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Fig 1. Light spectrum of red metal halide lamp and yellow high-pressure sodium lamp.
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Table 1. The effects of different light treatments on plant height, nodes number per plant, internode
length, stem diameter, shoot fresh weight and root fresh weight of Eustoma cultivers

Plant Nodes No Internode Stem Shoot fresh  Root fresh
Cultiver Treatment' height per plant. length diameter weight weight
(cm) (em)  (mm) (2 2
ND 92.8ab’ 23.92 43ab 6.2b 103.7b 2.6b
Ave pinc HID 83.7¢ 19.0¢ 3.6b 6.6ab  103.2b 2.8ab
Fl;fl‘l % HIDE 96.7a 233a 3.3b 69a  1337a 3.0ab
RHID 91.3b 21.5b 3.9ab 6.4b 118.8ab 32a
RHIDE 93 3ab 23.1ab 4.9a 5.5¢ 108.3b 2.9ab
Melod ND 91.5ab 16.9a 3.5d 6.8bc 98.7a 4.4a
L,e ;’t Y HID 89.2ab 14.8b 5.7ab 6.9b 99.3a 2.7d
Pi‘fk HIDE 92.7a 16.1a 5.1c 72a  100.0a 3.1bc
Flach RHID 86.3b 14.5bc 5.5b 6.5d 85.4b 2.8¢d
RHIDE 80.3¢ 13.8¢ 5.9a 6.5cd  82.4b 3.3b
ND 78.6bc 19.8b 2.8d 6.4¢ 89.9ab 3.4a
b HID 83.4b 19.7b 3 3be 70ab  101.1a 3.6a
L:r:n 4o HIDE 90.9a 21.4a 3.1c 73a 1055 3.5a
Vv
RHID 81.1bc 18.8bc 3.5ab 6.9abc 91.6ab 3.5a
RHIDE 77.1c 18.4¢c 3.8a 6.5bc 83.5b 3.3a
ND 57.3d 13.9¢d 3.0d 6.0b 77.9b 3.2b
v HID 71.1ab 14.7b 4.1b 6.8a 105.1a 3.8a
B(l’y:ge HIDE 73.9a 16.0a 3.6¢ 68a  103.3a 4.0a
u
RHID 67.4bc 14.6bc 4.0bc 6.1b 86.0b 3.4b
RHIDE 65.7¢ 13.8d 4.6a 6.0b 85.1b 3.4b

'ND : without any lighting at night ; HID : lighting at 22:00-2:00 with yellow high pressure sodium lamp ; HIDE :
lighting at 17:00-21:00 with yellow high pressure sodium lamp ; RHID : lighting at 22:00-2:00 with red metal
halide lamp ; RHIDE : lighting at 17:00-21:00 with red metal halide lamp.

2 Data in the same column by the different letter are significantly different by Duncan$ multiple range test at p=0.05
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Table 2. The effects of different light treatments on leaf growth of Eustoma cultivers

Leaf No. of = Leafarea Leafthickness Chlorophyll

Cultiver Treatment'  Leaf No. )
first flower (cm?) (mm) SPAD value
ND 24.6a 21.7a 30.8¢ 0.5a 48.6¢
. HID 19.5¢ 17.4c 46.8a 0.5a 49.9bc
?g}‘lpmk HIDE 235 2l.1a 507a 0.5 52.1a
RHID 22.0b 19.4b 36.9b 0.5a 50.2abc
RHIDE 22.8ab 20.9ab 35.1bc 0.5a 51.1ab
ND 17.2a 14.7a 45.0c 0.47ab 57.1b
' HID 15.6¢ 12.2¢d 60.5a 0.4b 57.8b
xzfi’(aight HIDE 16.6b 13.7b 6392 0.43ab 58.9ab
RHID 15.3¢c 12.4c 51.5b 0.47ab 57.7b
RHIDE 14.6d 11.4d 54.7b 0.5a 62.0a
ND 20.4ab 18.1a 42.2¢ 0.4a 48.7a
HID 19.6abc 16.7bc 73.1a 0.4a 46.8ab
f::n o HIDE 21.0a 17.9ab 738  04a 45.8ab
RHID 19.1bc 16.1cd 52.5b 0.4a 45.0b
RHIDE 18.3c 15.4d 51.4b 0.4a 47.3ab
ND 13.8¢c 11.8d 41.3c 0.6a 52.0a
HID 15.3b 13.8ab 72.6a 0.5b 51.7a
Voyage Blue  HIDE 16.5a 14.7a 72.3a 0.5b 50.4a
RHID 15.4b 13.5bc 60.7b 0.5b 50.8a
RHIDE 14.9b 12.5¢d 57.2b 0.5b 52.4a

