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Example of plastic recycling at a nursery.

Recycle Your Pesticide Containers and
Nursery Pots

The New Jersey Department of Agriculture will
offer free recycling of empty plastic pesticide
containers and nursery pots at five regional col-
lection sites on Sept. 27 and Oct. 3, 8, 9 and 10
this year (2003).

Mon-refillable, high-density polyethylene # 2
(HDPE #2) containers used by agricultural, pro-
fessional and commercial pesticide applicalors
will be accepted at the collection sites, as will
HDPE #2 nursery pots.

Containers must be no larger than 55 gallons
and properly rinsed. Nursery pots must also be
properly rinsed.

The program is open o anyone who holds a
New Jersey Department of Environmental Pro-
tection pesticide license and 1o state, county
and municipal government agencies. Partici-
pants must follow the processing guide or ma-
terial will be rejected.

‘The NJ Department of Environmental Protec-
tion will issue cne core credit to pesticide li-
cense holders for participating in the program.

To receive credit, participants must bring their
pesticide license to the collection site and
must follow the processing steps. Credits will
not be issued for recycling nursery pots.

To register for the program, contact Program
Manager Karen Kritz of the New Jersey De-
partment of Agriculture at (609) 984-2506 or
karen kritz@ag.state.nj.us. Please provide the
estimated size and quantity of the various pes-
ticide containers and nursery pots that will be
delivered and to what site.

The fall 2603 agricultural product container-
recycling program is a collaborative effort in-
volving the New Jersey Departmentsf Agri-
cuiture and Environmental Protection, Atlantic
County Utility Authority, Burlington County
Solid Waste, Cumoerland County Improve-
ment Authority, Monmouth County Board of
Chosen Freeholders, Pollution Control Financ-
ing Authority of Warren County, Ag Container
Recycling Council and USAg Recycling, Inc.

Please see the following collection schedule
and processing guide for further information or
visit www.state.nj.us/agriculture/
recyclyingpestcons.htm.




Carbon Dioxide Enrichment
A.J. Both

Just like water, nutrients, and light (energy),
piants need carbon dioxide (CQ;) for the proc-
ess of photasynthesis. Without sufficient CO,
available, the growth rate of plants will be re-
duced. At ambient temperatures, CQO; is a gas
and plants take up CO; through their stomates
located along the surface of the leaves. Thus,
as long as the CO; concentration around the
leaves is sufficient, plant growth will not be lim-
ited due to a lack of available CO,. However,
for plants grown in the greenhouse, the CQO,
concentration can be below the concentration
normally measured in the outside air. The rea-
son is that, particularly during periods with low
outdoor temperatures {(at night and during the
heating season), the ventilation rate is too low
to bring in sufficient amounts of “fresh” CO..
When this happens, the demand for CO; is
greater then the supply and the below normal

CO, concentration limits the plant's growth rate.

In addition, during these colder times of the
year, some growers use supplemental lighting
in an attempt to boost plant growth. But if the
CO; concentration is too low, the added sup-
plemental lighting will not increase plant growth
much because the low CO; concentration limits
photasynthesis. When such conditions happen
regularly, growers often consider providing ex-
tra CO- to the plants. This article discusses
some of the issues associated with CO, enrich-
ment in greenhouses,

CQO; gas is considered one of the so-called
‘greenhouse gases” because it can absorb
heat. Thus, as the theory goes, heat that
would otherwise be radiated from the Earth's
surface into space is now trapped in the at-
mosphere, causing the average air tempera-
ture to rise. One of the by-products of burning
fossil fuels, such as natural gas and oil, is
CO.. Since the industrial revolution that
started in the eighteenth century, the burning
of fossit fuels has increased tremendously, re-
sulting in a steady increase in the CO, con-
centration in the atmosphere. Since the
World's desire for energy is not likely to de-
cline any time soon, the CO, concentration in

our atmosphere is expected to continue to
rise, further contributing to the so-called
“greenhouse effect”, but perhaps also boost-
ing plant growth rates.

Today, on average, the outdoor CO, concen-
tration is between 350 and 400 pmol mol™ (or
ppm, which is perhaps a more commaonly
used unit). This concentration is often re-
ferred to as the ambient CO; concentration.
The air we breathe consists of approximately
79% nitrogen, 21% oxygen, and some very
small quantities of other gasses, among
which 0.035-0.040% CO.. In a well-lit closed
greenhouse with a full canopy, the CO, con-
centration can drop below 200 ppm (or
0.020%) without CO; enrichment, significantly
reducing the crop growth rate. A lot of re-
search has been conducted investigating the
positive effects of elevated CO, concentra-
tions on crop growth. Many different plant
species have heen studied. These studies
have shown that plant growth can be in-
creased under elevated CO, concentrations,
but that in general, a concentration abaove
1,000 ppm (or approximately three times the
ambient concentration) no longer resulted in
an increase in plant growth. This result is
somewhat fortuitous because: 1) CO; con-
centrations above 5,000 ppm can be harmful
to humans, and 2) increasing the CO, much
above 1,000 ppm becomes more expensive
because of the inevitable leakage of CO,
through cracks and small openings in the
greenhouse cover, Thus, it is often recom-
mended to enrich the greenhouse environ-
ment to a concentration not higher than
around 1,000 ppm. In addition, research has
shown that an increase in the CO., concentra-
tion has a larger impact when the original
concentration is closer to the ambient con-
centration (350-400 ppm) compared to being
closer to the upper limit of CO» enrichment
(around 1,000 ppm). In other words, adding
CO; returns a bigger bang for the buck {in
terms of increased crop growth) when the
starting CO, concentration is lower rather
than higher (over the 350-1,000 ppm of CO,
range). Itis also important to remember that
some plant species get acclimated to ele-




vated CO, concentrations and, over time, do
not show a continued increase in crop growth.

