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Safe and Effective CO2 Enrichment in the Garden

by Isabelle Lemay, agr. and Melissa Leveille 2010-03-01

CO2 enrichment in the garden often makes all the difference between a satisfying harvest and an exceptional one! When plants
are provided with a CO2 concentration between 700 and 1,000 parts per million (ppm), they can achieve optimal photosynthesis
resulting in record growth! Knowing that the outdoor air contains an average CO2 concentration of approximately 400 ppm, we
clearly understand the benefits of CO2 enrichment. But which enrichment method is best to choose? How can we ensure the well
-being of our plants and our safety? This article will answer these questions and more!

Choosing the appropriate CO2 enrichment method for your garden

The best known and most effective methods of CO2 enrichment are combustion CO2 generators and CO2 bottle regulators.
Other methods of CO2 enrichment include a baking soda and vinegar mix, compost, dry ice or fermentation, but these methods
are less effective and can be difficult to control.
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A comparison between Combustion Generators and a CO2 Bottle and Regulator. con Cent r at on

A CO2 concentration equal or
greater than 1,500 ppm may cause partial or complete closure of the plant’s stomas which results in areduction of CO2
absorption as well as alimitation in plant transpiration. Transpiration is an essential process to plant growth since the roots
absorption of water and nutrients depends on it. Far from serving the plants best interests, an excess of CO2 will slow down
growth.

For gardeners, an excess of CO2 isjust as harmful, if not more so! The maximum CO2 concentration exposure is a 15 minutes
period at about 30,000 ppm , but possible side effects can occur at a concentration as low as 1,000 ppm. High concentrations may
occur with defective equipment (generator, CO2 hottle, regulator, controller), and especialy in confined and isolated spaces with
poor air exchange. Above 10,000 ppm, the side effects on human health worsen as the CO2 concentration and duration of
exposure increase.

To prevent excessive CO2 concentrations, regular inspection and maintenance of the enrichment equipment used in the garden is
important. For CO2 bottles, it is possible to spray the equipment fittings with soapy water; if there is aleak, bubbles will appear
where the gasis escaping. Getting a CO2 monitoring device is also strongly recommended; knowing the ambient CO2
concentration allows fast reactionsin case of danger. A CO2 controller isavery interesting solution. Not only will it ensure
safety, it will also maintain a stable and precise concentration in the garden (great benefit to plants) and the gardener will benefit
from great savings!

The dangers of incomplete combustion

In the particular case of a combustion generator, there is an additional risk: an incomplete combustion caused by a defective
burner or alack of oxygen. When properly burned, propane and natural gas produce bright blue flames dotted with purple flames
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(figure one). The combustion is odorless and clean, producing

cO, CO2 and water vapor. Incomplete combustion is easy to detect
Concentration Side effects on health* with its often flickering orange and yellow flames. It creates a
{ppm) danger from the toxic compounds that emerge from the flames,

which are harmful to plants and humans and can even be fatal.
The main toxic gases from incomplete combustion are carbon
monoxide (CO), ethylene (C2H4), sulfur dioxide (SO2), nitrogen
monoxide and nitrogen dioxide (NO and NO2) and propylene
(C3H6). Their effects on plants and humans are numerous, but
here are the main ones.
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Ethylene isagasthat is naturally produced from the plants and can have various effects. Mainly, it causes fruit ripening, aging of
the organs and may also cause the leaves to fall. Without getting into these complex processes, the presence of ethylene at the
wrong stage of development may have side effects on plants such as preventing flowering, reducing the yield and fruit quality or
causing the leaves to lose chlorophyll, a reduction of flower’s pigmentation and other wilting symptoms. At high concentrations,
propylene may cause similar symptoms to carbon monoxide.

Sulfur dioxide is also harmful to plants. When this gasis present in abundant quantities, the plants close their stomas. As for
nitrogen oxides, alarge quantity may decrease the plant’s growth and cause necrosis. Interestingly, alow concentration
combination of sulfur dioxide and nitrogen oxide may be more damaging to plants than a high concentration of one of these two
gases.
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Illustrating the critical concentration of gases affecting humans and plants. the outdoor air to maintain an
acceptable oxygen level without
wasting the precious generated CO2. For example, 224,000 BTU CO2 generator requires about five cubic feet (CF) of air per
minute of functioning. So if agenerator burns for 15 minutes per hour, it requires five by 15 = 75 CF per hour of fresh air. Thus,
a100 CFM fan has to work about one minute per hour to replenish the oxygen supply to ensure complete combustion.
Another strongly recommended protection is to purchase a detector. Some gases, such as ethylene, strongly affect plants but are
expensive to detect. However, it is not expensive to acquire a carbon monoxide monitor, and it is a good indicator of combustion
quality. Normally, a concentration greater than 30 ppm of carbon monoxide in the undiluted gas from the generator indicates
incomplete combustion; the presence of other harmful gasesisvery likely.

In order to avoid wasting CO2, some gardeners choose a culture volume as airtight as possible, without any air exchange. The
CO2 generator is not recommended in this type of confined space due to a high risk of lack of oxygen and, therefore, incomplete
combustion. The CO2 hottle is much safer for this type of garden.
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Selecting and applying an appropriate CO2 enrichment method for the growing areais no easy task. But taking the time to do so
will allow one to achieve the expected results and will ensure the plants’ and the gardener’ s safety. The results from a garden that
benefits from good CO2 enrichment management will be worth the invested time and money.