! ND, HID, HIDE, RHID, RHIDE show in Table 1.
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Table 3. The effects of branch no. per plant, node of flowering height, node of 1st flowering height, days

to flowering of Eustoma cultivers under the different treatments without or with lighting

Cultiver  Treatment' Branch no. Node 9f flowering  Node o.f 1* flowering Da.ys to
per plant height (cm) height (cm) flowering (day)

ND 1.7¢ 61.8b 19.2ab 147.8a

. HID 2.3ab 55.4¢ 16.6b 128.8b
gzzpmk HIDE 2.7a 71.1a 20.8a 133.3b
RHID 2.4ab 61.8b 18.8ab 134.3ab
RHIDE 2.1bc 67.8ab 20.1a 140.8ab

ND 2.3ab 46.3b 14.2a 125.4a

Melody HID 2.3ab 47.6ab 11.4cd 112.9b
Light HIDE 2.5a 53.1a 13.2b 115.5b
Pink Flash  RHID 2.2ab 47.0b 11.7¢ 115.0b
RHIDE 2.1b 43.8b 10.5d 111.4b

ND 2.8ab 45.9b 17.8a 135.1a

HID 2.3¢ 50.2ab 16.7b 124.3b

?::n o  HIDE 2.7abe 52.3a 18.1a 126.9b
RHID 2.9a 48.5ab 15.9bc 122.2b

RHIDE 2.3bc 45.0b 15.4¢c 122.3b

ND 1.7a 30.5d 11.9¢d 125.6a

HID 1.9a 43.7b 13.0b 124.0a

Voyage Blue HIDE 1.9a 46.8a 14.4a 125.4a
RHID 1.8a 40.0c 12.7bc 124.5a

RHIDE 1.9a 38.2¢ 11.6d 123.7a

! ND, HID, HIDE, RHID, RHIDE show in Table 1.
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Table 4. The effects of flower characteristics of Fustoma cultivers under the different treatments without
or with lighting

) ,  Flower bud Petal no. Flower Flower Scape length
Cultiver Treatment . .
no. per plant  per flower  diameter (cm)  height (cm) (cm)
ND 7.3¢ 24.4b 8.0ab 5.3a 11.5ab
HID 9.2bc 35.8a 8.2a 5.1a 12.7a
Area Pink
rea T HIDE 12.0a 25.8b 7.7b 5.0a 12.4a
Flash
RHID 8.6bc 32.9a 8.2a 5.3a 11.9ab
RHIDE 9.4b 26.9b 8.0ab 4.8a 10.8b
ND 7.0c 22.2ab 8.0a 5.2¢ 14.6a
Melody  HID 13.5a 21.6b 8.0a 6.2b 13.6a
Light
Pi‘ﬁk HIDE 12.1a 24.6a 8.1a 6.3ab 15.2a
Flash RHID 8.9bc 23.6ab 8.2a 6.4ab 14.5a
RHIDE 9.7b 21.5b 8.3a 6.6a 14.4a
ND 8.7a 15.2b 7.5b 4.9ab 13.0b
HID 9.5a 24.4a 7.4b 4.6b 14.0ab
D
ure HIDE 9.5a 21.7a 7.9a 5.0ab 14.8a
Lavender
RHID 9.3a 22.3a 7.4b 5.2a 13.6ab
RHIDE 7.9a 22.2a 7.9a 5.0ab 13.6ab
ND 6.9b 33.2d 9.0c 5.0b 11.4a
HID 8.7a 35.8¢c 9.3bc 5.1ab 12.7a
Vi
B(l’y:ge HIDE 7.6ab 40.5b 9.9a 5.4a 13.4a
u
RHID 7.0b 43.1a 9.4b 5.3ab 12.3a
RHIDE 7.5ab 42.6a 9.6ab 5.1ab 13.0a

