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ABSTRACT

The flower characteristics of Chrysanthemum
[Dendranthema x grandiflorum (Ramat.) Kitamura]
have been greatly improved through conventional
cultivation practices and breeding programs in
past decades. Similar to many floral plants,
growth, development and production of
Chrysanthemum spp. are manipulated by light, in
terms of factors such as light quality, light
intensity and lighting duration. To clarify effects
of nighttime illumination with varied wavebands
on flowering of Chrysanthemum spp. and
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responses of treated plants in growth traits and
flowering characters, artificial light sources of
light-emitting diodes (LEDs) and energy-saving
light bulb (ELB; 23 W) were adopted for this
potted experiment in structure. As a summer
season production scheme, seedlings of a big
flower variety ‘Hunag-Jing-Ching’ and a small
flower variety ‘Finnish-Hsiao-Fen’ were planted
under structures located at the experimental farm
of Taiwan Agricultural Research Institute on
February 11, 2011. Treatments of nighttime
illumination, during dark period of 22:00-02:00,
started from planting day till the date of floral
bud formation appearing on control plants with
no light treatment (CK). There were 10 treatments
in total including CK. From results of Least
Significant Difference test, treatments of red light
LED (R; 10 W) and white light LED (W1ow; 10 W)
increased height of floral stem of variety
‘Huang-Jing-Ching’, while treatments of red-blue
combined LED (RB; 10 W) and two bulbs of ELB
(ELBy) stimulated number of leaf node (leaf
number) and treatments of yellow light LED (Yiow;
10 W) and ELB, improved flower characteristics.
In variety ‘Finnish-Hsiao-Fen’, height of floral
stem, number of leaf node and aboveground fresh
weight were enhanced by lighting with Wiow,
circumference of floral stem was promoted by
treating with R, and flower characteristics were
ameliorated by irradiating yellow light LED (Ysw;
5 W). As to effects on plant development, plants
treated with Wiow, RB, ELB, and R were found
extending its days required to floral bud
formation and flowering in both varieties.
Additionally there existed differential
performance in the tested varieties owing to
differences in light intensity. Light sources having
higher light intensity, such as Wiow, RB, ELBy, R
and Yiow, obtained better treatment effects than
those with relatively lower intensity treatments.
Key words: Chrysanthemum, Nighttime
illumination, Days required to floral
bud formation, Days required to
flowering, Flowering stage, Flower
quality.
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Table 1. The recorded dates of different growth stages, from planting to flower-wilted, for two varieties of
Chrysanthemum, big flower variety ‘Huang-Jing-Ching’ and small flower variety
‘Finnish-Hsiao-Fen’ grown in 2011 under nighttime illumination treatments using LEDs
(light-emitting diodes) and ELB (energy-saving light bulb) as light sources.

Stage ELBix Wipw RB  ELB, R Yiow Ysw = Wiy B CK
Variety ‘Huang-Jing-Ching’

Planting 02/11 02/11 02/11 02/11 02/11 02/11 02/11 02/11 02/11 02/11
FBFy 04/07 04/23 04/22 04/22 04/20 04/16 04/11 04/11 04/02 04/04
Flowering 05/13 05/26 05/22 05/26 05/21 05/17 05/15 05/14 05/02 05/03
Flower-cut 05/13 05/26 05/22 05/26 05/21 05/17 05/15 05/14 05/02 05/03
Flower-wilted 05/19 06/15 06/13 06/13 06/09 06/05 05/24 05/22 05/10 05/13
Variety ‘Finnish-Hsiao-Fen’

Planting 02/11 02/11 02/11 02/11 02/11 02/11 02/11 02/11 02/11 02/11
FFBF> 04/28 05/02 05/04 05/07 05/04 05/02 04/30 04/24 04/10 04/10
FFF 05/29 06/08 06/09 06/09 06/12 06/03 06/01 05/25 05/06 05/07
FSF 06/01 06/09 06/09 06/11 06/13 06/05 06/03 05/26 05/07 05/09
FTF 05/30 06/09 06/10 06/10 06/13 06/04 06/03 05/26 05/07 05/08
FFOF 05/31 06/09 06/11 06/10 06/12 06/05 06/03 05/27 05/07 05/10
FFIF 06/01 06/10 06/11 06/10 06/13 06/08 06/06 05/27 05/04 05/10
Flower-cut 05/30 06/09 06/10 06/10 06/12 06/05 06/03 05/26 05/07 05/08
FFW 06/23 07/07 07/08 07/09 07/02 06/29 06/30 06/16 05/14 05/22
SFW 06/25 07/07 07/08 07/09 07/02 06/30 07/01 06/16 05/15 05/24
TFW 06/24 07/07 07/09 07/09 07/02 06/30 07/01 06/16 05/15 05/23
FOFW 06/25 07/07 07/09 07/09 07/02 06/30 06/30 06/16 05/15 05/24
FIFW 06/26 07/07 07/09 07/10 07/02 07/05 07/04 06/14 05/13 05/26

x ELBy: one energy-saving light bulb, 23 W; Wigw: white light LED, 10W; RB: red and blue light combined
LED, 10W; ELBy: two energy-saving light bulbs, 23 W; R: red light LED, 10W; Yiow: yellow light LED,
10W; Ysw: yellow light LED, 5W; Wsw: white light LED, 5W; B: blue light LED, 10W; CK: no light
treatment.

