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INTRODUCTION

Seeds planted in soil require a combi
nation of the correct temperature and
moisture to germinate. Due to a relatively
short growing season in most parts of
Canada many long-season crops cannot be
grown from seed in the field, particularly
if they are susceptible to late-spring or
early fall frost. Many of these crops,
including tomatoes, have been started in
heated greenhouses or the plants have
been imported, primarily from the south
ern states of the United States of
America.

One possible method of extending the
growing season is the warming of soil to
cause earlier germination. Prior to 1922 a
Norwegian engineer observed greener veg
etation over a network of overloaded
electrical underground cables. He pre
dicted that controlled buried resistance
cable might produce efficient plant
growth. His experiments encouraged users
of "hotbed sashes" in Norway and later
Sweden to use electrical resistance cable
in their hotbeds rather than the tradition
al manure. This system gained popularity
in Europe in the 1920's, came to the
United States of America in the late
1920's, and to Canada in the early 1930's
(6).

In recent years, the greenhouse be
came more popular for plant propagation
because of lower labor requirements, even
though the capital costs were higher. To
obtain better, faster, and more uniform
germination, however, greenhouse opera
tors have again turned to bed heating
with electric resistance cable. A Calgary
firm (4) as well as Ontario operators (2)
are using electric resistance cable in the
greenhouse to produce seedlings ranging
from cabbages to petunias. Recommenda
tions for equipment installations and
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operating guidelines are available in at
least two publications (1, 3).

The next progressive step would be to
use soil heating in plots without any type
of structure over them. Experimental
work at the Lethbridge Research Station
of the Canada Department of Agriculture
was initiated in 1960 to determine the
feasibility of turf heating with electricity
to prevent winterkill of nonhardy turf-
grass. Test results indicated that holding a
minimum temperature at a 1-inch
(2.54-cm) depth of 32 or 26.6°F (0 or
-3°C) was economical and the turf sur
vived the winter in good condition. The
temperature in the unheated plots drop
ped to 12.2°F (-11°C). As a result,
5,146 ft2 (477m2) of putting green at the
Banff Springs Hotel was heated in 1966
in an attempt to extend the season of use
(5).

In 1967, Ontario Hydro initiated test
ing with a tomato grower in southwestern
Ontario to assess the feasibility of pro
ducing tomato plants without green
houses or other cover. The objective was
to completely eliminate glass or plastic
greenhouses, or both, as well as the labor
cost of hand seeding in flats and trans
planting the seedlings from the flats to
the plastic greenhouses.

Conventional Tomato Plant Production in

Ontario

Most producers in Ontario hand seed
in prepared wooden flats 2 ft X 1 ft X 2
inches (61.0 X 30.5 X 5.08 cm) about
March 15 when outside temperatures
range from 10 to 50°F (-12.2 to 10°C).
The flats are kept in glass greenhouses
heated to 75°F (23.9°C) by coal, oil, or
gas furnaces.

About April 1, the 2-inch (5.08-cm)
plants are hand transplanted to a plastic
greenhouse at a cost of about $2.50 per
1,000 plants. Outside temperatures at this
time range from 20 to 60°F (—6.67 to
15.5°C), which necessitates the use of
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similar heating equipment in the plastic
greenhouses to maintain temperature.

The plants remain in this environment
until they are 6-8 inches (15.2-20.3 cm)
high and are ready to be transplanted to
the field in mid-May. The total cost of
this production method is about $10.00
per 1,000 plants. This includes hand
seeding, the intermediate transplanting,
the cost of polyethylene for the plastic
greenhouses (which must be replaced
each year), the cost of fuel to heat the
greenhouses, and taxes on the greenhouse
structures.

Importing Plants

Because of the high cost of local
production, many plants are being im
ported from Georgia, USA, and many
local growers have ceased to grow plants
for their own use or to provide plants for
other producers. Plants are being im
ported at a lower cost than they can be
produced in Ontario because they are
field grown with relatively cheap labor.

However, importing the needed plants
can create some problems. The plants are
not always of good quality and often
arrive at the farm when, because of a wet
spring, they cannot be planted. As a
result they have to be held in storage
until the land is ready, which can result in
very high plant losses due to deteriora
tion. The losses in southwestern Ontario
in 1970 were estimated to be in excess of
$80,000.

