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Chapter 1  Introduction  

Overview 

This chapter provides you with a list of the equipment that you should have received with your Y(II) 
meter or Plant Stress Kit, and information about chlorophyll fluorescence with scientific references.  

 

To select the best chlorophyll fluorescence measuring parameter for your application, consult 
the Plant Stress Guide provided as a separate document  

The Plant Stress Guide is available on the memory stick provided with this instrument or by 
visiting www.optisci.com under Stress Testing, and receive a Stress Guide with References. 

 

 

 

 Welcome ! 

Congratulations on your purchase of the Y(II)  Modulated Fluorometer. Please check the 
carton for any visible external damage. If you notice any damage, notify the freight carrier 
immediately. Follow their procedures for reporting and filing a claim. The carton and all 
packing materials should be retained for inspection by the carrier or insurer. 
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List of Equipment 
Carefully unpack the carton. You should have received the following items: 

 Y(II) Meter with USB cord 

 USB charger plug with cable 

 USB lithium ion battery  

 Storage and shipping case 

 Leaf absorptance standard in plastic envelope 

 Thumb drive with instrument manual, application notes, and Plant Stress Guide 

If purchased with the FV/FM meter, the kit becomes known as the “Plant Stress Kit”. The 
additional items are listed below 

 FV/FM meter with USB cord 

 Ten dark-adaptation clips 

 A second USB lithium ion battery 

 A second charger plug with cable. 

If any item is missing, please contact your authorized Opti-Sciences agent. 

Getting Started 
The user interface consists of a black and white graphic screen LCD with an arrow keypad 
and a central green accept button.  

For editing parameters and making measurements, menu options are presented as underlined 
words. To move the underline, use the blue arrows that run parallel to the measuring screen 
length. The perpendicular up and down arrows change parameter values. When done, use the 
parallel arrow closest to the screen to back out to the measuring screen or go back to the 
measuring screen by pressing the green button in the middle of the arrows..  Measuring tests 
and parameter adjustments are all menu driven. 

The Y(II) meter and FV/FM meter  have default settings that allow the unit to work for many 
applications, however, changing the settings are very easily done. 

Data is stored in a 2 Gigabyte on-board flash memory, as a result, no data will be lost if the 
main battery is depleted. Stored data may be transferred to other systems through use of the 
USB port. The data is output in comma delimited, carriage return separated ASCII strings, 
easily importable to most spreadsheet programs such as Excel and Mat Lab.  
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Unpacking and Assembly 

 

FV/FM meter 

USB lithium ion batteries 

Dark clips, 

USB mains plug 

 

 

 

 

 

Y(II) meter

                           Picture of open plant stress kit 
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Assembled Y(II) meter  

 

                                The Tripod is not standard. 

 

 

Holes to allow gas exchange 

 

 

 

 

                   Humidity sensor 

Measuring 

  trigger 
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After the Y(II)  Meter has been assembled and connected to a charged battery, tap the green 
button  in the middle of the blue arrows to turn on the instrument. A beep should occur.  

A main menu with icons should appear. Choose “Set” to change date and time using the 
arrows that are parallel to the display. When the time and date icon have been highlighted, tap 
the green button to adjust the time and date. Use the parallel arrows to move around, and the 
perpendicular arrows to increase or decrease values. When done, tap the green button to back 
out of the main menu location. 
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                          Main measuring screen      

Measurement Set Up 
From the main menu, select “Test”. 

The main Y(II) measuring screen will appear as shown above, but without the graph and 
measured values. To adjust the settings, tap the blue arrow parallel and farthest from the 
display. Adjustments include:  

Adjustments are reached using the arrows that are parallel to the length of the 
instrument from the measuring screen. 

 

1 “Log File” – make sure that the flashing cursor line is under the Log file name using the 
arrows parallel to the length of the instrument. Use the arrow perpendicular to the long 
axis to select changing of the name and scrolling through the alphabet as well as 
numbers 0-9 for each character in the log file name. There is a blank between the Z and 
0 value. Names can be up to eight alpha-numeric characters long. When done, press the 
green button to return to the previous screen. Existing files can be loaded by going to 
the main instrument screen and by moving the cursor to “Files”. Press the green button 
and select “View”. Use the perpendicular arrows to scroll through the list of existing 
Log files. The number of existing files and the file being viewed are shown on this 
screen. When done, press the green button three times to go back the main menu.  

2 “SatPwr” is saturation light intensity. It can be set from 1-8. 8 is 7,000 :mols, and each 
step is approximately 1000 :mols lower than the last higher number. If FM’ correction 
or “MLv” (multi-level – variable) is selected, SatPwr does not work. The saturation 
flash goes through a set routine using the protocol from Loriaux 2013. When done, 
move the cursor with the parallel arrows. 
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3 “SatW” is saturation flash width. It be adjusted from 0.5 seconds to 2.0 seconds; 
however, the Y(II) meter has a special 8 point 25ms rolling average algorithm that 
ensures the correct measurement of FM’ will occur by finding the highest average 
fluorescence value over a 25ms period, independent of saturation pulse NPQ, as long as 
the saturation flash is wide enough. For most plants that is 1.0 seconds. If FM’ 
correction or “MLv” (multi-level – variable) is selected, SatW does not work. The 
saturation flash goes through a set routine using the protocol from Loriaux 2013. When 
done, move the cursor with the parallel arrows. 

4 “SatMd” is saturation method. The choices are “Sqr” or square flash, and “MLv” or 
multi-level-variable uses for FM’ correction according to Loriaux 2013. Square flash 
provides the standard square topped saturation flash. FM’ correction provides a special 
protocol routine that follows Loriaux 2013 for FM’ correction. One of the Co-authors of 
the paper was Bernard Genty, the inventor of light adapted measurement back in 1989. 
For a number of years, it has been found that at high actinic light intensities, near light 
saturation, even the most intense saturation flash could not completely close or 
chemically reduce all PSII reaction centers (Earl 2004), (Loriaux 2008) (Loriaux 2013). 
This is a requirement for reliable Y(II) or F/FM’ measurement. If FM’ correction is 
used, it will not significantly change  FM’ values at lower actinic light levels, but it will 
significantly change FM’ values at higher actinic light levels. The protocol starts at 
7,000 :mols for 0.3 seconds, and then ramp down 20% in intensity while measuring the 
resulting fluorescence for another 0.5 seconds. Finally the value will become 7,000 
:mols again for another 0.3 seconds. If square topped saturation values are chosen, the 
intensity may be adjusted from a maximum intensity of 7,000 :mols, in approximately 
875 :mol steps down to a minimum of 875 :mols. Values should be at least 1,800 
:mols for sun leaves and at least 500 :mols for indoor plants. Light adapted plants are 
not damaged by very intense saturation flashes even at 7,000 :mols. For more details, 
see the FM’ correction application note from Opti-Sciences, or read the Loriaux 2013 
paper. 

5 “ModPwr” & “Gain” are the modulated light intensity setting and modulated light gain 
control. This parameter is only used if the “Autoset” is not used. The combined 
intensity and gain must be set high enough to make a measurement but low enough so 
that it does not drive photosynthesis. First, put a leaf in the measuring chuck. Both 
values may also be adjusted manually from 1-6 by adjusting the “Gain” first and 
“ModPwr” second, until the instrument will measure. The perpendicular blue arrows 
adjust the value. When done, use the parallel arrows to go to the next parameter. If 
manual adjustment is used, one must watch the “Ft” value on the main measuring 
screen to see if it rises after one or two minutes with unchanged actinic lighting 
conditions.  The intensity of the modulated light is in the range below 0.4 :mols. 
“Autoset” adjusts the electronic gain first. 

6 “F” or electronic filtering. The choices here are “Y” for yes, and “N” for no. We 
recommend that the “Y” be used. It makes for a less noisy graphic display and a more 
reliable measurement. 

7 “Autoset” automatically sets the modulation intensity to the correct setting. One that is 
not to high to drive photosynthesis, but high enough to allow measurement. It saves 
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time and eliminates errors. The gain is adjusted first and the intensity is adjusted 
second. A leaf similar to the leaves to be measured should be in the measuring chuck 
before adjustment takes place! Press one of the perpendicular arrows to enable 
“Autoset”. 

 

8 “alpha Mode” allows absorptance measurement or turns it off. The selections are 
“Automatic” or “Manual”. On manual, the value at the bottom of the screen can be 
changed and added to the formula to determining ETR or electron transport rate. The 
default value is 0.84. When the “Automatic” mode is used the absorptance feature 
needs to be calibrated with black and white standard supplied. Select “Automatic” with 
the perpendicular arrows. Move the cursor to “Calibrate Aborptance” and use the 
perpendicular arrows to initiate calibration. A calibration rectangle is supplied that is 
black on one side and white on the other. When asked by the instrument, insert the 
black side up, inside the chuck, completely covering the open aperture for 0% 
calibration. Press the green button. Next, repeat the process with the white side up for 
100% calibration. Press the green button. For transmitted calibration, remove the 
standard and anything else from the aperture, to calibrate 100% transmittance. Press the 
green button. Calibration is now complete. The instrument flashes a 1,000 :mol white 
light during calibration to ensure an adequate minimum measuring value. However, to 
keep the error small relative to the light intensity used, it is recommended that the 
calibration be done near the highest actinic light intensity to be use for measurement. 
This minimizes measurement variation. Do not calibrate quickly changing light 
conditions, or an error will occur. 

 

Calibration of Absorptance 
From the main screen, select “Test” using the arrows parallel to the length of the instrument. 
Push the green button. Use the parallel arrows to select “Sample” and push the green button. 
You are now on the main measuring screen. Tap the right parallel arrow, and a second set up 
screen appears. Continue to use the right hand parallel arrow to move the black line cursor 
through all of the options on this page, and then on to the next page. Continue using the same 
arrow to highlight “Calibrate Absorptance”. Next, press the up perpendicular arrow until the 
“Reflectance Sensor Cal” appears. Take the Black and White card in the clear envelope out of 
the envelope and place it into the measuring chuck completely covering the measuring 
aperture with the black side facing up. Push the green button. Next the screen says to place 
the white side up in the chuck completely filling the measuring aperture. Press the green 
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button. Next, make sure that the black and white card has been removed with nothing in the 
measuring aperture. Press the green button. A screen will appear that says calibration 
complete. Using the left hand parallel arrow back out to the main measuring screen. The 
instrument flashes a 1,000 :mol white actinic light during calibration to ensure an adequate 
minimum measuring value. However, to keep the error small relative to the light intensity 
used, it is recommended that the calibration be done near the highest actinic light intensity to 
be use for measurement. This minimizes measurement variation. Do not calibrate under 
quickly changing light conditions, or an error will occur. 

\Calibration screens: Black side up, white side up, and nothing in the chuck. 

 

 

 

         Page 1 of the measuring screen shows Y(II), ETR, FS, FM’ & the graph of Y(II) 
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                 Page 2 of the measuring screen displays alpha or leaf absorptance, leaf 
temperature, cosign corrected PAR (photosynthetically active radiation) & Relative humidity. 

