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　近年，キュウリは全国的に作付面積が大きく減少してお
り，その背景としては，消費の減退と価格の低迷，単位面
積当たりの収量が伸び悩む一方で生産資材価格の上昇によ
る収益性の低下，生産者の高齢化や後継者不足などが挙げ
られる．今後，キュウリ生産の安定を図るためには，さら
なる生産性の向上とともに，雇用労力の導入及び作業の分
業化による規模拡大を推進することによって所得の増大を
図り，産地を維持・拡大していかなければならない．著者
は，今後のキュウリ経営を維持・発展させる上で重要課題
となっている生産性の向上を図るための二酸化炭素の効率
的施用技術，労働の快適化を図るための温度管理，苗生産
の安定に寄与する奇形葉の発生要因の究明と防止対策から
なる３つの課題を取り上げ，「キュウリの促成栽培の生産
安定技術及び労働快適化に関する研究」としてとりまとめ
た．
　第Ⅱ章では，キュウリ促成栽培における二酸化炭素施用
方法として，従来の基準より低濃度で換気中にも施用する
ことによって増収効果が高く，二酸化炭素施用量が少ない
効率的施用技術を開発した．
　第Ⅲ章では，厳しい温熱環境下での作業が行われるキュ
ウリの促成栽培における温度管理による労働の快適化技術
を開発した．
　第Ⅳ章では，接ぎ木キュウリ苗の奇形葉の発生に及ぼす
接ぎ木法，台木品種とホウ素の影響を明らかにし，奇形葉
発生に関する考察を加えた．
　試験結果の概要は，以下のとおりである．
１．低濃度二酸化炭素施用が促成栽培キュウリの収量に及

ぼす影響とその経済性評価

  キュウリの促成栽培において，ガラス温室内の二酸化炭
素濃度５００ ppm長時間施用と同１,０００ ppm短時間施用が，果
実収量に及ぼす影響を明らかにするととともに，その経済
性評価を行った．二酸化炭素施用により上物収量は無施用
より３９～５５％増加した．二酸化炭素施用に伴う経費を差し
引いた収益は，無施用に比べ，１a当たり５.８万円～９.６万円増

加した．５００ ppm長時間施用は，１,０００ ppm短時間施用に比
べて増収効果が高いとともに，二酸化炭素施用量が少なか
った．
２．キュウリの促成栽培における温度管理が温熱環境，作

業負担及びキュウリの生育・収量に及ぼす影響

　高温・高湿度管理を行うキュウリの促成栽培における作
業の快適化を目的として，温度管理が室内の温熱環境，作
業者の労働負担及びキュウリの生育，果実収量，果実品質，
病害の発生に及ぼす影響を明らかにした．収穫作業を行う
９時３０分～１１時３０分までの換気温度を２５寿にすると，慣行
栽培である２９寿に対してWBGTが低下し，作業者の心拍数
の上昇は抑制され，施設内での労働負担が軽減された．ま
た，１１時３０分～１３時３０分までを３８寿にするとキュウリの上
物収量が低下し，曲がり果の発生が増加し，果皮色は淡く
なったが，３３寿では慣行の温度管理と同等の収量・品質を
維持することができた．さらに，３３寿変温管理は慣行の
２９℃に比べてうどんこ病やべと病の発生が少なく，薬剤散
布の労力やコストの削減につながるものと考えられた．
３．接ぎ木キュウリ苗の奇形葉の発生に及ぼす接ぎ木法，

台木品種及びホウ素処理の影響

　接ぎ木キュウリ苗の奇形葉発生要因の究明を目的として，
接ぎ木法，台木品種及びホウ素処理が奇形葉発生に及ぼす
影響を明らかにした．キュウリの接ぎ木苗に発生する奇形
葉は，断根挿し接ぎ，割り接ぎ，挿し接ぎで発生し，呼び
接ぎでは発生しなかった．呼び接ぎでは，穂木及び台木胚
軸の切断の有無にかかわらず，全く発生しなかった．奇形
葉の発生は台木品種によっても異なり，台木として‘改良
新土佐１号’など，セイヨウカボチャ×ニホンカボチャの
F１品種を使用すると多かった．接ぎ木直後にホウ砂０.０５～
０.１％溶液を葉面散布すると，奇形葉の発生が抑制された．
接ぎ木前の２日間ホウ素の供給を断つと，奇形葉が多発し
た．ホウ素処理は，台木の発根及び接ぎ木後の活着に強い
影響を及ぼした．

第Ⅵ章　要約
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　　In recent years, the planted acreage of cucumber in Japan has been decreased dramatically from 16,000 ha in 

1998 to 12,500 ha in 2008. In such background, the  consumption has gradually decreased with slump of the price and 

the yield of cucumber also decreased. Consequently the profit decreased by the rise of the production cost. Furthermore, 

young successors don't want to succeed their farming and the average age of the farmer has been getting older. 