y FBF: floral bud formation.

z FFBF: first floral bud formation; FFF: flowering of the first flower; FSF: flowering of the second flower;
FTF: flowering of the third flower; FFOF: flowering of the fourth flower; FFIF: flowering of the fifth
flower; FEW; the first flower wilted; SFW: the second flower wilted; TFW: the third flower wilted; FOFW:
the fourth flower wilted; FIFW: the fifth flower wilted.
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Table 2A. Effects of nighttime illumination treatments using LEDs (light-emitting diodes) and
energy-saving light bulb (ELB) as light sources on growth traits and floral characters of
Chrysanthemum, variety ‘Huang-Jing-Ching’, grown in summer season of 2011. Nighttime
illumination treatment (22:00-02:00) started from planting till the formation of floral bud of

plants with no light treatment (CK).

Light source LSx NLN CFS AFW LDF CF
(cm) (No. leaf?) (mm) (8) (cm) (cm)
Variety ‘Huang-Jing-Ching’
ELBy 97.0 47.17 22.55 123.6 9.65 30.60
Wiow 123.2 53.75 20.73 144.5 11.45 37.85
RB 118.5 58.50 22.01 164.9 11.38 36.83
ELB» 116.3 57.25 21.85 171.7 11.83 38.08
R 127.0 60.75 20.90 191.1 11.75 37.50
Yiow 115.9 52.25 20.73 135.7 12.25 37.00
Ysw 100.0 48.50 21.91 133.9 9.60 33.80
Wsw 101.3 51.50 22.75 132.7 11.25 35.00
B 85.7 42.25 17.50 81.8 9.98 31.63
CK 69.5 43.58 17.03 729 9.99 32.33
Mean 105.4 51.55 20.80 135.28 10.91 35.06
LSDo,05 4.36 2.82 0.94 10.35 1.16 2.72

x LS: length of stem; NLN: number of leaf node; CFS: circumference of floral stem; AFW: aboveground
fresh weight; LDF: longest diameter of flower; CF: circumference of flower. Values are the mean of four

replicates.

v ELB1: one energy-saving light bulb, 23W; Wiow: white light LED, 10W; RB: red and blue light combined
LED, 10W; ELB2: two energy-saving light bulbs, 23W; R: red light LED, 10W; Yiow: yellow light LED,
10W; Ysw: yellow light LED, 5W; Wsw: white light LED, 5W; B: blue light LED, 10W; CK: no light

treatment.
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Table 2B. Effects of nighttime illumination treatments using LEDs (light-emitting diodes) and
energy-saving light bulb (ELB) as light sources on growth traits and floral characters of
Chrysanthemum, variety ‘Finnish-Hsiao-Fen’, grown in summer season of 2011. Nighttime
illumination treatment (22:00-02:00) started from planting till the formation of floral bud of
plants with no light treatment (CK).

LS~ NLN CFS AFW LDF CF
Light source

(cm) (No. leaf) (mm) (8) (cm) (cm)
Variety ‘Finnish-Hsiao-Fen’
LBy 102.3 59.67 11.56 127.9 5.62 18.39
Wi 128.8 69.00 1241 155.0 5.96 18.77
BR 114.5 61.75 12.57 139.3 5.76 18.78
LB; 112.3 66.33 12.17 137.6 5.37 17.34
R 119.9 66.00 12.93 145.5 5.81 18.49
Y10 113.3 61.75 12.23 132.9 5.99 18.89
Ys 110.8 62.00 11.87 138.9 6.30 20.09
Ws 101.5 56.75 10.26 116.6 5.73 18.54
B 77.5 45.75 11.66 77.9 5.76 19.26
CK 67.9 39.80 10.44 65.9 6.21 19.51
Mean 104.9 58.88 11.81 123.75 5.85 18.81
LSDg.0s 4.66 3.52 0.97 8.81 0.34 0.97

x LS: length of stem having the first flower; NLN: number of leaf node at flowering of the first flower; CFS:
circumference of floral stem having the first flower; AFW: aboveground fresh weight; LDF: the average
of longest diameter of the first five flowers; CF: the average of circumference of the first five flowers.
Values are the mean of five replicates.

v ELBs: one energy-saving light bulb, 23W; Wiow: white light LED, 10W; RB: red and blue light combined
LED, 10W; ELB2: two energy-saving light bulbs, 23W; R: red light LED, 10W; Yiow: yellow light LED,
10W; Ysw: yellow light LED, 5W; Wsw: white light LED, 5W; B: blue light LED, 10W; CK: no light
treatment.
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Table 3A. Effects of nighttime illumination treatments using LEDs (light-emitting diodes) and
energy-saving light bulb (ELB) as light sources on flower development of Chrysanthemum,

variety ‘Huang-Jing-Ching’, grown in summer season of 2011. Nighttime illumination treatment
(22:00-02:00) started from planting till the formation of floral bud of plants with no light

treatment (CK).