 

Cook Book check list for reliable Y(II) measurements 
Put together an experimental design that takes these issues into account. 

 

1. Leaves must be at steady state photosynthesis. Above canopy leaves on a clear day, in 
the field, are considered to be at steady state photosynthesis. (Maxwell and Johnson 2000). 
This takes between twenty minutes and thirty five minutes due to chloroplast migration, a 
light avoidance mechanism that changes fluorescence parameters by changing leaf 
absorptance (Cazzaniga S. 2013). Wind may also be a factor, as it changes the angle of  the 
leaf to the sun at a given light level.  

2. It is dangerous to make Y(II) measurements on below canopy leaves in the field. The 
shade from higher leaves and wind can interrupt a plant’s adjustment to steady state under 
ambient conditions. The xanthophylls cycle, and )ph of the thylakoid lumen adjust in about 
four to seven minutes in the field (Lichtenthaler 2004) (Baker 2004) (Baker 2008), lab grown 
plants and green house grown plants adjust in shorter time scales. State Transitions take 
between fifteen and twenty minutes to completely adjust. It has been found that state 
transitions are a big factor at lower light intensities, but they are not a factor at high light 
intensities. At near saturation light intensities, chloroplast migration, a light avoidance 
mechanism, takes between 20 minutes and thirty five minutes to adjust to steady state 
photosynthesis. Rapid light curves and Fv/Fm may be better solutions for below canopy work 
where appropriate. The alternative is to use an internal fluorometer actinic light source, under 
a shroud, expose the sample to light for up to twenty to thirty five minutes, to reach steady 
state, and then make a measurement. Wind can also a problem, as it can change lighting 
conditions and ambient steady state is no longer possible. 

3. Y(II) values vary with light level and with temperature. The higher the light level, the 
lower the YII) value. When measuring Y(II) in the field, it is extremely important to measure 
leaf irradiation or light level, near leaf  level and leaf temperature. Comparing Y(II) values 
taken at different light levels and different temperature levels introduces a significant error, 
unless it is the change, at different light levels and heat levels, that is of interest. This is 
commonly done with a PAR sensor in the Y(II) meter, measuring PAR near the leaf to be 
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measured. (Genty 1989), (Genty 1990). Furthermore, light intensity varies inversely with the 
square of the distance. Since the sun is about 93,000,000 miles away, a few inches or feet 
have little affect on measurement; however, when using artificial lighting a few inches can 
make a significant difference. 

4. Shade leaves vs. Sun leaves. – The Y(II) ratio will be higher on sun leaves than on shade 
leaves (Lichtenthaler 2004). 

5. Field plants should only be compared to field plants and green house plants should be 
compared to green houseplants due to light history. (Lichtenthaler 2004) 

6. Leaf orientation. When making a yield measurement, it is important not to change the 
orientation of the leaf. The leaf is at steady state photosynthesis in its current orientation. 
Changing the orientation changes the amount of light falling on the leaf, and the leaf will no 
longer be at steady state photosynthesis. 

7. It is common to use the youngest fully mature leaf blade for diagnosis of deficiencies 
in plants (Reuter and Robinson 1997). In addition, using below canopy leaves can be 
more difficult due to wind or partial shading conditions. 

9. On some plants, such as wheat, one should select similar positions on leaves for 
comparison purposes, because measurements can vary by leaf measurement location. For 
example; the tip of the leaf will likely be different than the mid section or the base. 
(Discussions with Wayne Loescher at MSU) 

10. The duration of the saturation pulse should be between 0.5 seconds and 1.5 seconds for 
higher plants, and 25 to 50 milliseconds for Phytoplankton and cyanobacteria. Times outside 
these ranges increase the error in Y(II) measurements with most chlorophyll fluorometers. 
Shorter durations prevent complete saturation of PSII regardless of the light intensity 
(Roseqvist & van Kooten 2006). Longer durations create a form of saturation pulse NPQ that 
rounds the tail end of the pulse maximum value, and reduces the average maximum saturation 
pulse value (Roseqvist & van Kooten 2006). Some fluorometers allow adjustment of this 
parameter, and others are preset at the factory. The OS1p, the OS5p, the OS5p+ the iFL and 
the Y(II) meter have a special built-in algorithm that uses a rolling eight point average 
capability to detect the highest eight point, 25 msec. rolling average. This prevents saturation 
pulse NPQ from being a problem if the duration is long enough. If one wants to measure the 
same point again, one must wait for about 120 seconds because it takes that long for 
saturation pulse NPQ to fully dissipate. 

11. Saturation pulse intensity. Saturation pulse intensity is more of an issue with Y(II) than 
with Fv/Fm. When dark adapting, shade leaves will saturate at a few hundred :mols, and sun 
leaves will usually saturate below 1,500:mols. Indoor plants and under canopy plants saturate 
at much lower light intensities. However, a problem has been found when measuring Y(II) at 
high actinic light levels. It has been discovered that at high actinic or sun light levels, leaves 
resist the complete closure of all PSII reaction centers that is expected when using a 
saturation pulse and required for reliable measurement. Even with a 7,000 :mol saturation 
pulse, or higher, some reaction centers remain open. Up to a 41% error was found in Y(II) 
measurements using standard techniques at high actinic light levels. To correct for this issue, 
a protocol developed by Loriaux 2013 uses a multiple phased saturation flash. The first 0.3 
seconds of the flash is at 7,000 :mols, followed by a steady reduction of intensity by 20% 
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over 0.5 seconds. The final 0.3 seconds of the flash is at 7,000 :mols again to detect 
saturation pulse NPQ. The protocol then uses least squares linear regression analysis to 
determine what the fluorescence intensity would be with an infinite saturation flash. At lower 
actinic light intensities there is no significant difference from square topped saturation 
flashes, but at near saturation light levels the difference is dramatic. One of the co-authors of 
the Loriaux 2013 paper is Bernard Genty, the man that invented the Y(II) test back in 1989. 
FM’ Correction according to Loriaux 2013 is provided as an included option on the Y(II) 
meter, the OS1p, the OS5p+, and the iFL. (For more information on this topic, see the Multi-
flash application note for more details www.optisci.com), (Loriaux 2013), (Earl 2004) (a 
poster by Loriaux S.D., R.A Burns, Welles J.M., McDermitt D.K. Genty B. 2006) (Markgraf, 
T. and Berry J. 1990).  

12. PSI fluorescence - Part of the fluorescence signal contains PSI fluorescence as well as 
PSII fluorescence. With Y(II), one is trying to measure variable fluorescence of PSII in a light 
adapted state. PSI fluorescence is not variable, but the low fluorescent signal from PSI does 
overlap with PSII. This produces  a small error but it is not a problem for comparing similar 
samples, because PSI fluorescence does not change with light intensity temperature or plant 
stress. (Baker, Oxborough 2004) 

13. “Super-saturating flash” error is produced by using a very intense saturation light 
source that is longer that 2ms causing multiple turnovers of primary PSII receptor QA and the 
reduction of plasotoquinone to plastoquinol. This raises  Fm’ and can cause an overestimate 
of Yield by less than 10% (Baker and Oxborough 2004), (Schreiber 2004). Use of a super-
saturation flash is by far the most common method of measuring yield in higher plants. As 
long as one is interested in plant stress and not exact correlation to CO2 carbon assimilation 
this is not an issue. 

14. Cold stress can produce a non-linear correlation with CO2 assimilation. Electron 
transport of PSII in cold stressed corn far exceeds the requirements for CO2 assimilation by 
more than three to one, indicating that under these conditions, other electron sinks are at 
work. The ratio of ETR (a product of Y(II), PAR, leaf absorption ratio, and PSII absorption 
ratio) to CO2 assimilation, under cold stress, can be diagnostic for cold stress. (Fryer M. J., 
Andrews J.R., Oxborough K., Blowers D. A., Baker N.E. 1998)  

15.  The ratio of ETR to CO2 assimilation can be diagnostic for drought stress in C3 
plants. C3 plants exhibit strong electron transport rates for early and moderate levels of water 
stress even when CO2 assimilation has decreased due to water stress. This indicates that there 
are other electron sinks for electron transport. (Ohashi 2005). This problem of early water 
stress measurement and detection may be overcome by using a special assay discussed in 
Burke 2007 and Burke 2010.  

16. Mangrove leaves growing in the tropics. Here again electron transport rate is more that 
three times that of CO2 assimilation. It is believed that this is mostly due to reactive oxygen 
species as an electron sink. (Baker Oxborough 2004), (Cheeseman 1997)  

17. While linear correlation occurs between Y(II) and ETR with CO2 assimilation in C4 plants 
and curvilinear correlation between Y(II) and  ETR with CO2 assimilation in C3 plants, 
(Genty 1989), (Genty 1990), (Baker Oxborough 2004), exact correlation between 
fluorescence ETR and gas exchange carbon assimilation is not possible due to the fact that 
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fluorescence comes from only the upper most layers of the leaf while gas exchange 
measurements measure lower layers as well (Schreiber 2004).   

18. Chlorophyll fluorescence Heterogeneity – Chlorophyll fluorescence can vary from one 
part of a leaf to another and become patchy under certain circumstance. Under drought stress, 
cold stress, or CO2 stress (low CO2 levels as found in A/Ci curves), it is best to take multiple 
leaf measurements and average the values (Baker 2008). Chlorophyll fluorescence can also be 
heterogeneous under biotic stress or disease. Under these conditions it is best to take a few 
measurements on a leaf and average the values, for a more reliable measurement (Discussions 
with Clause Buschmann 2008). 

19.  Light history – It takes between forty minutes and sixty hours for chronic 
photoinhibition to relax or repair in a leaf. Since photoinhibition reduces chlorophyll 
fluorescence measuring parameters, it is important to compare samples that have a similar 
recent light history. There will be some residual photoinhibition after a bright summer day 
and there may be no residual photoinhibition after a few over cast days (Lichtenthaler 2004). 
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Monitor or Logging Mode 

 

  After Selecting “Test” from the main menu, select “Logging from the next menu. 

 

The “Monitor Mode” allows long term measurement of a single sample over time. It is 
designed only for growth change use or laboratory use where the angle of light relative to the 
leaf does not change a great deal. The measuring chuck size is the limiting factor here. If the 
unit is used outside in the sun, edge effects will affect measurement when the sun is low in the 
sky. The Y(II) meter will measure reliably when the sun is about 35o above the horizon if the 
open measuring aperture is facing south and the overhanging LED – sensor head is in a 
position not to shade the measuring surface. This would be the equivalent to the time between 
about 8:30 AM to about 5:30 PM on June 21st in Hudson NH. The time between 
measurements can be set separately for day and night. It is recommended that measurements 
be at least 2 minutes apart or longer during the day due to saturation pulse NPQ relaxation 
requirements. Time intervals may be set from 1 minute to 255 minutes. The time interval for 
night time or dark measurement should be longer. The literature recommends at least 1 hour 
between measurements. The reason is that while intense saturation flashes do not damage 
light adapted plants even if they are close together. They can damage dark adapted plants if 
less than 1 hour apart.  This method also allows for predawn measurement of FV/FM and 
therefore quenching parameters can be determined using Excel, after the fact. There is no 
direct readout of quenching parameters on the measuring screen or in the measuring file. They 
must be computed using standard equations available under definitions below. The PAR 
sensor determines when the day time interval is used and the night time interval is used. 
When the PAR value gets down to a few :mols, it automatically switches to the night time 
measuring interval. When the PAR sensor senses more than a few :moles, it switches back to 
the daylight interval again. 

