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Welcome to the L1-6400

A Bit of History

The LI-6400 is LI-COR's third generation gas exchange system. In the begin-
ning was the LI-6000; it used a third party £4Dalyzer having the novel (for
1983) features of small size, light weight, and low power. Photosynthesis was
computed by measuring the rate of change of @ith time with a leaf en-

closed in a relatively large chamber - a closed system. The LI-6000 was lim-

ited by the signal noise of the analyzer (1-2 pmol#@nd an unfortunate
choice of method for computing slopes. These problems were corrected in
1986 in the LI-6200, which sported LI-COR’s first €@nalyzer and much
improved software. It was still a closed system forQiit had the potential

for steady-state transpiration measurements. The steadiness of the state, how
ever, depended heavily on a motivated, attentive operator continually adjust-
ing a knob.

While the LI-6200 was fairly well suited for survey measurements, a growing
number of customers (and potential customers) were looking to answer deep-
er questions. The deeper answers could be found in response curves, and tha
meant using a system that could control the environmental quantities impor-
tant to photosynthesis: GQlight, humidity, and temperature. Several inno-
vators attempted to do various response curves with the LI-6200, with
varying degrees of success. Meanwhile, we were having a very hard time in
our attempts to transform that instrument into a next-generation system.

By 1990, having abandoned the idea of enhancing the LI-6200, we restarted
with the question: “What would the ideal gas exchange system be like?” It
would do response curves, of course, so it would need the ability to control
chamber conditions. To usleal response curves medabor-freeresponse
curves, so manual controls were out, computer controls were in. Response
curves should be seen, notimagined, so we needed built-in graphical capabil-
ity. The ideal system would also do survey measurements: you should be able
to carry it around, clamp onto a leaf using only one hand (our previous sys-
tems needed two or three), and be done with the measurement quickly. Ques-
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tions of weight, power, and compactness thus emerged. Could the capabilities
of a laboratory system (response curves) be squeezed into a field system (sur-
vey measurements)?

Challenges loomed, two of them formidable: £fnd HO control is done

best by having gas analyzers right in the leaf chamber, but suitable IRGAs did
not exist. Secondly, chamber €€buld in principle be controlled by mixing

scrubbed air and pure GQavailable in very portable 12 gram cylinders), but
again, a suitable mixing device did not exist. So, we set about inventing them.

Five years and one name cha%gﬂer, we shipped the first LI-6400. And
many more since then. We’ve kept working on it, too, adding many innova-
tions and enhancements, including soil respiration and a leaf chamber fluo-
rometer.

In 2002 we changed the digital board (200 MHz processor, LINUX operating
system, 128 MBytes memory, 64 MByte file system), and brought out version
5 software, opening the door to many exciting new possibilities. Old units are
upgradable, so we haven't left any users behind; their investment remains sol-
id.

We thank you for your investment, and trust that this instrument will serve
you well. We stand ready with support and help as you put it to work. Wel-
come to the LI-6400.

L1t started out as the LI-6300.

Using the LI-6400 Version 5
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About this Manual

Where to Start?

Electronic version

When confronted with a new instruction manual, most people turn to the sec-
tion named “About this manual” for one simple reason: to find out how much
they can skip. Since this manual has 27 chapters, you are probably eager to
skip most of them.

You're in luck. You can.

Select the category that best describes you, and follow the suggested itiner-
ary.

Experienced with earlier versions of the LI-6400
ReadVersion 5 Summaryon page -xvi.

New to the LI-6400; new to gas exchange; methodical and thorough

Work through Chapters 1, 2, 3, and 4. You'll understand the LI-6400 and the
fundamentals of making measurements fairly well by the end. Then, if you
are also doing fluorescence, Chapter 27.

New to the LI-6400; new to gas exchange and/or fluorescence; and fairly
impatient

Chapter 2: Assembling the system.

Chapter 3: The minimum for learning the software is:

Tour #1, Stop after Step 5.

Tour #2, The whole thing.

Tour #3, Experiments 1, 2, and 5.

Chapter 4: Do the check lists, and the simple experiments.

Chapter 27: Fluorescence.

Having measured some leaves (and satisfied your impatience), you might
want to go back and pick up the parts you skipped in Chapters 3 and 4.

New to the LI-6400, experienced at gas exchange measurements

Skim Chapter 1.

Chapter 2: Assembling the system.

Chapter 3: Tours 1 through 5.

Chapter 4: The check lists are important; pick and choose after that.
Chapter 27: How to connect and operate the LCF.

This manual is also available as an Adobe® Acrobat® file, on CD and from
our web site (www.licor.com). All cross references in the text, table of con-
tents, and index are hyper-linked, allowing one-click access. (Version 4.0 of
Adobe® Acrobat® Reader is required. You can download this software for
no charge from www.adobe.com)

Using the LI-6400 Version 5 XV
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Version 5 Summary

There are a number of interface changes that came with OPEN 5.0, and the
major ones are summarized here. If you are familiar with earlier versions of
OPEN, then this summary will get you started very quickly.

Version 5 runs on new hardware; there are 128 Mbytes of dynamic memory,
and 64 Mbytes of flash memory (for files). The processor is faster (used to be
16 MHz, 16 bit - now it's 200 MHz, 32 bit), and the underlying operating sys-
tem is now LINUX. Overall operation is much snappier, with minimal delays.
And, no more coffee breaks while OPEN loads - the infamous bar chart now
goes by in 5 seconds.

Real Time Graphics

There are now 8 independent graphics displays for showing real time graph-
ics in New Measurements mode, instead of just one. Each display can hold 1,
2, or 3 independent strip charts or XY plots, as before. However, the scaling
options are improved, and strip charts retain 10 minutes (or more - it's user
definable) worth of data, allowing you to scroll back in time, or zoom in and
out (i.e. change time intervals). A typical real time graphics display is illus-
trated on the next page.

Notice that there are 3 levels of function keys available while viewing the
graph for control and manipulation. Also, notice the A, B, C... indicator on
the right hand side. This shows which display is being viewed. Press the let-
tersA throughH to jump directly to a particular display. You can also use the
arrow keyst or | to step through them sequentially.

In New Measurements mode, the level 4 function keys still control real time
graphics, but now they look like this:

QRAPH B M ew QAPH
Qui kP kl G aph § Setup

Pick a new group of Enter graphics View and edit the
display definitions. viewing mode configuration of
You can change all 8 (same as before). the 8 displays

at once.
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Graphics Function Keys. Press la- 8 displays available. Navigate
bels or 1, 2, 3 to make them visible. by pressing A, B, ...H.
COZR CoZs A
L EEYTE 1 T %
A -
- a]
E
H / g :
& u:- G
-120 SECE -1iz0 SECS 0 H
Scroll back and forth in time. Expand or shrink the
Resume brings you back to the time axis (StripCharts)
present (StripCharts)

Mark an event || Mark charts on all Change this | | Hide the
on this screen. || graphics screens screen. function key
labels.
= ] ] —fﬂﬂ IE?E]!!
Clear all data from Clear all datafrom
this screen ALL screens
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The GRAPH Setup key allows the 8 real time graphics displays to be config-
ured individually, or all at once.

GRAPH I M ew QRAPH
Qui kP kKl G aph W Setup

—— Real Tine G aphics D splays —
Qaph A PHOIQ UU\D

Gaph B Q2R O®S

Gaph C HOR HOGC5 F ow

D

Gaph E: Photo-Q, Photo- PAR
Gaph F. no plots

Gaph G no plots

Gaph H no plots

Edit high- Read or Save definition for
lighted entry highlighted display

+ ¢ ReadAl | ¢« SaveAl | ¢ + Done

| Read or Save all 8 definitions |

Editing a particular graphics display brings up an editor that is illustrated on
the next page. This is also the editor accessed by pressing the EDIT function
key while viewing a real time graphics display.

Xviii Using the LI-6400 Version 5
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3. 26

Hﬁ QG aph F
Plot #1 < none >
g Pl ot #2 < none >
h Pl ot #3 < none >
[ ogram o o> JRMT Lo
k 00: 00: 12 510 1111
o)\ Head [ D

Press this key to enable a plot.
You then choose between
StripChart and XY Plot

Buf fer: \10 m ns

0),
XAX|s —(Strlp Chart T| ne)

Axes variables are se-
lected from a list. (For
StripCharts, only the Y
axis variable is select-

able).

Default

etc.

Scaling options. There are four, shown
below. When a min or max is 'Auto’
(automatically scaled), you specify a
minimum change increment. That is,
do you want it changing by 10, 1, 0.5,

For StripCharts, you can pick how
many minutes of data to retain.

Scal ing Qotion
[F. Fi xed M n, HF xed Max
Auto Mn, Fixed Max
Fi xed Mn, Aut o Max
Fi xed Delta

Auto Mn, Auto Max

XiX
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Stability Testing

System stability was formerly determined by the coefficients or variation of
flow and the IRGA differentials. In Version 5, it is completely user definable.
You can pick a list of variables (system or user) and the stability criteria for
each, including rate of change, standard deviation, and/or coefficient of vari-
ation.

In New Measurements mode, there is a function key on level 5 rizefied
Stability. This accesses a list of the current stability criteria, which you can
edit, store, read, etc. Stability criteria can be stored as part of a system config-
uration.

Std Stability (3)
1 2R 20s Sl p<1

QS Os Sl p<
3 Tleaf: 20s Sl p<1

Edit eRenove ¢ Add ¢

Edit Stat Tracker
Vari abl e: 2R

T (s): 20
StdDev: (don't care
(% : (don’'t care

Slp: <1
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You can monitor some variables in New Measurements mode that indicate
the state of system stability. In addition to this, statistical details can be
viewed in a diagnostic screen, described in the next section.

Welcome to the LI-6400
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3 of the 4 Numerical
variables equivalent
are stable ;

e

~ Sabl e

34 0.75

First letter from each of the

ity. In this case, it is CO2S,
H20S, Photo, and Cond.

variables checked for stabil-

1110

Diagnostic Screens

In New Measurements mode, there is a new set of screens called Diagnostic
Screens, that provide some behind-the-scenes information that is not normal-
ly available for viewing. To get there, press the left square bracke{)key (

There are 7 of diagnostic screens, labelled A through G, and you can navigate

by typingA throughG. When done, pregsor escape to leave.

Perhaps the most useful diagnostic screén feom which you can view all
of the system stability information (discussed above).

Period;
Mean,
StdDev,
%CV,
and rate
of
change—
(slope)

Not Stable

Status = 2/3
2) s | 3) Tl eaf

(A Stability
1) G2R
Sec| 20
Mh| 0. 1234
SDv| 1.1E 01
%V| 8. 9E+01
—~Sip| 1.1E 02

20 20
5.8642 | 25.13
2.8E-02
1.1E-01| 1.1E-03
A=Y S. 4E-03

Using the LI-6400 Version 5

XXi



xXii

Welcome to the LI-6400
Version 5 Summary

Log Options

There is a dialog named Log Options, available from the Logging Control Di-
alog, or from the New Measurements scrdérefel 5). (The key in either
location is shown only if there is no log file open. You can’t change your log
options in the middle of logging.)

Log Options

Header: Enbedded (nor rral?
Renmar ks: Enbedded (nornal)
Stability Details: Not |ogged
Statistics: -> .STATS file

Header

The choice is "Embedded (normal)" or "Separate .HDR file". The latter case
puts all the header entries (which normally go before the column labels) into
a separate file. This file has the same name as your log file, but with .HDR
appended.

Remarks

The choice is "Embedded (normal)" or "Separate .REM file". The latter case
puts all remarks (including fluorescence actions) into a separate file (same
name as log file, but with .REM appended), instead of interspersing them in
the data records.

Stability Details

The choice is "Not logged", or "Logged". Stability details refers to the list of
variables that you are using to define system stability. Setting this option to
"Logged" will cause extra data columns to be appended in your log file. For
each variable in the stability list, you’ll get a sample count, mean, standard
deviation, coefficient of variation, and the rate of change. Each has a column
label, so you’ll know what they are.

Statistics

Choices are "None (normal)" or "-> .STATS file". The latter case will cause
statistics (mean and standard deviation over a user-entered time period) to be
computed for each variable in your log list. This information is logged in a
separate file (same name as log file, but with .STATS appended).

Using the LI-6400 Version 5
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User Definable Log Button
What the log button does when pressed (while in New Measurements mode)
is now user definabld5 level 5 lets you select possible actions from a menu

of choices:
Log Button Action
Nornmal Lo
Log only (no pronpts)
Do Not hi ng
Meaur eToggl e OnOF f
Far RedToggl e_ OnCr f
Actini cToggl e OnCF f
Do Fm
Available when Do FoFm
figured f
theLoF Do Espm
Do FsFm Fo’
Fl ash (no assign)
Dark (no assign)
The Filer

The file system has changed, and no longer requires periodic defragmenta-
tion. Purging files moves them to a trash directory, and when the trash is emp-
tied, the space is recovered.

The Filer function keys are shown below:
+ 0Or ¢ filtere Sort ¢ Tag o purG

+ Gpy ¢ Mve eodlplct ¢ Renanee Print

+ Mew ¢ Bviewe Edit ¢ grapH ¢ Verking

+ space ¢ trAsh eeXecutee FHnd ere-scaN

Changes are:

fiLter Short-cut key changed from F to L

Using the LI-6400 Version 5 XXiii
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Bview Binary view. For viewing binary files, or
text files. Shows hex codes for each byte of
the file.

space Gets the space on both file system parti-
tions.

trAsh Empty the trash.

Find Find (global search) a file name.

The dialog for choosing directories has a slightly different look. It can show
directories in a tree format or traditional full name format. Also, directories
can be expanded or collapsed.

Select a Directory

v/

Va Eerg !oe

v/ User/ Confi gs
»/ User/ Confi gs/ Aut oPr ogs

Open/ Close directories. Directories
that do not contain other directories View (or V) alternates
are always shown as open (V). between the full path
4 | names (above) and a
v/ User tree view (left)
vrJoe
v [-Configs
» | L Aut oProgs

Version 5.2 Summary

Version 5.2 brought additional changes:

Backlight ON at startup

A new program has been added to the folder “/Sys/Autostart” named Back-
LightON. (All files in this folder execute when LPL starts running at power

XXV Using the LI-6400 Version 5
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up.) BackLightON is a very short program that simply turns on the display
backlight (if present).

:FCT nmain
1 BACKLI GHT

If you do not wish for this to happen, edit BackLightON, and change the 1 to
a 0. Or, simply move the file to the trash.

The backlight can be toggled on and off at any time by pressihghift
home simultaneously.

New System Variable: TotalCV
New system variabl€otalCV(id number -74) has been added in version 5.2.
It is on display line ‘e’ by default.

TotalCVis the sum of the CVs (%) of all stability variables presently defined.
For more on stability variables, s8&ability Variables on page 14-11.

New System Constant: Oxygen%

Another new system variable (actually a user-entered const&btygen%

(id number -52). This value defaults to 21, but can be adjusted by you by put-
ting it into the prompts listRrompt Control on page 9-15). You can then be
prompted for it in New Measurements mottelével 3).

The purpose 0Dxygen%is to account for @concentration in the computa-
tion of CO2RandCO2S the reference and sample £&ncentrations, and
onH20RandH20S the reference and sample water vapor concentrations.

The impact of @ on the CQ measurement is a band broadening effect that
fits the theory fairly well (Se€arbon Dioxide Concentrationson page
14-6, andBand Broadening Correctionson page 14-23). For water vapor,
with its much more saturated bands, the effect is entirely empirically deter-
mined. Se&Vater Concentrationson page 14-5.

New Configuration Parameter: LogOption=

The Log Optionsl{og Options on page 9-9) can now be made part of a con-
figuration file, and changes to them (done in New Measurements mode or
from Logging Control) will trigger the CONFIG change flag in Open’s Main
Screen.

Using the LI-6400 Version 5 XXV
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Fan Control in IRGA Zero and Span

Chamber fan control has been added to the IRGA zero and span routines. This
has been done to allow these routines to be used with large chambers which
are attached directly to the IRGA sample cell. In this configuration, the cham-
ber fan is the connection between the chamber’s volume and the IRGA’s cell.
Turning the fan off allows the cell to measure incoming concentration with
little influence from the chamber.

Typing ‘f* will increment the fan speed through “Fast”, “Slow”, and “off".
SeeCO2 and H20 Analyzerson page 18-3.

Soil Respiration Enhancements
The soil respiration chamber configuration has several improvements.

Logging Rate

Prior to version 5.2, raw readings were logged at 2 Hz, and an internal buffer
of 50 pairs (rate of change and concentration) was filling up in about 30 sec-
onds, leading to early termination of each cycle in some low flux / large delta
cases. In 5.2, logging occurs once every two seconds, and the buffer size is
much larger, so early termination should not be a problem.

All Settings in One Place

Prior to 5.2, the soil respiration configuration had settings accessed via sev-
eral different function keys. Now, you can access them all from one face:
level 7

Storable Settings
In addition to being in one place, these settings are now storable. This feature
is also accessed Vialevel 7.

These settings are saved (by default) in a new directory nérse(tton-
figs/SoilParams. The default file is namefiser/Configs/SoilParams/Std Settings,
as defined in the default soil respiration configuration file:

Soi | Parans= “Std Settings”

If you use Save or Open in the soil settings editor to change this file, or if you
make a change to one or more of these settings and don’t update the file, the
CONFIG flag will appear in the main screen, and the Config Status display
will show the reason: an unsaved file, or a different file name.
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New Configuration: Custom Chamber - Closed

A new configuration builder is available in the Installation menu, named
"Custom Chamber - Closed". The fundamental assumption here is that flux
measurements are to be made in a closed (non-flow through) chamber basec
on a time rate of change of GO'he program will guide you through a series

of questions, and build an appropriate configuration based on your responses.
SeeCustom Chamber - Closedn page 16-20

New Configuration Parameter: MatchType=

OPEN 5.2 adds the option of an alternative matching scheme, useful for turf
and soil chambers operating in open mode. Ba&hing Without the
Match Valve on page 16-34.

Version 5.3 Summary

MultiLevel Flash Option for the LCF

Version 5.3 adds support for doing multilevel saturation flashes with the
6400-40 LCF. This technique allows the fluorescence at saturation to be mea-
sured without actually achieving saturation. This type of flash has three dif-
ferent intensity levels, and the saturated value isfcomputed by plotting
against 1, and finding the 1) intercept. Se&aturating Flasheson page
27-22.

Interfacing Options

Version 5.3 add remote control capability, using a computer connected to the
RS-232 port, or over the internet. S€entrol via Terminal Software
(LTerm /iTerm) on page 11-16.

Version 5.3 makes it very simple to incorporate data coming in the RS-232
port into user variables in OPEN. Skeporting RS-232 Data on page
15-14.

Incoming data can also be treated as commands to be compiled and executed

This allows other devices to exchange data with - as well as have some con-
trol over - the LI-6400. Se€ontrol via LPL Commands on page 11-20.

Minor Changes
Version 5.3 has a number of minor changes, including
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Welcome to the LI-6400
Version 5.3 Summary

Tab is the default
The tab character is now the default delimiter in log files, instead of a comma.
This can be changed with a configuration command, if you wish.

Logged Data can be simultaneously echoed to the Comm Port

Prior to version 5.3, you could log to a fileto the Comm port. Now you can
do both. SeéJsing the Comm Porton page 11-4.
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System Description

This chapter acquaints you with the LI-6400’s operating principle, major
components, and equations.

An Open System

Measuring Differentials

The LI-6400 is an open system, which means that measurements of photosyn-
thesis and transpiration are based on the differencesjm@OH,0 in an air
stream that is flowing through the leaf cuvette (Figure 1-1).

Traditional Open System
Console Cuvette

Flow
— Reference IRGA |- Meter
4——| Sample IRGA '|<

LI1-6400
Console Cuvette|
Flow

Meterjoo 1 I "Sample IRGA |
L[

A 4

Sample IRGA {—»

A A 4

Reference IRGA—>

Flow x ACO, Flow x AH,O
Photo = ———— Trans = ———
Area Area

Figure 1-1. In an open system, photosynthesis and transpiration are com
from the differences in CCand H,O between in-chamber conditions and pr

chamber conditions. The equations are giveBdunation Summaryon page 1-7.
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The LI-6400 improves upon traditional open systems by having the gas ana-
lyzers in the sensor head. This eliminates plumbing-related time delays, and
allows tight control for responding to leaf changes. For example, if stomata
close, the control system immediately detects the drop in water vapor and can
compensate. Similarly, a sudden change in light level will cause an immedi-
ate change in photosynthetic rate, which will be detected as a change in the
CO, concentration. The speed of detection is not a function of the system’s

flow rate, as in traditional systems, since the sample IRGA is in the cuvette.

There is a second advantage of having the IRGAs in the sensor head. The tra-
ditional system has the potential for concentration changes (because of water
sorption and C@diffusion) as the air moves from the reference IRGA to the

chamber, and again from the chamber back to the sample IRGA. This is not
a problem for the LI-6400, because the IRGA measurements areafiede
the air has travelled through the tubing.

The Air Supply
One strength of an open system is that the incoming air stream can be condi-
tioned. That is, its humidity, C{roncentration, temperature, etc. can be es-

tablished by some means prior to entering the system.

Regardless of what is done to the incoming air, however, one thing is crucial:

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \
) Incoming concentrations must be stable. \
N \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘

This is especially true for CQwhere the potential for fluctuations is huge

(your breath, for example, is typically 30,000 umolZgénol airyL. Fluctu-

ations in incoming concentration will cause concentration differences to be
very erratic.

Leaks

“Pressure inside the leaf chamber is slightly above ambient to ensure that
leaks are outward, so outside air does not enter the chamber and affect the
CO, and HO concentrations.” This argument for the advantage of an open
system has been made for a long time, and it’s true - as far as it goes. There
is another process at work: diffusion. £®ill always diffuse from higher
concentrations toward lower, even against a pressure gradient, and is only
limited by the material through which it is moving. The black neoprene gas-
kets that we use on the LI-6400 (except for the light source) have the lowest
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diffusivity to CO, of all the gasket material we have tested, but it's not per-
fect. Diffusion effects are measurable at low flow rates when there is a large
concentration difference between chamber and ambient. D#&esion

Leaks on page 4-43 for more details.

The Flow Schematic

1-4

The LI-6400 provides mechanisms for modifying the incoming air's &@

H,O concentrations (Figure 1-2 on page 1-5). There are chemical tubes for
scrubbing CQ and HO, and air can be diverted through these tubes in any
proportion desired. C§&) however, is best controlled by scrubbily of it

from the incoming air, and using the 6400-01,@@xer to inject just enough

CO, to provide a stable concentration at the desired value. If the 6400-01 is

not part of your system, you will need to use a buffer volume. For a more
complete discussion of buffer volumes, #éeSupply Considerations on
page 4-48.

Humidity control in the leaf cuvette is achieved by regulating the flow rate
that is going though the cuvette. In units without a, @@xer, the pump

speed controls the flow, and in units with a[G®aixer, a flow diverter regu-
lates this flow.

Using the LI-6400 Version 5



Schematic without a 6400-01 CO2 Mixer

System Description

The Flow Schematic

—

Desiccant

Bypass Valve

CO, Scrubber

Sample i\_

== Reference|—'[
! *— — =
Bypass Valve Air In
Schematic with a 6400-01 CO2 Mixer
|
Desiccant |
co,
CO, Vent
Flow  [==>
Control
Bypass Valve
Air
( aidco, D vent [ A1
Control
CO, Scrubber S
Sample |
Reference | —
Bypass Valve | Air In

Figure 1-2. LI-6400 flow schematic, with and without a 6400-0% @Qer.
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Matching the IRGAs

The heart of the computation of transpiration and assimilation is the measure-
ment of the concentration differences. Since these differences are measured
by two independent infra-red gas analyzers, provisions must be made to
check the IRGAs against one another. One way to do this is to compare the
IRGAs when the leaf chamber is empty, and adjust one so that they match.
Matching in this manner is a problem, however, because you don’t want to
remove the leaf from the chamber in the middle of an experiment. The
LI-6400 provides a mechanism to match the IRGAs without disturbing the
leaf: it is called match mode, and it is illustrated in Figure 1-3.

Normal Match

—_——— Sample — 1 Sample
==
—=—1 Reference|— ﬂz Reference

Figure 1-3. In Match Mode, leaf chamber air is measured by both sample ar
erence IRGAs, allowing the sample IRGA to be adjusted to match the referel
GA.

Match mode is something that you do at least once at the start of the day, and
periodically throughout the day. Matching is important when@€©, or

AH,O value is small (low rates, small leaf areas). For example, a
1 pmol mot! difference between the two GAORGAs is trivial when the
ACO,is 75 pmol mol, but represents a significant error if e, is only

3 pmol mot?.
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Equation Summary

If you are not interested in the details of the LI-6400’s gas exchange calcula-
tions, you can safely skip this section.

The equations for net photosynthesis, transpiration, etc. are essentially those

derived by von Caemmerer and Farqdhbiote also that these equations rep-
resent the instrument’s defaults, and can be modified or replaced as desired
by the user (Chapter 15).

Transpiration
The mass balance of water vapor in an open system (Figure 1-4) is given by

a
E
Ui g Uo
R — JE
Ci W Co Wo

Figure 1-4. Measuring fluxes in an open system. Transpiration Eatar(d pho-
tosynthetic rated) change the water and G@oncentrations of air as it passes

through the chamber. Transpiration also causes the exitfjderbe greater than
the incoming flow ratew).

SE = yw,—uyw, (1-1)

wheres s leaf area (i), E is transpiration rate (mol ths'l), u; andu, are
incoming and outgoing flow rates (mohsfrom the chamber, ang andw,
are incoming and outgoing water mole fractions (mgDHnol air'l). Since

U, = u; +sk (1-2)

we can write

SE = (y +sBw,—uyw, (1-3)

1.5.von Caemmerer and G.D.Farquhar (1981) Some relationships between the
biochemistry of photosynthesis and the gas exchange of |¢daata153:376-
387
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which rearranges to

_ Ui(wy—w)
E =0 o) (1-4)

The relationships between the terms in (1-4) and what the LI-6400 measures

are
u = F/10°
w, = W, /10’
X (1-5)
w, = W/ 10
s= 10"

whereF is air flow rate (umol '§), WsandW, are sample and reference water

mole fractions (mmol KO (mol airy1), andSis leaf area (cr‘ﬁ). The equa-
tion that the LI-6400 uses for transpiration is thus

E = M (1-6)
100S(1000 — W)

Total Conductance to Water Vapor
The total (includes stomatal and boundary layer) conductance of tlgg,Jeaf

(mol H,0 m? sY) is given by

W, + W
EE&OOO— '2 %

Oy =

w W, - W

-7
S

where W, is the molar concentration of water vapor within the leaf

(mmol H,O (mol airy1), which is computed from the leaf temperaflréC)
and the total atmospheric pressBrékPa)

T
W, = %—Q x 1000 (1-8)
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The functiore(T) is saturation vapor pressure (kPa) at temperat(@g. The
formula used by the LI-6400 is (14-22) on page 14-10.

Stomatal Conductance to Water Vapor

The stomatal conductangg,, to water vapor (mol 5D m? s1) is obtained

from the total conductance by removing the contribution from the boundary
layer.

= —0 (1-9)

wherek; is a factor based on the estim&tef the fraction of stomatal con-

ductances of one side of the leaf to the other (testmdatal ratiothrough-
out this manual),

2
|(]c = u (1-10)
2
(K+1)

andgp,, is the boundary layer conductance to water vapor (ra0l H'zs'l)

from one side of the leaf. The boundary layer conductance correction thus de-
pends on whether the leaf has stomata on one or both sides of the leaf.

Net Photosynthesis

The mass balance of G@h an open system is given by
sa = yc; —u.C, (1-11)
wherea is assimilation rate (mol COm™? s1), ¢; andc, are incoming and

outgoing mole fractions (mol GOmol air?) of carbon dioxide. Using (1-2),
we can write

sa= yc;—(u, +sE)c, (1-12)

which rearranges to
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u:(c, —c
a= —'~(——'-§--9—) -Ec, (1-13)

To write (1-13) in terms of what the LI-6400 measures, we use (1-5) and

¢ =C/10°

¢, = C/10° (1-14)
6

a= A10

where C, and Cg are sample and reference g£Qoncentrations
(umol CO, (mol air)‘l), and A is net assimilation rate of @y the leaf
(umol CO, m2 s1). Substitution yields

F(C,-Cy
= ———= _-C.E 1-15
100S s ( )

Why does transpiration appear in the equation for photosynthesis? (Asking
this question means you didn’t follow the derivation...) The short answer is
that it serves as a dilution correction; as the leaf adds water vapor to the cham-
ber, it dilutes all other gasses, including£O

Intercellular CO ,

The intercellular C@concentratiorC; (umol CO, mol airl) is given by

Ci S — (1-16)

where g is the total conductance to G@nd is given by

1

1.37k
16, 137Ky
gsw gbW

Oic = (1-17)
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1.6 is the ratio of the diffusivities of G@nd water in air, and 1.37 is the same
ratio in the boundary layer.

Everything Else

There are many other relationships that the LI-6400 uses (calibration equa-
tions for sensors, dew point temperatures, relative humidity, etc.), which are
documented in Chapter 14.

Summary of Symbols

a = net assimilation rate, mol Gam? s?,

A = net assimilation rate, umol G@n2 s1

¢; = incoming CQ concentration, mol COmol air.

¢, = outgoing CQ concentration, mol COmol air?.

Cs = mole fraction of C@in the sample IRGA, pmol COmot? air
C, = mole fraction of CQin the reference IRGA, pmol GOnot? air
C; = intercellular CQ concentration, umol COmol airl

E = transpiration, mol bD m2 s1

F = molar flow rate of air entering the leaf chamber, pumbl s
g,,, = boundary layer conductance to water vapor, m@ kr2 s
gsw = Stomatal conductance to water vapor, mgDHT2 s1

i = total conductance to GOmol CQ m2 st

g = total conductance to water vapor, meCH2s1

ki = (K2 + 1)/[(K + 1%,

K = stomatal ratio (dimensionless); estimate of the ratio of stomatal conduc-
tances of one side of the leaf to the other

s = leaf area, f

S= leaf area, cfh

u; = incoming flow rate, mol air's

U, = outgoing flow rate, mol air’s

w; = incoming HO mole fraction, mol KO mol air?.

W, = outgoing HO mole fraction, mol HO mol airt,

W = sample IRGA mole fraction of water vapor, mmeldHmol air?.
W; = reference IRGA mole fraction of water vapor, mmeOHMol airl.
W, = mole fraction of water vapor within the leaf, mmagiGHmol air?.

Using the LI-6400 Version 5 1-11



System Description
The System Components

The System Components

If you have just taken delivery of your LI-6400 check the packing list to ver-
ify that you have received everything that you ordered. Or, if you've just in-
herited an LI-6400 from someone else, check to see that you have everything.
Here’s a brief description of what should be there:

Figure 1-5. The LI-6400 Portable Photosynthesis System.
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The Standard Parts

Console

The console has an environmentally sealed, 64-key, full ASCII keypad and 8
line x 40 character LCD. On the right side of the console are the sensor head
connectors, 6400-03 battery compartments, and RS-232C connectpr. CO
scrubber and desiccant tubes attach to the left side of the console, along with
the optional 6400-01 C{Osource assembly or G@ank connector block. A

field stand is normally attached to the underside of the console.

Sensor Head/IRGA

The sensor head/IRGA includes a leaf chamber, spring-loaded latching han-
dle (squeeze and release to open, squeeze and release to close), two Peltie
thermoelectric coolers, and the sample and reference gas analyzers. Up to twa
light measurements are provided for: most leaf chamber tops have a Gallium
Arsenide Phosphide (GaAsP) PAR sensor, and a mounting fixture is provided
for a 9901-013 external quantum sensor, if desired. (For a discussion of the
logic of using two light sensors, séhy Two Sensors?n page 8-2.) Leaf
temperature is measured with a thermocouple held in the bottom of the 2x3
and 2x6 cm leaf chambers; other chambers use energy balance to compute
leaf temperature.

Cable Assembly

The cable assembly has two electrical cables and two air flow hoses, and con-
nects the console to the sensor head / IRGA. These are held together with a
flexible, outer wrapping.

Spare Parts Kit

This box contains replacement parts for your LI-6400. As you become famil-
iar with the system you will learn which items to keep close at hand and which
items can be safely stored away.

Chemical Tubes
These tubes are used during operation to removea@@®water vapor from

the incoming air stream. One tube should contain soda lime, and the other
tube should contain Drierite, a desiccant. Each tube has an adjustment valve
at the top for partitioning the flow through the chemical contained in the tube.

6400-03 Rechargeable Batteries

The 6400-03 Rechargeable Batteries are shipped tested and fully charged.
Because they slowly self-discharge with time, it is a good idea to test your
batteries periodically. Leaving them discharged for an extended period can
result in damage. (S&200-03 Batterieson page 19-8 for instructions con-
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cerning testing and charging batteries.) One 6400-03 battery provides approx-
imately 1-2 hours of operational life. Recharge them with the LI-6020 Battery
Charger.

L1-6020 Battery Charger

The LI-6020 can charge four 6400-03 Rechargeable Batteries simultaneous-
ly. It runs on 92-138/184-276 VAC, 47 to 63 Hz, but a selector switch on the
back of the LI-6020 must be set to the appropriate mains voltage.

RS-232C Cable
Part number 9975-016 has a 9 pin to 9 pin cable, and a separate 9 to 25 pin
adapter. Figure 11-1 on page 11-3 illustrates how to use it.

Field Stand

When shipped from the factory, the LI-6400’s field stand base plate is at-
tached to the bottom of the console. It normally remains there, and you can
attach or detach the legs as needed. Store the legs in the narrow front slot of
the carrying case.

6400-55 CD

The CD contains a hyper-linked, electronic version (.pdf file) of this manual,

plus a number of Windows® and Macintosh® support programs for tasks
such as (re-)installing instrument software, running the LI-6400 from a com-

puter, and doing data file transfers. Note: New versions of this software are
released periodically. You can get the most recent version by contacting
LI-COR, or by downloading it from our web site (www.licor.com).

Calibration Sheet
This data sheet lists the calibration information entered into the LI-6400 at the
factory. Keep it in a safe place for future reference.

Carrying Case
The hard-shell, foam padded carrying case can hold the console, sensor head,
cables, some batteries, legs, and a few other accessories.

The Optional Accessories

There are several optional accessories that you may have ordered with your
LI1-6400. Any of them can also be purchased later, and (with the exception of
the 6400-01 C®Mixer), they do not require factory installation:

6400-01 CO, Mixer
This consists of three components:
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. A control module that is inside the console
This part is factory installed in the console.

. A cartridge holder and regulator
For use with the disposable 12 gramQ@rtridges, this part is user-install-
able between the chemical tubes on the outside of the console (see Figure 2-€
on page 2-8).

. An adapter block for CO 5 tanks
This alternative to the cartridge holder and regulator allows tanks of com-
pressed pure CQo be used instead of the 12 gram cartridges (see Figure 2-8
on page 2-11).

6400-02B LED Light Source

The 6400-02B replaces the top half of the standard leaf chamber and provides
light from 0 to over 2000 pmol quanta#s?l. The intensity of the light is
software adjustable to a resolution of 1 umot st. The 6400-02B replaces

the 6400-02, which used only red LEDs. Sgeectral Considerationson

page 8-7 for a comparison of the 6400-02 and 6400-02B.

6400-05 Conifer Chamber

A cylindrical chamber suitable for short-needled shoots. Leaf temperature is
obtained by energy balance, for which an external PAR sensor reading is re-
quired. (External PAR sensor not included with this option.)

6400-06 PAM 2000 Adaptor

This chamber top is designed for 8 mm fluorometer probes such as is used on
the PAM 2000 (Heinz Walz GmbH, Effeltrich, Germany) and Hansatech In-
struments, Ltd (Norfolk, England). It can be used with the standard 2x3 cm
opaque chamber bottom, or the 6400-08 Clear Bottom Chamber. A GaAsP
light sensor is included.

6400-07 Needle Chamber

A 2x6 cm chamber with Propafilm® top and bottom windows. Leaf temper-
ature is not measured, but is computed using an energy balance. A GaAsP
light sensor is included.

6400-08 Clear-Bottom Chamber

A 2x3 cm chamber bottom with a Propafilm® window. Leaf temperature is
computed using an energy balance. This chamber can be used with any 2x3
cm chamber top (such as the fluorometer adapters) or 6400-02 or -02B LED
source.
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6400-09 Soil Chamber
For measuring soil Cgefflux.

6400-10 MiniPAM Adaptor

This is a 2x3 cm chamber top that is designed to hold a 2 mm fiber probe, such
as is used by the MiniPAM fluorescence system (Heinz Walz GmbH, Effel-
trich, Germany). A GaAsP light sensor is included.

6400-11 Narrow Leaf Chamber

A 2x6 cm chamber with a Propafilm® top window, and an opaque bottom
that holds the 6400-04 leaf temperature thermocouple. A GaAsP light sensor
is included.

6400-13 Thermocouple Adapter
Allows a type E thermocouple to be connected to the 37 pin connector on the
LI1-6400 console. This adapter is included with the 6400-09 Soil Chamber.

6400-14 Opti-Sciences Adapter

This is a 2x3 cm chamber top that is designed to accommodate the 10 mm tri-
furcated fiber probe used by Opti-Sciences fluorometers (Opti-Sciences,
Tyngsboro, MA). A GaAsP light sensor is included.

6400-15 Arabidopsis Chamber

This is a chamber designed for Arabidopsis and other small leaves. The aper-
tureis 1.0 cm in diameter, and has a Propafilm® top and bottom. No light sen-
sor is included. Leaf temperature comes from an energy balance analysis, for
which an external quantum sensor is necessary (but not included).

6400-40 Leaf Chamber Fluorometer
Chapter 27 covers installation and operation of this accessory.

6400-70 AC Adapter
This optional accessory fits in the battery compartment, and allows the
L1-6400 to be powered from mains power. It can simultaneously (but slowly)
recharge one battery.

9901-013 External Quantum Sensor
A LI-COR LI-190SA quantum sensor can be mounted on the sensor head.
(The 9901-013 is an LI-190SA with a short cable.)

Display Backlight

If installed, the display backlight is toggled on and off by presstrig+
home.
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Assembling the LI-6400

This chapter guides you through the assembly and preparations necessary to
operate the LI-6400.

Preparations

This section explains how to prepare the console and sensor head for opera-
tion.

The CO, Scrub and Desiccant Tubes
The CQ scrub and desiccant tubes can remain attached to the console at all

times, except when changing chemicals. Figure 2-1 shows the position of
these tubes.

Caution: Never unscrew the topap while a tube is full of chemicals. To
change the chemical, grasp the tube barrel (not the top cap) and unscrew the
bottom cap. If the top cap is unscrewed with chemical inside, damage to the
air mufflers will occur.

Remove théottomcap of the C@scrub tube, and fill the tube with soda lime
(in the spares kit) to within 1 cm of the tube’s end. Replace the bottom cap
and attach the tube to the console using the lower of the two knurled knobs.

Follow the same procedure with the desiccant tube. Indicating Drierite desic-
cant is provided in the spares kit.

Keep the threads on the end cap and barrel clean /

/

/
Do not over-tighten the attachment screws (Figure 2-1). SIigI‘tI)
snug (finger power onlyneverpliers) is sufficient. The O-rings do/
the sealing. :

WA SS S S SN

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIA

Complete information on maintenance and service of the chemical tubes is
found on page 19-2.
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Air Passage Holes

/ CO, Scrub Tube

Don’t Over-
Tighten .
.-

Desiccant Tube
O-Rings

Open This End

Figure 2-1. Desiccant and CQcrubber tubes.

Cables And Hoses

Air inlet and outlet ports and electrical connectors are located on the right side
(end) of the console (Figure 2-2).

Electrical Connectors

Plug the female 25-pin connector into the receptacle lale@4d, and the

male 25-pin connector into the receptacle label@dMBER. These connec-

tors are gender specific, and can not be interchanged. Tighten (slightly) the
screws on the connectors, but be careful: these screws can break off if tight-
ened too much. Sdeeplacing Connector Screwsn page 19-19.

Air Inlet

The port labeledNLET is located to the right of the ON/OFF switch. This is
the intake through which the pump draws in the air that flows through the sys-
tem.

If your system does not have a £i@jector, attach tubing from a buffer vol-
ume to the INLET port. The buffer volume can be as simple as a clean, dry 2-
liter plastic soft drink bottle. The larger the volume, the better. For more de-
tails, sedAir Supply Considerations on page 4-48.
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Preparations

Air Outlets

The two sections of Bev-a-line tubing attached to the sensor head must be
connected to the console air outlet ports. One of the tubes has a black band
near the end of the hose. Attach this hose teanPLE port of the console.
Attach the other hose to tiREF port.

RS-232

Reference
Power Switch

Sample

Air Inlet

Figure 2-2. Console tubing and cable connections.
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Preparations;

Connecting the Chamber / IRGA

The sensor head/IRGA end of the electrical cables attach as shown in
Figure 2-3. Be careful not to overtighten the screws on the 26 pin D connec-
tor. To plug in the round connector, first line up the red dots, then push the
connector all the way in until the red dots meet and there is a click.

To Sample

To Reference

Figure 2-3. Electrical connectors, air hoses, and tripod bracket mounting holes
on the sensor head / IRGA.

Interchanging IRGAs? Don't.
If you have more than one LI-6400 at your disposal, can you interchange
the IRGA/chambers? The simple answer is (probably) no; they are not de-
signed to do it. Each LI-6400 console is adjusted at the factory for p par-
ticular head. If you mismatch them, you may not able to zero the IRGAs.
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Using a Tripod

Using a Tripod

2-6

A mounting bracket is included in the spare parts kit for mounting the sensor
head on a tripod. A tripod is a virtual requirement when making long-term
measurements in the absence of cooperative graduate students.

The three screws included with the mounting bracket are threaded into holes
on the right side of the analyzer housing on the sensor head (Figure 2-4). The
tripod mounting bracket is threaded for use with standard 3/8-16 and 1/4-20
tripod heads.

Analyzer Housing (rear view)

aq
@ ©® © aq —— 122-04276

ONFZRTIO o

\ Tripod Mounting
Bracket

% Tripod Head

Figure 2-4. Mounting holes for the tripod bracket are found on the right si
the sensor head.
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6400-01 CO2 Injector Installation

6400-01 CQ Injector Installation

- 2@

=

=

Figure 2-5. 9964-026 External GO

Source Assembly

CO, Cylinder

CO, Cylinder Cover

O-ring

Piercing Pin

CO, Cylinder
Piercing Block

CO, Source
Mounting Block

Regulator

Using the LI-6400 Version 5

The optional 6400-01 C{Qnjector consists of a controller that

is factory installed within the LI-6400 console, and an external
part that attaches between the chemical tubes on the end of the
console. This external part can be either

e the 9964-026 Source Assembly
which uses 12 gram CQartridges (described below), or

* the 9964-033 Tank Connector Block
for using a tank of pure CQvith a regulator, described on page
2-10.

Warning: CO, cylinders contain 12 grams of high preg-
sure liguefied C@ Follow the handling precautions o
the cylinder and cylinder cover carefully.

-

Note: 12 gram CQ cartridges last about 8 hours from the
time they are pierced, regardless of whether the system is
in use or not. However, every once in a while - say, eyery
100 or 200 cylinders - you might encounter one that pro-
vides considerably less, such as only 1 or 2 hours.
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Assembling the LI-6400
6400-01 CO2 Injector Installation

Using CO, Cartridges

COZ source at-
taches here.

'/--,. ]

; @

Check for O-rings in ' -.'.
these two locations

Cyllnder Cover

Oil Filter

12 gram cylinder

Figure 2-6. Location of external G&ource assembly.

To install the 9964-026 Source Assembly

Attach the assembly block. Is the O-ring present?

Make sure that the O-ring seal on the mounting block is properly seated.
Tighten the two knurled knobs on the mounting block to secure the assembly
to the console.

Unscrew the CO » cylinder cover.

Install a new O-ring in the groove around the piercing block.

Use your finger to press the O-ring into the groove (Figure 2-7). If the O-ring
is not in place when the GQ@artridge is pierced, gas will rapidly vent out a
hole on the underside of the mounting block.
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6400-01 CO2 Injector Installation

Piercing Block

O-ring

Piercing Pin /~Vent Holes

Figure 2-7. Top view of piercing block showing the O-ring location.

Important Note: Although the O-ring may perform properly for several cyl-
inders,we recommend that it be replaced with each new cylidesr being
subjected to several high pressure cycles the O-ring weakens and becomes
perforated, and easily tears or splits. If the O-ring is slightly torn or perforat-
ed, gas slowly leaks through the vent hole shortening the life of the cylinder.
If the O-ring is split, gas rapidly vents until the cylinder is empty.

4 Check the oil filter (every 3 or 4 cylinders)
It's actually a cigarette filter that is located in the “T” fitting on the rear of the
source assembly (Figure 2-6). It's a good idea to unscrew theei@pelyou
install the cylinder!) and look down in at the end of the filter to check for any
oil accumulating on the white filter material. If the filter is getting discolored,
change the filter. Se8ervicing the External CO2 Source Assemblpn
page 19-38 for more details. (With LI-COR cylinders, the filter should last for
25 cylinders. We have encountered other cylinders, however, that contain
muchmore oil, notably Copperhead™ and Curtis™ brands, so beware.)

5 Place a new CO » cylinder into the cylinder cover
The cylinder goes in large end first, although one of our engineers accidental-
ly got one to work the other way arouhd.

Warning: Use only the proper size 12 gram cartridge

9

LHe’s now in management.

Using the LI-6400 Version 5 2-9



2-10

Assembling the LI-6400
6400-01 CO2 Injector Installation

Screw the cylinder cover onto the piercing block.

You may feel some resistance as the piercing pin contacts the cylinder. A
short burst of venting C£may occur as the cylinder is pierced; the leak is
minimal if you continue to quickly tighten the cylinder cover. Tighten the
cover until snug; there’s no need to overtighten.

Using other sizes
The mixer cap is designed for a 12g4®linder, which is 83 mm in length.

You can also use a shorter cylinder, such as the 8g ones readily available in
Europe, by inserting a spacer into the cylinder cap. The spacer’s length should
be such that the cylinder plus the spacer is 83mm (+/- 2 mm).

External CO2 Tanks

The Tank Connector Block replaces the 6400-01 External S20rce As-
sembly, and is useful in situations wheres&&hks or other high volume sup-
plies are available.

The tank connector block is designed for use at pressures between 180 and
220 PSIG (Ibs iif gauge pressure) of GQUse a regulator, and do not ex-
ceed 250 PSIG Cg as the pressure relief valve may vent your source

The Tank Connector Block uses a 1/8” male NPT to 1/8” tubing fitting. This
fitting has a flow restrictor installed (10 érmin‘l). Do not remove this fit-
ting. A 1/8” to 4mm compression union is also provided for users who may
be unable to obtain 1/8” copper tubing. Directions for installing the Tank
Connector Block to a C£source using 4mm copper tubing are giveimin

stallation Using 4mm Copper Tubingon page 2-11.
To install the 9964-033 Assembly

Mount the CO 5 Tank Connector Block
Use the two knurled knobs to mount the block between thga@@ HO

scrub tubes. Make sure that the O-ring seal on the back of the block is prop-
erly seated.

Insert copper tubing
Insert the 1/8” copper tubing between the 1/8” connector nut and the ferrule
(Figure 2-8).

Important : Note the orientation of the ferrule. One of the tapered ends of the

ferrule is longer than the other; the long end must be oriented toward the con-
nector on the mounting block. When the nut is tightened onto the connector,
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6400-01 CO2 Injector Installation

the ferrule will be permanently crimped to the copper tubing, and you will not
be able to remove it.

Washer Tank Mounting Block

9
X
XX
QK>
XXX
R

e
A._’”f‘

R
SR
KRR
&
Setades?

S
Y

>
3
X
XX
XK,

KR X
R
.
B
XX

K

I O-ring Seal

Knurled Knob

1/8" Tubing Connector
250 PSIG Pressure
Relief Valve

Ferrule

1/8" Nut

1/8" Copper Tubing
To CO, Tank

Figure 2-8. Insert tubing through nut and ferrule. Note proper orienta-
tion of ferrule.

3 Tighten the nut until snug, plus 3/4 of a turn.

4 Connect your CO 5 source.
The other end of the copper tubing connects to youyr<oOrce. Adjust your
regulator pressure to between 180 and 220 PSIG.

Installation Using 4mm Copper Tubing

If you are unable to obtain 1/8” copper tubing, you can connect the Tank Con-
nector Block to a C®source using 4mm tubing and the compression fitting
(LI-COR part #300-04439) included with the Tank Connector Block.
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Assembling the LI-6400
6400-01 CO2 Injector Installation

Install the Tank Connector Block and copper tubing
This is described in steps 1-4 above.

Connect the 1/8” and 4mm tubing

Use the 1/8” to 4mm compression fitting to connect the two pieces of tubing
(Figure 2-9). Be sure to orient the ferrules correctly; the narrow tapered end
of each ferrule must be orientenlvardthe compression fitting. Tighten the
nuts on the compression fitting until snug, plus 1 1/4 turn.

Connect the 4mm tubing to your CO  » source.
Adjust the regulator’s pressure to between 180 and 220 PSIG.
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6400-01 CO2 Injector Installation

/@

1/8" Copper Tubing Connector

Ferrule

1/8" Nut

1/8" Copper Tubing

1/8" Nut

Ferrule

1/8" to 4mm
Compression Fitting

NN

Ferrule

4mm Nut

To CO, Tank

4mm Copper Tubing

Figure 2-9. Use the compression fitting to connect 1/8” and 4mm tubing.
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External Quantum Sensor Installation

External Quantum Sensor Installation

The external quantum sensor is held in its mounting bracket with a small set
screw (turned with a 0.050” hex key provided in the spares kit). The BNC
connector plugs in at the rear of the chamber.

Figure 2-10. The external quantum sensor installed.

If the LI-6400 was shipped from the factory with an external quantum sensor,
its calibration factor will have already been entered into the instrument. Oth-
erwise, you will have to do this. S&éke Installation Menu on page 16-5.
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Attaching the LED Light Source

Attaching the LED Light Source

The optional 6400-02 or -02B LED Light Source is mounted to the sensor
head by removing the upper half of the leaf chamber and replacing it with the
lamp assembly. Follow these steps to install the lamp:

1 Remove the tripod mounting bracket
This is necessary to access the connector for the in-chamber PAR sensor.

2 Disconnect the light sensor
Pull the connector straight out (don’t wiggle side to yuliéh a pair of long

nose pliers (or your fingernails) gripping the connector (Figure 2-11).

I —

Figure 2-11. Disconnecting the in-chamber PAR sensor connector.

Or, just graspboth wires with your fingers and pull straight out. The wires
will bring the connector with it.
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Attaching the LED Light Source

3 Remove the top leaf chamber
Use the 3/32” hex key provided in the spare parts kit to remove the two long
screws that hold the chamber top in place (Figure 2-12).

Top View
192-04356

/% 192-04357
Conecter O’ri"gs// GaAsP PAR sensor

Upper leaf
chamber cuvette

Gasket

140-04251

(=} o

Figure 2-12. The top and bottom chamber lips are held on with two hex head
bolts. Use the 3/32 inch hex key to loosen and tighten them.

4 Install the O-rings
Ensure that there are O-rings in the air passage holes.
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6400-40 Leaf Chamber Fluorometer

5 Install the lamp assembly
Attach the lamp connector and PAR sensor connector as shown in
Figure 2-13. Ensure that the PAR sensor is attached to the connector near the
rear of the analyzer housingpt to the log switch connector.

140-04251
0

External Quantum
Sensor BNC

Connector Leaf Temperature

Thermocouple Holder

Air Hose

PAR Sensor
Connector

=

Log Switch
Connector

Figure 2-13. Attach the lamp and PAR sensor connectors.

If the LED source was purchased with the LI-6400, its calibration factor will
have been installed in the console. Otherwise, you will have to do this. See
Example: 6400-02B LED Sourcen page 16-6 for how to do this using the
Installation Menu.

6400-40 Leaf Chamber Fluorometer

Installation and operation are described in Chapter 27.
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Powering the LI-6400

LI-6020 Battery Charger

The LI-6400 cannot be operated from mains power alone using this battery
charger. (For independent mains power operation,&#-70 AC Module

on page 2-20.) It can, however, be operated with the changka single
6400-03 Rechargeable Battery. To use the LI-6020, plug a fully charged
6400-03 battery into one of the LI-6400 battery jacks, and plug the LI-6020
into the other jack using the 9960-062 cable (in spares kit).

Note: This will not provide indefinite operation. The battery will slowly dis-
charge, and eventually need to be swapped. (Procedure to swap: Disconnect
the plug from theharger, plug in a fresh battery, then disconnect the old bat-
tery and reconnect the plug from the charger.)

6400-03 Batteries

Two battery jacks are located beneath th@N/OFF switch. Insert two
6400-03 batteries into the battery compartment and connect both batteries.
The 6200B batteries used with other LI-COR instruments can also be used,
but with less convenience since they will not fit into the battery compartment
of the LI-6400.

The 6400-03 batteries have a capacity of approximately 3 Amp-hours each.

The LI-6020 Battery Charger produces about 1.5A. The LI-6400, on average,
draws 1.5A; therefore, if the LI-6400 is drawing 1.5A, the LI-6020 used with
a 6400-03 will power the LI-6400 indefinitely. At maximum draw (with LED
light source on, running the coolers, etc.), the LI-6400 will use about 3A.
Without the light source, it will draw about 2A. Table 2-2 shows the approx-
imate battery life when the LI-6400 is used with two 6400-03 batteries or with
the LI-6020 Battery Charger and one 6400-03.

Table 2-1.Approximate hours of battery life for 6400-03 batteries (at 25 °C ambient).

Power Supply Power requirement of LI-6400
1.5A 2A 3A
Two 6400-03 Batteries 4 Hours 3 Hours 2 Hours
LI-6020 and one 6400-03 Indefinite 6 Hours 3 Hours

. Two batteries are better than one
You will get better battery life when they are used in pairs.

2-18
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. At least one battery is required
You cannot run the system using only the LI-6020 charger.

. You are warned when the batteries are low
The system will beep regularly when the batteries are low, and there are dis-
play indicators as well (sdeow Battery Warning on page 5-17). One low
battery can be removed and replaced with a fresh one while the system con-
tinues to run without interruption. Immediately replace the second low bat-
tery with a freshly charged battery to ensure maximum operation time.

Shooting yourself in the foot...
When you are swapping batteries on a running, data-collecting instrument,
be careful not to bump the on/off switch with your thumb as you unplug a
battery. It's easy to do (I speak from experience), and it quickly brings your
measurements to an abrupt halt.

Note that you can also power the LI-6400 using any 12 volt battery with suf-
ficient capacity; a car battery, for example, will run the system for 24 to 48
hours before recharging is necessary.

Other Batteries

You can power the LI-6400 with any 12 V battery (car, marine, etc.) that has
at least a 1.5 Amp-hour capacity. To connect an alternative battery to the con-
sole, you'll need a 318-02031 connector (the kind that is on the 6400-03 bat-
tery). One simple way to get this connector already attached to a cable is to
remove it from a dead 6400-03 battery. Alternatively, you can order these
connectors by themselves, or else order part number 9960-120, which is this
connector attached to 10 feet of cable, or else obtain a 9960-062 (the cable
that runs between the console and an LI-6020 charger), and cut it in half to
get two short (2.5 ft.) versions of a 9960-120.

The 6400-03 batteries are protected with a 10 Amp automotive fusedsee

placing the Battery Fuseon page 19-9). You might wish to do the same with
your alternative battery.
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6400-70 AC Module

This optional accessory allows the LI-6400 to be powered from mains power.
It consists of a transformer, and a battery-shaped box that can fit in the con-
sole (Figure 2-14).

Figure 2-14. The 6400-70 AC Module fits in a battery compartment in
the console. If you install a battery in the other compartment, and plug
it into the module (as shown here), that battery will trickle charge, but
more importantly, provide continued operation for 1-2 hours in the

event of a mains power failure.

Notes on using the 6400-70 AC Module

A battery is not required

The module will power the LI-6400 by itself. However, plugging a battery
into the module will provide 1 or 2 hours continued operation in case of mains
power failure.

Use both plugs - most of the time
The AC module has two plugs that go into the console’s battery connectors.
For normal operations, plug both of them in.

Hot swapping

You can switch from AC operation to battery operation by unplugging one of

the module’s plugs from the console, and replacing it with a fresh battery.

Then disconnect the other plug, and replace it with second battery if you wish.
Reverse the process to switch from battery to AC operation.

Either way, observe the caution in Figure 2-15.
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Safe for extended operations Don't do this for more than a minute
Battery safely trickle charges, and is Battery is being charged in an uncontrolled man-
available to run the instrument if mains ner. Damage could result to the battery and/or
power fails. the transformer.

Battery

Figure 2-15.Avoid extended (more than a minute) operations with a battery and one of the AC
module’s plugs connected to the console. In this configuration, you will be providing uncon-
trolled charging of the battery, which could damage the battery and/or the transformer.

\\\\\\\\\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\‘\\\\

Important Safety Notice
To minimize shock hazard:

FTITTITy

The 6400-70 AC Module MUST be connected to an electrical ground through a three\-con-
ductor power cable, with the third wire firmly connected to an electrical ground (S\fety
ground) at the power outlet. \

Any interruption of the protective (grounding) conductor or disconnection of the protettive
earth terminal may result in a potential shock hazard at the LI-6400 instrument chassts that
could result in personal injury. \

\
ALSO: If you connect an analog output from the LI-6400 to the LI-610 Dew Point Genei\tor,
andare powering both units by AC power, a “ground loop” can develop, causing unwanted
signal noise that can affect the operation of the LI-610. If you are using the LI-640& and
LI-610 in this manner, we recommend that you isolate the two circuits by operating Qe or
both of the instruments with battery power. \
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\~
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Installing System Software

2-22

Note: Installing software is ngbmething you have to do to make the LI-6400
work when you get it from the factory. It comes with software installed and
ready to use. We change this software periodically, to fix bugs and add en-

hancements and to take advantage of these changes, you have to install the
new software into the LI-6400. To see what version of software you have in-
stalled, selectAbout this unit” in the Welcome Menu (see Figure 3-6 on
page 3-9). You can see what the latest available system software is (and
download it) by checking our web site: www.licor.com.

Hardware Requirements

Version 5.0 and above

Version 5.0 and above requires the new digital board, which began shipping
with serial number PSC-1214. Any LI-6400 can be upgraded to this board.
The upgrade is part number 6400-915. To determine which board an LI-6400
has, see Figure 2-16.

New Board (uses version 5)

I NLTIALI ZI NG
BOOTI NG PAUSED
USE THE LI -6400 UPDATE PROGRAM

Old Board (cannot use version 5)

Wl cone to LI-6400

R) un ol t ages
| oad S)ave parns
eck CRC +/ -/ UP/ DOAN) cont r ast
B)ps = 115200 D ebug: COFF
erm nal

Select: _

Figure 2-16. To determine which digital board an LI-6400 has, power up \
theescape key held down, and see which display is shown.

20r fix enhancements and add bugs...
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Version 4

Version 4.x requires the 6MB flash memory board, which has been standard
on all units from about serial number PSC-350 until the shift was made to the
new digital board. Any old-board unit can be upgraded to this memory board.
(Part number 6400-906.).

Version 3
What's left is version 3.x, which can be installed on any old-board LI-6400.

Note: The 6400-40 Leaf Chamber Fluorometer requires at least Version 4
(old board) or Version 5 (new board).

What To Do

The latest system software (3.x, 4.x, or 5.x) is available on the 6400-55 CD,
and also from our web site (www.licor.com). The version 5 installer requires
Windows®, while the Version 3 or 4 can be done with Macintosh® or Win-
dows® computers.

