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Fig. 1. Three types of hghtmg bulbs were used from left to right: 100W incandescent tungsten-filament
bulb, 20W, and 21W energy saving bulbs.
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Fig. 2. Installation of four lighting bulbs in a rectangle to measure light intensity at different locations in
the field. Height of bulb is 180 cm.
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Table 1. Light intensity of three types of lighting bulbs at dlfferent distances (single bulb)'

Horizontal distance from light Lighting intensity (Lux)
(cm) 100W 21W 20W
0 83.742.1 47.413.0 20.3+1.4
50 46.110.6 43.6%1.1 21.4%1.3
100 27.410.1 29.0£1.3 17.6£0.9
150 13.610.2 17.9%1.6 12.610.4
200 8.2t1.1 12.310.1 8.310.8
250 5.120.6 7.240.2 6.010.1

! Height of lighting bulbs is 180 cm.
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Table 2. Light intensity of three types of lighting bulbs at different distances (four bulbs installed at the
corners in a 2.6m x 5.0m rectangle)

Horizontal distance from light' Lighting intensity (Lux)
(cm) 100W 21W 20W
0 92.714.9 54.613.0 28.0%1.1
50 51.1+1.8 51.120.6 29.6%1.6
Side line 100 33.9%1.9 37.010.2 26.111.0
150 20.1£1.0 25.2+2.5 20.710.9
200 15.7£0.5 20.610.8 16.7£0.0
250 14.2+0.4 18.610.0 15.310.2
0 36.410.7 45.7+4.8 30.8%1.5
50 33.910.1 4421423 29.6%1.5
Middle line 100 25.4%1.6 34.9+2.0 24.510.1
150 20.4%1.8 27.3%+1.2 20.0%0.3
200 16.310.4 21.010.8 16.8%0.0
250 15.2+0.0 19.8+0.1 16.0+0.3
! Height of lighting bulbs is 180cm. Bulbs were installed as Fig. 2.
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Table 3. Consumption of electricity of three types of bulbs (unit: kw-hour)

Types of bulb Continuous lighting Cyclic lighting®
100 W tungsten-filament 204.9 77.1
21 W energy saving 43.8 17.1
20 W energy saving 39.5 14.3

! Calculating from 2001. Nov. 22 to 2002.Jan.30.
% Continuous lighting: night break between 10:00pm to 2:00am.
Cyclic lighting: 10 minutes in every 30 minutes of 8 cycles.
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Table 4. Days to flowering of ‘Huang-Shiou-Fang’ chrysanthemum after light-off

Distance from bulbs (cm)

Methods of lighting Types of bulbs

0-50 51-100 101-150 151-200 201-250

100W 58.0£0.0  58.0£0.0  57.3%1.1 56.0+1.7 55.04£0.0

Continuous lighting 21W 55.0£0.0  55.0£0.0  55.0£0.0  52.0£0.0  50.7£2.3
20W 53.0+1.7 53.0+1.7 50.7+£2.3 50.7+2.3 50.742.3

100W 55.0£0.0  55.0+0.0  55.0£0.0  54.0+1.7 52.04£0.0

Cyclic lighting 21W 26.0£1.7  22.7£2.3 20.3£3.5  20.3£3.5 18.7£2.9
20W 2277474  21.3+5.1 17.0+£7.0 17.0+£7.0 15.3£7.6
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Table 5. Days to flowering of ‘Gin-Fong-Cher’ chrysanthemum after light-off

Distance from bulbs (cm)

Methods of lighting Types of bulbs

0-50 51-100 101-150 151-200 201-250

100W 48.0£0.0 47.0+1.7 48.0+0.0 47.0+1.7 44.743.5

Continuous lighting 21W 45.0+0.0 41.0+0.0 38.7+4.0 36.7£2.3 36.7+2.3
20W 45.0+0.0 41.0+£0.0 41.0+£0.0 41.0+£0.0 38.0+0.0

100W 41.0+0.0 41.0+0.0 38.0+=0.0 26.0+1.7 26.0+1.7

Cyclic lighting 21W 34.0+0.0 21.3+£2.3 11.3£5.1 12.3+4.0 12.3+4.0
20W 19.0£1.7 14.7+4.0 11.3£5.1 12.3+4.0 15.745.1
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Table 6. Height of flowering stem of ‘Huang-Shiou-Fang’ chrysanthemum
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Distance from bulbs (cm)

Methods of lighting Types of bulbs

0-50 51-100 101-150 151-200 201-250

100W 86.8+4.2 85.245.4 82.8+1.9 85.7+2.8 84.0+3.6

Continuous lighting 21W 84.8+£2.2 83.7+4.5 85.3£2.9 84.8£2.6 86.8+1.9
20W 75.3£1.5 75.7£2.2 73.0£2.7 73.0+3.8 73.2+4.1

