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摘  要 
 

本研究は近年の夏期の高温がエラチオール・ベゴニア

の開花及び生育に及ぼす影響を明らかにすると共に，高

温の影響を強く受ける9月から10月にかけての秋出荷作

型において，冷房・冷蔵処理を用いた開花の安定及び品

質改善方法を検討した． 

明期のPPFDを110～120μmol/m2/secとしたインキュ

ベータを用い，夏期の高温を想定した明期温度27.5℃，

30℃，32.5℃及び35.0℃と暗期温度20.0℃及び25.0℃の

組み合わせが「ネッチャダーク」の開花及び生育に及ぼ

す影響を検討した．その結果，明期35.0℃では暗期温度

に関わらず株が枯死した．明期温度27.5℃，30℃及び

32.5℃と暗期温度20.0℃及び25.0℃の組み合わせでは，

明期27.5℃では暗期25.0℃で早期に開花し，明期30.0℃

では両暗期で同時期の開花となり，明期32.5℃では暗期

20.0℃で早期に開花した．また，いずれの明期温度にお

いても到花日数の変動係数は暗期20.0℃が25.0℃に比べ

小さかった．主茎長，主茎節数及び第1花房の着生節位は

明期温度が高くなるに従い値が大きくなる傾向が見られ

た．一方で，これらの調査項目を同一の明期温度で比較

すると，暗期20.0℃は25.0℃に比べ値が小さかった．植 

物体の乾物重（地上部と地下部の合計）は明期温度が高

くなるに従い軽くなり，同一の明期温度では暗期温度の

違いによる差はなかった．暗期20.0℃の到花日数が

25.0℃よりも短くなった明期32.5℃（PPFD：115～123

μmol/m2/sec）において花芽分化及び発達の推移を検鏡

したところ，暗期25.0℃は20.0℃に比べ小花原基が分化

するまでの日数が長く，それ以降の発達も個体差が大き

かった．以上のことから，27.5℃以上の明期温度では温

度が高くなるに従い同化量が減少し，生育が抑制される

と考えられた．また，明期温度が同一であっても暗期温

度が異なると同化産物の分配先が変化し，開花及び生

育が変化すると考えられた．特に明期32.5℃では，暗期

20.0℃は25.0℃に比べ花芽分化及び発達が早く，到花日

数が短くなると考えられた． 

暗期温度の低下が開花及び生育に及ぼす影響を10月出

荷作型の温室栽培において検討した．「ネッチャダーク」

を供試し，約2か月間暗期を20℃で冷房したところ，明期

平均気温が栽培期間を通して30℃未満で推移した2017

年の栽培では無冷房に比べ開花が遅延した．一方で，栽

培期間中の明期平均気温の多くが30℃以上で推移した

2018年の栽培では無冷房に比べ早期に開花した．また，

両年とも冷房を行うと無冷房に比べ主茎の節間が長くな

った．明期温度の変動に対応した冷房方法として，明期

平均気温が高かった2018年に明期の予想最高気温が

30℃以上となる日のみ暗期を20℃で冷房する方法を検

討した．品種は「バティック」，「ベルセバ」及び「ネッ

チャダーク」を用いた．その結果，3品種とも終始暗期を

20℃で冷房する方法と同等の開花日となり，無冷房に比

べ早期に開花した．また，「ネッチャダーク」を用いて21

日間の短日処理（4時～9時を遮光）中のみを暗期20℃で

冷房処理する方法を検討したところ，約2か月間を終始暗

期20℃で冷房する方法と同等の開花日となり，節間は無

冷房以上に短くなった．品質の指標となる鉢の高さに対

する草丈の比率（草丈比）及び株幅の比率（株張り比）を

短日処理中のみの冷房処理と無冷房とで比較すると，短

日処理中のみの冷房処理は無冷房に比べ高品質とされる

比率に近い値を示した．以上のことから，暗期を20℃で

冷房する処理方法は明期気温が高い環境下では無冷房に

比べ早期に開花するが，明期気温が低い環境下では開花

遅延を招くと考えられた．この対策として，明期が高い

日のみを暗期冷房する方法が有効であると考えられた．

また，短日処理中のみの冷房処理でも開花の促進効果が

得られ，この方法は草丈比及び株張り比を改善し，無冷

房に比べ品質が向上すると考えられた． 

暗期を冷房する処理方法に比べ栽培コストを削減する

方法として，間欠冷蔵処理が開花及び生育に及ぼす影響

を検討した．「ネティア」では，冷蔵処理温度を10℃と

し，暗黒の冷蔵処理を4日間行った後に温室下で4日間管

理するサイクルを4回繰り返す間欠冷蔵処理は短日処理

を行わない栽培方法に比べ早期に開花し，草丈伸長が抑

制された．9月及び10月出荷作型において，間欠冷蔵処理

と，この作型の慣行栽培方法である，短日処理が開花及

び生育に及ぼす影響を「ネティア」を用いて比較した．

間欠冷蔵処理は10℃の冷蔵処理を4日間行った後，温室内

管理を3日もしくは4日行う処理を4回繰り返す方法とし

た．短日処理は15時～19時15分に遮光を14日間行う方法

とした．目的とする開花期を9月中旬もしくは10月中旬と

し，間欠冷蔵処理を開花期の約2か月半前，短日処理を約

1か月半前に開始したところ，両処理とも目的の時期に開

花させることができた．また，間欠冷蔵処理は短日処理

に比べ草丈が短く，株幅が狭くなり，品質の指標となる

草丈比及び株張り比が高品質とされる比率に近い値を示

した．一方で，間欠冷蔵処理は短日処理に比べ花房数が

減少した．草丈及び株幅を短くしつつ花房数の減少を抑

制する方法として，間欠冷蔵処理回数と短日処理日数の

組み合わせが開花及び生育に及ぼす影響を「バティック」，

「ルイーズ」及び「ネティア」を用いて検討した．間欠冷

蔵処理方法は10℃で4日処理した後温室内管理を3日行

った．短日処理日数は15時～19時15分を遮光する方法と

した．その結果，「バティック」では効果が判然としなか
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ったが，「ルイーズ」及び「ネティア」は間欠冷蔵処理2

回と短日処理日数7日の組み合わせで慣行の栽培方法

（「ルイーズ」は間欠冷蔵処理0回と短日処理日数21日，

「ネティア」は間欠冷蔵処理0回と短日処理日数14日）と

同時期に開花し，草丈及び株幅の値が小さくなり，花房

数の減少が抑制できた．これらのことから，間欠冷蔵処

理は短日処理と同様に計画的な開花調節を行うことが可

能であり，尚且つ短日処理に比べ草姿が改善できると考

えられた．また，短日処理と併用することで，花房数の

減少を抑制しつつ草姿改善できると推察された． 

以上のことから，本研究はエラチオール・ベゴニアの

高温に対する開花及び生育反応を明らかにするとともに，

実際の栽培における冷房もしくは冷蔵処理による高温対

策技術を確立し，秋出荷作型における開花の安定及び品

質向上技術を体系化した．
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Development of stable flowering and quality improvement of 

autumn cropping-type Begonia × hiemalis Fotsch. using night 
