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ANSI/ASAE EP411.5 DEC2012 (R2016) 
Revision approved December 2012 as an American National Standard. 

Guidelines for Measuring and Reporting Environmental 
Parameters for Plant Experiments in Growth Chambers 

Developed by the ASAE Environment of Plant Structures Committee (SE-303); approved by the ASAE 
Structures and Environment Division Standards Committee; adopted by ASAE March 1982; revised March 
1986; reconfirmed December 1989; revised February 1992; approved as an American National Standard 
February 1993; reaffirmed by ASAE December 1996; revised June 1997; revision approved by ANSI November 
1997; revised March 2002; revision approved by ANSI November 2002; revised editorially April 2005; 
reaffirmed by ASABE January 2007; reaffirmed by ANSI January 2007; revised December 2012; revision 
approved by ANSI December 2012; reaffirmed by ASABE and ANSI December 2016. 

Keywords: Definitions, Environment, Experiments, Growth, Plant 

1 Purpose and Scope 

1.1 The purpose of this Engineering Practice is to set forth guidelines for the measurement of environmental 
parameters that characterize the aerial and root environment in a plant growth chamber. 

1.2 This Engineering Practice establishes criteria that will promote a common basis for environmental 
measurements for the research community and the commercial plant producer. 

1.3 This Engineering Practice promotes uniformity and accuracy in reporting data and results in the course of 
conducting plant experiments. 

2 Introduction 

2.1 The aerial environment is characterized by the following parameters: air temperature, atmospheric 
composition including moisture and carbon dioxide concentration, air velocity, radiation, and the edge effects of 
wall/floor on these parameters. 

2.2 The root environment is characterized by the following parameters: medium composition and quantity, 
nutrient concentrations, water content, temperature, pH, electrical conductivity, and oxygen concentration. 

2.3 Measuring and reporting these various parameters will be covered in the sections that follow. The 
definitions of the parameters indicate the symbol and units in the format, (symbol, units). Measurements should 
be made which accurately represent the mean and range of the environmental parameters to which the plants 
are exposed during the experimental period, to indicate the temporal variations, both cyclic and transient, and 
the spatial variations over the separate plants in the chamber. 

2.4 The definitions, measurement techniques, and reporting procedures provide criteria and promote 
uniformity in measuring and reporting environmental parameters, but these guidelines should not be used to 
select the environmental parameters applicable to a particular experiment. Other parameters may be 
applicable to a particular experiment or special environments such as elemental concentration in hydroponic 
solutions, pollutant concentration in air quality research, and spectral quality ratios in photobiology. 

2.5 When measurements are made, the chamber should be operating with containers and plants located in 
the chamber. Provision should be made to take all measurements with minimum disturbance to the operating 
environment. 
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3 Definitions 

3.1 radiation: the emission and propagation of electromagnetic waves or particles through space or matter. 

3.1.1  radiant energy, Qe, J: the transfer of energy by radiation. 

3.1.2  energy flow rate, Øe, W: the rate of flow of energy, a fundamental radiometric unit; also called radiant 
power. 

3.1.3  spectral distribution: a functional or graphic expression of the relation between the spectral energy 
flux, spectral photon flux, or fluence rate per unit wavelength, and wavelength. 

3.1.4  spectral energy flow rate, Øe,λ, Wnm−1: the radiant energy flow rate per unit wavelength interval at 
wavelength λ. 

3.1.5  energy flux, Ee, Wm−2: the radiant energy flow rate per unit plane (flat) surface area; also called 
irradiance. 

3.1.6  spectral energy flux, Ee,λ, Wm−2nm−1: the radiant energy flow rate per unit plane surface area per 
unit wavelength interval at wavelength λ. 

3.1.7  energy fluence, Fe, Jm−2: the radiant energy dose time integral per unit spherical area. 

3.1.8  spectral energy fluence, Fe,λ, Jm−2nm−1: the energy fluence per unit wavelength interval at 
wavelength λ. 

3.1.9  energy fluence rate, Fe,t, Wm−2: the radiant energy fluence per unit time. The same as radiant 
energy flux (irradiance) for normal incident (perpendicular) radiation on a plane surface. 

3.1.10 spectral energy fluence rate, Fe,t,λ, Wm−2nm−1: the radiant energy fluence rate per unit 
wavelength interval at wavelength λ. 

3.1.11 photon, q (i.e., one photon): a quantum (the smallest, discrete particle) of electromagnetic energy 
with an energy of hc/λ (h = Planck’s constant; c = speed of light; λ = wavelength). Its energy is expressed in 
joules, J. 

3.1.12 photon flow rate, Øp, qs−1 or mols−1: the rate of flow of photons. 

