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Abstract. The objective of this study was to analyze the microclimate and the growth of tomato and lettuce in the
greenhouses covered with spectrum conversion films using different phosphor particles sizes. Two spectrum con-
version films using phosphor particles larger than 10 um (Micro-film) and smaller than 500 nm (Nano-film) in
radius, and poly-ethylene (PE) film were used in double-layered greenhouses as outer coverings. PE films were
used as inner coverings in all the greenhouses. Thickness of the films for inner and outer coverings was 0.06 mm.
Tensile strength, elongation, and tearing resistance of the Micro- and Nano-films were not different from those of
the PE film. Transmittances at a wavelength of 300-1100 nm were a little higher at the Micro- film and lower at
the Nano-film than that of the PE film, respectively. Air temperatures at the Micro- and Nano-films were over 2°C
higher than at the PE film, but no significant difference was observed between the two light conversion films. The
soil temperature at the Nano-film was 1.5°C and 3°C higher than at the Micro- and PE films, respectively. The
yields of tomato at the Micro- and Nano-films were 12% and 14% higher than at the PE film, but no significant
difference was observed between the two spectrum conversion films. The total soluble solid showed no signifi-
cant differences among all the films. The yields of lettuces at the Micro- and Nano-films were 27% and 59%
higher than at the PE film. Hunter’s red (a) value of the lettuce leaf was the highest at the Nano-film. In this
experiment, tomatoes requiring high irradiation were better at the Nano film, while lettuce requiring low irradia-
tion better at the Micro film.

Additional key words : lettuce, micro-size, nano-size, PE film, tomato, spectrum conversion film
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Fig. 1. A converted spectrum of ultraviolet radiation (excitation at
370nm) by spectrum conversion phosphor.
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Fig. 2. Spectral irradiance (a) and spectral transmittance (b) in the
double layered greenhouses under solar radiation on Feb. 8,
2009 at noon. Micro, Nano, and PE mean the greenhouses using
spectrum conversion films using phosphor particles larger than
10pm, smaller than 500 nm in radius, and poly-ethylene film as
outer films, respectively. All the greenhouses used the poly-
ethylene film as inner film. Thickness of each film is 0.06 mm.

Table 1. Comparison of tensile strength, elongation, and tearing resistance among spectrum conversion films using different phosphor

particle sizes and PE film.

Item (unit) Micro” Nano” PE*
Tensile strength (N/cm?) 2,470£170% 2,391+226 2,396+195
Elongation (%) 597+80 612+37 60450
Tearing resistance (N/cm) 1,201+88 1161+42 1,181+£71

“Spectrum conversion film using phosphor particles larger than 10 pum in radius.
YSpectrum conversion film using phosphor particle smaller than 500 nm in radius.

*Poly-ethylene film.
“Mean=standard error.

A0 - A2SE, 252 H25 20164

113



W74

e

o5 -

o)

rpr

Ry

Tabel 2. Comparison of transmittance (%) according to wavelength among spectrum conversion films using different phosphor particle

sizes and PE film.

Film Ultraviolet radiation Pl;‘;i?jg?g:ﬁ;igzﬂy_ Near infra-red radiation Short-wave radiation
(300-400nm) (400-700nm) (700-1100nm) (300-1100nm)
Micro+PE? 55.3 71.9 86.2 77.0
Nano+PE* 553 73.5 89.8 79.4
PE+PE* 45.7 72.9 90.9 78.5

“Spectrum conversion film using phosphor particles larger than 10 um in radius (outer) + poly-ethylene film (inner).
YSpectrum conversion film using phosphor particles smaller than 500 nm in radius (outer) + poly-ethylene film (inner).

*Poly-ethylene film (outer) + poly-ethylene film (inner).
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Fig. 3. Daily changes in solar irradiation (a), air temperature (b),
and soil temperature (c) in the double layered greenhouses
under solar radiation on Feb. 8, 2009 at noon. Micro, Nano, and
PE mean the greenhouses using spectrum conversion films
using phosphor particles larger than 10pum, smaller than 500 nm
in radius, and poly-ethylene film as outer films, respectively. All
the greenhouses used the poly-ethylene film as inner film.
Thickness of each film is 0.06 mm.
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Fig. 4. Yields of tomatoes grown in the greenhouses covered with
different spectrum conversion films and PE film from April 2 to
May 21, 2016. Micro, Nano, and PE mean the greenhouses
using light conversion films using phosphor particles larger than
10pum radius, smaller than 500 nm radius, and poly-ethylene
film as outer films, respectively. All the greenhouses used the
poly-ethylene film as inner film (Thickness of each film is 0.06
mm). Vertical bars mean standard error. “Different letters
indicate significantly different values by LSD test at p < 0.05
(n=3).

Table 3. Effect of phosphor particle size of spectrum conversion films on the plant height, the fresh weight, number, area, width of leaves,
and the fresh weight, Hunter values and total soluble solid (TSS) of fruits of tomatoes grown in double layered greenhouses (Thick-

ness of each film is 0.06 mm).

Leaf Fruit
. Plant height : A
Film Fresh weight Area Fresh weight Hunter value TSS
(cm) Number 5 -0
(® (cm”) (® L a B (Brix®)
Nano+PE* 135.6ab" 435a 24ab 6,660ab 264.0a 23.7a 11.1a 14.6a 6.9a
Micro+PE” 141.5a 443a 24a 7,524a 262.3a 23.8a 11.6a 14.1a 6.5a
PE+PE* 124.5b 408a 22b 5,758b 284.9a 24 4a 10.2a 14.6a 6.4a
“Spectrum conversion film using phosphor particles larger than 10 um in radius (outer) + poly-ethylene film (inner).
YSpectrum conversion film using phosphor particles smaller than 500 nm in radius (outer) + poly-ethylene film (inner).
*Poly-ethylene film (outer) + poly-ethylene film (inner).
“Different letters within columns indicate significantly different values by LSD test at p < 0.05 (n=5).
AMRI0]| - AESE, M253 M2 20164 115
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Table 4. Effect of phosphor size of spectrum conversion films on the fresh and dry weights, number, length and width of biggest leaf,
area, Hunter values of leaves and the root fresh weight of lettuces grown in double layered greenhouses (Thickness of each film is 0.06
mm).

Leaf

Root

Film Fresh weight  Dry weight Number Areg Hunter value fresh(weight
© © (cm?) L a b ®
Nano+PE* 161bY 7.3a 15a 3,259ab 35a -1.4a 18a 3.9b
Micro+PE" 222a 8.2a 18a 4,393a 39a -5.8b 22b 6.5a
PE+PE* 110b 4.4b 12b 2,123b 37a -5.7b 22b 2.9b

“Spectrum conversion film using phosphor particles larger than 10 um in radius (outer) + poly-ethylene film (inner).
YSpectrum conversion film using phosphor particles smaller than 500 nm in radius (outer) + poly-ethylene film (inner).

*Poly-ethylene film (outer) + poly-ethylene film (inner).

“Different letters within columns indicate significantly different values by LSD test at p < 0.05 (n=10).
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Fig. 5. Yields of lettuce grown in the greenhouses covered with
different spectrum conversion films and PE film. Micro, Nano,
and PE mean the greenhouses using light conversion films
using phosphor particles larger than 10pum radius, smaller than
500 nm radius, and poly-ethylene film as outer films,
respectively. All the greenhouses used the poly-ethylene film as
inner film. Thickness of each film is 0.06mm. Vertical bars
mean standard error. “Different letters indicate significantly
different values by LSD test at p < 0.05 (n=3).
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