PRELIMINARY TRIALS

In Cold Frame- 1967

In 1967, Ontario Hydro was approach
ed by tomato producers with regard to
assistance in trying some alternative pro
duction techniques to cut production
cost.

The objectives were to reduce or elimi-
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nate the intermediate transplant labor
cost and the costs of maintaining and
heating the glass and plastic greenhouses.
But just as important would be the fact
that plants could remain in soil until the
day of transplanting to the field to
eliminate plant losses by deterioration.

With these objectives and considera
tions as guidelines, electric heating cable
was installed in an existing cold frame 8
X 28 ft (2.44 X 8.55 m) with removable
plastic-covered frames. A total of 3,400
W were installed, providing a density of
15.2 W/ft2 (163.6 W/m2). The cable was
placed on 8-inch (20.3-cm) centers, 4
inches (10.2 cm) deep on April 17, 1967.

For comparison purposes an identical
adjacent cold frame without heat was
used as a control.

Heat was provided on April 17 when
the soil temperature was 55°F (12.8°C).
By April 19, the soil temperature in the
heated frame was up to 70°F (21.1°C).
On April 19, 1,100 seeds and 1,100
2-inch (5.08-cm) seedlings were planted
in both the unheated, and the heated cold
frame.

On April 25 (6 d after seeding),
seedlings had appeared in the heated
frame. The daytime temperatures ranged
from 31 to 39°F (-0.55 to 3.89°C).

The seedlings, from the seed in the
unheated frame, did not emerge until
May 1 (12 d after seeding) and due to low
germination rate and lack of vigor the
seedlings were abandoned.

The seedlings, from the seed in the
heated frame, were considered equal to
the seedlings planted in the unheated
frame 10 d after seeding. They were
ready to be transplanted to the field on
May 29, 10 d in advance of the seedlings
from the unheated frame.

The results of this initial trial were

very encouraging because only 855 kW-h
of electrical energy were used at a cost of
$11.11. The operating costs were $11.11
* 224 = 4.96 cents/ft2 (53.5 cents/m2),
or approximately $1.03 per 1,000 plants
at 48 plants/ft* (515 plants/m2). The
intermediate transplant was also elimi
nated with the heated frame. Observa

tions by experienced growers indicated
that the plants from the heated frame
were larger and stronger than the trans
plants in the unheated frame, which
accounted for the 10-d advance noted
previously.

In Greenhouses — 1968

Trials similar to those in 1967 were

conducted in a heated greenhouse by
using adjacent plots with and without
soil-heating cable. The initial growth
rate with soil heating was enhanced.
However, the greenhouse maintenance
and heating costs still existed, therefore
no significant advantage from the
growers' point of view was achieved by
this test.

Outdoor Trials - 1969 and 1970

Electric heating cable was installed in a
40-ft2 (37.2-m2) plot at a density of 15.2
W/ft2 (163.6 W/m2) as had been used in
the heated frame in 1967. The major
difference was that the plot was uncover
ed, but did have some wind shielding by
adjacent buildings and trees.

The soil temperature was raised from
50 to 70°F (10 to 21.1°C) and tomatoes
were direct seeded on April 8, 1969. A
few seedlings emerged by April 19, de
spite air temperatures as low as 28°F
(—2.2°C) and a 2-inch (5.08-cm) snow
fall. By April 29, the seedling rows were
quite evident and the seedlings appeared
to be growing satisfactorily. On May 1,
however, when the seedlings were about
2.5 inches (6.35 cm) high, they ceased to
grow but maintained a good color.

The soil temperature had been kept at
a constant temperature of 70°F (21.1°C)
by a thermostat-sensing bulb located mid
way between two cables and 2 inches
(5.08 cm) under the soil surface. When
growth stopped, the thermostat setting
was lowered to 60°F (15.5°C). Within 24
h the seedlings resumed growth. This
observation indicted that soil temperature
should be lowered from 70°F (21.1°C) as
the seedlings become established. Two
possible reasons were put forward: (i) the
heating cable lowered the available mois
ture level in the root zone; (»") the
seedling roots will not grow as they
approach the warmer soil closer to the
cable. This phenomenon was not re
searched.

