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Effect of Artificial Light Sources on the Growth of
Crisphead Lettuce in Plant Factory
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Abstract

This experiment was conducted to find out the effect of artificial light
sources(high-pressure sodium lamp, metal halide lamp and fluorescent lamp) on
growth of crisphead lettuce(Lactuca sativa L.) in a plant factory. No significant
differences in leaf fresh and dry weight were presented among them. Lettuce
plants grown under fluorescent lamp showed the lowest growth. Considering the
growth of lettuce and efficiency of lamps, it is worth using HPS(high-pressure
sodium) lamp in plant factories. The leaves of lettuce plants grown under
artificial light sources showed tipburn symptoms at 14th day after transplanting.
The beginning of tipburn symptom have been seen on the ninth to tenth leaves
from the cotyledons. It is estimated that the occurrence of tipburn was related to
rapid growth and K uptake of the lettuce plants. The Ca, Mg, Cu and Zn
elements tended to be accumulated in the nutrient solutions but the T-N, P, Fe
and Mn elements keep in balace in them.
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Fig 1.

Schematic diagram of nutrient film technique(NFT) in the plant factory. The main

features are A; fan, B; artificial light (high-pressure sodium lamp, metal halide or
fluorescent) lamp, C; control system, D; NFT system, E; heating and cooling system

and F; COz supply. The environmental conditions are PPFD; 200+ 30umol-m?-s’,

-1

air temp.; day 20~25C and night 20°C, relative humidity 70+£5% and CO2 1,000~

1,200 #mol - mol™
cm™' and solution temp.i23+2°C.
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Table 1. Effect of artificial light sources on growth of cripshead lettuce at 17 days after transplanting

Leaf Leaf

Leaf Leaf fresh Leaf dry

Light No. of length width A/B area ioht ioht Tipburn
Source’* leaves (cm) (cm) ratio (cm? weight. | weight. | (%)
A B cm®) (g - plant™) (g - plant™)
HPS 11.7 121 b* 123b 098 a 392 18.2 1.16 385
MH 137 133 a 152a 083a 486 199 1.23 46.2
F L 11.3 109¢ 142a 0770 377 17.2 1.02 375

* HPS : high-pressure sodium lamp, MH : metal halide lamp, FL : fluorescent lamp
¥ Means separation within columns by Duncan’s multiple range test, 5% level

Table 2. Effect of artificial light sources on CQO; assimilation of cripshead lettuce at 21 days

after transpianting.

Leaf Photosynthetic St tal
Light a photon flux omata CO2 assimilation rate
2 temperature . resistance -2 -1
Source density -1 (gmol-m*“-s™)
(t) 2 - (s cm™)
(gmol-m™-s™)
HPS 258 227 0.678 6.61
M H 238 187 0.849 567
F L 23.9 177 0.729 564

? See Table 1.
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Fig. 2 Relationships between crop
growth rate and leaf area
index of cripshead lettuce
depending on artificial light
sources.
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Fig 3. Changes in net assimilation rate
of cripshead lettuce depending on
artificial light sources.
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Table 3. Effects of artificial light sources on the nutrient content of cripshead lettuce

leaves at 34 days after transplanting

N P K Mg Fe Cu Mn Zn
Light Source®
— % — —_ ppm -
HPS 443 066 980 084 024 187 158 487 1605
M H 470 053 953 062 022 154 152 250 785
F L 537 050 861 0.24 153 168 304 709

? See Table 1.
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