
«». •rwn

Figure 2. Shows that the vigor persisted through the later
stages of growth resulting in a slightly larger
plant. The use of chopped fresh sphagnum moss
costing $50/cu. yd. increased the cost of root
medium per pot from about 9$ to 10$.
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GREENHOUSE OXYGEN DEPLETION BY

UNVENTED HEATERS

Jay S. Koths
Professor of Floriculture

Many articles have appeared lately that warn of the
dangers of using unvented heaters in greenhouses. This
is a real danger to both plants and people. Here are some
figures on how short a time they can be used in an emergency
and how little heat can be safely supplied on a continuing
basis.

First, let us restrict our thoughts to a greenhouse of
at least 2500 square feet with an average height of eight
feet, or a volume of 20,000 cubic feet. The danger of
operating unvented heaters increases as the greenhouse

size decreases.

Next, let us consider propane as the fuel and adjust
our parameters for other fuels later in this paper.

Here are a few guidelines concerning heat requirements.

1. A single glazed polyethylene house or a loose glass
house will require about 2 BTU/sq. ft./hour to raise the
temperature 1°F.

2. A double poly cover or thermal blanket may decrease
the heat requirement 30%; 1.4 BTU/sq. ft./hour is required.

3. Other heat retention practices such as north wall
insulation will decrease heat requirements further.

4. The minimum oxygen level for burners to operate
properly is considered to be 18.9% 0? (a 2% depletion).
At 18%, modern gas burners are supposed to shut off
automatically. At 17%, human discomfort is pronounced.

IT SHOULD NOT BE CONSIDERED SAFE TO BURN 50 BTU/SQ. FT./
HR. FOR MORE THAN 2 HOURS WITHOUT VENTILATION.

If 50 BTU/sq. ft./hr. are supplied to provide 25°
protection (to keep a single poly house from freezing
when the outdoor temperature is above 10°), the oxygen
will be depleted to 18.9% in just two hours.
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DON'T LET IT HAPPEN

Most herbicides should never be used in greenhouses.
They may volatilize and damage plants. Trifluralin (Tre-
flan) is a serious offender, being quite volatile. This
poinsettia came from a house where trifuralin was spread
on the ground under the benches for weed control.

It controlled the weeds—it also nearly killed the
poinsettias.

Read the label. Never use an herbicide not labelled

for greenhouse use. Only diuran (Karmex), diquat, glyphosate
(Roundup) and orysalin (SurfIan) are generally recommended
(see Connecticut Greenhouse Newsletter 109:20-22, 2/82).

.

I

Do other fuels use up oxygen at the same rate? No.
Kerosene or fuel oil requires less 0~, natural gas more
02 per BTU produced. But oil burners are more sensitive
to low oxygen levels and incomplete combustion may occur
sooner than with gas.

For safety, provide outdoor air to the burner or use
the figures for no air infiltration.

There are other dangers to be considered. If your bur
ner is not adjusted to provide an excess of air, undesirable
by-products of combustion may occur which will damage plants.
If the fuel contains excessive sulfur, plant damage is cer
tain to occur, especially with prolonged usage and parti
cularly if kerosene is the fuel. Be certain to use the
kerosene labelled 1-K which contains less than 0.4% sulfur
by weight.

Two percent of the oxygen is 40,000 ppm. Burning pro
pane with it is equivalent to 24,000 ppm C0_. Over 5,000
ppm is considered to be hazardous to humans. Over 3,000
ppm may affect plant growth while 20,000 ppm is reported
to cause notable plant injury. This means that high CO-
levels may well be the most hazardous by-product of the
use of unvented heaters in greenhouses.

A paper by Lavagetto and McNeil (1964) reports that
C02 does not reach high levels under greenhouse conditions.
C02 is soluble in water and, under their conditions, equi
librium was reached at about 2700 ppm. They found that
the soil was absorbing C0_ and becoming more acid, dropping
from a pH of 6.0 down to 5.). Can it be assumed that plant
tissue was likewise "supercharged" with C0?? If so, the
stomates would remain closed but photosynthesis would pro
ceed uninhibited by C02 insufficiency until much of it had
been used by the plant. This would suggest that high C0?
levels may result in problems but that excessive levels
in the atmosphere are not a primary hazard to people.

There is also a danger reported from England that
propylene may occur in propane gas and that leaks could
cause plant damage. Propylene is detrimental to plant
growth, being related chemically to ethylene.

ADDENDUM

The above conclusions are based on the following calcula
tions.

Assume a greenhouse 25 x 100' with an average height of 8'
It will contain 20,000 cu. ft. of air. If covered with single
polyethylene, 20 BTU's per sq. ft. per hour should raise the



temperature about 10°, enough to provide heat during a spring
cold spell or a power failure. This is 50,000 BTU for this
2500 sq. ft. house.

Consider a propane burner with this data:

Propane data

A gallon weighs 4.24 lbs. and provides 92,000 BTU
A pound provides 21,700 BTU, an ounce = 1360 BTU
50,000 BTU will be provided by 36.9 oz. propane
Burning each ounce of propane requires 2.18 oz.

oxygen and produces 3 oz. carbon dioxide.