DRFBF~ DRFBFF DRF FDCF

Light source
days

Variety ‘Huang-Jing-Ching’
ELBy 56.0 37.5 92.5 6.8
Wiow 72.5 33.8 105.3 21.3
RB 71.5 30.8 101.3 23.0
ELB> 71.0 35.0 105.0 19.2
R 69.8 31.8 100.5 19.5
Yiow 65.5 32.0 96.5 20.3
Ysw 60.8 34.3 94.0 10.5
Wsw 60.3 33.8 93.0 9.5
B 51.0 31.0 81.0 9.8
CK 53.8 29.5 823 11.6
Mean 63.2 329 95.1 15.1
LSDg.0s 3.44 1.30 3.49 2.50

x DRFBF: days required to floral bud formation; DRFBFF: days required from floral bud formation to
flowering; DRF: days required to flowering; FDCEF: flowering duration of cut flower. Values are the

mean of four replicates.

v ELBy: one energy-saving light bulb, 23 W; Wiew: white light LED, 10W; RB: red and blue light combined
LED, 10W; ELB»: two energy-saving light bulbs, 23 W; R: red light LED, 10W; Yiow: yellow light LED,
10W; Ysw: yellow light LED, 5W; Wsw: white light LED, 5W; B: blue light LED, 10W; CK: no light

treatment.
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DRI R M KA B2 BLAE SR AE B R B S T2 ey
PIAEAE - el SR EDEREE - F3R It
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Table 3B. Effects of nighttime illumination treatments using LEDs (light-emitting diodes) and
energy-saving light bulb (ELB) as light sources on flower development of Chrysanthemum,

variety ‘Finnish-Hsiao-Fen’, grown in summer season of 2011. Nighttime illumination treatment
(22:00-02:00) started from planting till the formation of floral bud of plants with no light

treatment (CK).

ADRFBF~ ADRFBFF ADRF ADCFD
Light source
Variety ‘Finnish-Hsiao-Fen’
ELBy 77.8 33.0 109.8 25.7
Wiow 81.0 39.5 119.5 28.6
RB 83.8 377 120.5 29.9
ELB; 86.8 34.5 120.3 29.8
R 83.0 40.9 122.9 21.6
Yiow 81.0 35.2 115.2 255
Ysw 79.0 35.0 113.0 29.0
Wsw 73.0 334 105.4 21.6
B 59.0 282 86.2 8.9
CK 59.4 291 87.5 15.4
Mean 76.4 34.6 110.0 23.6
LSDo.0s 3.26 1.16 2.95 2.09

x DRFBF: days required to the first floral bud formation; DRFBFF: days required from the first floral bud
formation to its flowering; DRF: days required to flowering of the first flower; FDCF: the average of
flowering duration of the first five flowers on the same plant. Values are the mean of five replicates.

v ELBy: one energy-saving light bulb, 23 W; Wiew: white light LED, 10W; RB: red and blue light combined
LED, 10W; ELB»: two energy-saving light bulbs, 23 W; R: red light LED, 10W; Yiow: yellow light LED,
10W; Ysw: yellow light LED, 5W; Wsw: white light LED, 5W; B: blue light LED, 10W; CK: no light

treatment.
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LED, 5W; B: blue light LED, 10W; and CK: no light treatment.

grown under
illumination treatments using LEDs (light-emitting diodes) and ELB (energy-saving light
bulb) as light sources. ELB;: one energy-saving light bulb, 23W; Wyow: white light LED, 10W;
RB: red and blue light combined LED, 10W; ELB,: two energy-saving light bulb, 23W; R: red
light LED, 10W; Y1ow: yellow light LED, 10W; Ysw: yellow light LED, 5W; Wsw: white light
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Fig 2. Changes of flowering duration of cut-flower to floral characters in plants of

Chrysanthemum, varieties of ‘Huang-Jing-Ching’ and ‘Finnish-Hsiao-Fen’, grown under
nighttime illumination treatments using LEDs (light-emitting diodes) and ELB
(energy-saving light bulb) as light sources. ELB1: one energy-saving light bulb, 23W; Wyow:
white light LED, 10W; RB: red and blue light combined LED, 10W; ELB,: two energy-saving
light bulb, 23W; R: red light LED, 10W; Yiow: yellow light LED, 10W; Ysw: yellow light LED,
5W; Wsw: white light LED, 5W; B: blue light LED, 10W; and CK: no light treatment.
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Fig 3. Changes of flowering duration of cut-flower to flower development in plants of
Chrysanthemum, varieties of ‘Huang-Jing-Ching’ and ‘Finnish-Hsiao-Fen’, grown under
nighttime illumination treatments wusing LEDs (light-emitting diodes) and ELB
(energy-saving light bulb) as light sources. ELB1: one energy-saving light bulb, 23W; Wiow:
white light LED, 10W; RB: red and blue light combined LED, 10W; ELB;: two energy-saving
light bulb, 23W; R: red light LED, 10W; Y1ow: yellow light LED, 10W; Ysw: yellow light LED,
5W; Wsw: white light LED, 5W; B: blue light LED, 10W; and CK: no light treatment.
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