Using the data file, quenching values may also be calculated from the data provided. An 
example of the data file is shown under the Data section. 

You may want to use AC power or a different USB battery for long term use. 
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Definitions: 
Actinic light source – This is any light source that drives photosynthesis. It may be the Sun, 
or an artificial light. Higher end fluorometers contain one or more built-in artificial actinic 
light sources for experimentation with specific repeatable radiation (or light) levels. The 
OS1p uses a high intensity  660 nm red light LED. 

Alpha or " is leaf absorptance measured by calibrated RGB sensors above and below the leaf. 
White actinic light at 1,000 :mols is turned on for a short period after the Y(II) measurement 
to determine leaf absorptance 
 
ΔF/Fm’ see  Y(II). 

 
Dark-adapted or Dark Adaptation – This is a term that means that an area of a plant, or the 
entire plant, to be measured has been in the dark for an extended period of time before 
measurement. Dark adaption requirements may vary for dark-adapted tests. Dark adaption 
times of twenty minutes to sixty minutes are common, and some researchers use only pre-
dawn values. Dark-adapted measurements include Fv/Fm, and non-photochemical quenching 
parameters. Longer dark adaption times are common for quenching measurements. In this 
case, it is common to use times of eight to twelve hours, or overnight. For a detailed 
discussion of dark adaptation, refer to the section on dark adaptation, or the application note 
on dark adaptation. 

Modulated light source This is the light source that makes light adapted quantum 
photosynthetic yield measurements possible along with direct measurements of Fo, Fs, and 
Fo’. The modulated light source is used at an intensity range that is too low to drive 
photosynthesis and yet allows fluorescence measurement of pre-photosynthetic Fo, and its 
quenched version Fo’. This light source is turned off and on at a particular frequency. The 
frequency is adjusted automatically for optimal application usage. Intensities are adjusted 
between 0 to 0.4 :mols. They Y(II) meter provides and Auto adjustment feature that 
eliminates errors. The algorithm adjusts gain first, and intensity last. The intensity must be set 
differently for light and dark adapted methods. It is critical to adjust the intensity of this lamp 
correctly in dark adapted protocols to prevent driving photosynthesis and introducing a 
measuring error in Fv/Fm, and quenching measurements. For more details see the application 
note on dark adaptation. 

Saturation pulse is a short pulse of intense light designed to fully reduce a leaf’s PSII 
system. For higher plants, the optimal duration of the saturation pulse is between 0.5 seconds 
and 1 second (Rosenqvist and van Kooten 2006). A high intensity 660 nm red light LED that 
has to be high enough to close all PSII reaction centers. This duration is adjustable from 0.5 to 
2.0 seconds. For Algae the ideal saturation pulse duration is from 25 to 50 ms (Schreiber 
1999). The maximum intensity of the saturation plus is 7,000 :mols. The Y(II) meter has a 
special algorithm that is also used in other Opti-Science instruments. It uses an 8 point rolling 
25 ms average to determine the highest FM, and FM’ independent of saturation pulse duration. 
As a result, as long as the duration is long enough, the Y(II) meter will provide the optimal 
maximum fluorescence FM or FM’ value. 
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Fm - is maximal fluorescence measured during the first saturation pulse after dark adaption. 
Fm represents multiple turnovers of QA with all available reaction centers closed. All 
available energy is channeled to fluorescence. 

Fs also known as F’ is the fluorescence level created by the actinic light. Initially the value is 
high and then decreases over time to steady state values due to the initiation of electron 
transport, carboxylation, and nonphotochemical quenching. Fs has also been used to designate 
steady state F’ conditions. 

Fm’ is the saturation pulse value that is not dark-adapted. They are at a lowered values from 
Fm due to NPQ or non-photochemical quenching. When this parameter has reached steady 
state, it is used to calculate Quantum Yield of photosystem II - Y(II) or )F/Fm’ along with 
Fs. Fm’ at steady state is also used as a component to calculate qN, NPQ, qP, qL, Y(NPQ), 
Y(NO), qE, qT, and qI. 

Fo is minimal fluorescence after dark adaptation. It is measured with a modulated light 
intensity too dim to drive photosynthesis and yet bright enough to detect “pre-photosynthetic” 
antennae fluorescence. 

Ft – is the current instantaneous fluorescent signal shown on the fluorometer measuring 
screen. It is used to set the modulated light source intensity. See setting the modulated light 
source intensity. 

Fv/Fm = (Fm – Fo) / Fm. This is a dark adapted normalized test used to determine Maximum 
quantum yield of PSII. This ratio is an estimate of the maximum portion of absorbed quanta 
used in PSII reaction centers (Kitajima and Butler, 1975). Another way to look at Fv/Fm is a 
measurement ratio that represents the maximum potential quantum efficiency of Photosystem 
II if all capable reaction centers were open. 0.79 to 0.84 is the approximate optimal value 
range for most land plant species with lowered values indicating plant stress. It is important to 
dark-adapt samples properly for reliable test results. Since dark adaption requirement can vary 
with species and light history, testing should be done to ensure proper dark adaption, (See the 
section on dark adaptation). This test is a normalized ratio that allows comparison of samples 
that are dark adapted to the same known state. 

Fv/Fo = (Fm-Fo)/Fo. This is a dark adapted test used to slightly improve the stress detection 
of Fv/Fm. While this number may run from zero to infinity, in reality, it normally runs from 
zero to about four. The lower the number, the greater the plant stress. It is important to dark-
adapt samples properly for reliable test results. Since dark adaption requirement can vary with 
species and light history, testing should be done to ensure proper dark adaption, (See the 
section on dark adaptation). This test is a normalized ratio. 

PAR – Photosynthetically Active Radiation between 400nm and 700nm. Measured in either 
µmols or µE. PAR can be measured in different dimensions such as Watts per meter or in 
micro- Einsteins or micro-moles. When using a PAR Clip, dimensions will always be in the 
equivalent terms, micro-Einsteins, or micro-moles PAR or PPFD and Leaf Temperature along 
are measured with the Y(II) meter along with Y or Y(II) measurements. Since Y(II) changes 
with PAR radiation (or light) levels and temperature levels as well as plant stress, the ability 
to record Yield values with these parameters provide control over important variables. It 
allows the calculation of relative ETR or Electron Transport  Rate.   
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PPFD - Photosynthetic Photon Flux Density is the photon flux density of PAR. Measured in 
either umls or uE., PPFD, or “photosynthetic photon flux density”, is the number of PAR 
photons incident on a surface in time and area dimensions (per meter squared per second). 
These terms are equivalent for PAR Clip leaf radiation measurements. Furthermore, both can 
be presented in either of the equivalent dimensions, micro-moles (µmols) or micro-Einsteins 
(µE).   

µE – is a micro Einstein. This is a dimension that involves both time and area. It is  
equivalent to the  :mol. Both terms have been used extensively in biology and radiation 
measurements. uE tends to be used more in physics while :mol tends to be used more in 
biology. 

µmls - is a micro mole (also abbreviated µmol, or µmol m-2s-1 ) . This is a dimension that 
involves both time and area (per meter squared per second) . It is equivalent to the micro 
Einstein. uE tends to be used more in physics while :mol tends to be used more in biology. 

µmol – or micro mole (also abbreviated µml, or µmol m-2s-1 ) . This is a dimension that 
involves both time and area (per meter squared per second) . It is equivalent to the micro 
Einstein. uE tends to be used more in physics while :mol tends to be used more in biology. 

 

1µE    

Y(II) or ΔF/Fm’ or Y, is the Quantum Yield  of PSII= (Fm’ – Fs) / Fm’. The quantum 
yield of PSII is a fast light adapted test taken at steady state photosynthesis levels. It is a 
normalized ratio that provides a measure of actual or effective quantum yield. This ratio is an 
estimate of the effective portion of absorbed quanta used in PSII reaction centers. (Genty, 
1989) It is affected by closure of reaction centers, caused by light and heat dissipation 
involved in non-photochemical quenching mechanisms and is therefore sensitive to many 
types of plant stress. Y(II) allows investigation of the photosynthetic process while it is 
happening. No dark adaption is required. The previous view, according to Maxwell and 
Johnson (2000), states that it takes between fifteen to twenty minutes for a plant to reach 
steady state photosynthesis at a specific light level. However, recent research by Cazzaniga & 
Bassi (2013) and Dall”Osta (2014) shows that what was thought to be fluorescence change 
due to state transitions, and acute photoinhibition, at high light levels, is actually due to 
chloroplast migration, a light avoidance mechanism. This means that it takes from 20 to 30 
minutes to reach steady state. To obtain a reliable Y(II) measurement, photosynthesis must 
reach steady state.  

This is usually not a concern when using ambient sunlight unless winds are high, however, 
clouds and light flecks and high winds below a canopy level can cause problems. Under 
artificial light, steady state is reached after 20 to 35 minutes at one light intensity, If one uses 
a built in fluorometer actinic illuminator to measure yield, make sure that steady state 
photosynthesis has been reached (See the discussion on Yield for more information). 
Remember that ambient Sun light contains FAR red illumination for activation of PSI. It is 
something to consider when using an internal illuminator for Yield measurements. Far Red 
illumination is an option when using internal actinic illumination for yield measurements. See 
the section regarding an in depth discussion on quantum photosynthetic yield. 
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Y(II) has been found to be more sensitive to more types of plant stress than Fv/Fm, however 
one must only compare measurements at the same light level as the value changes at different 
light levels. A PAR clip should be used with the fluorometer to measure Yield in all field 
applications. This allows for proper comparisons of values and the determination of ETR or 
electron transport rate, a parameter that includes both yield and actinic light level. See the 
Stress guide for more details. 

Quenching definitions: 

Y(NPQ) is a lake model quenching parameter that represents heat dissipation related to  
all photo-protective mechanisms also called regulated heat dissipation. (Klughammer and 
Schreiber 2008). A low Y(NPQ) at high light levels is an indication of sub-optimal photo-
protective mechanisms. (Klughammer and Schreiber 2008).  
 
Y(NO) is a lake model quenching parameter that represents all other components of  
non-photochemical quenching that are not photo-protective. They include non-radiative decay, 
and fluorescence. Part of Y(NO) includes photoinhibition. Klughammer and Schrieber define 
Y(NO) as the “fraction of energy that is passively dissipated in the form of heat and fluorescence 
mainly due to closed PSII reaction centers”. Hendrickson calls Y(NO) constitutive heat 
dissipation. A high Y(NO) value after dark adaptation is an indication of photo-damage. 
(Klughammer and Schreiber 2008). According to Klughammer (2008), Y(NO) is the only 
quenching parameter that does not need to be taken as steady state photosynthesis. 	
 
