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Effects of Night Lighting and Critical Illuminance on the Growth and Bolting of Spinach Cultivars
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Summary

The problem that night lighting of the street lamp caused bolting of spinach grown under a
plastic greenhouse have happened. Therefore, effects of night lighting and critical illuminance
(light intensity under which over 80% of the spinach plants are marketable) on the growth and
bolting of spinach cultivars grown under a plastic greenhouse were investigated and evaluated.

1. The growth and flower stalk development of plants grown under night lighting differed
among cultivars and between sowing dates.

2. The natural photoperiod and the average temperature in greenhouse during the November
experiment were about 11-hour, 13 °C and during the May experiment were about 15-hour, 23
°C. When plants were grown under night lighting of high illuminance, such as 25 Ix (0.31 ;mol -
m~2 - s~ '), plants height and the number of leaves per plant increased but leaf size remained
small. May-sown seedings did not grow as tall as those sown in November. May-sown plants

grown under night lighting of 2 (0.02) to 3 Ix (0.03) had more leaves but of shorter length.

3. In plants exposed to night lighting of 1 (0.01) to 25 Ix in November, the day to flower stalk
development and flowering were promoted at the higher intensities; the converse was true in the
May-sown plants. Thus, in cultivars such as ‘Okame’ sown in May, flower stalks appeared at re-
latively low light intensities, whereas November-sown plants bolted under high light intensities.

4. Likewise, the critical illuminance of cultivars, such as ‘Parade’ sown in November ranged
from 3 to 5 Ix (0.05), whereas in May-sowing plants, 50-99% of the plants at 1 Ix bolted. Critical
illuminance for ‘Okame’ and ‘Tonick’ sown in November, it was 2 to 3 Ix and 13 Ix (0.16) respec-
tively.
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Fig. 1. Effects of night lighting on growth and development of ‘Parade’ and ‘Okame’ spinach
cultivars sown in November (—O—) and May (-+-O--).
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Fig. 2. Effects of night lighting on the development of flower stalk of ‘Parade’ and
‘Okame’ spinach cultivars sown in November (—O—) and May (:--O--+).

Table 1. Comparison of the days from sowing to flower bud differentiation and the appearance of flower stalk
of 'Parade’ and ‘Okame’ spinach grown under night lighting in November and May-sowing cultivation.

Days from sowing to flower

Days from sowing to the

Culti Normal bud differentiation (A) appearance of flower stalk (B) B)=(A)
ultivars . .
illuminance November- May- November- May- November- May-
sowing sowing sowing sowing sowing sowing
Parade 1 Ix 51 14 -~ 23 - 9
3 38 14 #° 69 20 31 6
13 20 14 * 30 16 10 2
Okame 1 64 21 - 23 - 2
3 51 21 138 23 87 2
13 20 14 *x 33 18 13 4

This mark indicate that flower bud stage is over the differentiation at 14 days after sowing.

¥ Not detected.
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Table 2. Caltivar differences of the bolting and critical illuminance
of spinach cultivars sown in November and grown under night

lighting.
69 days after sowing Days from  Critical’
Cultivars . sowing  illuminance
Illuminance (1x) to harvest at harvest (Ix)
1234567 810131725
Lead X'X 6620000000 79 3
Parade XXXAALALM00000 66 4
Dakou XX 2222000000 79 3
Ikle XXAAaAs00000000 66 3
Timing XXX 224400000 145
Alrite XXXXALAL00000 66 5
Okame X XX XXX XAa000® 82
Panorama X X X X A a2 00000 125
Active XXXXX2an000000 80
Orion XXXXXAALAL00 00 131
Try XXXan0O00@®@0O0OO 66 3
Cima XXAsA00000000 66 3

2 Percentage of plants which flowered or with visible flower bud; 50~
100 % (©). Percentage of bolting plants; 100 % (@), 50~99 % (O),
1~49 % (&), 0% (X).

Y Tlluminance at which the percentage of plants bolting is under 20 %.

