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The Stages of Flower Bud Development Sensitive to Low and High Temperatures for Flowering of
Summer-to-Autumn Flowering-Type ‘Iwa-no-hakusen’ Chrysanthemum
(Chrysanthemum morifolium Ramat.)

Kaori Nagasuga*, Takayoshi Yano, Hiroko Yamazaki, Katsuhiko Inamoto and Atsushi Yamasaki
National Agricultural Research Center for Tohoku Region, Morioka, Iwate 020-0123

Abstract

Effects of temperature at various stages during flower bud development on flowering time and cut flower quality were
investigated in summer-to-autumn flowering-type ‘Iwa-no-hakusen’ chrysanthemum. Plants grown in a plastic green house
were transferred to artificial climate rooms at 0, 5, 10, 15 and 20 days after the start of short days, and were grown under
control, low or high temperature for 10 days. The artificial climate rooms were maintained at 25/20°C (day/night) for control
temperature, and 20/15°C or 30/25°C in 2005 and 17/12°C or 33/28°C in 2006 for low or high temperature regimens,
respectively. The stage that was most sensitive to temperature for anthesis was during petal formation and flower budding in
2005. The development of flower bud after flower budding was delayed by high temperature at this stage, and the number of
days to anthesis was increased. In 2006, this stage was extended by a more severe low or high temperature regimen before petal
formation compared to that in 2005. High temperature during the late stage of involucre formation and late stage of floret
formation increased the weight of inflorescence and number of florets, and decreased the percentage of disk florets, resulting in
preferable cut flower quality. In conclusion, unstable temperature during petal formation and flower budding contributes to the
annual fluctuation in the flowering time of ‘Iwa-no-hakusen’ chrysanthemum.
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Fig. 1 Scheme of the timing of temperature treatments on ‘Iwa-no-hakusen’.

Short days were started on August 4 in 2005 and 2006. Plants were transferred from a plastic green house to control, low and high
temperature regimens in artificial climate rooms at 0, 5, 10, 15 and 20 days after the start of short days. Plants were grown at each
temperature regimen for 10 days and then returned to the original plastic green house. The artificial climate rooms were under natural
day length in 2005 and under 14 h day length using artificial lighting in 2006.
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Table 1 Effect of the timing of temperature treatment during the reproductive phase on flower bud development of ‘Iwa-no-hakusen’.

Timing of

Flower bud developmental Flower bud developmental

Year temperature TemperatL;re stage at the start of stage at the end of
treatment® regimen temperature treatment temperature treatment
2005 0~10 Low 5.2
Control 1.0% 54
High 4.6
5~15 Low 8.0
Control 3.0 8.0
High 7.6
10~20 —x 4.8 X
15~25 — 7.8 —
2006 0~10 Low 4.4
Control 1.0 5.0
High 3.6
5~15 Low 54
Control 3.6 5.8
High 5.6
10~20 — 4.8 _
15~25 — 6.6 —

“Number of days from the start of short days.

¥ Temperatures were maintained at 20/15°C (day/night) for low, 25/20°C for control and 30/25°C for high temperature regimens in 2005, and
17/12°C for low, 25/20°C for control and 33/28°C for high temperature regimens in 2006, respectively.

*Flower budding occurred during the temperature treatment.

¥ 1: vegetative, 2: growing point doming, 3~4: early to late of involucre formation, 5~6: early to late of floret formation, 7~9: early to late of

petal formation (Okada, 1963).
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Fig. 2 Effect of the timing of temperature treatment during the reproductive phase on flower budding and anthesis of ‘Iwa-no-hakusen’ in
2005.
*Mean separation under the same timing of temperature treatment by Tukey’s multiple range test, 5% level.
Y Temperatures were maintained at 20/15°C (day/night) for low (L), 25/20°C for control (C) and 30/25°C for high (H) temperature
regimens, respectively.
*Number of days from the start of short days.
¥ Treatment was started after flower budding.
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Fig. 3 Effect of the timing of temperature treatment during the reproductive phase on flower budding and anthesis of ‘Iwa-no-hakusen’ in
2006.
“Mean separation under the same timing of temperature treatment by Tukey’s multiple range test, 5% level.
Y Temperatures were maintained at 17/12°C (day/night) for low (L), 25/20°C for control (C) and 33/28°C for high (H) temperature
regimens, respectively.
*Number of days from the start of short days.
¥ Treatment was started after flower budding.
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Table 2 Effect of the timing of temperature treatment during the reproductive phase on floral morphology of ‘Iwa-no-hakusen’ in 2005.