NPQ = Y(NPQ)/Y(NO) or NPQ= (FM-FM’)/FM’ Klughammer and Schreiber reconcile NPQ with 
the lake model using simplified parameters. NPQ (resurrected puddle model parameter valid in 
Klughammer simplified Lake model equations. See above.) is non-photochemical quenching and 
is a measure of heat dissipation. NPQ is an alternate expression of non-photochemical quenching. 
It provides an estimate of quenching without knowledge of FO’. The range of NPQ is affected by 
ph of the thylakoid lumen, which is an important aspect of photosynthetic regulation, state 
transitions and photoinhibition. Numbers range from zero to infinity with typical samples 
measuring in the 0.5 to 3.5 range (Maxwell and Johnson 2000). (Bilger & Björkman, 1990), 
(Muller P., Xiao-Ping L., Niyogi K. 2001). 
Quenching equations: 

 
Hendrickson’s equations & NPQ resurrected to the lake model from the puddle model by 
Klughammer and Schreiber 2008 (The measurement of Fo’ is not required) 
 
Y(II) = (FM’ -FS)/FM’ or FM’/ FM’  
Y(NO) = FS/FM or F’/FM             Fs is fluorescence at steady state in the light. FM is the highest 
FM value  pre-dawn in the dark 
Y(NPQ) =( FS/FM’)-Y(NO) or (F’/FM’) - Y(NO)  
NPQ= Y(NPQ)/Y(NO) or  
NPQ = (FM-FM’)/FM’              Puddle model or Hendrickson lake model definition 
FM is the pre-dawn highest value of FM in the measuring file. FM’ saturation flash value in the 
light. NPQ will vary with light level during the day.  
 
These equations above can be applied to data in the monitor mode measuring file to determine 
quenching values after the data has been collected.         
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Chapter 2 – Y(II) - Quantum yield of PSII – an in 
depth discussion of its value and limitations. 
 

Y(II) (or )F/Fm’ or (Fm’ – Fs) / Fm’) is a time tested light adapted parameter that is more 
sensitive to more types of plant stress than Fv/Fm according to a survey of existing research. 
While Fv/Fm is an excellent way to test for some types of stress and the health of 
Photosystem II in a dark adapted state, Quantum Photochemical Yield is a test that allows the 
measurement of the efficiency of the overall process under actual environmental and 
physiological conditions. It has also been found to be more sensitive to more types of plants 
stress. See the Plant Stress Guide on this disc or contact Opti-Sciences at www.optisci.com 
for details. 

Quantum Photochemical Yield  of PSII is a normalized measurement ratio that represents 
achieved efficiency of photosystem II under current steady-state photosynthetic lighting 
conditions. (Genty 1989), (Maxwell K., Johnson G. N. 2000), (Rascher 2000) It is affected by 
closure of reaction centers and heat dissipation caused by non-photochemical quenching 
(Schreiber 2004). 

As ambient light irradiates a leaf, about an average of 84% of the light is absorbed by the leaf, 
and an average of 50% of that light is absorbed by the antennae associated with PSII and 
transferred to PSII (Photosystem II) reaction centers. (Leaf Absorption can range from 70% to 
90% (Eichelman H. 2004) and the ratio of PSII to PSI reaction centers can range from  40% 
to 64% (Edwards GE  1993) (Laisk A. 1996)). Under normal non-stressed conditions, most 
light energy is channeled into photochemistry with smaller amounts of energy channeled into 
heat and fluorescence. In photosystem II, this process is competitive so that as plant stress 
occurs, mechanisms that dissipate heat, photo-protect the leaf, and balance light between 
photosytem II and photosystem I, change the output of fluorescence and heat. In other words, 
conditions that maximize photochemistry minimize fluorescence and heat dissipation and 
conditions that maximize fluorescence minimize photochemistry and heat dissipation. 

Once these mechanisms have achieved an equilibrium at a specific light level and 
temperature, steady state photosynthesis has been achieved. This is a process that takes 
twenty to thirty five minutes due to chloroplast migration (Cazzaniga 2013, and Dall O’sta 
2014). Once at steady state photosynthesis, a very intense short light pulse, called a saturation 
pulse, is used to momentarily close or chemically reduce all capable PSII reaction centers. 
Apart from the known exceptions listed under “Correlation to Carbon Assimilation” later in 
this discussion, quantum photochemical yield will reflect changes in the function levels of 
PSII antennae, PSII reaction centers, electron transport, carbon assimilation, and regulatory 
feedback mechanisms.                                                   

Quantum yield of PSII  or Y(II) is measured only at steady state photosynthesis. Fs is the 
fluorescence level at steady state photosynthesis, and Fm’ maximum fluorescence value 
measured during a saturation pulse, and is taken to mean that all PSII reaction centers are 
closed. In a high light environment, this may not be true and the multi-flash method may be 
required. See the FM’ correction section for more details. 

Graphic display of a single Y(II) measurement taken with a Y(II) meter.   
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Y(II) will change at different light levels and temperatures so the Y(II) meter measures PAR 
and leaf temperature. The cosign corrected PAR sensor measures Photosynthetically Active 
Radiation between the wavelengths of 400 nm and 700nm. When the dimensions per square 
meter per second in micro-mols or micro-einsteins are added, this parameter becomes 
Photosynthetic Photon Flux Density (or PPFD) (micromoles and micro-einsteins are 
equivalent, and when using a PAR Clip, PAR and PPFD are equivalent).  

NOTE: It is possible to misinterpret results if PAR and temperature changes are not 
taken into account. One leaf may appear to be stressed compared to another when the 
only difference is light irradiation level. PPFD or PAR must be measured very close to 
the sample or errors can result.  

In addition, it is important not to change the orientation of a leaf and to avoid shading the 
sample measuring area with the PAR clip or by other means. Extraneous reflections and 
breathing on the sample should also be avoided (Rosenqvist and van Kooten 2006).  

PAR Clips also allow measurement of relative ETR or relative Electron Transport Rate. ETR 
is a parameter designed to measure the electron transport of PSII. It has also been found to 
correlate well with CO2 assimilation. More advanced fluorometers provide built-in 
illuminators for greater experimental control of light irradiation intensity. This allows pre-
illumination with a controlled predetermined intensity value for sample comparison. 

For reliable Y(II) and ETR measurements, photosynthesis must be at steady state and with 
illumination on the same side of the leaf that is being measured (see number eight under 
correlation to carbon assimilation). Steady state photosynthesis is an equilibrium condition 
reached after a several minutes of exposure to existing light radiation conditions. It occurred 
in twenty minutes to thirty minutes in the plants measured, due to chloroplast migration 
(Cazzaniga 2013, Dall’Osta 2014). Chloroplast migration occurs, changing leaf absorptance 
and leaf transmittance. This process takes between twenty to thirty minutes in non-mutant 
plants. Measurements taken under variable lighting conditions will  not provide reliable Y(II) 
results (Rascher 2000). No dark adaptation is required for Y(II) measurements.  

Steady state is difficult to achieve during partly cloudy days, or during high wind days, 
because the light is constantly changing. It can also difficult “under canopy conditions” where 
the light can be constantly changing. 
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Correlation to Carbon assimilation: 

In 1989, Genty developed the yield measurement and provided strong evidence of a linear 
correlation between Yield measurements, Electron Transport Rate, and CO2 assimilation for 
C4 plants (Baker and Oxborough 2004) and many others have confirmed the relationship 
(Edwards and Baker 1993), (Krall and Edwards 1990, 1991), (Siebke 1997). It was found that 
a curve-linear correlation between Yield and CO2 assimilation exists for C3 species where 
photorespiration can also use significant products of electron transport (Genty 1990), 
(Harbinson 1990), (Baker and Oxborough 2004). Psydo-cyclic electron transport and other 
electron sinks may also be involved. 
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Chapter 3 - Relative Electron Transport Rate 
Relative Electron Transport Rate - ETR :mols = (Y(II)) (PAR) (.84) (.5) 

 

ETR or Relative Electron Transport Rate is a parameter that is measured with a PAR Clip. 
ETR is a relative measurement that provides comparative electron transport rates for PSII at 
different light or radiation levels. It is considered relative because chlorophyll fluorescence 
does not correlate exactly with absolute gas exchange measurements. While most 
fluorescence occurs in the upper most layers of the leaf, gas exchange measures the effects of 
photosynthesis in deeper layers as well. (Schreiber 2004).  

Even with this in mind, relative ETR can be valuable. While exact correlation to gas exchange 
carbon assimilation is not possible, linear correlation is possible with C4 plants (Genty 1989) 
and a curvilinear correlation is possible with C3 plants (Genty 1990). While four electrons 
must be transported for every CO2 molecule assimilated, or O2 molecule evolved, differences 
from gas exchange measurements can occur under conditions that promote of 
photorespiration, cyclic electron transport, and nitrate reduction (Schreiber 2004) (Baker, 
Oxborough 2004). For more detailed information concerning the relationship between 
fluorescence and gas exchange measurements again refer to Opti-Sciences application note 
#0509 on Yield measurements.  

The equation for Relative ETR is ETR = (YII or F/Fm’) (0.84) (0.50) (PPFD or PAR)  

In this equation, Yield represents overall PSI and PSII yield. It assumes an average leaf light 
absorbance to be 84%, and the portion of light provided to PSII to be 50%. PPFD is PAR 
irradiation measured very near the leaf in micro-moles or micro-einsteins (equivalent units). 
The end result is a close approximation of PSII ETR that can be used for relative evaluation 
of different samples. With the Y(II)  meter, the actual values for leaf light absorbance can be 
measured, and the portion used by PSII can be input into the actual formula to provide more 
accurate results. 

 The absolute amounts for leaf absorptance can vary at steady state conditions with species, 
growing conditions, previous or current plant stress, light level, and water content (Cazzaniga 
2013). Terrestrial leaf absorbance has been found to vary between 70% to 90% (Eichelman 
H., Oja V., Rasulov B., Padu E., Bichele I., Pettai H., Niinemets O., Laisk A. 2004), and the 
percentage of light absorbed by PSII has been found to range from 40% to 60% (Laisk A. and 
Loreto F. 1996), (Edwards GE and Baker NR 1993). Land plants have a ratio of PSII to PSI 
reaction centers between 0.4 and 0.62 (Edwards GE and Baker 1993), (Laisk A. and Loreto F. 
1996). The ratio of PSII to PSI in measured forms of green algae was found to be between 
0.58 and 0.75 depending on light stress (Smith B.1990). In Red Algae and Cyanobacteria, 
about 15% of the reaction centers are PSII (Allen J. 2004). In addition, fluorescence is 
measured from only the top leaf layers as compared to gas exchange measurements that 
measure the lower layers as well (Schreiber 2004).  
 
Relative electron transport rate provides an estimate of CO2 assimilation under most stress 
conditions. C4 plants have been found to correlate in a linear manner with CO2 assimilation. 
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(Genty 1989, 1990).  In C3 plants, Correlation with CO2 assimilation is curvilinear due to 
photorespiration, pseudocyclic electron transport or other electron sinks (Fryer 1998),(Genty 
1990). Under some forms of stress, such as cold stress, and water stress, this relationship can 
be diagnostic for these two types of stress in C3 plants (Fryer 1998). 