'ND, HID, HIDE, RHID, RHIDE show in Table 1.
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Table 5. The effects of flowering rate characteristics of Fustoma cultivers under the different treatments

without or with lighting

Cultiver Treatment' 86 day 92 day 99 day 106 day 113 day
ND 0.0a 0.0a 0.0b 0.0b 0.0c
HID 0.0a 0.1a 0.3b 1.0b 1.5b
Area  Pink e 0.0a 0.0a 0.0b 0.1b 0.2¢
Flash
RHID 0.4a 0.5a 1.7a 3.6a 4.5a
RHIDE 0.0a 0.0a 0.0b 0.0b 0.1c
ND 0.0a 0.0a 0.1b 0.7b 1.9b
HID 0.3a 0.6a 1.8ab 3.4a 4.1a
Melody Light e 0.2a 0.3a 1 3ab 2.7a 3.6ab
Pink Flash
RHID 0.4a 0.5a 1.7ab 3.6a 4.5a
RHIDE 0.6a 0.9a 2.5a 4.1a 4.4a
ND 0.0a 0.1a 0.2a 0.4a 0.8a
HID 0.0a 0.0a 0.3a 1.0a 1.5a
Dure HIDE 0.0a 0.0a 0.1a 0.6a 1.0
Lavender
RHID 0.1a 0.2a 0.6a 1.5a 2.2a
RHIDE 0.2a 0.3a 1.0a 1.7a 2.3a
ND 0.4a 0.6a 1.6a 2.1a 2.7a
HID 0.3a 0.5a 1.3a 2.2a 2.5a
Voyage Blue HIDE 0.2a 0.4a 1.3a 1.8a 2.4a
RHID 0.3a 0.6a 1.8a 2.5a 2.8a
RHIDE 0.3a 0.6a 1.7a 2.4a 2.7a

'ND, HID, HIDE, RHID, RHIDE show in Table 1.
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Table 6. The effects of vase bud of Eustoma cultivers under the different treatments without or with

i

lighting
1" bud 2" bud 1" bud flower 2" bud flower
Cultiver Treatment' flowering flowering diameter diameter
(day) (day) (em) (cm)
ND 6.8a 10.0a 6.7a —
. HID 3.1b 4.7a 7.2a 6.8a
Arca Pink HIDE 4.2b 5.9a 6.7a 6.2a
Flash RHID 3.9b 7.2a 6.8a 6.8a
RHIDE 4.3b 6.7a 6.6a 5.9a
ND 2.9b 4.8b 6.9a 5.9a
. HID 4.0ab 6.6ab 6.3a 5.9a
Melody Light e 3.4b 5.4b 6.6a 6.42
Pink Flash RHID 4.3ab 7.8a 6.9a 6.2a
RHIDE 5.1a 8.7a 6.6a 5.7a
ND 5.7a 8.6a 5.5b 5.2¢
HID 3.4c 4.7c 6.5a 6.0ab
Dure
HIDE 4.2bc 7.4ab 6.4a 5.8bc
Lavender RHID 3.6bc 5.5¢ 6.8a 6.4a
RHIDE 4.5b 7.2b 6.3a 6.1ab
ND 8.7a 2.0a 7.5b 8.8a
HID 3.1b 4.2a 8.8ab 8.1a
Voyage Blue HIDE 4.4ab 3.0a 9.0a 8.9a
RHID 4.2ab — 8.8ab 8.8a
RHIDE 3.9ab 5.2a 8.8ab 8.1a

'ND, HID, HIDE, RHID, RHIDE show in Table 1.
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Table 7. The effects of vase bud and flower dropping of Eustoma cultivers under the different treatments
without or with lighting

Flower neck Flower neck Flower bud Flower bud
Cultiver Treatment' drooping drooping No. drooping drooping No.
(day) (day)
ND 12.5a 1.5a 12.0a 1.7a
HID 11.9a 1.7a 12.2a 1.4a
Area Pink Flash HIDE 12.4a 1.4a 11.7a 1.3a
RHID 12.5a 1.7a 12.2a 1.5a
RHIDE 12.7a 1.6a 11.4a 1.5a
ND 12.6b 1.8b 14.0ab 1.3a
HID 12.8b 1.8b 12.4b 1.6a
Melody Light HIDE 12.9b 2.3a 12.3b 1.3a
Pink Flash
RHID 12.3b 1.7b 13.0b 1.2a
RHIDE 15.4a 1.7b 15.7a 1.4a
ND 13.8a 1.6a — —
HID 12.5b 1.5a 13.0a 1.4a
Dure Lavender HIDE 13.0ab 1.7a 12.5a 1.4a
RHID 13.1ab 1.6a 12.9a 1.3a
RHIDE 13.4ab 1.6a 13.9a 1.5a
ND 12.3b 1.0a 13.0a 1.0a
HID 13.2b 1.5a 11.0a 1.3a
Voyage Blue HIDE 17.3a 1.5a 15.5a 1.0a
RHID 11.0b 2.0a 12.7a 1.4a
RHIDE 13.5b 1.5a 17.0a 2.0a

