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Teerrrs T W, Monparmonw DA and Keizex D T Specrral effecrs on the
nxe of photon fuy sensors for measurement of photasynchetic photon fux in
canrradled emvirgmmenrs, BIOTRONICS 15, 31-=36, 1984, Measurements of
phorosyarheric photon Aux (PPF) were made under various radiation sources
in eleven diferent controlled enviconment facilities to compare rwocommercially
availablc phoron-fux sensors and companion me:ers.  Colibrotion of the
sensors was checked by the Natconal Bureau of Srandards wich both rungsten-
flament guartz-halogen lamps and with cool-white fuorsscent lamps.  Eead-
ings [rom the two lamps agreed for each sensormeter ser within [ 1o 17
*Measurements made wich the two sensor/merer sets by mvestigalocs in each af
the laborartories showed excellent agreement (SD=—+1 %) In the relative output
of the two sensors under & gven lamp 1vpe. even in different types of plant growth
chambers. The two sensor putputs differed systematically with lamp type,
however, with toe greatest deviation seen berween high pressure sodium lamps
and incandescent lamps, The $1 sensor reading was abour 42, higher than
senzor 32 under high pressure sodium lamps and 277 lower under incandescent
lamps., This siccy emphasizes the nesd for calibration of photosynthetic
photon Aux sensocs'merers ucder the particular cvpes of lamps being utilized
for alant irradiatien. Limitations of the PPF concept should also b ores
cognized,
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INTRODUCTION

The nesd to accurately describe the radiation conditions in contrelled-environ-
ment facilities has long been recognized but is frought with many problems (2-4,

* “ention of & trademark name or o proprietary product does not mmply (s approvel by the
L'ZDA or the US. Department of Commerce 1o the excluston of other praducts that miy also
be avinlabie.
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§ 8. 140 08.07) The use of different tvpes of radiation scurces by plant researchers
in different laboratories makes accurate measurement difficull because sensors are
commonly calibraced under only one tvpe of lamp (6, 7. f4, 160

The present study was undertaken by members of the North Central Resional
Committes on Growth Chamber Uss (NCR 101) in cooperation with the National
Bureau of Stancards (NBS) in an artempt to learn the extent of agreement between
PPF measurements obtained with two different but essentially identical photon-flux
sensors when used under various radiation seurces.  This brief report is parl of
4 continuing cooperative efort (dating back to the mid-1970%s) by NCR 101 and
NBS to improve the accuracy and precision of irradiance measuremenss under
different radiation sources,

Sensers in commercially available meters for monitoring PPF levels under
different radiation sources are filtered to provide a uniform measurement of photon
flux in the 400 to 700 nm wavelength hand and to exclude all photons outside of this
range (1, 6, 10-12), A silicon sensur is commeniy urilized in combination with
interferenze filters at 400 and 700 nm and differential filtering herween 400 and
700 nm to provide 2 rearly equal photon response over this waveband. However,
the silicon sensors and the interference and differential filters used in different meters
do not have precisely the same spectral response. thus small differsnces in total
response will result from difTerent sensors under different lamp types and perhaps
in different growth chambers.

The response of photon flux sensors in commercially available meters is gen-
erally established by calibration with a tungsten filament quartz halogen standard
lamp (13). This source provides essentially a continuous spectrum of increasing
irradiance between 400 and 700 am.  Since the sun also producss a nearly con-
tinuous spectrum for irradizsnce berwesa 400 and 700 nm, photon flux scnsors
provide accurate readings when utilized for sunhight messurements. However, when
these sensors are utilized under lamp tvpes that have discrete line spectra. as found
under Aucrescent and high pressure dischargs lamps. there is a potential for signi-
ficant measurement error

This study was undertaken to obtain information on the maenitude of this
variation in photon flux response between two LI-COR sensor/meter sets in eleven
different laboratories under various types of artificial light sowrces commonly
utilized in plant research,

MATERIAL AND METHODS

Two commercially available photon flux sersor/meter sets (1, [0 were sent to
the Mational Bureau of Standards (NBS) at Gaithershurg, MD, where separate
checks of the calibrations wers made for each sensor with a J(00-W tungsten
filament quartz halogen lamp and then with a 40-W (430 mA) cool-white fluoresce=nt
{CWF} lamp.  Thess were standard lamps calibrated for spectral irradiance. The
total irradiance used in determining sensor response was obtained by numerical
integration of the spectral irradiance from the two lamps over the wavelength range
A0-T00 nem: (5, 131, The ambient temperature was 251 2°C.  These tests were
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undertaken in Apeil, 1980 and repeated in Mav, 1981

Following checking, the instruments were distributed to different laboratories
in the United States and New Zealand for measurements of comparative response o
ditferent radiation sources in different tvpes of contralled-covironment facilitics
during the period of July, 1980 through December, 1981 After use in each labo-
ratory, the sensor/meter sets were returned to the University of Wisconsin { Madison,
Wi for quality control testing under a Male-Richardson standard graphite arc radia-
tion source. This ‘auditing’ program was conducted to insure that therc was no
significant deviation in instrument response during the various trials.  This earhon
arc source was maintained in the Instrumentation Systems Center at the University
of Wizconsin,

RESULTS aND DISCUSSION

Test results at NBS

The two sensors maintained similar calibration over the 18-month period of
measurcment with less than a 17 changes in response during this time as shown by
the twor checks at NBS and by guality contrel testing at the University of Wiscensin.