ETR is provided using average values for PSII absorption and measured values for leaf 
absorptance. Even so, ETR provides highly useful comparative data (U. Schreiber 2004). By 
plotting ETR vs. PAR, potential ETR rates at maximal quantum yield, photosynthetic 
capacity, and ETR rate limitations at a given radiation level (light intensity) can be 
determined. When ETR is graphed vs. PAR at specific leaf temperatures a significant amount 
of information regarding photosynthesis is obtained. Note: Four electrons must be transported 
for every CO2 molecule assimilated or O2 molecule evolved. 

Absolute electron transport rate is measured by gas exchange measurements. While linear and 
curve linear correlation with CO2 assimilation is possible, relative ETR does not correlate 
exactly because while most of radiation is absorbed in the upper layers and provide 
fluorescent information, some radiation does enter lower layers and the information is not 
captured in fluorometry. CO2 and H2O gas exchange carbon assimilation includes information 
from all layers. (U. Schreiber 2004).  

Y(II) can vary significantly with light level and with temperature. Without controlling 
irradiation and temperature, it is possible to misinterpret results. In fieldwork, where both 
light and temperature can vary, a lower Yield measurement on one plant as compared to 
another could be misdiagnosed as stress, when it may only be an increase in irradiation or a 
change in temperature on the leaf. When a PAR Clip is used to take Y(II) measurements, the 
combination can be formidable. Only samples at similar light levels should be compared for 
plant stress using Y(II). 

The actual optical characteristics of plants can vary substantially with species and growing 
conditions (Baker 2008). Land plants have been found to have a leaf light absorption range of 
between 0.7 and 0.9 (Eichelman H. 2004). Algae have an absorption range of between 0.36 
and 0.96 (Nielsen H. D. 2008). The amount of light that is channeled to PSII is dependant on 
the ratio of PSII reaction centers to PSI reaction centers as well as state transitions. At steady 
state photosynthesis, state transitions are regarded as stable. However, for shorter periods of 
time and at lower light levels they are not stable. (Schreiber 2004).  
 
While ETR is a relative measurement, it is very useful when comparing different 
samples, and a single sample at different parameter values. (More information on ETR 
our Yield are available in the Yield and PAR measurement application notes from OSI.) 
Optical characteristics of leaves can be determined with a spectral radiometer or quantum 
sensor used with and integrating sphere to measure absorbance. 

Measuring leaf absorptance 
 
Measuring leaf absorptance is now possible over the entire PAR range. Leaf transmittance is 
also measured for the most reliable absorptance measurement. 
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ETR or electron transport rate, should never be used for comparing different leaves without 
measuring leaf absorptance (Baker N. 2008) for the following reasons: absorptance can vary 
with plant stress level, and it can vary by species, leaf age, chlorophyll content (In addition, 
electrons can flow to other electron sinks other that photosynthesis like photorespiration. This 
has been found in plants under chilled conditions (Fryer 1998) and in C3 plants under drought 
conditions (Flexas 1999, 2000). Eichelman (2004) reports leaf absorptance variations from 
0.7 to 0.9 on samples tested. Recently Cazzaniga 2013 found the chloroplast migration 
changed leaf transmittance at high actinic light levels. 
 
Using papers done by J.R. EVANS & H.POORTER (2001) and C. J. BERNACCHI, C. 
PIMENTEL, & S. P. LONG (2003) as a guide for measuring absorptance, we used an 
integrated sphere, the white actinic light source used in the iFL, and a scanning 
spectrophotometer to measure leaf reflectance, leaf transmittance and leaf absorptance. This 
was then compared to measurements made in the iFL leaf chamber. After calibration, 
differences between the two methods were in the range of electronic noise. 
 
Red, green, and blue sensors, located above the leaf, are used to measure reflectance. Red, 
green and blue sensors are also located under the leaf to measure leaf transmission for the 
most reliable leaf absorptance measurement. The change in leaf transmittance after 
chloroplast migration can be measured. 
 
                                                   ETR = Y  x PAR  x   x 
 
                                 (r)(Br)+(b)(Bb)+(g(Bg) – (Tr/Ir + Tb/Ib + Tg/Ig)) 
 
ETR = electron transport, Y(II) or yield of PSII (F ’- Fs / F ’), PAR is photosynthetically 
active radiation at the leaf,  is leaf absorptance using the equation shown above. is the 
ratio of PSII reaction centers to PSI reaction centers in the leaf. 
 
is derived in the following way: The amount of red, blue and green-yellow radiation 
incident on the leaf is measured. Br , Bg & Bb are the fractions of each spectral range incident 
on the leaf, determined at the factory; r, g, b, or absorptance in each spectral range, are 
determined by measuring the amount of light reflected from the leaf in each spectral range, 
and subtracting the amount from the light incident in each spectral range on the leaf. Then the 
amount of light transmitted through the leaf, in each spectral range, is measured. Those values 
are represented by Tr, Tg, & Tb. The values Ir, Ig, and Ib are the raw red, green, and blue 
radiation incident on the leaf. The light transmitted through the leaf is then subtracted from 
the equation. The result is more reliable ETR measurements. 
The ratio of PSII reaction centers to PSI reaction centers varies from 0.4 in some C4 plants to 
0.6 in some C3 plants (Edwards 1993, Laisk 1996,). While 0.5 is sometimes used for an 
average value, the most used method for measuring the ratio of PSII to PSI, involves the use 
of spectral analysis of samples at 77 K (Anderson 1999), (Zell 2010); This ratio varies by type 
of plant, C3 or C4 , by plant species, by sun grown leaves vs. shade leaves, and in carbon 
deficient leaves. 
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FM’ correction  - based on Loriaux (2013),                  
a detailed description 
 

Saturation pulses used with modulated fluorometers are designed to close or chemically 
reduce all PSII reaction centers. Reliable measurement requires this to happen. 

The maximum fluorescence intensity value, of the saturation flash, FM’, is used in 
measurements of Y(II) or  F’/FM’) and ETR parameters.  

 

While it is possible to chemically reduce or close all PSII reaction centers in a properly dark 
adapted sample, with a relatively low amount of light, it has been found that in light adapted 
samples, with a high actinic light history, complete closure of all PSII reaction centers 
becomes problematic with even the highest amounts of saturation light. It is thought that 
complete reduction of QA is prevented by fast turnover of the plastoquinone pools. (Margraph 
1990, Loriaux 2013). With this in mind, Y(II) and ETR measurements, taken under these 
conditions, can be significantly underestimated. In a poster in 2006, and later in a paper 
published in 2013, researchers that included Bernard Genty, the developer of quantum yield 
of PSII (the Y(II) test) verified the issue. They also developed a method for FM’ correction. It 
involved a multiple phased single saturation pulse with multiple light intensities, and the use 
of least squares linear regression analysis of the reciprocal of PAR (Photosynthetically Active 
Radiation). This group used this method to determine what the FM’ fluorescence level would 
be, if an infinitely intense saturation pulse is used. Furthermore, it can be done without 
causing damage to the plant and without closing all of the reaction centers.  

 

Studies by Earl (2004), and Loriaux (2006), have compared chlorophyll fluorescence 
measurement results with gas exchange measurements and found that by using multiple 
saturation flashes, and regression analysis, an infinite fluorescent saturation light flash 
intensity can be determined and used to correct Y(II)) and ETR measurements. The method 
was refined in Loriaux 2013. 

 

This standard option is provided on the Y(II) meter, the OS5p+, the iFL, and OS1p 
instruments. It is available for all light adapted and quenching protocols, and it can be turned 
off or on. The method is described by the Loriaux, Avenson, Welles, McDermitt, Eckles, 
Riensche, & Bernard Genty (2013). Research has shown that Y(II) measurements, taken 
under high actinic light conditions, can be underestimated with up to a 22% error, and there 
can be up to a 41% error in ETR values if this method is not used (Loriaux, Burns, Welles, 
McDermitt, & Genty 2006). The Loriaux 2013 paper improves on the 2006 poster method. 
All current Opti-Science light adapted instruments, including the Y(II) meter, uses the 
Loriaux 2013 protocol. It provides the optimal saturation intensity of 7,000  :mols for 0.3 
seconds, the optimal light down ramping of 20% for 0.5 seconds, and a ramping rate less than 
0.01 mols  m-2s-2. It ends with a 0.3 second rise again, to test for saturation pulse NPQ.  
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The first saturation flash step, shown on the left, is at 7,000 :mols for 0.30 seconds to 
saturate PSII. The saturation flash intensity is then ramped downward by 20%, making a large 
number of fluorescence measurements along the way, to 5,600 :mols. The ramping rate is 
less than 0.01 mol photons m-2s-2. The final phase is at 7,000 :mols to check for saturation 
pulse NPQ. Recent studies have shown that those setting provided optimal results for plants 
that have been tested. (Loriaux 2013). A rolling 25ms eight point average is also used to 
determine maximum FM’. 

 

The graph on the right represents the Loriaux (2013) method for estimating FM’ with an 
infinitely intense saturation flash. Least squares linear regression analysis of the reciprocal of 
PAR (or 10,000 / PAR)  allows determination of the “y” intercept, which represents the 
machine fluorescence value with an infinite saturation flash. 

 

The final period at 7,000 :mols is used to determine if saturation flash NPQ occurs with the 
sample. Bernard Genty recommends not using the method if FM’ is lower for the second 
measurement than the first, as this indicates that saturation duration is too long for the species 
being measured. 
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Chapter 4 - Using the FV/FM meter 
 

 

 FV/FM meter used with a dark adaptation clip      Graphic measuring screen in bright sun light 

                                                                                      Fvm = FV/FM  &  Fvo is = FV/FO 

 

 
The FV/FM meter is designed to provide an inexpensive companion tool to the Y(II) meter 
based on hard science, and capable of being used with dark adaptation clips to allow fast 
measurement of large plant populations. While Y(II) is more sensitive to some types of plant 
stress than FV/FM (Example: Heat stress. Y(II) will detect heat stress at about 35oC and FV/FM 
not until 45oC (Haldiman P, & Feller U. 2004). FV/FM can be used without measuring PAR or 
leaf temperature. It can be also be used in windy conditions, or below canopy conditions 
successfully. The biggest advantage to FV/FM is that it allows comparison of samples that 
have been dark adapted to the same known state. 

The FV/FM meter includes a lithium ion battery that should be connected to the instrument 
using the USB cable that is attached to one end. After assemble, the battery may be placed in 
a pocket, allowing one hand operation.  

Getting started 
1. Turn on the unit by pressing the green button on the top of the instrument.  A menu 

will appear.  

2. Use the black arrows that run parallel to the instrument length to move the cursor from 
one icon to another and from one parameter to another.  

3. Select time and date first by pushing the green button after the icon has been high 
lighted. 
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4. Move from one parameter to another using the parallel arrows, and change the values 
using the arrows perpendicular to the length of the instrument.  

