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Analysis of Light Traits in a Solar Light-collector Device and its
Effects on Lettuce Growth at an Early Growth Stage
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Abstract

The aim of this study was to analyze the light traits in a solar light-collector device and its effects on lettuce growth at an
early growth stage. The three hyper parameters used were the reflector diameter (2 cm and 4 cm), coating inside the reflector
(chrome-coated, non-coated) and distance from the light fiber (15 cm and 20 cm). The results showed that light efficiency,
which is the ratio of light intensity inside the fiber to the solar intensity, improved by 41.1 % when using a 2 cm diameter
chrome-coated reflector at a distance of 15 cm from the light fiber; whereas it only improved by 20.6% when a non-coated
reflector was used. As the reflector size was increased to 4 cm, the light efficiency for the coated and non-coated reflectors
increased by 28.5 % and 26.4 %, respectively, hence, no significant difference was observed. When the light fiber was placed
at a distance of 20 cm, the increase in light efficiency with coating treatment was 8 % higher than without coating treatment.
We also compared the efficiency of light-fiber treatment with that of LED treatment in our lettuce nursery, and observed that
the plants exhibited better growth with light-fiber treatment. We observed an average increase of 1.7 cm in leaf height, 7
cm?/plant increase in leaf area, and 32 mm increase in root length upon light-fiber treatment as opposed to those observed with
LED treatment. These findings indicate that the collector light-fiber is economically feasible and it improves lettuce growth
compared with the LED treatment.
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Fig. 1. Analysis of irradiance spectrum in the light fiber of solar and LED light.
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Fig. 2. Light efficiency rate at 15cm (left) and 20cm (right) from light fiber by using reflector diameter and coating.
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Table 1. Analysis of diffusion at various distance from the center by using light fiber

0
Distance from center Cn_lz 1 5cm 7.5cm 10 cm 12.5cm 15 cm
(umolm™s™)
Light intensity 495/1,174 277/1,204 96/1,081 93/1,147 42/1,082 32/1,071
(Fiber/outside) (42.2%) (23.0%) (8.9%) (8.1%) (3.9%) (3.0%)

Table 2. Growth of affected lettuce 20 days after sowing

Leafno.  Leaf height Leaf Leaf area Root Chlorophyll Fresh
. Dry wt.
Treatment diam. length content wt. (epl)
(ea/pl.) (cm) (cm) (ecm?/pl.) (mm) (SPAD) (g/pl.) ’
Light fiber 3.78az 8.73a 4.44a 39.4a 125.0a 14.30a 0.98a 0.056a
LED 3.67a 6.99b 4.13a 32.4b 93.0b 14.39a 0.83a 0.049a

“Means followed by the same letter are not significantly different using T-test, P=0.05.

Fig. 4. Pictures of experiments under light fiber of solar (A) and LED light (B) at 20 days after sowing.
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