1 Obtain the system software
System software is on the CD, or can be downloaded from our web site.

2 Power the LI-6400 on while pressing  escape.
This will access the Boot Screen (Figure 2-16 on page 2-22).

3 Connect the computer to the LI-6400
Connection instructions are on page 11-2.

4 Run the installation program
Two pieces of software are installed: LPL and the /Sys directory. LPL is the
operating system that supports the programs that run on the LI-6400, and the
/Sys directory contains those programs. The installation should not affect any
other file system information, other than updating the factory default files
(listed in Table 16-3 on page 16-19) in the /User/Configs directory.
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Guided Tours

The purposes of this chapter are to teach you a) how to operate the LI-6400,
and b) how the LI-6400 accomplishes its tasks. We do this with a series of
guided tours. We recommend that you follow along on your instrument. You
won't need plant material for these tours - that will come in Chapter 4.

Before You Start

3-2

Here are some things you should know about the display and keypad
(Figure 3-1 on page 3-3).

Cursor Control Keys

The cursor control keys, |, —, -, pgup, pgdn, home, andend) appear on
either side of the front panel. The left group does the same thing as the right
group, and it doesn’t matter which you use. Similarly, there aresties

keys and twdabels keys.

Function Keys

Keys labeled1 throughfs below the display are calldédnction keysand of-

ten have labels associated with them on the bottom line(s) of the display.
When there are multiple definitions for these keysldhels key can be used

to cycle through them. Sometimes, the labels remain hidden even though
function keys are defined and active; presdaigls will make the labels
temporarily appear.

Display
The display has independent text (8 lines, 40 characters per line) and graphics
(64 dots high, 240 dots wide) modes. In this tour we will use both.

You can adjust the contrast by pressing + shift + 1 andctrl + shift + 1.

Also, if it is so equipped, you can toggle the display backlight on and off by
pressingctrl + home.
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Before You Stari

| Cursor control keys.

@ ! @ LI -6400 Phot osynt hesi s System @ ! @
CPEN 5.3

[ User 2%full

n I’ Thr Jun 3 2004 09: 46: 55 12. 01V n I’
Wl cone| Gonfig| Gilib New [UWility
Menu Menu Menu | Msnmt s Menu
Caacaaaad

- HEEEEHEREEEEE
e el
o ] ) I GO
ol I I e I CIR

e

Figure 3-1. The LI-6400 keypad. The cursor control keys, labels, and enter are paired to facilitate access with
either hand.
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Tour #1: OPEN Overview

Running OPEN

OPEN is the name of the program that you’ll be running most of the time
when you use the LI-6400. This program begins to run automatically after
you power on (unless you intervene), as you'll see in the following steps.

1 Turn the LI-6400 ON
About 10 seconds will pass while the display shows

I N TIALI ZI NG

with one, two, and finally three dots. You should then see:

Wl cone to the LI-6400
Version 5.3

Counts

down to O
Launching Qoen in

Figure 3-2. OPEN’s Autostart countdown is 5 seconds long.
Pressenter to skip it, or presgscape to prevent OPEN from

loading.

2 Press enter or wait
If you pressscape, you'll prevent OPEN from loading, and will access the

LPL screenThe LPL Screenon page 5-19). If you presater (or nearly any
other key), OPEN is loaded (Figure 3-3). This takes about 5 seconds.

L1f your LI-6400 doesn't behave as described here, refeoteer On Problems
on page 20-2.
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Loading CPEN 5. 3. ..
—

Figure 3-3. OPEN'’s bar chart is displayed while loading.

If asked, select a Configuration

Once OPEN's bar chart finishes, you might be asked to pick a configuration
file (Figure 3-4). (If no one has been creating configuration files on this in-
strument, then you won’t be asked to do this.)

DR /User/Configs/ UserPrefs

Select a Configuration File
"Coni fer Chanber"
"Factory Defaul t"
Detfaul t + Energy Bal ance

- 8§ jiance §-=

Figure 3-4. If multiple configuration files exists, you are asked to select one
when OPEN first runs.

A configuration file contains settings and values used by OPEN. Except for
the one nameéactory Default, they are user created. Configuration files are
easy to create and modify, and you can read about them in Chapter 16.

For now, however, seleéictory Default. It should already be highlighted, so
just presenter .

Power up the IRGAs.
After a few more seconds, and several more messages, you'll be asked

I s the chanber/| RGA connect ed?J
(Y'N
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Pressf when you have both electrical cables between the console and the sen-
sor head connected.

OPEN'’s Main Screen

After some more messages, OPEN’s main screen appears (Figure 3-5). This
screen represents the home base of operations for OPEN. The function keys
(f1 throughfb) have 2-line labels above them on the display; these are used to
access the various menus and routines available in OPEN.

Normally at this point, one would do a series of checks before making mea-
surements, and these are describdf@paration Check Listson page 4-2.
We'll skip these checks for purposes of our tours.

Connecting and Disconnecting the Chamber/IRGA.

Once the OPEN screen appears, you shaotdonnect or disconnect th
chamber while OPEN is running without first putting the instrument
sleep” via the Sleep Mode function in OPEN’s utility menu. You run
risk of blowing fuses, and (when the light source is on) the chamber|
nector can carry dangerous voltage (>100 V).

Powering Off

OPEN'’s main screen is a safe place to be (or return to) when you are ready to
power the instrument off. If you are anywhere else, you may have files open,
and could risk losing data if you power off then.
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Appears when either the
analyzer board fuse or the
flow board fuse is blown
(only on instruments with

Appears when the
calibration (IRGA
zero or span, or
flow meter zero)

Appears when the
user configuration
has changed, butis
not stored.

serial numbers PSC-401
and above).

has been changed,

Software version| | but is not stored.

L™~6400 Photosynt hesis System
CPEN 5.3
g QO

/[ User 10% f ul |
Thr Jun 3 2004 14:50: 44

@ onfigf@G&lib
Menu Menu
Configuration status and Make New
related utilities. Measurements

FLow meter zero, IRGA
zero & span, Mixer &
Lamp calibration

Space remain-
ing for file stor-
age in the /User
directory.

12. 03

Time and Date
(or clock stopped
message)

Battery
Voltage

System info, Help
screens, Test Menu,
Terminate program.

Filer, File exchange, recompu-
tations, set clock, sleep mode

Figure 3-5. OPEN’s main screen.

Alert Messages in OPEN’s Main Screen
OPEN'’s Main Screen can show four alert messages. Here's what they mean,
and what to do about them.

FUSE

If the instrument has serial number PSC-401 or above, or if it has been up-
graded with a new back plane board, the FUSE message will appear if the
flow board fuse or the analyzer board fuse is blown Régsacing the Fuses

on page 19-11. (To find out if your instrument is capable of producing this
alert message, check fofuse Aware” in the “About this Lhit” screen,
found in the Welcome Menu, as shown in Figure 3-6.)
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CAL

This message appears if you have changed the IRGA zero and/or span setting,
or else the flow meter zero, and have not stored the new setting(s). To store
them, pres$3 (Calib Menu), select %4 ew S ore Zeros & Sans”, then press

f1 (Store). For details, se¥iew, Store Zeros & Spanon page 18-19.

Config

The instrument’s configuration has been changed, but is not stored. To save
this configuration, pres (Config Menu), select @onfig Satus”, then
press2 (Save) or f3 (saveAs). For details, se€onfig Statuson page 16-15.

Clock Stopped

This message will appear instead of the time and date if the real time clock is
not operating. SeBeal Time Clock Problemson page 20-6.
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The Welcome Menu
The Welcome Menu is not used very often, but we’ll point out some things
that might bring you here.

———— ¢l cone Menu
“About this unit"”

"Di agnostics & Tests Menu"
"_Quit CPEN - IRGAs left QN
"_Quit CPEN - I RGAs CFF"

About This Unit

Serial Nunber: PSGC 1180
Last Serviced: 9 Jan 2005 ) .
LPL version: 53,0 even though there s no copro-
ODE.N version: 5. 3 cessor. In version 4 and below, it
Avai |l abl e menory: 123539456 bytes |  iionly appear if there is a
Coprocessor Installed — | 6400-12 installed
Fuse Aware
Press Any Key .
Only appears if the LI-6400 can
. . detect blown fuses. Older units
D agnostics & Tests Menu — cannot.
" AuxDacTest "
"OX®2 M xer Test"
"DAC St at us”
"Dt al Status” These programs are described
"LCF Control Panel" in Chapter 21

"Log Button Tester"

"Match Val ve Tester"
"Pressure Sensor"

"Sys & User Variabl e SnapShot "

Figure 3-6. The welcome menu is a gateway to status information, and a suite of diagnostic tests.

1 Access the Welcome Menu
From OPEN'’s Main Screen, prefiddo access the Welcome Menu.

2 Select “About this Unit”
The “About this Unit” entry will show software versions, date of last service,
and other useful information (Figure 3-6).

3 Press escape
To return to the Welcome Menu
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Select “Diagnostics & Tests Menu”

A number of system test programs are grouped in this menu. Note that these
programs are documented in Chapter 21. Right now, we’ll try out a simple
one.

Select “Log Button Tester”
Highlight this item in the test menu, and prester.

Try the button
The log button is located on the handle of the chamber/IRGA. Press the but-
ton, and watch the display indicate switch status with

Log Button is down
or
Log Button is up

until you pres®scape to quit.

Return to the Welcome Menu
Pressscape.

A word about exiting OPEN

The bottom two entries in the Welcome Menu will terminate OPEN. If you
“Quit Qpen - IRGs Gf”, the program will turn off the flow control board
and the analyzer board. If yoQuit Qoen - |RGAs | eft O\, not surpris-
ingly, the boards are left on. There is normally no need to do either of these,
however; when you have finished using the LI-6400, you can just press the
power switch while in OPEN’s main screen.

Return to the OPEN’s Main Screen
Pressescape again.
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The Config Menu

The Config Menu (Figure 3-7 on page 3-11), accessed from OPEN’s Main
Screen by pressing, is used fairly often. As the name implies, anytime you
need to do something involving the instrument’s configuration, you will like-
ly be visiting this menu. This menu has its own tour that starts on page 3-69.

Install ati on Menu

——@nfigurati on MenuU —

“Confi St at us” “6400-02 or -02B LED Source”
“I'nstall ati on Menu” “6400- 05 Coni fer Chanber”
“Li ght Source Control +—— | “6400-06 PAM I nt erface”
“Loggi ng Control” [ 6400-07 or -11 2x6 Chanber”
“Pronpt Control” “6400-08 d ear 2x3 Bottont
“_ Conput eLi st Menu” “6400- 09 Soi | Chanber”
““Reset Menu” \ “6400-10 M ni PAM I nterface”
— \ ‘ “6400- 13 TC Adapter”
\ “6400- 14 pti scl ences”
] “6400- 15 Ar abi dopsi s”
_Gonput eLi st Menu “6400- 40 Fl uoroneter”
“Choose a Conpute List” “Qust om Chanber - { osed”
“Edit Qurrent ConputelList” “External Quantum Sensor”
“dd Style to New Styl e” “Std 2x3 Chanber Top”
“Miew lnstalled Cal |tens”
_Configuration Eanu

_Reset Mnu____ _Gonfiguration Exanpl es Menu
“Config File (Re-)Install” “Bal | -Berry | ndex”
“Reset to Factory Defaul ts” “LI-610 Fct Key Control”

Figure 3-7. The Config Menu

Presd2 and explore in the Config Menu if you like. Otherwise, we’ll move
on to the Calibration Menu.
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The Calib Menu
The Calib Menu (Figure 3-8) is used when calibrating g @er or light
source, and for zeroing and spanning the IRGAs.

————Cal i brati on Menu
“Fl ow Meter <ero”

“I RGA Zero”

“I RGA Span”

“Miew, Store Zeros & Spans”

“ O Mxer - Calibrate”

“ 02 Mxer - Plot curve”

“ Light Source Calibration Menu”
“ Zero Parln Signal” \

\

\

If Light Source is the 6400-40 Leaf chamber Fluorometer

———— 6400-40 LCF Calibration

“Actinic Control - calibrate”
“Actinic Control - plot”

Qoti mum Fl ash Intensity
timm Meas Intensity

Zero fluorescence signal
_View Factory Cal

If Light Source is the 6400-02B

6400- 02B LED Source Cali bration

Cal i brate LED Source
Pl ot curves

Figure 3-8. The Calib Menu. The light source calibration sub menu depends on what the light source ("Light
Source Control" in the Config Menu) is currently set to.

Chapter 18 discusses calibrations and the programs in this menu, but for now
we’ll just do a couple of simple tasks: zero the flow meter, and view the CO

mixer calibration curve.

] Zero the flow meter
For a more complete explanation of what zeroing the flow meter is all about,
see page 18-18.

1 Select “Flow meter zero”
Highlight “Flow Meter Zero” and prester.
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2 Wait and watch
The pump and fan are automatically turned off, thereby eliminating all sourc-
es of air movement through the flow meter. The display will show a count-
down for 10 seconds, along with the flow meter’s signal (mV). At the end of
10 seconds, an internal adjustment is made so that the flow meter’s signal is
zero (or very close to it) (Figure 18-7 on page 18-18).

3 Return to the Calib Menu
We’'re done, so presscape or f5 (Done).

] Plot the mixer calibration
Whether or not your LI-6400 is equipped with ag@xer, it will have a cal-

ibration curve for one. This curve relates the control signal used to provide
mixer set points to the resulting @Eoncentration. Se@&00-01 CO2 Mixer
on page 18-21 for more details.

1 Select “_CO2 Mixer - Plot curve”
Highlight it, and pressnter. You should see a graph something like

Figure 3-9.
2.07E+032
-:C02
36.9
100 SETFT SE+0Q3

Figure 3-9. A typical C@mixer calibration curve, relating set point
signal (mV) to C@concentration (umol mdl).

2 View the data points
To stop viewing a graph, you would normally pressape. If you would like
to see the values of the plotted data, however, péfs View) instead.
(This shortcut works for any plot done by Graphlt, a built in plotting package.
Graphlt is introduced in Tour #4.) The data values are shown in a list that you
can scroll.

3 Return to Calib Menu
When you are done viewing the data values, pesape.
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The Utility Menu

The Utility Menu (Figure 3-10) has a collection of useful things that you'll
occasionally need to do while using OPEN.

The Filer is used for file system opera- Create an AutoProgram. Discussed in Making
tions, like deleting, copying, and editing Your Own AutoPrograms  on page 9-30
files. It is described in Chapter 10.

 Uility Mnu
Runs Graphlt "Access the Filer"

(Crapter 1) t0 "Bui | d a new Aut oProgr am

Sata file. You car?/ :: Q-)nf igure the (IJVN.l. por &

also do this from Fil e Exchange Mode

the Filer. "Q aph stored dat a‘:\_\ Moving files to a comput-

"New File (Editor)'
[" Reconput e stored
Discussedin |_—[|"Set the Tine and Da

er, and other interfacing
" tasks. See Chapter 11.

Chapter 13 1"Vi ew Stored G aphics ges"
"_Sl eep node"
fleotcskfhseereeﬁlstEmTﬁ_e : Edit a new file using the
CLOCK” on Turns off the chamber View stored snapshots system editor (Standard
g 21-19 and IRGAs. USG_> this to of RealTimeGraphics or Edit on page 5-13).

pag safe power, while do- Graphlt displays. Image

ing extended opera- fiiles are generated by

tions in the Utility pressing ctrl + s while

Menu, or for plugging viewing the graph

or unplugging the (“Graphics Restore”

chamber/IRGA electri- on page 21-18)

cal connectors

Figure 3-10. The Utility Menu

New Measurements

The final stop on this first tour is New Measurements mode (fedshis is
where you make measurements, control chamber conditions, log data, and the
like. It has it's own tour, so keep reading.
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Tour #2: New Measurements Mode Basics

New Measurements mode is entered by predgiidew Msmnts) while in
OPEN'’s main screen. When using the LI-6400, you will likely spend most of
your time here, coming out only to do configuration changes, calibrations,
download data, and other ancillary operations.

The New Measurements screen (Figure 3-11) uses three rows of variables;
each row has highlighted labels above the values. A row of function key la-
bels appears at the bottom.

a 399. 7
INeO V(] WNgX
b -33.8 .9
0 (@]

3
c 5.4 . 238

(pen W <vi ew [ <cl ose | <add
MlogH |l file> | file> @renal

&

Figure 3-11. New Measurements screen text display.

New Measurements mode has two other display modes for providing you in-
formation. In addition to this text mode, there is Graphics mode and Diagnos-
tics mode. Figure 3-12 summarizes how to switch between these modes
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Text Mode

Cpen Vi ew <cl osef| <add Mt ch
LogFH file file> frenark

press [ press]
press escape press escape
or [ or]

Diagnostics Mode Graphics Mode

(A Sability Satus = 2/3 press]
1)CPR = 2)G®S  3)Tleaf >

COZR COES

BE BE2E. 1 IE
[
E
F
G

20 SECS
1 iTIHE TIHED .E!E]; ad |:|

Sec 20 20 20

M1 0.1234  0.4321  21.34 press [
Sy 11E01 11E01 1 1E01
oV L1E01 1.1E01 2 2E02 <
Sp 33501 33501 3 3603

£33 &S5
soo 1172

Figure 3-12. Getting around in New Measurements between the three displayrisoihestight square brack-
et key, and is the left square bracket key.

We'll spend the most time discussing text mode, but before we do, however,
here’s a quick glimpse of the other two modes:

1 Switch to Graphics
Presq (the right square bracket key), and you'll see real time graphs.]Press
again, and you’ll return to the text screen.

2 Switch to Diagnostics
Now presqd, and you’ll enter the diagnostics mode. Pfesgain, and you'll
return to the text screen.

We'll be visiting graphics and diagnostics again in our tours in this chapter,
and will describes more details then. Details of all three display modes are in
Chapter 6.
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Function Keys

Text mode has 7 sets of function key definitions (or 10 with the Leaf Chamber
Fluorometer); if you presiabels seven times, you'll see them all. Here is a
shortcut: press the number keys$hrough7 on the keypad), and you’ll jump
directly to that function key level. The current function key level number is
displayed in the bottom left hand corner of the display.

(pen Q@ <vi ew [ <cl osejf <add Nat c
gl OgH | il file> | fil e> @renark

[ To change function key levels:

1 Press 1 through 7...
This directly accesses the selected level.

2 ...or, press labels or shift labels.
labels takes you ahead a level, asidft labels takes you back a level.

The labels are summarized in Figure 3-13. Note that the level 7 key labels are
all blank in the default configuration, and are available for your own use (de-
scribed in Example #1: Using New Measurement’s Fct Keyson

page 26-10).

1 Logging control; IRGA matching Cp

N

Environmental control manager <r spns
keys (CO,, humidity, temp, light)

Chamber fan speed; system and
user-defined constants

Real Time Graphics control
AutoProgram control; defining
what's logged.

Text display control

Available for user use.

N o o A~ W

Figure 3-13. Summary of New Measurement’s default function key labels.*4 ka5 of level 3 only shows
these labels when user constants are defined (descrilf&dmpt Controlon page 9-15).

w
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] Example: Changing the chamber fan speed

1 Access the chamber fan control function key
Press3. The function key labels will change to

AREA= BSTOMRTlLeaf Fal
k] 6.00 1. 00 Fast

2 Access the control display
Presd3. The fan speed control box will pop up on the display.

2G> i ",
b ™33 8 current ast 70, 09
B COOR i
a

390, 7 — rast Slow Of = 9. 70

AREA= BSTOMRT=lLeaf Fal
€] 6. 00 1. 00 Fast
Figure 3-14. Controlling the fan speed. Préss, or O for fast, slow,

or off.

3 Turn the fan off
Pres9 (the letter), and the fan will stop. If you are listening, you should hear
a drop in the noise level.

4 Turn the fan back on (fast)
Presd3, thenf, and the fan will resume running.
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Text Display
Twelve variables are displayed in Figure 3-11 on page 3-15, but there are
many more available. Here’s how you display them:

] To change a display line:

1 Use 1 or | toselecta line
To the left of each label value line is a letter, and to the left of one label line
is an arrow (). The - indicates the “change line”. You can select the
change line by pressing theor | keys.

2 Press a letter
Up to 26 display lines can be defined (this corresponds toAkéy®ughz),
although the default display defines oalthroughl. For example, put the
marker on the bottom line, and préssThe display will change as shown in
Figure 3-15.

(GR i W G2S i [ R ol FOOS

a 399. 7 365. 9 15. 79 22. 70
SN (R O>_:ni [l AH2O rmi il H ow L
el b -33 8 6. 91 172.8 70. 09
o CR i [l Q2S i

a 399. 7 365. 9 15. 79 22. 70

Cpen <VI ew i <Cl Ose <ado V&t C
The line marker Ml ogFi | gl file> file> grenark

Figure 3-15. To change a display line, position the marker using |, then press a letter key. In this
figure, we've put the marker on the bottom line and pressed

3 Alternatively, press « or —
Pressing the horizontal arrow keys will scroll the change line through all the
possible displays. But it's a lot faster to use the letter shortcuts.

4 Go exploring!
Table 3-1 lists the default displays, and their variables. Use the arrow keys
and letter keys to view them yourself. Note that these display definitions can
be modified (what variables are shown, and where) to suit nearly any taste.
It's all explained in Chapter 6.

Display Groups

You can change all three lines of the text display with a single keystroke.
There are 4 keys reserved to do thisne, pagup, pgdn, andend.
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To define (or redefine) a display group, get the display arranged the way you
want it, then hold thetrl key down and press the group kégrie, pagup,

pgdn, orend) of your choice. That group key is now defined. Once a group
key is defined, you can change all three display lines to that arrangement sim-
ply by pressing the group key.

N

/

@!\@ GENE (SN (LT N

@i@ (pen <vi ew H <cl ose§ <add Nt c
/ Nl ogH |l file>Q fil e> gremark

97. 08 1499

B
28. 56 29.13
00: 00: 12 510 1111 3.26

Figure 3-16. Define a display group by holding thie key down and pressing any of the 4 indicated group
keys:home, pgup, pgdn, andend (on either side of the display). To change all three lines to a previously
defined group, simply press that group key.

3-20

Example
Make thehome key display lines, b, andc, and thepgup key display lines
g, h, andk.

Define home key
Put linesa, b, andc on the display, and pressl + home.

Define pgup key
Put linesg, h, andk on the display, and pressl + pgup.

Switch displays
To viewa, b, andc, presshome. To viewg, h, andk, prespgup.

Display group information is stored with display definitions. Seplay Ed-
itor on page 6-6.

Using the LI-6400 Version 5



Guided Tours
Tour #2: New Measurements Mode Basics

Table 3-1. The variables and how they are grouped for viewing in the default display
configuration. For more information about these variables, refer to Table 14-8 on

page 14-19.
Group |Label Pescription

CO2R_uml Reference cell CQ(umol CO, mol?)

A CO2s_uml Sample cell CQ(umol CO, molt)
H20R_mml Reference cell D (mmol H,O mol)
H20S_mml Sample cell HO (mmol H,O molY)
ACO2_pml CO, delta (sample - reference) (umol £Mol™)

B AH20_mml H,0 delta (sample - reference) (mmai®imol™)
Flow_pml Flow rate to the sample cell (umot)s
RH_S_ % Relative humidity in the sample cell (%)
Photo Photosynthetic rate (umol Gan2 s1)

c Cond Conductance to $0 (mol H,0 m? s
Ci Intercellular CQ concentration (umol Comolt)
Trmmol Transpiration rate (mmol 4@ n? s1)
CilCa Intercellular CQ/ Ambient CQ

D VpdL Vapor pressure deficit based on Leaf temp (kiPa)
VpdA Vapor pressure deficit based on Air temp (kP3)
Stable Stability status: # Stable / # Checked

£ StableF Stability status as a decimal value
<letters> Stability flags: 1's and 0’s for each variable
TotalCV Sum of the CVs of the stability variables
RH_R % Relative humidity in the reference cell (%)

- RH_S % Relative humidity in the sample cell (%)
Td_R_% Dew point temp in the reference cell (C)
Td_S % Dew point temp in the sample cell (C)
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Table 3-1.(Continued)The variables and how they are grouped for viewing in the de-
fault display configuration. For more information about these variables, refer to
Table 14-8 on page 14-19.

Group |[Label Description

Prss_kPa Atmospheric pressure (kPa)
Parln_um In-chamber quantum sensor (umoPrs?)

G ParOutum External quantum sensor (umolfs 1)
BLC_mol Total boundary layer conductance for the leaf|(in-

cludes stomatal ratio) (molfst)

Tblock°C Temperature of cooler block (C)

H Tair°C Temperature in sample cell (C)
Tleaf°C Temperature of leaf thermocouple (C)
HH:MM:SS Real time clock
Program Shows AutoProgram status

I CHPWMF Status word (summary of line J)
Battery Battery voltage (V)
CO2 Status of CQIRGAS
H20 Status of HO IRGAs

3 Pump Status of pump
Flow Status of Flow controller
Mixr Status of CQ mixer
Fan Speed of chamber fan
Program Shows AutoProgram status

K ProgPrgs AutoProgram step counter
FwMxCrLp Numerical summary of the four stability flags
Stable Stability status
CRagc_mv Reference G@AGC (automatic gain control) sig-

nal, in mV

L CSagc_mv Sample CAAGC signal
HRagc_mv Reference@ AGC signal
HSagc_mv Sample 40 AGC signal
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Graphics Displays

New Measurements mode also provides a method to monitor these variables
graphically. To access the graphics displays, pregsgenf3 (View Graphs).

(There is also a short cytthe right square backet key.) The display should
show something like Figure 3-17.

Variable Name Present Value
Graph ID
FHOTO ZOMD
™M i.541 | -0 . 0001365 E
u]
E
‘ F
- - 3
1 1 H
=1iz0 ZECE L] =1z0 ZECE u]
Y-Axis Min StripCharts use time
and Max from present as X axis

Figure 3-17. The default Real Time Graphics (RTG) display A in New Measure-
ments mode shows photosynthesis and conductance.

There are 8 graphics displays available in New Measurements mode, and they
are designated by the lettekghroughH. Figure 3-17 shows th& display.

Each display can have 1, 2, or 3 plots. Each plot can be a StripChart - a vari-
able plotted against time with a continuous line, or an XYChart (Figure 3-18)
-one variable plotted against another using discrete points, usually represent-
ing logged observations.

FHOTO FHOTO

ImM@onmD

] =]
u] cI 13533 -1 FARI u]

Figure 3-18. An XYPIlot. Present value is shown by the diamond. Logged
data (there are none here) are shown with a +.
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Here are two navigational rules:

. To change Graphics Displays
Press the lettes throughH to jump directly to a particular display. You can
also use the arrow keysor | to step through them sequentially. The indica-
tor at the right side of each graph will show which graph you are viewing.

. To exit Graphics Mode
This will take you back to the text displays we were looking at earlier.

If no plots are defined for a particular graphics display, it will appear as in
Figure 3-19.

MO GRAFHS DEF IMED

IoEmonmoD

Figure 3-19. An undefined graphics display.
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Graphics Function Keys

There are two levels of function keys associated with New Measurement’s
graphics displays. Activate them by presdadgels. The plots shrink a bit to
make room for the labels.

COZR cozs A
L EEYTE 1 N %
oL -
- u}
E
H / g :
a0 ] 5
e 1] SECE [a] -1z0 SECS o H
Scroll back and forth in time. Expand or shrink the
Resume brings you back to the time axis (StripCharts)
present (StripCharts)

z-@mw—-zﬁfmm |

Mark an event || Mark charts on all Change this | | Hide the
on this display. || graphics displays display. function key
labels.
=] | —ﬁﬂl IE?E]!!
Clear all data from Clear all data from
this display ALL displays

Figure 3-20. Real Time Graphics has three levels of function keydahéds,
or 1,2, and3 to change them.

] Graphics Function Key Tour
Let’s try out some of the function keys. Find a graphics display that has strip
charts on it, and presabels to bring up the labels.

1 Note that labels are an attribute of each graph
The function key labels for each graphics display are independent. Change to
another display, and the labels go away. That is, turning them on for one
graph, doesn’t turn them on for any other.
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2 There are 3 levels of function keys
You can navigate them just like in text mode: ptabsls, or presd, 2, or3.
You can also use this shortcut to bring up the labels. When real time graphics
labels are not visible, the function keys are not operative.

3 Turn off the labels
Press thé&lIDEKEYS key (5 level 2), and the labels disappear. Another way to
turn off the labels is to press the number

4 Mark the graphs

PresaVIARK (f1level 2, and a small arrow {j will appear on each StripChart
on this display.

COZR COZ=s

eEE
monED

EE0

EECE
IEGTTT GO I =y IIEEEEEE

Hl

Figure 3-21 MARK puts a small marker on StripCharts. This also happens
when data is logged.

As you might expectyIARK ALL marks all the all of the displays (A - H). Plots
are marked with a small '+'. These marks also happen automatically to all
graphs when you log data (a topic that lies ahead of us).

5 Travel back in time
Our StripCharts in Figure 3-21 are showing 2 minutes of activity, but they re-
member more than that (10 minutes by default, but it's user definable). Press
1to access the time control function keys, and gigs$TIME) several times
(Figure 3-22). Note that the time axis continues to show 2 minutes worth of
data, but at earlier and earlier times. Note too that the plots stop updating
while we scroll back, although data contines to be collected and saved. The
axis time labels still reflect time since the present.
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There is no current
value displayed
while scrolled back

Cozk

£y

cal
-
]
o
1]

e31
[Ny =l | 01 =]

-5 .10 -E.0 HIKNS .
A=aTine | Tiner ﬁ!ﬂam ZOOH _oUT

Figure 3-22. Scroll back in time. Here we are looking at data between 3 and 5
minutes ago.

To resume normal plotting, you can pré&s&RESUME), or scroll back to the
present with2 (TIME®), or simply don’t press any keys for about 15 seconds,
in which case plotting automatically resumes.

6 Zoom in, Zoom out
The remaining two time control key&)OM IN andZOOM OUT, change the
range of the time axis on StripCharts. Thus, if you wish to see the big picture,
start pressings (ZOOM OUT) (Figure 3-23).

COZR cozs a
M

tn by 697 .2 @
-0 -

- u]

E

M . F

& U 3

- .0 HINS &0 HIWS g.0H

] ATIHE TIHER IEIE]IW Z00H oL

Figure 3-23. The ZOOM OUT key shows more data on the plots. Here
we’ve gone to 6 minutes.

Now, presZOOM IN several times to return to 2 minute display width.

7 Selecting a Chart
Normally, the time control keys operate on all of the StripCharts in the dis-
play being viewed. (They do nothing to XYCharts). You can, however, select
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an individual chart by pressing the left or right arrows (). An inverse bar
appears over the selected plot (Figure 3-24). Now, pressing a time control key
will operate on only that plot.

| This plot is selected |

COZR Lo.es Y
n £E1.E [ 10,2 @
- m
)\/"J\« :
E
L' o
F
I i+ 3 + =
-120 SECE 0 -iz0 SECS o H
] 4TIHE TIHER ) RESUHE ] Z00H TH | Z00H OUT

COZzR ooes ]
r
r eEL.3[% 747 .4 E
£ -
D
E
o -
I - F
o T ) '
=120 ZECE o (-32a ZECS o H
}§  4TIHE TIHEK ZJ0H OUT
Zoom In only operated
on the selected plot

Figure 3-24. Select plots using or —. When no plot is selected, the time cor
trol keys work on all plots in the display.

8 Exit graphics mode

There are two ways back to normal text madeape or]. Note that thg¢key
brings you into graphics mode, and also takes you out.
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Tour #3: Controlling Chamber Conditions

Chamber conditions are controlled from New Measurements mode via the
function keys on level 2 (Figure 3-25).

Active only when control- | | CO, control (requires Light control (requires
ling on constant humidity, optional 6400-01). Set optional 6400-02(B) or
this key determines re- reference or sample 6400-40 LCF).
sponse time CO, target.
H ow= Tenp
2 500uns CFF
Controls flow through cham- Controls coolers on the IRGA.
ber, either as a constant, or Can target constant block
variable to hold humidity temp, or constant leaf temp
constant

Figure 3-25. Summary of the environmental control function keys.

The four control areas are flow/humidity, g@emperature, and Iig:f'JtThe

key labels fof2 throughf5 indicate the current state of the control, along with
the target value of active controls. This tour will acquaint you with each con-
trol. (Details of OPEN’s chamber control are given in Chapter 7.)

Fixed Flow Operation

Flow and humidity are grouped together into one control. You can specify a
fixed flow rate (and let humidity vary) or a fixed humidity (and let flow vary).
Confused? Keep reading.

Experiment #1 Humidity vs. Flow Rate
This experiment illustrates the relationship between chamber humidity and
flow rate.

1 Simulate a leaf with filter paper
Use Whatman® #1 filter paper (or even towel paper), folded a couple of
times, and moist but not dripping. Clamp your “leaf” into the leaf chamber

2There’s actually a fifth control: wind speed, via the fan. The fan control is on
level 3, but we usually keep the fan speed on fast.
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(Figure 3-25). Use the adjusting nut to make the chamber seal snugly, but not
too tight.

Moistened filter paper,
Adjustment knob folder twice.

Figure 3-26. Set the adjustment knob so that the chamber gaskets ar¢
slightly compressed when closed with no leaf. Then, open the chamber
tighten one more half turn, and close onto the leaf or filter paper.

2 Set soda lime to full bypass, desiccant to full scrub.
The soda lime tube should be the one closest to you on the left side of the con-
sole. Roll the adjustment knob toward you for bypass. On the desiccant tube,
roll the knob away from you for scrub. There’'s no need for strong fingers
here; when the knob gets resistive at the end of it's travel, quit. It's far
enough.

3 Use a high flow rate: 700 pmol s 1

Pres2 (if necessary, to bring up the level 2 function keys). Then [fi2eBs

(for fixed flow), 700, thenenter (Figure 3-27).
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I—Umdlty Control ptions & Targets —;
None D OFF Highlight the desired
a) control option, e_md
- : press enter. Or just
ng])e S0% type the letter.
VPD ( Tleaf°C) 1.00 kPa
The prompt for the target
b indicates the default val-
) —— Flowrate ue. (What's the # for?
See Variable Targets
500 pnol /s # ——M | on page 7-5)

Figure 3-27. Pressinf? brings up the humidity control panel (part a). Prégs select fixed flow rate,
then enter the target value (part b).

4

Note the reference and sample water vapor channels
If it's not already there, put display lirreon the top line. The two variables

o SR (oW SR [Rssii

399. 7 365. 9 0. 143 15.13

on the right H20R_mmland H20S_mnjl are reference and sample water

mole fractions, in mmol mdl. The reference should be near zero, since we
are forcing all the air through the desiccant. The sample in this illustration is

near 15 mmol mot; what your value is depends on how wet the “leaf” is,
what the temperature is, etc.

Note the flow rate and relative humidity
Put display lineb on the second line. Lind contains the flow rate

8 2C2 il A0 o [ F ow i [l RS %

-33.8 14.91 700. 8 52. 01

(Flow_pml), which should match (usually within 1 pmojr)sthe target value
shown on the flow control function key lab& legvel 2). Another item on line

b we’ll be watching is relative humidity in the sample cell, in percent
(RH_S_%.

Change the desiccant to full bypass
Observe what happens when you change the desiccant from full scrub to full
bypass. The reference water vapor concentraH@®R_mm)l will increase
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to the ambient value, since we are now not drying the incoming airstream at
all. The sample water vapor concentratibl2©S_mm)lwill not increase as
much, since the paper is not able to evaporate as much water into the more
humid air.

Change to a low flow rate: 100 pmol s 1

Presd2 then typel00. (Notice the short cut: when you aren’t changing con-
trol modesyou can just start typing the target value after you press the func-
tion key. In our case, we didn't need to presgjain to specify fixed flow
mode.)

Note the sample and reference humidities

The reference value hasn't changed, but the sample value increased. Why?
Because the air is going through the chamber at a much slower rate, providing
a longer exposure to the evaporating paper. In fact, you may start getting
“High Humidity Alert” flashing on the center line of the display. If it does,
ignore it. (Warning messages are discussed later, on page 3-35.)

Turn the desiccant to full scrub
Observe the reference and sample humidities falling, and note a) the sample

value comes down slowly because of the slow flow’rated b) the reference
goes back to near zero, but c) the sample doesn't return to the value you had
in Step 4, because now the flow is slower.

Points to Remember
At equilibrium, reference humidity is determined solely by the desic
tube scrub setting; it doesn’t depend on flow rate.

At equilibrium, sample humidity is determined by
a) desiccant tube scrub setting
b) flow rate
c) evaporation from the leaf.

 Lowest humidity: high flow, full scrub. Highest humidity: low flow, f
bypass. Between these limits, any chamber humidity can be achie
various combinations of flow rate and scrub setting. (For a picture o

see Figure 3-52 on page 3-57.)

3f you have a C@mixer, the reference value will decrease rapidly, because “ex-
cess” flow is routed to the reference line (Figure 1-2 on page 1-5).
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Fixed Humidity Operation

One of the powerful features of the LI-6400 is it's ability to operate in a fixed
humidity mode. It does this by actively regulating the flow rate to maintain a
target water mole fraction (or relative humidity, or vapor pressure deficit).
This mode is useful for maintaining humidity while measuring the leaf’s re-
sponse to something else.

Experiment #2 Maintaining a constant humidity
Continuing from Experiment #1 with wet filter paper clamped in the leaf
chamber, let’'s now do some constant humidity operations. We'll start in fixed
flow mode to see what range of humidities are achievable.

1 Set flow to 400
Pres2, f2, then400 enter.

2 Put desiccant mid-range
Set the knob midway between scrub and bypass. It's about one complete knob
turn from either extreme, but you don’t have to look: you can feel the mid-
point, because this is the region where the knob is the loosest.

3 Note the sample water mole fraction
TheH20S_mml(display linea) value is probably about 20 mmol ol

4 Switch to humidity control
Presd?2, H, then20 enter (or whatever value you had in the last step).

Himdity Gontrol Qptions & Targets—

None (Fu a+)
Flow tgp400 nol / s

VPD(nPI'Ieaf Q 1. 00 kPa

Figure 3-28. Constant H20 mode can be set by preskiog by highlighting
the H line and pressinenter.
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Note the function key labels
In fixed humidity operationfl level 2 becomes active (Figure 3-29). We'll
demonstrate this key a bit later. Also, fhéabel should reflect the new type
of control, and the target.

Active for constant Indicates humidity is
humidity operatlon not yet on target

M xer Te Lanp
2 fast 20 O - none-

Figure 3-29. When controlling a constant humiditybecomes active, and con-
trols the response time of the feedback ciré2ihdicates constant mole fraction
control, and the target value.

Observe the flow rate

The flow rate (display lind) will vary a bit, finally settling down once the
humidity is on target. Eventually, the asterisk onfthibel (Figure 3-29)

will disappear, indicating that the water mole fraction is on target and stable.

Raise the target value by 2
Press2, and enter a new target that's 2 mmol 'ﬁ]blgherthan the present

target (e.g. 22 mmol m'&). The flow rate should fall, and eventually settle
on a new value that maintains this higher humidity.

Lower the target by 4
Now presd?2, and enter a value that’'s 2 mmol mdbefver than the original

target (e.g. 18 mmol md). The flow rate will eventually settle on a higher
value that maintains this lower humidity.

Enter a target that's too dry
Now change the target to a much lower value, like 5 mmotrbelow the

original target value (e.g. 15 mmol rﬁ'()l The flow rate will go as high as it
can, but if it's not high enough, eventually the message

>> FLON Need 1SCRUB or wetter target <<

will begin flashing on the center of the display. Try to remedy the situation
by increasing the amount of scrubbing by the desiccant tube. If you provide
enough scrubbing, eventually the target humidity will be achieved, and the
flow rate will be less than the maximum. If the humidity still won’t go low
enough, the only recourse is to raise the target value. Hence the message.
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10 Enter a target that's too wet

Pressf2 and enter a wet target, such 5 mmol thabove the original value
used back in Step 4 (e.g. 25, since we used 20). Soon the message

>> FLON Need (SCRUB or drier target <<

will be flashing on the center of the display. Notice that the flow rate is about
30 pmol &t if you have a C@mixer, or near zero if you don’t. Change the
desiccant to full bypass and wait; the target humidity may or may not be

achieved, and in fact you may even get “High Humidity Alert” messages
while you are waiting.

11 Return to the original target
We’'ll end this experiment by returning the target to the original value, and the
desiccant to the mid-range setting.

Points to Remember
e Sample humidity is a balance between what is coming from the leaf, and
the flow from the console: how dry (desiccant scrub setting) and how fast
(flow rate).

« If you ask for humidities outside what can be achieved, given a desjiccant
tube scrub setting and leaf transpiration rate, you’ll get a warning megssage.

» These flow warnings can be remedied by adjusting the scrub knpb, or
changing the target value, or sometimes just by waiting.

About Warning Messages
While in New Measurements mode, there are a handful of situatior|s that
will cause OPEN to alert you to possible problems. Experiment #2 |illus-

trated two. The complete list of possible causes Mew Measurements
Mode Warning Message®n page 20-7. When such a situation occufs, a

warning message is displayed on the middle label line on the display, as
illustrated in Figure 3-30.

If you wish to disregard the displayed message and get it out of the way,
pressctrl Z to turn it off (hold thectrl key down and presd. Note that thig
is a toggle: if you pressrl Z again, the message will re-appear. Also, %ote

that each time you re-enter New Measurements mode, OPEN resets this
flag, so that warnings will again be displayed.
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» QS it
a 399. 7 365. 9 15. 79 22. /0

>> | RGA(s) NOT READY <<
-33. 8 6. 91 172.8 70. 09

— ondli G T mol

15. 4 0.216 238 3.49
(pen W <vi ew [ <cl oself <add Mt ¢
Nl ogFi |l file> | fil e> @renark

Figure 3-30. New Measurement Mode’s warning messages appear on the 3i
of the display.

Blinking—

Dynamic Response of Humidity Control

We’'ll do one more humidity control experiment, but this time track what is
happening using real time graphics. Part A of the experiment defines the

graphics display, and part B does the work.

Experiment #3 Watching the Dynamic Response of Humidity Control

] Part A: Set up an RTG display for RH_S and Flow
The editor we'll be using is fully described Real Time Graphics on
page 6-11. But for now, just follow along and you'll get the job done.

1 Select a Graphics Display

Press4 to view the Real Time Graphics control keys, then pr8ss
(View Graph). Find an unused graphics display (F in our example).
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2 Launch the Plot Editor
Pres2 to bring up the function key labels, then pris&DIT). The display
will look like this:

Hﬁ QGaph F———
g Plot #1 < none >

Pl ot #2 < none >
Pl ot #3 < none >

h

k 00:00:12 510 1111 3.26

Figure 3-31. Editing Graphics Display F.

3 Enable Plot #1
Presd?2 (TurnON). When offered a choice between StripChart and XY Chart,
pressS (or f1) for StripChart.

4 Define the StripChart
The Plot Editor for StripCharts will appear (Figure 3-32). The top line, "Y
Axis =" shows the variable to be plotted, and presently there is none defined.

n=(0 ,( Max= )
. XAis = (Strip Chart Tine )
Buf fer: 10 mns i

Figure 3-32. StripChart plot editor
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5 Select RH_S

With the top line ¥ Axi s =) line highlighted, presf (Edit). A list of vari-
ables will appear (Figure 3-33).

-~ [& W’;u:mrsg,_ v Vari abl e
9 || Plot 0. (U S
h Pl ot XAx': 0 » %9 %I’_r ansI
is= (¢S - Tr nmo ,
Buffer: 1|| 23: Cond i
k 00: 00: 1.
= . + CGancel ¢ Done

Figure 3-33. Selecting a variable to plot.
Page down (pregmydn) several times until you get to the line that says
-15:RH S
and select it by pressirify (Select) or enter.

Then pres$5 (Done) to end the plot definition. The display should appear as
in Figure 3-34.

Dot 7l (oripohart /R

Pl ot #2 < none >
Pl ot #3 < none >

™ ogram T og s JTFAKG Lp T oral V%

k 00: 00: 12 5/ 10 1111 3.26

Figure 3-34. Done with first one

gﬁ G aph F

h

6 Add a Flow Plot
Press! to highlight Plot#2, and pre$2 (TurnOn). Select StripChart. Then
edit the Y Axis entry and pick flow rate-(: H ow"). PresDone (f5).

7 Exit the Graph F editor

PressDone (f5). You will go back to viewing GraphR, and it will start oper-
ating (Figure 3-35).
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RH_= FLOH a
] -
h =3 B9 by 1060 .7 E
-
n}
E
o
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A S @
-1z0 ZECE -1z0 ZECE o H

o HARK | HARK_ALL _ ECIT IIE'EEm

Figure 3-35. The finished product.

8 Press escape or ] to return to text mode.

] Part B: Do the Test
We’'ll now change the input humidity from dry to ambient and back, and
watch how the flow rate adjusts.

1 Fixed Flow at 400, Desiccant mid-range. Pick a target.
Pres2 f2F 400 enter. Note the RH valueRH_S_%lineb). We’'ll use this val-
ue (to the nearest 1 or 2) for the target in the next step.

2 Constant RH
Switch to fixed RH mode, enter the target valu& R, <value>enter).

3 View the Graph
Presq.

4 Turn the desiccant to full bypass

Moister air will enter the chamber, so flow must increase to maintain the tar-
get humidity.
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5 Wait about 15 or 20 seconds, turn to full scrub
The flow drops to a new value, but humidity stays the same.You should see
something like Figure 3-36.

Knob to full Knob to full
bypass scrub

2

RH_= FLOH

[} T
Lt 54,83 T 6.1 E
D
E

M
T L
L [} 3
o.0H

-2 .0 HIMS 0.0 -Z.0 HIMS
b HARE __JHARk ALL) ] E0IT

Figure 3-36. Flow increased when desiccant was put on full bypass, then dropped
when desiccant was put on full scrub.

6 Mark the Plot
Press1 (MARK). This will mark on the plots the time we changed response
time (next step).

7 Change to medium response.
Presd to stop viewing the graph. At lev&lpresd1 to drop the response from
fastto medium Resume watching the graph by

8 Full bypass, wait 10 or 15 seconds, then full scrub
The graph will look like Figure 3-37.

RH_= FLOH a
tn v .. B 53T 253 4|8
I
n}
E

]
T F
ui + 5 E
-3.0 HIME o.,0 -32.0 HIME a.0H

b4 HeRk _JHARK ALL) ] EDIT

Figure 3-37. Scrub / bypass cycles at fast and medium response. The mi
shows when the response was changed from fast to medium.
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9 Once more at slow response.
PressVIARK, (mark the graph) thrl (change to slow) theli(back to graph-
ics). After you've scrubbed and bypassed, you should see something like
Figure 3-38.

RH_= FLOH

+ T

-4.1 HIMS 0.0 -4.d HIKMS 0.0
) _ATIHE TIHER | REZUHE | Z00H I | 200H ol

E3 [
n
T
w
byl
T
-
b2
T
Blropmonmn

Fast Med Slow Fast Med Slow

Figure 3-38. Results from the dynamic response test. Note that on fast response,
the humidity is the most stable, and the flow rate the most unstable. On slow re-
sponse, the flow rate is most stable, but the humidity is least stable, reacting slow-
ly to the changing incoming humidity.

We'll leave humidity control, but for more detail ddamidity Control on
page 7-7.

Points to Remember
» There is a control trade-off: stable humidity and unstable flow vs. unsta-

ble humidity and stable flow. (For details and suggestions, see the discus-
sion undeiThe RSPNS Keyon page 7-12.)

 Typically, you will be best served by operating with RSPNS=fast fgr the
“tightest” humidity control. RSPNS=med will have reduced system noise,
however.
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CO, Control - Without a 6400-01

In the absence of a 6400-01 £Rixer, the LI-6400’s means of controlling
CO, is limited to the soda lime adjustment knob. The following experiment
illustrates how this works.

Adjusting the Soda Lime
For this experiment, the chamber should be empty and closed.

Fixed flow of 500 pmol s 1

Pres2, 2, F, 500 enter.

Soda lime full scrub, desiccant full bypass
This will provide incoming air that is free of GO

Note the reference and sample CO ,

They should both be near zero, and stable. Photosyntigisq(line c)
should be stable. (If it's not zero, it's because the sample and reference IR-
GAs aren't reading the same thing. Matching, discussed on page 4-33, will
take care of that, but we’ll ignore it for now.)

Desiccant full scrub.
WatchCO2R_pmbr CO2S_pmland note the burst. That's G@at flushed

out of the desiccant tube; the desiccant buffers €@@mically as well as vol-
umetrically.

Soda lime full bypass, desiccant full bypass
Now we’ll let ambient air into the chamber. Watch hoemstablephotosyn-
thesis becomes.

Unlike Step 3 when we were scrubbing all the,@Om the air, the reference
and sample C®are now fluctuating as unmodified, ambient air enters the

system. If you want to saeal instability, breathe near the air inlet on the
right side of the console, and watch what happens to photosynthesis.

Points to Remember
» The soda lime scrub setting controls reference, @@m ambient dow
to zero.

=

* You'll need a buffer volume to make stable measurementsABg
Supply Considerationson page 4-48

» The desiccant buffers GO
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CO, Control - With a 6400-01

Life is simpler with a C@mixer, as the following will demonstrate.

Experiment #5 Using the CO , Mixer
Prepare the 6400-01 (s6400-01 CO2 Injector Installationon page 2-7),

and install a 12 gram Cartridge.

1 Set the flow control for a fixed flow at 500 pmol s 1

Pres2, f2, F, 500 enter.

2 Turn on mixer and set a 400 umol mol 1 reference target.
Pres<3 R 400 enter. Set the soda lime to full scrub

3 Put status line J on middle line
The mixer status\ixr) can show OK, Low, or High.

If you've just installed the C&cartridge Mixr will probably show Low (not
enough CQpressure). Eventually (after 2 or 3 minutes), it should show OK,
and theCO2R_pumlvalue (linea) should be close to 400, the target.
4 Once CO2ZR_uml is stable, change target to 200 pmol mol 1
Pressf3 200 enter. Notice how much fastaEO2R_pmldrops than rises. It
may overshoot or undershoot the target value, but will correct itself eventual-
ly. Calibrating the mixer (we skipped it, but it's described on page 18-21) can
improve this performance.

5 Once CO2R_uml is stable, change to 20 pmol mol -1
Presd3 20 enter. CO2R_pumhwon’t make it to 20, but will probably stabilize

between 30 and 50 pmol mblNotice the Mixer statusMixr on linej) will
be High.

6  Change to 2000 pmol mol 1
Presd3 2000 enter. It will take a few minutes to reach this, avikr will be
Low for much of this time. Wher€CO2R_umlfinally does reach 2000

pmol mol?, it should be fairly stable.
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7 Change to 400 umol mol 1
Pressf3 400 enter. CO2R_pmishould drop to 400 umol mdlmuch faster
than it rose to 2000 pmol mdl

Points to Remember
» Soda lime must remain on full scrub when using the mixer

« The lowest stable value is typically between 30 and 50 pmat-mol

» Mixer adjusts quicker lowering the concentration, than raising it.

Experiment #6 Dynamic Response of the CO 5, Mixer
We'll need StripCharts for CO2R and CO2S (where we're headed is
Figure 3-39 on page 3-45). They are likely already defined, on Graph B. If
not, set them up yourself, following the example on page 3-36. E02R
andCO2Shave ID numbers -1 and -2 in the list of variables that appears when
you edit the Y axis.)

1 Close the empty chamber
It's another no-leaf experiment.

2 Fixed flow at 500 pmol s %
Pres2 f2 F 500 enter.

3 Set the mixer for a 400 pmol mol 1 reference target
Pres<3 R 400 enter. Watch the grapH)

4 After 1 minute, change reference target to 900 umol mol 1,

When theCO2Scurve flattens out, preg< 3 900 enter. Resume watching

the graphj.

5 After 1 minute, change the reference target to 100 pumol mol 1
When theCO2Scurve flattens out, pre$2 f3 100 enter, foIIowed by] to con-
tinue viewing the graph.

6 Redo Steps 4 through 5 with Flow = 100.

Reduce the flow rate, and repeat the cycle. Note the slower response of the
sample cell, and the faster response of the reference cell.
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Your results should be similar to Figure 3-39.

a) Flow = 500 pumol s-1

COZR COZs A
by 003k E.4|E
[

g i :.
E

m -0 F
L o0 3
-E .0 o.0H

1 ATIHE ZO0H ouT

b) Flow =100 pmol s-1

Figure 3-39. Controlling on reference G@oncentration, with a closed,
empty chamber. Note the slower response of the sample cell (due to its
larger volume) is aggravated at lower flow rates. Note also the faster re-
sponse when lowering G@an when raising it.

Points to Remember
» The reference cell responds quicker than the sample cell, especially at
low flow rates.

» Controlling on reference concentration is faster than controlling on
sample concentration, for 3 reasons:
1. The larger volume of the sample cell / leaf chamber.
2. Flow changes when controlling constant humidity.
3. Possible photosynthetic rate changes.

Temperature Control

Temperature control has two target options: a constant block temperature (the
block is the metal block that encompasses the sample and reference cells of
the IRGA), or constant leaf temperaturemperature Control on page 7-16

has details, but the next two experiments illustrate the differences.

We’'ll use StripCharts for both of these experiments, monitoring block tem-
perature, air temperature in the sample cell, and leaf temperature. Graph D
should already be configured for this, but if not, the ID numbers for our three
temperatures are -8, -9, and -10.
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Controlling on Block Temperature
This is the more direct and stable of the temperature control options.

Determine the ambient temperature.
Display lineh of the default display map has block, air, and leaf temperatures.
Note the block temperature.

Set block target to 3° cooler than current value

Pres2 f4 B <value- 3>enter (wherevalueis the block temperature from Step

1). The external fans on either side of the chamber should start to run. Watch
the block temperature slowly drop to this new target value.

Note the temperature gradient
You should see thatblock< Tair < Tleaf

Now make the target 3 degrees warmer than ambient
Presd4 <value+ 3>enter. The block temperature will rise a bit faster to this
new target. Heating is always more efficient than cooling.

Note the temperature gradient
You should see thdtblock> Tair > Tleaf

Return to ambient
Set the block temperature back to the starting point.

The graph for this experiment might look like Figure 3-40.

TLERF

TELK TR IR
“j.qﬁ 27 RH Y .24
I r

L |

Lo |
-E.0HINS: 0.0 ~E.0HINE 0.0 -E.0HINE 0.0

21

3
ToTmmEADD

Figure 3-40. Results of Experiment 7.

Points to Remember
e Controlling on block temperature is slow but steady.

 Limit of control is generally within 7 degrees of ambient.

e The furtherTblockis from ambient, the larger the temperature gradient
through the leaf chamber and IRGA.
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Experiment #8 Controlling on Leaf Temperature
For this experiment you'll need slightly damp filter (or towel) paper to act like
a leaf.

1 Observe Tleaf
Tleaf°Cis on display linen.

2 Control leaf temperature to 1 degree cooler than it's present value
Pres2 f4 L <value- 1>enter.

3 Watch what the block temperature does
Press] to view the strip charts (Figure 3-41a). The block temperature will
drop in discrete increments as the control algorithm works to get the leaf tem-
perature down to where it belongs.

4 Now add 1 degree to the target leaf temperature
Presq to get back to text mode, théri4 <value+ 1>enter. Then] to view
the strip charts (Figure 3-41b).

TELE TARIR TLEAF

NI NI

-‘=.I IZIHIHE Q. .:. -3.0HINS o.0H
1 1TIHE | 2ooH IW | 200H ouT

nMmMEA®mD

Figure 3-41. Results of Experiment 8.

Points to Remember
» Block temperature will warm or cool as needed in its efforts to control
leaf temperature.

e Leaf temperature control is not as fast a block temperature cantrol,
since the mechanism is to control the temperature or the air that is|blow-
ing by the leaf.
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Lamp Control
If the light source is attached (the procedure is described on page 2-15), but

OPEN is not presently configured to us&tinen do the following:
To configure OPEN for the LED source:

Go to the Light Source Control

Pressescape to leave New Measurements mode. In OPEN’s main screen,
pressf2 (Config Menu), then select the entry “Light Source Control” (de-
scribed on page 8-4) using the arrow keys, and press

Press fl1 (Pick Source), and select a light source
A menu of possible light sources appears. Choose the appropriate 6400-02,

6200-02B, or 6400-40 enl':?yand pressnter.

Return to New Measurements Mode
Pressf5 (Done), to return to the Config Menu, thesscape to return to
OPEN'’s main screen, thé® (New Msmnts).

The lamp control is the most straight-forward of all the control algorithms.
The feedback is immediate, since there is a sensor located in the light source
measuring its output, and there is no other mechanism (such as flow rate) that

will interfere with the light valu®

Simple Lamp Control
Close the chamber, no leaf

Monitor in-chamber PAR on the display
Press:. The in-chamber PAR valueFarin_pmon display lingg.

Set the lamp for 1000 umol m 2 sL,
(If using a 6400-02 or -02b:) Prez& Q 1000 enter.
(If using a 6400-40 LCF:) Pre2d5 P 1000 enter.

4The control key labef5 level 2, will show “-none-" if OPEN is not configured

for a light source.

51f there are none, then follow the instructions on page 16-6 for the light source
or page 27-10 for the LCF.

6._eaf reflectance plays a big role, but it is stable while the leaf is in the chamber,
so we don’t worry about it.
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4 Watch PARIN
The Parln_umvalue will go to a value fairly close to the target, and then a
few seconds later shift to the exact target value.

5 Open the chamber
When you open the chamber tarin_jumvalue will drop about 10% due to
the sudden decrease in reflectance.

6 Watch Parln adjust
After several seconds, tfRarin_umvalue will increase to the target, as the
light source brightens to make up for the decreased reflectance.

7 Turn the lamp off.

Points to Remember
 As with the other controls, the light source is active, adjusting for chang-
ing conditions in the leaf chamber or light source itself.

» The light source control uses a “first guess” when given a target. |f the
guess isn’'t on target, it adjusts itself to the correct value. There is a cali-
bration routine (in the Calib Menu) that can be run that generates data for
these first guesses. This is descibed on page 18-26 (for the light source) or
page 27-61 for the LCF.

Control Summary

Even though the four control areas that we've just explored have very differ-
ing hardware (a pump and/or proportioning valve for humidity control, LEDs
for light control, etc.), they have common interfaces and logic. In fact, this
control software offers some powerful features that our tour did not touch up-
on. Chapter 7 provides a more thorough discussion of these controls, their op-
tions and limitations. At some point in your experience with the LI-6400, you
should take time to read this material, and acquaint yourself more fully with
these tools.
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This topic is discussed in detail in Chapter 9, but here we show the basics of
how to record experimental data in a file.

Logging Data Manually
Below is a step-by-step example in which we’ll open a file, and store some
data.

Log a data set manually:

Press 1 (if necessary) to bring up the logging control keys

(pen <add Mat ch
il LogFi | & r enar k

Pick a destination for logged data Inactive when not logging
file, memory, or comm port

Figure 3-42. Logging begins with choosing a destination for the logged data.

Press fl1 (Open LogFile).
This is how to select where data is to be recorded. Normally this is a file, but
the comm port is also a possible destination.

Name the destination file

You are shown the Standard File Dialog. This screen will appear anytime you
need to enter a file name. This dialog is fully described on page 5-9.

Presslabels to access the editing keys, th@n(DelLn) to clear the default
name, then typExperiment 1, and pressnter.

There are some illegal characters for file names (such as " and "), but this
dialog won't let you type them. Spaces are ok.

If you enter the name of a file that already exists, you will be given the choices
of overwriting it, appending to it, or cancelling to enter a different name.
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4 Enter initial remarks.
You'll be shown the remark entering box (Figure 3-43). Type a remark if you

wish, and presenter.