5. When finished, press the green button to back out of the menu to the main screen.  

6. Use the parallel arrows to go to “Test” and press the green button. A screen will 
appear that says “Please remove sample material from probe”. Remove leaves or other 
things from in front of them measuring probe, and then press the green button. The 
instrument then self calibrates the light intensity. Next, the main measuring screen 
appears. 

7. “Log File” -To change the name of the measuring file use the blue arrow parallel to 
the instrument length, farthest from the viewing screen. Use the perpendicular arrows 
to go to the naming screen. This is an alpha numeric screen that allows an eight 
character name. Use the perpendicular arrows to scroll through the alphabet, a blank, 
and then numbers 0-9. When the correct character is in place, use the parallel arrow to 
move to the next character. When done, press the green button. To go back to the 
previous screen. 

8. “SatPwr” – This is saturation pulse intensity. The values range from 1-8. 8 is 6,000 
:mols. Each step down is approximately 857 :mols less.  

9. “SatW” – This is saturation pulse width. The values range from 0.5 seconds to 2.0 
seconds. Usually 1.0 seconds is adequate for most samples. In the past, correct setting 
and testing of the leave in question was required due to saturation pulse NPQ; 
however, the FV/FM meter has a special algorithm that finds the highest 8 point 25 ms 
rolling average of FM. This eliminates saturation pulse NPQ from being a problem. As 
long as the saturation pulse is wide enough to saturate the leaf, one can make reliable 
measurements. (See the cook book check list for FV/FM measurements for more 
information.) 

10. “ModPwr” & “Gain” These parameters are used if one wants to set the modulated 
light intensity manually. It is recommended that “AutoSet” be used instead. Autoset 
automatically adjusts the modulated light intensity and gain quickly and correctly so 
that measurement can be made, and that the modulated light intensity does not drive 
photosynthesis or is actinic. It adjusts gain first and intensity second. If one wants to 
set the value manually. Place a leaf of the species that will be used in testing, in a dark 
adaptation clip, place the FV/FM meter black probe all the way into the cylinder of the 
dark adaptation clip and open the black shutter. Watch to see if the “Ft” value on the 
measuring screen, increases over a two minute time frame, after the initial jump 
upward. If it does, the “ModPwr” must be decreased, until the increase no longer 
occurs. Try a second dark adapted sample at the new setting, if there is no slow 
increase after the initial jump in signal, take a measurement using the black measuring 
button on the bottom of the instrument. If it makes a measurement, it is properly set. If 
it says “Ft signal too low”, the “Gain must be increased until measurement is possible. 

11. “AutoSet” - Use the parallel arrows to find “AutoSet”. Place a leaf of the species that 
will be used in testing, in a dark adaptation clip, place the FV/FM meter black probe all 
the way into the cylinder of the dark adaptation clip and open the black shutter of the 
dark adaptation clip. Use one of the perpendicular arrows to adjust the “AutoSet”. The 
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modulated light intensity and gain are now properly set. It is likely that the “ModPwr” 
or “Gain” numbers have also changed. This is an algorithm that allows automatic 
optimal setting to the modulated light intensity. It adjusts gain before it adjusts 
intensity. For error free measurement, the modulated light intensity must be high 
enough for the instrument to detect the fluorescence from the leaf caused by the low 
modulated light intensity, but not high enough to drive photosynthesis. Push the green 
button to go back to the main measuring screen. Follow the directions on the screen, 
and the main measuring screen will appear. The setting may also be manually set. 

12. For recommended dark adaptation times, see the section on dark adaptation. 

13. You can now make measurements. (See the Cook-book Checklist for FV/FM 

measurements for measuring recommendations.) 

 

 

 

 

 

A Cookbook Checklist before making reliable FV /FM 
measurements 

Put together an experimental design that takes these issues into account. 

 
Accuracy is the ability to hit the bull’s eye. 
In many types of measurements, accuracy is determined by calibrating to a measuring a 
standard that is traceable to the National Agency. With such measurements, tolerances are 
always involved. 
 
Repeatability is the ability to achieve the same measurement again and again to a certain 
tolerance level. 
 
A Reliable measurement is one that is accurate and repeatable. With Chlorophyll 
fluorometers, accuracy is determined in a different way. In this application note, will 
provide a cookbook style checklist of issues that musts be considered to get 
reliable FV/FM measurements. 
 
First –FV/FM 
The biggest advantage of FV/FM is that it is a measure of PSII performance that puts all 
samples in the same known dark adapted state before measurement. FV/FM is a normalized 
ratio that does not use a traceable standard. Instead, it’s accuracy is determined by properly 
using the instrument and following the lessons learned about plant physiology by several 
great researchers. For most species, the optimal FV/FM reading for stress free plants is in the 
range of 0.79 to 0.84 (Maxwell and Johnson 2004). Lower values indicate plant stress. 
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To get a reliable measurement, one has to follow tested guidelines. 
 
1. Dark-adapt properly knowing the plant’s light history. It takes only a few minutes for the 
xanthophyll cycle and the ph of the thylakoid lumen to return to a dark-adapted state. It can 
take up to 4 minutes with indoor and green house plants, and it can take up to 7 minutes in 
field plants (Baker 2008). Recently Cazzaniga (2013) found that the intermediate 
fluorescence change at high light intensity, previously attributed to state transitions, and acute 
phtoinhibition, were in fact due to chloroplast migration in C3 plants. Maai (2011) found that 
chloroplast migration was also a mechanism present in C4 plants. It was found that it takes 
from 20 minutes to 35 minutes for complete chloroplast migration to occur. At low light 
intensities, and in lower plants, there is evidence that state transitions occur. (State transitions 
however, take between fifteen to twenty minutes (Ruban 2009) (Lichtenthaler 1999). These 
times can vary somewhat in field plants, and can take slightly longer. Deactivation of Rubisco 
in the dark, takes between 12 -18 minutes in vascular plants and from 9 minutes to 28 minutes in 
some photoplankton (MacIntyre 1997). In addition, field plants and other plants that have been 
exposed to photoinhibition conditions for a number of hours, will retain a certain amount of 
NPQ for up to 60 hours (Lichtenthaler 2004).This means that even if dark adaptation is 
overnight, there will almost always be some residual NPQ built into most summer field 
measurements of FV/FM. This is all right if one is measuring “light stress” and comparing 
results, but when measuring other types of plant stress, light history should be taken into 
account when comparing samples. It is common for researchers to choose dark adaptation 
times anywhere from twenty minutes to overnight, using pre-dawn values. Shorter times may 
be used to study the effects of plant protective mechanisms. For more information, see the 
section on dark adaptation times. If possible, testing should be done to find the time required 
to reach a stable steady dark adapted state. If not, then 35 minutes is safe for FV/FM 
measurements on samples with a similar light history (Different dark adaption times are 
recommended for quenching measurements and Rapid light curves). However, it is 
recommended that you check with your projected research reviewer, for acceptable dark 
adaptation times, as some will only accept the equivalent of pre-dawn dark adaptation. 
Sometimes, belief is part of science. 
2. Modulation light intensity setting FV/FM = (FM-FO) /FM. Minimum fluorescence , is a 
“pre-photosynthetic” a dark adapted value measured by exposing the leaf antennae to a very 
low intensity modulated light. The intensity must be set properly to allow detection, but not 
high enough to drive photosynthesis. If it is set too high, it will drive photosynthesis and 
provide an FO value that is too high When setting the modulating light intensity, the Ft value 
or fluorescence signal should not rise over a 30 second period when a leaf is used. If it does, 
the intensity must be lowered. Opti-Sciences now has an automated set up routine that allows 
fast easy and reliable adjustment of the modulated light intensity. On the FV/FM meter, it is 
called “AutoSet”. 
3. Shade leaves vs. Sun leaves. – The FV/FM ratio will be slightly higher on sun leaves than 
on shade leaves (Lichtenthaler 2004). 
4. FV/FM will be higher with a white saturation pulse than a red saturation pulse. 
Some fluorometers use a red saturation pulse. This is not an issue for comparative 
measurements of plant stress with similar instruments, but values measured on a fluorometer 
with a white saturation pulse should not be directly compared to measurements of a 
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fluorometer with a red saturation pulse. There is evidence to show that systems with a red 
saturation pulse correlate but measure consistently lower than systems with white light 
saturation lights. (Cessna 2010) 
5. Maximum FV/FM values vary with species. The average maximum FV/FM value is 
between 0.79 - 0.84 (Maxwell and Johnson 2000). 
6. Compare samples with a similar light history. Field plants should only be compared 
to field plants and green house plants should be compared to green houseplants. Due to 
the fact that it can take up to 60 hours for chronic photoinhibition to relax, photoinhibition 
can be involved in some measurements more than others (Lichtenthaler 2004). Results after a 
sunny day in the summer, may be different than measurements on the same plant after a few 
days of overcast, again because it takes a long time for photoinhibition to relax or repair. 
7. It is common to use the youngest fully mature leaf blade for diagnosis of deficiencies 
in plants (Reuter and Robinson 1997).  
8. The duration of the saturation pulse should be between 0.5 seconds and 1.5 seconds for 
higher plants, and 25 to 50 milliseconds for Phytoplankton and cyanobacteria. (Schreiber 
1995). Times outside these ranges increase the error in Fv/Fm measurements. Shorter 
durations prevent complete saturation of PSII regardless of the light intensity. Longer 
durations create a form of saturation pulse NPQ that rounds the tail end of the pulse maximum 
value, and reduces the average maximum saturation pulse value. Opti-Sciences provides an 8 
point moving 25 ms average to determine the highest FM. This ensures that a reliable value 
will be measured even if the saturation pulse width or duration is too long. This algorithm 
ensures that one less error is possible. 
9. Saturation pulse intensity. Dark adapted leaves saturate easily with lower saturation pulse 
intensities. It may take a few hundred :mols to saturate shade leaves and sun leaves will 
saturate below 1,500 :mols. Lower values may not fully saturate PSII, and provide an error. 
Higher values always work with dark adapted samples. (Ralph 2005) (Requirements are 
different for Y(II).)  
10. Some FV/FM fluorometers have the ability to pre-illuminate dark adapted leaves with 
far-red light. When this feature is used, for five to ten seconds before an FV/FM measurement 
takes place, it activates PSI, and ensures that all electrons have been drained from PSII before 
the measurement of FO. While this feature ensures that PSII is completely re-oxidized, it does 
not relax the xanthophyll cycle, state transitions, chloroplast migration or photoinhibition. 
Time is still required in a darkened environment to relax all forms of NPQ and to obtain a 
reliable FV/FM measurement. (Maxwell and Johnson 2000). The FV/FM meter does not have 
far red light. 
11. Fluorescence heterogeneity presents itself as different Y(II) or FV/FM measurements on 
different parts of the leaf. It has been found to occur under cold stress conditions, with biotic 
stress, low CO2 levels, and under drought stress conditions. By using multiple measurements on 
the same leaf and using a sampling plan, heterogeneity can be over come (Buschmann C. in 
correspondence by e-mail 2008).  
12. Part of the minimum fluorescence, the FO and FM parameter, in FV/FM (FM – 
FO)/FM), contains PSI fluorescence as well as PSII fluorescence. With FV/FM, one is trying 
to measure the maximum variable fluorescence of PSII in a dark-adapted state. PSI 
fluorescence is not variable, but the low fluorescent signal from PSI does overlap with PSII. 
This produces an error. In C3 plants, about 30% of FO fluorescence is due to PSI, and in C4 

plants about 50% of FO fluorescence is due to PSI fluorescence. PSI produces about 6% of the 
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fluorescence found in FM in C3 plants, and about 12% of FM in C4 plants (Pfundle 1998). This 
not a problem when comparing FV/FM measurements for plant stress because PSI fluorescence 
does not change. It remains constant. 
13. On some plants, such as wheat, with long leaves, one should select similar positions on 
leaves for comparison purposes, because measurements can vary by leaf measurement 
location. For example; the tip of the leaf will likely be different than the mid section or the 
base. (Discussions with Wayne Loescher at MSU 2015). 

