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ABSTRACT

A supplemental lighting system was installed at a large-scale seedling greenhouse (12.5 m X 45 m), which supplies high quality and large
quantity of seedlings to farmers through out the year. A test experiment of supplemental lighting for seedlings in this house was performed
during the rainy season and winter-early spring to prepare for planting, when sunshine is sometimes insufficient. A mercury-free high pressure
sodium lamp of 400W with a red to far-red photon flux (R/FR PF) ratio of 1.1 was developed and manufactured for this experiment. The
average PPFD was 100pmol m™ s™'. The experimental plants were lettuce, broccoli, and cabbage. In both rainy and winter-early spring
experiments, we found that supplemental lighting was effective for seedling growth. Significant supplemental lighting effects in the rainy
season were found for broccoli. Top fresh weights of both a 2h lit area before sunrise and after sunset were 30-60% greater than those of the
non-lit area.

A drop test of lettuce demonstrated that the remaining ratio of soil of both a 2h lit area before sunrise and after sunset were about 87%, and
those of the non-lit areas were about 78%. Thus, good growth in roots was found. A significant supplemental lighting effect in winter-early
spring was found in the lettuce experiment. Top fresh weights of both a 3h lit area before sunrise and after sunset were 165-200% greater than
those of the non-lit area. In winter-early spring experiments, a clear difference between a 3h lit area before sunrise and after sunset was not
found.
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Fig.1 Layout of the experimental cultivating beds with supplemental
lighting before sunrise, after sunset and control cultivating

beds.
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Fig.2 Spectral distribution of a trial HID lamp. R/FR photon flux
ratio of a trial HID lamp is 1.1.
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Fig.3 Horizontal iso-PPFD curve on the surface of cultivating beds
(h=08m) in a greenhouse. Maximum PPFD is 151u mol m?s™.
Average PPFD is 100mol m? s™. Each cultivating bed secures
more than 80umol m?s™. Broken lines show the area of
cultivating beds.
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Fig4 A photo taken at cultivating beds with 2-hours supplemental
lighting after sunset during the rainy season experiments.
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Fig5 Histogram of plant height to quantity of broccoli during the
rainy season experiments on July 9.
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Tablel Top fresh weights (weight above the ground on fresh
state) and plant heights of lettuce with 2-hours lighting
before sunrise, after sunset and control during the rainy
season experiments.

(a) Top fresh weight (lettuce)

Days of 2h lighting 2h lighting control
treatment before sunrise | after sunset
9 0.11+0.01 0.11x0.01 0.100.01
15 0.27+0.02 0.26+0.02 0.23%0.02
21 0.31+0.05 0.26+0.02 0.26+0.05
unit:g
(b)Plant height
Days of 2h lighting 2h lighting control
treatment before sunrise | after sunset
9 3.3+0.1 3.1£0.2 2.9+0.2
15 5.0+0.1 5.0+0.2 4.6+0.2
21 4.7+0.2 4.3+0.2 4.1+0.4
- Mean valuexstandard deviation of ten plants unit:cm
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Table2 Top fresh weights and plant heights of broccoli with
2-hours lighting before sunrise, after sunset and control
during the rainy season experiments.

(a) Top fresh weight (broccoli)

Days of 2h lighting 2h lighting control
treatment before sunrise | after sunset
0.17£0.01 0.17x0.01 0.16+0.01
15 0.38=+0.02 0.35+0.02 0.27+0.01
21 0.53+0.04 0.43+0.07 0.33+0.05
unit:g
(b)Plant height
Days of 2h lighting 2h lighting control
treatment before sunrise | after sunset
9 3.3x+0.1 3.2+0.1 3.2+0.1
15 7.1£0.3 6.6+0.3 5.6x+0.2
21 7.2+0.3 6.3+0.5 5.4+0.3
» Mean value=xstandard deviation of ten plants unit:cm
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Table3 Comparison of root growth by the weights before and after dropping plants on the
ground during the rainy season experiments.

Before sunrise After sunset Control
Weight before dropping (g) 6.22 5.89 6.37
Weight after dropping (g) 5.43 5.12 4.98
Remaining soil ratio (%) 87.3 86.9 18.2
Gravimetric water content ratio (%) 72.3 70.9 70.7
Remaining soil ratio =(Weight after dropping) x 100/ (Weight befor dropping)
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Table4 Top fresh weights, plant heights and leaf areas of Sunny-Red-Ace with 3-hours
lighting before sunrise, after sunset and control during the winter-early spring season
experiments. The data which have not standard deviation are due to too small to
measure each plant. In these cases, mean values are calculated from eight plants
which are measured at the same time.