—— Enter/Edit Renarks

Figure 3-43. The prompt for entering remarks into a log file. The details
of this type of dialog box are described S$tandard Line Editoron
page 5-5.

5 Redo Experiment #1 on page 3-29.
At each equilibrium value (that is, at the end of steps 4, 6, 8, and 9 of Exper-
iment #1), pres$ thenfl to record data at those moments.

While the log file is open, the levelflfunction key label (Figure 3-44) will
show the number of observations logged.

Press to add an View stored obser- Add a remark to
observation vations as text or the data file.
graphics
. CER ADD
Fle JRAVARK
# Obs Stored Stop logging, close Explained in Matching
the file the Analyzers on
page 4-33

Figure 3-44. Level 1 function key labels when logging to a file.

6 Graph the data
Earlier we showed how to view strip charts of data in real time. Now we'll

show how to graph data you've recorded before closing the data file.
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Viewing Stored Data

It is convenient - and sometimes necessary - to examine the specific data that
has been logged, to see if the experiment is going as planned, or if an adjust-
ment or starting over is necessary.

When logging is active (to a file or memory buffer), you can view logged data
by pressing?2 level 1 {iew File).

View Data Logged Thus Far
You can view data in your log file right from New Measurements mode, as
long as the file is still open.

Access Graphlt
Presdl (if necessary), thef2.

LGG M BW A.CsE Mat ch
1 4 Hle H LE REVARK

After a few seconds, you will see something like Figure 3-45. This is Graphlt,
a useful program that appears in several contexts, and is explained thoroughly
in Chapter 12. For now, just follow along, and we’ll make some graphs.

OPEN's Graphics Packages
OPEN uses two graphics packages: Real Time Graphics is used to
measurements as they happen. Graphlt, on the other hand, is only
with data that is stored in a file.

The file to which
you are logging

More keys avail-
able - press labels,
orlor2

G aphl t
Sour ce= / User/ Experinment 1
(No graphs defined)

M ew Edit
Dat a Qonfig

Pick from some pre-deter- Viewthe data Define graph
mined graph parameters file text parameters

Figure 3-45. The first time Graphlt is entered from New Measurements mode.
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2 View the data file as stored
Presd3, thenF (Figure 3-46).

i ew ptions:

File as stored

Data set (all vars and obs)
QG aphed vars and obs only
curvefit Coefficients
curvefit Errors

Appears only if graph
axes are defined

Appears only if

curves are defined [~X

Vi
F
D
G
C
E

Figure 3-46. Graphlt's View File screen. provides options to view the file or subsets thereof, or to
view curve fit coefficients and errors.

After pressingr, you should see something like Figure 3-47a. If you press
pgdn, you'll see more of the file (Figure 3-47b).

a) I
"COPEN 5. 2"
"Wed Mar 10 2004 12: 42: 09"
"Unit=","PSC 0780"
"Conput eLi st=", "/ User/ Confi gs/ Conps/ D
"BLCTabl e=", "/ Sys/ Li b/ St dBLCTabl e"
"Li ght Sour ce=", " Sun+Sky", 1, 0. 19
"LogFor mat =", "/ User/ Confi gs/ LogFor mat

/Experinment 1 —— 0=

b)

| [Experiment 1 —— 202 =
12: 42: 28"
$STARTCFDATAS
n a)sll n I_—I'I rTEIl , n Phot Oll n Q)ndll n O n n Tr. n
1, 78. 8, 10. 2, 41. 9, 1. 27E+03, 19. 8, 0. 709,
2,138. 8, 10. 1, 11. 6, 1. 28E+03, 12. 7, 0. 529
3,206. 3,1.85,1. 44, 1. 27E+03, 2. 92, 0. 289
4,261.0,2.09, 2.49, 1. 28E+03, 4. 61, 0. 328

Figure 3-47. Viewing a file “as stored”. a) This is the header information at
the top of the file. b) After pressipgdn, the rest of the file is shown. An ex-
planation of the top line banner in each figure is given in Figure 5-1 on page
5-3.

If you see little square boxas instead of commas on the display, those are
tab characters. Version 5.3 changed the default delimiter in files from com-
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mas to tabs, but you can set it as you wish with the configuration command
LogDelimiter=. (Sedviodifying Config Files on page 16-13).

If you could see all of the file at once, it would look like Figure 3-48. If this
seems an inconvenient way to view the data, you'll like Step 3.

"OPEN 5.2"

"Sat Jun 26 2004 12:42:09"

"Unit=","PSC-0780"

"ComputeList=","/User/Configs/Comps/Default"

"BLCTable=","/Sys/Lib/StdBLCTable"

"LightSource=","Sun+Sky",1,0.19

"LogFormat=","/User/Configs/LogFormats/Std Output"

"LogCodes="-35,-36,30,23,36,21,25,-33,-34,-32,-9,-10,-8,-1,-2,-4,-5,-14,-15,-7,-12,-13,-11,-65,-66,-72,-23

"PromptList=","/User/Configs/Prompts/Default (none)"

"Stability= (CO2S 15s SLP<1)(H20S 15s SLP<1)(Flow 15s SLP<1)"

"12:42:28"

$STARTOFDATAS

"Obs","FTime","Photo","Cond","Ci","Trmmol","VpdL","Area","StmRat","BLCond","Tair","Tleaf","TBIK","CO2R","C02S",...
..."H20R","H20S","RH_R","RH_S","Flow","PARI","PAR0","Press","CsMch","HsMch","StableF","Status"

1,78.8,10.2,41.9,1.27E+03,19.8,0.709,6,1,2.84,26.36,19.81,26.47,1323.0,1292.3,-0.125,16.570,-0.35,46.75,699.4,0,11,97.21,0,0, 111105

2,138.8,10.1,11.6,1.28E+03,12.7,0.529,6,1,2.84,26.40,20.44,26.51,1316.1,1293.4,8.678,19.358,24.42,54.48,700.2,0,10,97.21,0,0, 111105

3,206.3,1.85,1.44,1.27E+03,2.92,0.289,6,1,2.84,26.49,22.81,26.58,1316.5,1283.1,8.745,25.716,24.48,71.98,100.4,0,11,97.2,0,0, 111105

Figure 3-48. Experiment 1 as stored. The label line has been broken in the middle (...)to fit the figure.
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3 View the data file in columns
Pressscape to stop viewing the file “as stored”, then pr&s@or Data Set).

You will see a more legible display (Figure 3-49).

Cbs Ti nme Phot o Cond
1 78.8 10. 2 41.9
At the upper left cor- 2 138. 8 10.1 11.6
ner of the data array. 3 206. 3 1. 85 1.44
4 261.0 2.09 2.49

HCOR HOS RH R RHS
After paging to the -0. 125 16. 570 -0.35 46. 75
right five times. 8.678 19. 358 24. 42 54. 48
8. 745 25.716 24. 48 71.98
-0. 226 26. 737 -0.63 74. 69

Figure 3-49. Viewing the data set in column format. Only the data is showshiftse. and shift
~ to page left and right, anctrl — andctrl —to move one column at a time.

4 Define a plot
Pressescape twice to stop viewing the data in columns and return to Graph-

It's main screen. Then pre&is(Edit Config) to define the axes for the plot.

Edit which item

X - X (horizontal) axis
Y - Y (left vertical? axi s
Z - Z (right vertical) axis

The Curves item
only appears when
there is a valid plot
definition.

L - Logic for including observations
——C - Qurves

Press choi ce or <esc>

Figure 3-50. Graphlt’'s configuration editor screen. For details, dsing Edit Configon page 12-7.

5 Put Flow on the X axis, autoscaled
PressX. If you are presented with

V - change vari abl e
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R - change range

then pres¥. (This choice will not appear if the X axis is currently undefined.)
You will see a menu of variables, obtained from the label line in the data file.
Scroll down (probably Hgdn’s from the top) until you find Flow. Highlight

it and presenter.

You'll be asked for the minimum and then the maximum of the axis
(Figure 3-51). (If you had to pre¥sto change the variable, you'll have to
pressk now to set the range.)

Enter MN (* to autoscal e)

*

Enter MAX (* to autoscale)

*

Del Ln ¢« A r BEnd ¢ Del Char ¢ CaplLocke AnyChar

Figure 3-51. Range information is obtained in two prompts. Enter a
* for either the min or the max to let that value be adjusted according
to the data being plotted.

When you are done, if the display does not return to the menu shown in
Figure 3-50, you'll have to presscape.

6 Put RH_Sonthe Y axis
PressY to pick a Y variable. (If you get the V/R choice again as in Step 5,
pressV). Highlight RH_S, and pressiter.

Now pressscape to signal no more Y variables (you'll be asked for up to 5
variables for this axis, and you only want one).

Now enter * for the Min and again for the Max. (If the min and max are not
automatically asked, preBgo do this).

Pressscape until you get back to Graphlt's main screen.
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7 Plot the graph
If it didn’t plot automatically upon leaving the configuration editor, then press

f2 to plot the graph (Figure 3-52).

?7.5 1
Full Bypass
+:RH_S yp
+
Full Scrub
- + 4
39.9 FLOH 760

Figure 3-52. Sample humidity as a function of flow rate from Experiment #1.

These data illustrate the concept of an operating envelope for humidity con-
trol; if we draw a line around these data, we draw the envelope (Figure 3-53).

77.5
+:RH_= =
ull Scfub
4y
39.9 FLOH 7e0

Figure 3-53. The operating envelope from Experiment #1. Inside the shaded area is
achievable, outside is not

8 Save this definition for future use.
Pressscape to stop viewing the graph, and return to Graphlt's main screen.
Presd5 (Config SaveAs), and name the filerH & Flow”. (Storing this file uses
the Standard File Dialog again, just as you saw when you opened a log file.)

9 Quick! Plot something else!
From Graphlt's main screen, pré$qQuikPik Config). You'll be presented
with a menu of plot definitions, which should inclucké & Flow”, or whatever
you named it in the last step. Just for fun, let's pick another one. Try selecting
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“A-Ci Curve” at the top of the list. You'll get a very uninspiring plot
(Figure 3-54) but it illustrates how to quickly change plot definitions.

11 «
+:FPHOTO
+A
]
0 CcI 1.228E+032

Figure 3-54. A-Ci data from Experiment #1.

Replot RH and Flow...
Pressscape, thenfl (QuikPik Config), and selectRH & Flow”, to redraw to our

first plot.

...and view the plotted data
Instead of pressingscape to stop viewing the graph, you can prégsand a
scrollable menu of the data points that are plotted will appear (Figure 3-55).

Pt# Flow RHS
1  699.4 46.75
2 700.2 54.48
3 100.4 71.98
4 99.9 74.69

Figure 3-55. Pressing V after drawing a plot in Graphlt will gener-
ate a list of the data points plotted.

Pressscape to exit from this.

Return to New Measurements mode, and close the file
Pressescape until you get back to New Measurements Mode, then [fdess

(Close File).

That concludes the introduction to Graphlt, the tool for viewing logged data.
It is accessible from New Measurements mode for a file that is open for log-
ging, and also from the Utility Menu for previously logged files. Graphlt is
fully described in Chapter 12.
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Automatically Logging Data

OPEN'’s mechanism for automatic operation is the AutoProgram. An Auto-

Program is list of instructions that the instrument should do, which typically

includes setting controls and logging data. OPEN includes a small collection
of AutoPrograms for various common tasks (describédiitoPrograms on

page 9-20), but you can modify these and add to the collection.

Log Data At Regular Intervals
We'll demonstrate AutoPrograms with one that logs data at regular intervals.

Open a data file
Presdl (if necessary), thefi, to name and open a data file.

Pick the AutoProgram “AutoLog”
Press thenfl. A menu of AutoPrograms will appear. Select the one named
AutoLog and pressnter (Figure 3-56).

O R /Wser/ nfigs/ Aut oProgs
Sel ect a Program
"A-d Qurve"

Aver agl ng 0og
"Buf fered Aut oLog"

" L| ght Qurve"

Figure 3-56. Selecting an AutoProgram.

Answer the questions
You'll be asked the following three questions in succession:

Log every __ secs:
Run for mnutes:
Auto match every _ mnutes (0 = none):

To which you should answer 15, 3, and O respectively (presstagafter
each reply). This will log every 15 seconds, add 10 observations to the data
file, and do no matching.

Watch
Presdl to view the Log key label. Every 15 seconds, the number of observa-
tions will increment by 1.
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Pres« to watch the AutoProgram status line (Figure 3-57).

' ooram Jroon o> JRNC Lo S bl e

00: 02: 20 2/12 1111

Figure 3-57. The AutoProgram status line inclu@eegram the time remain-
ing, andProgPrgsthe current and total program steps.

Normally, Programshows the number of seconds until the next event (typi-
cally, that event is data logging) will happen, dpbgPrgs (“Program
Progress”) shows the number of logging events so far, and the total number
when done. WithAutoLog howeverProgramshows the time remaining in

the whole program.

Terminate it
To stop an AutoProgram before it is done, pessape, thenA (Figure 3-58).

Aut oLog i n Progress

A - abort program

T - trigger next step
<esc> - resume program

Figure 3-58. The AutoProgram Exit screen. Presgingll terminate the
AutoPrograms] will trigger the next step in the AutoProgram, aesd
cape will let the AutoProgram resume

Notice theT option in Figure 3-58. Normally, this triggers the next step in an
AutoProgram. WithAutoLog however, it too will terminate the program. (If
you want to log early witlutoLog just press theog key.)

Close the data file.

Presd thenf3 to do this. Notice that AutoPrograms don’t automatically close
data files. You can open a file for logging, then run several AutoPrograms,
accumulating data in that file. However, if you launch an AutoProgram with-
out having a log file open, you will be asked to open one. A complete discus-
sion of AutoPrograms is in Chapter 9.
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Stability

An important question concerning data logging is when to do it. That is, do |
log now, or should | wait longer for things to be more stable? Manual logging
usually involves that question being handled at some conscious level by the
operator. Running an autoprogram, however, leaves that decision to the ma-
chine.

Is there some objective criteria that can be used by both the machine and the
operator to decide on stability?

We wouldn't ask that if the answer weren’t yes, and indeed, OPEN provides
a fairly powerful technique for you to define and use stability critiériavel

5 (Define Stablty) lets you select your standards for stability, and we’ll go
there next.

Experiment #4 Set Up System Stability Criteria

1 Press f4 level 5.
You'll see a screen similar to Figure 3-59, listing the current stability criteria.

Std Stability (3)

1 GRS 20s %v<1 S p<l
2 H05 20s %<1 Sl p<il

3 Flow 20s Sl p<l SDev<b

Figure 3-59. Defining stability, accessed by f4 level 5.

Each variable to be considered is listed, along with the time period and rele-
vant thresholds.

2 Clean out the list
If there are items in the list, pre&smove (f2) until there are none. This is not
normal operating procedure, but it gives us a clean slate to work with.

3 Build a definition
Now, we need a definition of stability. An obvious one would be to look at
photosynthesis and conductance. Over the course of a minute, if photosynthe-

sis changes by less than 0.1 pmof stt, and conductance changes by less
than 0.05 mol nf s, then we could consider that stable.
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For purposes of an introductory tour, however, let’s pick reference cg|l CO
sample cell CQ and leaf temperature. (There’s no logic to this combination,
but it'll work fine for our example.) A good rate of change threshold for the
CO, values might be 1.0 ppm per minute, and 0.1 degree C per minute for the
leaf temperature.

We have been referencing rates of change as “per minute”. Does this mean
we have to wait 1 minute after stability is achieved to see if it holds? No. In-
stead, we’'ll specify a some time period, such as 10 or 20 seconds, over which
OPEN will keep running statistics; at any instant, if the rates of change over
the last 10 or 20 seconds meet our criteria, then stability is reached.

There is a danger to doing it this way, however. A fluctuating signal could
happen to have a rate of change near zero for an instant during a transition
from “going up” to “going down”, which could cause an AutoProgram to be
fooled into logging too soon.

We can prevent this by specifying a second parameter, such as standard devi-
ation or coefficient of variation, in addition to a rate of change (hereafter
called slope, or abbreviated Ssp). Table 3-2 illustrates our “tour stability cri-
teria”, designed to avoid being fooled by a fluctuating signal.

Table 3-2.Example stability criteria

Quantity Slope Std Dev
CO2R <1.0 <1.0
CcOo2s <1.0 <1.0
Tleaf <0.1 <0.1

Add CO2R, CO2S, and Thlk to the list

Press theAdd function key {3). A list of variables will appear. Select
-1: 2R and pressenter. PressAdd again, and this time select: G2S. Do
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it a third time anggdn to select 10: Tl eaf . Your list should now look like
Figure 3-60.

Std Stability (3)

1 2R 20s Sl p<1
2 QXS 20s <1
3 Tleaf: 20s Sl p<i

Eit oRenove ¢ Add

¢

Figure 3-60. After clearing the list, and adding PHOTO and COND.

Notice the default setting for each item is to check for slopes, with a threshold
of 1.

5 Set the rate of change thresholds
Highlight CO2R, and predsdit or enter (Figure 3-61). Here we see the op-
tions for each item in the stability list: the variable (quantity to be tracked),
time period (seconds), coefficient of variation (in percent), rate of change (per
minute), and standard deviation.

Edit Stat Tracker
Vari abl e: OC2R

T (s): 20
St dDev: Edon’ t car eg
(% : (don't care

Slp: <1

Figure 3-61. Editing an entry in the stability list. T is time period for the
running computations, StdDev is standard deviation, CV(%) coefficient of
variation, as percent, and Slp is slope (rate of change with time).

Scroll down to thed p: " line, and presEdit or enter. You'll be asked
Check Rate of Change?

PressY. You'll then be prompted for the threshold. Enter 1.0. Now edit the
S dlev: line in a similar fashion following the values from Table 3-2 on page
3-62. Then pressK (f5).
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Now edit CO2S and Tleaf. When done, your list should look like Figure 3-62.

Std Stability (3)

1 2R 20s SDev<l § p<i1
QRS. 20s SDev<l S p<l

3 Tleaf: 20s SDev<0.1 Sl p<0.1

Figure 3-62. Editing an entry in the stability list.

Save your list (optional)
Presdabels to bring up the second level of function keys associated with the
stability editor, and prestave (f2).

ren ¢ Save ¢ ¢ ¢+ [Done

A Standard File Dialog will open for storing the stability definition
(Figure 3-63). Predabels, thenfl (DellLn) to clear the name entry field, and
type intest (or any name of your choosing), and pregsr or SELECT (f5).

DR /Wer/ Gnfigs/ Sabl eDefs

ﬁleiW
orex at Iracker nrig

"A Test"
"Flr Stability"
"Std Stability"

Figure 3-63. Storing a stability definition.

Exit the editor
PresdDone (f5) and return to New Measurements mode.

In the next part of the tour, we’ll see how to check on the system’s stability
during operation.
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Experiment #5 Monitor Stability In New Measurements Mode

1 Bring up display line e’
Display linee contains two system variables that tell you moment by moment
if the system has achieved your definition of stability. In the example in
Figure 3-64, one of the three is stable.

1ofthe 3 Numerical First letter from each of the

variables equivalent variables checked for stabil-

are stable T ity. In this case, it is CO2R,
CO2S, and Tleaf.

~ Secl O,

e 1/3 0.33 100

Figure 3-64. Display line e shows three stability indicat&sbleshows
the number of stable variables, and the total number che&taHleFis
the decimal equivalent of that fraction. The third quanB®T (in this
case) indicates which variables are stable or not.

2 Close the chamber, Pump On, Soda Lime Full Scrub
Close the chamber, turn on the pump, put the soda lime on full scrub, and
watch display line, as one by one, the variables become stable.

If you are thinking that waiting for “000” to become “111”, or “0/3” to be-
come “3/3" is not particularly informative, we'd agree.

There is a way to see the details of your stability checking:
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3 Diagnostic Mode, Screen A
Presq(left square bracket) to enter Diagnostics Mode. (That's the short cut.
The long way is to press thenf5, labelledDiag Mode). You should see
something like Figure 3-65. (If not, pressand it will come into view.)

Not Stable

(A Stability atus = 2/3
Period; |1) 2R 2) st | 3) Tl eaf
Mean,
StdDev, Sec| 20 20 20
%CV, Mh| 0.1234 5. 8642 25.13
apd rate Shv| 1.1E-01 2. 8E-02
ghange\ o%CV| 8.9E+01 1.1E-01] 1. 1E-03
(slope) TSl p| 1.1E-02 |EEWISN 5. 4E-03

Figure 3-65. Diagnostic display A monitors the details of the stability compu
tions. If there are more than 4 quantities in the definitienand — will scroll
the columns, whilaome andend jump to the left and right limits.

This is one of several diagnostic screens. (Quick Lesson: You pressdgtters

b, etc. to jump between the screens in diagnostics mode. To leave diagnostics
mode and return to the normal New Measurements text display,[press
diagnostic display A, you can monitor all the details of your stability criteri-
on. When a variable is not stable, it is marked with an asterisk, and the reason
(such the rate of change too large) is highlighted.

Thus, there are two ways to check on stability: érier a quick glance, or
[ (thena, if necessary) for the details.

For more on Diagnostics Mode, demgnosticson page 6-19.

Stability and AutoPrograms

A number of the default AutoPrograms can make use of this stability feature.
The programs that do will always prompt you for a minimum and maximum
wait time: when logging (each point on a light curve, for example), the pro-
gram will wait the minimum time (after setting a new light level), then start
checking stability and log when the stability definition is met. If this doesn’t
happen by the maximum time, it will log anyway.
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Programs that use this feature will give you a chance to adjust your stability
criterion prior to starting. You can also change your criterion as much as you
like while the AutoProgram is running.

There is one more aspect of stability: How can you log the system’s stability
details along with your normal data? The answer is next.

Log Options
The last stop on the data logging tour will look at Log Options.

Experiment #6 Log Stability Variable Statistics

1 Access Log Options
Log Options is f3 level 5. When you press it, you'll see something like

Figure 3-66.
Log Qptions
Header : Enbedded (nor nal
Renar ks: pedded ( nor ma
Stability Details: Not |ogged
Statistics: None (normnal)
Edi t 4 * ¢ Gancel ¢ K

Figure 3-66. Log Options.

The four settings entries in this menu give you several options for how your
log file will look, and what is logged. The details are discusseainOp-

tions on page 9-9, but for now, focus on the third itedngbi | i ty Detail s.
Setting this toLogged (by highlighting it, and pressingdit or enter) will

cause the details (mean, standard deviation, coefficient of variation, and rate
of change) of your stability variables to be included in your log file with each
observation.

2 Enable Stability Details
Highlight Stability Details, and pres&dit. The line should change to
Sability Details: Logged.

3 Exit Log Options
Pres9K to leavelog Options.
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4 Open a log file, and log a couple of dummy observations
Presdl thenfl, and enter a destination file name, remarks, etc. Thenffiress
(Log) a couple of times to log some data.

5 View the file
Presd2 (View File), thenf3 (View Data), thenD (view Data set). You should
see the first 4 columns of the data file:

bs Ti e Phot o Cond

1 2.4 -1.67E-6 -1.07
2 5.4 -2.75E-6 2.22
2 6.4 -3.33E-6 2.07

Now scroll to the right by pressirghift + —. (You can get to the end of the
line quickly by pressinghift + end). Eventually, you'll see

St at us l3\(CI]2R) M(C2R SD( 2R

111115 455. 34 0. 1345
111115 5 456. 44 0. 1366
111115 6 456. 47 0. 1256

Status is normally the last column. There will be 15 columns appended, con-
taining the stability details. For each of the CO2R, CO2S, and Tleaf stability
variables, there will be a N(), MN(), SD(), CV(), and SLP() columns, with the
variable name in the parentheses (). N() is the number of samples, MN() is the
mean value of those samples, SD() is standard deviation, CV() is coefficient
of variation, and SLP() is slope, or rate of change.

6 Return to New Measurements
Pressescape three times to get back to New Measurements, then close the
file by pressing3 (Close File).

If you wish, you can go back and turn off stability logging now, or just leave
it. The Log Options always revert back to their default settings at power on.
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Tour #5: Configuration Introduction

This tour will acquaint you with some basic concepts about managing config-
urations in OPEN. These concepts are simple and worth mastering, since that
can save you from a lot of work and frustration.

If you'd like more details on configurations, see Chapter 16.

Configuration Basics

We will start with the factory default configuration, make some changes, and
see how to track and store them.

Experiment #1 Make Several Configuration Changes

1 Start with Factory Default
To implement this, go to the Config Menu, seledieset Menu”, then select
“Reset to Wser Gonfiguration”. If there are no other configurations stored,
you will find yourself back in the _Reset Menu after a few seconds. If there
are other configurations stored, you will be asked to select one (Figure 3-67).
If so, then selectFactory Defaul t”.

Dr:/User/Configs/ UserPrefs

— Select a Configuration File
"Coni fer Chanber™
"Factory Defaul t"
"Soi | Chanber”

a O N N J Gancel]

Figure 3-67. Prompting the user for a configuration file.
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Check the Config Status

Pressscape to return to the Config Menu, then select the top itetonfi g

S atus”. This program will show you all the settings in the current configu-
ration. You should be looking at an empty list (Figure 3-68).

Config Status. CQurrent Config Is:
Factory Defaul t

Figure 3-68. Config Status showing the factory default configuration.

If it seems the factory default is nothing, you’re right, and here’s the first les-
son: Configuration files only contain changesome default configuration.
So, an empty configuration file means no changes.

Now, let's go make some changes to the configuration, and see what happens.

Change leaf area

Pressescape a couple of times to get to OPEN’s main screen, then enter New
Measurements mode. PressAREA= key (1 level 3), and ent&¥ for the leaf
area.

Change stomatal ratio
Press th&TOMRT= key (2 level 3), and enter 0.5 for the new value.

Change the stability criteria
PressDefine Stablty (f4 level 5). Your list probably ha€02S H20S and
Flow. Add to itCO2RandH20R (Use theAdd key, 3).

Before we leave, let’s store this new stability list as a new file. Pabsks
to access the second level of function keys, the Stess(f2). Name the file
Std Stability + Refs, and pressnter.

Then pres®one to return to New Measurements.
Add a graph

The last change we’ll make is to add a new graphics screen.] Rvessw
the graphs, then find a screen that has nothing defined (probably F).
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Pres2 to bring up the 2nd level of function keys, tHeNT (f4) to edit this
screenTurnOn plot #1, make it &tripChart, ancedit the variable to be any-
thing you want (scroll up and pidkans(transpiration), for example). Then
presd5 three times[fone, Done, HideKeys), and] to return to New Measure-
ments mode.

Notice that we changed the graphics configuration, but didn’t store it. This
was intentional, to illustrate something that's coming up. (Note the effort here
to build dramatic tension...)

7 Return to OPEN’s Main Screen

Pressescape to leave New Measurements mode. There will be a message
waiting for you: the Config flag (Figure 3-69).

LI - 6400 Phot osynt hesis System /

CPEN 5. 3
(OO\FI g
[ User 10%full
Sun Jul 11 2004 14:50: 44 12. 03V
Vel corgConfig Gl i b New Wilit
Menu Menu W Menu Msnrmts @ Menu
Figure 3-69. The CONFIG flag in OPEN’s main screen.

This flag alerts you to that fact that your configuration is changed and not
saved. Continue reading, and we’ll see how to deal with this condition.
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Save Configuration Changes

Use Config Status to view the changes
Go to the Config Menu, then selé¢bnfig S at us”. We no longer have an
empty list (Figure 3-70):

Config Status. Qurrent Config Is:
Fact ory Defaul t
------------ as stored -----------

R changes (4) ----------
»StripDefs= *"Std Gas Exchange"
»AREA= 3

Figure 3-70. Config Status showing some changes.

Scroll down to see all four changes listed.

Note the *

»Stripbefs= *"Std Gas Exchange”
»AREA= 3

»STOMRAT= 0.5

»Stabl eDefs= "Std Stability + Refs”

Now we're starting to see what sort of things are in a Configuration File. Con-
figuration files hold a list of settings, or commands. AREA=andSTOM-
RAT=are fairly obvious - they specify the value of area and Stomatal ratio.
The real time graphics settingt(ipDefs5 and stability setting Stable-
Defs9) don’t contain values, but instead reference file names.

Remember that we stored the stability change as a new file, but not the graph-
ics. In the changes shown to us by Config Status, the unsaved graphics file is
marked with a *.

At this point, our overall configuration (Factory Defaults) has changed and is
unsaved. Here are our options:
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. Do nothing
When we power off, all of our changes will be gone. The stability file “Std
Stability + Refs” will still exist, but to use it we'd have to go to the stability
list editor, and read it in.

. Save
Pressing th&ave key (2) will change the “Factory Defaults” file by adding
these 4 changes.

. Save As
If we don’t want to mess up “Factory Defaults”, we can psagsAs (f3) and
name the file. Then, the next time we power on, or reset to user defaults, that
file will be one of our choices. (We'll do this one in a minute...)

¢ Revert
The Revert key will re-read the current configuration (Factory Defaults) and
implement it. All of our changes will go away, except for the new stability file
we saved.

“But what about our unsaved graphics file?”, you ask. (That's a good ques-
tion, and you should be commended for thinking of it.) Anytime you press
Save or saveAs to save a configuration file, if there are any unsaved files in
the list (labelled *), then you will be given a chance to save each of those files,
and under a new name, if you wish.

Let's try it.

2 Save the configuration as a new file
PresssaveAs. You'll be prompted as in Figure 3-71:

Dr: /User/Confiqgs/ UserPrefs
File

Store Gonfiguration
"Coni fer Chanber™
"Factory Defaul t"
"Soi | anber"

Figure 3-71. saving the configuration as a new file.

EnterTour#5 as the file name (pre$abels, thenDellLn - that’s delete linefl
- to clear the old name), and prester.
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Save your unsaved files
You'll then get the following message

Unsaved Fil e

The Real Tinme Gaph file
‘Std Gas Exchange’
is not saved
S) - save
A; - save a different file

(s/A) =

PressS to save it with the old name.

If we had multiple unsaved files, we’d get prompted like this for each one.

Back to Main Screen

Press escape to return to the main screen, and you'll see the CONFIG flag is
gone. We are now in a safe position to power off, if we wanted, and nothing
would be lost.

Once more to Config Status
Go back to Config Status one more time. You'll see there are 3 items instead
of 4 listed. What happened to tB&ipDefs=entry?

AREA= 3
STOWRAT= 0.5
Stabl eDefs= "Std Stability + Refs”

We changed the graphics fidel Gas Exchange, but didn’t rename it. Since the
name is unchanged, the entry doesn’'t appear in the list. If we had stored it as
a different name back in Step 3 dsnk”, then this entry would appear in our
configuration file as

StripDefs= "Junk"

Pressescape to return to the Config Menu.
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6 Try out the new configuration
We have just stored a new configuration named Tour#5. Let's see if we can
find it. Select’ Reset Menu", then"Reset to Wser onfigs". You should
see Tour#5 in the list (Figure 3-72).

D R / User/ Confi gs/ User Pref

Select a Configuration File
"Coni fer Chanber"
"Factory Defaul t”
Ol Chanber
" Tour #5"

a O N N J Gancel]

Figure 3-72. Tour#5 is one of the choices.

7 Change back to factory config
Select'Factory Defaul t". Then go to New Measurements mode and verify
that leaf area is 6 (level 3 function keys) and stomatal ratio is 1. Then check
the stability definition (level 5) and see that it in it's original condition.

Now view the graphs. Note that the one we added, screen F, is still there.
That's because we changed the definition of the file Std Gas Exchange.

8 Change back to Tour #5 Configuration
Go back to the Reset menu, and change configurations to Tour#5. Now go to
New Measurements, and verify that the changes from factory default are
present.

We are almost done with the tour. The only piece of unfinished business is

our changed graphics file. Suppose we wanted to get it back the way it was.
Is there a quick way? Keep reading.
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Reinstalling Configuration Files

Undo the graphics file change
Go to the reset menu again, only this time sél@otfig File (Re-)In-
stall". You'll see a screen like Figure 3-73.

Install Itens (1/10)
Aut o Prograns

User Conputations

Text D splay Formats

Log File Fornats

Qui kPl ot Definitions

Pronpt Lists

Real Ti neG aph| cs (RTGQ Qui ckPi cks
ndi vi dua D) Spl ays
Stability Definitions

Config Files

Change ¢ A ¢ NON= ¢ Cancel ¢ I nstal

Figure 3-73. Tag the graphics definitions for re-installation.

This program lets you select various categories of files that you might want
to reinstall. (It copies them from their home in the /Sys/Open/Defaults folder,
to where you use them in the various folders in /User/Configs. In our case, we
only want to change RealTimeGraphics definitions, so move the cursor to that
line, and pres€hange (f1) to tag it. Then predsstall (f5) to do the work.

Change to factory default
Now, reset to the factory default, and verify that the original graphics defini-
tions are back.

Equations, Displays, LogLists

One of the strengths of the LI-6400 its adaptability. You can modify its be-
havior quite a bit to get it to do what you want. One of those areas is in user
defined equations. We illustrate that with a step-by-step example of adding a
water use efficiency computation. (User defined equations are dealt with in
detail in Chapter 15.) Along the way, we’ll see how to modify what's dis-
played and what'’s logged.

Add Water Use Efficiency

There are basically three steps needed to do this: 1) Define this variable, 2)
Add it to the display, so we can see it, and 3) Add it to the list of things being
logged, so we can store it.
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First, we need a formula for water use efficiency. If photosynthetic réte is

(umol N2 s1), and transpiratio (mol m? s1), then water use efficiendy/
(in %) is

6
W = A"% x 100 . (3-1)

OPEN's user-defined computations, lIREIOTOandCond are defined in a
file called the ComputeList. We need to access it and change it.

Edit the ComputeList

Starting from OPEN’s main screen, pre&mfig Menu (F2), then select
" ConputeLi st Menu". Then, highlight' Edit the Qurrent CGonput eLi st”
and press enter. You'll be editing a file similar to Figure 3-74.

##10 "(U/S)" "flow:area ratio"
" flow_um / area_cm2 / 100.0"

##20 "Trans" "Transpiration (mol/m2/s)"
"#10* (h20_2_mm-h20_1 mm)/(1000.0 - h20_2_mm)"

##21 "Trmmol" "Transpiration (mmol/m2/s)" " #20 * 1E3"

##23 "Cond" "Stomatal cond. (mol/m2/s)"
" StdCond(#20, Tleaf_c, condBL_mol, press_kPa, h2o_2_mm)"

##30 "Photo" "Photosynthesis (umol/m2/s)"
" -#10 * co2_diff_um - co2_2_um * #20"

##35 "CndCO2" "Total Conductance to CO2"
"1.0/(1.6/#23 +1.37 / condBL_mol)"

##36 "Ci" "Intercellular CO2 (umol/mol)"
" ((#35 - #20/2) * co2_2_um - #30) / (#35 + #20/2)"

##38 "Ci_Pa" "Intercellular CO2 (Pa)"
" #36 * press_kPa * 1E-3"

##39 "Ci/Ca" "Intercellular CO2 / Ambient CO2"
"#36/c02_2 um"

##25 "VpdL" "Leaf VPD (es(Tleaf) - eair)"
" SatVap(Tleaf_c) - eAir_2_kPa"

##27 "VpdA" "Air VPD (es(tair) - eair)"
" satVapTair_kPa - eAir_2_kPa"

Figure 3-74. A typical compute list.
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The compute list is simply a list of user-defined quantities. Here’s a quick
summary of the rules: Each item starts out with a ## followed by an ID num-
ber. Then there’s a label, a description, and a formula. Each of these last three
things is between quotes (“like this”).

Decide where to insert the new variable.

Since we need both photosynthetic rate and transpiration for this equation, in-
sert it after those entries. Move the cursor down below photosynthesis and
pressenter a few times to give you space to work. (see Figure 3-76).

Put cursor here——» _

———/ Wser/ Gnfi g& Gonps/ Def aul t = 400 =
" StdCond(#20, Tleaf c, condBL_nol, pres

##30 "Phot 0" "Phot osynt hesi s (unol / n2/s)
" -#10 * co2 diff_um- co2_ 2 um* #20"

##35 "OhdOXR" "Total Conductance to OCX2"
"1.0/ (1.6 / #23 + 1.37 / condBL nol)"

Figure 3-75. Implementing Equation 3-1 in a Compute List.

Make the changes to the file
See Figure 3-76.

Insert this | C ##100 "WE' "Water Use Efficiency (%">

———— /ser/ nfigs/ @nps/ Def aul t =— 460=
##30 "Phot 0" "Phot osynthesi s (unol/n2/s)
" -#10 * co2 diff_um- co2 2 um* #20"

" #30 / #20 / 1E4 "

##35 "OndOX®" "Total Conductance to OX@"

Figure 3-76. Implementing Equation 3-1 in a Compute List.

3-78

The label will beWUE The description comes next, but isn’'t important (if
you want to skip it, you still need the quotes (" "). The formula is simple: #30
means photosynthesis (ID #30 right above it), and the #20 means transpira-
tion. Leaves spaces between, and don’t forget the quotes.

Save under a new name
Pressscape, thenS, and name the fileDéfault + WUE”, for example.
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5 Implement the new ComputeList
While still in the editor’s exit menu, pre®sthenY when asked| npl enent
this file?".

If you've made some typo, there will be an error reported. If that happens, fix
it. Otherwise, this part is done.

Pressscape to get back to the Config Menu. Now we're ready to add try out
WUE

6 Add WUE to the New Measurements display.
Go to New Measurements, and prBsplay Editor (f4 level 6).

D spl ay Editor

Figure 3-77. The Display Editor, described on page 6-6.

There’s room on lingl, so we'll put it there. Predsto jump to that line (or
1 a few times to scroll to that line), and prédg (f1). You will be prompted
for each item in linel.

Pick Item#1
35: CondC2
36: d
38: d Pa
39: d/Ca
25: VpdL

When you edit a display line, you are prompted for items until the line is full.
Usually, this is 4 items. Presater three times to keep the first three items
unchanged. For the fourth item, scroll uWZWQJE (#100, located belowho-

to, near the top of the list), and then prester. (If you don’t want to fill a
line, presescape when you are finished picking items of interest.)

Now we need to save the display. Praggls, thenSaveAs. Name the file
Std Display + WUE.
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Now leave the Display Editor by pressi@l. Bring up lined on the display,
and viewWUE

SN T Y NS

0. 553 1.84

Is it being computed correctly?

7 Add WUE to the Log List
In the Config Menu, selectLogging Gontrol " Its screen will look like
Figure 3-78.

Loggl ng Gontrol

Log Destination: <inactive>
LogFor mat= “Std Qutput”
.contains 26 itens

LogLi st gLogLi st j§ Show What ’ s
4 EditorjQi kP kil Itens gMssingfl Quit

Figure 3-78. The Logging Control screen, described on page 9-8.

Presd ogList Editor (f1). This will show the list of variables to be logged, in
the order in which they are written (Figure 3-79).

Editing *Sd Qitput’
-35:Chs - #Chs stored inlog file

-36 I—_I'lma- Time since log file open
30: Phot o - Phot os?/nt hesi s (unol / n2/
23: Cond - Stomatal cond. rrol/rrE/s?
36:C - Intercellular G2 (pnol /o

df Change | Insert | Renove | cancel | ok

Figure 3-79. The LogList Editor, described in detail on page 9-12.
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Insert the cursor in the list where you want to 8ddE, and pressnsert.
Then, pickWUEfrom the list of variables (it will be near the top), and press
enter (Figure 3-80).

Bt Select_lltemto Add 77—
-35: (hs - #Oll* 21: Tr ol
-21: HHWEBS - ||* 23: Cond
-36: FTine - 1ll* 30: Phot o n
30: Photo - F '/
23: Cond - S 35: CondO o
36:0 - Inte (* - In List)

+ Print ¢« Hnd ¢ Refinde CANCHe SHECT
Figure 3-80. Adding WUE to the list.

Now we need to save this log list. Prés®ls, thenSaveAs (f5). Name the
file Std Output + WUE.

Next we'll addWUE to the display, so we can see it in New Measurements
mode.

8 Leave New Measurements
Go back to OPEN’s main screen. The CONFIG indicator will be showing
(Figure 3-69 on page 3-71). This is a reminder that we haven't saved our con-
figuration yet.

9 Save your configuration
Go to Config Status in the Config Menu, and peesgsAs. Name the filava-
ter Use Efficiency, or simplyWUE, if you don't like to type.

Now, anytime you power up or do a reset, you'll have this configuration
available to choose.

Using The Installation Menu

The Installation Menu lives in the Config Menu. It's normal use is to help you
set up configurations for optional accessories that you may have. However, it
is also a powerful tool for some other jobs, as we illustrate here.

Experiment #5 Configure for Needles

Suppose you wish to measure pine needles instead of broadleaves. This
brings up several configuration issues:
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Leaf Area

You probably won't be using 6 ¢nfior leaf area, so at the very least, you'll
have to remember to set the area to your best estimate of what the needle area
really is. It's easy to enter a value: there’s a function key in New Measure-

ments mode for thdt.

Boundary Layer Conductance
The default configuration uses a lookup table based on leaf area and fan
speed, but that table is appropriate for broadleaves, not needles.

Leaf Temperature

It's very difficult to get the thermocouple to make good contact with a needle.
You'll be better off using the leaf temperature thermocouple to measure
chamber air temperature, and compute needle temperature based on an ener-
gy balance.

How do you get all of this to happen? The simplest method is to use the In-
stallation Menu:

(Part A) Build An Energy Balance Configuration File

Select “Installation Menu”
Highlight it, and pressnter.

Select the appropriate chamber
Let's make this configuration for the standard 2x3 chamber (clear top, opaque
bottom), so select “Std 2x3 Chamber Top”, and peets.

Is the calibration entered? Yes

You will be shown a list of installed chamber tops (anything having a serial
number that begins GA- or GB-), and asked if the one you want is in the list.
At the very least, there will be a GA- entry for your standard 2x3 chamber top,
SO just presy¥.

Build a configuration file? Yes
You will be asked if you wish to build a configuration file, and of course we
do, so pres¥ again.

Select a chamber bottom

You'll get a menu of the two chamber bottoms that fit the 2x3 chamber: the
clear bottom, and the opaque bottom. Highlight the “Std 2x3 Opaque Bot-
tom” entry, and presanter.

70n the other hand, determining needle aremiso easy.
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6 Pick the light source
Highlight the “Sun+Sky” entry, and presster.

7 Pick the chamber top (if more than one)
If you have more than one chamber top (that is, a GA- or GB- calibration) in-
stalled, you'll be asked to pick which one you'll be using. (This step is
skipped if there’s only one calibration to choose from, or if you picked an
LED light source for Step 6.)

8 Press E for Energy Balance
When prompted

Leaf Tenper at ure:
Measured or Energy Bal ance? (M E)

presst.

9 Press N for Needles
When prompted

Enter |eaf type
Needl es or Broadl eaves (N B)?

pressi.
10 Admire your work

You'll next be shown the configuration file, which should appear as in
Figure 3-81.
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Which chamber top (and
light sensor)

——Cal Par GaAs= 0.77 // GA 103 20 Jan 1995

BLCond= 5

Use afixed boundary layer
conductance, instead of a
lookup table.

AREA= 2
Li ght Sour ce= "Sun+Sky" 1.0 0.19
Conput eLi st= "Defaul t using EB"

D spl ays= " St d+EBTI eaf "

Default leaf area

LogFor nat = " St d+EB"

Proper light source is im-
portant for the energy bal-
ance computation

Eoit B sae I

| Display set modified to include EBTIF. |

The standard equation set for photo, cond,
etc., but computes leaf temp from an energy

balance. This new variable is called EBTIf. | Items to be logged modified to include EBTIf. |

Figure 3-81. The configuration file specifies changes to the default configuration. For information on where the
boundary layer and area settings come from, refénstallation Menu: Behind the Scenesn page 16-10.

11 Name the file
Presd2 to save the file. The default name for this file will be

2x3 (paque Needl es EB

Modify the name if you like (predabels to access the line editing function
keys), then presnter.

12 Quit
Presd5.

13 No more configurations
PresdN when asked if you wish to build another configuration.

3-84
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14 Read the message
A message (Figure 3-82) indicating what you have to do to actually imple-
ment this new configuration is shown. We'll do this next. Peag or es-
cape to clear it.

To i npl enent anK new config
that you m ght have created,
select it hy
Config Menu
" Reset Menu’
"Reset to Wser Configuration’

Figure 3-82. Building a configuration file doesn’t actually
implement it. To do that, you select it when OPEN first
runs, or else do a reset and select it then.

15 Return to the Config Menu
Pressscape until you are back in the Config Menu.

(Part B) Implement The New Energy Balance Configuration File

1 Select the Reset Menu
Highlight “_Reset Menu”, and presater.

2 Select “Reset to User Configuration”
Highlight that entry, and presster.

3 Select the configuration
After a few seconds, you'll be shown a list of configuration files (there might
only be “Factory Default” and “2x3 Opaque Needles EB”). Highlight the lat-
ter, and presenter.

4 View the new variable EBTIf
Once the configuration has finished loading, pesssape until you get to
OPEN'’s Main Screen, then go to New Measurements mode, andipriess
computed leaf temperature will be labelEBTIf, and the variabl&leaf°C
will be chamber air temperature. (When using this configuration, be sure to
pull the thermocouple down a bit so it does not contact the leaf, but measures
air temperature in the chamber instead. This will differ from the standard
Tair_C, since that is air temperature in the sample cell of the IRGA, not the
leaf chamber.)

If you now wish to reset to the default configuration, proceed to the Reset
Menu, and select “Reset to Factory Default”.
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Cleaning up

We'll finish our configuration tour by resetting the LI-6400 back to the fac-
tory configuration (or, to a configuration of your choice). Access the Reset
Menu (in the Config Menu), and select either “Reset to Factory Default”, or
“Reset to User Configuration”. If you do the latter, then select “Factory De-
fault” from the list of configurations, it's equivalent to doing the former.

If you hold the opinion that computers are a necessary evil, and try to avoid
them as much as possible, then feel free to skip this tour and proceed to
Chapter 4.

The LPL Screen

LPL stands for LI-COR Programming Language, and its description starts in
Chapter 22.

The user interface to LPL is the LPL Screen (Figure 3-83), which allows you
to edit files, access the Filer, enter File Exchange Mode, run LPL programs,
or execute LPL commands from the keyboard. For detailsTlseeLPL
Screenon page 5-19.

For this tour, we’ll perform a series of tasks to demonstrate what can be done
from this level.

Editor Filer LTerm Run Shell Xchng

LPL 5.3.0
Copyright 1995 - 2005 LI_COR inc.
/ 121240 kbytes
Current working directory Available memory

Figure 3-83. The LPL Copyright screen.

View Data Files from LPL

Access the Filer
Presg-.
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2 Highlight the file to be viewed.
Pres<D and select théuser directory, and then highlight a data file.

3 View the File
Press/, or presdabels a couple of time, then prefis(View). The file will be
read and shown to you. You can scroll around in it, then pseape to leave
it.

4 Plot the data
Highlight the file to be plotted, and press

5 Press escape to leave Graphlt
Graph something if you wish, but we're moving on.

6 Return to the LPL Screen
Pressescape until you get back (Figure 3-83).

Time-Saving Hint:
Some file related tasks (plotting, viewing, downloading, etc.) do not re-
quire that OPEN be loaded; you can do them from the LPL screen

[ Write and Run an LPL Program
The LPL program you’ll see the most is OPEN. The file system contains a
number of other programs, however, that don’t require OPEN. What we'll do
now is have you write a simple program, then run it.

1 Press E to access the Editor
This editor is described iBtandard Edit on page 5-13.

2 No file name
You'll be asked

Edit What File: /Sys/Autostart/ Vel cone

Pressfl (Delln) to clear the file name, and presger. You'll be editing a
new (empty) file.

3 Enter a program
Type the following

cfect main {
"Hello there" print getkey }

Using the LI-6400 Version 5 3-87



Guided Tours
Tour #6: LPL

4 Run the program
Pressescape to view the exit menu, followed b, to run the file you just
typed.

Hell o there

will be printed, and the LI-6400 will wait for you to press a key. Peates
and you'll return to Standard Edit’s exit menu.

5 Save the program
From the exit menu, preSsand use the Standard File Dialog to name the file
hello, and put it in the directorser. To specify the directory user (if it's not
already selected), prefis(Dir) and pick it.

6 Return to the LPL Screen
From the exit menu, pre§s

7 Run your program again
PresR, and enter

/[ User/hello

Your program should run again. (Remember, the file system is case sensitive.
It won't find Hello if you named itello.) Pressnter to end it.

] Run another program
Let’s run a slightly more useful program from the LPL screen.

1 Press R
You'll be asked for a file name, and the default will be the last one you en-
tered.

2 Use the wild card feature
Press DellLn to clear the file name, and enter

/Sys/Wilityl*
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This will provide a list of all files in théSys/Utility directory. You can select
one to run from the list (Figure 3-84). By the way, these programs are de-
scribed in/Sys/Utility Programs on page 21-12.

—/ Sys/Uilityl*
" Boar dsCFF" 711 940808 15:42: 46
" Boar dsON' 709 940804 15:42: 26
"ENERGYBAL" 2606 941221 09: 55: 28

" CGeopotenti al " 2531 941207 10: 32

"G aphi cs Capture” 752 970905 14: 10
"@ aphi cs Restore" 817 950622 09: 45
"Qaphlt Wility" 1017 970409 12:54

Figure 3-84. Selecting the program Geopotential from a menu
generated by entering a wild card for the file name.

Select "Geopot enti al "

This program displays the pressure sensor’s reading, and computes geopoten:
tial height. (It is documented on page 21-17.) It can also be run from OPEN’s
Tests & Diagnostics Menu, found in the Welcome Menu (Figure 3-6 on page
3-9).

While this program is running, lift the console. You should be able to see the
indicated height above sea level (in an idealized atmosphere) change.

Quit
Pressscape to exit the program, and return to the LPL Screen.

We’'re done. If you would like to pursue programming in LPL, you'll find a
tutorial and reference in this manual, starting in Chapter 22.
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Making Measurements

The presentation in this chapter presumes that you have assembled the
LI1-6400, learned how to operate the software - especially the chamber control
functions - and are ready to make measurements on plants.

Preparation Check Lists

We present a checklist of things that should be done prior to making measure-
ments. They take about 5 minutes, but if you are careful to do this each ses-
sion, it can save you a lot of time and frustration later. You may wish to copy
and clip this checklist summary:

A. During Warm Up

1) Air Supply: Prepare CO, Mixer or Buffer Volume

2) Temperatures: Values OK? Tg ¢ responding?

3) Light Source, Sensors: Responding? Values OK?

4) Pressure Sensor: Value OK? Stable?

5) Leaf Fan: Running?

6) Flow Control: Max flow OK? Chemical tube restrictions?

B. After Warm-up C. Measuring the First Leaf
1) Check the flow zero 1) Set Light

2) Adjust latch, close chamber 2) Set Flow to 400 pmol gl

3) Check CO, zero 3) Set Reference CO,
4) Check H,0 zero 4) Temperature?

5) Mixer Calibration (optional) 5) Clamp onto leaf
6) Lamp Calibration (optional) 6) Set Area and Stomatal Ratio
7) Check Tieqf zero 7) Set constant humidity?

8) Set Reference CO, and H,O
9) Test for leaks
10) Match the IRGAs. Valve working?

Figure 4-1. The checklists to prepare for making measurements.
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During Warm Up
Once OPEN is loaded, and while the gas analyzers are warming up, you
should do these steps.

1 Air Supply - Cartridge or Buffer Volume?
If you are going to be using the 6400-01 Laixer, install a cartridge now,
so the system can begin pressurizing. Otherwise, prepare a buffer volume (see
Air Supply Considerations on page 4-48).

2 Check the Temperatures
The three measured temperatures (block, air, and leaf) are together in display
grouph. Check to see that they read reasonable values, and are within a few
degrees of each other.

Position the thermocouple properly, either just above the gasket
(Figure 19-23 on page 19-25) for leaf measurement (nhormal), or pulled down
for air temperature measurement (energy balance).

3 Check the Light Source and Sensors
Check to make sure that the instrument is configured for the light source that
you are using. Segpecifying the Source and Sensan page 8-3.

The light sensorsParln_umand ParOut_um) are both in default display
groupg. See that they respond as expected when the light sensors are illumi-
nated and darkened.

If you get negativéarln_umvalues, there is probably a mismatch between
the real light source, and the one OPEN thinks it has. A trip to LightSource
Control (page 8-4) will fix that.

4 Check the Pressure Sensor
The pressure measuremetgs_kPais shown in display groug. See that
it shows reasonable, stable values. (Typical values: 100 kPa near sea level, 97
kPa at 1000 ft., 83 kPa at 5000 ft., etc., but this varies with the weather.)

5 Check the Leaf Fan
Turn the leaf fan off and ori3(level 3), and listen for sound changes in the
sensor head as the fan motor stops and starts. If you do not hear a sound whe
the fan should be on, it could mean a blown fuse (fan or flow board), a fan
jammed with debris, or other problems (see Chapter 20). Leave the fan on
when you are done.
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Is Flow Control OK?

Use the flow control keyfZ level 2) to fix the flow at 1000 pmol’s Watch
theFlow_pums(display group) to determine the actual maximum flow. The
value is typically in the 700’s if a COnixer is installed, or higher if not.

Now test the chemical tubes for flow restrictions by changing each from full
bypass to full scrub, and watching the effect on flow rate. Normally, scrub-
bing will drop the maximum flow by 5 or 10 pmot-per tube. Larger drops
may indicate that the air mufflers in the chemical tubes are getting clogged,
or that a flow diversion tube is pinched shut. Baenp/Flow Problemson

page 20-14 for more details.

Finally, set the flow to 500 pmot’s

After Warm Up

After the IRGAs have been on for about 10 minftesntinue with the fol-
lowing steps:

Check the Flow zero
In New Measurements mode, monikdow_ums(display lineb) and turn the
pump off ¢ f2 N) and the chamber fan off {3 O for gff)z. The flow should

drop to within 1 or 2 umol $of zero. If it doesn't, re-zero the flow met&et
roing the Flow meteron page 18-18). Turn the fan back on when done.

Adjust the latch, and close the chamber

1) Adjust the latch so that the chamber lips are slightly apart when the cham-

ber is closed. 2) With the chamber closed, close the adjustment knob until it

starts to become snug. 3) Open the chamber, and turn the knob one or two
more half turns. Now the chamber is adjusted properly for sealing when emp-

ty, or with thin leaves. Close the chamber for the next two steps.

Check the CO , IRGA zero

In New Measurements mode, with the mixer @ff§ N), and the flow set to

500 pmol &t (f2 F 500 enter), monitor CQ reference and sample (display
line a). Turn the soda lime on full scrub, and the desiccant on full bypass. The

LOr longer, if the system has just been moved from one temperature to another.
2'Why turn off the chamber fan? If it's on when the pump is off, it will actually
push a bit of air (1 or 2 pmol§ back through the flow meter, throwing off your
zero reading.
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reference should quickly approach zero, while the sample will approach zero
a bit more slowly. If they are within 5 pmol mbbf zero, it will be adequate.

4 Check the H20 IRGA zero
Turn the desiccant to full scrub, and watch sample and referej@eTHe

reference will again approach zero faster than the sample does. It will zero
more slowly than the CORGA did, however, because of water sorption.

Rather than wait the 10 or 20 minutes to get a really good zero, use your
judgement. If after a minute or so, the reference is down to 0.2 or 0.3

mmol molt and falling slowly, that's good enough. The sample will be high-
er than that. Clearly, if it's negative and falling after only 1 minute, it will be
going too low, and re-zeroing may be in order.

If the CO, or H,O IRGAs need zeroing, refer &etting the CO2 and H20
Zero on page 18-4. The important thing is that the refer6RGAS are rea-
sonably well zeroed (let's say +5 umol ifaCO,, +0.5 mmol mof H,0).

The first time you match (Step 10, coming up), the sample IRGAs will be tak-
en care of, as they are adjusted to match the reference IRGAs.

Important Note about CO 5, and H,0 Zeros:

If your chemicals are not fresh, then you will do more harm than good
by setting the zeros with them.

The IRGA zeros are quite stable, especially in the absence of big|tem-
perature changes. Therefore, the exercise of checking zeros each|day is
really a diagnostic. If the indicated concentration doesn’t change when
it should (that is, if it doesn’t drop when you start scrubbing), then
something is wrong, and it's good to find that out early.

5 Mixer Calibration
If you are using the 6400-01 GMixer, run the calibration program de-
scribed in6400-01 CO2 Mixeron page 18-21. The chamber can be open for
this. Make sure that the soda lime is on full scrub.

6 Lamp Calibration
If you are using the 6400-02 or -02B LED Source, or the 6400-40 LCF, run
its calibration (se6400-02(B) LED Sourcen page 18-26, ¢Actinic Con-
trol - Calibrate” on page 27-61 for the LCF). You will do the best calibration
by having the chamber closed onto a representative (with respect to its reflec-
tance) leaf. This isn’t critical however, but the chamber should at least be
closed.
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Check T |gaf ZETO

Unplug the leaf temperature thermocouple connector (it's purple colored),
and compare the leaf and block temperatures. If they differ by more than 0.1°,
then adjust the leaf temperature zero Beming the Leaf Temperature
Thermocoupleon page 18-20).

Finally, reconnect the thermocouple, open the chamber, and verify that
“Tleaf_°C” responds when the thermocouple is warmed by touching it.

Set Desired Reference Values for CO , and H,0O

If you are using the COmixer, set it to control on reference concentration
with a target of 400 pmol mdl Make sure that the soda lime is on full scrub.

If you are not using the COnixer, monitor the reference GOoncentration.

Is CO2R_umkulfficiently stable? (Over a 30 s period, it should change less
than 2 pmol mot.) If not, use a larger buffer volume.

For H,0, set the desiccant at mid-range (between scrub and bypass) for now.

Leaks?

Set the flow rate to 200 umo1lsWith the chamber closed and empty, exhale
around the chamber gaskets, and look for any fluctuations in the sample cell
CO, concentration @O2S_pum| display groups). If there are no leaks, the

CO2S_pmbalue should not increase by more than 1 pmorjmol

Match the IRGAs

Matching the IRGAs is easily accomplished whether the chamber is empty or
not, but it's a good policy to do this once right before starting a measurement.
Refer toMatching the Analyzerson page 4-33 for how to do this.

Verify that the match valve is in fact working. Figure 4-2 on page 4-34 shows
what to look for.

You are now ready to clamp onto a leaf and begin measurements.

Clamping Onto the First Leaf

Once you've got the system behaving well with no leaf in the chamber, you
are ready to start. The basic procedure is quite simple: set the conditions in
the chamber, insert the leaf, adjust the conditions if necessary, then wait for
stability.
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1 Light
If using the LED source, set the light to the desired value (ambient is a good
value to start with - it won’t be an abrupt change for the leaf). If you aren’t
using the LED source, then orient the chamber so that no shading of the leaf
by the chamber walls will occur once you've installed the leaf.

2 Flow

Set the control for Fixed flow, about 400 pmdi, sind desiccant mid-range
between scrub and bypass. We’'ll come back to this in Step 9.

3  CO,
If you are using the COmixer, set it to control reference G@ith a target

slightly above ambient (say, 400 umol il If you aren’t using the Cco

mixer, but using a buffer volume instead, set the soda lime scrub knob to give
you the concentration you want. Usually, that means full bypass.

4 Temperature
(Optional) If you are going to be in direct sun, you will probably want to use
the coolers to control the temperature. Check the temperatures to see their
present values, then set the control accordingly.

5 Insert leaf
Check the latch adjustment for a good seal. Snug is fine; be careful it's not
too tight, however. If you aren’t using the LED source, be careful with the
chamber’s orientation; avoid shading part of the leaf with the walls of the
chamber.