 
 
There are fluorescence solutions and assays available that are sensitive to most types of 
plant stress. FV/FM is not as sensitive as Y(II) for some types of plant stress. 
 
FV/FM is not a sensitive test for drought stress, heat stress, nitrogen stress, nickel stress, sulfur 
stress, zinc stress, some herbicides and salt stress in some types of plants (Opti-Sciences Plant 
Stress Guide 2010). It can be used effectively in most other types of plant stress. For specific 
research results on specific types of plant stress, see the Plant Stress Guide offered by Opti-
Sciences Inc. 
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Dark Adaptation – How Long is Long Enough? 
 

Check with your research reviewer for acceptable dark adaption times. Some reviews 
only believe in pre-dawn measurement after overnight dark adaptation. While the information 
below is up to date, belief is still sometimes part of science. 

Dark adaptation is a technique used in some chlorophyll fluorescence measurements to fix a 
non-stressed reference point relative to various measurements (Maxwell and Johnson 2000). 
Deciding where to put that reference is based on an understanding of plant mechanisms that 
can affect measurements, and what one wants to measure.  

Dark adaption times of twenty minutes, thirty minutes, forty minutes and sixty minutes are 
common for terrestrial plants, and some researchers use pre-dawn values.  

To obtain reliable modulated FV/FM values, decisions need to be made for control and test 
measurements. The plant mechanisms listed below will lower Fm, and possibly raise FO, 
changing FV/FM measurements downward like other types of plant stress. One must decide 
which mechanisms are of concern for specific types of plant stress measurement and dark 
adapt accordingly.  

FV/FM is affected by both photochemical and non-photochemical factors. If a leaf is dark 
adapted and measured, then subjected to high light levels, then dark adapted and re-measured, 
the first measurement will be higher then the second measurement. The decline in Fv/Fm 
measurement may be due to a decrease in reaction centers capable of photochemistry or un-
reversed non-photochemical quenching. (Baker N.R., Oxborough K. 2004) 

Papageorgiou reports that results may vary greatly depending on how long dark adaptation is 
done. A few minutes of dark adaptation is enough to re-oxidize the plastoquinone pool and 
the CaMn4OxCly cluster, while longer periods deplete respiratory substrates through 
respiration in cyanobacteria and chlororespiration in higher plants and algae. Longer times 
will also deplete ATP pools, and trans-membrane ion concentration gradients. Dark 
adaptation also shifts higher plants and algae toward state 1 conditions and cyanobacteria to 
state 2 conditions. (Papageorgiou G.C. Tismmilli-Michael M. Stamatakis K. 2007)  

Rapid acting photo-protective mechanisms activated by exposure to variable light intensities 
(designated in the parameters qE and Y(NPQ) are the xanthophyll cycle and thylakoid lumen 
)ph. They relax in a few minutes during dark adaptation. (Muller, Niyogi 2001),(Kramer D. 
M., Johnson G., Kiirats O., Edwards G. (2004). According to Lichtenthaler (1999) this time is 
4-6 minutes. According to Baker(2008) this time can be longer in the field. 

State I – State 2 transition quenching (called qT) is most significant at lower light levels in 
terrestrial plants and can represent more than 60% of quenching at low light levels. At high 
actinic light levels, the effects that were thought to be due to state transitions and acute 
photoinhibition have been replaced by chloroplast migration (Cazzaniga 2013) (Dall’Osta 
2014). State transition quenching relaxes in ten to twenty minutes in terrestrial plants. 
(Lichtenthaler H. Burkart S 1999). 
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Recently it was discovered that chloroplast migration was responsible for the intermediate 
fluorescence adjustment at high actinic light levels. As stated above, previously, it was 
thought to be due to state transitions, and acute photoinhibition (Cazzaniga 2013, and Dall 
O’sta 2014).  It takes 20 to 30 minutes of dark adaption to reverse the affects of chloroplast 
migration in non-mutant plants, and up to 35 minutes in some mutants. The reversal of 
chronic photo-inhibition caused by several hours of high light exposure starts to relax at about 
40 minutes and may take 30 to 60 hours to fully relax under dark adaptation (Lichtenthaler H. 
& Babani F. 2004) (Theile, Krause & Winter 1998)  

When making measurements related to photo-inhibition and photo damage mechanisms that 
are common in chronic high light stress, high heat stress, cold stress and over wintering stress, 
one should understand that it could take days for full relaxation or repair of the non-
photochemical quenching parameters, qI and Y(NO), to pre-stress conditions. To get an 
accurate control value for FM and FO under chronic photo-inhibition conditions (components 
of non-photochemical quenching parameters) it is common to dark adapt for a full night, 
hours. (Maxwell and Johnson 2000) In some cases longer times may be appropriate. 
Lichtenthaler (2004) One must assume that there is some residual NPQ in all field 
measurement taken with plants exposed to chronic photo-inhibition conditions, and dark 
adaptation times that are shorter than 30 to 60 hours. For these reasons, when developing an 
experimental design, it is important to compare samples with the same light history, unless 
one is measuring changes caused by light history differences. 

In Aquatic Plants Gorbunov (2001) is a good source for corals, and Consalvey (2004) is a 
good source for Algae. For information regarding dark adaption for rapid light curves Rascher 
2000 is a good source. Ralph (2004) describes momentary dark adaptation for Rapid Light 
Curves. 

The use of far-red pre-illumination that is available on some fluorometers. It is designed to 
rapidly re-oxidize PSII by activating PSI. (Maxwell and Johnson 2000), but it does not affect 
the relaxation of non-photo-chemical quenching mechanisms (Consalvey 2004) and 
chloroplast migration still takes 20 to 30 minutes with or without far-red light. 

Dark adaptation can be accomplished by using dark adaptation leaf clips or cuvettes. Some 
researchers use hundreds of inexpensive clips to make measurements on larger populations 
quickly. Shrouds, darkened rooms, or growth chambers can also be used. 

In review, it is important to take a few things into account. Reliable dark adaptation times can 
vary by species, plant light history, the fluorescence parameter of interest, and the type of 
stress that needs to be measured. When dealing with a new species or an unknown photo-
history it is best to test for maximum and stable FV/FM at different dark adapted times for best 
results. When testing for optimal dark adapting times it is important to use samples that have 
been exposed to the maximum light conditions that will occur during the experiment. 
Remember, some research reviewers will only accept the equivalent of pre-dawn dark 
adaptation values. 

 
 

 



 

Fv/Fm Protocol   (or Fv/m on the screen) – Background 
Dark adapted test - a measurement ratio that represents the maximum potential quantum efficiency of 
Photosystem II if all capable reaction centers were open. 0.79 to 0.85 is the approximate optimal value for 
most plant species with lowered values indicating plant stress. (Maxwell K., Johnson G. N. 2000) 
(Kitajima and Butler, 1975). Fv/Fm has a photochemical component and a non-photochemical component 
(Baker 2004). Fv/Fm is a fast test that usually takes less than two seconds. (see the section on dark 
adaptation.) 

Fv/Fm allows comparison of samples at the same known dark adapted state. While it is not as sensitive as 
the light adapted Y(II) measurement for some types of plant stress measurement, (See the plant stress 
guide on the thumb drive sent with the instrument), PAR and temperature do not have to be measured, and 
the test can be more successful difficult to measure samples. For example: Under canopy leaves or in 
windy conditions where light intensity can be constantly changing, Fv/Fm, doesn’t care. However, Y(II) 
requires steady state photosynthesis.  

The assumptions are that before the test, PSII is fully oxidized and quenching mechanisms have relaxed to 
a know state. With the Fv/Fm test, it is important to dark adapt the sample being tested to get reliable 
measurements. Fv/Fm dark adaption times can vary due to light history. Times of twenty minutes to thirty 
five minutes are common. Some scientists only work with pre-dawn dark-adapted samples. (Check with 
potential scientific reviewers for their views before designing your experiment. They can have strong 
feeling on the subject). Experiments should be done on plants to be tested to find the appropriate dark 
adaption times for best results.  

A total of 10 dark adaption white clips are provided with the system, to be used for dark adaption 
measurement. (Some scientists use hundreds of dark adaptation clips for fast measurement of large plant 
populations). A clip should be placed on the leaf with the black slider covering the cylindrical opening. 
After dark adaption, the end of the optic probe, on the Fv/Fm meter, should be placed all the way into the 
cylindrical opening, and the dark slide of the clip should be opened. This allows the sample to be exposed 
to the probe. At this point, press the black measuring button to make a measurement. Dark shrouds can 
also be used for dark adaption, growth chambers can duplicate pre-dawn dark adaptation, or lights can 
also be turned off in a windowless environment. 
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Chapter - Data Management 
1. To transfer data files to a computer, Unplug the USB connector from the lithium ion battery or 

mains plug and insert it into a USB port on your computer.  

2. Go to the main menu on the Y(II) meter or the FV/FM meter and use the arrows parallel to the 
length of the instrument to move the outlining cursor to link and press the green button. A message 
saying: “PC Link Active, Use the PC Drive Eject to Stop” appears. 

3. Go to your computer and use Windows Explorer to find the “Y(II) drive”. The instrument 
becomes a drive for your computer and it is listed as the “Y(II) drive”. 

4. Files are comma delineated and shown as Excel files. By tapping on the desired Excel file name 
the data will open directly in Excel. If other spread sheet programs are used, highlight the file 
name, right click the mouse, choose open with, select the desired spread sheet program and open 
the file. 

The data file for the Y(II) meter is shown below on the next page:  
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Sample #  Date      Time  Saturation Intensity                                          Relative Humidity Environment         

                                                    Saturation Width                                             Type / Light – day / Dark – night 

                                                              Modulation Intensity                                        Fs in day , or Fo at night 

                                                                         Modulation Gain                                              Fms = Fm’ in Light or 

                                                                                   PAR   Leaf Temp                                   Fv in Dark    

                                                                                                        Temp environment                     Y(II) in Light or 

                                                                                                                                                            Fm in Dark 

                                                                                                                                                                  ETR in Light or 

                                                                                                                                                                                           Fv/Fm in Dark 

                                                                                                                                                                                                     Absorptance in light or 

                                                                                                                                                                                                      Fv/Fo in Dark 

 

The L or D under “Type L D” stand for measurement in the light or dark. If an L is in the column, the 
following columns highlighted in red represent the first parameter listed. If a D is in the column, the 
following columns highlighted in red represent the second parameter listed. 