CO; can be supplied to the greenhouse envi-
ronment using different methods. For exam-
ple, CO, gas can be released from com-
pressed CO; gas tanks. Since CO; is a by-
product of many different chemical processes,
compressed CO; is often readily available for
a reasonable price. Note: compressed CO;
gas is added to soft drinks to produce the fiz-
zle. But a lot of compressed CO, tanks are
needed to provide a larger sized greenhouse
with sufficient CO,. Therefore, growers that
use a lot of CO; can opt to install a liquid CO,
tank that can be purchased or rented through
local gas distributors. A refrigeration unit is
connected to such a tank to cool the CO; to a
iemperature where it becomes a liquid. The
advantage of storing CQO, as a liquid is that
you need less volume, but on the other hand
you need a refrigerator (and electricity) to
keep the CO; cold enough so it will stay in the
liquid form. The liquid CO; is vaporized (i.e.,
converled from a liquid to a gas) before it is
released into the greenhouse. CO, gas is of-
ten distributed throughout the greenhouse with
small inflatable polyethylene tubes that run the
length of the greenhouse and are mounted in-
side and towards the bottom of the plant can-
opy (CO; gas is heavier than air). Along the
length of these inflatable polyethylene tubes
are small holes through which the CO, can es-
cape, ensuring even distribution throughout
the greenhouse. Another method of CO, en-
richment uses CO; burners (i.e., natural gas
burners) to produce CO; from the combustion
of natural gas. These bumers are usually dis-
tributed throughout the greenhouse to in-
crease the uniformity of the gas distribution.
Drawbacks of CO, burners can be that they
produce (some) heat at the same time they
produce CO, and that improperly installed
burners can be a fire hazard. During normal
greenhouse operation, heat and CO; are not
always needed at the same time. Finally, CO»
can be captured from heating system exhaust
gasses and used for greenhouse enrichment.

With any of the different CO, distribution meth-

ods, it is important that no harmful contami-
nant gasses are released at the same time.
For example, ethylene gas is known to cause
serious problems for some crop species even
at extremely low concentrations. Therefore, a
grower using CO; enrichment should make
sure that the CO, gas released is of the high-
est purity {check with your gas supplier and/
or inspect all CO; burners regularly).

When growers use supplemental lighting dur-
ing the darker periods of the year, it is often
recommended they enrich the greenhouse
environment with CO, at the same time. This
practice ensures that the CO; concentration
does not limit plant growth during those hours
of the day when (expensive) supplemental
lighting is used to boost crop growth. How-
ever, when any amount of ventilation is
needed to maintain the set point air tempera-
ture, CO; enrichment quickly becomes un-
economical because any released CO, will
quickly be vented to the outside air, and,
thus, wasted. Some growers continue with
CO, enrichment during periods when only a
little ventilation (e.qg., the first ventilation
stage) is required because they feel thai even
a littte increase in CO, concentration still
makes economic sense.

For control of the CO, concentration, a CO,
sensor is needed. Accurate CO; sensors are
relatively expensive and need periodic cali-
bration. The sensor should be mounted at a
representative location and close to the plant
canopy. Manua! or computer control can be
used to open and close a solenoid valve that
releases the CO; gas into the greenhouse, or
to turn the CO; burners on and off. Some
CO, sensors are temperature sensitive, and
those sensors should be |located inside an in-
sulated and aspirated box. This box prevents
solar radiation from influencing the measure-
ments, There are no human health concerns
as long as the CO; concentration is not ele-
vated above 3-4 times the ambient concen-
tration (dangerous and eventually fatal CO,
concentrations start around 5,000 ppm). CO;
enrichment is generally only supplied during
the light period of the day (which includes any




CO, during the dark period has little positive
effect on plant growth.

For some crops (e.qg., leafy vegetables), re-
search has shown that, within limits, supple-
mental lighting can be “traded” for CO; enrich-

ment. This means that instead of adding a cer- |

tain amount of supplemental lighting, the CO,
concentration can be increased resulting in
the same increase in crop growth. The obvi-
ous advantage is that adding CO; is likely to
be cheaper than running the supplemental
lighling system. A computer control system
can be used to determine when it is more ad-
vantageous to add CO; or when it is neces-
sary to run the supplemental lighting system
(e.g., when the solar radiation causes the
greenhouse 1o heat up above the set point
temperature, necessitating the operation of
the ventilation system and making CO; enrich-
ment uneconomical). The benefits of CO; en-
richment can be further exploited when the set
point temperatures are allowed to drift upward

at the beginning and towards the end of the
light period. These higher set point tempera-
tures would delay the onset of ventilation,
making CO; enrichment economical during
those periods of the day. However, such a
strategy should always be tested first for the
particular crop(s) grown. During periods of the

A deflated polyethylene tube (visible between
the two metal heating pipes on the floor of the
greenhouse) used to distribute CO, gas. The
tomate crop is grown hydroponically in gut-
ters that are elevated for ease of harvesting.

day with a high light intensity, it is likely that
the ventilation system is needed to maintain
the set point temperature, and under those
conditions, CO, enrichment is probably not
economical.

A liquid COs storage tank secured with a gate.

A CO; sensor located inside a greenhouse
and used for monitoring and control of the
CO, concentration. The readout from this
sensor can be used to operate a solenoid
valve either manually or with a computer con-
trol system. Opening the valve will allow pure
CO; gas to be distributed throughout the
greenhouse.