100W 80.8+0.8 75.8+1.9 75.5+0.5 72.8+2.8 71.7+£6.3

Cyclic lighting 21W 47.0+£3.6 44.2+1.8 43.2+1.8 40.842.3 39.5+0.5
20W 47.3£1.3 44.7+£2.3 42.842.3 40.3+4.7 39.2+3.8

Ao ST T S AT TR BT e
Table 7. Nodes of flowering stem of ‘Huang-Shiou-Fang’ chrysanthemum

Distance from bulbs (cm)

Methods of lighting Types of bulbs

0-50 51-100  101-150  151-200  201-250
100W 377425 367415 36312  37.3%2.5  37.3+1.2
Continuous lighting 21W 37.3+2.1 37315 38.0£1.7  37.3:12  38.0+1.0
20W 38.042.0  383+1.5  353+1.2  37.040.0  35.7£0.6
100W 38.0£1.0  37.740.6  37.3%0.6  36.3£2.5  34.742.3
Cyclic lighting 21W 19.743.9  17.042.7  15.7¢12  16.74#2.1  15.742.1
20W 18.041.7  17.041.7  17.3#3.5  16.340.6  16.0+1.0
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Fig. 3. Flowering and height of flowering stems of ‘Gin-Fong-Cher’ chrysanthemum in 1/3 cyclic lighting

of 4 hr. night-break by 100W incandescent tungsten-filament bulb. Light installed at right side.
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Table 8. Daily light amount (Lux-min) of continuous and cyclic (34%) lighting of three bulbs in 4 hour
night-break for flowering inhibition of chrysanthemum

Distance from bulbs (cm)

Methods of lighting Types of bulbs

100 150 200 250
100W 8,160 6,000 4,800 3,720 3,360
Continuous lighting 21W 10,560 8,400 6,000 4,920 4,440
20W 7,080 5,880 4,800 3,960 3,600
100W 2,720 2,000 1,600 1,240 1,120
Cyclic lighting 21W 3,520 2,800 2,000 1,640 1,480
20W 2,360 1,960 1,600 1,320 1,200
' Lux-Min.
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Energy Saving in Chrysnathemum Night-break:
Using Energy Saving Bulb and Cyeclic Lighting'

Chian-Shinn Sheu, Fan-Ming Wei, Yun-Sheng Tien and Yuan-Ray Chen’

ABSTRACT

To save the energy cost of night-break by using energy saving bulbs and cyclic lighting is
the aim of this experiment. Three types of bulbs, 100W tungsten-filament and two energy saving
bulbs, 20W and 21W, were tested in continuous or cyclic lighting. An effective four-hour lighting
during midnight was designed. A method of 30-minute cycle with 10 minutes lighting and
20-minute dark was designed for cyclic lighting. Eight cycles in 4 hours were conducted. Two
chrysanthemum cultivars, ‘Huang-Shiou-Fan’ and ‘Gin-Fong-Cher’, were tested. Days to
flowering, height and nodes of flowering stem were measured to identify the effectiveness of
different lighting methods and materials.

From the days to flowering, the effective inhibition of flower initiation was found in
continous lighting of three bulbs and cyclic lighting of 100w tungsten-filament bulb. However,
when the light intensity was less than 20 Lux, days to flowering was slightly earlier than that of
higher light intensity. ‘Gin-Fong-Cher’ was more sensitive to light intensity than
‘Huang-Shiou-Fan’. Cyclic lighting of using 21W and 20W energy saving bulbs couldn’t maintain
vegetative growth in early stage for cut flower production. From height and nodes of flowering,
effectiveness of flowering inhibition could be evaluated. Critical light to inhibit flowering was
estimated below 1,200 Lux'min for ‘Huang-Shiou-Fan’ and above 1,600 Lux'min for
‘Gin-Fong-Cher’. For ‘Huang-Shiou-Fan’, cyclic lighting could be to save electricity even light
intensity was low as 15 Lux.

Electricity consumption of 20W and 21W energy saving bulbs were 19.3 and 21.3% of 100W
incandescent tungsten-filament bulb. In same light intensity, incandescent tungsten-filament was
more effective than energy saving bulbs. It was suggested to increase install density when energy
saving bulbs were used for night-break. One-third cyclic lighting only could be applied for variety
having low critical light amount, and consuming 36-38% electricity of continuous lighting. Using
energy saving bulbs and cyclic lighting could save electricity. However, the diversity of critical

light amount among cultivars should be considered.

Key word: Chrysanthemum, photoperiod, night-break, cyclic lighting, light quality.
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