During the first check at MBS in %80 with u quarz halogen standard lamp. the
two semsors were found to provide indicator readings that were 0.7 and 2.8 low,
thus demonstrating a 2,17} difference in response for the two sensors. When
checked by NBS with 2 CWF source, tha two sensor indicators were 0,477 and 1 17
high. thus demonstrating a 0.7% difference in response.

During the second calibration in 1980, the difference in outout of the two
sensors under a quartz halogen lamp was similar, but under a 40-W (430 mA) CWF
source, the two sensor readings were | 79, less and equal to the true calibration
values. A summary of the NBS data is shown in Table |

Comparative performance af photo-fux sensors

The difTerence in reacings of PPF taken with the two photon flux sensors was
nearly constant (SO =-1%]) when lamps of similar types were compared in different
laboratores (Table 2).  When the two sensors were compared under different lamps,
however, the difference berween the two sensors was not constant. The greatest
difference was seen in measurements made under high pressure sodium and in-
candescent lamps. Under high pressure scdium lamps, sensor #! gave readings

Tahie 1. MNatonal Burenu of Standards comparison
af dupiicate LI-COR photon flux sensorg®

Dieviation between photon dux senscrs

F‘:;;?gm Date of measurement
1130 5718/8]
™C 1012 Loz
CWF 1007 117

r——— —

* Ratio af resdings: sensor £2+5Sensor §1
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Tuble 2. Comparative measurements of shotosynthetic preton flux (PPFY made
with dupicate photon fux sensors under Sifferent radmtion soweses.
Crata expressad a5 a ratia of photon Aex sensor readings™

Crgle High
Date ]_;||;r_‘-rul:-{‘!r-_r and :-..nln: _Mg:_'.:ul pr:—siur: Tungsien ]ncj:1-
lacarion fuores- haiide . tialogen fescant
e sodium
July 1930 Purdue University 5wres 1.020
Lafayewe, I LG
Oct, 1930 Cornell Unversiny 1017 1.027
lihaea, NY
Dieo. 1930 Wastern Washingon [.022 10137 (1973
Slount YWernon, Wa 1,005
Jarm, 1981 UISDAL Plant Stress Lab., L.C3G 1. {37
Helrsville, M 1030
Feb. 1981  Unversity of Mebraska L. 1000
Linzoln, ~E
Mar. 1981  University of Wisconsin 1420 L. 1938 1LOLE
“Madison, WI
June 1981  Pesn, Stae University [.O]g+s 1.016™*
Liniversity Park, PA {1,993 1013
July 1981 Texas A & M 1.000 1.011 0,933
College Station, TX
Aug. 1981 Climate Laboratory 1.016 0.0Es 0,963 0.960
Falmersion Morth, NZ
Sep. 1981 Soouthsorian Institution [EHEY 1.097
Rockvilie, MD
Dec. (981 Purdue University LAJZ1™= (.98 1.CR=
Lefayerte, I (R [T
Average 1.014 1,004 0,058 0230 1.020
(=50 {=.012] [=.011) [(=.01Ty =021 (=g

* Raric of rezdings: sensor 2 < sensor 1.
** Twe readings were ebtained through measurements in two separate chambers o racms,

about 41U, Afgher than sensor 22, under incandascent lamps, sensor §1 gave readings
about 2% lewer than sensor §2.

The small differences in readings obtained among differsnt laboratories could
nol be correlated with the range of sensor readings, type of barrier, or type of re-
flective surface in the chamber  Fepeat readings taken in the same laboratory were
found to have a varation (+175;) that was as great as that among laboratories, and
this was assumed to be associated with operator variation.  The fact that sensors
responded similarily in different zrowth Tacilities having different types of reflective
wall surfaces indicates that possible differences in cosine correction arc apparently
of only minor concern in PPF measurements.

This study demonstrates that different photon flux sensors can exhibit mea-
surable diffarences in response depending upon the radigtion sources uscd.  This
fact emphasizes the need to have sensors calibrated for sach particular type of lamp
used in a controlled environment experiment.  Based on our findings, we recom-
mend that investigators obiain calibrations and/or meter corrections for each type
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af lamp unlized in their research.  However, a caution must be extended that even
though a correction is made for different lamp types, this correction may not neces-
sarilv produce a proportional correction in the photosynthetic rate for plants grow-
ing uncer these lamps.  This could rescltsince the photons ever the lotal PPF range
af 400 and 70U am arc not of equal cffcctivencss for plant photosyathesis. Thus
hecause corrections for different lamps likely will invelve different wavelengths.
the effect on photosvothetic rate may vary
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