The total cost for 2,248 kWh of
electrical energy was $29.22 for a cost of
$1.82/1,000 plants produced. The heated
plot produced 16,000 plants and the cost
of production was estimated to be 50% of
that by the conventional method.

In 1970 the same heated plot was
used. Similar results were obtained, thus
confirming the 1969 findings.

Field Trials- 1971 and 1972

As a result of the success in the

preliminary trials a full-scale commercial-
sized trial was initiated in 1971. Because
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most of the tomato plants are produced
in Essex and Kent counties it was estab
lished that for Chatham, Ontario, the
mean day of last occurrence of 32°F
(0°C) in the spring is May 5. The antici
pated planting date is about April 10,
with emergence about April 20. This
means 15 d with probability of frost in
excess of 50%. The frosts are normally
light, however (only a few degrees), and
previous experience indicated that the
warmed soil would radiate sufficient heat
to protect the seedlings.

Procedure

From April 10 to 12, 59.4 kW of
polyvinyl chloride-jacketed electric heat
ing cable were installed in a 5,250-ft2
(487-m2) plot within a 60 X 100-ft (18.3
X 30.5-m) area. The cable was spaced on
5-inch (12.7-cm) centers and laid 5 inches
(12.7 cm) under the soil surface to permit
tillage with a rototiller or equipment on a
lawn-and-garden tractor. The cable was
installed using a vibrator-type installer.
The cable was passed down through a
shoe that vibrated the cable into the soil

to the desired depth. The density of the
installation was 11.3 W/ft2 (121.6
W/m2).

A 400-A single-phase electrical service
was installed to carry the anticipated
250-A load. Twenty-two sets of 2,700-W
heating cables were installed. Four sets of
heating cable were protected by a
50/70-A breaker. All six breakers were
operated by a single thermostat activating
six contactors. The bulb of the thermo

stat was buried midway between two
cables and about 2 inches (5.08 cm)
below the soil surface, far enough into
the plot to eliminate edge effects. A
separate electrical meter was installed to
permit consumption readings to be made.

To record temperature profiles and the
effects of ambient temperature on ground
line temperature, a 24-channel Honeywell
strip recorder was installed to record
temperatures at the following eight loca
tions: (1) temperature of the heating
cable jacket; (2) soil temperature 1 inch
(2.54 cm) above the cable; (3) soil tem
perature 2 inches (5.08 cm) above the
cable; (4) soil temperature 1 inch (2.54
cm) below soil surface; (5) ground line
temperature; (6) air temperature 2 inches
(5.08 cm) above ground line; (7) air
temperature 12 inches (30.5 cm) above
ground line; and (8) air temperature 60
inches (1.53 m) above ground line (am
bient air temperature).

In 1972, two temperature-recording
stations were established to insure mini

mized recording errors and permit aver-
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aging if necessary. Only one location was
used in 1971.

On April 13, 1971, and April 10,
1972, approximately 250,000 seeds were
planted with an 8-row seeder laying seed
tapes. The tapes were laid 3 inches (7.62
cm) on center and the average seed
spacing in the tape was 1 inch (2.54 cm).

In 1971, some plants on the northeast
corner of the plot were lost due to winds
carrying fine sand. Thus, prior to the
1972 planting, a 5-ft (1.53-m) polyethyl
ene fence was constructed along the
north side, and on the east side of the
plot, snow fence was installed to provide
wind protection. The south and west
sides were protected initially by a plastic
greenhouse and a board fence, respec
tively.

The thermostat setting was lowered
from 70 to 60°F (21.1 to 15.5°C) on
April 15, 1972, and on approximately the
same date in 1971, to eliminate the
growth stoppage discussed previously.

Conventional watering and weed con
trol practices were used by the coopera
ting grower.

Results

From the 2 yr of trials, it was estab
lished from the recorder charts and by
the use of soil thermometers that the soil

temperature could be brought from 50 to
70°F (12.8 to 21.2°C) in fewer than 48
h.