3.1.13 photon flux, Ep, qm−2s−1 or molm−2s−1: the photon flow rate per unit plane surface area; 
sometimes also called photon flux density to emphasize the unit area. 

3.1.14 spectral photon flux, Ep,λ, qm−2s−1nm−1 or molm−2s−1nm−1: the photon flux per unit 
wavelength interval at wavelength λ. 

3.1.15 photon fluence, Fp, qm−2 or molm−2: the photon dose time integral per unit spherical area. 

3.1.16 photon fluence rate (Fp,t, qm−2s−1 or molm−2s−1): the photon fluence per unit time. The same 
as photon flux for normal incidence radiation, but requires a spherical sensor. 

3.1.17 spectral photon fluence rate, Fp,t,λ, qm−2 s−1nm−1 or molm−2s−1nm−1: the photon fluence 
rate per unit wavelength interval at wavelength λ. 

3.1.18 light: visually evaluated radiant energy, with wavelengths approximately ranging between 380 and 
780 nm, based on the sensitivity of the human eye. 

3.1.19 illuminance, Ev, lx: the luminous flux (light incident per unit area). 
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NOTE: (a) Radiation instruments that measure illuminance are not recommended. They should only be used 
along with recommended radiation instruments for historical comparison. (b) Conversion factors from 
illuminance to radiation are spectrally sensitive and thus unique for each specified radiation source. 

3.1.20 photosynthetically active radiation, PAR, qm−2s−1, molm−2s−1, or Wm−2: the radiation in the 
wavelength range of 400 to 700 nm. Measured as the photosynthetic photon flux, PPF, in quantam−2s−1 or 
mol of quantam−2s−1. 

3.1.21 photomorphogenic radiation qs−1m−2, molm−2s−1, or Wm−2: the radiation with wavelengths 
approximately ranging between 380 to 800 nm contributing to photomorphogenic responses (i.e., flowering, 
reproduction, elongation, dormancy) in relation to the relative quantum efficiency of the spectral quality of the 
radiation in several discrete spectral regions. Measured as the photon flux in average quantam−2s−1, or in 
energy flux in Wm−2 for the specified waveband λ1 – λ2. 

NOTE: The specific responses to photomorphogenic radiation must be biologically quantified and carefully 
measured for each response spectrum (action spectrum). 

3.2 temperature: the thermal state of matter with reference to its tendency to transfer heat. 

3.2.1  temperature, dry bulb, T, °C: the temperature of a gas or mixture of gases indicated by an accurate 
thermometer protected from or corrected for radiation effects. 

3.2.2  temperature, wet-bulb, Tw, °C: wet-bulb temperature is the temperature to which air at a constant 
pressure cools through the evaporation of water (adiabatically) until saturation is reached.  It is indicated by a 
wet-bulb sensor of a psychrometer constructed and used according to instructions. 

3.2.3  temperature, dewpoint, Td, °C: the temperature of an air mass at which the condensation of water 
vapor begins as the temperature of the air mass is reduced. Also, the temperature corresponding to saturation 
vapor pressure (100% relative humidity) for a given air mass at constant pressure. 

3.3 atmospheric moisture: the water vapor component of the mixture of gases of the atmosphere. 

3.3.1  water vapor density, ρr, gm−3 or Pa: the ratio of the mass of water vapor to a given volume of air, 
also called absolute humidity. It may also be measured as partial pressure (water vapor pressure). 

3.3.2  relative humidity (RH), Hr, percent: the ratio of the mole fraction of water vapor present in the air to 
the mole fraction of water vapor present in saturated air at the same temperature and barometric pressure. It 
approximates the ratio of the partial pressure or density of the water vapor in the air to the saturation pressure 
or density, respectively, of water vapor at the same temperature. 

3.3.3  water vapor pressure deficit, ed, Pa: the difference between saturation water vapor pressure at 
ambient temperature and actual vapor pressure at ambient temperature. Also called vapor saturation 
difference. 

3.4 air velocity, V, ms−1: the time rate of air motion along a directional vector. 

3.5 carbon dioxide concentration (CO2), μmolmol−1, molm−3, or Pa: the carbon dioxide component of 
the mixture of gases of the atmosphere. Current expression of units of equivalent gas concentration are 
μmolmol−1, parts per million (ppm), or μLL−1, but they do not express standard temperature and pressure, 
STP, correction. Use of partial pressure, Pa, is preferred in nonstandard atmospheres. 

3.6 watering, volume, L: the addition of water to the substrate specified as to the source, the times, the 
amount, and the distribution method. 

3.7 substrate: the media comprising the root environment specified as to type, amendments and its 
dimensions (container size). Physical characteristics such as bulk density, particle size, porosity and water 
holding capacity are desirable. 
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