6 Set Stability (optional)
UseDefine_Stablty (f4 level 5) to setup the stability criteria you wish to use
(Defining Stability on page 6-25).

7 Log Options, Log Button (optional)
This is a good time to set your log optiohsyOptions, f3 level 5) and your
log button behaviorf§ level 5), if you wish. Sebser Definable Log Button
on page 9-7 andog Options on page 9-9.

8 Set Area and Stomatal Ratio
In New Measurements mode, pr8sand set the leaf area and stomatal ratio
for this leaf. Leaf area is simply the area exposed inside the chamber. If you

are using a 2x3 chamber and filling it, the area is & Gtomatal ratio is an
estimate of the ratio of stomata on one side of the leaf to the other. Use 1 for
equal stomatal density on top and bottom; O for stomata on only one side. If
you aren’t sure, use 0.5. It doesn’t matter if you use the ratio of top to bottom,
or bottom to top. Thus, 0.5 is the same as 2; 0.333 is the same as 3, etc.
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Revisit the flow control

Decide how you will operate: control flow to maintain constant humidity, or
use a constant flow. (If you aren’t sure what to do here, you probably skipped
overTour #3: Controlling Chamber Conditions on page 3-29. There may

still be hope for you, however; work througtumidity Control Experi-
mentson page 4-9.)

From this point on, what you do is going to depend on your experiment, or
what it is you wish to accomplish. For example, you might wish to measure a
response curve (light, for example, is discussed on page 4-24), or make sur-
vey measurements (page 4-21) by going from leaf to leaf and only taking a
minute or so for each measurement.

If you are new to gas exchange measurements on plants, continue on with the
next section $ome Simple Experiments It will take you through some
principles that should help you make valid measurements.

Some Simple Experiments

4-8

If you have not had much experience making gas exchange measurements,
you may wish to work through some of the experiments in this section. To do
them, first establish a leaf in the chamber:

Do this first

Select a plant and leaf to measure

The preferred plant material is an adequately watered plant that is growing in
full or partial sun. By contrast, measurements will be more difficult if done
on a dry, neglected house plant that has only seen dim (for the plant) fluores-
cent lights its whole life.

Do Steps 1 through 6 in the previous section
Set the controls (light, flow, CQtemperature), area, and stomatal ratio.

Observe the CO , concentrations

NoteCO2S_pmlls it belowCO2R_pnt? If so, that's good, because it means
there is more photosynthesis than respiration. (Net photosynthetic rate will be
on display linec, underPhota) CO2S_umkhould stabilize (within 0.2 or 0.3

pmol mol?) after 30 seconds or so of clamping onto the leaf. If it's not stable,
check the stability o€O2R_puml Perhaps the mixer hasn'’t stabilized yet, or
you need a buffer volume. Consulihstable Photosynthetic Ratesn page
20-10 if you need help fixing this instability. @02S_pmlis not below
CO2R_umlthen perhaps you need to match (page 4-33).

Using the LI-6400 Version 5



Making Measurements
Some Simple Experiments

4 Observe the humidity values
The RH_S %value on display lind is the relative humidity in the sample
IRGA. It's calculated from the water IRGA signal, whictdOS_mmlOth-
er things being equal, you want to make gas exchange measurements in as
high a humidity as possible, without letting the flow rate (which is determin-

ing that humidity) go too low. 200 or 300 um(ﬂ i a reasonably low flow

range; but you can drop to 100 if you need to. (Leaks are a bigger problem at
low flow rates - seéeaks on page 4-43.)

You are now ready to do some or all of the following elementary experiments.

Humidity Control Experiments

Step 9 on page 4-&Revisit the flow control) asks you to decide how you
wish to operate while making measurements: either a fixed flow rate (with a
potentially variable humidity), or constant humidity (with a potentially vari-
able flow rate). The following experiment will acquaint you with the capabil-
ities and trade-offs involved.

Experiment #1 Finding the Humidity Limits
If you are using the C&Omixer, set it to control the reference concentration at

a value slightly above ambient, such as 400 umot’nifojou’re outdoors.

1 Operate in fixed flow mode
With the desiccant midway between scrub and bypass, operate in a fixed flow

mode at 400 pmol s

2 Match the IRGAs
WhenCO2S_umbndH20S_mmbecome stable, match the IRGAs.

3 Note the conditions
After matching, note the values that pertain to photosynth€Si2R_pm|
CO2S _uml ACO2, andPhotg and the values that pertain to conductance
(H20R_mmIH20S_mmIRH_S_%andCongd.

4 Find the upper humidity limit

Set the desiccant on full bypass, and the flow rate to 100 u?'nWait about

one minute, then observe the water numbers. The val2@8 _mmvill be

about as high as you'll be able to achieve with this leaf at this stomatal con-
ductance.

Question #1: How can theRH_S %value (as opposed t620S_mn)l be
further raised and lowered? (Answer on page 4-55.)
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Note that we just dropped the flow r&tdoy a factor of 4 for this step. Since
A = (ACO2)/F andE = (AH20)/F (the complete equations for photo-
synthesisA and transpiratiok are in Chapter 1) it might lead you to believe
thatACO2andAH20 should each have also increased by a factor of 4.

Question #2: Did you observe a 4-fold increase 4#CO2? How about
AH207? If you didn’t, why not? (Answer on page 4-55.)

5 Find the lower humidity limit
Now set the desiccant on full scrub, and increase the flow to 800 pin(iol s
probably won't achieve that value). Give it a minute or so to stabilize, and ob-
serve the new set of values. TRIBOS_mmValue represents your lower hu-
midity limit for this leaf.

How is stomatal conductanc€¢nd behaving: steady, dropping, or increas-
ing?

Question #3: We just lowered the humidity in the chamber. If there are water
sorption effects on the chamber walls, will they make stomatal conductance
too high or too low? (Answer on page 4-55.)

Question #4: How might you differentiate real stomatal changes from water
sorption effects? (Answer on page 4-55.)

6 Return to starting Conditions

Return the flow to 400 pmol’ and the desiccant to mid-range between
scrub and bypass.

Points to Remember
» Changing the flow rate affects both €&nd HO concentration in the

chamber.

e Chamber humidity control is via flow rate. The highest humidity is
achieved by low flow and bypassing the desiccant. The lowest humidity is
achieved by high flow and full scrub.
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Experiment #2 Maintaining a Constant Humidity
Often it is desired to make measurements or to conduct an experiment at a
consistent chamber humidity. This experiment lets you see the automatic hu-
midity control in action.

1 Pick a humidity target
Start out in fixed flow mode at 400 pmdtswith the desiccant adjustment
knob midway between scrub and bypass.WH20S_mmls stable, change
to constant humidity control (use the H option: constai@ khole fraction),
and target that current valueld20S_mmlYour flow rate should settle into

the 300 or 400 pmol$range. (If flow jumps to either extreme, and messages
appear about targets being too dry or too wet, make sure you selected the H

option and entered a reasonable value, in mmotithol

Note theCO2S_pmbalue.

2 Dry the incoming air
Once the chamber humidity is on target, and the flow rate is stable, turn the
desiccant knob to full scrub. Observe what happens to reference humidity,
flow rate, and sample humidityA2OR_mm| Flow_pml| andH20S_mnjl
Reference humidity should go to zero, flow will decrease, and H20S_mml
will remain unchanged. Also, keep an eye on how quickly or slowly
CO2S_mmygets to its new value.

Question #5: What does it mean if the reference humidil2OR_mmnl
doesn’t get within 0.5 mmol mdlof zero? (Answer on page 4-55.)

Question #6: Will the sample cell CQ(CO2S_pun)l increase or decrease
during this step? Why? (Answer on page 4-55.)

3 Moisten the incoming air
Now turn the desiccant knob to full bypass, and watch the flow increase, ref-
erence humidity increase, and the sample cell water mole fraction remain un-
changed. The sample cell €Will go the other direction from how it

changed in the previous step (not to give the answer to Question #6 away...).

4 Change to constant RH
Return the desiccant knob to midway, and after the flow rate stabilizes, note
the value oRH_S %Now change to constant RH control, targeting that val-
ue ofRH_S %
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5 Turn on the coolers
Turn on the temperature controllef$level 2), by setting the block temper-
ature for a target about 5°C below its present value (displap)liigut, be-
fore you do this, try another question:

Question #7: What will cooling the chamber do to flow rate (owing to the
constant RH control mode) and why? (Answer on page 4-55.)

6 Watch RH and flow
As the air temperature drops in the chamber, watch the flow compensate for
the changing RH. Notice that the control is not quite as tight as when we were
controlling on a constant mole fraction; RH will drift off target a little bit as
the temperature changes. (Why? Read about RH control on page 7-10.)

7 Change to constant VPD
Note the current value &fpdA (display lined), the vapor pressure deficit
based on air temperature. Then change to controlling to a constant VPD,
based orTair, and target that value. (See the VPD discussion on page 7-10.)

8 Change the temperature control to ambient + 5°C
Before you do, test your understanding with this question:

Question #8: How will flow rate respond as the temperature increases, since
we’re holding a constant vapor pressure deficit? (Answer on page 4-55.)

Now try it, and see who is correct. Wait 2 or 3 minutes for things to stabilize.

9 Watch it warm
You might notice that warming is more efficient than cooling. You may also
notice that the VPD gets away from the target a little bit as the temperature
changes.

When the block temperature achieves its target, see that the VPD settles back

to its target. Then set the target temperature to ambient, and bring the chamber
back to normal.
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You can turn the temperature control off if you like.

Points to Remember
e Constant humidity mode will compensate for changes in incoming air
stream, or leaf transpiration changes.

 Controlling to a constant mole fraction is the tighter control, while con-
trolling to a constant RH or VPD can have small lags in the face of rapidly
changing temperature (see the discussion about the various humidity con-
trol options on page 7-10 for more details).

Controlling CO,

The next two experiments are best done with a 6400-01n@&er. If you
don’t have one installed, you can still do approximate, €@ntrol between
ambient and zero by adjusting the soda lime tube flow adjust knob.

Experiment #3 CO, and Humidity Control Interactions

Start with the conditions described Dy this first on page 4-8. Make sure
the desiccant knob is mid-range.

1 Set flow control for constant water mole fraction
Target the current value B2OS_mm(Step 1 on page 4-11).

2 Change to constant sample cell CO »
If you have a C@mixer, switch over to controlling a constant sample cell

concentration. Target the present valuEoRS _umlWait forCO2S_umto
stabilize.

3 Turn the desiccant knob to full scrub
WatchCO2R_umbBndCO2S_umiThe latter is supposed to be held constant.
CO2S_pumiwill drift well off target, then come back to where it was as
CO2R_pumladjusts.

Question #9: Will CO2R_pumincrease or decrease? (Answer on page 4-56.)

Note: Keep in mind that this test of abruptly changing the incoming humidity
while trying to control both chamber humidity and £®an artificial worst

case. Typically, the flow control system balances stomatal changes, which
happen less rapidly, so the sample cel,@6ntrol option isn’t faced with

large swings in flow rate. The next two steps will illustrate a more typical se-
guence of events.
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Return the desiccant knob to mid-range
Watch the sequence reverse itself. Also note the order in which things hap-
pen: Oncd-low_pumlstabilizes, the®O2S_umkan stabilize.

Shade the leaf

If you are using a light source, cut the light value in half. If you are not, just
shade the leaf with your hand. Before you do, however, here’s another learn-
ing opportunity:

Question #10: What do you expect to happen to photosynth&sistQ, sto-

matal conductancecpnd, and intercellular C®(Ci) when you cut the light

in half? How do you expect the control systems to compensate: specifically,
how will flow rate change, and how will reference £&hange? (Answer on

page 4-56.)

Watch the response

Photosynthesis will immediately start to drop, and (if you wait 10 or 15 min-
utes), conductance will eventually decrease as well. Some species can react
faster that this, however.

Restore the light
Return the leaf to its original light value and watch the control system respond
to the changes.

Points to Remember

» Constant humidity control interacts with sample celb€@ntrol. Abrupt
(artificial) changes can be problematic, but when tracking leaf change
control system should be able to handle it. Be patient.
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Experiment #4 A Manual CO , Response Curve
CO, response curves are described in detail later (page 4-29), including how
to generate them automatically. This experiment will give you a step-by-step
guide to manually generating one. If you don’'t have g @®er, don't de-

spaif’, you can still do the experiment.

As always, we start with the conditions tlxa this first on page 4-8 de-
scribes.

1 Set the controls
Flow: Constant mole fraction, target the current value (Step 1 on page 4-11).
CO,: If you have a COmixer, set it to control reference G@ a bit above

ambient, such as 400 pmol mollf you don’t, set the soda lime knob on full
bypass.
Temperature Control: Constant leaf temperature, and target the current value.

Light: Use 1000 pmol i s. (If you don’t have a light source, do the exper-
iments in a growth chamber, or outdoors. But beware: this experiment is
meaningless without steady light).

2 Open Log File
Name it “Sample CO2 curve”, or whatever you lilké.I¢vel 1)

3 Wait for stability, and log the first point.
When the C@and humidity controls are stable and on target, log the starting

datum {1 level 1)

4 Next CO, value

If you are using the C&mixer, lower the reference target by 100 pmol thol

If you aren't, turn the soda lime knob a bit toward scrub, so that the reference
CO, drops to more or less what you want. Use these targets for reference con-

centration: 400, 300, 200, 100, and 3@)(Gr 0 (G). The last point is de-
signed to be below the compensation point.

Question #11: Notice when you change the @€bncentration (whether you

did it with the mixer, or the soda lime tube) the indicated photosynthetic rate
(Photg becomes quite erratic. Why? (Answer on page 4-56.)

Question #12: If you are controlling C@ by varying the soda lime scrub
knob, under what circumstances might you expect changes in this knob set-

3Don't despair. Just buy one. It's worth it.
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ting to affect the flow rate through the chamber? (Hint: it's a humidity control
guestion. Answer on page 4-56.)

5 Wait for stability, then match and log
Wait for a minute or so for the photosynthetic rate to stabilize, match the IR-
GAs, then log another recorfi (evel 1).

6 Repeat until done
Repeat Steps 4 and 5 until you are done. Try to get about 4 or 5 points between
your starting value and ending points. Go down to 30 pmotf'rapbo for G
plants, and O for £s. (Hint: If you are using the COmixer, you get 0

pmol mor?t by turning the mixer off.)

At any point along the way, you can view a graph of your logged data by do-
ing Step 8.

7 Finish the curve back at the starting point
Repeat the starting point. See how long it takes for the photosynthetic rate to
return to normal. (Hint: don't spend too long at lowest,®&lue.)

If you have a C@ controller, do some points above ambient, such as 600,

800, and 1000 umol mdl (If global warming scenarios are keeping you
funded, go right on up to 2000.)

8 View the Graph
You can view your curve with Graphlt (pregew File (f2 level 1 in New
Measurements mode). If the axes are not defined for an A-Ci, press
QuikPik Config (f1) and select “A_Ci Curve”. Pre®&PLOT GRAPH (f2) and
draw it. Hint: If your low CQ point had negative photosynthesis (respira-
tion), you may want to change the default A-Ci plot to automatically scale the
axis minimum for photosynthesis. Otherwise, it won’t show that point.
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9 Analyze the data
Use Graphlt to generate plots to answer these questions: What's she CO
compensation point? Did humidity stay constant over the experiment? How
much did the stomata change over the measurement?

Points to Remember
» Changes in C@target value are accompanied by a brief disruption in the

system'’s stability.

 Plot of logged data can be examined during a measurement with Gyaphlt.

Light Experiment

Photosynthesis is first and foremost driven by light, so a natural experiment
is to measure this relationship.

Experiment #5 Sun and Shade Dynamics
For this experiment, select a fully sunlit leaf. An LED source is not required
for this experiment; we’ll be changing back and forth between sunlit and
shaded conditions, so you can simply use your hand to block the sun (or other
light source) from the leaf when you need low light. It's low tech, but effec-
tive.

We start once again with the conditiongaf this first on page 4-8.

1 Set the controls
Flow: Constant mole fraction, target the current value. (Step 1 on page 4-11).
COq: If you have a C@mixer, set it to control reference G@ a little above

ambient, such as 400 pmol mollf you don’t, set the soda lime knob on full
bypass.

Temperature Control: Constant leaf temperature, targeting the current value.
Light: If you have an LED source, set it to match full sun, or whatever the am-
bient light on the leaf is.

2 Clamp onto the leaf
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Use Real Time Graphics

Set up strip charts for viewing photosynthesis, conductance, aitieCde-

fault configuration has the first two already defined, so you can add Ci to that
screen, or put it on another one.

Simulate brief shade (fast cloud)

Activate the strip charts. When there are reasonably flat lines displayed (indi-
cating stability), try decreasing the light by 80% (from 1500 pnidls)

down to 300, for example) for 20 or 30 seconds, then returning it to its origi-
nal state. (If you aren't using the light source, do this by shading the leaf with
your hand. If you are using the light source, do thisdzape (to stop view-

ing the graph), ther? 5 <low value> enter, wait 15 seconds, thefb

<high value enter, then view the graph again By3.)

Question #13: How would you expedPhotg Cond andCi to react to this
brief drop in light? (Answer on page 4-56.)

View the strip chart to see what really happened.

Simulate longer shade (slow cloud)

Now try decreasing the light by 80% for 2 minutes, then returning it to its
starting value. Was this long enough to get the stomata to start to respond? (If
you are patient, you might find out how long it takes for the stomagipo
responding when the light drops. That is, how long before they stabilize in the
new conditions. It might be 10 to 15 minutes, or longer.)

Question #14: Why does stomatal conductance decrease when light is re-
duced, and what determines the degree of stomatal closure? (Answer on page
4-56.)

Change to sample cell CO , control

Change from controlling on reference £@ controlling on the sample cell
CO,. Target the current value 6002S_umlRepeat Steps 4 and 5. How does
the photosynthesis response differ from the first time you tried it?

Question #15: Suppose you want to do some sun / shade dynamics measure-
ments, and you a) want the sample celb€@ncentration to be as consistent

as possible, and b) don’t want the slower time response of the samplegell CO

control algorithm to be interfering with your measurements. How could you
do it? (Answer on page 4-56.)
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7 Change to a shade adapted leaf
Change to a leaf that has been in the shade for some time. If you are using an
LED source, don't forget to adjust the light to a low value, before putting the
leaf in the chamber. Change to £&ntrol back to a constant reference con-

centration.

8 Provide a brief sunfleck
Give the leaf full sun for 30 or 40 seconds, and observe the respdttsatof
Cond andCi.

9 Provide a long sunfleck
Now give it full sun, and see how long (if ever) it takesRbptoandCond
to reach the values that you found for the sunlit leaf.

Points to Remember
 Light changes produce immediate photosynthetic rate changes.| These
changes can be compensated by controlling sample cgllli@some ag

justment time is necessary, typically 1 minute or less.

« Light changes will cause stomatal changes, but only after many m|nutes.
These changes are continuously compensated when using constant humid-
ity control.

Equilibrium is reached faster by decreasing light on a sun-adapted leaf,
than by increasing light on a shade-adapted leaf.

Experiment #6 Sun And Shade Leaf Survey
This experiment uses the LI-6400 in a survey mode in which a succession of
leaves is measured, and each measurement lasts a minute or less.

Should you use the LED light source for this experiment? If you have this
choice, here are some things to consider. This experiment will measure sun
and shade leaves that are adapted to their radiative environment. If you don’t
use the light source, you won't be affecting that environment very much when
you clamp onto the leaf with the clear chamber top. If you are using the light
source, you'll have to be sure and set the light to match this ambient value be-
fore clamping onto each leaf. If you have an external quantum sensor and a
light source, you can use the Tracking mode in the light control nitelevé|

2), and have the source track ambient (if it is reasonably stable, of course) as
measured by the quantum sensor.
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Prepare the system: Use fixed flow at about 400 urﬁphsd control refer-
ence CQ to 400 pmol mot. Match the IRGAs after stability is reached.

1 Open a log file
If you want, you can record your work. Open a log file, and name it “Survey
Experiment”, or whatever you'd like.

2 Measure 5 sunlit leaves
Clamp onto another leaf, and wait for the photosynthesis and conductance
values to stabilize. One minute is usually sufficient. Then @Ggfl level
1), or else press the button on the chamber handle for about 1 second. After
logging, move on to the next leaf.

If you aren’t using a light source, be careful about shading these sunlit leaves.
If a leaf is tipped away from the sun prior to measurement, the chamber walls
will cast a shadow on the leaf when you place it in the chamber. Changing the
orientation to avoid this shading will cause other problems since you've sud-
denly increased the light. For this experiment, it's best to choose sunlit leaves
that are directly facing the sun.

If your leaves aren't filling the chamber aperture, be sure that the entered val-
ue of leaf areaf{ level 3) matches the actual one for each leaf.

3 Measure 5 shaded leaves
Now measure 5 leaves that have been well shaded for some time. If you are
using a light source, remember to lower its value to match the typical shade
leaf’'s environment.

4 Plot the results
Enter GraphltfR level 1) to view your data file so far. Try plotting it using
the “Light Curve” configuration. When you are done, exit Graphlt and close
the log file.

Points to Remember
e Measurements can be made fairly quickly provided the chamber ¢
tions are not too different from ambient.

¢ Don'’t let the chamber walls cast shadows on the leaf.
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Where to Go From Here
This section has introduced you to survey. light response, apdeSabnse

measurements that you can do with the LI-6400. The next sections describe
these measurements in more detail, providing physiological and operational
considerations to help guide you as you determine measurement protocols for
your experiments. The remaining sections in this chapter describe some op-
erational hints and considerations with which you should be familiar.

Making Survey Measurements

The goal of survey measurements is usually to characterize a community,
which means measuring a lot of leaves in a short period of time. This means
spending a minimum amount of time on any one leaf in order to maximize the
sample size.

Operational Considerations

If the ultimate goal is to be able to say something about a community, or at
least about a number of plants, it follows then that each leaf needs to be mea-
sured in similar conditions. The conditions in the chamber should be as close
as possible to what the leaf was experiencing prior to the measurement. This
provides a time savings as well; you will only be waiting for the leaf chamber
to equilibrate (flush out), rather than waiting for the leaf to equilibrate.

Light

Light is the most important variable, so be careful how it changes before and
during the measurement. Avoid shading the leaf as much as possible as you
move it into the chamber. During the measurement, keep the chamber orien-
tation constant. Be cognizant of the recent light history of the leaf. If you are
measuring sunlit leaves, don't select one that happens to be in a small sun-
fleck, or one that just became sunlit when you moved some stems out of the
way. When you put a leaf into a clear-top chamber, the light incident on the
leaf will be reduced by about 10%. Photosynthesis may respond fairly quickly
to that reduction, and should equilibrate in a few seconds. Stomatal responses
take longer, but a 10% light reduction will usually not cause a measurable
change in conductance.

Avoid large changes of light. A common error is to reorient the chamber dur-
ing a measurement. Whether you do it inadvertently (busy watching the dis-
play) or intentionally (avoiding shade), it's bad.

For outdoor survey measurements, clear days are a blessing, but partly cloudy
days are a curse. With only short periods of uninterrupted sun, the leaves will
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be in perpetual disequilibrium. Snapshots of photosynthesis and conductance
taken against that sort of backdrop will be nearly impossible to interpret, and
therefore meaningless. Use of a light source will guard against the odd cloud
shadow interrupting a measurement on a nearly clear day. With more abun-
dant clouds, the most a light source can offer is the chance to let each leaf
equilibrate for 10 or 15 minutes in constant light, and that makes for very slow
survey work.

CO,
Since photosynthesis is a function of £®is important to have the chamber
CO, concentrations as consistent as possible.

If you do not have a COmixer, you'll have to carry along a buffer volume
to dampen the potentially huge fluctuations in,@@t will occur should you
choose to breathe while you work. Buffer volumes are discusgad $up-

ply Considerationson page 4-48. If you use a long tl@d a pole to draw

the “clean” air from well above your head, you will still need a buffer volume,
albeit a smaller one might suffice. Whatever you use, experiment until you
have fairly steady reference g@oncentrations.

Life is much easier with a CQnixer. You only need to decide whether to
control reference or sample GOf measurement speed is important, then by

all means control on reference. If you want near-ambient values in the sample
cell, set the reference for the right amount above ambient. Try a leaf or two
until you get it right. On the other hand, if you can afford 2 or 3 minutes per
measurement and want consistent samplg €&@centrations, try the S op-

tion (f3 level 2).

Flow / Humidity

Use a fixed flow rate, medium or high, with little or no desiccant scrubbing.
Here’s the rationale: Fixed flow rate minimizes the time for system equilibra-
tion, once a leaf is installed. Minimal scrubbing along with a high flow rate
means the chamber humidity will be reasonably close to ambient.

There are interactions with G@ontrol. If you are using the GOnixer, the

soda lime must be on full scrub, and that usually means the incoming humid-
ity will be below ambient, even with the desiccant on full bypass. You can
moisten the soda lime (selimidifying Incoming Air on page 4-51) and/or
reduce the flow rate a bit to offset this.

4Make sure its inside diameterla@ger than 1/8 inch, to avoid pressure drops
and reduced pump performance.
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Temperature

There are two schools of thought about temperature control and survey mea-
surements: one is that you shouldn’t use the coolers so that your battery life
is maximized. The other says you should use the coolers to maintain ambient
temperature, so that the chamber doesn’t get hot from being in the sun. You
decide.

Matching the IRGAs
Match once on the first leaf (or a “trial leaf”), and perhaps every 30 minutes
or so after that, especially if the temperature is changing.

When to Log?

Stability considerations are important here, because you want to take data
quickly, but not before it's ready. You could monitor the stability indicators
(Stability Indicators on page 4-40). You may want to shorten their time pe-
riod to about 10 seconds.

Logging Considerations
You will need to decide some other logging issues, besides when to do it:

. Leaf Area?
Is it changing from leaf to leaf? How and when will it be measured? Do you
wish to be prompted for leaf area as you log data?

. Extra Data?
Are there extra data you wish recorded, such as numbers or remarks the op-
erator is to enter, to help identify the data later?

. How Many Log Files? Log Options?
Are all the measurements destined for one file, or should there be several? If
several, what's the rationale for the grouping? Does it matter in which order
the measurements are done?

. Use Stability Checking?
Do you want to guess at when to log, or use some objective criterion?

. Log Button Behavior
Are you going to use it? Do you want it to generate prompts?

The simplest approach is log all the data into one file. If for some reason you
desire multiple files, then make your measurements so that Filel is finished
before File2 is started. (Appending data to an existing file adds a new header
as well, so it's not a very efficient use of disk space.)
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Judicious use of prompts and remarks @emmpts and Remarkson page

9-15) can make the single file approach very workable, since you can go back
later with your spreadsheet program and extract or sort the data records using
these. You might wish to install the “Survey Measurements” example config-
uration (Config Menu- Installation Menu- Examples Menu), and modify

that to suit your needs. Also, if leaf area and/or stomatal ratio is changing
from leaf to leaf, they can be automatically prompted as you log each obser-
vation.

Light Response Curves

4-24

Starting from total darkness, in which there can be no photosynthesis, the first
few photons to be absorbed by the leaf will be used with greatest efficiency.
As light increases, the efficiency drops, and eventually subsequent increases
in light yield little or no increase in photosynthesis. Thus, a light response
curve can provide measures of dark respiration rate, the light compensation
point (absorbed quantum flux for which photosynthesis and respiration are
balanced), the quantum efficiency (initial slope), and the maximum photo-
synthetic rate. Shade adapted species tend to have lower dark respiration
rates, lower compensation points, and lower maximum photosynthetic rates
than sun adapted leaves. Quantum efficiency tends to be conservative, how-
ever.

Light Curve Strategies
Depending upon what you are trying to measure, there are a couple of ap-
proaches to light curves.

Rapid

Since the photosynthetic apparatus responds almost immediately to light, es-
pecially drops in light, the quickest method is to start with a leaf equilibrated
to high light, and decrease the light, spending perhaps 1 or 2 minutes at each

light value, and dropping in steps of 200 pmol thor less. When you do

this, you'll find that the stomata have not had time to adjust, and tend to be
more open at the low light values than they normally would. This manifests
itself as a steadily rising;Ghroughout the measurement. There’s nothing
wrong with this, but be careful how you use the conductance measurements
from a rapid light curve, because they are not equilibrated values.

Slow

Another approach is to do a slow curve, giving the stomata time to equilibrate
at each light level. Going slowly, you can work from dark to light, or light to
dark. (If you are using a red only light source, however, beware; the stomatal
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behavior will be artificial. Our comparisons of the red+blue LED source and
sunlight show them to have the same influence for opening stomata, howev-
er.) If you wait 15 or 20 minutes at each light level, you will find thatiC

be fairly constant throughout the measurement, indicating that the stomata are
fully adjusted. In fact, you could use & an indicator of when to log the next

record, at all but the darkest light levels.

Survey

A third approach is to generate a light curve using multiple leaves that are
equilibrated at a range of light values. Experiment #6 on page 4-19 uses this
approach. This has the advantage of being fairly quick, yet has equilibrated
values The potential for difficulty comes from using multiple leaves, thus
bringing age differences and other factors into the response curve. The survey
approach is better suited for some species than others. In deciduous trees, fol
example, leaf age is not particularly related to position in the canopy. With
this approach you can achieve a range of light levels by selecting leaves that
are tilted with respect to the sun, and in varying degrees of shade. The orien-
tation of the sunlit leaves is a problem, however, unless you are using a light
source when you clamp onto them. With a clear chamber top, leaves that are
tilted with respect to the sun will be shaded by the chamber wall, and this is
to be avoided at all costs. If, however, you use a light source, you can set the
appropriate value first, or have it automatically track the ambient light as
measured by an eternal PAR sensor.

Sunfleck / Shade Method

The fourth approach offered here is to separate each new light level with the
starting light value, with time to equilibrate. That is, use a sequence such as:
1800, 1000, 1800, 500, 1800, 300, 1800 umdlisit. (The starting point
needn’t be high; you could work the other direction with shade leaves.) Data
collected in this manner might be most appropriate for addressing questions
of light dynamics in canopies.

Operational Considerations
Once you decide on the strategy you wish to take, you then need to decide on
how the chamber controls should be set, and on how data is to be collected.

Light

The best light source for light response curves is the red+blue 6400-02B or
6400-40 LCF. The red only 6400-02 source has the potential problem of al-
lowing excessive (that is, more than normal) stomatal closure as light de-
creases, or delaying stomatal opening as light increases.
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Without the LED light source, a light curve cannot be automated, but is still
possible. Neutral density filters, for example, can provide means to reduce
sunlight or other sources by known amounts. The survey technique discussed
above could be done without a light source.

CO,
It is important to maintain the chamber £bncentrations as constant as

possible while measuring a light response curve. Otherwise, the effects of
CO, on photosynthesis will be confounded with the effects of light. If you

have a C@ mixer, this is simple to do: set it to control on sample, Can-
centration.

Temperature
Ideally, the response curve should be measured at a constant leaf temperature.

Humidity Control

Operate the flow control for constant water mole fraction. If you go from light
to dark, expect conductances and transpiration rates to fall, so leave room for
the flow to fall as well (or rise, if you are going from dark to light).

Matching

Since the concentrations in the IRGAs aren’t going to be changing much dur-
ing a light curve, there’s no real reason to match after every measurement.
Match once before starting. If you are doing a slow curve, however, matching
won't hurt anything, since you'll have time to burn.

With OPEN version 3.2 and above, you are asked for a matching threshold
(the absolute value of th&CO, value). Thus, you don't have to decide

whether to match before each observation or not; it will match on the ones
with ACO, smaller than your threshold, and skip the rest.

AutoPrograms

There are at least two possibilities here: “LightCurve” (described on page
9-25) and “TimedLamp” (described on page 9-27). “LightCurve” lets you
specify the sequence of light values you want. A minimum and maximum
wait time is specified. (Logging can’t occur before the minimum time ex-
pires; after that, a record is logged when stability is achieved. “TimedLamp”
also lets you specify a sequence of light values, but at each one, you specify
a) how long to maintain that light level, and b) how often to log data within
that period. This program is good for recording events throughout the exper-
iment, letting you record how the leaf responded with time, as well as with
light.
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Rapid Light Curve, Step-By-Step
Here’s how to make an automatic light response curve. It uses “LightCurve”,
and does a rapid response curve.

1 Prepare the chamber
Light: Typically 1500 pmol 3 for C; plants, or 2000 for gplants.
CO,: Constant reference Gabout 400 pmol mo, or your choice. (This is
temporary - we’'ll switch to constant sample in a few minutes.)
Flow: Constant flow, 500 umols

2 Clamp onto the leaf

3 Set the temperature
Set the temperature control for constant leaf temperature.

4 Set the chamber humidity
After the chamber has been clamped onto the leaf for a few minutes, note the
H20S_mmlalue, then change the flow control to constant mole fraction con-
trol, and target that value.

5 Set the chamber CO ,
Control constant sample GQargeting the desired value.

6 Set log options, and open a log file
Make sure you've got the computations, prompts, log list, etc. that you need.

7 Area and Stomatal Ratio
Are they correct?

8 Match the IRGAs
Be sureCO2S_pumis stable before you do this.

9 Launch the “LightCurve” Autoprogram
Press 5 thefi. Pick “Light Curve” from the list.

When askedZppend to current data file?” PressY

When askedEnter the desired |ight val ues?”, edit the list as needed,
and presenter.

When askedEnter nmin tine”, enter the desired value. 120 seconds is usu-

ally adequate. This is the time after each light level change that the system
will wait before checking stability to see if it can log.
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When askedEnter nax tine”, enter the desired time, in seconds. After the
minimum time, it will check stability up to this time to see if it can log. Enter
200. That gives it 80 seconds after the initial 120 second delay for photosyn-
thesis to stabilize.

When askedlatch i f |AG®2| < ppni, enter 15.

Trigger the first point
If the first point is the current value, there’s not much point in waiting. Press
escape, thenT to log it, and start the next one.

Watch the curve develop
Presd thenf3, and watch the curve develop.

When it's done...

Once the curve is done, you may want to set the light high again by hand, to
let the leaf recover. Or just take the leaf out of the chamber if you are done
with it.

After the fact analysis

Before you close the data file, you may want to access Graphlt (press
View File (f2 level 1) in New Measurements mode). If the axes are not defined
for a light curve, press QuikPik ConfiflY and select “Light Curve”. Press
REPLOT GRAPH ) and draw it.

Answer these questions by plotting the appropriate data. Did sample gell CO
stay constant? Did the sample cell humidity stay constant? How did stomatal
conductance behave as a function of light? What does a graph of photosyn-
thesis vs. conductance look like?

Exit Graphlt, and close the file

Pressescape until you get back to New Measurements mode, then press
CLOSE_FILE (f3 level 1) to close the file.
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CO2 Response Curves

Why Measure CO, Response?

An A-C; curve (assimilation rate plotted against intercellulap C@hcentra-

tion) can provide a number of insights into the biochemistry of a leaf or
5

plant:

. CO, compensation point
The value of Gwhere photosynthesis and respiration are in balance.

. Carboxylation efficiency
The initial slope provides &n vivomeasure of the activity of Rubisco in the
leaf. This is sometimes called the mesophyll conductance.

. Stomatal limitations
Stomatal limitation of photosynthesis can be separated from mesophyll limi-
tations.

. Carboxylation limitations
Within the mesophyll, carboxylation limitations can be separated from elec-
tron transport limitations.

Operational Considerations
Some things to consider when doing a;C&sponse curve.

Light

Even the 6400-02 LED (red only) source will work just fine for,@€ponse
curves, since the goal is to maintain constant light during the measurement.
Stomatal behavior, which the blue light controls, is not as important for this
measurement, provided the stomata stay reasonably open. Differential clos-
ing (“patchiness”) can be a problem, however.

CO,

Speed is important, not precise, predetermined, in-chamber values. There-
fore, use the mixer in the constant reference mode. If you wish to eliminate
the time that the system takes to lock in on a particular reference value, you

5see, for example, G.D. Farquhar and T.D. Sharkey (1982) Stomatal conduc-
tance and photosynthesfnnual Review of Plant Physiolo§g,317-45. Also
G.D.Farquhar, S. von Caemmerer, J.A.Berry (1980) A biochemical model of
photosynthetic (C¢) assimilation in leaves of{peciesPlanta149,78-90.
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could also run the mixer in the constant control signal mode (option C). If you
do, you'll be entering the target values for the AutoProgram in mV instead of

pmol mof?.

In what order should the curve be measured? There are a couple of constraints
to consider. One is that high G@oncentrations may induce some stomatal

closure, so if you are including high G@hey should be done last. The other
constraint is that if too much time is spent near thg @¥npensation point,

enzyme deactivation may occur. A suggested measurement scheme is to start
at ambient, go down to the compensation point, return to ambient, then in-
crease to the upper limit.

Temperature
The response curve should be measured under constant temperature condi-
tions. Operate the coolers at a constant leaf temperature.

Humidity Control
Operate the flow control for constant water mole fraction. Expect higher con-
ductances and transpiration rates at the low Cfues, so choose a mole

fraction target that gives a flow rate that has room to increase (e.g. 500 or 600
<1
pmol s7).

Matching
Since the concentrations of G@re covering a large range, match before

each reading.

With OPEN version 3.2 and above, you are asked for a matching threshold
(the absolute value of th&CO, value). Thus, you don't have to decide

whether to match before each observation or not; it will match on the ones
with ACO, smaller than your threshold, and skip the rest.

Diffusion

This can be a problem for A-Ci curves, since there can be a large concentra-
tion gradient between the chamber and ambient.C3#asion Leaks on

page 4-43.

Step-By-Step

Here’s how to make an automatic £@sponse curve. It uses the AutoPro-
gram “A-CiCurve”, described on page 9-23.
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1 Set the chamber conditions
Light: Set the desired value. If not using the LED source, note that constant
light is critical for this measurement.

Flow: Fixed at 300 umol s
CO,: Constant reference G@at about 40 or 50 pmol mdlabove ambient.

2 Clamp onto the leaf

3 Set the humidity control
Note the value dfi20S_mmIThen change the flow control to constant mole
fraction, and target this value. The flow should be 300 parsso. We'll
need room for it to increase, because the conductance will likely increase dur-
ing the measurement as the chambep G€zreases.

4 Set the temperature
Set the temperature control for constant leaf temperature.

5 Open alog file
Make sure you have the computations, prompts, log list, log options, etc. that
you need.

6 Area and Stomatal Ratio
Are they correct?

7 Real time graphics
Set up a screen for plotting A-CRKIOTOon the Y axisCi on the X). If there
already is one, clear its data.

8 Match the IRGAs
Be sureCO2S_pumis stable before you do this.

9 Launch the “A-CiCurve” Autoprogram
Press thenfl. Pick “A-CiCurve” from the list.

When askedAppend to current data file?” PressY

When askedEnter the desired val ues?”, edit the entries until they are
what you want. For example, use 400 300 200 100 50 400 400 600 800. (If
it's a G4 plant, use 0 instead of 50). Notice there are two 400’s in a row after
the low value. That is not an error, but a trick to give the leaf some recovery
time after the low CO2 measurement. Later on, we can discard the first of
those readings, if it doesn't fit.
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When askedEnt er nin tine”, enter the desired value. 60 seconds is usually
adequate. This is the time after each,@&el change that the system will

wait before checking stability to see if it can log.

When askedBEnter nax tine”, enter the desired time, such as 120. This is
the longest any one point will take.

When askedlNatch i f |AG®2| < ppni, enter 15.

The experiment will then start automatically.

Watch the curve develop
Presd thenf3, and watch the curve develop.

When it's done...

Once the curve is done, you may want to set thglia©k to the starting val-

ue, to let the leaf recover. Or just take the leaf out of the chamber if you are
done with it.

After the fact analysis

Before you close the data file, you may want to access Graphlt (press
View File (f2 level 1) in New Measurements mode). If the axes are not defined
for an A-Ci curve, press QuikPik Confiff and select “A-Ci Curve”.

Answer these questions by plotting the appropriate data. Did the sample cell
humidity stay constant? Did leaf temperature stay constant?

Exit Graphlt, and close the file

Pressescape until you get back to New Measurements mode, then press
CLOSE_FILE (f3 level 1) to close the file.
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Matching the Analyzers

The purpose of matching is to remove offsets between the sample and refer-
ence analyzers caused by small variations in temperature, flow rate, calibra-
tion, drift with time, etc.

Matching the analyzers improves the accuracy of your measurements, espe-
cially when working with low photosynthesis rates. Recall from Equation
(1-15) on page 1-10 that photosynthesis is proportional to the measuged CO

differential:

AOC, -C, (4-1)

If C, = 360 umol mof' andC = 330 umol mott, and there is a 1 pmol mdl

offset between the IRGAs, then the photosyntheticAasein error by 1/30
or 3.3%. If, however, the differential is small (for example= 360 andCq =

355), then the error in photosynthetic rate due to a 1 pmot witset is 1/5
or 20%. Clearly, the smaller the differentials, the more important matching
becomes.

The first step to matching is making the IRGAs see the same air. This is a me-
chanical exercise accomplished by a small valve on the bottom of the cham-
ber/IRGA (Figure 4-2). Outgoing chamber air is sent to the reference cell, and
the air that normally goes to the reference cell is diverted. The second step is
to make the IRGAs read the same, and this is a mathematical operation. The
equations for sampled® and CQ (page 14-5 and page 14-6) contain adjust-
ment terms\{,,sandC,,9, and it is these that are changed when matching.

Thus, the sample, not the reference,@0d HO values are adjusted.

NOTE: OPEN 5.2 added the option of an alternative method of matching,
useful for soil and turf chambers. Sdatching Without the Match Valve
on page 16-34.
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Match Mode

o

Leaf Chamber | Leaf Chamber |

| sample | —» ————»|_Sample
> [eence > T

Normal Position Match Position

= =

0001

Figure 4-2. The match valve puts exhaust air from the sample cell into the reference cell, allowing both
cells to be matched without altering conditions in the leaf chamber.

4-34

How to Match
Match mode is entered by pressM@TCH (f5 level 1 in New Measurements
mode).

\\‘\\\‘\\\\‘\\\\‘\\\‘\\\\‘\\\\‘\‘

\ Only match the IRGAs if the sample cell concentratlotls
\ (CO2S_umbndH20S_mnjlare stable.

AN S S NSNS S SN SSSNNSNSNSNSNSNSNSNSNSNSSSNSNSSNSNNY

The match valve will toggle (as shown in Figure 4-2), and a countdown is dis-
played (Figure 4-3). The entry countdown covers the time period in which the
reference cell is being flushed with air from the sample cell. The length of this
delay period is based on the stability of the refereng@ HRGA. After a

change in incoming air, water will take longer to come to a new equilibrium
than CQ, because of sorption effects. During this period, the display will
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show the time remaining, and the range in the referepCereadings over
the last 4 seconds. The delay ends when a) 45 seconds elapses, or0) the H

range falls to < 0.1 mmol mdl

| RGA Mat ch Mbde

356.1 349.5 15. 35 18. 37
HO Ref range: 3.25 34

Ent eri ng nmat ch node o
Wi\ti ng for RO Ref| to stabilize...

| Or “Leaving” | | QOver previous 4 seconds | | Time remaining (s) |

Figure 4-3. When match mode is entered, a countdown is displayed. The delay
gives the reference cell time to flush out.

If match mode is entered with a flow rate less than the minimum recommend-
ed flow (50 mol & with a CG, mixer, 100 pmol 3 without), then a warning

will appear
WARNI NG
Flowis low ( 12 pnol/s)
Still want to match?
(YN =

giving you a chance to cancel match mode. If you choose to enter, the count-
down will likely last the full 45 seconds.

Note that the entry and exit delays can be cut short by pressiage during
the countdown.

What Happens in Match Mode
Once in match mode (Figure 4-4), your choices are provided by the function
keys:f5 (MATCH IRGAs) matches the IRGAs (computes a réysandW,J),

or f1 (exit) quits. The display indicates the values of sample @@ HO

when last matched, and the elapsed time since the last match. Pfgssing
(MATCH IRGASs) will causeC,sandW,,sto be adjusted so that the sample and

reference values become the same. You can do this as often as you like while
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in match mode, or not at all. Pressitidexit) will cause the match valve to
toggle back to normal position, and the exit countdown will commence.

| RGA Mat ch Mbde

HCR nmh
18. 2 8. 55

Prev: 00:22:01 Q=402 HGOG-18.8

exlt MATCH
| RGAs

Figure 4-4. The display while in Match Mode. The elapsed time is the time sir
previous match, and the previous values are the concentrations at which t
match occurred.

Messages in Match Mode
Match mode has some messages for alerting you to possible problems:

"CO2R Didn’'t Change ”
After the H20O reference reading has stabilized, if the message

Vr ni ng

C2R didn't change enough. Nat ch
val ve (K? Return tube in place?

appears, it is because the L@eference reading changed less than

1.5 pmol mol! after the match valve closed, and the expected change was
much larger than that. Reasons for this would be a match valve that is stick-
ing, or the air flow tube connecting the chamber to the match valve not being
in place, or some other flow related problem.
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“C0O2S Has Changed ”
The sample cell C&concentration at the start of match mode is retained, and

periodically compared to subsequent values as a stability check. Whenever
the difference exceeds 3.0 pmol Mok warning appears (Figure 4-5).

| RGA Mat ch Mbde

TR
330. 1 329. 2 18. 24 18. 55

QA2®S has changed 4.5 ppm (| eak?)
Prev: 00:22:01 Q=402 HG-18.6

KM B B S

Figure 4-5. The leak message appears if the CO2S_puml value is more than
3 umol mot! from the value it had when match mode was entered.

Since the sample CQ@oncentration should not be affected by match mode,

drift in this value indicates a problem. The cause for such drift is either unsta-
ble incoming CQ, a leak, or a sudden change in photosynthetic rate. While

in match mode, if the sample G(3 stable but the reference varies, then there

is a leak in the chamber exhaust tube, or else a problem with the match valve
itself. See page 20-23 for troubleshooting help.

The best way to prevent this message is to not enter match mode when the
sample cell concentrations are unstable.

“Excessive Deltas
If MATCH is pressed, and the difference between sample and reference IR-

GAs exceeds 10 pmol nidlfor CO, or 1 mmol mot* for H,O, a warning
will be displayed:

VRN NG

Excessi ve Del t as!

- Chanber cl osed?

- Mat ch val ve wor ki ng?
Still want to nmatch?

Press (YN
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As the message indicates, a bad leak in the chamber or a stuck match valve
can cause the reference - sample differences to be this large. Badly zeroed
and/or spanned IRGAs can cause this to happen as well.

See page 20-23 for troubleshooting help.

When To Match

. When you start
Remember to match before getting very far with the first leaf of the day.

. When rates are low
With low photosynthesis or transpiration rates, sample - reference differences
will be small, and any offsets will be important.

. After large concentration changes
If the IRGAs are well zeroed and spanned, matching once at any concentra-
tion will suffice for all other concentrations. More typically, however, the IR-
GAs may not be so well zeroed and spanned, so matching will be a function
of concentration.

. Periodically
How often? That depends most on temperature changes, so it's hard to pre-
scribe a definite time. Start with 30 minutes or so, and adjust as needed. Use
of the coolers to stabilize temperatures will help to minimize zero drift and
thus reduce the need for matching.

Logging Match Adjustments
The adjustment factors that are computed when a match occurs can be stored
each time you log data (Figure 4-6).

"Fl ow' "PAR " " PAR0" "Press" " St at us"
172. 8 1026 1311 98. 07 111115
215.7 1070 1354 98. 07 111115
233.3 1062 1337 98. 07 111115
199.4 1164 1450 98. 07 111115
200. 2 1160 1440 98. 07 111115
199.7 1113 1374 98. 06 111105

Figure 4-6. The default log file format includes the adjustment factors that are set when
the IRGAs are matched. This provides a record of what happened.
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Match Mode and AutoPrograms

When match mode is entered automatically as part of an AutoProgram, there
will be no messages sent to the display, since it is assumed no one is there tc
respond to them. Instead, OPEN will make some choices, and tell you what it
did with messages (and time stamps) sent to the log file (or .REM file if you
are storing remarks separately).

Low Flow
If flow control is fixed, then it matching is skipped, with the logged message

"14:20:33 Ddn't natch! Fl ow too | ow'

If flow control is not fixed, but set for maintaining constant humidity (or mole
fraction, or vpd, etc.), and if the current flow is too low, the flow will be tem-

porarily increased to 500 umo‘stor the duration of the match. A message
to that effect will be logged with a time stamp:

"14:20: 33 Low Flow. Increased for matching"

CO2S Has Changed
If the sample CQvalue never stabilizes sufficiently after 1 minute to do a

match (se€'CO2S Has Changed” on page 4-37), this message will be
logged:

"14:20:33 bDdn't nmatch! Unstable O2S'

COZ2R Didn’'t Change
If the CO, reference value doesn’t change enough when match mode is en-

tered (se€'CO2R Didn't Change” on page 4-36), this message will be
logged:

"14:20:33 bdn't match! Val ve stuck or flow
probl em "

Excessive Deltas
If the required change is excessiVEXcessive Deltas’on page 4-37), this
message is logged, but the match still occurs.

"14:20: 33 Warni ng! Large Deltas i n match: ACCR=n,
AHCEN"
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Modifying the Match Display

While in match mode, presabels, thenEdit Display (f3), and use an editor
(described irDisplay Editor on page 6-6) to pick the variables you wish to
view. Changes will stay in effect until power off. To make the changes per-
manent, store (when exiting the editor) the configuration in th&/dider/Con-
figs/MatchDisplays”.

Stability Considerations

4-40

In New Measurements mode, the LI-6400 measures and computes continual-
ly, regardless of the state of equilibrium of the leaf in the chamber. It can also
log data with the same disregard for stability. The question is, how do you
know when the system is stable enough to record meaningful data? Also,
when you log an observation, how can you tell, when you look at the data lat-
er, how stable the reading was?

Stability Indicators

Version 5 introduces a powerful technique for determining system stability
(Stability Indicators on page 6-25). It allows you to set up criteria based on
measured and computed variables, to determine when the system is stable.
For each variable chosen, stability can be based on statistics (any combination
of standard deviation, rate of change, and coefficient of variation) over a time
period of your choosing. Table 4-1 indicates a typical definition.

Table 4-1.Typical stability definition

Variable Time Standard Coefficient of | Rate of Change
(s) Deviation Variation (%) (per minute)
PHOTO 20 <05 <0.1
COND 20 <0.1 <0.05

The shaded entries are “don’t care”. That is, they don’t enter into the decision.
Therefore, with the definition given in Table 4-1, if one or more of the non-
shaded conditions is not met, the system would be considered unstable.

What variables should be checked?

There are two approaches to determining system stability: Check all the in-
puts, or check the results. By inputs, we mean the list of variables that go into
calculating photosynthesis and conductarf@®@2R CO2S H20R H20S

Flow, Tleaf Add to that lisParln, since light is driving photosynthesis. If all

of those were stable, then certaiRMOTOandCONDwill be stable.
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The merit of checking just the resuR;]OTOandCOND, is that it is simple.

On the other hand, keeping statistics on all of the inputs is good for diagnostic
purposes. For example, RHOTOis not stable, why is it that way? Is it flow
rate varying (automatic humidity control)20©2Runstable? ICO2Ris sta-

ble, butCO2Sis not, it could be resulting from flow fluctuations, or from
Parin fluctuations. And so on.

What statistics should be checked?

At first glance, time rate of change seems sufficient. If that's all you check,
you could run the risk of calling a signal stable that was noisy or in transition,
and just happened to have a rate of change (slope of a straight line fitted to
values of the signal plotted against time), near zero at one instant in time. If
you were only considering one variable in the stability definition, that just
looking at the only the rate of change could be risky. If you have several vari-
ables, then the chances of getting fooled go down.

Logging Statistics
The Log Options dialog includes something that provides information on sys-
tem stability at the time of logging: The “Statistics” entry (Figure 4-7).

———————— | og ptions
Header: Enbedded (nor mal?
Renmar ks: Enbedded (norrra )
Stability Details: | ogged

[[|] Statistics: -> STATS file

Figure 4-7. The Log Options Dialog
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This feature, when set to "-> .STATS file" creates a separate file that contains
statistics on each floating point variable logged in your normal log file. For
example,

The data file: "SampleData"

"Obs","HHMMSS","FTime","Phota”,"Cond","Ci","Trmmol","VpdL","Area","StmRat","BLCond", "Tair",...
1,"12:39:09",3.2,1.74E-07,3.19E-09,-39.8,1.84E-08,0.505,6,1,2.84,0.00,0.01,0.00,47.33,47.28,...
2,"12:39:13",8.2,2.34E-05,-1.66E-07,271,-9.59E-07,0.505,6,1,2.84,0.01,0.01,0.01,47.45,47.30....
3,"12:39:18",14.2,-1.47E-05,-3.01E-08,-733,-1.73E-07,0.505,6,1,2.84,0.01,0.01,0.01,47.23,47.30,...

The stats file: "SampleData.STATS"

"Thr Jun 20 2002 12:39:05"

Period= 15 secs
"Obs","HHMMSS","FTime","MN(Photo)","SD(Photo)","MN(Cond)","SD(Cond)","MN(Ci)","SD(Ci)",...
1,"12:39:09",3.2,-3.471e-06,4.57e-05,-4.978e-08,2.407e-07,-186.8,381.8,-2.871e-07,1.387¢-06,...
2,"12:39:13",8.2,8.319e-06,3.591e-05,-8.377€-08,2.229e-07,-51.49,1003,-4.829¢-07,1.284¢e-06, ...
3,"12:39:18",14.2,5.004¢-06,3.601e-05,-6.486e-08,1.849¢-07,-499.2,2526,-3.739¢-07,1.065e-06,...

Figure 4-8. Example of a .STATS file. Each relevant floating point variable lo
in the data file has a corresponding mean (MN) and standard deviation (SD) I«
in the stats file.

Real Time Graphics

A useful visual indicator of stability can be had with judicious use of New
Measurement’s strip chart modeeal Time Graphicson page 6-11). You

can plot photosynthesis and conductance as a function of time, and watch for
any trends over the past minute or two, or more.

If you are using a buffer volume, it is useful to keep an ongoing plot of refer-
ence CQ, so that if photosynthesis doesn’t seem to be stabilizing, you can
quickly tell if the problem is physiology (reference is stable) or mechanical
(reference is unstable).

Average Time

You have at your disposal a configuration parameter that influences stability.
Itis the “AvgTime=" command, which specifies the running average time for
all sensors. By default, it is 4 seconds, but you can raise or lower that number
if you wish. Chapter 16 discusses this and other configuration commands.

If you require the quietest possible signal, and can afford longer equilibrium
times, then you may want to raise this number to 10 or 15 seconds. If, how-
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ever, you are trying to measure transients, or the system dynamics need to be
optimized, then set this to 0.5. (Any value at or below 0.5 will give you 0.5
second averaging, which is the frequency of new measurements.) The price
will be slightly greater IRGA noise than you'd get at 4 seconds.

Leaks

In photosynthesis systems, there are two types of leaks: bulk flow and diffu-
sion. Bulk flow leaks occur when there is a hole (apart from the system inlet
and outlet) that allows air to move into or out of the system. Diffusion occurs
when a particular gas, such as£@oves through the walls of the system in

response to a concentration gradient.

Bulk Flow Leaks

The pressure inside the leaf chamber is slightly positive so that bulk flow
leaks tend not to be a problem. At low flow rates, however, this positive pres-
sure is more than offset in certain parts of the chamber by the chamber circu-
lation fan. This can have dramatic consequences: if the center O-ring on a leaf
chamber is missing, for example, ambient air can be sucked into the chamber.

. Check the O-rings
They have a way of escaping when you are changing chambers, so make sure
they are all in place.

. Check the gasket material
If the white gasket on the light source is flattened, change it. The black gasket
material (neoprene) can recover if left uncompressed overnight. When the
chamber is not being used, you can preserve your gaskets by adjusting the
thumb nut so that the gaskets are not compressed when the chamber is
latched.

. Check the seal around leaves and stems
When the gaskets are compressed around thicker leaves and stems, small gap
will be created. At high flow rates, this may not be a problem, but at lower
rates, be sure to seal them with putty or gum.

If bulk flow leaks are there, they will be a bigger problem at low flow rates,
than at high flow rates.

Diffusion Leaks
CO, moves from high concentrations to low concentrations. It does this not
only through air, but also through solids, including many plastics and synthet-
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ic rubbers. CQ@can pass through Bev-a-line tubing (polyethylene, lined with
ethylene vinyl acetate), through gasket material (ethylene and neoprene), and
through O-rings (butyl rubber). It goes through just about everything that's
not glass or metal. There are some thin-film materials that have very low per-
meabilities to CQ, however, such as Teflon, Saran (polyvinylidene chlo-

ride), Mylar, and Propafilfﬂ (polypropylene coated with Saran).

Diffusion of CO, into or out of the LI-6400 leaf chamber is proportional to
the difference between the inside and outside €@@centrations. It is useful

to think of this diffusion leak as a flux of GOWhen the bulk flow rate
through the chamber is high, this diffusion flux will affect the chamber con-
centration very little. When the bulk flow is low, that same diffusion flux will
have a much larger effect.

The effects of diffusion in a gas exchange system are proportional to the ratio
of surface area (tubing, gaskets) to leaf area (i.e. large leaf area is good, small
leaf area is bad). Thus, while you might be able to ignore diffusion problems
with a 2x3 or 2x6 chamber, you absolutely cannot ignore them when using
the 6400-15 Arabidoposis Chamber.
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A diffusion model is presented in Figure 4-9, and predicts a linear relation
when normalized leak is plotted against 1/flow rate. (The diffusion leak is

(¢, —¢;); the normalizer is the gradieft,—c,) )

C
| & 4
uc v Co ! u Cy
—_—) —_—)
dc,
pva— = ug —uc, + ke, —ke,

0 = u(c —c,) +k(c,—c,)

u(c,—¢;) = k(c,—c,)

Figure 4-9. A model for diffusion in an open photosynthesis system, based on con-
servation of mass. The walls of the system havel@® ratek (mol s%). uis bulk
flow rate (mol 'sl), andg;, c,, andc,are incoming, outgoing, and ambient &€»n-

centrations (mol maY). In steady state, the change of S@th time in the system
is 0.

To verify this model, we performed a simple experifievte used the CcoO
mixer to generate a variety of reference celb€@ncentrations, and recorded

the difference between the sample and reference cell concentrations at vari-
ous flow rates. (No leaf in the chamber.) We took the following steps to en-
sure the ambient COconcentration was as stable as possible: 1) data
collection was done with an AutoProgram, so no one had to be standing there
breathing; 2) the instrument was set up in a vacant, well mixed greenhouse;
3) an external fan continually ventilated the chamber; 4) the ambient CO
concentration was monitored with a second gas analyzer. Sample gell CO

concentrations were measured by the reference IRGA using the match valve.
This eliminated any potential errors due to IRGA drift, since the same IRGA

6.Simple in hindsight - it took a couple of weeks to get it right.
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(reference) was used for both sample and reference measurements. The re-
sults are plotted in Figure 4-10.

CO2 Diffusion Effect

5 C, Hmol mol
o0
—— 250
5 -1~ 600
1S
e —d— 1040
2
o —— 1570
o —¢— 2066
-15

0 100 200 300 400 500 600
Flow Rate (pmol s

Figure 4-10. CQ diffusion into a closed, empty LI-6400 chamber with black neo-
prene gaskets as a function of flow rate, for various reference concentrations C

C, (ambient CQ) was 400 pmol mad\. Diffusion effects are highest at low flow
rates and large gradients. The lines in the figure connect data of common C

The diffusion effect(C,—C,) plotted in Figure 4-10 is equivalent to the
(c,—¢;) term in the model in Figure 4-9. Normalizing by the gradient

(C,—C,) should make this data fall on one curve if the model is correct, and

it does to a reasonable degree (Figure 4-11). Curve fitting yields a diffusion
coefficientk of 0.46. (The easiest curve fit is to plotRbiw) on the X axis,
rather tharFlow; kis then the slope of the line.) Note that the outliers tend to
be the data collected with the smallest gradient, so uncertainties in what the
true gradient was are largest.
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Normalized CO 2 Diffusion
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Figure 4-11. Data from Figure 4-10 normalized by the,@@dient, (G - Cy).