cold storage and intermittent low-temperature storage 

 
 

Taku NAKAJIMA 
 
 

Summary 
 
This study investigated the effect of high summer temperatures on the flowering 

and growth of Begonia × hiemalis Fotsch., and studied the effect of night cold storage 
and intermittent low-temperature storage on stable flowering, aiming to improve the 
quality of the autumn cropping type from September to October, which is affected by 
high temperatures.  

 
1. Using an incubator with a photosynthetic photon flux density (PPFD) of 110 - 120 

µmol/m2/sec in the light period, we investigated the effect of light period temperatures 
of 27.5, 30.0, 32.5 and 35.0 ˚C in combination with dark period temperatures of 20.0 
and 25.0 ˚C, assuming summer temperatures, on the flowering and growth of ‘Netja 
Dark’. The plants died at the light period temperature of 35.0 ˚C, regardless of dark 
period temperatures. With a combination of light period temperatures of 27.5, 30.0 
and 32.5 ˚C and dark period temperatures of 20.0 ˚C and 25.0 ˚C, a light period at 27.5 
˚C caused early flowering when combined with a dark period of 25.0 ˚C. With a light 
period of 30.0 ˚C, flowering occurred at the same time for both dark period 
temperatures. With a light period of 32.5 ˚C and a dark period of 20.0 ˚C, the plants 
bloomed early. The coefficient of variation in the number of flowering days was 
smaller at a dark period temperature of 20.0 ˚C than at 25.0 ˚C for all light period 
temperatures. The main stem length, the number of nodes on the main stem and the 
length of the first node with a flower cluster tended to increase as the temperature 
during the light period increased. On the other hand, when these investigation items 
were compared for the same light period temperature, the length of the first node 
with a flower cluster at a dark period temperature of 20.0 ˚C was shorter than at 25.0 
˚C. The dry matter weight of the plant (total of aerial part and underground part) 
became lighter as the light period temperature increased. There was no difference 
caused by variation in dark period temperature for the same light period temperature. 
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The changes in flower bud differentiation and development were examined at 32.5 ˚C 
(PPFD of 115 - 123 µmol/m2/sec), where the number of flowering days at 20.0 ˚C was 
shorter than at 25.0 ˚C. A dark period at 25.0 ˚C resulted in a longer number of days 
until the floret primordia differentiated than at 20.0 ˚C, and there were large 
individual differences in development thereafter. From the above, it appears that the 
amount of assimilation was decreased, and that growth was suppressed at light 
period temperatures exceeding 27.5 ˚C. In addition, even for the same light period 
temperature, it appears that the distribution of the assimilated products changed, 
and flowering and growth changed when the dark period temperature was different. 
With a light period of 32.5 ˚C, flower bud differentiation and development were faster 
with a dark period at 20.0 ˚C than at 25.0 ˚C, and the number of flowering days was 
reduced. 

