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Guidelines for measuring and reporting environmental
conditions in controlled-environment studies
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Guidelines for measuring and reporting environmental conditions in plant growth
chambers are presented in tabular form. These guidelines are recommended by the
North Central Region {(NCR~101} Technical Committee on Growth Chamber Use, a
committee formed under the Cooperative Research Program of the State Agricul-
tural Experiment Stations (SAES) and the United States Department of Agriculture
(USDA). Recommendations on location and frequency of measurements as well as
suggested format and units of measurement are listed for each environmental
parameter. The adoption of these standardized guidelines should greatly improve the
uniformity of research conducted in controlled environments and facilitate compari-
son of experimental results obtained in studies conducted in different laboratories on
a world-wide basis.

Additional key words — Environmental measurements, experimental design, plant
growth chambers, phytotronics, reporting guidelines, SI units of measurements,
standardization.

D. T. Krizek, Plant Stress Lab., U.S. Department of Agriculture, Room 206, B-001,
BARC-W, Beltsville, MD 20705, U.S.A.

Plant growth chambers and other controlled-environ-
ment facilities are widely used in physiological and
bigchemical research to provide a reproducible envi-
ronment for growing plants, plant tissues, or plant cells
(Hudson 1957, Went 1957, Evans 1963, Downs 1975,
Downs and Hellmers 1975, Kramer 1978, Langhans
1978). Articles published in Physiologia Plantarum and
in other plant science journals frequently report the use
of some type of controlled-environment facility. Until
recently, however, little effort was made to standardize
cultural methods (Krizek et al. 1975, Tibbitts 1978),
measurement procedures (Tibbitts and Kozlowski
1979, ASAE 1982, Sager 1982), or reporting units
(Krizek 1970, ASHS 1972, Shibles 1976, Berry et al.
1977, Incoll 1977, Gates 1980, ASA 1981, Bell and
Rose 1981, ASAE 1982, Sager 1982) in controlled-en-
vironment experiments.

Detailed and complete measurements are needed be-
cause of the vast differences in growth chamber design,
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maintenance procedures, surrounding environmental
conditions, and cultural practices in each facility
(Downs 1975, Downs and Hellmers 1975, Krizek et al.
1975, Langhans 1978, Tibbitts 1978). Despite careful
efforts to control the environment, these differences
may cause significant differences in irradiance patterns,
airflow patterns, atmospheric composition (CO,, O,
moisture), temperature patterns, and other environ-
mental factors which may affect experimental results
(Tibbitts et al. 1976). Inadvertent environmental stres-
ses caused by atmospheric contaminants, radiation
stress (ultraviolet, visible, or infrared radiation), exces-
sive vibration, and inadequate water and nutrient sup-
ply may also adversely affect the results obtained (Tib-
bitts et al. 1977, Ormrod ard Krizek 1978, 1979).
Proposed guidelines for reporting environmental
conditions in controlled-environment studies were pub-
lished initially in 1970 (Krizek) by the American So-
ciety for Horticultural Sciences (ASHS) Working
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Group on Growth Chambers and Controlled Environ-
ments in an attempt to improve the uniformity of re-
search conducted in plant growth chambers and to per-
mit an intercomparison of studies conducted in different
laboratories. These were subsequently revised in 1972
{ASHS) and 1977 (Berry et al.). During the next two
years the guidelines were expanded by the North Cen-
tral Region (NCR-101) Committee on Growth
Chamber Use, a committee formed under the Coopera-
tive Regional Research Program of the State Agricul-
tural Experiment Stations (SAES) and the United
States Department of Agriculture (USDA), to include
recommended procedures for making environmental
measurements (Tibbitts and Kozlowski 1979, ASAE
1982, Sager 1982). This committee is comprised of
agricultural engineers, agronomists, botanists, hor-
ticulturists, plant physiologists, and soil scientists from
agricultural experiment stations and government
laboratories throughout the United States and Canada.