In order to correct photosynthesis calculations for the effects gfd#fD-

sion, we re-visit the derivation of the photosynthesis equation. The mass bal-
ance equation ((1-11) on page 1-9) becomes

sa= ug-uc,+k(c,—c,) (4-2)

The k(c,—c,) term accounts for diffusion. The final equation ((1-15) on
page 1-10) becomes

F(C,-Cy Kk
=———=_CE+——(C_-C 4-3
100S S 1003( a S) (4-3)

Note that there are now two “correction terms”: one for transpiration, and one
for diffusion. The diffusion correction term is insignificant for measurements
with near-ambient C®concentrations in the chamber (Table 4-2). Near the

CO, compensation point it's a different matter; diffusion becomes signifi-

Using the LI-6400 Version 5 4-47



Making Measurements
Operational Hints

cant, and failure to account for it will lead to a large relative overestimation
of assimilation rate.

Table 4-2.Typical values of the three terms of the net photosynthesis equation under two sets of conditions

Near
Term Equation Near Ambient CO, Compensation
CO, Uptake _ — —
2Up F(C,-Cy 300(380—340) _ 20 200(50 —48) _ 0.67
100S 100 x 6 100 x 6
Transpiration CiE 340 x0.005 = 1.7 48 x0.007 = 0.33
Correction
Diffusion _ _ —
Correction k(C,-Cy) 0.4(370 —340) _ 0.02 0.4(370—-48) _ 021
100S 100 x 6 100 x 6
Net Photosynthesis 20-1.7+0.02 = 1832| 0.67—-0.33+0.21 = 0.55

A protocol for measuring at concentrations well away from ambient is:

Minimize the gradient
Keep high CQ (breath) away from the chamber. Keeping the chamber well

ventilated will help do this. If possible, collect data with AutoPrograms, so an
operator doesn’t need to be nearby.

Use the diffusion corrected formula for photosynthesis
Implement the correction in the Compute List.

Operational Hints

4-48

Air Supply Considerations

An open system, such as the LI-6400, is only as good as the incoming air
stream is stable, especially with respect to, C@nhcentration. When the in-

coming air is fluctuating in C&xoncentration, there will be phase differences

as those fluctuations pass through the reference IRGA and the sample IRGA,
resulting in fluctuations in the CQifferential - even with no leaf in the
chamber.

There are essentially three options for making the incoming air stable:
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1 Use the 6400-01 CO , Mixer
All the incoming air is scrubbed by the soda lime column, and the mixer adds
whatever CQis necessary to hold your requested concentration.

If you are using the mixer, you'll need to connect your,Gurce (a CQ
cartridge or tank - seé&100-01 CO2 Injector Installationon page 2-7) about

5 or 10 minutes before you expect to use the system, and let it pressurize the
internal workings of the mixer.

2 Use a buffer volume
When air is moved through a large, mixed volume, fluctuations in incoming
CO, are greatly damped, and can be stable enough to use for gas exchange

purposes (Figure 4-12).

<al > N

To LI-6400 ol_— —
INLET

Cco,

Time Time

Figure 4-12. A buffer volume will dampen fluctuations in concentration.

Acceptable volumes depend on the magnitude of the fluctuations that need to
be damped, but several liters is a good starting volume. A plastic five gallon

enclosed bucket is a good buffer volume, or - if nothing else - use the LI-6400

carrying case as a buffer volume.

3 Use tank air, or some other source
An advantage of an open system is that you can condition the incoming air
stream, using C&tanks, humidifiers, oxygen generators, etc., prior to intro-

ducing that air to the leaf chamber.

Using the LI-6400 Version 5 4-49



Making Measurements
Operational Hints

You should plumb the system so that the LI-6400’s pump is used, even if the
air supply has its own flow control (e.g. compressed gas). Figure 4-13 illus-
trates how to do this using a T arrangement.

Air Supply Source =J» || - LI-6400

Figure 4-13. When supplying air to the LI-6400 from a supply with its own flow control, make sure the
supplied air flow exceeds that required by the LI-6400, and that there is excess flow coming out the T.
Make sure the open leg of the T is long enough to prevent diffusion from contaminating the air to the

LI-6400.

4-50

What's the Light Source?

Make sure the “LightSource=" configuration command matches as closely as
possible the actual light source you are usifige(Light Source Control

Utility on page 8-4).

There are a couple of reasons for doing this. If you are using the 6400-02 or
-02B Light Source, the function key for controlling this optional device de-
pends on this configuration item. But even if you aren't, the calibration of the
in-chamber light sensor is adjusted to account for the light source, to mini-
mize spectral errors in its calibration. Saéght Sensor Considerationson

page 8-1 for more details.

Also, don’t mix the 6400-02 (or -02B) and the LCF. That is, don’t configure
the software for one, and use the other. gduen readings won't work.

Dealing With Low Rates
Measuring very low rates of photosynthesis or transpiration becomes prob-
lematic in an open system. Eventually, the,@OH,O differential becomes

so small that it is in the noise level of the analyzers. Some things to try:
Use as much leaf area as possible

The more leaf area you can get in the chamber, the larger the differential that
you can measure.
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. Use as low a flow rate as possible
Consider about 100 pmot'san effective lower limit. If you have a Gnix-

er, then 50 is the low value. Leaks may be a problem, howeveBi#iee
Flow Leakson page 4-43.

. Match the IRGAs
As the differentials become small, the effect of any offset error is magnified.

Using Closed Mode

We have experimented with using a closed system technique in the LI-6400
to handle low rates. This is accomplished by turning off the pump for 10 or
15 seconds, and measuring the rate of change giidtime, and HO with

time. The LI-6400 can be programmed to accommodate closed measurements
interspersed at will among normal, open measurements. However, our tests
indicate that the repeatability and accuracy of the closed technique is no better

(and sometimes worse) than using the open method with a low (100 jmol s
flow rate. Contact LI-COR for further information.

Humidifying Incoming Air

The LI-6400’s humidity control balances the leaf’s transpiration with drier in-
coming air to maintain a desired humidity ($&@midity Control on page

7-7). How dry the incoming air is depends on the manual adjustment knob of
the desiccant tube. The limitations of this approach become apparent when
measuring a small leaf area and/or low transpiration rate when it is desired to
have high humidity in the chamber. Another source of water besides the leaf
is needed.

One solution to this problem if you are using the 6400-03 I@i®er is to add

a small amount of water (10 ml) to the soda lime tube (Figure 4-14). After
about an hour of subsequent use, the water output becomes quite stable, an
remains so for many hours thereafter.

Note

The soda lime used for the experiment in Figure 4-14 was ja dry
variety, which is no longer available. Most soda lime available
now (for example, LI-COR part number 9964-090) is quite
moist, so this procedure may not be necessary.

Caution
When adding water to soda lime, do it slowly, letting the chemical absorb the
liquid. Then, hold the tube horizontally and shake it, to distribute the moist-
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ened (and clumpy) pellets. Avoid adding too much walftéquid gets out of
the tube during operation, downstream metal parts could become oxidized.

Another solution is to use a brand of soda lime that has a higher water output.
In situations where you need fairly dry input air to the chamber, however, this
material should be avoided, as it can saturate the desiccant tube in an hour or
two, making frequent changes necessary.

Adding water to soda lime has an added benefit of helping to prolong or re-
juvenate the C@scrubbing capacity of the soda lime. When it is used in dry
environments (such as in a closed loop with a desiccant - not a normal con-
figuration for the LI-6400), the scrubbing capacity of soda lime can be greatly
diminished.

In dry environments when the 6400-01 £@ixer is not in use (and little or

no air is being routed through the soda lime tube), you can humidify the in-
coming air stream either by adding a tube with moistened filter paper or
sponge to the system air inlet, or by replacing the desiccant in the desiccant
tube with this humidifying material. The former method adds a tube to the
system, but maintains a wide humidity control, while the latter method adds
no hardware but sacrifices the ability to dry incoming air.
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Using Soda Lime as an H 2O Source
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Figure 4-14. ReferenceJ@ concentration plotted against time. At hour 0O, the des-
iccant and soda lime tubes were fully bypassed, and ambient humidity was mea-
sured. After 30 minutes, the soda lime was turned full on, and the water
concentration dropped, then began to climb back toward the ambient value. At 1.4
hrs, the soda lime tube was removed, 10 ml. of water was added to the chemical,
and the tube replaced. After about an hour, the water concentration output became
very stable, dropping very slowly over the next 10 hours.
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Controlling Low Flow Rates
When the 6400-01 COMixer is installed, flow control is done with a flow

diverter (Figure 4-15). The excess flow from this device is dumped into the
reference leg, providing faster response times in the reference IRGA.

r—
To Reference + 2506 %
< 1 S le—
divider |€—— l__%
To Sample o

75%

Figure 4-15. Flow schematic for units with a 6400-01,@@xer. Flow control it
done with a diverter valve, and the excess flow is dumped into the reference

(The complete schematic is in Figure 20-12 on page 20-41). However, when
the flow control unit is routing mosif the flow to the reference cell, there
comes a point when some of that flow corhaskthrough the flow divider

and in fact goes to the sample cell. Typically with the 6400-01 I@i®er,

the lowest attainable flow is about 20 or 30 pnibl s

If low flows are needed for some special experiment, this behavior can be pre-
vented quite simply by replacing the “Y” connector with a straight union
(Figure 4-16), and letting the flow from the flow controller vent to the atmo-
sphere. This will allow precise flow control down to 0, but at the expense of
horrendously slow response times in the reference IRGA at these low rates.

Replace “Y” with straight union

e
To Reference 2506 < %
< 1 S le—
divider |« é
To Sample i

75%

Figure 4-16. To achieve flow control down to zero, replace the T downstrean
diverter with a straight union.
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Answers to Questions

Answer 1: Relative humidity is also a function of temperature, so using the
coolers to bring down the chamber temperature will increasBkthes %
value (or warming the chamber will decrease it) even thél&DS mmte-
mains unchanged. Conversely, raising the chamber temperature will lower
theRH_S %

Answer 2: Most likely, neitherACO, nor AH,O changed by a factor of 4.
The ACO, value won't because we are holding the reference €@stant,

so decreasing the flow lowers the ambient@Dthe leaf, and the photosyn-
thetic rate drops (unless you are on the flat part of ar€§ponse curve, such
as G plants at high Cg). If, however, we had been maintaining a constant
sample cell C@, we would have seen a 4-fold increasA@O,, at least until
some stomatal changes occurred. BkrO value, on the other hand, can't

increase by 4 because the transpiration rate has to fall as the humidity increas-
es in the chamber.

Answer 3: If the chamber walls were equilibrated at the higher humidity, a
drop in humidity will cause water to come off the walls and be added to the
air stream.This would make ti1,0 too big, and the conductance high.

Answer 4: Both leaf conductance and water sorption affect the water vapor
in the chamber, but they have different time scales. Water sorption effects
will be most pronounced in the first minute or two after a change in chamber
humidity. Stomata usually takes many minutes to change. Therefore, appar-
ent conductance changes in the first minute after a large humidity change are
mostly due to water sorption; after that, it's probably stomatal change.

Answer 5: It either means the desiccant isn't very good, or the IRGA is not
properly zeroed.

Answer 6: Decrease. The incoming air is drier, so the flow rate drops (we're
maintaining a constant chamber humidity), so the leaf has more time to re-
move CQ from the air as it passes through the chamber.

Answer 7: Cooling will cause relative humidity to increase, so flow rate will
have to increase to compensate.

Answer 8: Warming the air will not directly change the vapor pressure of the

air, but it has a profound effect on thaturationvapor pressure of the air.
Therefore, warming will increase the vapor pressure deficit and lower the rel-
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ative humidity. The flow rate will have tiropfor the system to maintain the
vapor pressure deficit and relative humidity. But there’s more: there will be
increased transpiration (absent stomatal closure) into this drier air, which will
dampen the need for decreased flow.

Answer 9: CO2R_pmbwill increase. Here’s the sequence: desiccant knob to
full scrub, incoming air dries, the humidity controller drops the flow rate, the
decreased flow rate cauge®2S_pumto drop (if the leaf is photosynthesiz-
ing), so the CQcontroller has to increageO2R_pmito bring CO2S_uml

back up.

Answer 10: When the light is reduced by half, photosynthesis will drop im-
mediately, causin€O2S_pmito increase, s€O2R_pmiwill decrease to

keep it on target. Stomatal conductance will initially remain the samg, so C
will increase, but then decrease as the stomata eventually start to close. When
this happens, the flow rate will decrease, since we are doing constant water
mole fraction control. It can take 10 or more minutes for all this to happen,
however.

Answer 11: The sample cell and reference cell have different volumes, and
different flow rates through those volumes. Thus, any change in incoming
concentration will wash through the two cells at different rates, creating os-
cillations in the differential. The wildly fluctuating photosynthetic rate isn'’t
real - it's just reflecting this phase difference. After a minute or two, it should
stabilize, however.

Answer 12: The soda lime will release water vapor and change the humidity
of the air stream. If the desiccant is largely bypassed, then these changes get
through to the sample cell, and the humidity control system will respond.

Answer 13: During this brief shade event, photosynthesis will drop, and
conductance will not change, spvill increase. Once the light returns to nor-

mal, the reverse will happen.

Answer 14: The leaf is not consuming G@s fast in reduced light, so the
stomata do not have to be so open to takg @OWater can thus be con-

served. How much will stomata close? One notion is that plants tend to oper-
ate at constant;CThis would mean that the stomata would close until the

intercellular CQ concentration gets back down to where it “belongs”.

Answer 15: Operate in fixed flow mode with as high a flow rate as you can,
and set the mixer to control on reference,Ciigh flow rates will do three
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things for you, two of them good. High flow rate will 1) minimize the differ-
ence in the sample cell GOoncentration as the photosynthetic rate changes;
2) minimize the time necessary to flush out the leaf chamber, which gives you
the best dynamic response; 3) make the humidity in the chamber low. This
last feature can be overcome by moistening the incoming air streafuSee
midifying Incoming Air on page 4-51, for example.
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Standard Tools

As you use the LI-6400, you will encounter a few interface tools again and

again. The three most common are 1) a dialog for selecting a file, 2) a menu
for selecting one of several choices, and 3) a single line editor for entering a
remark or numeric value. This chapter fully describes these tools, along with
some other ones that you may not see so often.

Standard Menu

5-2

Menus have two basic uses (Figure 5-1):

Picking one of a number of possibilities
OPEN’s Welcome Menu is as example. You are presented with a list of op-
tions, and you scroll the highlighted bar up or down to select the desired one.

Viewing uneditable text

This doesn't look like a menu, because there is no highlighted bar that runs
across the display that follows the cursor. Viewing files from the Filer (see
The Filer on page 10-4) is an example of this use of Standard Menu.

Whichever the use, the function key behavior and cursor key definitions are
the same.
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a) Vil cone Menu
"About this unit..."
" 9 ag ngstl cs & Tests Menu"

nu
"_Sj!pt CPEN - | RGAs left ON'
"~Quit OPEN - |R®s CFF"
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Figure 5-1. Two examples of Standard Menu in action. a) a list of selections with a
highlighted bar that the user can move up or down with the arrow keys. b) viewing
uneditable text. In this example, there is a banner that includes the file name. To the
right is the cursor location, expressed as bytes into the file. The inverse video block
moves across the top to reflect the relative location (left = start, right = end) in the

file of the cursor.

Function Keys

Standard Menu provides five function key definitions. Whether or not the
function key labels remain on-screen depends on how big the menu’s window
is: if it covers the bottom row of the display, then the function key labels are

hidden, but can be made to appear by predaieds. A subsequent keystroke
(such as an arrow key, or a function key) will make the labels disappear again.

Whether or not the labels are displayed, the function keys themsehads are
waysactive in Standard Menu.
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Figure 5-2 illustrates the function keys, and Table 5-1 describes their mean-
ing.

Sel ect, press ENTER
"About this unit..."

Hel p Menu

"_Sjgt CPEN - | RGAs |eft ON'

"“Quit CPEN - | RGAs CFF"

Figure 5-2. Pressingabels causes the function key labels to appear
until the next keystroke.

Table 5-1. Standard Menu function key definitions.

Label Action

Print Outputs the contents of the menu to the RS-232 port.

Find Prompts the user for a string, then searches the menu for the
next occurrence of that string.

Refind Searches for the next occurrence of the search string.

JumpTo? Jump to some byte offset (specified by you) in the file.

CANCEL Exit the menu without making a selection. (Same as press-
ing escape.)

SELECT Sel)ect the currently highlighted item. (Same as pressing
ter.

a.when present, replaces the CANCEL key.

Cursor Keys
The cursor key definitions are given in Table 5-2.

Table 5-2. Standard Menu cursor key definitions

Key Action
Tl Moves cursor up or down one line.
- - Moves cursor back or ahead one character. Moving back will
“line-wrap”, but not moving ahead.
home Jump to upper left (first byte of the data).
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Table 5-2.(Continued)Standard Menu cursor key definitions

Key Action

end Jump to first character of the last line of the data.
shift home Jump to start of current line

shift end Jump to end of current line

pgup Page up, if text rows outnumber window height.
pgdn Page down, if text rows outnumber window height.

shift — —  Scroll display left or rightregardless of line length of data
so it's possible to scroll the window blank).

ctrl « - Jump to start of previous or next word. This is useful for
moving left and right by columns (if data is space delimited)

Standard Line Editor

The Standard Line Editor is used for entering a single line of data, such as a
remark in a data file or a numeric value.

—— Enter/Edit Renarks

Figure 5-3. The prompt for a remark for logged data is an example of the Stan-
dard Line Editor

The cursor may or may not be in a window with a border containing prompts
or default values (Figure 5-4).
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6400- 02 LED Light Source
Enter serial nunber: Sl-123
Enter calibration value: 0.45
Enter cal date:

Del Ln ¢ A rEnd ¢ el Ghar ¢ GapLocke AnyChar

Figure 5-4. The succession of questions asked when installing a light
source (Installation Menu) use the Standard Line Editor, but without vis-
ible windows.

Function Keys

Unless the window covers the bottom line of the display, function key labels
will be visible. If the window does obstruct the bottom display line (renaming
a file in the Filer will bring about this situation), then tabels key can be

used to display the function key labels, which disappear again on the next
keystroke.

Whether or not the labels are displayed, the function keys themselves
(Table 5-1) aralwaysactive in Standard Line Editor.

Table 5-3. Standard Line Edit function key definitions.

Label Action

DelLn Clears the line.

ClrEnd Clears from the cursor to the end of the line.

DelChar Deletes the character at the cursor location, butrmesove
the cursor.

Caplock Toggles caps lock on and off. This applies only letter keys,
not number keys.

AnyChar Access the AnyChar routine, for generating any key code or
character.
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Cursor Keys
The cursor key definitions are given in Table 5-2.

Table 5-4. Standard Line Edit cursor key definitions

Key Action

- - Moves cursor back or ahead one character.
home Jump to start of the line.
end Jump to the end of the line.

shift — - Scroll display left or rightregardless of line length of data
so it's possible to scroll the window blank).

ctrl « - Jump to start of previous or next word. This is useful for
moving left and right by columns (if data is space delimited)

AnyChar Routine

WhenAnyChar is pressed, nothing seems to happen. That's because the pro-

gram is waiting for your next keystroke to decide what to do. You may choose
one of the following:

. Type the 3 digit decimal code for the character desired.
For example, 065 will result in A.

. Press enter to access the character menu
This menu (Figure 5-5) allows you to view all the characters in the character
set, and select the one you want (Figure 5-5). The character codes are view-

able in decimal or hex. PressibgandH toggle between decimal and hex
modes.
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Standard Line Editor

Press a non-ascii key (with shift and/or ctrl, if desired)
This will generate an escape sequence that specifies the key stroke.

The cursor is a highlight- The decimal code of the current charac-
ed box that you can move ter. To view hex, press x. (x and d toggle
with the arrow keys between decimal and hex modes).

ENAeNNNNNNRNNNEe «R0nuN]|sNNAY

LH#$98° (O =+, -. /8123456789: ; <==7?
@fJBCDEFGHIJKLMNOPQRSTUVHXYZI 1~_ —q
“abcdefghi jklmMnopqrstuvkxyz {| 174
CﬁééééégéééiilﬁﬁEeEéﬁ?ﬂﬁg0ﬁ¢53§f
A106GRANAQE—— L i «»i 9
oy irnt LT P
mﬂFﬂZUpTQBﬂéwz€ﬂEtzs[r+ﬁ°0-J"zlf

Figure 5-5. The AnyChar routine lets you pick the character you wish to type from
a map.

When do you need to use AnyChar?

One example is entering units or a label in which you want the symbol u (as
in umol, for instance). You can generate a p by pressiiyghar, followed

by 2 3 0. Or pres#nyChar, thenenter, then pick p from the menu.
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Standard File Dialog

In most cases, when you are asked to select a file or enter a file name, the
Standard File Dialog is displayed. In this dialog you can select any directory
in the file system, and view existing files in any directory. Figure 5-6 shows
the dialog boxes for a) selecting existing files (usually for reading), b) and for
selecting new or existing files (usually for writing).

) Current directory The prompt
a) For reading

DR /Wser/ Gnfigs/ User Pref

Select a Gonfiguration Hle
"Abe's conrig-
" Qoni fer Chanier "

O C

aul't + Energy ance

File List

Print ¢ FAnd ¢ Refinde CANCH.e SHECT

Entry line, default name

b) For writing

DR /User
Fil e:pnz

Log Fle (esc = none)

"Dat a"
"Dat a2"

"Response curve"
"Stan’s test”

File List

Cel Ln « A rBEnd ¢ Del Char ¢ CapLocke AnyChar

Figure 5-6. The Standard File Dialog for selecting a file name. a) for existing files.
b) for new or existing files.
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Standard File Dialog

For Reading

When selecting a file for reading (Figure 5-6a), the dialog is essentially a
menu. There are two levels of function key definitions (Figure 5-7)Jand
bels is used to toggle between the two. Note that this dialog is simply a vari-
ation of the Standard Menu; an extra layer of function key definitions has
been added.

Dr ¢ Help o ¢ CANCHe SHECT
Change directories Help message
(Optional) Don'’t Select Select This File
a Flle (same as enter)

| Standard Menu Function Keys|

Print ¢« Hnd o Refinde CANCHe SHECT

Figure 5-7. Function keys for Standard Flle Dialogs for existing files.

For Writing

When selecting a file for writing, you have the opportunity to type the name
of the file. Two levels of function key definitions are available, with the sec-
ond level being that of the Standard Line Editor (which is used here).

Dr ¢ Help o ¢ CANCH e SHECT
Change directories Help message Don't Select Select This File
(Optional) aFlle (same as enter)

| Standard Line Editor Function Keys|

Del Ln ¢ A rEnd ¢ Del Char ¢ Gapl.ocke AnyChar

Figure 5-8. Function keys for Standard File Dialogs for new or existing files.

Note that the file list is scrollable with thet pgup pgdn; even though you
are not using that list like a menu, you are still able to view all of the file

names in that directory.
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What if | enter an existing file name?
If you enter a name that already exists, you will be notified when you press
enter or Select.

If appending is allowed

File "Data exists
OQverwite, Append, or Cancel ?

(QANQ ——
If appending is not allowed
File 'Data exists
Repl ace it?
(YIN ———

Figure 5-9. When an existing file is specified (that is different from
the default file name), you will be notified with one of these
prompts. The message depends on whether appending is permitted.

PressingC (cancel) oMN (no) orescape will return you to the Standard File
Dialog so you can modify the file name.

Changing Directories

The items in the file list for either type of Standard File Dialog are the files in
the current directory. To change directories and get a new list of files, press
Dir (f1). This will bring up a Standard Menu of all the directories presently in
the file system, as illustrated in Figure 5-10.
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Standard File Dialog

Select a Directory

"v/

"/ %s
v/ User/ Joe

"»/ User/ Configs"
"v/dev"

+ »/Vv e Add ¢ Purge ¢ CANCH e SH

Expand or | |[Make new ||Remove a
collapse directory directory
directories
+ Hnd ¢fnd \kte Qurrnte M ew ¢ Renane
Find a directory Jump to Tree view ||Rename a
current or full name || directory
directory view

o

v/ User

v rJoe

v |- Confi gs

v | Aut oPr ogs

Figure 5-10. Selecting a directory in a Standard File Dialog is done from
a Standard Menu accessed by pressin@inhéunction key.

As an example, when you open a data file in New Measurements mode, you
will see the Standard File Dialog in Figure 5-6b. Notice that the current direc-
tory is listed (User), followed by the default file namesta), which can be ed-

ited if desired. A list of the files in theser directory is also shown. To change
directories, presBir (f1), and then use or | keys to highlight a different di-
rectory. PresBnter or Select (f5) to select the directory; a new list of files in
that directory is displayed. (The file system is described in Chapter 10.)
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Standard Edit

The Standard Line Editor, described above, is the tool for editing a single line.
This is actually a special case of a more general tool, Standard Edit, which is
a multiple line text editor. One typically uses Standard Edit for editing files,
such as customizing an AutoProgram (if you're clever), or massaging a data
file (if you're too clever). For whatever purpose, Standard Edit can be access-
ed in several ways:

. From the LPL Copyright Screen
As described irEditing a File on page 5-20.

. From the Filer
As described iviewing and Editing a File’'s Contentson page 10-13.

G From OPEN'’s Utility Menu
Select'New F | e (Editor)” entry in the Utility Menu 0BPEN. You are given
an empty buffer to type into, and can name it and store it on exit from the ed-
itor.

When the editor runs, the name of the file is displayed on the top line of the
display (Figure 5-11).

Function keys don't

appear unless you
press labels first.

Figure 5-11. Standard Edit shows the file name on the topNiBRAME for
new files).

Function Key Definitions

In Standard Edit, there are four levels of function keys defined, even though
no function key labels normally appear on the display. Key labels only appear
after thelabels key is pressed, and disappear after any other key is pressed.
The reason for this behavior is to maximize the view area of the edit window,
and not lose a line to key labels.
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Standard
Standard Edit

Tools

Print o '3 ¢ Fnd ¢RHNd
] ] - ]

B kSTRT+ B kEND ¢ Bl KPRN\Te B kVR Te Bl KREAD

Figure 5-12. The four level of function keys defined in Standard Edit.

Table 5-5. Function key definitions for Standard Edit.

Label Action

BIKSTRT Mark the current cursor location as the start of the select-
ed text block.

BIKEND Mark the current cursor location as the end of the select-
ed text block.

BIkCPY Copy the selected text block to the current cursor loca-
tion, where it is inserted.

BIKMVE Move the selected text block to the current cursor loca-
tion, where it is inserted. It is removed from the original
location.

BIkDEL Delete the selected text block.

BIKPRNT Copy the selected text block to the RS-232 port.

BIKWRT Store the selected text block as a file, whose name you
are asked to enter using Standard File Dialog.

BIKREAD Insert a file at the current cursor location. You are asked
to name the file using Standard File Dialog.

PRINT Print the current contents of the buffer being edited to the
comm port.

Find Search for a target string, which you enter. The search
starts at the current cursor location, and goes to the end
of the file.

ReFind Find the next location of the current target.
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Cursor Control Keys

Any lines that are longer than the display width are not wrapped, but only the
visible portion of the line is shown. The window adjusts as necessary to keep
the cursor location visible. The cursor control keys defined in the system ed-
itor are the same as for Standard Menu (Table 5-2 on page 5-4).

Tabs

When editing files that have originated in other text editors (as is the case for
most of the LPL program files), you may observe lines that begin with small
squares rather than spaces, such as this

mmm This line starts with 3 tabs

The little squares are tab characters, and Standard Menu and Standard Edi
treat tabs like spaces, so ignore them. (If you feel the need to generate a tab
character in Standard Edit, presd i).

The Exit Menu

When you are done editing, pressape, to access the system editdesit
Menu, whose options are listed in Table 5-6.

Currentfile name
shown here

—— EXit Menu
<esc> - Resune editin?
U- UWodate file /User/ MData
S - Store as new file

Q- Qit editor

X - eXecute

Figure 5-13. Standard Edit's exit menu.
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Standard Tools
Hot Keys

Table 5-6.Standard Edit's exit menu options

Press Action

escape Resume editing.

U Overwrite the current file (named in the prompt) with the
contents of the edit buffer.

S Store the edit buffer as a new file. Select the name using the
Standard File Dialog Box.

Q Quit the editor. If you have made changes, but have not done

Update or Store, you will be asked if you wish to abandon
the changes.

X Execute the contents of the edit buffer as an LPL program.
This makes sense only if the edit buffer is an LPL program,
of course.

Most keys are context dependent, but there are some special combinations
(Table 5-7) that wilelwayswork regardless of what else is going on.

Table 5-7. Hot key combinations.

Press... To Do...

ctrl shift 1 Darken display contrast.

ctrl shift | Lighten display contrast

ctrl shift home Toggles display backlight (if installed).

ctrl shift - Turn graphics mode on. If already on, turns text mode
off.

ctrl shift — Turn text mode on. If already on, turns graphics mode
off.

ctrl escape Abort the current application.

ctrl shift escape  Reboot, and display the boot screen.
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Low Battery Warning

When the LI-6400 battery voltage drops below 11V, a low battery warning
appears on the top line of the display, regardless of what application (if any)
is running. The message appears every 2 seconds until the voltage rises above
11V, at which time a “Battery OK” message replaces the warning. If the volt-
age drops below 10.5V, the warning changes to a 60 second countdown, after
which the unit is powered OFF. If the batteries are not replaced, or you do not
turn off some of the power draining devices (i.e., LED light source, thermo-
electric coolers, etc.), the LI-6400 will turn itself OFF when the count reaches
zero.

Performing without a net

If you ever need to extend operation a few more minutes, and are facing an
imminent shutdown due to a low battery, here is a way to buy some time.
From OPEN'’s main screen, pré§sand type the following at the ok prompt:

0 | ownarn

and presgnter. Then pressscape to get back to the main screen. This com-
mand disables the software low battery warning behavior. The instrument
will now operate to about 7 or 8 volts, at which point it will die with no warn-
ing. Three notes of caution: 1) There is no guarantee of the time you have
gained. It depends on how much current you are drawing from the batteries,
and their state. 2) As voltage drops toward the death point, you start running
a risk of measurement errors, due to reference voltages shifting. 3) Get those
batteries on a charger as soon as you can. Do not let them sit around after pull-
ing them down that far.

To re-enable low battery warnings, enter

1 | ownarn

at the ok prompt.

Using the LI-6400 Version 5 5-17



Standard Tools
The Boot Screen

The Boot Screen

The purpose of the Boot Screen is to update softwardnSteding System
Software on page 2-22.

Version 5.0 and above

I NLTIALI ZI NG
BOOTI NG PAUSED
USE THE LI -6400 UPDATE PROGRAM

Prior to Version 5.0

VWl cone to LI-6400

un ol t ages
| oad S) save parns
eck CRC +/ -/ UP/ DOAN) contr ast
B)ps = 115200 D) ebug: CFF
erm nal

Sel ect:

Figure 5-14. The Boot Screen is version dependent.

You can prevent the boot program from launching the LPL operating system
by powering on wittescape held down. If you do this, the display will show
the Boot Screen

You can also get to the Boot Screen at any time by pressing

shift ctrl escape

This is quite drastic, since it restarts the computer. With version 5, this will

appear to take about 5 seconds, and you’'ll need to keegsthpe key
pressed.
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The LPL Screen

The LPL screen (Figure 5-15) represents the user interface to the LPL oper-
ating system, much like the prompt

C>
in DOS indicates that you are at the operating system level.

You normally do not see this screen, because the Autostart feature (page
5-22) automatically launches OPEN.

Software version

Editor Filer LTerm Run She Xchng

LPL 5.3.0
Copyright 1995 - 2005 LI_COR inc

/ 124. 2 kbytes

Current working directory  Available memory

Figure 5-15. The LPL Copyright screen.

Table 5-8 summarizes the LPL Screen’s options.

Table 5-8. Tools available in the LPL Copyright screen.

Press... To Do...

E Edit an existing file, or to create a new (empty) file. See be-
low.

F Access the Filer, the file system utility program whose de-

scription begins on page 10-4
Enable/disable LTerm

Run an LPL program.

Launch the shell program

Enter file exchange mode (for use with the LI6400FileEX,
L16400Sim, or FX/Mac applications) running on an external
computer.

X n ” —
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Editing a File

You are prompted to enter the name of the file to edit. If you wish to start with
a new (empty) file, enter nothing for the file name (pfess clear the entry

line if necessary); when you have finished typing in the file’s contents, you
get to name it on exiting from the editor. If you aren’t sure of the name of the
file to be edited, you can use the wild card character *. For example, if you
enter

[ User/[*

you will be shown a list of all the files in theser directory, as well as any
subdirectories, and you can pick a file, or navigate backwards or forwards
through the directory tree.

Running a File

LPL program files can be run from the LPL Copyright screen by pressing R.
The prompt for the file name is similar to that of the Editor, described above,
so use of a wildcard will allow file selection from a menu of matches.

LTerm

LTerm is discussed i@ontrol via Terminal Software (LTerm /iTerm) on
page 11-16.

The Shell Program

Pressing S launches the fil8ys/Lib/StdShell”. When run, this program will ap-
pear as in Figure 5-16.

Figure 5-16. The program StdShell prompts for LPL commands or state-
ments, and executes them.

The rules are pretty simple: your one line entry must be a valid LPL function
definition, followed byenter. Entering a blank line will bring back the previ-
ous entry so you can edit it and try again. Pressingpe quits the program.
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A Calculator

You can use StdShell as a calculator, by typing in the expression to be eval-
uated, then pressing enter. Use postfix notation, or else begin with a $. For
example

ok:5.5 2 ~ 3.14159 * print

will print 95.0331 on the display, which is the area of a circle of radius 5.5.
The same expression, using in-fix notation, could be entered as

ok: $ print(3.14159*5. 5°2)

A Stop Watch
Figure 5-17 illustrates a method to use StdShell to make a stop watch.

Step 1: Type this in.

ok: getns getkey drop getns swap - print

Step 2: Presenter to start.

Step 3: Pressnter to stop. The elapsed time (mS) is printed.

3055
ok:

Del Ln ¢ O rend « el Char ¢ CapLocke AnyChar

Step 4: Pressnter to recall the line. Go to Step 2.
3055

ok: get ns getkey drop getns swap - print

Figure 5-17. A stop watch example using StdShell.
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Power ON Hooks

5-22

Between the time the Boot program launches the LPL application, and the
time the LPL Copyright screen appears, two things can happen: file exchange
mode might be entered, and after that the Autostart files might be run auto-
matically.

File Exchange Mode

Prior to the LPL Copyright screen appearing, if the LI-6400 detects a partic-
ular sort of incoming data on the Comm Port, file exchange mode will be en-
tered automatically. The particular sort of incoming data that will do this is
the sort that comes from a computer that is running FX and trying to establish
communications with the instrument. Specifically, a certain character is
looked for: a hex 04.

This is the mechanism that allows you to connect to the computer, run FX,
and then turn on the LI-6400 to establish communications.

The Autostart Folder

After the file exchange test, LPL executes in alphabetical order the contents
of the folder namedsSys/Autostart. This is the mechanism by which Open is
launched when the instrument is powered on.

CheckContrast
Sets the display contrast to a reasonable value if it is full on or off.

BackLightON
Turns on the display backlight, if present.

CheckParmO
Checks to see if there is a /dev/parmO file.'Searning: File ‘/dev/parm0’
is missing” on page 20-4.

CheckParm1
Checks to see if there is a /dev/parml file.'Séarning: File ‘/dev/parml’
is missing” on page 20-5.

InitComm
Sets the comm port baud rate.

Welcome
Does the 5 second countdown, then launches Open.
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Viewing real time data using text and graphics

ReAL TIME TEXT 6-3

Standard Function Key Summary 6-3
Text Data Control 6-5

Display Files 6-10

REAL TIME GRAPHICS 6-11
Defining Graphs 6-11

RTG Dynamic Control 6-15
RTG Configuration Files 6-17
RTG Image Files 6-17

DIAGNOSTICS 6-19

A: Stability 6-19

B: Flow Control Status 6-20

C: CO2 Mixer Control Status 6-21
D: Temperature Control Status 6-22
E: Lamp Control Status 6-23

F: IRGA Diagnostic Screen 6-24

G: System Diagnostic Screen 6-24

STABILITY INDICATORS 6-25
Defining Stability 6-25
Viewing Stability Status 6-27
Stability Definition Files 6-28

KEYBOARD SUMMARY 6-29
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New Measurements Reference

New Measurements has three display modes: Text, Graphics, and Diagnos-
tics (Figure 6-1). This chapter discusses all three, plus New Measurement’s
stability tracking feature.

Text Mode

Qoen [ Vi ew <c| ose <add tch
MlLogH | e file>Q file> frenark

press [ press]

press escape press escape
or [ or]
Diagnostics Mode Graphics Mode

A Satus = 2/ press ] cozs
1) C@R 2) azs  3) TLeaf > ssu.‘r‘ ] 2% .1

20 20 20
0.1234  0.4321  21.34 press [

eoo 1172

11501 11501 1101
11601 1.1E01 2 2E02
3.3501 3.3501 3.3603

20 SECS
© TR T T BT 1 T

_':\:l:\'nlﬂanﬂb

Figure 6-1. Getting around in New Measurements between the three display modes.
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New Measurements Reference
Real Time Texi

There are 7 (or 10, with the LCF) levels of function keys available in the Real
Time Text mode, and up to 12 variables can be viewed at once on the display

(Figure 6-2).

Standard Function Key Summary
Table 6-1 lists the standard function keys available in New Measurements

mode.

Table 6-1.Summary of LCF function keys, New Measurements Mode

Label

Description

Qpen <vi ew Jll <cl ose dd Mat ch
LogF|I file> @ file> Qrenark

Open
LogFile

Opens a log file, or (if open) adds an observation Ciem Log-
File on page 9-4.

View
File

If a log file is open, allows you to view and graph that data.
Chapter 12.

See

Close
File

Close a log file.

Add
Remark

Add a remark to the log file. Séegging Remarkson page 9-5.

Match

Enters Match Mode. Séédatching the Analyzerson page 4-33.

<rspns>@ How= | Mxer B Tenp Lanp=
2 500uns aF aF a-F

Rspns

Sets the response of the humidity control Only active when d
humidity control. Se€onstant Humidity Operation on page
7-9.

oing

Flow=

Sets flow control mode. Sétumidity Control on page 7-7.

Mixer=

Sets CO2 mixer control. S&0O2 Control on page 7-13.

Temp=

Sets chamber cooler control. Sesmperature Control on page|
7-16.

Lamp=

Sets lamp control. Segéght Control on page 7-18.

AREA STOMRTIL eaf Farg@lPr onpt sii Pr onpt
1.00 g Fast of f Al

AREA= | Sets leaf area.
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Table 6-1.Summary of LCF function keys, New Measurements Mode (Continued)

Label Description
STOMRT= | Sets stomatal ratio.
LeafFan |Chamber fan control.

Sets prompts behavior (if defined). SJ@mpts and Remarks

Prompts on page 9-15.

Prompt | Prompt for all defined prompts. SBeompts and Remarkson
All page 9-15.

GAPHE Vew N GAPH
4 Qi kP kil G aph @ Setup

GRAPH [ Setup a group of real time graphics screens Reed Time
QuickPik [Graphics on page 6-11.

View
Graph

GRAPH [ Setup one or more graphics screens R Time Graphicson
Setup page 6-11.

AJTO Log Def i negfl Defi ng
Sy PROG ot i onP@S abl t ylLog B

View graphics screens. Same as presking

AUTO

PROG Launch an AutoProgram. SéeitoPrograms on page 9-20.
Log Log Options are discussedling Options on page 9-9

Options g Op g Op pag .

Define S . . .

Stablty Stability is discussed iStability Indicators on page 6-25.

Define | Define the log button behavior. Séser Definable Log Button

Log Btn |on page 9-7.

O spl ay@D spl ayfl Wat’ @D spl ayl O ag
6 [@]] Al List What Edi t or § Mbde

Display . L
QuikPik SeeDisplay QuikPik on page 6-5.
Dls_play SeeDisplay List on page 6-6.
List
What's ,
What SeeWhat's What on page 6-6.
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Table 6-1.Summary of LCF function keys, New Measurements Mode (Continued)

Label Description
Display . .

Editor SeeDisplay Editor on page 6-6.

Diag . . .
Mode Enters Diagnostics Mode, same as presfking

Text Data Control

The contents of the three display lines can be changed bytusittgposition

the change line marker, and pressing the desired group code letter. Alterna-
tively, pressing— or — will cycle through the available choices.

| Change-Line Markerl\ =

Phot o nd

| Display Group Code

0 216 3.49
D sp ayfl D ag
Editor Mbde
Select a display View each label and Access Diag-
configuration it's description nostic Mode
from a file
Show all label Modify this display
lines in a menu configuration

Figure 6-2. New Measurement’s text display, showing the Display Function keys (level 6)

New Measurements function key level 6 contains the text display function
keys (Figure 6-2). They are:

Diag Mode
One method of accessing Diagnostics Mode, described on page 6-19. The
other method is to pre§s

Display QuikPik

Allows rapid selection of another display format by selecting it via Standard
File Dialog (page 5-9) from those that have been stored in the file system in
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New Measurements Reference
Real Time Text

the directoryUser/Configs/Displays. These files are generated by the Display Ed-
itor, explained below.

Display List
Brings up a menu showing the list of currently defined label lines.

RHR% RHS % Td R°C TdS°C
Prss_kPa Parln_pm ParQutpm BLC nol
Tbl ock®C Tair°C Tleaf°C

a: 2R pm C2S ym HRR Mt H20s mi
b: aAC2 pm AH2O Mt Fl ow _um RHS %
C: Phot o Cond a Tr nmol
d: al/ca VpdL VpdA

]S-J: St abl e St abl eF PC

Figure 6-3. The current list of display labels is shown by the
Display Listfunction,f2, level 6

This is an instance of Standard Menu (page 5-2), so the cursor control keys
and function keys are active.

What's What
Uses Standard Menu to show the list of displayed variables and their descrip-
tions.

D spl ayed | tens

C2R pm - Ref. CC2 pnol / nol
a2S ym - Chnbr. G2 unol / nol
HOQR m - Ref. H20 mmol / nol
HCs mmt - Chnbr. H2O mmol / nol
AR um - Ch - Ref G2 pnol / nol
AHR2O Ml - Ch - Ref H20 nmol / nol

Print ¢« Hnd ¢ Refinde Cancel ¢ SH ECT

Figure 6-4. Descriptions of displayed items is shown by the
What's Wha function,f3, level 6

This list is generated from the display groups, and is arranged in order of oc-
currence for groups A to Z, and left to right within a group.

Display Editor

The Display Editor (Figure 6-5) allows you to modify the current display con-
figuration, store it as a file, and/or retrieve a previously stored configuration.
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It functions as a dialog, so nothing that you do affects the current display con-
figuration if you quit by pressingancel. OK implements your changes.

Cursor line

D splay Editor
aCCERum CCQS  umM H2OR mmi H2CB‘rmi

2nd level definitions (press labels) | Implement

Modify current
line

A ispl this display
AR I E@I @ definition list
of the list

Delete the current Read display Store this display

line, renumber the definition list definition list to a

list from a file file

Figure 6-5. The Display Editor allows you to modify the current display list, store it, or retrieve a new one.

The cursor line is highlighted, and is moved up and down by using
home, end, pgdn, andpgup. In addition, you can jump to any defined line sim-
ply by pressing the corresponding letdaihroughZ (or whatever the highest
line label is).

To modify what appears on a lir(t), or to add a new liné\{ld), you select
each item to appear in the line from a menu (Figure 6-6). Usually (but not al-
ways) there is room for 4 items per line. If you want fewer items than what
there is room for, pregscape rather than selecting the next item.

Pick ltem#1

a CC2R _un . 5 mm
b ACR_pun fl% %/Rcﬁm HS
C Phot || _ 2 o®S um mol

a Jif

e a B

f RiR| 2§ BEM 5_°C

Print ¢« Find ¢ Refinde CANCELe SELECT]

Figure 6-6. When Editing or Adding a display format line, you are prompt-
ed for each item in turn, selecting it from a menu of variables.
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The structure of the menu used to select items in the display format list is il-
lustrated in Figure 6-7. The system variables are a fixe @& N's System
Variables on page 14-1), while the user variables are determined by the cur-
rent Compute Listdefining User Variableson page 15-1).

User Variables

System Variables

-107: AuxS
-108: AuxS2
-109: AuxS3

Figure 6-7. The variable menu consists of user variables at
the top, followed by the system variables.

Display Groups
You can change all three lines of the text display with a single keystroke.
There are 4 keys reserved to do thisne, pagup, pgdn, andend.

To define (or redefine) a display group, get the display arranged the way you

want it, then hold thetrl key down and press the group kégrie, pagup,
pgdn, orend) of your choice. That group key is now defined. Once a group
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key is defined, you can change all three display lines to that arrangement sim-
ply by pressing the group key.

ESIe
@!@ A 1499 2. 84
I

29. 02 29. 13
~ - oot am Lol OV

S/

Figure 6-8. Define a display group by holding titd key down and pressing any of the 4 indicated group
keys:home, pgup, pgdn, andend (on either side of the display). To change all three lines to a previously
defined group, simply press that group key.
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Display Files
Display files are generally stored in thyser/Configs/Displays directory. The for-
mat of a display format file is illustrated in Figure 6-9.

Marker label, numberof | DI SPLAYNAP= 11

display lines defined -1-2 -4 -5
-3-6 -7 -15
30 23 36 21
| ID values for line A. 25 41 42
-71 -72 -73
| ID values for line B. -14 -15 -16 -17

-11 -12 -13 -32

| ID values for line K -8 -9 -10
-21 -22 -23 -24
-31

-22 -56 -57 -52
Display group definition (Dis-
play Groups on page 6-8). [T D SPLAYGROUP=

546
home ke

end keyy < 973
pgup key \11 10 2

pgdn key

Figure 6-9. Display format files have a marker (DISPLAYMAP=), followec
the number of display lines to be defined. Following this are the ID valut
each item. System variables have ID values <0, while user items have pt
ID values.
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Real Time Graphics

Real Time Graphics (RTG) provides a graphical method of monitoring recent
activity in New Measurements mode (Figure 6-15). Up to 8 graphics screens
can be defined, each holding up to three plots. Plots can be made to scroll hor-
izontally and vertically to keep the curve on-scale.

RTG control is provided with a combination of function keys. In Text mode,
level 4, there are 3 function keys for configuring graphs (Figure 6-10).

QRAPH i M ew QRAPH
4 Qi kP kil Gaph B Setup

Define all 8 graphics displays View graphs Define individual
by reading their configurations (same a graphs. See De-
from a file, stored in pressing ]). fining Graphs on
"/User/Configs/RTG_Defs" page 6-11

Figure 6-10. The graphics control function keys.

Defining Graphs

Graph Setup (f4 level 4) brings up a list of the 8 RTG screens (Figure 6-11),
providing an overview of how they are configured. From this screen, you can
read or save an individual RTG configurati®t®@ddOne and SaveOne), or

read or save them all as a gro@pgdAll, SaveAll). (ReadAll does the same
thing asGraph QuikPik, except it doesn’t put you in graphics view mode.) In-
dividual definitions ReadOne and SaveOne) are stored in"/User/Con-
figs/RTG_Defs/Graphs", while the group definitionRgadAll, SaveAll, andGraph
QuikPik) use'/User/Configs/RTG_Defs". File formats are describedRTG Con-
figuration Files on page 6-17.
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—— Real Time Qaphics Screens —;
[Gaph A PHOIQ OOND
QG aph B Q2R QOX2S
Qaph C H2OR HGCS, Flow
D Thl k, Tal RCE
F: no pl ots
Gaph G no plots
QGaph H no plots

Edit high- Read or Save definition for
lighted entry highlighted display

ReadAl A\

| Read or Save all 8 definitions |

Figure 6-11. The Graph Setup Screen.

To edit a graph, highlight the desired entry and pEds#isto bring up the
Graph Editing Dialog (Figure 6-12).

Qaph B
Plot #1 (StripChart) OXR

Plot #2 (StripChart) OX®2S
Pl ot #3 < none >

If the plot is defined
=it ¢ Turnd Read ¢ Wite ¢ Done

If the plot is not defined ("none")
ON Read [0

— Chart Type —
S. StripChart
X XY art

Figure 6-12. Editing a graph.
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Up to three plots on a screen can be defined. Individual plot definitions can
be stored or retrieve@®éad andWrite). Edit lets you adjust a particular defi-
nition (Figure 6-13)TurnOn lets you define a plot’s type: Strip Chart or XY
Chart. To change from one type to another, you mustTirsiOff the plot,
thenTurnOn.

A plot definition consists of what variable you want on each axis, and how
you want it scaled. For strip charts, you have no control over the X axis or its
scaling (scaling can be done dynamically from the graphics level 1 function
keys, Figure 6-15 on page 6-15), but you can specify how much data is to be
retained. The default is 10 minutes.

Editing a Strip Chart
:PI ot #1
Y AXI S

M n=(0), (31 ,
XAX|S—(Str|p art T| ne) < Fixed
Buffer: 10 mns

Editing an XY Chart

Pl ot #3

Y AxI s = PHOTO
M n=(0), Mx=(1),
X Axis = a

M n=(0), Max=(1),

Figure 6-13. Editing a plot definition

There are five scaling options available (Figure 6-14):

Scaling Qption
F: Fixed Mh, F xed Max

N Auto Mn, Fixed Max
X Fi xed Mn, Aut o Max
D Fixed Delta

Default A Auto Mn, Auto Max

Figure 6-14. Scaling options

. F: Fixed Min, Fixed Max
You specify the minimum and maximum, and they don’t change. If data goes
off scale, it is not shown. When selected, this option is displayed as
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Mn= 0, Max= 10

N: Auto Min, Fixed Max

The maximum value of the axis is fixed, but the minimum varies with the data
so that it stays low enough to encompass the displayed data set. You specify
the increment by which the minimum can change. When selected, this option
is displayed as

Mn=(0), Max= 10, a=1

X: Fixed Min, Auto Max

The minimum value is fixed, but the maximum varies to contain the displayed
data set. You specify the increment by which the maximum can change.
When selected, this option is displayed as

M n=0, Max= (10), a=1

D: Fixed Delta
The maximum - minimum difference stays fixed at a value you specify. When
selected, this option is displayed as

Fi xed Del ta= 10

A: Auto Min, Auto Max

This is the default setting. You specify the increment by which you'd like the
maximum and minimum values to change. The axis is then adjusted automat-
ically to contain the displayed data set. When selected, this option is dis-
played as

Mn=(0), Max=(10), a=1
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RTG Dynamic Control
Version 5 offers dynamic control of RTG displays via three levels of function
keys (Figure 6-15).

COZR cozs a
L £EYTE |1 e2E. 1 E
] L]
- u]
E
H / g F
0 m- I
-1z0 SECS 5Ec5 o H
Scroll back and forth in time. Expand or shrink the
Resume brings you back to the time axis (StripCharts)
present (StripCharts)

Mark an event || Mark charts on all Change this | | Hide the
on this screen. || graphics screens screen. function key
labels.
= | | —ﬁﬂﬂ lﬂ?ﬂ!!
Clear all data from Clear all data from
this screen ALL screens

Figure 6-15. The Real Time Graphics function keys

The functions keys are not normally visible. To make them appear (and acti-
vate them), predabels, or else press 2, or3. To make them disappear (and
become deactivated), pra$OEKEYS or 0.

Changing RTG Screens

The indicator (A-H on the right hand side) shows which screen is presently
being viewed. Use and! or the letters throughh to change screens.
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Changing Time Scales (Strip Charts)

The level 1 function keys control the time axis on strip ch&T8VIE scrolls

back in time ,TIME® bring you forward in time, anRESUME snaps you back

to the present. While scrolled back in time, the real time updates for that plot
will stop (although the data is still coming in and retained). After 15 seconds
of inactivity, the chart will resume automatically. To expand or contract the

time axis, us€OOM IN andZOOM OUT.

Selecting
Press— or - to select a plot (Figure 6-16). Pressing that key again will select
the next plot, and so on, until none is selected.

COZh [=eF- -, -
n RE1.2|8 747 .M E
] L
o
E
m -
F
3 t 3 &
- 130 ZECS [T ZECS H
] ATIHE TIHER | REZUHE ] 200H IH J200H oUT

Figure 6-16. A selected plot has its title highlighted

When a plot is selected, the time scale control keys operate only on that plot.
When no plot is selected, they operate on all plots on that screen.

Marking

Strip charts are marked with a small vertical arroyvtfat stays on the time
axis at the time of the marking. XY Charts are marked with a +. Marking hap-
pens automatically to all plots on all RTG screens when logging occurs.
Charts can also be marked manually without logginiylBizK or MARK ALL

on level 2.

o HAkk JHARE ALLY ] ECDIT _JHIDEKEYE]

MARK marks all plots on that screen, aMéRK ALL marks all plots on all
screens.

Clearing
Plots can have their data cleared by presSifi@dR or CLR ALL on level 3.

= 1 | | CLEAR | CLR ALL

CLEAR clears all plots on that screen, afiR ALL clears all plots on all
screens.
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Editing
A graphics screen can be edited directly from graphics mode by preéBging
on level 2. This will access the editor shown in Figure 6-12 on page 6-12.

RTG Configuration Files

Inidividual graphics screen definitions are stored iJser/Con-
figs/RTG_Defs/Graphs", while groups of 8 are stored'iiser/Configs/RTG_Defs". An
individual screen definition might look like (Figure 6-17 on page 6-18). The
group definitions in "/User/Configs/RTG_Defs" are collections of eight
<GRAPH>...</GRAPH> sets.

RTG Image Files

Anytime you are viewing an RTG screen, you can capture the image that you
see by pressingtrl +s. This action will save the image in "/User/Images" in

a file namedRTG_yyyy-mm-dd_hh-mm-§svhereyyyy-mm-dd_hh-mm-gsthe

date and time of the instant you press&tl+s. A message will briefly be
displayed, which you can clear away early by pressinegy.

—————— Q@ aph Saved
“/ User/ | mages/ RTG yyyy-mm-dd hh-mm-s%

To view a stored image later, use the program narvied Stored Graphics Im-
ages" in OPEN'’s Utility Menu.

These files are binary files, so if you tranfer them to another computer, you

should treat them as binary files, not tekext vs. Binary Fileson page
11-9).
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<GRAPH>
<TITLE>"CO2R, A-Ci"</TITLE>

<PLOT1>
<ACTIVE>TRUE</ACTIVE:/
<STRIP>TRUE</STRIP>
<SHOWTIME>120</SHOWTIME>
<SAVETIME>600</SAVETIME> 4/
<YAXIS>
<VAR>-1</VAR> ———

<MIN>0</MIN>

Strip chart

Retain 600 secs of
data

Plot CO2R

<MAX>1</MAX>
<INC>1</INC>
<SCALE>4</SCALE>

</YAXIS>

<XAXIS>
<VAR>0</VAR>
<MIN>0</MIN>
<MAX>1</MAX>
<INC>1</INC>
<SCALE>4</SCALE>

</XAXIS>

</PLOT1>

XY Chart
Y axis is PHOTO

X axis is Ci

<PLOT2>
<ACTIVE>TRUE</ACTIVE>
<STRIP>FALSE</STRIP> 44—
<SHOWTIME>120</SHOWTIME>
<SAVETIME>600</SAVETIME>
<YAXIS> /
<VAR>30</VAR>
<MIN>0</MIN>
<MAX>1</MAX>
<INC>1</INC>
<SCALE>4</SCALE>
</YAXIS>
<XAXIS>
<VAR>36</VAR>
<MIN>0</MIN>
<MAX>1</MAX>
<INC>1</INC>
<SCALE>4</SCALE>
</XAXIS>
</PLOT2>
<PLOT3>
<ACTIVE>FALSE</ACTIVE>
</PLOT3>
</GRAPH>

Figure 6-17. Format for storing an RTG screen definition.
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Diagnostics
The third mode for viewing real time data in New Measurements node is Di-
agnostics Mode. Diagnostics mode is entered by pregsirgn text or
graphics mode, or by pressibéag Mode (f6 level 6 from text mode).

There are seven screens, labelled A through G.

A: Stability

This display (Figure 6-18) is probably the most useful during normal opera-
tions, as it shows the current statitics on the list of variables that you have in
your stability list (described iStability Indicators on page 4-40).

(A Stability Status = 2/3
‘1) 2R ‘2) st ‘ 3) Tl eaf
Sec| 20 20 20

M| 0.1234 5.8642 | 25.13
SDv| 1.1E-01 |pEHEi=Ee] 2. 8E-02
%V| 8.9E+01 | 1.1E-01| 1.1E-03
Sip| 1.1E-02 |EEWASIY] 5. 4E-03

Figure 6-18. Diagnostic display A monitors the details of the stability computations.
If there are more than 4 quantities in the definitien,and — will scroll the col-
umns, whildhome andend jump to the left and right limits.

Values that exceed your stability criteria are shown in inverse. If a statistic is
not being checked, it is still displayed, but will never be highlighted.
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B: Flow Control Status

The flow control status shows the current state of the flow (and humidity)
control hardware (Figure 6-19). There’s not much here of interest unless you
are troubleshooting.

(B) FHow Control Status

Punmp nv: st d=4500, nxr=4500, now=4500
SetPt = 1308 Null Balance = 0 Rng=2

Fl ow = 1309nv (500 pnol/s)
DAC of fsets: H=0, F =0, Linr 50
Status: K (1)

Figure 6-19. The flow control status display. Units with CO2 mixers
have two set points for the pump speed: one with the nmxer)

and one when it's ofs{d=). Now=shows the current pump D/A out-
put setting SetPts the flow or humidity control set point. For fixed
flow, this is the flow meter’s target, and the actual value is on the
next line Flow=). When doing humidity contrdgetPt=is the sam-

ple cell water IRGA target, and it is showd20S9 instead of
Flow=. Sometimes there is an offset in what a D/A is told to do, and
what it really does. The DAC offsets line shows the apparent offsets
for this unit, one for flow and one for humidity. Lim=is the maximum
offset value (mV) that the software is willing to compensate for.
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C: CO2 Mixer Control Status

The CG Mixer Control Status display (Figure 6-20) shows if the mixer board
is powered, and if the solenoid including the mixer in the flow circuit is acti-
vated.

(O Q2 Mxer Control Status

Power = 1 Solenoid =1
SetPt = 902 nV
CC2R = 400. 2 ppm

Status: K (1)

Figure 6-20. CQ Mixer Control Status screen. Power= should al-

ways be 1 (if a mixer is installed), but Solenoid= will be 1 only when
actually doing CQcontrol.SetPt=s the mixer’s target, anGO2R=

is the result.
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D: Temperature Control Status
The temperature control status screen is shown in Figure 6-21.

