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Introduction

Successful production depends on growers providing a
suitable environment for the plants. The aeria environ-
ment in greenhousesisakey component in the success of
thesefacilities. But what makesoneindoor environment
better than another? Specific test instruments allow an
objective evaluation and quantification of environmen-
tal parameters. Instruments may be used to troubleshoot
the ventilating, heating, and cooling systems that influ-
ence the greenhouse environment. Instrument readings
can be compared to recommended environmental condi-
tions. Asaways, instruments must be used properly to
obtain values that truly represent the production system.

Thisfact sheet providesgeneral principlesfor proper
evaluation of the aerial environment in green-
house structures. An emphasisis placed
ontheuseof hand-heldinstruments
for a“ spot check” of theenvi-
ronment and ventilation
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environmental parameter. However, each plant species
hasitsown optimumrangeandtimetablefor featuressuch
as productivity, flowering, and timing to market. Other
commonly measured characteristicsrelated to plant pro-
ductioninclude humidity, light level, ventilation rate, air
speed, and carbon dioxide concentration. These param-
eters are fairly easily measured and are needed to more
fully characterize the plant environment. An evaluation
of the indoor environment must emphasize the air space
directly surrounding the plants.

Contaminant gases and dust concentrations may be
a problem in some environments but are less easily
quantified. Contaminant gases include carbon monox-
ide [CO], nitric oxide [NO] and nitrogen dioxide
[NQ,] that may be released from a heating
systemor ethylenewhichisaby-prod-
uct of plant metabolism. Fi-
nally, airflow visualiza-
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Figure 1. Greenhouse environment can be quantified and improved through the thoughtful use of
instruments that measure characteristics important to successful plant production.
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Principles of Aerial
Environment Measurements

1. Measureintheright place. Itisimportant to measure
the characteristics of air that the plants are exposed to, in
additiontotheair moving aroundthem. Usually environ-
mental control sensorsusedindaily management, suchas
thermostats and thermometers, are located for human
convenience at head level. Get close to the plants and
make some subjective evaluations within the plant
canopy before taking measurements. Noticeif thereare
variations in conditions experienced by the crop. Note
any conditions such as health problems at the top versus
thebottom of thecrop. L ook for consistent problemsnear
edges of benches or in certain areas of the greenhouse
such as near a heater or evaporative cooling pad. Find a
pattern to the variation in conditions around the green-
house. Air characteristicssuch astemperature, humidity,
and particularly levels of contaminant gases such as
carbon monoxide and ethylene can vary greatly within a
greenhouse. Compare measurements taken in different
locations throughout the production facility. Include
nursery and storage areas if appropriate. Decide what it
isthat you want to measure, where you want to measure,
and position the instrument accordingly.

2. What istheinstrument measuring? Theinstrument
canonly readwhat itisexposedto. Beaware of what part
of the instrument does the sensing. Installing an instru-
ment within an environment can alter the conditions
immediately adjacent to the instrument. For example,
positioning an air velocity meter in the jet of air exiting
afandisturbsthat air by forcingit to go around the meter.
The measured velocity represents a disturbed airflow.
Often this effect cannot be completely avoided. Avoid
standing directly in the air jet exiting a fan since your
body adds alarge obstruction to airflow; instead stand to
the side of the fan away from the air jet. Similarly, a
temperature probe positioned in direct sunlight will
indicate a higher temperature than a probe positioned
more appropriately in shade or inside an aspirated box
(Figure 2).

3. Understand how theinstrument works. By under-
standing basic principlesof how aninstrument detectsair
characteristics, instrument troubleshooting becomes
easier when odd readingsare obtained. A readingisonly
as good as the understanding that went into determining
it. For sensitive instruments, determine if fluctuating
readings are a natural part of the environment being
characterized or part of theinstrument measuring mecha-

Figure 2. An aspirated box is recommended
for shielding permanently installed greenhouse
sensors from solar heat gain.

nism. Find out how long it takes the instrument to
determine and display a stabilized reading.

Greenhouses can betoo dusty and humid for some preci-
sion instrumentsto work properly wheninstalled perma-
nently. For example, instrumentsthat measure humidity
change by the expansion and contraction of fibers are
unreliable in most greenhouses. Some instruments may
work properly when new, but then go out of calibration
with the accumulation of dirt or corrosion. Be able to
diagnose such problems by understanding how the in-
strument measures and by comparing it with another
instrument. Calibration and maintenance of a correct
calibration over time is one of the responsibilities of
instrument use. Hand-held instruments may be brought
in to determine the accuracy of permanently installed
instruments and to take readings at additional locations.

4. Question each reading. Determine if the reading
makes sense in the environment being considered. Take
more than one reading. A set of three readings at one
|ocation often isnecessary to confirm that sporadic mea-
surements are reliable. Due to gusty conditions, air
velocity measurements may never settle down into one
distinct reading, so a range of readings should be aver-
aged.

5. Record readingsand observations. Summarizethe
resultsand observeif thereisapattern. Noticeif measured
conditions correspond to an observed or perceived prob-
lem. Be sure to include conditions that affect the plant
production environment, such as season, outside weather
conditions, plant density,



management practices, and stage of the crop. Growing
conditions change during the day and from season to
season. |t may benecessary tousearecordinginstrument,
a maximum-minimum instrument, or simply more than
one “reading session” to correctly characterize an envi-
ronment.

Now What?

Once measurements are taken, the resulting data should
be compared to desirable conditions. Improvements to
the growing environment can then be pursued with more
certainty about current conditions and future achieve-
ments. Desirable aeria characteristics depend on plant
species and development stage. Within greenhouses,
usually arange of temperatureisacceptable. Frequently,
contaminant gases and humidity need to be kept below

a threshold. For young plants, air speed is reduced to
avoid chilling, while during hot weather a minimum
desired air speed will be required for cooling or carbon
dioxide replenishment for fast growing plants.

Summary

With proper use of instruments, environment conditions
can be monitored for improvement. Understanding how
theinstrument obtainsitsreading isonekey to successful
troubleshooting of the environment. It is important to
monitor conditions near the crop. One measurement goal
is to determine where and why variability in conditions
exists. Compare current conditions to recommended
conditions for the plants being grown. Improvement to
the environment can then be made and quantified with
additional instrument measurements.
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