Air data

Air is about 20.9% 0? by bolume, about 23% by weigh
At 60°, dry, 1 lb. = 13-2 cu. ft. or 1.212 oz./cu.
1.212 oz. x 23% 0„ = .28 oz. 02/cu. ft. air
A cu. ft. 0 = 1.34 oz. (1.43 oz. @ 0°C.)
A cu. ft. 0, will provide 622 BTU from propane combustion.

t.

ft.

( i

Our greenhouse example contains 20,000 cu. ft. of a
contains (20,000 x 20.9%) 4180 cu. ft. 02- If 02 weighs
oz./cu. ft., there will be 5600 oz. 02 in h hoii •/,<•. If

50,000 BTU propane burner uses 36.9 oz. propane/hour, it
consume

cu. ft. of oxygen.

(36.9 x 2.18) 80 oz. 02/hour, this is (80 t 1.34

ir which

1.34
the

will

) 60

Assuming that the burner is adjusted to a lean flame and
that it will burn properly with a 2% oxygen reduction in the
atmosphere, there are [4180 - (4180 x 79.1%)] 400 cu. ft. of
oxygen available for burning propane. This is enough oxygen
to produce (400 x 622) 248,800 BTU's from burning propane.
In a 2500 sq. ft. house, this is 100 BTU/sq. ft. One could
therefore have a burner producing 20 BTU/sq. ft./hr. for five
hours or 40 BTU/sq. ft. for 2 1/2 hours before the oxygen was
depleted by 2%.

Greenhouses are not air tight. Let us assume 1/4 air
exchange per hour and that the greenhouse air has been depleted
to 18.9% 02. There will be (20,000 x 25%) 5000 cu. ft. air
entering per hour. It contains (2% of 5000 cu. ft.) 100 cu.
ft. more oxygen than the air which exited. It will supply all
of the oxygen necessary for combustion to maintain an equili
brium of 18.9% 02 in the greenhouse when 62,300 BTU are being
produced (25 BTU/sq. ft. in a 2500 sq. ft. greenhouse).

Expanding upon this, 1/2 air exchange per house will
support 50 BTU/sq. ft./hr. at 18.9% 02 equilibrium. The C02
equi1ibrium wi11 be 24,000 ppm.

Now, suppose that a 100,000 BTU burner is used to pro
vide 40 BTU/sq. ft./hr. in this 2400 sq. ft. greenhouse.
Since each 622 BTU's requires a cu. ft. of 02, 160 cu. ft.
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On the other hand, a normal watering for pots may be
20%. A 6" azalea pot will require 8.8 oz. water (Table 2).
This is required because of the lighter root media used in
pots. If the soil fraction is 40%, the remaining 60% is
pore space. Of this, 15-20% must be air. Some 10% is bound
water unavailable to plants. This leaves 30% (60% - 20% air
- 10% unavailable water) so a 20% water application is
reasonable.

The amount of water that a root medium will hold is
related to the size of the pores in the soil. It is
important in shallow soils to have large pore spaces so
that air will enter the soil after watering. Finely
"powdered" sphagnum peat moss does not provide large
pore spaces.

"Container capacity" refers to the amount of water held
after the soil in a container has drained. This is higher
than field capacity since the depth of soil cap.il laries is
less. Potting soils generally have more pore space than
bench soils. Table 2 lists watering rates that are appro
priate for potted crops. A 20% application is common and
may provide a small amount of leaching which is desirable.
This will vary with root media. Some will function well
with a 15% application of water; few will require 25%. Note
that the table does not take into account total water usage
which would include spilled water occurring when watering
with a hose.

Capillary mats are becoming a popular method of pot
watering. The easiest method of measuring water appli
cation is to set up the system, then insert a fertilizer
injector in the feed line. If not using fertilizer in
the irrigation water, fill with plain water and measure
water use. For instance, a 1:100 injector will use 1
gallon for each 100 gallons of water applied to the mat.
With spaghetti pot watering, place one tube in a con
tainer, measure the water applied, and multiply by the
number of tubes.

It is hoped that these tables will assist you in "fine
tuning" your watering practice to provide optimum condi
tions while keeping wasted water to a minimum.
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00 per hour will be required. If 1/4 air exchange per hour
2—•*->-- »«« '- « this air exchange per hour wouldprovides 100 cu. ft. 0
not provide enough 0
extremely dangerous.
not provide enough 02 for continued use. It would be

Let us repeat. Unvented heaters are useful for^
emergency heating. They have very limited capabilities
for continuous use. When using such heaters, fresh air
supplied by a 4 to 6" pipe to the outside may be neces
sary to provide the oxygen necessary for complete com
bustion.

One final suggestion. Grow a tomato in your greenhouse.
Tomatoes are sensitive to many forms of air pollution and
may serve as an indicator if anything is going wrong.
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