Controlling block temperature
(D) Tenperature Control Status

Cool er=1 Target = 20.00 SetPt = 19.92 C
Tbl k = 19.95
Cn Tar get

Controlling leaf temperature

(D Tenperature Control Status

Cool er=1 Target = 24.00 SetpPt = 23.42 C
Tleaf = 23.95, d/dt = -0.04 (stable=1)
(n Tar get

Figure 6-21. Temperature Control Status screen
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E: Lamp Control Status

The Lamp Control status screen is shown in Figure 6-22.
With 6400-02(B) LED Source

(E) Lanp Control Status

Power =1

Set Pt = 3912 nV

Parln = 1772 pnol /n2/s (-2954.0 nV)
Cal =-.60 Cfset =0 nVv

With 6400-40 Leaf Chamber Fluorometer
(E) LCF Actinic Status

Power ResSetnV BlueSetnV FarSetnV
1 307 312 -100

BlueCal =-.95 RedCal =-1.68 Cal=-1.57

Parln = 497 pnol /n2/s (-317.0 nV)

ol ue= 9. 2, Ofset =0 nv

With no light source attached
(E) Parln Status

650 pnol / n2/s (825.0 nV)
0. 79, Cfset =2 nVv

Par | n
Cal

Figure 6-22. Lamp Control Status Screen. The Cal= value is the cal-
ibration constant being used for the light source, and of Offset value
is the zero offset adjustment, set by the routine in the Config Menu
(seeZeroing the Parln Signalon page 18-25). In the case of the
LCF, separate red and blue calibration factors exist, so the final val-
ue (Cal=) is a weighted average that depends on the fraction of blue
light.
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F: IRGA Diagnostic Screen

The IRGA Diagnostic Display (Figure 6-23) shows raw millivolt signals,
computed concentrations, and the temperatures and pressure that also go into
the calculations. (Figure 6-23).

(F) ITRA Dag{]/ostic Di spl ay

ppXx AGC ok
2R 1663. 8 643. 31 -47.2 1
s 1660. 2 630. 02 173.4 1
H2OR 1355. 4 14.627 -1559.5 1
H2Cs 1368. 2 14.819 -1358.9 1
Ti rga=25. 95 Tchanr 21.26 Tbl k= 19. 99

Pressure = 97.47 kPa (1730.1 nV)

Figure 6-23. IRGA Diagnostic Screen. ppx means ppm or ppt - that is,
pmol mot* for CO,, or mmol mot for H,0

This is a valuable screen for troubleshooting. See page 20-15.

G: System Diagnostic Screen
The System Diagnostic Screen is shown in Figure 6-24.

(G SystemDiagnostic D splay

Wed Mar 10 2004 14:27:19

LPL Version: 5.2.0

OPEN Version 5.2

Avai | abl e Menory = 123039744 bytes
Stack Itens =1

Figure 6-24. System Diagnostic Display shows version numbers and
available memory.
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Stability Indicators

Version 5 introduces a powerful technique for determining system stability.

It allows you to set up criteria based on measured and computed variables, to
determine when the system is stable. For each variable chosen, stability can
be based on statistics (any combination of standard deviation, rate of change,
and coefficient of variation) over a time period of your choosing. (For com-
putational details, se®tability Variables on page 14-11.)

Defining Stability

The Stability Dialog (Figure 6-25) is accessed by pred3dfipe Stablty (f4

level 5) in New Measurements mode. It can also be accessed directly from
some AutoPrograms during set up by respondtling the prompt

Qurrent Stability Definition
uses n variables. CK? (Y/N

The Stability Dialog lists the variables currently in the stability list. All user
variables, and all floating point system variables (e.g. no strings) are available
for inclusion in the stability list. For each variable in the list, the mean, stan-
dard deviation, coefficient of variation, and rate of change with time is con-
tinuously tracked while in New Measurements mode.

The Stability Dialog also lets you specify what combination of statistics
should be considered in order to determine system stability. The current cri-
teria may be viewed in the Stability Dialog’s main screen. If no stability sta-
tistics are being checked, the labeddn’ t care>" is shown.
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1 Qps:
2 HGCs:

Add or remove
variables h

Editing the highlighted
entry produces this dialog

Edit Stat Tracker

Std Stability (3)

U<l Sl p<i1
%Vv<1
3 Flow Sl p<l SDev<b

p<l

4

Stability definitions can
be stored and recalled.

Vari abl e:
T (s):

V(9 -
&

[CO%S)
15

StdDev: <don't care>

<1l
<1

The variable is selected
from a list of user and
system variables.

—— Vari abl e: =
39:d/Ca
25: VpdL
27: VpdA
-1: 2R
-2 0S|

The time period for the running
statistics

T:{Ine Perid (s) :|

Check Rate of Change ?

Each of the statistical items (std dev, cv, and
rate of change) has a 2 part edit: The first

(YN =

("Check Y/N") determines if that statistic is to be

T

Rate of Change < ?

examined for determining stability. If you specify
Yes, then you are asked for the threshold value.

__ ]

Figure 6-25. The Stability Dialog.
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Viewing Stability Status
There are three summary variables you can monitor or log that provide sys-
tem stability information, and they are listed in Table 6-2.

Table 6-2.The stability indicators.

Variable | 1D Example Description

Stable =71 | "4/5" #stable / total # as a string

StableF | -72 | 0.80 #stable / total # as a value

<Initials>|-73 | 01111 Who's stable and who isn’t. The label ¢on-
sists of the first letter of each variable
checked. 0 means unstable, and 1 mgans
stable.

TotalCV |-74 | 0.543 Sum of the CVs, in %.

If a variable is in the list, but has no stability thresholds (that issdwast
car e> for all the statistical entries), it will always be considered stable.

The real time values of all of these statistics are available for viewing in Di-
agnostics Screen A (Figure 6-26).

Period (s)
Mean
StdDev
CVin %
Slope

Unstable variables are
marked, and the reasons
are highlighted

(A Stabili St at us=2/ 3
|1)CCES* ) 208 |3)FI ow
Sec| 15 15 15
Mh| 340.85 [ 20.56 500. 7
SDv| 9.3E-02( 2.5E-03( 1.2E-01
% 2.1E-01| 4.6E-01
Sp 3.6E-03[-5. 1E-01

Figure 6-26. The stability diagnostic display.

The display will update each second with the latest values. If more than 4
variables are in the stability definition, the list can be scrolled left and right
by pressing- or .
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Stability Definition Files

Stability definitions can be stored and retrieved from the file system, using
the Open andSave function keys in the Stability Dialog. They normally live

in the/User/Configs/StableDefs directory. These files’ names can also be the "val-
ue" of the stability configuration commanstébleDefs=on page 16-40).

A typical file is shown in Figure 6-27.

30 = Photo
20 seconds
Don’t check %CV

Do check slope

Don't check std dev

23 =Cond
20 seconds
Don't check %CV

Do check slope

Don't check std dev

<STAT TRACKER>
<TITLE>"Std Stability"</TITLE>
<ITEM>

<ID>30</ID>

<SIZE>20</SIZE>
<PCV_CHECK>FALSE</PCV_CHECK>
<PCV_VALUE>1</PCV_VALUE>
<SLP_CHECK>TRUE</SLP_CHECK>
<SLP_VALUE>0.5</SLP_VALUE>
<SDV_CHECK>FALSE</SDV_CHECK>
<SDV_VALUE>1</SDV_VALUE>

</ITEM>
<ITEM>

<ID>23</ID>

<SIZE>20</SIZE>
<PCV_CHECK>FALSE</PCV_CHECK>
<PCV_VALUE>1</PCV_VALUE>
<SLP_CHECK>TRUE</SLP_CHECK>
<SLP_VALUE>0.01</SLP_VALUE>
<SDV_CHECK>FALSE</SDV_CHECK>
<SDV_VALUE>1</SDV_VALUE>

</ITEM>
</STAT TRACKER>

Figure 6-27. Listing of a typical stability definition file.
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Keyboard Summary

In addition toHot Keys on page 5-16, the following control keys are avail-
able in New Measurements mode..

Table 6-3.New Measurements key summary.

Press... To Do...
[ Enter/Exit Diagnostics Mode
] Enter/Exit Graphics Mode
a.z (Text) Selects display line.
(Diagnostics) Selects display screen.
0.9 (Text and Graphics) Selects function key level.
home
end .
5o (Text) Implement a Display Group (page 6-8) key
pgdn
shift ctrl home
shift ctrl end

(Text) Define a Display Group key.

shift ctrl pgup
shift ctrl pgdn

Tl (Text) Select new display line
(Graphics) Select new display screen

- - (Text) Change to next display on selected line.
(Graphics) Change chart selection

ctrl z Toggle warning messages on/off.

ctrl s (Graphics) Store current display to /User/Images
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How OPEN controls chamber conditions
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Environmental Control

One of the things that makes the LI-6400 a powerful system is it's ability to
control conditions in the leaf chamber. A clear understanding of how this hap-
pens is vital to proper use of the system. This chapter discusses the mecha-
nisms and options for controlling chamber conditions, and goes along with
Tour #3: Controlling Chamber Conditions on page 3-29, which provides
some step by step experiments designed to give you a feel for using these con-
trols.

Open’s Control Manager

7-2

In OPEN’s New Measurements mode, the environmental control function
keys (Figure 7-1) provide a means of controlling humidity (using flow rate),
CO, (with optional 6400-01 C&Mixer), temperature, and light (with option-

al 6400-02 or -02B LED Source, or 6400-40 LCF).

H ow a2S= g Te L
. R

Humidity CO, Temperature Light
Control Control Control Control

Figure 7-1. New Measurement’s level 2 function keys contain the envi-
ronmental controls.

Each of the four control areas represented by the key labels above share a
common control manager. The control manager is simply the software that
defines the user interface and how and when the user’s selections are imple-

mented.
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Interface Fundamentals

Each control key label reflects the type of control, the current target, and the
stability status. Pressing one of the four function keys brings up a menu of the
control options, listed with present targets (if applicable) for each option. The
flow/humidity key €2), for example, brings up a 5-option menu (Figure 7-2).

Current Option

Himdity Gontrol ptions & Targets —
None (Punp O f)
F Flowrate 500 pnol/s
O sanple 20.0 mm

R) RHsanple 50 %
VPD( Tl eaf °C 1.0 kPa
Short-Cut key Target value

Figure 7-2. The elements of a typical control screen: each control option has a
short cut key and its default target value; the currently selected option is marked

with a solid diamond«().

Typing a numeric value (even before the option menu appears) automatically
selects the current option and brings up the target value entry box, which al-
lows the user to change the target value (Figure 7-3).

Control Option

—— Flow Rate
-——500 pnol /s #
Current (default) value Variable Target Allowed

Figure 7-3. Once a control option is selected, you are prompted for a
target value.

A blank entry (just presanter) will retain the current value. Variable targets
are discussed on page 7-5.
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Behind The Scenes

Once the user has specified a control and target, the control manager sets the
appropriate hardware according to the control option and target. The system
then begins a regime of periodically checking the stability status and fine tun-
ing the controls as needed.

Each control option has three software components: a fast component that ex-
ecutes every 3 seconds, a medium component that executes every 10 seconds,
and a slow component that executes every 30 seconds. These components are
called interrupt service routines, or ISRs. A particular control may not actu-
ally use all three ISRs; this depends upon how much work is being done by
the hardware, and on the response time of the quantity being controlled.
While the control manager is active, ISRs execute at regular intervals.

The LED light source, for example, responds nearly instantaneously to con-
trol changes, so fine tuning adjustments to keep it at a target value can be done
with the 3 second ISR, while the 10 and 30 second ISRs do nothing. Control-
ling leaf temperature, however, is a much slower process, so the 10 and 30
second ISRs are needed.

Active vs. Inactive Control Manger

An inactive control manager means that the fine tuning necessary for active
target tracking is not being done. The consequences of this depend on the con-
trol: Some controls are fully implemented in hardware, leaving nothing im-

portant for any of the three ISRs told®sually, however, the ISRare
important, and so it is important to know when the control manager is active,
and when it is not.

When is the Control Manager Active?
The control manager is active in New Measurements mode (which includes
AutoProgram activity)exceptduring IRGA matching.

The practical consequences of an inactive control manager are minor, at least
over short time periods. Some controls are implemented in hardware (such as
block temperature control and null balance water vapor control), so even
without the control manager, they will still actively track. The others will sim-
ply have stable targets that won't be adjusted to account for changing temper-

LA trivial example is turning off the light source; once it's off, there’s no further
adjustment necessary. A not-so-trivial example is fixed flow mode, which main-
tains itself independent of software because of the hardware circuitry controlling
it.
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ature. Specifics can be found in the ISR descriptions for each control
described below.

Variable Targets

Any control mode whose target entry box includes a pound sign (#) after the
default label can have a variable target, rather than a fixed value target. For
example, you may wish to maintain a relative chamber humidity that is the
same as the humidity measured with an external humidity sensor. Rather than
entering a number for the target, enter a pound sign

#

and pressnter. You will be shown a list of system and user defined variables,
from which you can pick the quantity that is to be tracked.

Alternatively, if you know the ID number for the system variable or user vari-
able, you can enter it directly and bypass the menu selection.

#-13

(Variable number -13 is the external quantum sensor, for example.) When a
variable target is specified, the target is updated every 30 seconds, but only
while the control manager is active.

[ ] Example: Tracking External Humidity
Suppose we want to make chamber humidity track a value provided by user
channel #1001 namedrnRH. Once this is defined appropriately in the Com-
pute List File (Chapter 15), we can pré&so select the flow/humidity con-
trol, pressk for RH_sample control, and tyg001 enter (Figure 7-4). Or,
you could just entef and pickxtrnRHfrom the menu.

RH sanpl e
#1001
50 % #

Figure 7-4. Instead of entering a fixed target value, you can specify a vari-
able, system or user. The target value comes from this variable, and is up-
dated every 30 seconds.
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Then, the flow/humidity control function key will show the humidity target
as the latest value of the variable we specified.

*Rt= *AXS=- g Tenp Lanp
pi<r ange 63 %N 350umj G f af

Latest value of xtrnRH

Figure 7-5. When a control has a variable target, the value is updated every
30 seconds. This value is shown on the control key label.

When a control has a variable target, the 30 second ISR for that control is
skipped; instead, the control manager retargets the control to the current value
of the specified variable. The end result is that every 30 seedntisthe
control manager is actiyehe target for the control will change. When the
flow/humidity control function key is pressed again, the control menu will
show the variable name and target value (Figure 7-6).

—Humdity Control Qptions & Targets—
None (Punp Cf)
Flowrate 500 pnol/s
H2O sanpl e 20. 0 _mol / nol

R) ¢ R sanpl e < xTrnRH_ 59 76>

VPD( Tl eaf°C O KkPs

Target Variable and Value

Figure 7-6. When a control has a variable target, the variable name and
the current value are shown in the control screen.

and if we select it again, the target default will indicate the variable target
(Figure 7-7).

E RH sanpl e
#1001 (xtrnRH) ——
Figure 7-7. When a control has a variable target, the default value reflects
the variables ID value, and label.
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Pressingenter with no entry will retain the target variable. Entering a value
will change back to fixed target mode.

Variable targets are a powerful tool, but do have a possible limitation when
combined with AutoPrograms. S@atoPrograms and the Control Man-
ageron page 25-22.

Humidity Control

Humidity control in the LI-6400 is done by a combination of two mecha-
nisms:

1 Incoming humidity
The mechanism for controlling incoming humidity is manual: the amount of
incoming air that is routed through desiccant is set by the adjust valve on the
top of the desiccant tube, allowing incoming humidities to range from ambi-
ent to dry. (You could also moisten the air - Beenidifying Incoming Air
on page 4-51).

2 The flow rate of air through the chamber
The flow of air through the chamber is controlled by the software, either by
controlling pump speed (GQnixer not installed) or diverting excess flow

(CO, mixer installed).

The Operational Envelope

The manual bypass control defines the operating envelope within which the
automatic flow controls can operate. By forcing more of the flow through the
desiccant, the operating window (upper and lower limits of humidity) de-
creases; when less air is forced through the desiccant, the window increases
(Figure 7-8).
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Chamber
Humidity

O
<

Low Flow Rate High

Figure 7-8. The operating envelope is determined by the transpiration from the
leaf. To maintain any given humidity, a combination of flow rate and desiccant
knob settings might achieve it. Typically, the knob remains fixed, and the flow
is adjusted automatically.

Control Options
Whenf2 in level 2 is pressed in New Measurements Mode, the following con-
trol options are presented:

——=Hunidity Control Qptions
None (Punp O f)

F) FHHowrate 500 pnol/s
H2O sanpl e 20.0 nm

R) RHsanple 50 %
VPD( Tleaf°C 1.0 kPa

Figure 7-9. The humidity control screen presents one fixed flow option, and
several constant humidity options.

Table 7-1. Flow/Humidity control menu options

Option Description

N) None Turns off the pump. Not normally used, except for diag-
nostics, or to save the battery or motor when not taking
measurements. Or, to provide some peace and quiet.
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Table 7-1.(Continued)Flow/Humidity control menu options

Option Description

F) Flow rate Maintains a fixed flow rate through the chamber. This is
a good default option.

H) H20_sample Maintains a constant water mole fraction in the sample
cell. This is useful during response curves for light or

CO..

R) RH_sample  Maintains a constant relative humidity in the sample
cell.

V) VPD Maintains a constant vapor pressure deficit in the sam-

ple cell. This VPD can be based on a leaf or air temper-
ature (you choose the variable).

For best results, start off using the F option (fixed flow rate), at a mid range

flow rate (400 pmol $). Then, adjust the desiccant knob as necessary to give
the desired humidity in the chamber. You may have to modify the flow rate
to achieve a particular humidity. For example, if you can’t get the humidity

high enough at 500 umo11$ven with the desiccant on full bypass, then slow
the flow down.

High flow rates are good from a system response point of view, but make the
differentials that you are trying to measure ¢&md H0O) small. Low flow

rates will increase these differentials, making their measurement less prone to
error, but at the cost of increasing the system response time. Try to keep the
flow rates above 100 pmol'gwithout a CQ mixer installed) or 50 pmol%

(with a mixer installed).

Constant Humidity Operation

The H, R, and V optionactively regulatehe flow rate to maintain a constant
humidity (either vapor mole fraction, or relative humidity, or vapor pressure
deficit) in the sample cell / leaf chamber.

Note: For constant humidity options to work well, the Idaf
mustbe supplying a reasonable source of humidity. THus,
small leaf areas and/or low transpiration rates, or an gmp-
ty leaf chamber, can make these problematic.
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The leaf chamber water vapor concentration that can be maintained is depen-
dent upon a number of factors, including the transpiration rate of the leaf, the

vapor pressure of the incoming air stream, and the volume of air that is being

diverted through the desiccant tube.

For best results with constant humidity options:

Start out with the F option (fixed flow rate)
Manually find the flow rate / desiccant tube setting that provides the desired
humidity or vapor pressure deficit.

Switch over to the H, R, or V option.
Your target value will be close to what is actually being achieved, so the con-
trol system will not have to do very much to get it there and hold it there.

H) Constant Mole Fraction

Constant mole fraction is a fairly tight control circuit. The work is done by
hardware circuitry, so no software intervention is needed. The software does
figure out what signal (mV) the sample cell water IRGA will be putting out
when the mole fraction is at the target value; this is communicated to the con-
trol circuit via an analog output signal. Since this signal is also a function of
pressure, temperature, and how the IRGA is zeroed and matched, then there
needs to be periodic updates of this target signal, even when the target mole
fraction doesn’t change.

R) Constant RH

The constant RH control is a simple extension of the H mode. The actual con-

trol is the same, it's just that more frequent updates are needed, since one
more variable is now in the mix: temperature. If temperatures are changing

rapidly (such as when the temperature controllers are operating at full capac-
ity), the temperature updates may not be frequent enough, and the actual RH
may drift off target a little bit (usually not more than a couple of percent).

V) Constant VPD

VPD stands for vapor pressure deficit, which is the difference in vapor pres-
sure between what could teereversus what is actually in the air. Where is
there? Well, you have at least two options: the sample cell IRGA, or the sub-
stomatal cavity of the leaf. In the case of the former,

VPD = € T,) —e (7-1)

and in the case of the latter,
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VPD = € T) -6 (7-2)

whereeg(T) is the saturation vapor pressure function (Equation (14-22) on
page 14-10)T, is sample cell air temperaturB,is leaf temperature, ared

is vapor pressure in the sample cell (Equation (14-19) on page 14-10). The
constant VPD option is the loosest humidity control, especially for VPD with
respect to leaf temperature. The reason is that the only thing the humidity con-
trol has to work with is the flow rate, while there are a number of other things
directly affecting the air or leaf temperature, including incident radiation,
transpiration rate, etc.

When you select the V option for vapor pressure deficit control, you are asked
for a target value, followed by a temperature (Figure 7-10).

| Currently selected temperature|

[ *
|| VPD based on Tleaf°C ? (Y/N

Figure 7-10. The VPD control needs a temperature. If the indicated one
is what you want, press Otherwise, presN to change it.

If you pressN to change the temperature, you are shown a menu of all user
defined variables, and two system variablédeaf°C and Tair°C.
(Figure 7-11).

Choose a Tenper at ure ==
25 VpdL
~27: VpdA
-9: Tair°C

-10: Tl eaf °C

Don't select these! <<

Figure 7-11. When asked to select a temperature for the VPD calculation, be sure
what you select is a temperatufon’t select a VPD! The system does its own VPD
computation based on the value of the (temperature) variable you select.
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The reason the menu in Figure 7-11 includes all user variables is to allow you
to select a temperature that you may be measuring or computing besides the
two system temperatures. Normally through, you would select ditbai®C

or Tair°C. Don’'t make the mistake of selecting VpdL or VpdA. Remember,
you not selecting a VPD value, you are selectitepgeraturdor the system

to use for its own VPD calculation.

The RSPNS Key
When one of the constant humidity options (H, R, or V) is activeR$R&IS
(response) keyf] level 2) is also active.

RSPNSR *H G- *C2R=Q Tenp Lanp
pd fast §20. Onmi@ 350unt (-~ QN - none-

Figure 7-12. The response key is active when the humidity control is activ
The choices artast med andslow. Fastis the default.

The label will cycle betweefast med andslowas you press triRSPNS key.

This determines the rapidity of response of the control circuit (see
Figure 3-38 on page 3-41). Tfestsetting will give you tight humidity con-

trol, but at the expense of “jumpy” flow readings. This is best for survey mea-
surements when you are doing humidity control, and want the lock in rapidly
on the target humidity as you go from leaf to leaf.Wrezlsetting will drop

the variability of the flow in half and still do a reasonable job of maintaining
humidity on target. This is best for response curves and AutoPrograms, when
you'd like stable flow readings and stable humidities, and aren’t expecting
abrupt changes in incoming humidity or transpiration rate skdvwesetting is

not particularly useful, unless you want the smallest possible flow variations
and are not expecting any appreciable excursions in transpiration rates or in-
coming humidities.

TheRSPNS key applies ONLY to the constant humidity control circuit.
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CO, Control

If you do not have the 6400-01 G®lixer, then your C@control options are

limited to the knob on the soda lime tube, which will allow you to manually
regulate CQ between ambient and zero for the incoming air stream.

If you are using the 6400-01, then you should leave the soda lime knob on full
scrub.

Whenf3 (level 2) is pressed in New Measurements Mode, the following con-
trol options are presented:

——=Mxer Control ptions & Targets—-
None (M xer O f)

R) Ref G2 400 pnol / nol

S) Sanple G2 350 unol / ol
Control Signal 1000 nV

Figure 7-13. The CO2 control screen allows constant @Cthe leaf
chamber, or a constant incoming €O

Table 7-2. CO, control options

Option Description

N) None Turns off the mixer. (It's actually not turned off, but
its output is switched out of the air stream and has no
effect on the system’s G@oncentration.)

R) Ref CO2 Maintains a constant €&bncentration in the refer-
ence cell. That is, the incoming chamber,@0n-
centration is held constant at a target value. This is a
good default option.

S) Sample CO2 Maintains a constantfOncentration in the sam-
ple cell and chamber.

C) Control signal ~ The mixer control signal is set and held a target val-
ue. This is a diagnostic tool.
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Constant Reference Option

Usually the preferred option is R (constant reference, or incomingc@®
centration). When you enter a target concentration, the injector will adjust it-
self to bring the reference cell concentration to that value and hold it.
Depending on how big the adjustment is between the present value and the
one you want, it may take a few seconds or a few minutes to get there (going
up always takes longer than coming down). Once the concentration is

achieved, there is very little that will cause it to cha%ge,maintaining it is
usually no problem. If it does drift, the software will attempt to bring it back
on target.

Constant Sample Option

This option has the advantage of maintaining what the leaf actually “sees” as
a constant, but it is not as tight a control loop. This is because there are things
that affect this concentration that the control leapnotcontrol, like photo-
synthetic rate of the leaf, and flow rate through the chamber (the latter being
fully in the domain of the humidity controller). All the G@ontroller can do

is regulate CQ concentration coming into the chamber, once those other

things are stable.
For best results with the S option:

Start out with the R option

Specify a target 20 or 30 pmol mbhbovewhat you want in the chamber,
and wait for the system to stabilize.

Switch to the S option

Once things are stable, the controller can quickly lock in and hold a constant
sample concentration. Subsequent targets can then be specified for the sample
concentration, but if it really looses control, you can always drop back to the

R option and bring things back under control.

Unlike the constant humidity control options, which depend on the leaf pro-
viding lots of water, the S) option doesn’'t dependoythingfrom the leaf,
other than perhaps reasonably stable @s3imilation. In fact, it works well

with no leaf at all (as long as the chamber is closed, of éburse

2'Temperature and pressure changes, bad soda lime, or the soda lime tube not on
full scrub.

3'Opening the chamber might seem to be a way to really mess up the constant
sample CQ option, but usually the subsequent sample cel fi@tuations are
sufficient to keep the controller from eveying to control it.
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Interaction with Humidity Control
There is interaction between the constant samplg @p@on, and the con-

stant humidity control options. If the humidity controller is changing the flow
rate to try to achieve some target humidity, the, Canhcentration in the leaf

chamber is going to be responding as well. Generally this causes jlte GO

troller (when it's doing the S option) to sit back and wait until things stabilize,
before attempting adjustments.

The result is that the S G@ption will work with the H, R, or V humidity
options, but expect longer system equilibration times.

Constant Control Signal Option
The C) option has two purposes: as a diagnostic, and as an option that will
provide the fastest equilibration time after a change ipt@@et. This option

simply sets the controller to a target value (voltage, nof €@@centration),

and makes no further adjustment. Thus, when you specify a target, you may
not know exactly what the final concentration will be, but you’ll be assured
the controller will be making no changes, so any change or fluctuation you
see in reference GQconcentration will be coming from something else

(leaks, bad soda lime, flow rate changes, long term drift of the controller,
etc.).

CO, Mixer Calibration

There is a relation between the £@ixer’s control signal, and the resulting
CO, concentration measured in the reference cell. In fact you can see a plot

of the relation that your instrument is currently using by selecting “_CO2
Mixer - Plot curve” from the Calib Menu. A typical plot is shown in
Figure 18-13 on page 18-24.

The CG control software uses this calibration to come up with a first guess
when you've specified some target £€@dncentration. If you find (when op-

erating in constant reference concentration mode) that the first guesses don’t
seem very good, you can generate a new set of calibration points for it to use,
described ir6400-01 CO2 Mixeron page 18-21.
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Temperature Control

7-16

Temperature control is achieved using dual Peltier devices on the sides of the
IRGA / sensor head. These devices heat or cool the air that is circulated
through the leaf chamber.

Whenf4 (level 2) is pressed in New Measurements Mode, the following con-
trol options are presented:

—— Tenp Qontrol %)t]c i)ons & Targets

None ( Cool er
E Block tenp 20 C

Leaf tenp 20 C

Figure 7-14. The temperature control screen provides for block or leaf tem-
perature control

Table 7-3. Temperature control options

Option Description

N) None Turns off the chamber coolers.

B) Block Temp  Maintains a constant block temperature. Good default
option.

L) Leaf Temp Maintains a constant leaf temperature.

Constant Block Temperature

Block temperature is measured in the wall of the IRGA, and is primarily used
for the feedback control on the coolers. This control loop is fairly straightfor-
ward, and should be able to hold temperatures at targets that are within 7 de-
grees of ambient (larger if warming, since warming is more efficient than
cooling).

Constant Leaf Temperature

The constant leaf temperature option is not a tight control loop, for two rea-

sons: 1) the control of leaf temperature is indirect, via air temperature, and 2)
there are factors beyond the reach of the controller that affect leaf tempera-
ture, including leaf transpiration rate and incident radiation.
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For these reasons, probably the best use of the leaf temperature control option
is to maintain leaf temperatures at or near ambient levels in the face of chang-
ing light levels or transpiration rates.

Note: The feedback signal for this option comes from the leaf temperature
thermocouple, regardless of whether that signal is actually being used for leaf

temperature or nbt

Condensation?
It is possible (and certainly not advisable) to specify a target temperature that
will cause the coolers to bring the IRGA below the dewpoint temperature.

While in New Measurements mode, OPEN keeps track of the humidity in the
IRGA and leaf chamber, and if it gets above 95%, will display a blinking
warning

>> Hgh Humdity Alert <<

For a complete discussion of this message;ldegh Humidity Alert” on
page 20-7.

4For example, using the leaf temperature thermocouple to measuring air temper-
ature and calculating leaf temperature from an energy balance.
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This control is available only when the system is configured for an LED
source. Se&he Light Source Control Utility on page 8-4.

Whenf5 (level 2) is pressed in New Measurements Mode, the following con-
trol options are presented:

With the 6400-02 or -02B
—— Lanp Gontrol
None (La

CSJti ons & Targets

n’F Crf

Quantum flux 500 pnol / nR/s
Control signal 1000 nV
Track Par Qut um

With the 6400-40 LCF

———— Lanp ptions & Targets
None (Lanp O f)

P) PQuant um 500 pm §10% Bl ueg
FQuant um 500 pm (100 Bl ue
Control nV R=0, B=1000
Track Par Qut um

Figure 7-15. The lamp control screen provides constant quantum flux,
or a tracking option.

Table 7-4. Light control options for the 6400-02 or -02B

Option
N) None
Q) Quantum Flux

Description
Lamp off

Maintains a constant quantum flux within the
chamber, as measured by the lamp’s light sensor.

Set light to fixed control value.

Tracks external quantum sensor with a 3 second
update rate.

C) Control signal
T) Track ParOutum
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Table 7-5.Light control options for the 6400-40 LCF

Option Description

N) None Turns off red and blue actinic LEDs

Proportional quantum. Two target values: Total PAR (red +

blue) in pmol n¥ s, and proportion that should be blue,
in%.

P) PQuantum I__ Total PAR oM ue
5

00, 10
Keep in mind the maximum blue intensity is 150 or 200

pmol n?st so may not achieve the requested percentage.

Fixed quantum. Two target values: Total (red + blue)
pmol m2 s, and blue pmol if s1.

F) FQuantum I__ Total PAR B ue pnol
5

00, 100

Two target values, red (mV) and blue (mV)

C) Control signal I__ Red nv, B ue nV
0, 1000

Tracks external quantum sensor (or other channel). Every 3
T) Track ParOutum seconds, a new target is determined. You are prompted for
the %Blue faction to use, and which channel to track.

6400-02 Options

Quantum Flux
This is the usual option for controlling the a light source. Values between 0

and 2000 pmol ¥ st can be specified, and are maintained by the control
system. This is a fairly tight control loop, and within a few seconds of speci-
fying a target, stability should be achieved. If something happens to change
the light level (opening the chamber, for example), the control system will ad-
just the lamp to bring the light back to the target.

When you specify a target value, the software makes a first guess of the re-
quired control signal it will take to achieve that light level in the chamber. Af-
ter a few seconds, that guess is adjusted based on what the light sensor is
actually reading. If you notice that the first guess is not very close, you can
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generate a new and improved relationship by selecting the light source cali-
bration routine from the Calib Menu.

Control signal
The constant control signal option is a diagnostic tool, in which the control

signal to the lamp is set directly (in mV, not umo‘?rsil). The range is 0 to
5000 mV.

Track ParOut

The tracking option works just like the Quantum Flux option, except the tar-
get value potentially changes every 3 seconds, and the target value comes
from the external quantum sensor.

6400-40 Options
SeeThe LCF as a Light Sourceon page 27-19.
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Light Sensor Considerations

Radiation is the most important environmental factor in photosynthesis, and
the most difficult to measure. If you could measure the irradiance on a leaf
with an absolute accuracy of 5%, you'd be doing very well. In reality, the

measurement error is more like 1h%But 5% or 10% errors would be intol-
erable for temperature, G@oncentration, or humidity, since we can mea-

sure those parameters to better than 1%. This chapter explains how the LI-
6400 measures photosynthetically active radiation.

Why Two Sensors?

8-2

The optional External Quantum Sensor (part # 9901-013) measures photo-
synthetic photon flux density (PPFD) over the 400nm to 700nm waveband. It

gives accurate results with most light sources over a wide range of incident
angles, and is mounted in a position that minimizes errors due to shading. It's
a good quantum sensor, but there’s a problem: it's in the wrong place.

The external quantum sensor does not have the same field of view as the leaf
element in the chamber, nor is it subject to similar shading conditions, angular
responses, or attenuation by the chamber window. In an extreme case, when
the quantum sensor is shaded and the leaf isn’t, the quantum sensor could be
measuring a factor of 10 lower than the actual irradiance on the leaf. In more
typical conditions, there will easily be differences of 10%.

To address this problem, the standard light sensor in the LI-6400 is an unfil-
tered gallium arsenide phosphide (GaAsP) device that is small enough to be
placed in the chamber very near the leaf plane. A calibration coefficient
weighted for a “sun+sky” spectrum is provided in the LI-6400 Configuration
list. The spectral properties and calibration of the GaAsP sensor are discussed
below, but in essence, we are getting a second measurement that's very nearly
in the right location, but with a less-than-ideal sensor.

1.See “Radiation Measurement” for a discussion of all the sources of error. This
article is found in the LI-COR brochure, “Radiation Measurement Instruments”,
publication number LM1-11/94.
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There is a third type of light sensor that is used in the LI-6400. It is a silicon
diode that monitors and controls the optional 6400-02 or -02B LED Light
Source. The silicon diode light sensor has a wide response that covers the red
and blue LED emission range. It is also an unfiltered sensor, but calibration
is simplified because it only views radiation from the LED light source. A cal-
ibration coefficient is provided with each 6400-02 or -02B LED Light Source.

Specifying the Source and Sensor

One of the configuration parameters of OPEN involves specifying the light
source (and indirectly, the sensor). There are reasons this information needs
to be known:

. LED Light Source Control
Is a light source installed? The answer to this question determines whether or
not the lamp control key in New Measurements mode is active, and/or wheth-
er the Leaf Chamber Fluorometer keys are enabled. It also tells the software
what type of in-chamber light sensor is connected.

. Calibration Issues
Whatever the type of light sensor being used, it has a calibration factor which

converts raw mV to pmol A st photon flux. This conversion factor depends
on the spectral characteristics of the incident radiation. The software can ad-
just this factor depending on what the light source is.

. Energy Balance Issues
When leaf temperature is not directly measured, it is computed using a leaf
energy balance (described in Chapter 17). One of the inputs of this computa-
tion is the absorbed radiant energy by the leaf, and this again depends on the
spectral characteristics of the incident radiation.

Calibration Equations
The equations that OPEN uses for computing the readings of its light sensors
are (14-15) through (14-17), starting on page 14-8.
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The Light Source Control Utility

The Config Menu contains‘d.i ght Source Gontrol " entry, which brings

up a screen (Figure 8-1) showing the currently configured light source and re-
lated constants.

Li ght Source Contr ol
Li ght Sour ce= 6400- 02B RedBl ue #SI - 555
Cal Par LED= -. 65

al phak= 0. 16
To Change the

poce]l | | o |
Light Source
(Figure 8-2 on Eit Revert
page 8-6) + SdFle SdFle

Edit the list of standard light Revert the standard list back to

sources, to add items or modify factory default entries and values.
constants. (This does not in-
clude 6400-02 LED sources).

Figure 8-1. The Light Source Select screen. Pkess choose a different light source.

6400-02s
When the light source is a 6400-02 or -02B (as in Figure 8-1), the related
items shown ar€alParLED (the calibration value of the light source), and

alphaK (used only for energy balance computations to convert ur??osk‘?n
to W mi?, as described in Chapter 17.)

6400-40 LCFs
If you select the 6400-40 as a light source, you will be asked

Use LCF as a Fl uoroneter or
only as a LightSource ?

(F/L) =
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If you presd., then the New Measurements function keys allowing control of
the fluorescence related parts of the LCF will not be shown, and you can use
the LCF simply as a red-blue light source. You will have independent control
over the red and blue.

When the light source is a 6400-40 LCF, the related items shown are the serial
number and calibration factors (red, blue, and fluorescence zero offset) it read
from the unit, and the standaaitbhaK value.

Li ght Sour ce= 6400-40 Fl uor onet er
"LCF-0116" Cal s= -1.98, -2.05, -1986
al phakK = 0. 16

All Others

When the light source is something other than a 6400-02 or -02B, the related
items arealphak, CalParGaAs(the calibration of the light sensor in the
chamber top being used), aactinity (a correction factor for spectral varia-
tions from solar).

Li ght Sour ce= Sun+Sky
Cal Par GaAs = 0. 82
actinity =1

al phakK = 0. 19
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Pick Source
When you pres®ick Source (F1) in the Light Source Control screen, the
LightSource Selection Menu (Figure 8-2) will appear.

————————— Sel ect Light Source

. "6400-40 LCF* 1.0 0.16

840002 and 028 | Ight 1 6400-02 Red LED #Si-120" 1.0 0. 16 0.69

installed | " 6400- 02B RedBl ue #SI-501" 1.0 0.16 -0.61
"Sun+Sky" 1.0 0.19 ﬂ‘

Standard Light sources |—— :: %3{)}’ és:;g:’]'?'ge?)" Sé' %llg. 26

"Metal Halide" 0.87 0.17

Adjustment factor f,
(Egn (14-16) on page 14-8).

Conversion factor for energy balance
Equation(17-8) on page 17-3

6400-02 and -02B entries have a third value, that is calibration value a
(Equation (14-16) on page 14-8).

Figure 8-2. The menu for picking a light source consists of some standard lamps, plus whatever LED sources have
been installed. If an 6400-40 fluorometer has been installed, there will be an entry for that as well.

Edit StdFile.

This option in the Light Source Control screen opens théuide/Configs/Light-
Sources for editing. You would do this if you wished to add your own entries,
or modify existing entries. Note that this is NOT the method of modifying the
LED source entries. They are added via the Installation Menu.

Revert StdFile

The revert file option changes the fil&er/Configs/LightSources back to it's de-
fault state. The default version of this file is storegbys/Lib/LightSources.
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6400-02 and -02B Light Sources

Spectral Considerations

The 6400-02 spectral output has one peak centered at about 670 nm, while the
6400-02B has a secondary peak centered at about 465 nm (Figure 8-3). While
the red only LED source provides a very suitable light source for photosyn-
thetic studies (Tennessen, et al, )9the addition of the blue LEDs in the
6400-02 enlarges the scope of suitable applications to include stomatal kinet-
ics.

In-chamber light is measured with an unfiltered silicon photodiode that is part
of the LED source. Sdaght Source Calibration on page 18-26.

100

(0]
o

:

(o)}
o

Relative Output (%)
N
o

20

|
400 500 600 700 800
Wavelength (nm)

Figure 8-3. Typical output of a 6400-02B LED source at 25°C. (A 6400-02
source has the same red peak, but no blue peak.)

2Tennessen D.J., D.L. Singsaas, T.D. Sharkey, 1994. Light-emitting diodes as a
light source for photosynthesis reseafhotosynthesis Researg8f: 85-92.
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Light Sensor Considerations
6400-02 and -02B Light Sources

Temperature Effects

The LED source’s efficiency and spectral characteristics depend a bit on tem-
perature. At 50C, the efficiency will be about 75% of what it is at OC. This
means an increase in the power required for a given output (and a reduced
maximum output) at higher temperatures. The spectral shift is strongest for
the red LEDs. Typically, the peak wavelength is shifted towards longer wave-
lengths by 7 or 8 nm when comparing OC to 50C performance. The blue peak
shifts up by only 2 nm over those temperatures.

Aging
Like all light sources, the LED source is subject to aging. In a 2 year test with

a 6400-02 running continuousiys output dropped by 30%: (10% the first 6
months, 10% the second 6 months, and 10% over the last 12 months).

If you find that your light source cannot achieve high enough light levels, and

you suspect it's simply due to the age of the source, then there is a possible
remedy. Se&ource Isn’t Bright Enough on page 20-33.
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6400-40 Leaf Chamber Fluorometer

The 6400-40 Leaf Chamber Fluorometer has independently controlled red
and blue LEDs for providing actinic light to drive photosynthesis. The spec-
tral output of these LEDs is shown in Figure 8-4;

14 1
9 0.9
0.8 0.8
© 0.7 1
2> [ 3979
§ 0.6 8 0.6
¢ 0.5 I \ é 0.5
2041 II ERWE / \\
o ] © E
T 02l T ]
& 0.3 ] ’ \ & 0.3 g ,
0.2 \ 0.2 /
0.1 ]
] / N 0-15 \
0 0
400 450 500 550 550 600 650 700
Wavelength (nm) Wavelength (nm)

Figure 8-4. Relative spectral outputs of the red and blue LEDs used in the 6400-40 Leaf Chamber Fluorometer.

the blue LEDs are essentially the same as the 6400-02B, while the red LEDs
are centered at a shorter wavelength, typically 635 nm, rather than the 670 for
the -02B. The aging and temperature effects discussion above for the -02B
also applies to the LCF.

Since the LCF allows the red and blue LEDs to be independently controlled,
a complication arises when converting the in-chamber light sensor’s signal

into pmol m? s1; One needs to know a calibration factor for the red LEDs,
and also one for the blue LEDs. This is provided as part of the factory cali-
bration. But one also needs to know how to weight these two values for a par-
ticular situation. The method used by OPEN is based on knowing the fraction
of blue radiation at any point in time, and this is determined from the DAC
(digital to analog converter) settings that drive the two sets of LEDs. The re-
lation between the DAC setting for a set of LEDs (red or blue) and the actual
guantum output is available to the software from the current LED calibration
curves (generated by the user doing is calibration menu item described in
“Actinic Control - Calibrate” on page 27-61). Thus, the accuracy of the in-
chamber light sensor depends on the user calibration, when using the 6400-
40 LCF with both red and blue LEDs on.
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Gallium Arsenide Phosphide (GaAsP) Sensor

The spectral response of a GaAsP sensor is shown in Figure 8-5 on page 8-10,
along with the spectral response of an ideal quantum sensor for comparison.
The GaAsP sensor spectral response is similar to the ideal quantum sensor,
but it begins to drop dramatically at 650nm, the slope from blue to red is gen-
erally steeper than ideal, and it's nonlinear. While this is certainly not an ideal
guantum response, corrections for spectra of sources commonly encountered
in photosynthesis work can be made, and are usually less than + 15%.

Mixed light sources will cause complications, but if one light source predom-
inates, the appropriate value for that source can be used, or the GaAsP sensor
can be calibrated to the specific lighting conditions using a LI-COR quantum
sensor Generating a Calibration Correction on page 18-30).

] GassP Sersar
\

[ deal Ciuant

4 Sensor
603 e

Healative Hesponss (2]

203

D-IIII IIIIIIIIIIIIII IIIII

300 400 500 600 70 B0
Viavelength (nm)

Figure 8-5. Spectral response of GaAsP sensor and ideal quantum respo
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Gallium Arsenide Phosphide (GaAsP) Sensor

Temperatu re
Our tests have indicated that the GaAsp sensor has a temperature coefficient
of about +0.2% C.

View Angle

The GaAsp sensor, especially as mounted in the LI-6400 leaf chamber, is sub-
ject to serious errors when measuring irradiance at non-normal incidence an-
gles. There primary reason for this is reflections from the chamber walls. For
example, at angles when the sun reflects off the wall nearest the sensor, the
sensor’s readings can be boosted by 25%. For this reason, you should not trus
this sensor very much at non-normal incidence angles.

A stronger reason to be careful of non-normal incidence radiation is the po-
tential for the chamber walls to shade the leaf. Uniform lighting is critical to
good gas exchange measurements. If sunlit and shaded leaf areas are mes
sured together, it becomes very difficult to interpret the results.
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Data Logging

The LI-6400 provides a great deal of flexibility in choosing what is logged,
and how it is logged. This chapter explains what goes on, and how you can
modify logging to suit your purposes.

For a introduction to this topic, s@eur #4: Logging Data on page 3-50

Basic Concepts

9-2

The LI-6400, in its default configuration, is an open system. As such, it shows

a continuous stream of measurements and calculations. You can monitor light
levels and photosynthetic rates, for example, while changing those light lev-

els. Over the course of, say, 5 minutes, the LI-6400 will have made hundreds
of measurements. The question is, which of these will you want to retain for

future use?

Person A might only want two sets of data: one when conditions were stable
at light level X, and another 5 minutes later at light level Y. Person B, how-
ever, might be studying the dynamics of the change from X to Y, and want to
record data as frequently as possible over that 5 minutes.

Where does it go?

When the LI-6400 records data, it generally does so in its file system, which
is described in Chapter 10. Data can also be sent out the RS-232 port in real
time. Files can be named, allowing you to go back and retrieve your prized
data that you stored under some meaningful namejliké, ‘or “test 1”, or the
ever-popular A-Ci curve right before lunch”.

What gets stored?

Data files contain “snapshots”. That is, whenever you think it appropriate,
you can store in your file a set of data for that instant in time. A file can con-
tain 1 or 100 or more such observations. Or no observations. The observations
can be irregularly spaced, recorded manually and whimsically, or evenly
spaced, recorded automatically based on time. They can even be recorded au-
tomatically when the program determines that stability has been achieved.
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What does it look like?
A sample file with logged data is shown in Figure 9-1, in very small print.

"OPEN 5.2"

"Sat Jun 26 2004 12:42:09"

"Unit=","PSC-0780"
"ComputeList=","/User/Configs/Comps/Default"
"BLCTable=","/Sys/Lib/StdBLCTable"
“LightSource=","6400-02B",1,0.25
"LogFormat=","/User/Configs/LogFormats/Std Output"
"LogCodes="-35,-21,-36,30,23,36,21,25,-33,-34,-32,-9,-10,-8,-1,-2,-4,-5,-14,-15,-7,-12,-13,-11,-65,-66,-72,-23
"PromptList=","/User/Configs/Prompts/Default (none)"
"Stability= (CO2S 15s SLP<1)(H20S 15s SLP<1)(Flow 15s SLP<1)"

sz LeHT SURVE (Label Line Identifier)

Label Line
$STARTOFDATAS <

"Obs","HHMMSS","FTime","Photo","Cond","Ci","Trmmol","VpdL","Area","StmRat","BLCond","Tair","Tleaf","TBIK","CO2R","C02S","H20R","H20S"...
.."RH_R","RH_S","Flow","PARi","PAR0","Press","CsMch","HsMch","StableF","Status"
:48:29",378.5,17.9,0.226,228,2.44,1.12,6,3,2.27,24.02,25.69,22.63,400.02,371.72,19.054,22.629,61.62,73.18,399.7,1500,9,97,5.12,0.104,1.0,111115
:58",587.5,16.8,0.198,224,1.99,1.03,6,3,2.27,23.72,24.94,23.15,400.61,374.32,19.124,22.047,62.97,72.60,399.7,1001,6,97,5.12,0.104,1.0,111115
3 "12:5549",788.5,15.5,0.167,213,1.76,1.07,6,3,2.27,24.08,25.05,23.49,400.40,376.14,19.279,21.860,62.15,70.47,399.7,900,6,97,5.12,0.104,1.0,111115
4,"12:58:404989.5,14,0.139,204,1.47,1.06,6,3,2.27,24.48,25.02,24.12,400.43,378.58,19.721,21.883,62.04,68.84,399.8,601,6,97,5.12,0.104,1.0,111115
5,"13:02:01",1 A‘ 3,1.05,6,3,2.27,25.03,24.95,24.90,400.52,383.70,20.157,21.811,61.37,66.41,399.7,301,6,97,5.12,0.104,1.0,111115
6,"13:05:22",13 4.768,1.11,6,3,2.27,25.60,25.04,25.69,400.60,390.45,20.277,21.405,59.68,63.01,399.7,150,6,96.99,5.12,0.104,1.0,111115
7,"13:08:43; ', 592.5,4,0.0481,253,0.568,1.14,6,3,2.27,25.57,24.94,25.69,400.68,394.34,20.091,20.925,59.25,61.71,399.7,91,6,96.99,5.12,0.104,1.0,111115
8,"13:12:34",1821.5,2.77,0.0376,270,0.47,1.2,6,3,2.27,25.70,24.97,25.88,400.89,396.45,19.688,20.378,57.59,59.61,399.7,60,6,96.99,4.89,0.0843,1.0,111115
9,"13:18:20",2050.5,1.29,0.0306,323,0.398,1.24,6,3,2.27,25.70,24.96,25.89,401.01,398.84,19.315,19.900,56.50,58.22,399.7,31,6,96.99,4.73,0.0727,1.0,111115
10,"14:20:08",2278.5,-0.629,0.0242,435,0.323,1.27,6,3,2.27,25.70,24.94,25.89,401.07,401.82,19.055,19.530,55.76,57.15,399.8,9,6,96.9,4.88,0.0635,1.0,111115
11/13:23:56",2506.5,-1.4,0.021,500,0.289,1.31,6,3,2.27,25.73,25.03,25.89,400.02,401.96,18.913,19.338,55.23,56.47,399.7,0,6,96.98,4.89,0.0473,1.0,111115

Figure 9-1. Sample data file, in comma delimited format.

At the start of the file is the header. The header consists of a series of lines
identifying some configurations associated with the data. The data consist of
a line of labels identifying each column, and rows of observations. The delim-
iter in these files can be commas, as in Figure 9-1, or tabs, or spaced into jus-
tified columns. This latter option makes the file more readable for humans,
but at the price of using more memory for storage. Note that regardless of how
the file is stored, Graphlt (described in Chapter 12) allows the data to be
viewed in columns.
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Getting Started

Logging is done in New Measurements mode, and is initiated with the func-
tion keys in level 1.

Qpen | <vi ew J <cl oselfl <add Mat ch
il LogH | @ file>Q fil e> @renark>

Pick a destination for logged data:
file, memory, or comm port

Figure 9-2. Logging is initiated and controlled from New Measurements’
function key level 1.

Open LogFile

Open LogFile (f1 level 1) will use the Standard File Dialog (page 5-9) to allow
you to specify the destination file name (Figure 9-3).

DR /User
Fi | e e

Log File (esc = none)
n m.t all

" Dat a2"

"Response curve"
"Stan's test"

Figure 9-3. Specifying a destination name with the Standard File Dialog.
If you wish to log to the Comm port, just prESCEL or escape.

If you do not want to log to a file, presscape to get the alternate destination
prompt (Figure 9-4), which allows you to log to the Comm port instead of to

a file.
Log to Comm port ? J
(YI'N

Figure 9-4. The alternate destination prompt. Préger Comm port, or
escape to not log anywhere.
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If you wish to log to a file_ando the Comm port simultaneously, use the
“Echo logged data” feature (Utility Menu -> Configure the Comm Port. See
Figure 11-2 on page 11-4).

Logging Remarks

Once the destination is established, you'll be shown the box for entering re-
marks (Figure 9-5). These initial remarks are recorded on the line just prior to
the label line. See Figure 9-1 on page 9-3.

— Enter/ EHit Renar ks

Figure 9-5. The prompt for entering remarks into a log file. The details
of this type of dialog box are describedStandard Line Editoron
page 5-5.

Remarks can also be entered at any time the file is open, by pressing
Add_Remark (F4 level 1), and will take the form of a quoted string on it's own
line in the file. The start of a remarks line contains the time (HH:MM:SS) the
remark was entered (Figure 9-6).

A time stamp is automatically
inserted into the remark.

6, 1393. 97y¢-2. 97, 0. 219, 27. 1, 3. 85, 1. 76, 3. 5, 13...
"11:58: 30 Turned cool ers of f"
7,1585. 53, 21.4,0. 207,759, 3.64,1.76,3.5,1, 3, ...

Figure 9-6. Remarks are logged as quoted strings, including the time stamp.

Alternatively, user-entered remarks or constants can take the form of addi-
tional data columns, rather than occupying an entire recordP®eepts
and Remarkson page 9-15.
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Logging Observations
Once the destination and initial remarks are established, the function keys
(Figure 9-7) will show (in the label fét) the number of observations logged.

Press to add an | View stored data | Add a remark to
observation the data file.

# Obs Stored Stop Iogglng, close
the file

Figure 9-7. Level 1 function key labels when logging is active.

Observations can be added to the logged data by pressing the Log Key or the
Log Button. The log button is located on the left hand side of the sensor head

handle. Press and hold the log button until an audible tone sounds (within 1

second), indicating an observation has been logged. The log button normally

does not function unless logging is active.

The log button can be disabled by unplugging it (Figure 2-13 on page 2-17),
or redefining its action (described next).
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User Definable Log Button

What the log button does when pressed (while in New Measurements mode)
is user-definable. PreBgfine Log Btn (f5 level 5) to bring up a menu of pos-
sibilities (Figure 9-8).

Log Button Acti on ——

Default Normal Lo

Log onl y no pronpts)
Do Not hi ng

Meaur eToggl e OnCF f
Far RedToggl e_OnCt f
Actini cToggl e OnCF f

Do Fm
Available when Do FoFm
configured for Do FsFm

Do FsFm Fo’

Fl ash (no assign)
Dark (no assign)

Figure 9-8. Menu of choices for defining the log button.

The difference between “Normal Log” and “Log only” is that user prompts
(described ofPrompts and Remarkson page 9-15) are bypassed in the latter
case.

The fluorescence options are described in Table 27-20 on page 27-73, but es-
sentially correspond to many of the LCF control function keys. If prompts are
set to “On Log” (see Figure 9-16 on page 9-15), then the fluorescence com-
mands that include logging (“Do..”) will also trigger prompts, when executed
via the log button.

Determining What is Logged

The quantities logged and their arrangement are determined by the LogList,
which is a list of system and user ID numbers to be logged. Logging Control
(in the Config Menu) provides an editor for making changes to this list.
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Logging Control
The Logging Control screen (Figure 9-9) shows the format file in use (the
LogFormat= configuration command), and some status information.

If logging is active (from
New Msmnts mode), the
destination will be shown
(file, memory, comm port).

These messages
only appear as
needed.

The LogFormat
file and number

of items. L | LogFor nat = “Renee’ s For mat”

To modify en- -
tries in the Log LOgl__I st S
Format List. R EitorgdQ

To pick a different
(and existing) Log
Format List.

Toggles on/off
the beeps associ-
ated with logging

— Loggl ng~Qontrol
Log Destination: <inactive>

™~ . ..contains 26 itens
...lacks 1 itemfor RECOVPUTI NG
...contains 2 undefined itens

ogBeepfl Log

+He ot i ons
(Visible only when Only appears if Shows the missing items,
logging not active.) logging is active. and gives you the option
For separate re- to add them to the list.
marks, statistics,
and header files . Append the Log List items to
the information in the window.

9-8

Figure 9-9. The Logging Control program.

Status information can include:

...contains <n> items
The number of items in the Log Format list.

...lacks <n> items for RECOMPUTE

Items that would be needed to recompute the data file are missing. When a
Compute List is compiled, OPEN makes a list of all the system variables that
you've referenced (directly or indirectly). Logging Control looks for these
items in your log list. If you have some missing, it shouldn’t concern you un-
less you want to recompute later.

Using the LI-6400 Version 5



Data Logging
Determining What is Logged

...lacks <n> PromptList items

Items in the PromptList are not being logged. To remedy either of the
“...lacks” messages, preB4$ (What's Missing) to see a list of the offending
items (with an option to insert them into the log list), or else use the LogList
Editor. Or QuikPik another Log List.

...contains <n> undefined items

These will be labelled as “???". To take care of undefined items, either switch
to the appropriate ComputeList that defines these items, or else use the
LogList Editor to remove the items.

Log Options

The Log Options key (visible only when logging is not active) brings up a
menu of options (Figure 9-10). (This is also accessible from New Measure-
ments mode, level 5.)

Log ptions
Header: Enbedded (nor mal
Renar ks: pedded ( nor na

Stability Details: Not |ogged
Statistics: None (normal)

Edit * * ¢ Cancel ¢ K

Figure 9-10. The Log Options menu.

Use theEdit key to change any of the settin@ keeps them (they apply to
subsequent data files), a@idncel undoes any changes.

Header

The choice is “Embedded”, or “Separate .HDR file”. If you select a separate
.HDR file, then your data file will not have any of the normal header informa-
tion above the line labels. This will instead be put into separate file
(Figure 9-11).
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“MyData”

$STARTOFDATAS
"Obs","Time","Photo","Cond","Ci","Trmmol","VpdL","Area",....,"Status"
1,78.8,10.2,41.9,1.27E+03,19.8,0.709,6, 111105
2,138.8,10.1,11.6,1.28E+03,12.7,0.529,6, 111105
3,206.3,1.85,1.44,1.27E+03,2.92,0.289,6, 111105
4,261.0,2.09,2.49,1.28E+03,4.61,0.328,6, 111105

“MyData.HDR”

"OPEN 5.2"

"Fri Jun 42004 10:08:46"

"Unit=","PSC-0780"

"ComputeList=","/User/Configs/Comps/Default"
"BLCTable=","/Sys/Lib/StdBLCTable"

"LightSource=","Sun+Sky",1,0.25

"LogFormat=","/User/Configs/LogFormats/Std Output"
"LogCodes="-35,-36,30,23,36,21,25,-33,-34,-32,-9,-10,-8,-1,-2,-4,-5,-14,-15,-7,-12,...
"PromptList=","/User/Configs/Prompts/Default (none)"

"10:08:46 Stability: (Photo 20s SLP<0.5) (Cond 20s SLP<0.01)"

Figure 9-11. A data file, and its separate .HDR file.

Remarks

The choice is “Embedded” or “Separate .REM file”. If you select ‘Separate
.REM file”, all remarks will go into a .REM file. This can really clean up a
fluorescence file, which contains remarks from flash or dark pulse events.

Stability Details

The choice is “Not logged” or “Logged”. If you choose “Logged”, your data
file will contain extra columns of data. The mean, standard deviation, CV,
and slope of each variable in the stability list will be appended to each line.
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For example, iPhotoandCondare in the stability list, then the data file col-
umn headers will appear as shown in Figure 9-12.

Regular data  Photo stats Cond Stats

"Obs",..."Status",N(Photo),MN(Photo),SD(Photo),CV(Photo),SLP(Photo),N(Cond),...

wn

# Samples, Mean, Std Dev, CV (%), Slope

Figure 9-12. Stability details (in this case for PHOTO and COND) are appended
to the normal data record. There are five extra columns for each variable in the
stability list.

Statistics

The choice is “None” or % .Stats file”. When set to5 .STATS file" creates

a separate file that contains statistics on each floating point variable logged in
your normal log file. For example,

The data file: "SampleData"

"Obs","HHMMSS","FTime","Photo","Cond","Ci","TrmmoI","VpdL","Area","StmRat","BLCond","Tair",...
1,"12:39:09",3.2,1.74E-07,3.19E-09,-39.8,1.84E-08,0.505,6,1,2.84,0.00,0.01,0.00,47.33,47.28,...

2,"12:39:13",8.2,2.34E-05,-1.66E-07,271,-9.59E-07,0.505,6,1,2.84,0.01,0.01,0.01,47.45,47.30,...
3,"12:39:18",14.2,-1.47E-05,-3.01E-08,-733,-1.73E-07,0.505,6,1,2.84,0.01,0.01,0.01,47.23,47.30,...