Therefore, it becomes the urgent matter to establish the efficient techniques for cucumber, and to reduce the labor lord 

in greenhouse for facilitating introduction of employment labor. The aim of this study was to develop new techniques 

for stable production with comfortable working condition in the forcing cucumber greenhouse culture. The study consists 

of three researches; (1) development the method of cost-effective carbon dioxide enrichment for increase in productivity, 

(2) development the method of temperature control for reducing labor lord in greenhouse, (3) find the causing factor 

and preventing measures of malformed leaves of grafted cucumber seedlings for the stability of nursery plant production

1. Effects of low-concentration carbon dioxide supplementation on fruit yield and economic value of cucumber on forcing 

culture

　　The responses of cucumber plants grown with different carbon dioxide concentrations and length of supplementation 

times in a greenhouse were investigated. The treatments both of the long hours(7hr) with low concentration(500 ppm) 

and the short hours(3hr) with high concentration(1,000 ppm) treatments increased the marketable fruit yield by 39－

55%. Even if expenditure due to carbon dioxide enrichment is subtracted, the gross return was 58,000－96,000 yen 

per 100 m2 higher than non-enriched culture. In the long-hours supplementation the growth yield was higher, and the 

amount of carbon dioxide used was less than those in the short-term supplementation. Therefore, the long-hours 

supplementation at 500 ppm was cost-effective.

2. Effects of temperature control in greenhouse on thermal environment, work lord, growth and fruit yield of cucumber 

in forcing culture

　　In order to reduce labor lord for harvesting in greenhouse under high air temperature and high humidity, effects 

of new temperature control on the thermal  environment, work load, fruit yields, quality and occurrence of diseases 

were investigated. The air temperature in the greenhouse was adjusted by the ventilation of roof window. The Wet 

Bulb Globe Temperature and the heart rate of worker at air  temperature of 25℃ from 9:30 to 11:30 was lower than 

those of 29℃ as conventional control. When cucumber plants were grown at air temperature of 38℃ from 11:30 to 

13:30, the marketable yields decreased, the curved fruit increased and fruit skin color became pale. However, there 

was no difference of the branch length, fruit yields, quality and skin color between time-dependent temperature 

Summary
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Cucumber（Cucumis satius L.）Forcing Production and 

for Reducing the Labor Lord in Greenhouse

Hideo 　KAWASHIRO

Key words :  carbon dioxide supplementation, cucumber, malformed leave,  thermal environment, time-dependent 

temperature management，
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management of 33℃ and conventional control of 29℃ from 11:30 to 13:30. Occurrence of powdery mildew and downy 

mildew at time-dependent temperature management of 33℃ was reduced compared with those of 29℃. It was 

suggested the frequency of fungicide application and production cost of cucumber could be reduced by this time-

dependent temperature management.

3. Effects of grafting method, cultivars of rootstock and boron treatments on the occurrence of malformed leaves of 

grafted cucumber seedlings

　　Effects of the grafting method, cultivars of rootstock and boron application on the causative factors and preventative 

measures of malformed leaves of grafted cucumber seedlings were investigated. Malformed leaves occurred in insert 

grafting to the cut rootstock, insert grafting with a rooted rootstock and cleft grafting, but did not occur in approach 

grafting, even if the hypocotyls of the scion and the rootstock were cut off just after grafting. The occurrence of malformed 

leaves differed by the rootstock cultivar, and tended to increase using F1 hybrid of Cucurbita maxima Duch × Cucurbita moschata 

Duch. The occurrence was reduced by foliar application of borax solution at 0.05－0.1％ after grafting. The rate 

of malformed leaves markedly decreased when  boron was added to the nutrient solution for 2 days before grafting in 

hydroponics. The rooting of the rootstock and subsequent growth after grafting were strongly influenced by boron 

application. The mechanisms of the occurrence of malformed leaves after grafting were discussed.
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