2.  The effects on flowering and growth of lowering the dark period temperature were 
investigated in a greenhouse cultivar, targeting the harvesting of flowers in October. 
In the experiments, the test variety was ‘Netja Dark’, and the greenhouse was cooled 
during the dark period to 20 ˚C over a period of about two months. In 2017, in which 
average light temperature remained below 30 ˚C throughout the cultivation period, 
flowering was delayed more by the cooling treatment than with the uncooled 
treatment. On the other hand, in 2018, during which the average temperature in the 
light period during the cultivation period remained above 30 ˚C, flowering was earlier 
with the cooling treatment than without. In both years, the internode length of the 
main stem with the cooling treatment became longer than with uncooled treatment. 
As a cooling method to cope with fluctuations in the light period temperature, we 
examined a treatment of cooling during the dark period at 20 ˚C only on days when 
the expected maximum temperature in the light period exceeded 30 ˚C. The varieties 
used were ‘Batik’, ‘Belseva’ and ‘Netja Dark’. All three varieties flowered earlier than 
with the uncooled treatment, and the flowering date was the same as that with 
cooling at 20 ˚C during the dark period. In another test, I examined cooling treatment 
with ‘Netja Dark’ at 20 ˚C for the dark period only during short-day treatment 
(shading the entire cultivation space from 16:00 to 21:00 for 21 days). Consequently, 
the flowering date was the same as with the cooling treatment for about two months 
at 20 ˚C throughout the dark period, and the internodes were shortened more than 
with the uncooled treatment. Comparing the ratio of plant height and plant diameter 
to pot height, which are indicators of quality, between cooling treatment only during 
short-day treatment and uncooled treatment, the ratios were more appropriate with 
cooling treatment only during short-day treatment than with uncooled treatment.  
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From the above, when the temperature is high during the light period, cooling at 20 
˚C during the dark period seemed to cause earlier blooming than uncooled treatment. 
However, when the temperature is low during light periods, it appears to delay 
flowering. As a countermeasure to this, cooling in the dark period only on days with a 
high light period proved effective. The effect of promoting flowering was also obtained 
by cooling treatment only during short-day treatment, and this method appeared to 
improve plant height ratio and plant diameter ratio, and to improve quality compared 
to uncooled treatment. 

3.  We investigated the effect of intermittent low-temperature storage on flowering 
acceleration and growth of ‘Netja’. 4D/4D×4 (processing of four-day refrigeration 
treatment at 10 ˚C in the dark followed by four days under greenhouse conditions, 
repeated for four cycles) decreased the number of first nodes with flower clusters and 
reduced plant height compared with that of the control plants grown under only 
greenhouse conditions. The timing of flowering of 4D/4D×4 was earlier than that of 
the greenhouse controls. We compared the effects of intermittent low-temperature 
storage and short-day treatment (conventional cultivation) on the growth, flowering, 
and plant profile of ‘Netja’ during forcing culture aiming to harvesting the flowers in 
mid-September and mid-October. Intermittent low-temperature storage was 
conducted using young potted plants, comprising four cycles of 4-day refrigeration at 
10 ˚C in the dark, followed by 3 - 4 days under greenhouse conditions. Short-day 
treatment was conducted by shading the whole cultivation space from 15:00 to 19:15 
for 14 days. When intermittent low-temperature storage and short-day treatment 
were applied about 2.5 and 1.5 months, respectively, before the targeted flowering 
time, the plants flowered successfully. The ratios of plant height and plant diameter 
to pot height were improved by intermittent low-temperature storage for both growth 
timeframes. On the other hand, intermittent low-temperature storage decreased the 
number of flower clusters compared to short-day treatment. As a method of 
minimizing the decrease in the number of flower clusters and maintaining short plant 
height and diameter, we examined the effect of combining the number of intermittent 
low-temperature storage times and the number of short-day treatments on flowering 
and growth of ‘Batik’, ‘Louise’ and ‘Netja’. Young potted plants were subjected to an 
intermittent low-temperature storage regime of four cycles of 4-day refrigeration at 
10 ˚C in the dark, followed by three days under greenhouse conditions. Short-day 
treatment was applied by shading the entire cultivation space from 15:00 to 19:15. 
Although the effect was not clear in ‘Batik’, the combination of two intermittent 
low-temperature storage periods and a short-day treatment period of 7 days resulted 
in flowering at the same time as the conventional short-day treatment-only 
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cultivation method. The plant height and plant width were reduced, and the decrease 
in the number of inflorescences was suppressed in ‘Louis’ and ‘Netja’. From these 
results, we conclude that the use of intermittent low-temperature storage can control 
the regulation of flowering in the same way as short-day treatment and can improve 
the plant profile more than short-day treatment. It also appears that combination 
with short-day treatment can improve the plant profile while suppressing the 
decrease in the number of inflorescences.  

 
This study clarified the flowering and growth response of Begonia × hiemalis 

Fotsch. to high temperatures, established a technology for counteracting high 
daytime temperatures using night cold storage or intermittent low-temperature 
storage, and determined the stability and quality of flowering in autumn-cropping 
types of Begonia. 

 
 


