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Abstract. This study aims to investigate the effect of spectrum conversion film on seedling quality and photosynthetic
traits of leaf and fruit vegetables. Lettuce, Chinese cabbage, and cucumber seeds were sown in 50-cell plug trays filled
with commercial seedling media and grown under a spectrum conversion film (SCF) and a poly-ethylene film as a
control. The SCF decreased blue-green light and increased red light, and thereby increased the R/FR ratio and R/B
ratio of solar spectrum, which was sufficient to affect the photosynthesis, growth, and morphogenesis of the seedlings.
The photosynthetic rates of Chinese cabbage and cucumber were significantly increased under the SCF, and their
maximum photosynthetic rates were 23% and 19%, respectively. However, the growth of lettuce was decreased under
the SCF, and the plant height and leaf length became longer, resulting in a decrease in seedling quality. Although the
morphology of Chinese cabbage grown under the SCF was not changed compared to the control, the leaf dry weight
increased and its dwarf rate was 10%. The growth of cucumber under the SCF was similar to that of the control, but the
plant height and petiole were significantly reduced, resulting in a high dwarf rate of 24%. It was concluded that the
solar spectrum modified by the SCF increased the photosynthetic efficiency and improved the seedling quality of

Chinese cabbage and cucumber.
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Fig. 1. Spectral distributions (A) of incident light under the spectrum
conversion film (SCF) and poly-ethylene film (Control) measured
in the experimental site at 12:00 h on 30 December 2020. Total
transmittances (B) of the films measured using a spectroradiometer
with an integrating sphere and relative percentages to incident light.

Table 1. Spectral transmittance of the spectrum conversion film (SCF) and poly-ethylene film (Control) before covering.

Transmittance (%)

Film Ultraviolet” Blue Green Red PAR Far-red
Control 94.4 96.5 94.3 95.5 96.5
SCF 75.9 879 1104 93.7 100.0
“Ultraviolet, 280-400 nm; blue, 400-500 nm; green, 500-600 nm; red, 600-700 nm; PAR (photosynthetic active radiation), 400-700 nm; far-red,
700-800 nm.
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Fig. 2. Light-response curves of net photosynthesis (P,) in the fully expanded leaves of the romaine lettuce (A), Chinese cabbage (B), and cucumber
(C) seedlings grown under the spectrum conversion film (SCF) and poly-ethylene film (Control) for 31, 31, and 41 days, respectively. The
regression curves were obtained by Eq. (4) (Refer to Table 4 for the parameters). The vertical bars indicate SD, n = 4. The asterisk indicates

significant differences via Student's t-test, *p <0.05.

Table 2. The parameters and coefficients of determination (Rz) for photosynthetic light-response curves of the romaine lettuce, Chinese cabbage, and
cucumber seedlings grown under the SCF and poly-ethylene film (Control) for 31, 31 and 41 days, respectively.

Plant Film Ri P 0 §
(umol CO;m™s™) (umol COym™s™) (umol COym™s™)
Control 0.509 8.89 0.105 0.939
Lettuce
SCF 0.522 9.68 0.101 0.987
. Control 0.753 7.85 0.100 0.921
Chinese cabbage
SCF 0451 9.66 0.086 0.962
Control 0.522 9.94 0.079 0.964
Cucumber
SCF 0.386 11.83 0.072 0.992
“The parameters (Rs Puax, and 0) of regression curves were obtained by Eq. (4).
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Table 3. Growth and morphology of the romaine lettuce and Chinese cabbage seedlings grown under the spectrum conversion film (SCF) and
poly-ethylene film (Control) for 31 days.

Plant Film Fresh weight () Dry weight (&) SPAD value
Leaf Root Leaf Root
Lettuce Control 2.7 £ 02 1.0 £ 0.1 0.19 + 0.01 0.07 + 0.01 249 19
SCF 2.7 +£02 0.7 0.1 0.16 + 0.01 0.04 + 0.01 235+ 21
ns sk * sk ns
Chinese Control 24+ 02 1.1 £ 0.0 0.26 + 0.02 0.08 =+ 0.01 237 £ 13
cabbage SCF 24 £0.1 1.1 +£02 0.32 + 0.01 0.08 £ 0.00 238 £ 03
ns ns *k ns ns
Plant Film Leaf area (cmz) Leaf length (cm) Leaf width (cm) Plant height (cm)
Lettuce Control 793 £ 49 113 + 0.7 39+ 0.1 1.1 £ 15
SCF 80.1 + 6.5 138 + 1.3 37 +03 148 £ 1.9
ns * ns *
Chinese Control 75.0 + 4.7 9.5+ 09 44 + 04 94 + 0.8
cabbage SCF 732 + 49 89 + 02 45+ 0.1 82 + 0.6
ns ns ns ns

“Data are presented as mean + SD (n = 4). The asterisk indicates significant differences via Student's t-test, *p < 0.05; **p < 0. 01; ns, not
significant.

Table 4. Growth and morphology of the cucumber seedlings grown under the spectrum conversion film (SCF) and poly-ethylene film (Control) for
41 days.

Fresh weight Dry weight
Film eht (& Y eht (&) SPAD value
Leaf Petiole and stem Root Leaf Petiole and stem Root
Control 28 £03 23 +02 1.9 + 0.6 0.63 + 0.09 0.25 + 0.03 0.22 + 0.03 284 + 0.8
SCF 26 +£0.1 1.9 £ 03 2.0 £ 0.1 0.63 + 0.04 0.23 + 0.02 0.22 + 0.01 30.5 £ 09
ns * ns ns ns ns *
. . . . Internode length
Film Leaf area (cmz) Leaf length (cm) Leaf width (cm)  Plant height (cm)  Petiole length (cm) e (c;) engt
Control 114.5 + 16.0 87 + 08 105 £ 02 204 + 24 32+02 52+09
SCF 1309 = 11.5 89 + 05 10.1 £ 02 154 + 3.0 25+ 04 45+ 14
ns ns * * & ns

“Data are presented as mean = SD (n = 4). The asterisk indicates significant differences via Student's t-test, *p < 0.05; ns, not significant.
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Fig. 3. Representative images of the romaine lettuce, Chinese cabbage, and cucumber seedlings grown under the spectrum conversion film (SCF) and

poly-ethylene film (Control) for 31, 31 and 41 days, respectively.
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spectrum conversion film (SCF) and poly-ethylene film (Control) for 31, 31 and 41 days, respectively. The parameters were calculated by Egs. 1—
3. The vertical bars indicate SD, n = 4. The asterisk indicates significant differences via Student's t-test, **p < 0.01; ***p <0.001.
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