25¢ 1.84+0.28¢c 1.7640.27¢ 1.84+0.03 ¢
CL 5.2340.31h  5.3740.28b 5.1940.27b 5.3840.18b 5.2840.49b 5.4540.43b
CL-A  8.9440.32a 8.76+0.33a 8.8340.26a 9.04+0.31a 8.7740.27a 8.86-0.14a
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Table 3 Effects of LED red-blue continuous light and alternating light on sucrose contents of lettuce
b HUFE BT %] Sampling time
Freatment 6:00 12:00 18:00 20:00 22:00 24:00

NL 7.45+0.39cd 7.354+0.73Db 7.84+0.30b  7.614+0.50c 7.27+0.89c¢ 6.68+0.52¢
CL 7.91£0.59bed 8.5140.28ab  8.77+0.13a  8.54+0.39a 8.57+0.34ab 8.59+0.34a
CL-A  8.86*0.23a 8.81+0.27 a 8.79£0.16a  8.8040.08a 9.22+0.52a 8.82+0.16a
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Table 4 Effects of LED red-blue continuous light and alternating light on hydrogen peroxide content of lettuce

JGEL) HOBE R % Sampling time

Treatment 6:00 12:00 18:00 20:00 2200 2400
NL 1.3340.38¢  1.3940.29b  1.534+0.33b 1.54+0.30c 1.6540.38b 1.3740.14c
CL 2.67+40.48a 2.74+0.21a 2.51+0.39a 2.60+0.21a 2.500.45a 2.56+0.41a
CL-A  1.4240.34c 1.8940.21b 1.6140.35b 1.6040.43¢c 1.790.17b 1.66-0. 40 be
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Table 5 Effects of LED red-blue continuous light and alternating light on superoxide anion content of lettuce
Ak B BUEERT 2] Sampling time
Treatment 6:00 12:00 18:00 20:00 2200 2400
NL 0.19+0.02b  0.22+0.02¢ 0.27£0.0lc 0.2640.02¢  0.284£0.0lc¢ 0.18%0.01d
CL 1.00£0.11a 0.74+0.21b 0.77£0.20b 0.93£0.37ab 0.83+0.16b 0.89+0.22 ab

CL-A  0.75%£0.38a 0.69%0.21b

0.61+£0.35b 0.60%0.43 be

0.7940.17b 0.6640.40 be
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Table 6 Effects of LED red-blue continuous light and alternating light on DPPH free radical scavenging rate of lettuce

b 7 HEERT %] Sampling time

Treatment

6:00 12:00 18:00

20:00 22:00 24:00

NL 28.81+5.74de 17.60+£1.98d 26.06+£0.35d 29.19+5.13¢

20.46+6.55¢ 21.50%0.56 ¢

CL 36.9743.24cd 34.514+1.94b 36.97+3.24bc 41.59+4.89ab 43.62+2.60b 36.09£5.02b

CL-A  42.89+0.73ab 52.2745.94a 45.914+8.04a

45.67+=5.14a 52.11+£1.57a 49.67%2.85a
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Table 7 Effects of LED red-blue continuous and alternating light on MDA content of lettuce

b3 HRFE R %) Sampling time

Treatment

6:00 12:00 18:00

20:00 22:00 24:00

NL 1.28+0.48 ¢

CL 2.3740.65ab 2.444-0.32a 2.57%0.48a

CL-A  1.59+0.41bc 1.49+0.45b

1.51+0.35bc 1.3540.44bc 1.59+0.18b

1.06+£0.34bc 1.2240.32cd 1.20£0.30bc 1.31+0.32bc 1.2040. 24 be

2.5340.35a 2.3040.35a 2.46+0.18a

1.66+0.62b
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