(a) Top fresh weight (Sunny-Red-Ace)

Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
11 0.04 0.03 0.06 0.03
17 0.21+£0.04 0.12+0.01 0.20£0.03 0.11£0.02
unit:g
(b) Plant height
Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
1 2.2%+0.2 1.7x0.2 2.2+0.2 1.4%0.2
17 5.1+0.6 3.3+0.2 4.5+0.6 3.2+0.3
unit:cm
(c)Leaf area
Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
1 0.86 0.55 0.85 0.55
17 4.81+0.96 2.92+0.80 5.18+0.78 2.72+0.35
- Mean valuexstandard deviation of eight plants. unit:cm?
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Table5 Top fresh weights, plant heights and leaf areas of Shinano-Summer with 3-hours
lighting before sunrise, after sunset and control during the winter-early spring season
experiments. The data which have not standard deviation are due to too small to
measure each plant. In these cases, mean values are calculated from eight plants
which are measured at the same time.

(a)Top fresh weight (Shinano—-Summer)

Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
1 0.06 0.03 0.07 0.04
17 0.23+0.04 0.13£0.01 0.19+0.04 0.14+0.02
unit:g
(b)Plant height
Days of Before sunrise After sunset
treatment 3h lighting Gontrol (1) 3h lighting Control (2)
1 2.5+0.2 1.7+0.1 2.1£0.3 1.8%x0.2
17 5.7£0.4 3.2+0.2 4.5%0.3 3.3+0.4
unit:cm
(c)Leaf area
Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Gontrol (2)
1 1.25 0.40 1.34 0.74
17 5.51+0.90 2.90+0. 51 4.83+1.08 2.94+0. 57
* Mean valuexstandard deviation of eight plants. unit:om’
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Tableb Top fresh weights, plant heights and leaf areas of Green-Leaf with 3-hours lighting
before sunrise, after sunset and control during the winter-early spring season
experiments. The data which have not standard deviation are due to too small to
measure each plant. In these cases, mean values are calculated from eight plants
which are measured at the same time.

(a) Top fresh weight (Green-Leaf)

Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
1 0.07 0.03 0.06 0.03
17 0.32+0.07 0.12+0.02 0.20+0.06 0.11£0.04
unit:g
(b)Plant height
Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
1 2.0+0.1 1.6+0.1 2.3+0.3 1.6+0.3
17 6.5+0.6 3.4+0.3 5.3+0.4 2.9+0.6
unit:cm
(c)Leaf area
Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Gontrol (2)
B 1.32 0.69 1.34 0.52
17 8.73+2.47 2.93+0. 88 5.90+1.96 2.93+1.44
» Mean valuez*standard deviation of eight plants. unit:cm’
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Table7 Top fresh weights, plant heights and leaf areas of Steady with 3-hours lighting before
sunrise, after sunset and control during the winter-early spring season experiments.
The data which have not standard deviation are due to too small to measure each
plant. In these cases, mean values are calculated from eight plants which are
measured at the same time. The symbol [—] means that we failed in measuring plants.

(a) Top fresh weight (Steady)

Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
11 0.06 - 0.07 0.04
17 0.13£0.03 0.07=0. 01 0.15£0.05 0.05+0. 01
unit:g
(b)Plant height
Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
[} 2.4+0.4 - 2.4+0.3 1.5+0.3
17 5.6+0.5 2.9+0.4 4.7%0.8 3.5+0.2
unit:cm
(c)Leaf area
Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
11 1.01 - 1.12 0.70
17 2.67+0.95 1.27+0.42 3.15+1.07 0.99+0.13
» Mean valuezxstandard deviation of eight plants. unit:cm’
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Table8 Top fresh weights, plant heights and leaf areas of cabbage with 3-hours lighting
before sunrise, after sunset and control during the winter-early spring season
experiments.

(a)Top fresh weight (cabbage)

Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
1 0.12£0.02 0.07+0.01 0.12+0.02 0.06=+0. 01
17 0.34+0.07 0.19+£0.03 0.36+0.05 0.19=0.04
unit:g
(b)Plant height
Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
1 3.2+0.4 2.2+0.2 3.2+0.4 2.2+0.3
17 5.9+0.5 4.0+0.4 5.9+0.5 3.8+0.4
unit:cm
(c)Leaf area
Days of Before sunrise After sunset
treatment 3h lighting Control (1) 3h lighting Control (2)
11 2.06+0.27 1.26+0.10 2.01+0.34 1.18=+0. 26
17 6.87+1.54 3.32+0.44 7.50+1.03 3.54+0. 98
» Mean valuexstandard deviation of eight plants. unit:cm?
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Fig.7 Sunshine duration hours during the winter-early spring
season experiments (1999 and average hours of the past 10
years).
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