The stats file: "SampleData.STATS"

"Thr Jun 20 2002 12:39:05"

Period= 15 secs
"Obs","HHMMSS","FTime","MN(Photo)","SD(Photo)","MN(Cond)","SD(Cond)","MN(Ci)","SD(Ci)"....
1,"12:39:09",3.2,-3.471e-06,4.57e-05,-4.978e-08,2.407e-07,-186.8,381.8,-2.871e-07,1.387¢-06,...
2,"12:39:13",8.2,8.319¢e-06,3.591e-05,-8.377e-08,2.229¢e-07,-51.49,1003,-4.829e-07,1.284e-06,...
3,"12:39:18",14.2,5.004e-06,3.601e-05,-6.486€-08,1.849e-07,-499.2,2526,-3.739¢-07,1.065¢-06,...

Figure 9-13. Example of a .STATS file. Each relevent floating point variable logged
in the data file has a corresponding mean (MN) and standard deviation (SD) logged
in the stats file.
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LogList Editor

The LogList Editor (Figure 9-14) allows you to edit the entire list. Items in
the list are flagged if they are required for recomputation (according to the
current Compute List). You may remove any of these items, however. Thus,
if you wish to only log 3 items per observation to save a lot of room, you may.
Also, as an aid to building log lists, the master list (the menu of possibilities
from which you choose when Changing or Inserting) indicates whether or not
an item is already in the Log List.

The LogList Editor is a dialog, so if you leave by pressangeel, all changes

are undone. If you leave by press®K you will be given the option of stor-

ing your changes. Your changes remain in effect, however, regardless of
whether or not you store them.
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RH'S % - Chanber RH»%

Required for -14:
Recompute - 15:

4: Hp

5: > - COnnor.
4 RHR %- Ref RH%
5

7

2

» -7:Flowpum - Flow Rate pnol/s
-12: Parln_um- | n-chnbr PAR unol / n2
1[ENCE Fémnve [cancel | OK |
Replace the selected item with Insert a new item above Remove the selected
another, from the master list. the selected item. item from the list.
Return to the stored Read another Log Format Specify the file name and
version of the list List into the Editor. save this list.

AOG

Remove all items Choose up to three groups of missing items to
from this list. insert above the selected item. The groups
are selected using the box below.

Selected
Mark [*] Goups to Add —————

DESEIeCted\:: *]_Pronpt itens (2
Select or dese- [*] Itens r equi r e.d for Reconput e (O) )
lect a group to User defined itens (6) < # items

add.
__mﬁ._

Figure 9-14. The LogList Editor. Any of the entries in the list may be removed or changed. The “User defined
items” in the Group Add menu are any user defined (Compute List) items that aren't already in the Log List.
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LogList Files
LogList files are generally stored in the directfser/Configs/LogFormats direc-
tory. The format of these files is shown in Figure 9-15.

Marker.
\‘LogFormat:

-35 -36

30 23 36 21 25

-33-34-32-9-10-8-1-2-4-5-14 -15 -7 -12 -13 -11 -

Figure 9-15. Listing of the default LogList file/{5er/Configs/LogFormats/Std Output”). The numbers following the
marker indicate which items (system or user variables) are to be logged. These numbers can be on any number of
lines; it does not matter how they are distributed.

Log list files contain the marking label “LogFormat=", followed by a list of

ID numbers, on any number of lines. Positive variable ID numbers indicate
user variables (Chapter 14), and negative IDs indicate system variables
(Chapter 15).

Logging Times and Dates

The default LogList includes an observation time in HH:MM:SS format, and
also the number of seconds that has elapsed since the file was opened.
Table 9-1 lists all the system variables that contain time and date information.
To include any of these in your log file, simply access the Log Editor, and in-
sert them where you want them to be.

Table 9-1.System variables involving time and date.

ID Label Description Example
-21 | HH:MM:SS Clock time string, 24 hour. “12:02:54"
-36 | FTime Number of seconds since file opened. 1234.5
-64 | DecHour Decimal hour of observation. 15.0237
-69 | DOY Day of the year (1...366) 125

-70 | YYYYMMDD |Year, month, and day 19970811

Plotting HH:MM:SS (-21)

If you are plotting data on the LI-6400 using Graphlt (Chapter 12), then you
can use HH:MM:SS as the time variable, because Graphlt will convert the
string to decimal hours automatically when plotting. Thus, for example,
“10:40:17" internally becomes 10.67139. If you need to plot the data using
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your spreadsheet, you will need to consider whether or not it will handle
HH:MM:SS in a similar manner.

Prompts and Remarks

Frequently, it is convenient to log constants (such as leaf#, plot#) and remarks
(treatment codes, etc.) as columns in the data file. OPEN’s Prompt Control
allows you to define these types of fields. Once defined, you can cause the
program to prompt you for these values each time you press Log, or anytime
you press the AutoPrompt function ké&j (evel 3).

Prompt Control

The Prompt Control screen (Figure 9-16), accessed from the Config Menu,
provides a method of defining and managing user constants and remarks.

If you have any items in this list that aren’t also being stored The Prompt List
(i.e. aren't referenced in the Log List), then you are alerted file name
to that fact by these indicators.

A quick method for
getting missing
prompts into the
Log List so they'll
be stored.

trol. (Qurrently 3 Items)

Plot# Comments, Area
iglne;)tg:c‘)?\?pgex' > lgg; % pnt % = “
List “osAreéa _ _
» Not in Log List
Pronpt | Ask _ _
Qui KP ki Pronpt sjjLogLi st § Qui t
Try them out.
(Same as New
Msmnts key F5
level 3.)
Shows the currently defined
To modify entries in labels for ID’s -101yto -109, Toggles between “off” and “On
the Prompt List. as well as the LPL variable Log". (Same as New Msmnts
names. key 4 level 3)

Figure 9-16. The Prompt Control screen lists the currently defined prompts,. You can edit them (Prompt Editor) ol
select a new listPfompt Quikpik). The prompts are used whigrlevel 3 is pressed in New Measurements mode, or
whenf3 is pressed hered6k Prompts).
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The prompt configuration shown in Figure 9-16 will prompt for “Plot#” (an
integer), “Comments” (a 16 character maximum length string), and “Area” (a
floating point value) whenevdb level 3 is pressed in New Measurements
mode. This sequence can also be made to happen whenever the Log key is
pressed by settingrompts On (f4 level 3)

There are two configuration commands (Chapter 16) that pertain to prompt-
ing:

PronptList= <file nane>
Pronpts= <off / ON LCG>

The PromptList file is simply a list of variable ID numbers that you wish to
be prompted for. These ID humbers can be user defined constants, or any of
the system constants described in Table 9-2. The Prompts= command (intro-
duced in OPEN 3.2) determines whether prompts are asked automatically
with each log.

Prompt List files are usually stored in the directfsgr/Configs/PromptList/.

If you install the configuration example “Survey Measurements”, then go to
Prompt Control and QuikPik the file “Plot¥#, Comments, Area”, the display
will appear as shown in Figure 9-16 on page 9-15. The Prompt Control screen
will indicate which if any prompts are missing from the active Log List.

To add missing items to the Log List, you can piégizdate Loglist (F4), or
else go to the Logging Control screen, and update from there.

The Prompt List Editor is illustrated in Figure 9-17. This editor functions in
a similar manner to the Log List editor, but with some small differences, in-
cluding aRelabel key (2 level 2) that operates on ID values -101 to -109, the
system constants with user defined labels.

Using Prompts

When prompts are defined, you can cause OPEN to ask you for values for
them from New Measurements mode by presBiigvel 3. To be prompted
automatically when you manually log data (as opposed to logging with an
AutoProgram), seft level 3 to “Prompt on Log”.

Interaction With Real Time Graphics

When you press the log button with “Prompt on Log” and RTG is active and
displaying graphs, what happens? With OPEN 3.01 and below, the graphs
DO NOT go away, and it's not clear what is happening. You can punéss
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shift — « to turn off graphics mode, and turn on text mode, so you can see
the prompts. With OPEN 3.2 and above, this happens automatically, so there
is no problem.

Timing relative to logging
When you manually log, here is the sequence of events:

1. Latest measurements are captured

2. If “Prompt on Log”, prompts are presented, user responses recorded.
3. Computations done.

4. Record added to log file.

5. Beep (if enabled).

Thus, if you are prompting for values that are used in computations, the com-
putations done for the logged data will use the latest values that you have en-
tered.

——— Hot# omments, Area ————

-104: Plot# - User defined (integer)
-108: Commrents - 18 char renar
-33: AREA cnk% - Entered | n-chnbr | eaf

1@ renove fcancel | OK |

Replace the selected item with Insert a new item above the| | Remove the selected item
another, from the master list. selected item. from the list.

Return to the stored
version of the list

If the entry is a system user con-| | Read another Prompt List| |Specify the file
stant (-101 to -109), you may re- | | into the Editor. name and save
label it. this list.

Figure 9-17. The Prompt List Editor, and associated function keys.
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System Variables for Prompts

Table 9-2 lists the system variables that are available for use with prompts.

Table 9-2. System Variables that can be used as prompts.

ID Label Description LPL Variable
Name?
-33 AREA Leaf area (cr?) area_cm?2
-34 STMRAT | Stomatal Ratio stom_rat
-52 Oxygen% | Percent oxygen oxyPct
-86 Fo Minimal fluorescence | fIr_fo
-88 Fm Maximal fluorescence flr_fm
-101 AUXF1° Do_uble precision floatingauxF1
-102 AuxF2 point value. auxF2
-103 AuxF3 auxF3
-104 AuxN1 Long integgrauxN1
-105 AUxN2 gi‘g Z‘gggj% W auxN2
-106 AuxN3 auxN3
-107 AuxS1 8 character string auxS1
-108 AuxS2 18 character string auxs2
-109 AuxS3 38 character string auxs3
a.Necessary IT you wish 10 use the value In a computation, such as in a Com-

pute List, where you need to refer to the item by it's name, not its label.
b.Available when configured for fluorescence.

c.ltems -101 through -109 have user defined labels. What's shown here are
default labels.

System variables -101 through -109 have user defined labels. Thus, for exam-
ple, system variable number -104 has a default label of “AuxN1”, and in
Figure 9-17 on page 9-17, it has been changed to “Plot#”. These system vari-
ables are also different from the others in that their values aren’t used for any-
thing, and don’t change unless you change them. They are really system
constants, not variables.

“Which Ones Do | Use?”

Suppose you wish to store some auxiliary, user entered information with your
data. How do you determine which of these system constants to use?
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If what you want to store involves letters or words, then use the strings. If it's
numeric, and can be an integer (10, -1634, etc.), then use variables -104
through -106. If it's floating point (5.124, -7E-12, etc.), then use variables
-101 through -103. You may use whatever combination of these items that
you need. And, of course, whichever ones you do use, you can and should re-
name to be more meaningful than “AuxF1”.

If you wish to select data records for plotting based on the value of these con-
stants, then use the numeric ones. The logical selection criterion of Graphlt
(described in Chapter 12) works for numeric fields, not string fields.

“What If | Need More?”
You can add as many constants as you like by modifying your Compute List.
See Chapter 15. Remarks (strings) can also be defined in Compute List Files.

Prompts and AutoPrograms
To trigger the prompt list from an AutoProgram, use the command

UcnAskAl |

Chapter 25 discusses AutoProgram programming. If you are making an Au-
toProgram using the AutoProgram Builder (described on page 9-30), the
menu selection@ Pronpt for user constants” will accomplish this task.

Prompt List Files
Prompt List files are generally stored in the directggr/Configs/Prompts di-
rectory. The format of these files is shown in Figure 9-18.

List Marker— [Pronpt LI st =
The List — |- 104 -108 -33
Pl
- " X "
Relabel Marker -102 " AUXE2"
-103 " AuxF3"
- 184 " Pl o'lf\aé*"
Label -105 " AuxN2"
e 106 " AIXNG”
-107 "Renar k8"
-108 "Comment s"
-109 "Renar k32"

Figure 9-18. Listing of the PromptList filePtot#, Comments, Area”. The list
contains the ID’s of values to be prompted for, and the label list contains the
names of all 10 system variables that can be renamed.
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AutoPrograms

9-20

One mechanism by which the LI-6400 can operate automatically is the Auto-
Program.

What are AutoPrograms?

AutoPrograms are small LPL application programs designed to run‘oaoftop
OPEN. While there is practically no limit to the scope of what an AutoPro-
gram can be made to do, typically these programs log data in some sort of au-
tomatic fashion, while perhaps maintaining control over one or more
conditions in the leaf chamber.

A number of AutoPrograms (Table 9-3) are installed with OPEN, and are de-
scribed below. You can modify these, or write your own. See Chapter 25.

Table 9-3.Standard AutoPrograms

Name Description

“A-CiCurve” Controls CQ mixer, logs data based on stability.

“AutoLog” Logs instantaneous data at regular intervals.

“LightCurve” Controls LED source, logs data based on stability,

“Remote Control” Interprets and executes commands sent from a remote
terminal or computer.

“Timed Lamp” User selects LED source values, logging frequencies,
and time intervals. Useful for sunfleck simulations,.

LThat is, they cannot be launched unless OPEN is running.
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Launching AutoPrograms
All AutoPrograms are launched in the same way:

1 Press AutoProg
AutoPrograms are launched by pressiugoProg (f1 level 5 in New Mea-
surements mode of OPEN).

2 Select destination
If logging is not active, you'll be asked to open a log file, just like when you
presOpen_LogFile (f1 level 1).

If logging is active, you'll be asked
Append to the current log file? (Y/N

Pressy if you wish to add observations to the current log destinatid,ifor
you wish to close it and open another. If you piesgou’ll be asked to pick
a log destination.

3 Select the AutoProgram
The user is then prompted to pick an AutoProgram. This list of programs
shown (uses Standard Menu) consists of all files in the diregismyCon-
figs/AutoProgs.

4 Answer the questions
Most AutoPrograms will prompt you for some input data. The default values
will be the values that you entered the last time that AutoProgram was
launched.

While an AutoProgram is Active

Once an AutoProgram is active, the display and function keys will appear
much like they do in New Measurements mode. There are some subtle differ-
ences, however.

. The AutoProgram Asterisk
While an AutoProgram is active, an asterisk is on the display (Figure 9-19).

\* LGG VEWER AQCER AD Mat ch
1 e Hle HLE BREVARK

Figure 9-19. An asterisk appears to the left of the function keys while an Auto-
Program is active.

Using the LI-6400 Version 5 9-21



Data Logging
AutoPrograms

. You can't leave New Measurements Mode
If you attempt to exit New Measurements Mode, you will be presented with
the AutoProgram Exit screen:

<Prog Name> in Progress
A - abort program

T - trigger next step
<esc> - resume program

Figure 9-20. The AutoProgram Exit screen. Presgingll terminate the
AutoProgramsT will trigger the next step in the AutoProgram, aew
cape will let the AutoProgram resume

. You can monitor an AutoProgram’s progress
There are two fields in the standard display map that are useful for monitoring
an AutoProgram. Both are available on kigisplay line (Figure 9-21).

™ ogram | RO Tp S able |
00: 01: 30 510 1111 3/5
Figure 9-21. “Program” indicates the time remaining to the next stef

while “ProgPrgs” indicates the program is presently working on the 5tl
of 10 steps.

The “Program” indicator shows the time remaining until the next step.

. You can still log and control manually
While an AutoProgram is running, even one that is operating a control (ex-
ample: LightCurve controls the LED source), you can still log data by press-
ing Log (F1 level 1), and change any control settiff) throughF5 level 2),
enter match modé level 1), etc.

Controlling an AutoProgram

Once it is launched, there’s not much one can do to an AutoProgram’s course
of action, other than terminate it early, or trigger the next step before it would
otherwise occur. To do either, pressape to access the AutoProgram Exit
screen (Figure 9-20 on page 9-22), and phessT.
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AutoProgram Descriptions

OPEN includes a suite of default Autoprograms, described below:

“A-CiCurve”
Controls the 6400-01 COnixer, and logs data when stability is reached.

[ ] A-CiCurve will prompt for the following:

1 Desired C 4 values (umol/mol)
Enter the CQ values you wish to achieve. Type the values, separated by
spaces, such as

400 300 200 100 50 400 600 800

Note: these values can be referencg,&@mple CQ, or control (milli-)volt-

ages (for any of the three operating modes of the mixer). This AutoProgram
does not change the mode of the mixer control, only the value. Usually for A-
Ci curves, it is best to operate in constant reference mode (R), or constant
command signal mode (C).

2 Minimum wait time (secs)
The time between a change in the mixer’s target, and when the program will
begin to check stability to see if an observation can be logged. No logging will
occur during this period.

3 Maximum wait time (secs)
The time period (following the minimum wait time) during which logging
could occur, if stability is reached. If stability is never reached, logging will
occur at the end of this time.

4 Matching
You are prompted

Match if | a0®| <

which allows you to enter a G@ifferential threshold that will cause match-

ing to occur if the absolute value of the sample - reference IRGA is smaller.
If you wanted to match automatically on every observation, enter a large
number (100, 1000, etc.). If you never want to match automatically during the

AutoProgram, enter 0. Typically, you might want to use 15 or 20 pmdiL mol
as the threshold.
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If matching occurs (for either software version), it occurs immediately after
the minimum wait time. Following automatic matching (which typically
takes about 30 seconds), there will be a short delay (10 seconds), then the
maximum wait time and stability checking is entered. Thus, automatic match-
ing tends to increase the total time between logging events by about 40 sec-
onds.

Stability...OK?
You have a chance to check or adjust your stability definition. (This is not
your last chance; you also can do it anytime while the AutoProgram is run-

ning.)

Two Styles for “Program”

The Programfield (Figure 9-21 on page 9-22) has two styles withAHgi-
Curve AutoProgram (and alsbightCurvg. The delimiter used is a semico-
lon, or asterisk, as explained in Table 9-4.

Table 9-4.Delimiters used in the Program field #&rCiCurveandLightCurve

Style Meaning

00;01;30 (In minimum wait time) 1 minute 30 seconds remains|until
the program starts checking for stability to see if it can log
data.

00*01*30 | (Checking stability) As soon as the stability meets the cri-
terion, it will log. Otherwise, logging will occur in|1
minute and 30 seconds.

“AutoLog”

AutoLogis designed to log instantaneous data at regular intervals.
AutolLog prompts for the following:

Log every __ secs:
Enter the desired period between logged observations. This can be any incre-
ment of 0.5 seconds.

Run for __ minutes:
This determines how longutoLogwill run. If you manually log data while
AutoLog is running, it doesot affect whenAutoLogquits.

Match every __ minutes (0 = none):
Enter the desired interval between matching, or 0 for no matching.
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While AutoLogis running, thé’rogramfield (Figure 9-21 on page 9-22) will
show the time remaining for the programotthe time until the next observa-
tion is logged (as was the case for earlier versions of AutoLog).

AutoLoghas another difference from normal AutoPrograms: Trigger (the T
option in Figure 9-20 on page 9-22) will terminate the program, instead of
logging early. If you want to log early, just press.

“LightCurve”

Controls the 6400-02 or -02B LED Source, and logs data when stability is
reached.

[ ] LightCurve will prompt for the following:

1 Desired lamp settings (umol/m2/s)
Enter the PAR values you wish to achieve. Type the values, separated by
spaces, such as

1500 1000 800 600 400 200 50

2 Minimum wait time (secs)
The time between a change in the lamp’s target, and when the program will
begin to check stability to see if an observation can be logged. No logging will
occur during this period.

3 Maximum wait time (secs)
The time period (following the minimum wait time) during which logging
could occur, if stability is reached. If stability is never reached, logging will
occur at the end of this time.

4 Matching
You are prompted

Match if | a0®| <

which allows you to enter a G@ifferential threshold that will cause match-

ing to occur if the absolute value of the sample - reference IRGA is smaller.
If you wanted to match automatically on every observation, enter a large
number (100, 1000, etc.). If you never want to match automatically during the

AutoProgram, enter 0. Typically, you might want to use 15 or 20 umdF mol
as the threshold.

If matching occurs (for either software version), it occurs immediately after
the minimum wait time. Following automatic matching (which typically
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takes about 30 seconds), there will be a short delay (10 seconds), then the
maximum wait time and stability checking is entered. Thus, automatic match-
ing tends to increase the total time between logging events by about 40 sec-
onds.

Stability...OK?
You have a chance to check or adjust your stability definition. (This is not
your last chance; you also can do it anytime while the AutoProgram is run-

ning.)

While LightCurveis running, the “Program” field will show time in two
styles, as described irwo Styles for “Program” on page 9-24.

“Remote Control”

Remote Contrdk an AutoProgram than doesn'’t log or control or do much of
anything. However, as it's name implies, it does allow an external device
(computer or terminal) to control the LI-6400 via it's comm port. Here’s how

it works: AutoPrograms run on top of OPEN, and this particular one does
nothing except set up for incoming communications, which are captured in a
circular queue, and then goes off and does New Measurements mode. A line
feed (ascii 10) serves as a magic character; when one is received, it triggers
an interrupt, in which the message in the queue is compiled, executed, and
disposed. If you send it valid LPL commands and functions defined by
OPEN, they will be executed by the LI-6400, just like they would be if they
were commands in an AutoProgram running on the instrutdsatul Auto-
Program Commandson page 25-12 aricow Level Control Toolson page

25-22 list some of the commands that will work for Remote Control. For ex-
ample, to make the LI-6400 log a data record, send

LPLog

followed by a line feed. Note that case doesn't matter, so LpLog is LPlog is
IpLog, etc. Other examples are shown in Table 9-5.

Table 9-5. Sample commands to send to the Remote Control AutoProgram. Each
should be followed by a line feed.

Example Command Description

1000 LpPset Lanp Set the lamp to 1000 umol st
50 4 FlI owSet NewTar get Control at 50% RH

LPMat ch Match the IRGAs
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If you want logged data to be sent back to the computer, simply specify the

comm port as the destination when you open the log file (press escape when
prompted for the file name, then press C when given a choice between log-
ging to memory or logging to the comm port).

“TimedLamp”

TimedLampallows you to program timed changes in the 6400-02 or -02B
LED source. For example, you may want to set the light level to
200 pmol n? s for several minutes, then jump to 2000 pmof sitfor

20 seconds, then drop back to the original value for several more minutes.
TimedLampgets you do this. You can also specify the logging frequency for
each lamp level. You may, for example, want to record data less frequently
during the initial stability period, and very frequently when the light changes.

[ ] TimedLamp prompts

1 Get Data from Keyboard or File
Tinmed Lanp Program=

CGet data...
K - from Keyboard
F- fromFle

Pres« to enter the program’s set points from the keyboard (if you do this, go
to Step 3). Or, pressto use a previously entered set of points (if you do this,
go to Step 2).

2 Select TimedLamp’s Steps
You are asked to select a file from those in the directtusgr/Configs/Auto-
Progs/TimedLamp Defaults”.

O R /Wser/ Gnfigs/ Aut oProgs/ Ti nredLanp Def
Sel ect Ti nedLanp Specs

"Ofl ts"
"Joe’'s test"
/]

nriec
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Once afile is selected, you are given a chance of viewing or editing the file's
contents before starting the program:
—— Sunfleck 4
Edit these paraneters? J

(YN =

If you pressyY, go to Step 3. If you pred§ the program will begin running
immediately.

3 Time(s) Lamp(umol) Logint(s)
You a shown a window in which you can enter or edit all the desired program
steps (Figure 9-22). You can have up to 20 steps - the window scrolls. (If you
need more, see page 25-8).

: Ti nedlLa
60 seconds at 300 — Tinme(s) Lanp( urqu) r[Pogl nt (s)
pmol m2 st logging—®»[ 60 300 5
every 5 seconds 30 1800 2

/' 60 300 2
30 seconds at 1800

mol m2 s71, loggin
gverstecondgg ? Ent_er val ues, press <esc> .
Lel Ln ¢ A rEnd ¢ Del Char ¢« GaplLocke AnyChar

Figure 9-22. The first prompt for TimedLamp. Each line you enter corresponds to a program step, and for each

step, specify the time period (secs), light level (um®kil), and logging interval (s). When the list is the way
you like it, presgscape to go on.

4 Options
Once you leave the editing window, you are presented with some options:

<esc> - abort

S - store this, then run
R - run
E - resune editing

Press A Key

Figure 9-23. TimedLamp’s options screen is presented after the edit screen.
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R andS both run the program, b8tstores the set points for possible use the

next timeTimedLampuns (Figure 9-24)escape abortsTimedLampandE
goes back to the edit window.

II::)! rc [ User/ Confi gs/ Aut oPr ogs/ Ti medLanp/ Def
gt

Sore TinedLanp paraneters

“OFl ts”
“Joe’s test”
“Sunfl eck 4~
“Sunfl eck 2"

Figure 9-24. TimedLamp’s set points can be stored for use next time.
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Making Your Own AutoPrograms

9-30

If none of the standard AutoPrograms does what you need to do, you can
make your own. There is a tool that makes this task very €asy:.d a new

Aut oPr ogr ani, found in OPEN's Utility Menu. This program lets you build

an AutoProgram by picking items from a menu, and requires no programming
whatsoever. (You always have the option of editing an AutoProgram, once
it's built, and further customizing it.)

What the AutoProgram Builder Does

The AutoProgram builder constructs an AutoProgram from your responses.
You pick, in order, the events that are to occur when the AutoProgram runs.
Some events are simple, while other events require extra information from
you. For example, suppose you build an AutoProgram that does only two
things: 1) wait a fixed amount of time, and 2) log data. When you pick the
“wait a fixed amount of time” option from the menu, you will be asked a)
whether you want to specify time in minutes or seconds, b) what the prompt
should be that is used to prompt the user to enter this time, and c) what the
default value of the wait time will be.

Thus, building an AutoProgram with the AutoProgram Builder consists of
picking events in order, and answering the questions (if any) associated with
each event. When you are done, the AutoProgram builder will create the file
and store it for you. To run the new AutoProgram, select it just as you would
any other AutoProgram, by pressiddlevel 5) in New Measurements mode.

Plan Ahead!

Have a clear idea of what you want the AutoProgram to do before using the
Builder. If you make a mistake, such as leaving out a step, you will either
have to start over, or else edit the AutoProgram file once the Builder is done
creating it.

To illustrate the use of the AutoProgram Builder, we present two examples.

Example 1. Humidity Response Curve

This AutoProgram will expose the leaf to a range of humidities, and allow
time to equilibrate before logging. Since flow rate is the system’s basic hu-
midity control, we will simply control flow rate and let the resulting humidity
be whatever it will be. This guarantees that the AutoProgram will generate the
widest range of humidity, regardless of what ambient conditions are, or what
the leaf is doing. Thus the program would have the following structure:

User enters flowrates
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User enters wait time
LOCP over flow rates
Set flowrate

VWait sone tine

Log

END LOCOP

Before using the AutoProgram builder, it is important to have this sort of out-
line in front of you.

[ ] To Build This AutoProgram

1 Launch the AutoProgram Builder
Select the entry entitled3tii | d a New Aut oPr ogr an' in the Utility Menu. It
takes about 10 seconds to load and run. Rm@ss when finally prompted
with “Press <enter> to start”.

Mai n Event #1

Set a control...
Pronpt for user constants

Since the first thing on our outline involves prompting the user for informa-
tion, you might think the first thing we want to do would involve choice G
“Prompt for user constants”. Well, you're wrong. When we get done with en-
tering program steps, we’ll get to choose how the user inputs wait times and
flow rates and any other constant that pertains to this program (Step 11 on
page 9-35). So for now, let’s just ignore the user entry steps, and get straight
to the loop.
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2 Select “ Begi n Loop” from the menu
Highlight “B) Begi n Loop” and pres®nter, or else simply press.

Mai n Event #1
A) End Program

B)

Set a control...
Pronpt for user constants

3 Make it a Control Loop
Presdl to select a control loop.

———— |00 tions
Loop N ti rres,pv%()are

1) N=# of settings for a control
2) N = user entered (1/2)

4 Specify the type of Control Loop: Fixed Flow Rate
When the control loop options are shown, selégt H ow Hinidi ty” and
pressenter, or simply presa.

L-OO Over what ? ————

Tenp

LED Source
LCF

Fan

Follow that with what type of flow control: Flow (A) again.
Loop Over what ? ————
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5 Edit the prompt string for the flow control loop
You'll be given the chance to edit the prompting string for the flow rates. Just

—— Enter pronpt string
Flow rates (unol/s):
l—————(Del Ln to never pronpt)

pressenter if the prompt is OK. (You would pregILn (f1) to clear this or
any prompt if you want a fixed value that is never prompted for.)

6 Edit the default values for the flow control loop
You'll be given the chance to set the default values for the flow rates. Adjust

—— Enter default val ues
300 500 700

them as you wish, and premger when done.

7 Specify the first action within the flow control loop: Waiting
The first action is the wait, so highligh®)” Veit: F xed Tine” and press
enter, or pres<.

Mai n BEvent #1
Loop (Flow Fl ow Event #1

A) End Loop

B) Begin Loop...

D Match...

E) Log

F) Set a control...

You'll be asked to specify what sort of wait you want. Pless select the
fixed time wait.

Pick Wit Qption
A) Va4 0

B Wit: n, Max, Stability

O Vait, with Logging at intervals
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You'll be asked how you wish to specify this wait time. PM$s select min-
utes.

Enter tine in
M nut es or Seconds?

(M=l

You'll be asked to edit the time delay prompt. Notice that the default units re-
flect your earlier choice of minutes or seconds. PeetEs.

——= Enter pronpt string
Vit tine (mnutes):
(Del Ln to never pronpt) ———

You'll be asked to specify the default wait time value. Peats when done.

Enter default val ue
[ ﬂ

Specify the second action in the flow control loop: Logging.
The second action is logging, so highlight ‘L.og” and presgnter, or simply
presst.

Mai n BEvent #1 ——————
——— Loop (Flow Flow Event #2 —

A End Loop

B) Begin Loop...
O Wait...

D Match. ..

F) Set a control...
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9 End the control loop
Highlight “A) End Loop” and presgnter, or simply presé.

Mai n Event #1

Loop (Flow Flow) Event #3 —;
C

B) Begin Loop. ..
O Wiit...
D Match...

E) Log

F) Set a control...

10 End the program

We're now out of the flow control loop, and since there is nothing more for

the program to do, we'll end that by highlighting) “ End Prograni and
pressingenter, or else pressing.

Mai n BEvent #2

B) Begin Loop. ..
O Wit...

D Match...

E) Log

F) Set a control...

G Pronpt for user constants

11 Specify your prompting preference

There are three options: 0)You can have the program never prompt you, but
always use the values you've specified as the defaults. This is nice for rapidly
starting an AutoProgram. 1) You can have it prompt you, always using the de-
fault values. 2) You can be prompted each time, with the values entered the

last time used as the default.Présk or 2.

Using the LI-6400 Version 5

Enter pronpting preferences:

0) Never pronpt

1) Pronpt with fixed defaults

2) Pronpt with last time defaults

Enter (0/1/2)
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Store the AutoProgram
You are given the opportunity to store the AutoProgram.

Store this AutoProgran?
(YYN=—=

If you pressY, the Standard File Dialog is accessed for storing the file. The
default name of the file will be the sequence of selections you made, but you
can change it to something meaningful. In this case, the default name will be
BaCaEAA, and the default directory will bigser/Configs/AutoPrograms. Renaming

it to Humidity Curve would be a good choice. The program is then exited. If you
wish to view or edit the AutoProgram that you have created, you can do so by
accessing the Filer, selecting the file, and pressing

If you press, to not store the file, you will be given a chance to edit the Au-
toProgram you have created. When you exit the editor (Standard Editor), you
can save the file.

View Edit this AutoProgran?
(YN

Example 2: A-Ci Curves at Various Light Levels
This example builds an AutoProgram that does a family of A-Ci curves, each
one at a different light level. The program will have this structure:

Prompt for inputs
LOOP over light level
Set light level
Wait fixed time
LOOP over reference CO2
Set reference CO2
Wait for stability
Match if deltas are small
Log
END LOOP
END LOOP

Using the LI-6400 Version 5



Data Logging
Making Your Own AutoPrograms

] To Build This AutoProgram

1 Run the AutoProgram Builder
Select Bui | d an new Aut oPr ogranf in the Utility Menu.

2 Make a control loop for Light (BJ)
PressB to select B) Begi n Loop. ..". Pressl to specify a control loop, then
pressD for “D LED Sour ce”, followed by B for “B) Quantum f1 ux”. Press
enter twice to accept the prompt string and default values.

3 Select a post-light wait (CA)
We’'ll use a fixed time wait, so pre€do select Q) Wdit...”, followed byA
to select ) Wdit: F xed Tine". Specify Minutes, and modify the prompt
toread Post-light wait tine (nmnutes)”. Make the default value 5.

4 Make a control loop for CO 5, (B1E)
Make the inner loop by pressigfor “B) Begi n Loop. . . ", followed by 1
for a control loop, theB for “B) A", thenA for “A) O2R'. Set the prompt
string and default values as you wish.

5 Select a stability-based wait (CBA)
Pres€toselectQ Wit..." followedbyBfor“B) Vdit: Mn, Mx, Sa-
bi I'ity”. Use Minutes for times, and modify the prompts and initial values for
the min, and max values as you wish.

6 Match if the A's are small (DD)
For the second event in the €I0op, pres® for “D) Mt ch. . . ” followed by
anotherD for “D Match if |AQ2|<x R |aHQ <y". Keep the default
prompts, but make the default values 104G0,, and 2 forAH,O.

7 Select Log (E)
For the 3rd CO2 loop event, présior “E) Log” next.

8 End Loop, End Loop, and End Program (AAA)
Finish by pressing three times, to exit both loops and end the program.

9 Set Prompt Preferences, and Store.
Pres2 for the prompt preference (use last time defaults), Yheenstore the
program. The default name will bebtiCaBbaChDdEAAA”, but you can change
it to something more intelligible like “A-Ci Multi Light”.
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The AutoProgram Builder Reference
The major options of the AutoProgram Builder are shown in Figure 9-25.

A End Program (or End Loop)
B) Begin Loop...

Vart. ..
D Match...

Log

LCF action...
— Set a control...

Pronpt for user constants
I) Add a renmarks record

F) LCF Action List

v D) Match Options List A) Measure On
A Natch al wavs B) Measure O f
B) Match if X(II < X Action List Far Red On
Mat ch i f AHZ# <y D f\g{iﬁg gf
< <
D) Match if |a02|<x R |aH(g <y Actinic Of
Fl r Recording On
C) Wait Options List Flr Recording O f
P : ) Do Fo
A Vait: Fixed Tine
é Wi t: Mn, Max, Stability W X
Wait, with Logging at intervals 3 Do Fo'
¢ %t FFls:m
B) L S
JLoop Do FsFm Fo'
Loop N times, where P) Set Zero
1% N = # of settings for a control Fl ash (No assign)
2) N = user entere | R Dark (No assign)

. v

| Controls: See Figure 9-27 on page 9-42 |

Figure 9-25. AutoProgram Builder's major options. The Type 1 Loop uses multiple control values, while the
“Set a control...” event uses one control value. The Type 2 Loop sets no control values - it is a fixed count loop.
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A) End Program

This item is labelledA End Loop” when selecting items within a control
loop. When selected from within a control loop, it ends the loop. When se-
lected outside of a control loop, it marks the end of the AutoProgram.

B) Begin Loop...

There are two types of loops: Typedts a control, and the number of loops

is determined by the number of control settings. The possible controls are
shown in “Control List” in Figure 9-27 on page 9-42, and they essentially cor-
respond to the controls found in the level 2 function keys of New Measure-
ments mode. (Note: if you specify a type 1 loop, but tksrape out of
selecting the control to be set, the loop becomes type 2.) A Tigop 2loes

not set any control automatically, but simply loops a user-specified number
of times.

Once the prompting sequence and default values are established, you selec
items for “inside” the control loop.

The loop sets This loop is the 3rd | | We're picking the 1st item in the
fixed flow control.| | event in the Auto- flow control loop. (This will be the
Program first thing to happen after the flow
rate is set to the next value.)

Mai n Bvent ™ #3

LOCP (Flow Fl ow #1) Event #1
A) End Loop

B) Control Loop...
O Wit. ..

D Match...

E) Log

F) Set a control...

Figure 9-26. Picking items within a loop. A Type 1 loop sets the control to a new
value automatically; you have to select everything else that you wish to have hap-
pen after that, however.

Note that you can have nested loops, sige Begi n Loop..” is one of the
in-loop possibilities. To terminate a loop, sele®t ‘End Loop”.

C) Wait...
There are three wait options:
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A Wit: Fixed Tinme
B) Vait: Mn, Max, Stability
Wait, with Logging at Intervals

During these waits, the instrument will appear to be in New Measurements
mode, allowing you to monitor channels, view real time graphics, etc.

A) Wait: Fixed Time:The A option will generate a prompt for the wait time
(it can be in minutes or seconds), and a prompt for the default value to be
used.

B) Wait: Min, Max, Stability:The B option generates a number of prompts:
The min and max wait times can be specified in minutes or seconds, and there
is a prompt for each, and a default value for each.

C) Wait, with Logging at intervalsthe C option is similar to the fixed time

wait, except that logging will occur automatically at regular intervals during
this wait. The total wait duration is always specified in minutes, and the log-
ging interval is specified in seconds. Prompts and default values for both are
established.

The C option represents a short-cut to doing a Type 2 Loop that contains a
fixed time wait and a log. If you wish to do other events, such as matching
before each log, then you should specify a Type 2 Loop, rather than using this
wait option.

D) Match...
There are some options for matching:

A) Match al ways

B) Match if |AC2| < x
Match if [aH2Q <y
D Match if [AC2[<x R |aH2(Q <y

Matching can happen always or conditionally, based oA@®@, and/or the
AH,0 value. Options B, C, and D will cause prompts and default values to be
established.

E) Log
This selection will cause data to be logged. It requires no extra information.

F) Set a control...

This selection is for setting a control once, as opposed to looping over several
values for the control. You select the control from the list shown in
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Figure 9-27 on page 9-42. For example, if you were building an light curve
AutoProgram, and wanted to set thef&Ontroller for controlling on sample
concentration, and the temperature controller for controlling on leaf temper-
ature prior to looping over light values, you would use & “a control .”.
option for the CQ and again for temperature, but then use thet' ol

Loop” option for setting the light values.

G) Prompt for user constants

This will do the same thing as presskadevel 3 (User Consts) in New Mea-
surements mode: any user constants that have been defined will be prompted
for. (Note: This suspends operation until the user responds.)

H) Add a remarks record

This option does the same thing as presBirigvel 1 (og Remark) in New
Measurements mode: it adds a remark record to the data file. (Note: This sus-
pends operation until the user responds.)
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A C2R pm Fl ow
B) C®2S uni H2Cs i

Control Vol tage RHS %
. / D VPD
'\ Control List

>

é %w Himdity
A) Tbl ock
B; Tl eaf «—Q Tenp

LED Source

D
LCF
Fan
|
Ag Quant um Fl ux \

B) Control Voltage Neas Tniensity

Meas Mbodul ati on
Meas Filtering
Meas Gain

Fl ash Intensity
Fl ash Durati on

Fl ash Bl ue

Fl ash Mbdul ati on
Fl ash Filtering
Dark Duration
Far Red Intensity
L) Dark Pre-Tinme
Dar k Post-Ti ne
Dark Filtering
Dar k Modul ati on

A) Fan Speed

nmoowmX>

o —_

Figure 9-27. AutoProgram Builder’s control options
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The LPL File System

This chapter describes the LI-6400'’s file system, and a very useful tool for its
management: the Filer.

Files and Directories

10-2

The LI-6400’s file system contains the programming that makes the instru-
ment work, as well as the data files that result from that work. To efficiently
manage all of this information, the storage space is partitioned into groupings
of directories, and files.

What Are Files?

Files on the LI-6400 are just like files on your computer: each is a collection
of data that has a name and a time stamp (when it was last modified), among
other attributes. You can copy, delete, view, edit, and otherwise manage these
files just as you would on a computer. Some of the files on the LI-6400 are
programs to control the LI-6400, while other files are your own creation, con-
taining data you've collected.

Naming Convention

File names on the LI-6400 can be as long as you'd care to make them, and can
consist of any combination of numbers, letters, spaces, and punctuation, ex-
cept the following six characters:

[\ * ?;

Upper and lower cas#oes(in version 5) matter for letters, so the following
could be distinct files:

M/Dat a
nydat a
MYDATA

Dots carry no significance in the LI-6400's file system, so names like

Wheat Dat a. pl ot 2. aci . j oe

are acceptable.
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What Are Directories?

Directories provide a mechanism for grouping files logically. Directories
contain the header information (name, date, etc.) for all of the files and sub-
directories contained therein. Directories have the same naming convention
as files.

To identify a particular file in the LI-6400's file system, use its name, the
names of all the parent directories that contain it. For example,

/ User / Conf i gs/ Aut oPr ogs/ Aut oLog

specifies a file namealitoLog, that is located in a directory namadoProgs,

that is in turn found in a directory nameufigs, that is in the directory named

User. Note that a slash (/) is used to separate directory and file names in the
specifier. A slash in either direction will work, so the following are equiva-
lent:

/ Sys/ Qpen/ Qpen
\ Sys/ Qpen\ Gpen

/Sys, /User, and /dev
There are three permanent directorigg, /User, and/dev. These directories
cannot be renamed or deleted.

/Sys contains all of the programming required by the LI-6400. You are not
prevented from modifying any of these files, or storing files of your own in

/Sys, but this is not recommended. Also, when you update software, every-
thing in/Sys will be lost (and presumably replaced by something better).

/dev contains unit-specific calibration information. Files includeu/parm0 -
factory calibration coefficientggev/parml - user calibration coefficients (zero
and span, for exampleld - the display last setting for the display contrast,
veal - reference voltage values for your particular instrument.

/User contains data files and configurations that are generated and maintained
by the user. As the name implies, it is your space to use.
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Partitions

The version 5 file system has two partitions (Figure 10-1). Partition 1 holds
the/Sys directory, and any directories or files that you might put in the root.
Partition 2 holdgUser and/dev.

File System
/ ( r oot ) Partition 1

6 MBytes
I—/ Sys

Partition 2
/ User 58 MBytes

/ dev

Figure 10-1. The file system has 2 partitions.

When software is updated, all of the first partition is wiped out, but the second
is left intact. For this reason, all user files should be kept ifuthe /dev par-
tition (that is, be contained in thigser directory).

The Filer is a general purpose tool for managing files and directories on the
LI-6400 file system. Some of the functions that you can perform with the Fil-
er include copying, deleting, renaming, and viewing files.

Accessing the Filer
There are a couple of ways to get to the Filer:

From OPEN
From the OPEN main screen, press the Utility Menu functionfkySelect
"Access the FILER', and pressnter.

From Power ON
Power ON and pregscape, to get to the LPL copyright screen. Then pFess

The main Filer screen shows directory statistics, a list of files, and function

key labels (Figure 10-2). To exit the Filer, pressape while viewing this
screen.
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Current Directory

/ User A-Q bad
/,Filtler: A-Q Iris |eaf
Total : 34 A-G Test 4
—— Bytes' 71962 | Data = Thefilelist]
\é\i/:[')f:yf'lﬁféf Tagged: 0 Data (Jason) _
“ for all, Bytes: 0 M xerT. .. QurveExperi mt #1
<€

Use the cursor control keys
to move the highlight bar.

o

— >

+ DOr ¢ filtere Sort o Tag o pur(3$

Press labels for
more keys, or use

the short cut keys.

3 dots (...) mean a Press « or —
long file name has to view file time
been shortened to fit. stamp and size.

S

+ Gopy ¢ Mve eodlplct ¢ Renanee Print
+ Mew ¢ Bviewe Elit o grapH \Vdrking

+ space ¢ trAsh eeXecutes Find ere-scaN

Figure 10-2. The Filer's main screen.

Using the LI-6400 Version 5

The Function Keys

To navigate through the Filer’s function keys, predels until the desired
key appears. To execute a particular task, press the corresponding function
key, or else type the letter associated with that key. This shortcut key is the

capitalized letter in the function key’s label. Table 10-1 summarizes the
function keys.

LThis capitalized key short cut is not necessarily true for other screens in Open.
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Table 10-1. The Filer's main function key labels and short cuts.

Label Short  Description
Cut
Dir D Select a directory. SeBirectory Dialog on page
10-7.
fiLter L Change the filter for displayed files. The default filter

is nothing, which selects all files. S&kewing a
Subset of Fileson page 10-11.

Sort S Sort the displayed list of files. S&orting the File
List on page 10-12.

Tag T Tag one or more files in the list. S8eagging
Groups of Fileson page 10-15.

purGe G Purge (move to the Trash) all tagged files in the file
list. SeeRemoving Fileson page 10-16.

Copy C Copy tagged files to a another directory. Sepy-
ing and Moving Fileson page 10-16.

Move M Same as Copy, except the original is purged.

dUplct U Duplicate all tagged files. The new files will have

“copy” appended to their name. S&eiplicating
Fileson page 10-17.

Rename R Rename the highlighted file. SBenaming Fileson
page 10-17.

Print P Print all tagged files. SePrinting Files on page
10-18.

View \% View the highlighted file as a text document. See
Viewing and Editing a File’s Contentson page
10-13.

Bview B View any (text or binary) highlighted file.

Edit E Edit the highlighted file.

grapH H Run Graphlt (Chapter 12) for the highlighted file.

Working W Set the current directory to be the default once the Fil-
er is exited.

space space Checks space on both disk partitions. Sgmace
Available on page 10-19.

trAsh A Empty trashEmptying The Trash on page 10-19.
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Table 10-1.(Continued)The Filer's main function key labels and short cuts.

Label Short  Description
Cut

eXecute X Run the highlighted file (if it's an LPL program). See
Executing Programson page 10-18

Find F Find matching file names in the entire file system.
Viewing a Subset of Fileon page 10-11.
re-scaN N Re-build the list of directories, and the list of files.

Filer's Directory Operations

Directory Dialog

The Directory Dialog (Figure 10-3), accessed by predsifay theDir func-
tion key), shows all directories on all disks in a menu. To select a particular
one, highlight it, and press enter.

Select a Directory
v/

v; Eer! !oe

v/ User/ Confi gs
v/ User/ Confi gs/ Aut oPr ogs

N
+ FAnd ¢fnd Nkte Qurrnte M ew ¢ Renane

Open/ Close directories. Directories
that do not contain other directories View (or V) alternates
are always shown as open (V). between the full path
4 | names (above) and a
v/ User tree view (left)
vrJoe
v [-Configs
v I Aut oPr ogs

Figure 10-3. The Directory Dialog is accessed by presBitw theDir function
key) from the main menu. The function keys are described in Table 10-2.
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In addition to allowing you to select the directory whose files you wish to
view, the Directory Dialog allows some manipulation and housekeeping,
such as renaming, creating, and removing directories. Table 10-2 summarizes
the two levels of function keys.

Table 10-2.The Directory Dialog function keys

Label Short Description
Cut
>/ v (none)  Collapse / Expand a directory
Add A Add a new directory
Purge P Purge the highlighted directory. If the directory is

not empty, you will be notified and asked if you
really want to purge it.

CANCEL escape Exit the directory selection screen, and don't
change directories.
SELECT enter Change to the highlighted directory, and exit the

change screen.

Find F Enter a target string, and jump to the next directo-
ry that has that string within its name.

fnd Nxt N Finds the next occurrence of the target string.

Currnt C Highlights the current working directory.

View Y Toggle between tree view and full name view.

Rename R Rename the highlighted directory.

Creating

Use theAdd function key in the Directory Dialog (or pre&¥to create a new
directory. For example, if you wish to make a directosyr/MyData, highlight
/User in the Directory Dialog, and press You will be prompted

—— NMake New Directory
[ Wser/ _

Type in the rest of the name, and prergsr.
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Removing

Use thePurge function key (or presB) in “Directory Select”. A directory that

is not empty (has files or other directories) can be purged, but you will be
warned first, and will have a chance to cancel the operation.

NOTE: You cannot removisys, /User Or /dev.
Files purged using the Filer go into a trash directory. One of the ways of emp-

tying the trash is to select thé&ash directory in the Directory Dialog, and
pressPurge. For more trash talk, séamptying The Trash on page 10-19.

Warning: Purging directories really does remove them.
They aren’t moved to the trash.

Filer's File Operations

Viewing File Date and Size
The main Filer screen displays small left and right arrows (Figure 10-2 on
page 10-5), which is a subtle clue that additional file information can be
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viewed by pressing the or - arrow keys. Pressing or - toggles the file
list to show the time or date of last modification, or the file size, in bytes.

11 Aug 02
11 Aug 02
Rk
| User v
Filter= AQ Iris |eaf 26 | |06 Nov 01
Total : 34 A G Test 4 3256 | |01 Nov 01
Byt es: 71962 Dat a 89 X
Tagged: O Dat a (Jason) 5877 —
Bytes: 0O M xer Test Resul t 3980 Date last modified
— Ly — File size (bytes)
+ Dr o filLtere Sort ¢ Tag ¢ purGe Time last modified

14: 44: 53
14: 54: 06
12:10: 35
09: 48: 21
11:10: 10
13: 08: 50

Figure 10-4. Use the- and — keys to display file sizes, modification dates, and modification times.

10-10
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Viewing a Subset of Files

Within a Directory
The file list can include all files in a directory, or a subset of them This is con-
trolled by the Filter setting (Figure 10-5)

/ User Dat a

TS Flter=*data* | Nore Data
Total: 3 this data is ok
Bytes: 962
Tagged: O
Bytes: O

— > —

+ 0Or o filtere Sort ¢ Tag ¢ purG

Figure 10-5. The Filter determines which files are shown. A blank, or *,
will show all files. The characters* or ? are wild cards.

To show a particular set of files, specify a mask usindither key (or just
presd). You are prompted to enter the new Filter string. Examples are given
in Table 10-3.

Table 10-3.Examples of Filters, and the files they would include and exclude.

Filter Includes Files Excludes Files
* (all (none)
*123* 123.dat 12.3
Datal23456
123
Data.? data.l data
data.x data.123
* 277 junk.dat junk.12
this is long.123 junk.1234

Note that upper or lower case in the filter doesn’t matter.

In the Entire File System

Press (the shortcut for thé€ind function key). You will be prompted for a
filter (Table 10-3). The entire file system is then searched for matches, and
the results displayed in a list, grouped under their respective directories. If the
filter is an empty string (or a *), you will get every file.
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13 Files Found

G ap
Recorrpute stored data

In "/ User"
Dat a2
Test data
JunpToe Mew ¢ Info o o Quit
Jump to the View this file Show file date
directory that (as text) and size
holds this file v

Nane: G aph stored data
Date: 11:24:01 2001-11-02
Si ze: 459 bytes

Press Enter —

Figure 10-6. Results of Find. The target in this example was "*data*", so any
containing the word 'data’ is listed.

Sorting the File List
Press th&ort key (or justS) to arrange the files alphabetically, or by size, or

by date. The key labels will change to those shown in Figure 10-7. Following
your selection, you are asked Ascending or Descending. The file list is then
sorted accordingly.

First, select the sorting key with these keys...

by Nanee by Datee by S zeeby Tag ¢ Quit

...then select ascending or descending order.

Ascndnge 3 . + Dscndng

Figure 10-7. Function keys for sorting. You can also phed3, S, T, or Q
for the sort options, and or D for the direction choice.
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Viewing and Editing a File’s Contents

Text Files
To view the contents of a file, highlight it and pr&ssw (or V). Refer to

Standard Menu on page 5-2 for details. To edit a file, préd# (or E) in-
stead. Refer t&tandard Edit on page 5-13 for details on using this editor.
Whether viewing or editing, the display will look the same (Figure 10-8) until
you press the labels key; different functions keys are defined for viewing and

editing.

Start Position Indicator End
= A0 QUrve —— 237 =—
k- maxV\i t Ti me 300
Cursor prfait 10
. PTR user|[]

:PTR{ co2Vals “\nDesired Ca val ues (pm
PTR{ mnWMitTine “Mnimumwait tinme (

Offset in file (bytes)

Figure 10-8. Viewing or editing a file looks the same. Viewing will not allow you to
make changes, however.

You can also do graphical operations on a text file by press(tige grapH
function key). This is described @raphlt on page 12-1.
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Binary Files
Any file can be viewed with the binary file viewer, accessed by preBgimg
theBview function key).

FILE A-G Qurve 1377
0:2F 2A 0OA 09 41 2D 43 69 /*..AQ
8:20 43 75 72 76 65 0A 09 CQurve..
16:72 65 76 20 32 20 33 2F rev 2 3/
24:31 36 2F 39 35 OA 09 OA 16/95...
32:09 39 36 30 38 32 32 20 .960822
40: 2D 20 54 63 68 20 4E - h N

Press Any Key

Byte offsets | The 43rd byte of the file is a hex 65, or Ascii 'e’
into file

Figure 10-9. Binary file view. Uskome, end, pgup, pgdn, t and ! to move
through the file. To jump to any arbitrary byte in the file, pdeasd enter the offser
value.

Tagging One File

Many of the Filer commands require that files or directories be selected
(“tagged”) before the command can be executed. These operations include
purging, copying and printing files.

Pressnter to tag the highlighted file (or the long way: pré&sg, followed

by tag One). A tag symbol appears next to the file name (Figure 5-3), and the
highlight moves to the next file. When a file is tagged, pressritee key
again to remove the tag. Additional function keys associated with the Tag
function (below) are accessed by presdiag.
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| Tagged files are marked.|

| User A-G bad

Filter= A-Q Iris |eaf

Total : 34 »A-O Test 4
Dat a

Number of tagged

files, and size in bytes

Byt es:

» Data (Jason)
M xer Test Resul t s

> —

+ 0Or o Fltere Sort ¢ Tag ¢ purG

Figure 10-10. The Filer's main screen, showing two tagged files.

Tagging Groups of Files

To tag a group of files, pre$gor theTag function key), and use the tag func-
tion keys (Table 10-4).

Table 10-4.Tag function keys

Label Short  Description
Cut
Tag all T Tag all files in the current directory list.
Clr all C Remove all tags from files in the current directory
list.
Retag R After you have performed certain functions (e.g.,

copying files), the tag marker will change to a - (hy-
phen) to indicate that the command was executed on
the tagged files. Pre®gtag to tag these files again
for further operations.

Invert I Tag all files that are currentiyot tagged, and re-
move the tag from those files treate tagged.
tag One 0 Tag the currently highlighted file. (A faster way to

tag one file is to prester in Filer's main screen.)

Using the LI-6400 Version 5 10-15



The LPL File System
Filer's File Operations

Removing Files

To remove files, you must first tag them (above), and then pregsiribe

key (orG). Pressy (Yes) at the prompt to delete the file(s). Purged files are
placed in the trash directory Trash) of the ultimate parent directory. For ex-
ample, if you purge the fil&ser/Joe/BadData, it will be moved taUser/_Trash.

The trash must be emptied to actually remove old files and free up disk space.
SeeEmptying The Trash on page 10-19.

Copying and Moving Files
The only difference between moving and copying is that the original file is
purged after moving.

] To move or copy files from one location to another:

1 Tag the file(s) to be copied
Tag by pressingnter or space, or by the Tag function keys.

2 Press M for Move, or C for Copy
Or use the function keys.

3 Select the destination
A menu of destinations is presented. Highlight the desired destination direc-
tory, and pressnter. Or pres®scape, if you've changed your mind.

4 Select the overwrite option
Your choices are shown in Figure 10-11. PMeé¥es) to overwrite existing
files with the same nam#l, (No) to prevent files from being overwritten, or
A (Ask) to bring up another prompt (Y/N) each time such a file is found.

Or Move

Copy to /User/ Ral phy

Overwite duplicate files ? (Y NA)
(Yes, No, Ask when it happens)

Yes * ¢ Ask * ¢ Nb

Figure 10-11. When moving or copying, you are given options on what to do if
there is a duplicate file in the destination directory.
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There is a utility programgys/Utilites/Nested Directory Copy) you can use to copy
all files and directories that are contained within a particular directory. See
“Nested Directory Copy” on page 21-19.

Duplicating Files

The purpose of duplicating files is to allow copying to the same directory. All
tagged files generate a duplicate, with “copy” appended to their name. To du-
plicate tagged file(s), preskor dUplct.

Renaming Files
To rename a file
1 Highlight the file to be renamed

2 Press Rename (or R)
You are prompted for a new name (Figure 10-12).

3 Press escape or enter.
enter renames the filegscape aborts.

[user | Aa bad
|_I\/l| xer Test Resul ts__

Tagged: O Data (Jason)
Bytes: 0 M xer Test Resul t s

> —

Del Ln ¢ A rEnd ¢ Del Char ¢ Gapl.ocke AnyChar

Figure 10-12. Renaming the highlighted file. Standard Line Edit is used
(page 5-5).
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Printing Files

Downloading files is discussed in Chapter 11. One method of downloading
them is to tag them in the Filer, and pregsr Print). The print program that
then runs will prompt you for the following information (Figure 10-13):

Print headers? (Y/ N)N
Append FornfFeeds? (Y NN
Conversions N None
S) to Space delimted
to Comma delinited
to Tab delimted

Figure 10-13. The print program, for sending selected files to the Comm Pc

Print headers? (Y/N)
If you pressy, a banner will be output before each file. The banner will in-
clude the file name, modification date, and current date.

Append FormFeeds? (Y/N)

If you pressY, each file will be followed by a form feed (decimal 12), which
will cause most printers to eject the page. This allows each file to begin on a
new page, if you are printing multiple files to a printer.

Select Conversion

You will be prompted for a conversion type. Typically, data files are stored
as comma delimited. This is determined by the LogDelimiter= configuration
setting LogDelimiter= on page 16-39). You can convert this when you print,

if you like. N leaves the file alone, S puts the data into columns, C uses com-
ma delimiters (regardless of how the file was stored), and T uses tab delimit-
ers.

The file(s) are then sent to the Comm Port.

Executlng Programs

LPL programs can be run from the FILER by highlighting the file containing
the program and selectieecute (or X). After the program is executed, you
will return to the FILER. As an example, you can set the communications pa-
rameters from the FILER by executing tBgs/Utility/Setcomm program file.

Utility programs in the directorySys/Utilities are described iiSys/Utility
Programs on page 21-12.
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Housekeeping

Space Available
The space available on both partitions is displayed by pregzg (or the
function key labelledpace).

[ Find the space available on the file system:

1 In the FILER, press the space function key (or press space).
The space on both partitions will be displayed. (Figure 10-14). Press any key
to return to the FILER.

Fil e System Space

[ User Total = 57344 kbytes (2 %full)
Used = 1304 khytes

Avail = 56040 kbytes

/ Sys Total = 6656 kbytes (73 %full)
Used = 4844 kbytes

Avail = 1812 kbhytes

3 . * ¢+ K

Figure 10-14. The available space display. /Sys and /User represent to two disk
partitions.

Emptying The Trash

It is necessary to empty the trash directory to reclaim space occupied by
purged files. Each directory in the root will potentially have its own trash di-
rectory, namedTrash. If no files have been purged from that directory or any
of its children, there will be ndrrash).

[ There are 2 ways to empty trash:

. From the Directory Dialog
Select the trash directory you wish to empty (typically, it would/Use
er/_Trash), and pres® (or thePurge function key).

. While viewing a file list

PressA (or thetrAsh function key) to empty the trash for associated with the
file list you are viewing.
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Retrieving your data, and remote control

CONNECTING THE LI-6400 10 A
COMPUTER 11-2

USING THE COMM PORT 11-4

TRANSFERRING FILES 11-5

File Exchange Mode 11-5

File Name Considerations 11-9
Using a Data Capture Program 11-10

REMOTE CONTROL 11-12

Control via Simulation Software 11-12
Control via Terminal Software (LTerm /
iTerm) 11-16

Control via LPL Commands 11-20
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Eventually you'll want to move files from the LI-6400 to your computer, or
load files back onto the LI-6400. Also, there may be times when you need to
control the LI-6400 from your computer, such as when making measurements
in a small growth cabinet, or doing a classroom demonstration with the
LI1-6400 display projected onto a large screen.