The expanded guidelines were formally presented in
1979 (Tibbitts and Kozlowski) at a Controlled Envi-
ronments Working Conference held at Madison, Wis-
consin. The conference was jointly sponsored by the
NCR-101 Committee on Growth Chamber Use, the
American Society of Agricultural Engineers’ Commit-
tee on Environment and Plant Structures, the ASHS
Working Group on Growth Chambers and Controlled
Environments, and the University of Wisconsin Bio-
tron. Following the workshop, the guidelines were re-
fined, reviewed and published along with the entire pro-
ceedings of the conference (Tibbitts and Kozlowski
1979). Since that time some additional modifications
have been made based on further evaluation. These
changes have received the support of the NCR-101
Committee.

These guidelines, presented in Tab. 1, reflect the
current thinking of many scientists, engineers, and
manufacturers. They provide recommendations on
types of instruments, location and frequency of meas-
urement, and suggested format and units that should be
used in reporting environmental conditions in each
study.

The recommendations on location and frequency of
measurements are intended primarily for those experi-
ments in which plant responses are observed in intervals
of several days rather than on a daily basis, and where
the investigator is interested in relating total growth to
the environment as a whole, rather than in analyzing the
effects of a single environmental factor on some aspect
of growth.

The NCR-101 Committee on Growth Chamber Use
recognizes that not all laboratories will have the neces-
sary instrurmnentation to make all of the recommended
measurements. In these cases an investigator will have
to compromise and settle for a careful description of
experimental methods and environmental facilities (e.g.
manufacturer, type, wattage, and voltage of lamp.).

The use of SI units (CIE 1970, Burstrém 1972, Geist
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and Zalewski 1973, Incoll et al. 1977, Krizek 1979, ISO
1980, 1981, NBS 1981) has been recommended in all
cases. It is anticipated that these guidelines will be con-
tinually updated as instrumentation is improved and
greater precision in environmental measurement and
control is demanded by researchers.

Scientists are encouraged to utilize the sample
paragraph that was published with the 1977 guidelines
(Berry et al. 1977). The adoption of standardized
measurement and reporting guidelines by researchers
and adherence to these suggestions by journal reviewers
and review editors will significantly enhance the uni-
formity of environmental research and will greatly aid
in making a comparison of data obtained in studies con-
ducted in different laboratories on a world-wide basis.
We encourage all readers of Physiologia Plantarum to
adopt these guidelines and welcome your comments and
suggestions for evaluation and possible inclusion in fu-
ture, revised versions.

Comments and suggestions may be sent to Donald T.
Krizek, Plant Stress Laboratory, Plant Physiology In-
stitute, 1.S. Department of Agriculture, ARS,
Beltsville, MD 20705, USA, or to other members of the
NCR-101 Committee on Growth Chamber Use:
Richard J. Gladon, lowa State University, Ames, Iowa;
R. Bruce Curry, Ohio Agricultural Research and De-
velopment Center, Wooster, Ohio; R. J. Downs, North
Carolina State University, Raleigh, North Carolina;
Murray Duysen, North Dakota State University, Fargo,
North Dakota; Jerry D. Eastin, University of Nebraska,
Lincoln, Nebraska; P. Allen Hammer, Purdue Univer-
sity, West Lafayette, Indiana; Thamon Hazen, Towa
State University, Ames, lowa; Robert W. Langhans,
Corpell University, Ithaca, New York; Keith J. McCree,
Texas A&M University, College Station, Texas; J.
Craig McFarlane, Environmental Protection Agency,
Corvallis, Oregon; Robert A. Norton, Washington
State University, Mount Vernon, Washington; Boyd W.
Post, USDA Cooperative States Research Service,
Washington, D. C.; Ralph P. Prince, University of Con-
necticut, Storrs, Connecticut; L. Art Spomer, Univer-
sity of Illinois, Urbana, Illinois; and T. W. Tibbitts,
University of Wisconsin, Madison, Wisconsin.
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