Table 3. Cultivar differences of the bolting and critical illuminance
of spinach cultivars sown in May and grown under night

lighting.
Tlluminance (1x) Days from  Critical’
Cultivars sowing  illuminance
1 3 4 5 6 8 10131725 toharvest (Ix)
Lead 00000000000 31
Parade O O O O © O © © O O © 32
Dakou O @O O OO0 O0C0OOOOC 31
Ikle O0@®@0O0000O0O0CO0 30
Timng © © © © © O O O © © © 46
Alrite ® 0000000000 29
Okame O OO0 O ®@®@00O0O O 33 2
Panorama O © © © @ @ ® O O © © 35
Active. 2 0000 @00 00O 30 3
Orion [cNeN N NeNcNecNeoReONoNe 28
Try 00 0e000O00dOo 28
Cima O®0®000000O0O0 32
Salonika 4 O O OO ® @ © O © O 33 2

“  Percentage of plants with visible flower bud; 50~100 % (Q).
Percentage of bolting plants; 100 % (@), 50~99 % (O), 0~49 %
(8).

Y Illuminance under which the percentage of marketable plants is
over 80 %.
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Table 4. Percentage of the marketable plants” in spinach cultivars
grown under night lighting.

Year Days from Iluminance (1x)
Cultivars sowing
Sowing date toharvest 1 2 3 4 5 6 8 1013
1993 Parade 30 XY X X X X X X
29 Jun. TG-1 37 X X X X X X X
Viroflay 35 X X X X X X X
G]Ol’y 33 A X X X X X X
Magic 35 A X X X X X X
Joker 30 A A AN X X X X
Giant Nobel 37 A A A X X XX
Alef 31 O X X X X X X
King of Denmark 35 O A X X X X X
Pastora 30 O a6 X X X X X
Okame 31 OO X X X X X
Active 31 OO 0O X X X X
Symphony 37 OO0 a XXX
Sunshine 37 OO0 0O0aAaa XX
Salonika 31 O 000 aasX
1994 Timing 34 X X X X X X X X X
17May.  Joker 27 AL X X X X X X X
Summer Focus 34 OO0 & X X X X X X
Sankon 24 OO0 aaX X X XX
Orion 28 OO0 0O X X X X X X
Okame 25 OO0 0O0OaAaa X X XX
Clime 28 OO0 OO0 X XX X X
Active 27 OO0 00 0a X XX
Salonika 29 ©O0000s—"——
Curement 34 OC OO0 000 XX
Fudou 2 0000060004
Southern Cross 29 OO0 0000060 O0
Cheyenne 29 OO0 000000 a
1995 Summer Focus 41 OO0 & X X X X X X
18 May. Culture 26 OO A& X X X X X X
Active 27 O 000 a X X XX
Banchu Torutasu 34 OO0 000 - A XX
Salonika 29 OO0 0000 A XX
Liberty 29 OO0 0000 aaX
Continental 26 OO0 0000 0OaAX
Curement 35 OO0 000000 KX
Cheyenne 29 00000002
Vancouver 26 OO0 0000000
Fudou 29 OO0 000000 O0
Tonick 29 OO0 00 0ODO0O0O0O0
Southern Cross 27 OO0 000000 O0

*  Means the plants that length of flower stalk is under 5 cm.

Y Percentage of the marketable plants; 100 % (0), 80~99 % (QO), 60~
79 % (&), 0~59 % (X).
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Table 5. Difference of critical illuminance of May-sown spinach
cultivars grown under night lighting.

Index” Cultivars

0 Lead, Parade, Titan, Magic, Cima, Ikle, Daikou, Joker,
Viroflay, Try, Alrite, Glory, Timing, TG-1, Giant Nobel.

I Culture, Summer Focus, Panorama, King of Denmark,
Sankon.

I Active, Okame, Orion, Symphony, Clime, Sunshine.

Il Banchu Torutasu, Salonika, Liberty.

v Curemento, Continental.

' Vancouver, Fudou, Cheyenne.

Vi Southern cross, Tonick.

£ Cultivars were divided into seven groups by the degree of critical
illuminance; 0 1x (0), 2 Ix(I), =<3 Ix(ll),=5 Ix (M), =8
Ix (IV), = 10 1x(V), = 13 Ix(W).
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