! ND, HID, HIDE, RHID, RHIDE show in Table 1.
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Table 8. The effects of vase flowering characteristies of Eustoma cultivers under the different treatments

h

without or with lighting

) . Leaves wilting Vase life 1 flower life 2" flower life
Cultiver Treatment
(day) (day) (day) (day)
ND 11.7b 11.9a 12.7abc 11.4b
HID 13.2a 13.0a 13.9a 13.0a
Area Pink Flash HIDE 12.3ab 12.2a 11.2¢ 11.7ab
RHID 12.4ab 12.6a 13.4ab 12.9ab
RHIDE 11.6b 12.3a 11.9bc 12.0ab
ND 13.0ab 13.0ab 12.9a 12.4a
Melody Light HID 12.1b 12.4b 12.7a 12.4a
) HIDE 11.6b 13.1ab 12.8a 11.5a
Pink Flash
RHID 12.2ab 13.2ab 12.3a 11.2a
RHIDE 14.3a 14.5a 12.7a 12.9a
ND 13.0b 13.4ab 13.9a 13.1a
HID 13.1b 13.3ab 14.2a 13.2a
Dure Lavender HIDE 13.0b 12.6b 14.4a 12.9a
RHID 13.7ab 13.6ab 15.0a 13.3a
RHIDE 13.9a 14.0a 16.3a 13.6a
ND 13.0b 12.2a 13.0a 13.4a
HID 13.2ab 11.9a 12.8a 11.9b
Voyage Blue HIDE 14.4ab 12.2a 12.5a 12.0b
RHID 15.5a 12.0a 12.8a 12.7ab
RHIDE 13.7ab 12.2a 12.1a 12.6ab

'ND, HID, HIDE, RHID, RHIDE show in Table 1.
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Growth and Flowering of Eustoma Cultivars as
Influenced by Two Kinds of Lamps and Lighting Time'

Woan-Yuh Tsai, Jian-Ming Chen and Ting-Zhu Zhan®
ABSTRACT

Lisianthus (Eustoma grandiflorum (Raf.) Shinn.) is an important cut flower exported to Japan in
recent years in Taiwan. However, low light intensity and temperature in autumn and winter often results
in insufficient number of floral buds, floral buds blasting, and slow growth. The study investigates the
effects of supplement lighting on the growth of lisianthus during autumn-winter cultivation in Taiwan.
The varieties employed in this experiment include medium-late variety ‘Area Pink Flash’, medium-early
variety ‘Melody Light Pink Flash’ and 2 medium varieties ‘Dure Lavender’ and ‘Voyage Blue’.
Supplement lighting was provided with yellow high pressure sodium lamp or red metal halide lamp by
night interruption or extended lighting in evening. The growth of plant, flower quality, and flowing time
was recorded. The results showed that extended lighting with yellow high pressure sodium light could
increase plant height, stem diameter, leaf area, flowering node position, number of nodes, first flower
bud advance, first bud flower diameter increased of medium varieties and reduce days to flowering by 9
days in variety ‘Dure Lavender’. Medium-late variety and medium-early variety, also could increase
stem diameter, leaf area, flowering node, number of flower buds reduce days to flowering by 14 and 10
days in varieties ‘Area Pink Flash’ and ‘Melody Light Pink Flash’. Extended lighting by red metal
halide lamp could increase internode length in all varieties. Chlorophyll content was also increased in
medium-late variety and medium-early varieties. Flower diameter was also increased in medium
varieties. Night interruption by red metal halide lamp could increase flowering rate characteristics in
Medium-late variety and medium-early variety. Number of petals was also increased in medium-early
variety and medium varieties. Night interruption by yellow high pressure sodium lamp resulted in higher
frequency bend neck in medium-early variety. In contrast, red metal halide lamp could reduce water loss
of leaf in medium varieties. Overall, high-pressure sodium lamp by extended lighting could adjust the
production period and improve the quality of the lisianthus plant; red metal halide lamp by night

interruption can improve the flowering quality of lisianthus.

Key words: high pressure sodium lamp, metal halide lamp, cut flower quality
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