Power consumption

In 1971, the total power consumption
was 38,700 kW-h and in 1972, 31,300
kWh. In both years power consumption
for testing cables and prewarming the soil
was included. In 1972, two cable breaks
were caused during soil tilling but were
repaired easily with connectors supplied
by the cable manufacturer. The cost of
electrical energy per 1,000 seeds was
$2.40 and $1.94 for 1971 and 1972,
respectively, assuming an average power
cost of 1.55 cents per kWh.

Plant quality

The plants removed from the plot in
1971 and 1972 had excellent color and

were firmer than imported plants or those
grown conventionally. No "hardening-
off" was required prior to field trans
planting, as with conventional plants, be
cause the plants had already been ex
posed to cool nights during the growth
period.

In 1971, approximately 25% of the
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plants grown were lost — literally cut off
— by wind-carried sand. This occurred in
the northeast corner of the plot. The
polyethylene barrier established in 1972
prevented a reoccurrence. In 1972, ap
proximately 85% of the seeds yielded
strong healthy plants about 8 inches
(20.3 cm) high for field transplanting.

Temperature recording

In 1972, temperature recording charts
were analyzed from April 15 to May 16.
The chart data provided three interesting
pieces of information: the night vs. day
electrical consumption; temperature pro
files; and graphical data of maximum and
minimum temperatures in the growth
zone.

Heating period. By observing temperature
of the heating cable jacket, the periods of
heating were determined. From April 15
to May 16, a 744-h period, the cable was
energized a total of 416 h or 56.3% of the
time. Of the 416 h, 228 were between
0600 and 2200 hours, the period of the
day that most electrical utilities encoun
ter peak daily demands. The other 188 h
of operation were during the off-peak
period between 2200 and 0600 hours.
Thus, 54.8% of the electrical consump
tion was day load and 45.2% was night
load. However, the total power usage is
off the seasonal peak, which makes it a
desirable load.

Temperature profile. Two typical weather
conditions during the 1971 plant growth
period were selected to show temperature
profiles from the cable to ambient air on
a warm day (53°F or 11.6°C) and a cool

m 50

night (20 F or -6.7 C). The 1971 data
were used for the typical temperature
profiles shown in Figure 1 because re
corded ambient temperatures did not
drop below 30°F (-1.1°C) in 1972. The
air temperature 12 inches (30.5 cm)
above the ground (location 7) was the
same as the air temperature 60 inches
(1.53 m) above the ground line (location
8) in both instances. This was observed to
be true for all recorded data, within the
accuracy limits of reading the recorder
charts, which were graduated in one
Fahrenheit degree increments. When the
heating cable was energized, the jacket
temperature was approximately 110°F
(43.3°C) (Figure 1). For the cool night
profile, the ground line temperature was
21 Fahrenheit degrees (11.7 Celsius de
grees) above ambient air temperature
(location 8).

Growing period temperatures. Figures 2
and 3 are graphs of the minimum and
maximum daily temperature records of
ambient air temperature, ground line tem
perature, and soil temperature 1 inch
(2.54 cm) below the soil surface (thermo
couple locations 8, 5, and 4). The values
from the two recording points were aver
aged and plotted for each day from April
16 to May 16, 1972.

Although the minimum daily tempera
tures in the growth zone are of greater
interest, the maximum daily temperatures
are required to explain certain phenom
ena. On 5 of the 31 d the minimum

ambient air temperature reached 32°F
(0°C) or less. On none of those days did
the minimum soil surface temperature go
below 41°F (5°C). On April 17, however,

COOL NIGHT

12345678 12345

THERMOCOUPLE LOCATIONS

Figure 1. Typical temperature profiles.
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Figure 2. Minimum soil and air temperatures during the 1972 growing period. Key:{\) cable
surface temperature; (2) soil temperature 1 inch above cable; (3) soil temperature 2
inches above cable; (4) soil temperature 1 inch below surface; (5) ground line
temperature; (6) air temperature 2 inches above; (7) air temperature 12 inches above;
and (8) air temperature 60 inches above.
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Figure 3. Maximum soil and air temperatures during the 1972 growing period.