Temp environmental
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The data file for the FV/FM  meter is shown below:              
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Appendix A  Maintenance 
 Note: opening the Y(II) meter case or the FV/FM meter case voids the warranty!  

 

Your Y(II) meter and FV/FM meter contains no user serviceable components. Please contact your 
closest authorized agent for periodic preventative maintenance information. The only component 
that requires calibration every two years, is the PAR Clip. Fluorometers by themselves, do not 
require calibration  
 

The Lithium ion battery, is a very reliable type of battery. It exhibits no memory effects whatsoever. It is 
recommended that when the system is not in use, even for very long periods of time, that the charger 
should be plugged into the Y(II) meter battery and the FV/FM meter battery and into a wall outlet for 
continuous charging. Prolonged periods of discharge will significantly decrease it’s life span. Please 
contact Opti-Sciences if you have any questions concerning proper long term storage.  

Any USB battery may be used with the instrument.  
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Cleaning 
These instruments are made from durable materials, but some organic solvents can damage the surface 
finishes. Use a damp cloth with a mild detergent to clean the outside. The display window is made of a 
special, low reflectance glass, the keypad legend is lexan, while the case is aluminum. Should dirt get into 
the optical ports,  uses s vacuum cleaner to remove the dirt. clean the optical probes with Windex, a clean 
cloth, or lens paper. If the unit becomes submerged in water, return it to the factory for maintenance (do 
not plug it in). 

Battery 
The is a USB Lithium ion battery that will provide about eight hours of average use. The typical 
recharging period is 8 hrs. Leaving the charger plugged in for longer than this will not damage the battery. 

WARNING: only use USB batteries and chargers with this instrument. 
 
As the battery ages, it will lose its ability to hold a charge. When this gets to four hours, buy a 
replacement.  

Note: you can run these instruments from the battery charger alone, however it will not recharge while the 
instrument is on. 

It is recommended that when the system is not in use, even for very long periods of time, that the charger 
should be plugged into the battery and into a wall outlet for continuous charging. Prolonged periods of 
discharge will significantly decrease it’s life span. Please contact Opti-Sciences if you have any questions 
concerning proper long term storage. 

Light sources 
All Light sources are LEDs rated for thousands of hours. Replacement must be done at the factory. 
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Trouble shooting power problems 
A majority of the problems encountered over the years with portable fluorometers are directly related to 
the battery, the circuit breaker, and the battery charger. The various sources (especially the saturation 
source) require a significant amount of power to operate properly.  

The charging plug and cable should be plugged in the Y(II) meter battery and the FV/FM meter battery 
when not in use. Prolonged periods of discharge will significantly decrease it’s life span. Both instruments 
use either portable USB lithium ion batteries or mains current. 

 

Trouble shooting tables 
Symptom Probable Cause Cure 

Unit will not turn on Dead battery Charge battery or use AC 
power.  

Unit resets when a test is 
run 

Battery insufficiently 
charged 

Battery has become "weak" 
and needs replacement 

Charge battery 
 

Contact factory 

Display dims or changes 
contrast during a test 

Battery low Charge battery 

Contact Factory 

Battery does not charge Charger connector loose 

Charger is defective 

Dead battery 

Check connections 

Replace charger 

Replace battery 

Contact factory 

Trigger does not initiate a 
test 

Bad battery connection 

Not in measuring screen 
 
Fluorescence signal is too 
low 

There is no leaf in the 
measuring chuck 

Check connections 

Go to measuring screen 
 
Raise modulation intensity 
using “AutoSet” with a leaf 
in the measuring chuck 
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Saturation light does not 
trigger 

Fluorescence signal (Ft) Is 
too low.  

There is no leaf in the 
measuring chuck 

If display also blanks, 
battery may be low 

Modulation light or gain 
too low.  

Increase the modulation 
intensity 

Put a leaf in the measuring 
chuck. 

Contact factory 
 

Use “AutoSet” with leaf in 
the chuck. 
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Symptom Probable Cause Cure 

Cannot output data to 
computer 

- or - 

Output to computer garbled 

Cable is loose 

Improper method 

 
 

 

Hardware handshake 
protocol on host 

Secure cable connections 

Select “Link” on the main 
instrument screen. Go to 
Windows explorer on your 
computer, look for either 
the Y(II) drive, or the 
FVFM drive. 

Open the file using Excel 
or “open with” other 
spread sheet program. 

See data management sec. 

Unit consistently loses data 

- or - 

Odd characters appear on 
various screens 

Flash memory defective Contact nearest authorized 
agent for service  

Fluorescence signal is 
noisy 

Battery is insufficiently 
charged 

External actinic light 
source is heavily 
modulated (pulsed xenon, 
or fluorescent light) 

 

The PIN diode detector 
gain is set too high. 

 
 

Charge battery 
 

Use actinic illuminator 
with a continuous output  
that is not modulated. Do 
not use fluorescent lights!!! 

Under “F” in the set up 
screen Select “Y” for yes. 
This turns on electronic 
noise filtering. 

Raise the Modulated light 
intensity and reduce the 
gain control setting 

Screen flickers. Battery is insufficiently 
charged 

 

Charge battery 
 

Use battery charger to run 
the system. 

Incorrect PAR reading   PAR sensor problem Contact Opti-Sciences 

Incorrect temperature 
reading with optional PAR 
cuvette attached 

Temperature sensor 
problem 

Contact Opti-Sciences  
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Appendix C  Technical Specifications 
The Y(II) meter is a low cost portable field instrument that measures Bernard Genty’s fast light adapted 
parameter- F/FM’, ETR, PAR, leaf temperature, relative humidity, and leaf absorptance. By eliminating 
fiber optics, and using the latest LED technology, Opti-Sciences provides a durable instrument, based on 
hard science, without compromise. Y(II) is more sensitive to some types of plant stress than FV/FM. For 
example: Y(II) will detect heat stress at about 35oC while FV/FM will not detect heat stress until about 
45oC. For more information, request the Opti-Sciences Plant Stress Guide on this website. 

 

Y(II) Meter Specifications: 
Fast  measurements: Y(II) or F/FM’ with the option for FM’ correction according to Loriaux 2013 
included, ETR, PAR, leaf temperature, relative humidity, leaf absorptance.  1-3 seconds. It also provides 
values for Fs, FM’ and Ft. 

In “monitor mode”, it can measure the same sample for months at a time, using USB batteries or mains 
current. The monitor is designed for growth chamber, or laboratory work but not field work. The 
instrument can be programmed to measure at different intervals during light and dark periods or day and 
night. The monitor mode allows measurement of Y(II) or F/FM’, ETR, PAR, leaf temperature, relative 
humidity and leaf absorptance. From the dark, or night time data, FV/FM, NPQ, Y(NPQ), and Y(NO) can 
be calculated.  

Lighting conditions: 

Ambient light only at steady state photosynthesis 

Light sources: 

White LED Saturation flash to 7,000 :moles.  

Choice of red modulated light source or blue modulated light source at time of purchase. 

Modulated frequency is set at the factory. The red LED peaks at 660nm with a cut off filter at 690nm. The 
blue modulated light is at 450nm.  

Sensors: 

2 RGB sensors for measurement of leaf reflectance, leaf transmittance, and leaf absorptance, calibrated 
with standard. From 0 to 100%,  read as a decimal, +- 0.005 

1 PAR sensor – from 400nm to 700 nm – cosine corrected to 80O +- 2 :mols 

Pin Photodiode with a 700nm to 750nm band pass filter.  

Relative humidity 0% to 100% +-2% 

Leaf temperature measurement: with IR sensor over 80% of measuring aperture. 

Temperature Accuracy  1.0 oC (worst case). 
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Temperature Resolution  0.1 oC. 

Battery: 

Lithium ion battery with 8 hour charge life at room temperature. Connected by USB port with charging 
plug and cable. Design to be carried in a pocket. However, the unit may be used with any USB compatible 
battery of any size. The instrument will also run on mains current. 

Size: 

6.34” x 1.5” x 2.0”, USB cable 32” long, Battery 4.5” x 1” x 1” Weight with battery 0.8 lbs 

17.15cm x 3.81cm x 5.08cm, USB cable 81.28cm, Battery 11.43cm x 2.54cm x 2.54cm Weight with 
battery 0.36 kg. 

Memory:  

2 Gigabytes 

Output: 

USB port with comma delineated format. Files may be opened in Excel or other programs with spread 
sheet formats. 

Graphic screen display: 

132 dots by 30 dots LCD. 

Tripod Thread Mount -¼ inch 20 thread (Standard 35mm camera mounts use the same thread) 

 

FV/FM Meter Specifications: 
The FV/FM meter is companion instrument to the Y(II) meter that allow FV/FM measurements. When 
purchased together as the plant stress kit, there is a substantial savings compared to buying the FV/FM 
meter separately. FV/FM is the most used chlorophyll fluorescence measuring protocol in the world 
because it allows comparison of samples in the same known dark adapted state. This allows comparison 
of samples where the light is changing. While it is not as sensitive to some types of plant stress as the 
Y(II) meter, samples can be compared under canopy or situations where steady state photosynthesis is 
hard to measure. The FV/FM meter has an optical probe that permits measurement with dark adaptation 
clips, allowing fast measurement of large plant populations. 

Fast measurements: 

FV/ FM , FV/ FO, FO, & FM 

 

Lighting conditions: 

Dark adapted conditions only 

Light sources: 

Red LED Saturation flash array up to 6,000 :moles.  

Red modulated light source 
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Modulated frequency is set at the factory. The red LEDs peak at 660nm with a cut off filter at 690nm.  

Sensors: 

Pin Photodiode with a 700nm to 750nm band pass filter.  

Battery: 

Lithium ion battery with 8 hour charge life. Connected by USB port with charging plug and cable. Design 
to be carried in a pocket. However, the unit may be used with any USB compatible battery of any size. 
The instrument will also run on mains current. 

Size: 

8.5” x 1.125” x 1.625”, USB cable 32” long, Battery 4.5” x 1” x 1” Weight with battery 0.8 lbs 

21.59 cm x 2.86 cm x 4.13cm, USB cable 81.28cm, Battery 11.43cm x 2.54cm x 2.54cm Weight with 
battery 0.36 kg. 

Memory:  

2 Gigabytes 

Output: 

USB port with comma delineated format. Files may be opened in Excel or other programs with spread 
sheet formats. 

Graphic screen display: 

132 dots by 30 dots LCD. 

 

The PAR is calibrated To a Licor L-190 Quantum Sensor at the factory. The L190 calibration is traceable 
to National Institute of Standards and Technology. They should be returned to the factory every two years 
for recalibration.            

For best results, the instrument should be left plugged into an outlet when not in use.
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