Timing of temperature Temperature Weight Diameter Number of Number of Percentage of
treatment regimen? () (cm) florets ray florets disk florets
010 Low 23.9 a¥ 92b 3142 b 2742 b 12.9 ab
(Vegetative)" Control 264 a 10.1a 346.6 b 298.8b 13.8a
ceetative High 3082 9.5 ab 38742 363.4 2 62b
5~15 Low 24.0a 94a 313.8a 262.4b 164 a
(Early stage of Control 304a 99a 3928 a 351.8a 9.8 ab
involucre formation) High 31.7a 98a 351.8a 342.8 ab 250
10~20 Low 229b 99a 3524 a 269.4 b 23.7a
(Early stage of Control 25.5b 10.5a 332.6a 311.4 ab 6.5b
floret formation) High 31.0a 9.7 a 356.6 a 349.8 a 200
15~25 Low 30.7a 98a 361.0a 3204 a 114a
(Intermediate stage of Control 303a 99a 367.6a 3280a 10.8 a
petal formation) High 235b 95a 3392 a 306.6 a 9.6a
20~30 Low 26.5a 94a 3432a 310.0 a 9.7a
(6.3 mm-diameter of Control 23.1a 95a 3232 a 3024 a 62a
terminal flower bud) High 234a 9.1a 349.8 a 313.8a 10.0a

*Temperatures were maintained at 20/15°C (day/night) for low, 25/20°C for control and 30/25°C for high temperature regimens,
respectively.

Y Number of days from the start of short days.

*The developmental stage of flower bud at the start of treatment.

¥ Mean separation within columns under the same timing of temperature treatment by Tukey’s multiple range test, 5% level.

Table 3 Effect of the timing of temperature treatment during the reproductive phase on floral morphology of ‘Iwa-no-hakusen’ in 2006.

Timing of temperature Temperature Weight Diameter Number of Number of  Percentage of Number of involucral
treatment regimen’® (2 (cm) florets ray florets disk florets bracts in inflorescence
0~10 Low 29.6 a¥ 125a 335.8a 3143 a 7.8a 03a
(Vegetative)* Control 229b 10.5b 3402 a 291.2a 135a 02a
cecltve High 292a 124a 366.0 2 338.7a 72a 0.0a
5~15 Low 21.5b 11.7b 289.4b 24350 17.0a 94a
(Late stage of Control 2290 10.8b 304.3 ab 2702 b 12.2 ab 12a
involucre formation) High 305a 133a 358.1a 3452a 45b 1.8a
10~20 Low 20.6 b 99¢ 304.6b 2258b 252a 54a
(Early stage of Control 278 a 1230 330.0 ab 3083 a 74b 0.0a
floret formation) High 316a 1362 3729a 3579a 350 95a
15~25 Low 222a 11.7a 3343 a 295.0b 12.6a 0.6a
(Early stage of Control 21.1a 11.6a 3476 a 316.8 ab 8.7 ab 00a
petal formation) High 23.6a 118 a 3654 a 360.0 a 22b 0.6a
20~30 Low 278a 11.8a 360.0a 3325a 6.8a 00a
(4.6 mm-diameter of Control 243a 119a 354.0a 3334a 64a 0.0a
terminal flower bud) High 26.5a 11.6a 351.1a 3324 a 58a 0.1a

ZTemperatures were maintained at 17/12°C (day/night) for low, 25/20°C for control and 33/28°C for high temperature regimens,
respectively.

Y Number of days from the start of short days.

*The developmental stage of flower bud at the start of treatment.

¥ Mean separation within columns under the same timing of temperature treatment by Tukey’s multiple range test, 5% level.
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