Figure 3 also shows that the maximum
soil surface temperature always remained
from 2 to 14 Fahrenheit degrees (1.1 to
7.8 Celsius degrees) above the maximum
ambient air temperature, with the shape
of the two plotted graphs being very
similar.

minimum ambient air temperature and
minimum soil surface temperature is very
similar (Figure 2).

A sharp drop in maximum ambient air
temperature occurred from May 6 to 7
(Figure 3). The corresponding sharp drop
in maximum soil surface temperature
occurred as was expected. Fortunately,
the minimum ambient air temperature
did not drop a corresponding amount.
Despite the drop in the maximum ambi
ent air temperature the plants did not
suffer.

The fluctuation of minimum soil tem
perature 1 inch (2.54 cm) below the soil
surface (Figure 2) would indicate that a
more sensitive temperature-sensing mech
anism would be desirable.

CONCLUSIONS

1. The preliminary trials showed that
soil heating could promote early ger
mination, minimize frost effects, and
eliminate the need for physical cover
for tomato plants.

2. The electrical energy cost of $2.40
and $ 1.94 per 1,000 plants is less than
the $2.50 per 1,000 normally paid in
labor for the intermediate transplant
in the conventional growing program.

3. From the field trials it appears that if
the minimum soil surface (ground
line) temperature can be held at least
10 Fahrenheit degrees (5.56 Celsius
degrees) above minimum ambient
temperature during light frost periods
the tomato seedlings will continue to
grow satisfactorily.

4. The uncovered plot must have wind
protection to minimize seedling
losses.

5. The total cost of the heating cable,
breakers, service entrance equipment,
and thermostat for the 5,250-ft2
(487-m2) plot was approximately
$2,000, which is 38.1 cents per ft2
($4.11 per m2). Additional costs will
be incurred for windbreaks and other
incidentals, but the total capital cost
would be appreciably less than that
for a glass greenhouse, and the grow
ing system would not be taxable.

6. Care must be taken during tillage
operations over buried cable. The
operator should consider top dressing
the plot with soil each year to com
pensate for losses caused by plant
removal and wind.

the soil surface temperature went down
to 37°F (2.8°C) when the ambient air
temperature dropped to 33°F (0.55°C).
This low temperature differential was
probably incurred because the maximum
ambient air temperature dropped below
the minimum soil surface temperature on
the preceding day, April 16, because of a
cold rain. The shape of the plotted graphs of 7. The total concept of using electrical
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heating cable for tomato plant pro
duction would be enhanced if some

use could be made of the relatively
large electrical service during the re
maining 10 mo of the year. Under
ideal circumstances of crop mix and
location of facilities the service could
be used to operate an irrigation pump
for tomatoes or other crops, or to
operate a motor or motors for crop
drying or silo filling. Multiple use of
the electrical service would reduce the
proportionate cost of the equipment
and could reduce the unit cost of
electrical energy.

8. The electrical consumption was over
50% daytime load, which was unex
pected. However, the load is desirable
as it is entirely off the system peak.

9. Soil heating in the greenhouse did not
achieve the objective of reducing the
capital investment.

10. For future trials, the proposed tem
perature-sensing mechanism would be
two heating thermostats connected in
parallel. The first would monitor soil
temperature and the second would
sense ambient air temperature. The air
thermostat would be set at 45°F
(7.2°C), while the soil thermostat
would be set at 70°F (21.1°C) and
60°F (15.5°C) as before. This mech
anism should minimize the time lag
and stabilize the minimum soil tem

30

perature 1 inch (2.54 cm) below the
soil surface.

SUMMARY

Electric soil-heating cable was used for
tomato plant production both in cold
frames and in open uncovered plots.
Experiments with cold frames showed
that an intermediate seedling transplant
could be eliminated and that a heated
greenhouse was not necessary. Cost bene
fit was marginal with this method. The
trials in open uncovered plots showed
that hardy plants can be produced in this
way with much lower plant losses during
transplanting than with current methods.
Reductions in labor cost and in capital
investment are greater than the cost of
electrical energy. If alternative uses for
the electrical service installation can be

made during the other 10 months of the
year, this method of production would be
even more attractive.

Under the climatic conditions of
southwestern Ontario, adoption of this
method of tomato plant production ap
pears likely.
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