
layer of 6-mil polyethylene
film. The house was heated

by a 300,000 BTU oil-fired
forced-air heater located in

the south-west corner of the

house. The soil was formed

into raised beds that were

arranged along the south-
north axis of the house.

Beds were six inches high
by three feet wide covered
with black polyethylene.
Two four-inch diameter

black polyethylene corru
gated drain pipes were buried 12 inches deep and two feet
apart running the entire length under each of the two heated
beds. The unheated beds had no drain pipe. The furnace was
activated by a thermostat if the air in the greenhouse cooled
below58°F. Theair flowthroughthe drain pipeswas control
led by constriction of a 12-inch diameter polyethylene distribu
tion manifold that was attached to one of the furnace vents

(Figure 1). The heated air was exhausted from the drain
pipes into the north end of the greenhouse.

Beds were planted with a double row of eitherJetStar (Har
ris Moran, Rochester, NY), or Buffalo (Stokes, Buffalo, NY). On
21 March, the tomato seedlings were transplanted into the
beds, and heating of the soil and the air began. Plants were
pruned to a single stem and supported by string. Plants were
watered by drip irrigation with a complete nutrient solution
(Peters 15-16-17). The concentration was increased from 50
ppm N shortly after planting to 200 ppm during fruit produc
tion. Fruit was picked at two- to four-day intervals. Fruit
picked from each bed were graded and weighed. Total fruit
weight and weight of number one fruit were recorded. The
accumulated yield and yield of number ones were calculated
as well as the weight fraction of number one fruit. The effects
of soil heating, cultivar and bed location were determined
through statisticalanalysis.

Temperatures
Soil temperatures were measured at a four-inch depth at

8:00a.m., daily for the firstfew days, then at weekly intervals.
Thesoil temperature was58°F at planting. Thesoil inthe
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Keep Fans Running Efficiently
JohnW.BartokJr.

Extension Agricultural Engineer

Most greenhouses today
are equipped with venti

lating fans. Their primary functions are to control high tempera
tures, remove excess humidity and to replenish the carbon
dioxide used by the plants.

The ventilating fans in a greenhouse operate 2,000 to 4,000
hours each year depending on the crops grown and tempera
ture setting on the thermostat. For a 36-inch diameter, 1/2-HP
fan, for example, operating costs will be from $100 to $200 per
year.

To ensure that you have an effective and efficient ventila
tion system in your greenhouse, the following points should
be checked:

• The ventilation system is sized to provide one volume air
change per minute to a height of eight feet for summer venti
lation .or 3/4 volume air change per minute for spring and fall
operation. For example, for a 25' x 96' greenhouse the fans
should have a capacity of 25' x 96* x 8' - 19,600cubic feet
per minute (cfm) for summer use. This should be measured
at 1/8-inch static water pressure to overcome friction losses
in the louvers.

• Fans are located on the endwall or side of the greenhouse
away from prevailing summer winds, if possible.

• Intake louvers are located on the endwall or side opposite
the fan and have an area equal to 1-1/2 times the fan area.
Inlet louvers are motorized to ensure positive operation.

• When purchasing new fans, select those that have been
tested in accordance with AMCA (Air Moving and Control
Association) standards. Use larger fans with smaller motors,
for example, a 36" fan with 1/3-HPmotor willgive the same
output as a 30"fan with 1/2-HP motor with a saving of $4 per
month in electricity cost. Both have 8,800 cfm output.
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• When only one fan is needed in a greenhouse, it should
have a two-speed motor to provide more flexibility of opera
tion. A two-stage thermostat should be used for control.

• Doors located near the fans should remain closed when the
fans are operating to prevent short circuiting of the air.

• Thermostats with a ±1° F differential should be located in the
center of the growing area to sense temperature at plant
height. Electronic thermostats are a good choice for this. Plac
ing the thermostats or sensors in a box and aspirating with a
40-60cfmsquirrel cage blower or muffinfan will help to
sense the temperature more accurately.

• Maintenance of the fans is done on a regular basis and
includes cleaning blades and shutters, oiling bearings,
removing weeds in front of shutters and adjusting fan belts.
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A Simple Method of Soil
Heating that Improves
Earliness and Yield of
Greenhouse Tomatoes

Martin P. N. Gent and
Vincent Malerba *

s |oil heating mayincrease
yield and quality ofgreen

house tomatoes, but it is not a standard practice in Connecticut
(1), where only the air is heated. Typically, heating com
mences a few days before transplant of the tomato seedlings
early in the spring. Under these conditions the soil may be
cooler than the temperature that is optimal for growth. This
may slow ripening or decrease yield later in the season, even
after the soil is warm (2). When tomatoes are grown hydro-
ponically, heatingthe nutrientsolutionto 70°or 80°F
improves vegetative growth and increases yield (3).

The most common way to heat the soil is to circulate hot
water through tubes in the soil (4) or to use electric heating
cables in the soil. Such methods are a substantial and expen
sive modification of the typical greenhouse, requiring an addi
tional heating system. Here, we describe a simpler method for
heating soil that uses the same forced air furnace which is used
to heat the air. The only modification to the greenhouse was
burial of drainage pipes underneath the raised beds. Heating
the soil in this manner increased the yield and the quality of
tomatoes produced in the greenhouse in the spring.

The Experiment
The experiment was conducted at Malerba's Farm, Norwich,

CT, in a single 25 x 96 foot hoop house covered with a double

0Martin Gent isfrom theDepartment ofForestry andHorticulture, The
Connecticut AgriculturalExperiment Station, P.O. Box 1106New
Haven, CT06504 and Vincent Malerba owns Malerba's Farm, 634
New London Turnpike, Norwich, CT06360
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