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Study of midi-tomato cultivation with underground water-source heat pump
system.
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Study of midi-tomato cultivation with underground water-source heat pump
system.

Hajime MORINAGA , Yasutaka HATANAKA

Summary

The air-heat-source heat pump type air conditioners (ASHPs) for horticultural cultivations are able to reduce
energy cost compared to that of the oil combustion type hot air heater.
In winter season, however, it is difficult to maintain the appropriate temperature for a cultivation environment
because of the defrosting operations.
To solve this problem, the underground water-source heat pump type air conditioners (GWSHPs) are
developed in recently; because the temperature of the underground water is stable in all season.
In Fukui prefecture, the ‘midi-tomato’ was bred in Fukui prefectural university in late 1980’s, they have high
sugar content similar to that of the mini-tomato.
In this study, we examined the energy cost and the stability of cooling/heating of the GWSHPs in
summer/winter. Moreover we examined the influence to quality and yield of midi-tomato under this condition.

We installed two GWSHPs which produce 5 horsepower in the double thermal insulation curtained plastic
greenhouse (300-m?), and we planted the ‘midi-tomato’ plants on early August and cultivated them until next
February.

The temperature of greenhouse, the nighttime (set-time: 22:00 to 4:00 of next day, set temperature: 20°C) in
summer season (one month from planting) and all-day in winter season (set-temperature: 12 to 16°C) was
stable without the defrosting operations.

In addition, the heating cost of GWSHPs are reduced by 40% compared to the oil combustion type hot air
heater in winter season.

The yield of salable products (October to February) of the ‘midi-tomato’ which cultivated under the control
of the night air-conditioning in summer and 4-step variable air-conditioning in winter by GWSHPs was
increased by 20% compared to the control of no-night air-conditioning in summer and 2-step variable air
conditioning in winter by the oil combustion type hot air heater.

Under the control by GWSHPs, the number of tomatoes per plant, average weight of tomato and the rate of
salable product were increased, so the weight salable products was increased by them.

As the temperature of drainage (40 to 60 L/m) from the GWSHPs’ heating driving was almost 15°C, they
can reuse for the melting snow of the house side.

The initial investment costs of the installment of the GWSHPs and underground water supply devices are
more expensive than that of the oil combustion type hot air heater, so it is necessary to consider a cost estimate
against the profitability. But the using the GWSHPs, the wintering or annual cultivations of the ‘midi tomato’
are able to perform in snow zone. And the harvesting periods will be expanded and the yield will be higher
than that of the conventional cultivation system (forcing and retarding cultivation, double-cropping, no
air-conditioning).