There are several options for all of these tasks, but the first step is getting the
LI1-6400 connected to your computer.

Connecting the LI-6400 to a Computer

11-2

The LI-6400 is shipped with a communications cable that has a 9 pin female
D connector on each end. The part number is 9975-016. Included in that pack-
age is a 9 to 25 pin adapter (part number 392-5688).

The LI-6400 is configured with a male 9-pin AT connector on the console.
Plug either end of the 9975-016 cable into the console, and the other end into
the serial port on your PC. If your PC has a 25 pin male RS-232 connector,
use the 9 to 25 pin adapter (Figure 11-1)

If your computer has USB ports instead of a serial port, then you must use a

Serial/lUSB adapter. USB/Serial adapters are available from LI-COR (part
number 392-07713) as well as other sources (e.g. www.keyspan.com).
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Connecting the LI-6400 to a Computer

LI1-6400 Computer
9975-016
9 pin AT D\/D 9 pin AT
LI-6400 Computer
9975-016  Adapter

9 pin AT D\/["i] 25 pin DTE

L1-6400 Macintosh
9975-016 Hayes Modem

9 pin AT D\‘Dﬂ]\caf/ﬂ RS-232 port

Adapter
LI1-6400 PC or Mac
9975-016
X usB/
9 pin AT D\_/DD_ Seria uUsB
Adapter

Figure 11-1. Typical cable connections using the 9975-016 Cable
Kit, with 9-25 pin adapter.
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Using the Comm Port

OPEN'’s Utility Menu has two entries useful for interfacing with computers:
"Gonfigure the MM port”, and 'FH | e Exchange Mbde".

Wility Menu
"Access the Filer"

"Bui |l d a new Aut oProgr ant
" Configure the COW port"
"Fi | e Exchange Mbde-
"Q aph stored data"

See Transferring Files on page 11-5

Control via Terminal Software
(LTerm /iTerm) on page 11-16

While "Yes’, anything written to a nor-
mal log file is copied to the Comm port.

mm Port Confi guration

LTerm Options are
Echo | ogged data to Conm No | 1) Ignore,
I nconmi ng Comm | gnor 2) Execute as LPL (see
Control via LPL Com-
R mands on page 11-20),
Confi g: 9600 8 1 N 3) Parse for UCOMM().
See Importing RS-232
Data on page 15-14.

Configure the baud rate, bits per second, etc. See Set-
ting the Communication Parameters  on page 11-11.

Figure 11-2. Most RS-232 tasks begin in the Utility Menu.
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Transferring Files

Files can be moved to and from the LI-6400 with File Exchange Mode, which
is described below. It can also be done with one of the remote control options
(Control via Terminal Software (LTerm/iTerm)  on page 11-16.), or with a gener-

ic data capture prograry$ing a Data Capture Programon page 11-10).

File Exchange Mode

The simplest way to move files back and forth is to put the LI-6400 into File
Exchange Mode, and run a file exchange (FX) program on your computer.
There are two ways to get the LI-6400 into File Exchange mode:

1 From the LPL Copyright Screen
Pressx.

2 While OPEN is running
Access the Utility Menu, and selédi | e Exchange Mbde”.

Note: When LTerm@ontrol via Terminal Software (LTerm / iTerm) on
page 11-16) is active, File Exchange Mode is unnecessary, and is disabled.

FX for Windows: LI6400FileEx

LI6400FileEx is a Windows program that interacts with the LI-6400 while it
is in File Exchange Mode. An installer program is located on the 6400-55 CD.
The latest version can also be downloaded from www.licor.com.

The installation program will create an entry named L16400_5.3 in the Pro-
grams menu. Within that, you will find LI6400FileEx. There will also be a
shortcut on your desktop that you can double-click.

When first run,

LIGA00FIleEX will  [Tiae e s p—
show empty win- | 56l HsCmessed

apcrea Farosl Wlo
dows for the — —
LI-6400’s directory
tree and file list. If

you are using Figure 11-3. The Connect button.
Comm port 1, press
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Connect. Otherwise, select Prefs from the file menu, then select the correct
Comm port, and press OK. Then click the Connect button.

If you Save these prefer-
ences, LI6400FileEx will
automatically start trying to
communicate the nexttime
it runs, so you won't have

Comscion wPua [T 5 to press the Connect but-
ton.
Bt ate [115200 =]
it Dby [ [ L B0 File Smie |i Enimie I
| o | Cact |

Figure 11-4. Setting the Comm port.

The program provides a view of the file system of your PC, and also the
LI1-6400. You can expand or contract the directory view by clicking on the
node boxes that have a + or - in them (Figure 11-5).

Moving files is as easy as opening the desired directory, and clicking on the
desired files, and dragging them to the other file list or directory. Complete
documentation is available under the Help menu.

1= - -
PR 5 Directory tree windows
W e B A= [ B
Leca Fils Gyom Fins Byl oy
Fegas _I
[t Pl = A
o LT — 2 [ [ e T eted J T T
20 Pils B [F T — BE  RTRRITI I # dim [
= ke S IR T & U i Bl =
: -Jl' :'- d E-.--u HE  RTREL - ::ﬁ:""’ 1::'."
-t e wm
- e — =
-l LWL 2T ¥
i LIPS 1§ " Wb T L
& 1] Ml smy g e a1
# ] Halraiale s ] x0T L]
% 1) O Pl Feiitay Ll JE.:I.;:I'"T':
B il (RS - e e DLW
| J i #] i /_ﬂ/ : ull
T j f -
g File list windows —_JJ;—""I—_
B e Bl o il .
i ek g Log window
y Py
| Pt

e

Figure 11-5. LI6400FileEx main screen.
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FX for Macintosh: FX
FX for Macintosh, as of this writing (version 1.6), only works on operating
systems 9.x and below.

FX for Macintosh is available on the 6400 CD, and from www.licor.com. The
installation program will create a directory on your hard disk namned,

which contains the application. If you have a 680x0 processor, this applica-
tion is namedx 1.6. On a PowerPC, it is naméexi1.6 PowerPC.

[ To transfer files using FX on a Macintosh

1 Connect the cables
Connect the one end of the 9975-016 cable to the LI-6400. Connect the other
end to either a Serial/lUSB adapter or a Hayes compatible modem cable
(Figure 11-1 on page 11-3).

2 Launch FX
Double click the FX application icon.

3 Choose the Port
Click Ports in the menu bar. A list of serial ports will appear. Select the one
you are using.

4 Establish communications
Put the LI-6400 into File Exchange Mode (page 11-5), and click on the Con-
nect button. Once the connection is established, you will be able to navigate
through the LI-6400 file system (Figure 11-6).

5 Tag items to be copied
Tag files (or entire directories) that you wish copied.

6 Set the direction arrow
Make sure the direction arrow is aimed in the desired direction.

7 Click Send
The Send dialog allows you to specify text or binary (or autodetect), what to
do with duplicate file names, among other things.
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B

S5end.. ]

[ Disconnect ]

To From
Macintosh © (EEEEES O | |_6400

Trial ACI curve

EIECE
Joe's test | é@ Sys \ |
light curve (heans) é@ Lser

You can shift-click this button to
access the entire directory struc-
ture of the LI-6400. This speeds
navigating, since you can jump
directly to the directory you want.

3, 0 v'd, 0.0K bytes
u] 0 v'd 0 items

u]

. 0r'd,
2. 0.v'd

0.0K bytes
0 items

Figure 11-6. FX/Macintosh shows files and directories on both the LI-6400 and the Macintosh. C

rection of file transfer is set by the arrow direction.
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Text vs. Binary Files

Most of the data and all of the LPL program files that you will ever encounter
on the LI-6400 are text files. The exception is graphics imageR{g@dm-

age Fileson page 6-17 anB8toring and Retrieving Graphics Imageson

page 12-20). We call non-text files binary files. The difference between how
the two types are transferred comes down to end-of-line sequences in text
files.

The preferred end-of-line sequence in text files is platform specific:

Table 11-1.Preferred end-of-line sequences for text files.

Platform End of Line
LI-6400 <If>
Windows <cr><|f>
Macintosh <cr>

When an FX application moves text files, it will convert end-of-line sequenc-
es from or to the preferred native environment, depending on the direction of
transfer. (This is the reason that file size may differ after text files are moved
by an FX program from the LI-6400 to a computer.)

When moving binary files, you don’t want any end-of-line conversions going
on. Therefore, to move binary files:

. FX/Mac
The dialog box that comes up when you press Send... contains an option for
picking Text, Binary, or AutoDetect. Pick Binary (or AutoDetect).

. LI6400FileEx
The program auto-detects binary files, and transfers then accordingly.

File Name Considerations

Macintosh
When using FX/Mac, you won’t have to worry about file name incompatibil-
ities if you avoid these characters

N ? K
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and keep your file names under 32 characters in length. When naming files
on the LI-6400, the Standard File Dialog will prevent you from entering any
of these problem characters. If you use one of these characters when naming
a file on the Macintosh that is to be transferred to the LI-6400, that character
will be changed to an underscore at the time of transfer. If an LPL file name
is too long for the Macintosh (32 characters or more), it will be shortened, and
if it contains a colon (:), which is the directory delimiter on the Macintosh, it
will be converted to an underscore. Note that these changes are not remem-
bered, so if you begin with a file on the LI-6400 named

abc:def.ghi
and transfer it to the Macintosh, it will be named
abc_def_ghi

If you transfer it back to the LI-6400, it will still be named
abc_def_ghi

Case

The LI-6400 version 5 software uses a case-sensitive file system. Windows
and Macintosh does not. This generally is not a problem, but may lead to

some surprises. For example, you may have two files on the instrument whose
names only differ by case. Data and DATA, for example. If you transfer these

to your computer, the second one transferred may overwrite the first, if you

are allowing file overwriting, or not be transferred at all.

Using a Data Capture Program

Any generic serial communications program can be used to capture LI-6400
data files. One such program is HyperTerminal, which is bundled with Win-
dows operating systems. This method has three basic steps:

Set the communications parameters
Described below.

Open a destination file

Once you've configured the LI-6400’s communications parameters to match
those used by your data capture program, you'll need to open a file on the
computer to store the data, then send the LI-6400 file(s).

Output the Files

To send one or more files, use the Filer. First tag the desired files (page
10-14), then pres€’to print them (page 10-18).
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Setting the Communication Parameters

The baud rate, data bits, stop bits, parity, and hardware handshaking can be
set by selectingConfigure the GOMM port” in the Utility menu. Alterna-

tively, run the program/Sys/Utility/SetComm” from the Filer (Figure 11-7).

Baud Data Stop Parity
|| 9600 8 1 N "

Figure 11-7. The program SetComm allows you to view and edit the com-
munications settings.

Table 11-2 shows the acceptable values of these parameters, and Table 11-:
illustrates some sample configurations.

Table 11-2.Communication configuration parameters.

Parameter Acceptable Values

Baud Rate 300, 1200, 2400, 4800, 9600, 19200, 38400, 57600,
115200

Data Bits 7o0r8

Stop Bits lor2

Parity Odd (O), Even (E), or None (N)

Handshaking X (for XON/XOFF only), H (Hardware only), or
HX (XON/XOFF and Hardware handshaking)

Table 11-3.Sample configurations

Entry Meaning

19200 8 1 N 19200 baud, 8 data bits, 1 stop bit, no parity

115200 8 1 NH 115299 baud, 8 data bits, 1 stop bit, no parity,
hardware handshaking

9600 7 1 E HX 9600 baud, 7 data bits, 1 stop bit, even parity,
hardware and software handshaking
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Remote Control

There are three methods to remotely control an LI-6400:

. Simulation Software
The computer acts like an LI-6400, because it is running a special version of
the LI-6400’s software built for the computer's OS. Meanwhile, the real
LI-6400 runs a slave program, and cannot be controlled from its front panel.
This method is described below, and can be used on any LI-6400, regardless
of its software version.

. Terminal Software
The computer acts like a terminal to the LI-6400, providing all of the normal
front-panel capability locally or even over the internet. Meanwhile, the
L1-6400 continues to function normally. File transfers in the background are
possible with this method, which is describe@€ontrol via Terminal Soft-
ware (LTerm / iTerm) on page 11-16. The LI-6400 must have version 5.3
(or above) software.

. Send LPL Commands
The LI-6400 (version 5.3 or above) can be made to compile and execute in-
coming LPL commands while OPEN is running. This method lets the instru-
ment operate normally, but provides a method for an external device to have
as much or as little control as is desired. For example, a computer controlled
imaging system could provide the LI-6400 with the value of leaf areas, and
trigger fluorescence and logging events. This method is descrikzhtrol
via LPL Commands on page 11-20.

Control via Simulation Software

The computer runs a program that simulates an LI-6400. It can function with
or without an actual instrument. If you connect to an LI-6400, the instrument
runs in a “slave mode”, getting actual readings from the IRGA and sensors,
but all the computations are done on the computer. All the files (data, auto-
program, etc.) also reside on the computer.

This technique can be used to operate the latest software (e.g. 5.3) on the com-
puter, while the LI-6400 can have awgrsion (3.x, 4.x, 5.x) of software.
Thus, a 3.x version of LI-6400 can operate with a 6400-40 LCF, which oth-
erwise requires the host instrument to have version 4.x or above.

One implication of using a simulator is that control must be done from the
computer. While the instrument is being controlled, there is nothing you can
do on its keyboard or see on its front panel. Another implication involves file
synchronization. Because the simulator is only aware of local (your comput-
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er) files, you’ll want to be sure that the calibration data filgs/parm0 and
/dev/parml) on your computer match those in your instrument.

Simulation software is available for both Macintosh and Windows.

LI6400Sim (Windows)

An installer for the Windows LI-6400 simulator is on the 6400-55 CD. The
latest version is available at www.licor.com. A manual (.pdf file) for the pro-
gram is on the CD, and is also installed with the program and viewed via Help
in the program’s menu bar.

To control an LI-6400 using LI6400Sim_5.3, do the following:

1 Run the application
The installer puts a shortcut to LI6400Sim_5.3 on the desktop, and an entry
in the Start menu under Programs -> LI6400_5.3.

2 Connect your PC to the LI-6400
See Figure 11-4 on page 11-6.

3 Put the LI-6400 into File Exchange Mode
Described irFile Exchange Modeon page 11-5.
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4 Access the Remote panel
Open the Control window, and access the Remote Panel (Figure 11-8). Set
the “Using COM” value to match the comm port you are using.

LA Cowwn | 80 | B8 | Dl 1401 | Fhmesmarc |
Dot b o LI £430
[ Stahar
g oe 1 2]
mm] mnm:uul Besised LI GUBEM PSLIZIT

L o

Figure 11-8. The Remote Control Panel.

5 (Optional) Synchronize files
If the “Simulated LI-6400” serial number doesn’t match the real unit’s serial
number, you may want to synchronize files. See the LI6400Sim manual for
more details.

6 Start Remote Control
Click on the “Start Remote Control” button. The application will download a
server program to the instrument, if it is already there, and run it.
Wait until the Remote Control Status indicates Active.

7 Power on the Simulated Console
Click Start in the Console window.
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LPL 5.3 PPC (Macintosh)

An installer for the Macintosh LI-6400 simulator (PowerPC processors only)
is on the 6400-55 CD. The latest version is available at www.licor.com. The
program is documented in a text file found in the folder/fac 5.3) that is
installed.

To control an LI-6400 using LPL 5.3 PPC, do the following:

1 Run the application
It will be in the folder named LPL/Mac 5.3.

2 When the countdown starts, click on or press escape
Don't let the simulation run, but press escape, leaving you in the simulator’s
LPL screen.

3 Connect to the instrument
Described inConnecting the LI-6400 to a Computeron page 11-2

4 Put instrument in file exchange mode
See Figure 11-4 on page 11-6.

5 Open Remote Device window
Click on Remote in the menu bar, and select Use Remote Device. Check “Get
remote device’s calibration data” if this is the first time you have controlled
this particular instrument, or if you have controlled some other instrument the
last time.

Click theUseRemote button.

The application will download a server program if necessary. Wait until the
status says “active”.

6 Run OPEN on the simulator
Press R in the simulator’'s LPL screen, to run a file. The file you want to run
is /Sys/Autostart/Welcome, which will be the default, so just pre&sturn.
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Control via Terminal Software (LTerm / iTerm)

LPL version 5.3 introduces a powerful new method for remote control of the
LI-6400. The local component of this is naniderm, and the internet com-
ponent is nameil'erm. WhenLTerm is enabled on an LI-6400, the instru-
ment can be controlled, and its display viewed, from a computer via the
Comm port. The computer runs laherm -compatible program that commu-
nicates in the background with the LI-6400; all the while, the LI-6400 contin-
ues to operate normally, and can continue to be controlled from its own
keyboard.

iTerm extends this control to anywhere in the world via the internet
(Figure 11-9). Two programs wiifierm capability connect through a spe-
cial server (li6400.licor.com), and pass information back and forth. The re-
mote internet connection requires no knowledge of any network
configuration parameters and is completely firewall transparent. The local
computer passes along the iTerm information to and from the LI-6400.

Internet

1i6400.licor.com

RN

LTerm LTerm  iTerm LTerm iTerm

LI-6400 Local PC Remote PC

Figure 11-9. The LI-6400 can be viewed and controlled from its front panel and
from a local computer anftom a second computer via the internet.

L16400Term (Windows)

There is a Windows application named L16400Term that supports LTerm and
iTerm, and it is available on the 6400-55 CD. The latest version is available
from www.licor.com. Once installed, begin controlling by these three steps,
which can be done in any order.
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1 Connect the Computer to the LI-6400
Described inConnecting the LI-6400 to a Computeron page 11-2.

2 Start LTerm on the LI-6400
Pressing thé key from Open’s main screen (Figure 11-10). When LTerm is
active, the labelLTer mwill appear in the lower right part of the display.
LTerm can also be turned on and off the LPL screen, and from Open’s Utility
Menu.

LPL Screen
Editor Filer LTerm Run Shell Xchng

LPL 5.3.0
Copyright 1995 - 2005 LI-COR inc

<LTermis active>

[ User 117752 kbytes

OPEN’s Main Screen
LI - 6400 Phot osynt hesis System

CPEN 5. 3 /

[ User 10% f ul | LTerm
Thr Jun 2 2005 14:50: 44 12. 03V

V¢l conggGonfig Gl i b New Wilit
Menu Menu Menu Nsmmt s Menu
OPEN's Utility Menu (Configure the Comm Port)
\ Comm Port Configuration

LTerm
Echo | ogged data to Conm No
I ncooming Conm | gnore

Config: 57600 8 1 N
(Bdic g  §  _§ § K

Figure 11-10. From either the main screen of OPEN (above) or the LPL
screen (left), LTerm can be toggled on and off with.tkey. It can also
be accessed from OPEN’s Utility Menu
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3 Enable LTerm on the computer
Launch L16400Term, click Windows in the program’s menu bar, and select
Connection. In the Local tab, select the appropriate comm port, and click Start
(Figure 11-11).

i al | [-E-uhh

1. Open the Connections
window

2. Set the Comm port
in the Connections
window.t

3. Click Start

User &% full

L o

Figure 11-11. The Windows program LI16400Term with a local (LTerm) connection to an LI-6400.

At this point, you will see the LI-6400 display on LI6400Term’s Console
window, and be able to control the instrument from either the front panel or
the computer’s keyboard.

Further details about the operation of LI6400Term, including internet con-

nections and file transfers, can be found in its manual, available under Help
in the program’s menu bar.
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Effect of LTerm-iTerm on Normal Operation

For the user looking at the console of the LI-6400, LTerm and iTerm have
only two visible effects on normal operation of the instrument (aside from the
fact that the instrument is responding to “unseen” commands and keystrokes):

1 File Exchange Mode is disabled while LTerm is active
When using LTerm, file exchange mode is unnecessary, since files can be
moved in the background. If you try to enter file exchange mode, you will in-
stead see the LTerm Monitor display (Figure 11-12.), which can be exited by
pressingescape.

LTer m Moni t or
Packets Qut: 33456 (R
Packets In: 243
Latest Ovd: I D LCL - NEXTPACKET
Local File Packets: 3
Renote File Packets: 4

Figure 11-12. LTerm Status mode is shown instead of File Exchange
mode while LTerm is active.

2 The Comm configuration cannot be changed while LTerm is active
From OPEN'’s Utility Menu, theConfi gure the Gormport ™ item will show
the Comm port’s configuration, but won't let you change it while LTerm is
active. Note that LTerm can be toggled on and off from this screen.

Comm Port Configuration
LTerm
Echo | ogged data to Conm No
I ncooming Conm | gnore

Config: 57600 8 1 N
(Edic g g fJ § K|

Figure 11-13. While LTerm is on, the lower item (Config:) cannot be ac-
cessed and changed.

There is a little utility program (Sys/Utility/SetComm”) that is used by other
programs to set the Comm port. If you run it, or cause it to run, while LTerm
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is active, it will show the configuration, but not let you change it
(Figure 11-14).

Baud Data Stop Parity
“ 57600 8 1 N “
(Can’t change - LTerm active)
Figure 11-14. The program SetComm will not allow config changes while
LTerm is active.

The Comm port configuration can always be changed directly through LPL
code (keywordcOMMCONFIG on page 24-26), but that will potentially
disable LTerm until it is turned off and back on again.

Control via LPL Commands

Suppose you have a data logger, or a data logging computer, that you want to
coordinate somehow with the LI-6400. Perhaps you want to get an occasional
value of CQ or photosynthesis, or you want the computer to tell the instru-

ment to start or stop an autoprogram. Is there a way to communicate short of
L16400Term or LI6400Sim? There has to be, or this chapter would end right
here.

One of the fields in the Comm Port configuration lets you enable a mode
whereby you can send and receive data while the LI-6400 is otherwise going
about its business (Figure 11-15).

Comm Port Configuration

LTerm off
Echo | ogged data to Conm No

I ncomm ng Comm ESGCHIERETNELE
Config: 9600 8 \

(Edic g  § B § K

Figure 11-15. The Comm Port Configuration screen, from OPEN’s Utility
Menu, set for compiling and executing incoming LPL Commands.

Note: Changes to “Incoming Comm” mode do not take effect until you return
to OPEN'’s Main Screen
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The incoming data should consist of LPL commands. LPL is the language
that all of the OPEN programming is written in (refer to PartPrggram-

ming), so this option provides great flexibility. While “Execute as LPL” is
enabled, every time the LI-6400 receives a newline character (decimal 10), it
attempts to compile and execute the data that has been received since the las
newline. Thus, if you sent the following line

"Hello fromthe LI-6400\n" conmm print

followed by a newline, the string

Hello fromthe LI-6400

would be sent out the LI-6400's Comm port, followed by a newline character.
Notice, we embedded a newline character into the output string by slash-n

(\n).

Getting The Values of Variables

Many of the variables of interest in OPEN have ID numbers associated with
them. (See Chapters 14 and 15 for a discussion of system and user definec
variables.) A very useful way of getting any of these variables sent out the
Comm port in a nicely formatted fashion is to use the fundtiont, which
expects a destination and an ID number on the stack. For example,

30 comm i dout

will get the following in return:

Phot o= 12. 34

The functiondoutprints the log format label for that value, followed by a '=’,
followed by the present value of the variable, formatted just as for a log file,
followed by a newline character. You can get multiple values by putting an
array of id numbers on the stack:

INT { 30 -1 -2 -4 -5} conm i dout
will result in

Phot o= 12. 34
O2R= 378.1
a»S= 372.3
HOR= 12. 34
H2G5= 20. 45
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If you know the variable name of something (see Table 14-8 on page 14-19
lists system variable names and ID numbers, but this applies to any public
variable in OPEN), you can create an output line formatted however you
choose. For example, the variable name that holds leaf assaaiscm?2

Thus, if you want the value to 5 digits with no other label, you can send

area cn? "9%.5f\n" conmm print

to receive

1. 23456

Setting the Values of Variables

You have to be a little careful, here, since many of the user defined variables
are recomputed once or twice a second, so your setting a value may not ac-
complish very much. For example, you could tell the LI-6400 to make the val-
ue of photosynthesis 20.00, but it would only stay that way a fraction of a
second until it was computed again. User defined constants and remarks are
a different matter, since they are strictly determined by outside influences -
i.e., a user typing on the keyboard. Control set points are also a different mat-
ter, since many of them have functions for getting and setting, as we’ll see in
Control Set Point Variableson page 11-23.

In general, variables are set in LPL by the following statement:

<val ue> &<vari abl e nane> =

The first item pushed onto the stack is the desired value. Next comes the ad-
dress of the variable to be set, then finally an '=’ sign. For example

2.34 &area cn? =

will set the area to 2.34. The & befarma_cmZs important. That tells the
compiler to put the address of that value on the stack, rather than the value of
the variable. (Note: setting area in this way wilt by itself change th# lev-

el 3 function key label, but doeschange the area.)

There is a handy function for converting variable ID numbers to addresses:

FmtGetVarAddrThus, you can set any system or user variable using only the
ID number. For example, leaf area (area_cm?2) is -33, so

2.34 -33 Fm Get Var Addr =

would accomplish the same thing as “2.34 &area_cm2 =".
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Control Set Point Variables

Information about LED Source control, flow control, temperature control,
and humidity control can be obtained and changed remotelyLEBe
Source Controlon page 25-17 and subsequent sections for a number of use-
ful functions, designed for use with AutoPrograms, but serve nicely for re-
mote control as well. For example, you can usenpGetTargetn the
sequence

LanpGet Target " Type=%l, Val =%\n" conm PR NT
to learn
Type=2, Val =2000

which means the lamp is in constant PAR control (Type=2) with a set point
(Val=) of 2000 pmol rif s,

To set a control and setpoint for the lamp, you canLasepSetTargeor
LampSetNewTargethe former just changes the target, and the latter chang-
es both the control type and the target. For example,

1500 3 Lanpset NewTar get

changes an LED light source to constant control signal (3) mode, with a target
of 1500 mV. If the device is an LCF, it sets it to fixed blue mode, with a target
(red + blue) of 1500. This function does not output anything, but if you want
some sort of verification sent out the comm port, you could add it yourself:

1500 3 Lanpset NewTarget "Set Lanp!\n" conm PR NT
or

1500 3 Lanpset NewTar get LanpGet Target " Type=%,
Val =%\ n" comm PRI NT

The command lines can be as long as you like, as long as no newline charac-
ters are present until the end.

LCF Control

Refer toProgramming Commandson page 27-73, which describes com-
mands such as

DoFsFnp

which will trigger the measurement b andF’ ..
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Variables and Commands for Logging

Any of the LP_ commands (Chapter 25), suchRisog, can be used with the
“Execute as LPL" option. Thus, if a log file is open, an external device can
force a data record to be logged by sending

LPLog

If you want to send a string to be added to a log file as a remark, do this:

"The sky is falling!" LogTSRenark

Testing Commands

It is wise to test the commands you will be using, before you commit them to
code in your data logger or computer program. A convenient way to do this
testing is with LI6400Term or LI6400Sim.

Use LI6400Term and an LI-6400

Establish the LTerm connectiostart LTerm on the LI-6400 on page
11-17). Then, enable the incoming LPL option (Figure 11-15 on page 11-20)
and return to OPEN’s main screen. Finally, open the Comm Monitor window.
Enter commands in the upper window, see results in the lower (Figure 11-16).
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Figure 11-16. Using the Comm Monitor window of LI6400Term to
test LPL commands.
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. Use LI6400Sim by itself
Using the Windows simulator, enable the incoming LPL option
(Figure 11-15 on page 11-20) and return to the OPEN’s main screen. Then,
open the Control window, then click on the Comm tab. Type in the upper win-
dow, see results in the lower (Figure 11-17).
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Figure 11-17. The Comm window of L16400Sim.
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A tool for viewing and graphing data files
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Graphlit

Graphlt is a utility included with the LI-6400 programming that allows you
to view data in labelled columns, plot selected variables, and do polynomial
curve fitting.

An introductory tour of Graphlt can be found\Virewing Stored Dataon
page 3-52.

Accessing Graphlt

12-2

There are several ways to access Graphlt:

From the Filer
Highlight the file to be viewed, and prdss

From OPEN’s New Measurements Mode
Graphlt can be used on the file being logged by pressavgFile (f2 level 1)
while logging to memory or a file.

From OPEN’s Utility Menu
The menu selectiohG aph Sored Data” will run the Graphlt Utility pro-
gram described in the next paragraph.

Run the program Graphlt Utility
It's stored in the /Sys/Utility directory. The program uses the Standard File
Dialog to prompt you to select a file, then runs Graphlt on that file.

From the data recompute program
The “Recompute Stored Data” program in OPEN'’s Utility Menu uses allows
you to view source and destination files using Graphlt.

When Graphlt Starts

Before Graphlt's main screen (Figure 12-1 on page 12-3) appears, the pro-
gram examines the data file to find a label line (the line that is used to provide
names for the data columns). Acceptable data file formats are discussed on
page 12-4. If there’s a problem with your data file format, you'll be asked to
pick the label line (Figure 12-9 on page 12-11). In the absence of a label line,
arbitrary names will be given to data columns.
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Graphit's View Control: Graphlt's Configuration Editor:
Vew (ptions: Edit which item:
F- Fle as stored : 1 o
X - X (horizontal axis
D- Data set (all vars and obs) Y-Ygleftvertical) ax?s
G- Gaphed vars & obs only ; g >
C- curvefit Qoefficients Z - Z (right vertical) axis _
E- curvefit Erors L - Logic for including observations
C - Curves

Target File

Name G aphl t # observations.
Sour ce= / User /Experi nent 2 (Appears only
Xaxis: 0,*,"Q'\ after data has
Y axi s: been read and

. : (9 CbS) graphed)

urren
Plot Defini- 3 or_e
tion (if any) Qonf i g

Store the current plot definition,
for later retrieval with QuickPik.
(Appears only if there is a plot de-
fined)

Draw axes, points, and
curves using current plot
definition (appears only if
there is a plot defined)

Change to a previously
defined and stored plot
definition

Select Data Set: Graphics Image Control: storing

Data Set Qptions: and retrieving pictures
P - Pick Label, and 1st, last Data |ines
S - Subsanpl e data (use every __ line)

Figure 12-1. Graphlt's main screen shows the name of the data file being used, and the current plot definition (if
any). There are 2 levels of function keys defined, and one can toggle between them bylaivekssordl or 2.
Descriptions of Graphlt's functionality begin wirefining Plotson page 12-5
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Data File Format

12-4

Graphlt expects its target data file to have a particular structure. This structure
is not hard to come by - OPEN’s default data structure fits this scheme, as will
nearly any spreadsheet-ready ASCII (text) data file.

Rows = Observations

Lines in the file need to consist of observations of variables, and 1 row (line)
is 1 observation. A single observation of all the variables should be on one
line.

Columns = Variables
Within a line, the values for each variable can be separated by spaces, or tabs,
or any non-numeric character, such as comma, semicolon, etc.

A label line

There needs to be a line in the file that lists names of the data columns. If each
name is quoted, they need not be delimited, but they can be with spaces and/or
commas. If each name is not quoted, then they need a space or comma sepa-
rating them, and (obviously) no spaces within a label.

Data lines need sufficient data
Any line that doesn’t parse into enough values will be ignored when scanning
for data. Quoted items are considered 1 value.

Figure 12-2 illustrates some acceptable data file formats.

OK OK

"Header info" Photo PAR TleafTair

"This is skipped" 14.2 1001 23.4 22.3

"The label line is next" 12.2 1031 23.522.4

"Obs", "Photo”, "PAR", "Tleaf", "Tair" 13.8 1065 22.4 22.7

1,14.2,1001,23.4,22.3 18.3 1098 23.7 22.9

2,12.2,1.1E3,23.5,22.4 11.1 1008 22.4 22.6

3,13.8,2E3,22.4,22.7 17.7 1023 23.322.2

"This is a remark"

4,18.3,1098,23.7,22.9 Wrong

5,11.1,1008,22.4,22.6 Photo: 14.2 12.2 13.8 18.3 11.1 17.7

6,17.7,1023,23.3,22.2 PAR: 1001 1031 1065 1098 1008 1023
Tleaf: 23.4 23.5 22.4 23.7 22.4 23.3
Tair: 22.322.422.722.922.6 22.2

Figure 12-2. lllustration of the data file format expected by Graphit. The data s
belled "Problem" is just that because the first thing that appears in the data lin
double quote. (OPEN 3.2 and above handles this.)
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Finding the Label Line

When Graphlt first runs, it looks for the label line. It does this by looking for
an identifier string

$STARTCFDATAS

and expects the column labels to be the next line. If this target is not found,
you will be asked to identify the column label line using Standard Menu
(Figure 12-9 on page 12-11).

Once the label line is identified, Graphit reads the labels; they are used to
identify data columns.

Finding the Data Lines

The data set is assumed to extend from the first data line following the label
line, to the first blank line or the end of the file. If this is not the case, you can
specifically identify the label line, first data line, and last data line (described

in Selecting Observationon page 12-10).

Once the label line is identified and read, Graphlt's main screen appears
(Figure 12-1).

Defining Plots

A plot definition consists at a minimum of

. An X axis definition
Minimum and maximum scaling values, and variable name.

. A'Y or Z axis definition
Minimum and maximum scaling values, and from 1 to 5 variable names
(Figure 12-3).
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Plotting Symbol//
Variable Name

Y axis Z axis
30 1.1E+02
+:TRIR .-CO2S
TLEAF .
‘Vanable Name
Has Curve
z0 o .
Z70 TIRE ,\2 TOEE+03 Plotting Symbol
X axis

Figure 12-3. A typical Graphlt plot. One or two vertical axes can be used, and up to five variables can be
on each axis. Curve fitting options consist of dot-to-dot (as shown), or polynomials.

12-6

There are two methods of defining a plot: the quick method is to select a pre-
viously defined and stored definition from a menu (p@s&Pik Config).
The general method is to use the plot configuration editor (pdés%onfig).

Using QuikPik Config

This is quite simple, as the following example illustrates.

To configure for an A-Ci curve using  QuikPik Config:

Press QuikPik Config

The directoryUser/Configs/PlotDefs is accessed using the Standard File Dialog,
and you can select from the definitions stored there.

Select “A-Ci Curve” from the menu

Figure 12-4 illustrates the resulting plot definition and plot (provided, of
course, that the data were actually an A-Ci measurement!).
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Plot Definition

X axis: 0,*,"Ci";

Y axis: 0,*,"Photo";
Y Axis max

|
+
Variable +
+:FHOTO . ++
Plot symbol/ +
0 +
Y Axismin__—_ @ CI 832
X Axis min X variable X axis max

Figure 12-4. A plot using an A-Ci plot definition. A * for either min or max scaling will
result in that min or max value being computed based on the data.

Using Edit Config
To define a graph, or to modify the current configuration, prég<onfig.
The edit menu will appear:

Edit which item
X - X (horizontal) axis
This option only appears if there is Y - Y (left vertical axi s
currently a valid plot definition Z - Z (right verti ca?) axi s
L - Logic for including observations
C - CQurves

Press choi ce or <esc>

Figure 12-5. Graphlt's configuration editor’'s main window. Note: you can by-pass this window byXyping
Y, Z, L, or C directly from Graphlt's main screen.
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Editing Axis Definitions
Pressing, Y, orZ will allow you to edit the definition of that axis. The dis-
play will show

Min Max Label
Xaxis: 0,*,"A": o :
v ; | —— | Axis being edited, and
V - change vari abl e the current definition

R - change range
. Opti
Sel ect option (or <esc>)

Figure 12-6. Editing an axis has two parts, that can be done independe
selecting the variable(s), and selecting the scaling.

PressV to change the variable(s) to be plotted on that axisRandchange

the min and/or max scaling values. An asterisk (*) for either the min or max
values means that the value will be determined based on the data set (au-
toscaling).

. V: Change Variable
Selecting variables is done via a Standard Menu (Figure 12-7 on page 12-9)
using the list of variables read from the label line. Only 1 variable is needed
for the X axis, but up to five can be drawn on either the Y or Z axes (you'l
want all the variables for an axis to be of the same magnitude - temperatures,
for example - because they are all plotted with a common scaling).

Curve Setup Short-Cut

A shortcut is provided for setting up any Y or Z variables for draw
curves instead of just plotting points: if you want a curve for a varia
instead of selecting it by pressiagter, press a numbe6 through5). 0
will cause the points to be connected by straight line segments, a
through 5 specifies a polynomial of that power.
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Selecting the X variable

Pick 1 variable. —— X AXI § —
n @Sll 1
"Time" 2 The X variable is selected from a
"Photo" 3 < menu of all the data columns in
"ond" 4 the data file.
mn O mn 5
"Trmmol " 6
Vde 7 The variable count for that axis.
Up to 5 can be selected.

Selecting Y or Z variables

The Y or Z variable(s) are se- . . .

lected from the same menu. A Pi ck up to 5 vars: TY AXIs pl ot (#1;

shortcut is provided for drawing Press ENTER for each "Chs" 1

curves: press a number rather (or "0 - dot2dot "Time" 2

than enter to make a selection. [ or 1 to 5 for poly fit) ||"Photo" 3

Also, up to 5 entries can be se- Press <esc> to stop.

lected. Press escape after you " L

\rll\g\;]et.selected all the ones you "Trrmol " 6
"VpdL" 7

Figure 12-7. Selecting the variable(s) for an axis is done via Standard Menu. Y and Z axes allow up to five vari-
ables to be included, and provide a short-cut for doing curves. When you've selected all the variables you want,
pressescape.

. R: Change Range
PressingR (Figure 12-6 on page 12-8) will allow the max and min to be spec-
ified for the axis being edited. If available, the range of the data will be dis-
played for your information.

Data range is 27.1 to 769
Enter MN (* to autoscal e)
0

Enter MAX
*

Cel Ln ¢« A rBEnd ¢ Del Char ¢« GapLocke AnyChar

Figure 12-8. An axis’s min and max are prompted for in sequence, with
the default value or response displayed.
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If you enter * (or any non-numeric entry, for that matter) for either the max
or min value, that parameter will be computed for you, based on the variables
defined for that axis.

Note: The axes max and min aren’t the actual data values
max and min. The axes are scaled a bit larger to encolnpass
the plotting symbols.

Storing Plot Definitions

The Store Config function key {5 level 1) allows you to store the current plot
definition for later recall using th@uikPik Config function key {1 level 1).
Definitions should be stored in the directdser/Configs/PlotDefs. The directo-

ry and file name are obtained from you by Graphlt using the Standard File Di-
alog.

Selecting Observations

12-10

Graphlt provides three tools for selecting data subsets for plotting or viewing.
In order of priority of implementation, they are:

First and Last Data Lines

Data is found by searching for non-blank lines whose first character is not a
quote ("), starting with the First Data Line. The search continues until a blank
line is found, or until the Last Data Line has been searched.

Use Every nth Line

Between the First and Last Data Lines, evé'?y'ne is converted to numbers,
provided it does not start with a quote (*). The default valuei®fl, but the
user can set this. This is useful for subsampling large data files.

Inclusion Based On Data Values
Once a line is converted to numbers, any variable(s) or combination thereof
can be tested to see if that observation should be included.

Picking the First and Last Observation

The starting and ending data lines can be manually selected. Pa&sSet

Pick” (f1 level 2), therP. You will be prompted to select three lines in suc-
cession using Standard Menu: the label line, the first data line, and the ending
data line (Figure 12-9).
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Sel ect the LABEL LI NE
"Li ght Sour ce=", "Sun+Sky", 1, 0. 19
" LogFor mat =", "/ User/ Confi gs/ LogFor mat s/

Figure 12-9. Prompting for the Label Line. Put the highlighted bar on
the label line, and presenter. When selecting the data lines, the
prompts will be “Select the FIRST DATA LINE” and “Select the LAST
DATA LINE”

Using Every ri" Observation

If your data represents a long time series with many observations, it will be
advantageous to subsample the data when plotting it. For example, instead of
plotting each observation, you may wish to plot every 10th observation.

To define a subsample interval, preBek Data Set” (f1 level 2), thers. You
will be prompted to enter a value wheren=1 means use every lines2
means use every other line, etc.

Logic Based Inclusion

Sometimes you may wish to include or exclude observations based on the val-
ues of the data for that observation. For example, suppose you have a file of
survey data for sunlit and shaded leaves, and you wish to plot photosynthesis
vs. conductance for sunlit leaves only. You could do this with Graphlt's logic
option by specifying only observations with PAR greater than some threshold

value, such as 1000 pmor%rs'l.

Inclusion logic is defined by pressingdit Config” (f4 level 1) therlL from
Graphlt's main screen (short cut: just pref®m the main screen). The logic
screen (Figure 12-10) appears, and you can type in or edit the logical state-
ment to be used.
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Logi c for sel ecting observations.
Exanpl es:

"Cbs" > 10
("Gbs" > 10) AND ("Photo" < 5.2

Del Ln ¢ d rEnd ¢ Del Char ¢ CaplLocke AnyChar

The keyboard entry
line is inverse video

Figure 12-10. Entering selection logic. Put data set variable names in quot

For example

"Cpbs" > 10

will include only those lines for which the Obs value is greater than 10. More
complicated statements are possible with appropriate use of parentheses:

("Cbs" > 10) AND ("Photo" < 5.2)

includes all lines of data for which Obs is greater than 10, and Photo is less
than 5.2. Note that variable names are always quoted, and must match a vari-
able (column label) in the data set.

Table 1 lists some useful symbols for use in logic statements:

Table 9-1.LPL keywords for logical expressions

LPL

Action

+-*/

< >

Add, subtract, multiply, divide

Less than, greater than,

Less than or equal, greater than or equal
Not equal, is equal

Logical and, logical or

For this logical expression, spaces don’t matter, so, for example

12-12
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( n Cmsll / n 0 n ) > 2
is the same as
( n Cmsll/ n 0 n ) >2

Also note that the variables (if any) that appear in the logical statement don’t
have to be the ones being plotted. The above example inclysaiios of
greater than 2, but we might be plotting something else entirely. It also illus-
trates that the logic can include quantities that aren’t already computed in the
data set, since the computation can be done in the logical statement itself.

The logical expression must evaluate to a number. If that number is non-zero,
it is assumed true, and that observation is included. A null logical expression
(in the screen shown in Figure 12-10 on page 12-12, pedss thenenter)
means that all observations are included. A logical expression that would ac-
complish the same thing would be simply

1

while one that would exclude all observations (of no use at all) would be

0

Dealing With Strings
When Graphlt scans lines in the file for data, any line that does not have suf-
ficient data is skipped. Note that each quoted string constitutes 1 data “val-

ue™l. Also, “sufficient data” depends on which variables you are plotting. If
you are plotting the 1st, 3rd, and 4th variables in the list, then 4 values is suf-
ficient data. Therefore, be aware, that if your data set includes a labels line,
then it will likely be considered as data.

LThe value is 0 if there are no numbers in it. If the string is quoted time, such as
“14:22:45", the value will be decimal hours.
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Graphlt's curve fitting capability is fairly limited: you have a choice of
straight line segments between data points (dot-to-dot), or polynomial fits of
power 1 to 5.

Configuring for Curves
There are two ways to implement curves:

When first selecting variables
This is explained ifCurve Setup Short-Cuton page 12-8.

For an existing configuration

From Graphlt's main screen, prést Config, thenC (short cut: just presy).

If only 1Y or Z variable is defined, the curve is simply selected from a menu
(Figure 12-11).

Y axis, 1st variable The variable Current curve choice

Y1l "Phot 0" none

Qurves

: Dot - t 0- Dot
1. St ai ght Li ne
2:2ndCr der Pol y
3: 3rdC der Pol y
4: 4t hQr der Pol y
5: 5t hOr der Pol y

Figure 12-11. Selecting a curve option when only 1 Y or Z variable.

If multiple Y and/or Z variables are defined, then it is a two part process
(Figure 12-12).

Using the LI-6400 Version 5



Graphlit
Curve Fitting

a) Select the variable

Qurve S atus
Y Phot 0° none
Z1 "Talr" none

Z2 "Tleaf" none

Print ¢« Hnd ¢ ReH nde Cancel ¢ Sel ect

b) Select the curve

Qurve Status=
Y1l "Phot 0" none
Z1 "Tair" none
Z2 "Tleaf" none

Qurves

g:Dot—to—Dot

1: Stai ght Li ne

2:2ndCr der Pol y
3: 3rdC der Pol y
4: 4t hOr der Pol y

Print ¢« And ¢ ReH nde Cancel ¢ Sel ect

Figure 12-12. Selecting curve options for multiple variables is a two step pro-
cess: a) pick the variable, and b) pick the curve.

Viewing Curve Fit Results

If one or more polynomials have been selected, the resulting coefficients can
be seen by pressiniew Data and selecting either option C (curve fit coeffi-
cients) or E (curve fit errors).

] Example: Find The Initial Slope Of An A-C ; Curve

1 Define the plot
UseQuikPik Config or Edit Config to set up a plot of photosynthetic rate as a
function of intercellular CQ

2 Select a straight line curve
Pres<dit Config, thenC, and select a straight line as the curve type.

3 Ignore the higher Ci values

While in the config editor, pressto select observation logic. Use an expres-
sion like
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n O n < 150
to include the observations on the low end of the curve.

Plot and curve fit
PressREPLOT GRAPH. Pressscape after viewing the plot.

View the slope
Press/iew Data, thenC. The display will look similar to Figure 12-13.

Offset Slope

QurveHt Infor ton
Phato vs G coeffs:

-5.22275 0. 0939082

Y Intercept = -5.22275

X I ntercept = 55.6155

RvVB= 0. 7112

Figure 12-13. Polynomial coefficients are presented in ascending order
of power. X intercept(s) are computed for 1st and 2nd order polynomials.

Store the info?
Press escape to stop viewing CurveFit Information. You will then be given an
opportunity to store that data to a file.

Store curvefit info to disk? (Y/N

If you pressy, a Standard Flle Dialog will be used to let you specify a desti-
nation file. If you pick an existing file, you can choose to append the curve fit
information to its end.

Finding Initial Slopes

Finding the initial slope of a curve is important for light response curves and
A-Ci curves. This section leads you through a step-by-step example of how
to find the initial slope of either curve.

Use Graphlt

This is the graphing routine accessed by presgieg File (f2 level 1) in
New Measurements mode, or (for a file that is closed) by highlighting a file
in the Filer, and pressirty
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Define the curve

Plot“ Phot 0" vs“par | n_uni for a light curve, of Photo” vs“d " for an A-

Ci curve. Note the value dffhot 0" where the curve become non-linear:
we’ll be entering that value in the next step.

Limit the Data Range
In order to include only the data from the linear part of the curve, &eliéct

Config (f4) andL for logic. Type
“Photo” < X

and pressenter, where x is the value you determined in the last step.
Figure 12-14 shows how this looks on the display.

Logic for selecting observations.
Exanpl es:

"Cbs: > 10

("Cbs" > 10) AND ("Photo" < 5.2)
Your entry "Photo" < 8

Figure 12-14. A Ci Curve init slope edit config logic screen. Enter the maximum
photosynthesis rate on the linear part of the curve.

Fit a Curve

To fit a curve to this reduced data set, presdis Config and selecC for
curves. Choosel: Sraight |ine” fromthe list, and presster. When you
exit the Edit Config menu, the fitted line will be drawn.

View the slope value

Press/iew Data (f4) thenC for selectQurvefit (oeffi ci ents. You can save
them to a file by pressingwhen prompted. One suggestion is to append them
to the end of your data file.
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Viewing Data

The View Data function key brings up a list of the options (Figure 12-15).

Vi ew pti ons:

F- File as stored

D - Data set (all vars and obs)
G - Qaphed vars & obs only

C - curvefit Coefficients

E - curvefit Errors

Figure 12-15. The screen displayed after pres¥iegv Data.

F - File as stored
This option lets you see the data file just as it exists on the disk.

D - Data set (all vars and obs)

This option views the currently selected data set in column format
(Figure 12-16). The observations reflect the first and last, and any regular
skipping that you may have defined (as describ&tsing Every nth Obser-
vation on page 12-11). It does NOT reflect logic statemerdgi¢ Based In-
clusionon page 12-11).

cursor Position Marker (left = start, right = end)
Fixed Header —p XTBI (| 2R s HOR
23. 17 399.7 365. 9 15.79
22.97 299. 4 279. 6 17.15
23.02 199.7 187.9 17. 37
Scrollable text 23.43 100. 7 96. 2 15. 42
23. 35 49.5 49.9 15.52
23. 34 -0.3 4.9 15. 60
Print ¢« Hnd ¢ ReH nde JunpToe K

Figure 12-16. Viewing with the D option: all variables and observations of the data set. Use shift
and shift—to scroll left and right 4 columns at a time. An inverse box in the fixed header indicates
relative position in the data of the cursor.

G - Graphed vars and obs only
This options shows the data plotted in the last plot. You can also see this after
viewing a plot by pressing instead oescape.
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C - Curvefit Coefficients

This option shows the coefficients and RMS values for each defined curve.
Figure 12-13 on page 12-16 is an example. Rsespe when done viewing,

and you are given the option of storing the information to a file:

Store curve fit info to disk? (Y/N

E - Curvefit Errors
This option shows the coefficients, RMS values, and the data points and er-
rors for each defined curve.

Photo vs G coeffs:
-5.22275 0.0939082

a Phot o y-f(x)

180 11.3 -0.3807
127 7.2 0.4964
76.8 2.16 0.1706
51. 4 -0.39 0.005872
27.1 -2.97 -0.2922
RVB = 0.7112

Figure 12-17. The E view option for the Initial Slope example (page 12-15).

As with the C option, you are given the option of storing the information to
disk when you exit from viewing it.
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PlotDef File Format

Figure 12-18 illustrates the format of a plot definition file. These files are ex-
pected in, but not confined téyser/Configs/PlotDefs

Marker Min, Max, Variable

PLOTDEF= X axis: 0,*,"G";
AxesDefs—Y axis: 0,*,"Photo";
Z axis: *,*, "Tair","Tleaf";
, ~L:"d" < 200
Curve list—| C Y11l 722

/\

Logic statement _|

Variable, curve order

Figure 12-18. An example plot definition. All entries are optional, except the
Marker (plotdef=).

Storing and Retrieving Graphics Images

12-20

Graphics images can be stored and retrieved by using the function keys
Store Image (stores an image to the file system) aoall Image (reads an im-

age from the file system). The resulting files are binary, and are not legible as
text. If you transfer them to a computer using an FX (Chapter 11), be sure to
treat them as binary file3éxt vs. Binary Fileson page 11-9).

Store Image lets you pick the destination file name and directory. There is
also a short-cut method to storing graphics images, that automatically gener-
ates the destination file name. Pres$ + s when viewing a Graphit graph.

A message will be displayed briefly indicating the name of the file, which is
automatically generated:

G aph Saved
“/ User/ | mages/ QP_yyyy-mm-ddhh-mm-s%

The graphics image will be stored in a file namigsdr/images/QP_yyyy-mm-
dd_hh-mm-sswhereyyyy-mm-dds the year, month, day, ahti-mm-sss the
hour, minute, second when you pressebi+s.
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If you wish to use these binary files on another computer (that is how the plot
images were done for this manual, for example), then you will have to write
a program to handle the data, and will need to know the “encoding” scheme
(Figure 12-19).

Image

Figure 12-19. If the image border is not divisible by 8, then there will be unused portions of some
of the bytes. Note that the image length and width must be preserved, or else the image will be
shuffled.
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How to recompute data files

REASONS TO RECOMPUTE 13-2
A STEP-BY-STEP EXAMPLE 13-2

THE DETAILS 13-7

Recompute’s Main Screen 13-7
Source File Considerations 13-8
Destination File Considerations 13-11
Customizing Recompute 13-12

HINTS 13-14

Suppressing a Variable’'s Recomputation 13-14
Skipping Observations 13-14

Multiple (Appended) Files 13-14
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Recomputing Data Files

Sooner or later, you'll find that you've collected some data and had some-
thing set incorrectly, such as leaf area, and need to recompute the file. This
chapter describes how to accomplish this task.

Note: A convenient method of recomputing data is to use the Windows pro-
gram LI6400Sim. This simulator provides a more familiar spreadsheet envi-
ronment for recomputing data files. LI6400Sim is available on the 6400-55
CD, and from www.licor.com.

Reasons to Recompute

To Change Leaf Area

This is the most common reason for recomputing data. However, it's not just
leaf area that can be changed, but any of the user entered constants (stomatal
ratio, boundary layer conductance, etc.).

To Change What's Stored
You can select a subset of a data file, such as only three variables, to be output
to a different file.

To Change What's Computed
You can add quantities to be computed by changing the Compute List file.
Obviously, the computed quantities should depend only on things that are
available in the original file.

A Step-By-Step Example

13-2

Suppose you have a file namedstr/MyData” that has an incorrect leaf area
(you used 6.0, and it should have been 4.4) and stomatal ratio (you used 0 and
it should have been 0.5). This example shows how to make a new file named
“/User/MyData (RCMP)” that incorporates those changes.
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A Step-By-Step Exampie

1 Run the Recompute Program
Go to OPEN'’s Utility Menu, highlightReconput e stored dat a", and press

enter (Figure 13-1).

Uility Menu
"Access the Filer"
"Build a New Aut oPr ogran
"Configure the COMW port"
"Fi | e Exchange Mobde"
"@ aph stored data"
"New Fil e iEditori"
"Reconput e stored data"

"Set the Tine and Date"

Figure 13-1. OPEN's recomputation utility is found in
Utility Menu

Specify the source file
Highlight " Sour ceFi | e: ", and presél (edit) (Figure 13-2).

its

The file to be

T I MU S | coFi | e: - undef i ned-

Reconpute CPENfil es

LDestination: Wite to buffer

The recomputed
data’s destination

Change the high-
lighted entry

/ Leaf Area: --

Stonkat: --

BLCond: --

Conput eLi st = / User/ Confi gs/ Conps/ Def au
< IET I

Figure 13-2. The recompute program’s main screen. Wsend | to move the highlight bar up and down,
and press edit to change the highlighted entry.
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Recomputing Data Files
A Step-By-Step Example

The Standard File Dialog will appear. Highlight the filg/Dat 2", and press
enter (Figure 13-3).

DR /User

Reconpute what file
"Abe’'s data”
"%ur;k Dat a"

QeEe S ga!a

Figure 13-3. The Standard File Dialog is used to select the source file.

Select ComputeList and LogFormat Files?

If the current compute list file and/or log format file differ from the ones used
in MyData (or whatever your file is named), then you will be asked to select
between the two. This is discussedSiource File Considerationson page
13-8.

If the current compute list and log format are the same as the ones Mged in
Data, you are not asked this.

Select the destination
Highlight "Desti nati on: " and pres&dit until the line says

Destination: Wite to file

The choice is between'&i | e" and“Buf fer” (memory)."F | " is generally

the better choice, unless you aren’t sure you really want to store the result.
When you have destination set to a file, you are prompted for that file name
when you actually start the recompute, which we’ll do in a few more steps.

Specify a change in leaf area

Highlight the" Leaf Area: " line, and presEdit (Figure 13-4). If all of the ob-
servations in the file should have the same leaf area, $&lext gl obal

val ue". If you wish to be prompted as the file recomputes for each new leaf
area, then seletPronpt for new val ues".

For our example, we’ll highlighthe gl obal val ue" and presenter. We
are then immediately asked for that value, and we’ll enter 4.4.
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Reconpute CPEN fil es

Sour ceFi |l e: MyDat a

Destination: Wite to file

LeafArea No Change
\D Cha

pt ued (/ Sys/ Li b/ St dBLCTabl e
[ User / Conf i gs/ Conps/ Def au

g Edit L Qquit N |

Will ask for the new leaf area Area
for the whole file right now.

(e gl obal val ue

During the recompute, ask for L Pr onpt for new val ud

a new leaf area as each obser-
vation is recomputed.

N\

FAREATCMZ —

Figure 13-4. To change leaf area, changelthaf Area: entry fromN\o Change to one of the other
choices.

6 Specify the new stomatal ratio
Highlight S onfat: and pres&dit. Select'One gl obal val ue", and enter
0.5. The display should now look like Figure 13-5.

Reconpute GPENfil es
Sour ceFi |l e: MyDat a

Destination: Wite to file

Leaf Area: (Cne gl obal value (4.4)
StonRat: Cne gl obal val ue 50. 5)

BLCond: Conptued (/Sys/Li b/ StdBLCTabl e
Conput eLi st = / User/ Confi gs/ Conps/ Def au

g Edit EViewsch  Qquit J§ RECOWP]

Figure 13-5. Ready to recompute. We’'ll be setting a new leaf area, and a
new stomatal ratio. The recomputed data will be writen to an as yet un-
named file.
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7 Recompute the file
Pressf5 (RECOMP). Because the destination is a file, you will be asked to
name this file (Figure 13-6).

Add "(RDMP)" to the file name, or other-
wise modify the name to make a new file.

DR /User
Fi | e:pyaez ROVP

Wite to what file
"Abe’ s dat a
Junk Data
M/Dat a

Zeke' s Dat a"

Figure 13-6. You are prompted for the destination file when you start the re-
computation, if the Destination: entry is set Write to a filé'.

As the file recomputes, the display will show a dot for every observation pro-
cessed:

Reconputing.....

If an ‘X’ is printed instead of a dot, it means that a line in the data file has been
skipped over. Se8kipping Observationson page 13-14.

8 View the results
After the file is generated, Graphlt (Chapter 12) is called to allow you to view
the new file either graphically or textually.
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Recomputing Data Files
The Details

Recompute’s Main Screen

The complete list of items to be found in Recompute’s main screen is shown
in Table 13-1.

Table 13-1. Recompute’s Main Screen entries.

Main Screen Entry

[

Discussion

SourceFile:

The file to be recomputed.

Destination:

Toggles betweehBuffer" and"F | e". Select'F | ", or you
may run out of memory unless the file is very small.

LeafArea:

Has three possible settings:

The global value applies to all observa-
tions in the file. Prompt for new values
if each observation has a potentially dif-
ferent area.

No Change
One Global Value (n)
Prompt for new values

StomRat:

Has three possible settings:

The global value applies to all observa-
tions in the file. Prompt for new values
if each observation has a potentially dif-
ferent stomatal ratio.

No Change
One Global Value (n)
Prompt for new values

BLCond:

Has five possible settings:

If you are changing leaf area or sto-
matal ratio, then set this @omput-
ed The global value and prompted
values should be a 1-sided value,
which is subsequently adjusted for
stomatal ratio.

No Change

Computed (file nam¢

One global value (1-sided)
Prompt for new values

No BLC correction

ComputeList=

Specify the name of the compute list file to use.

LogFormat=

Specify the name of the log format file to use.

PromptList=

Specify the name of the prompt list file to use.

LightSource=

Specify the light source. The relevant item here is not so much the
source, as the conversion factor for converting the Parln value to
absorbed W/m2. This is relevant only to energy balance computa-
tions.

AlphaK=

If none of the light source entries has the AlphaK you need, then

you can enter it here explicitly.
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The main menu allows parameters that are frequently changed parameters to
be changed. Nearly any value can be modified as well, and is explained in
Customizing Recomputeon page 13-12.

Source File Considerations
When you open a file and log data to it using OPEN, the data file contains a

headet that includes some configuration information (Figure 13-7). This
header lists information such as which compute list (described in Chapter 15)
and which log formatl{ogList Files on page 9-14) was used. It may be that
at the time you are recomputing the file, different compute list or log format
files are in effect. Or, you may want to impose a different one when you do
the recompute. The program provides quite a bit of flexibility in this regard.

The program looks for the
OPEN version line, and
reads the file time stamp
from the next line.

Checks the compute list.
Does it exist? Is it differ-

ent from the one currently
in effect?

How was boundary layer
computed: a constant, or a
lookup table. If a table,
does that file exist?

Ut eLi st=","/ User/ Confi gs/ Conps/ Defaul t"
"BLCTabl e=", "/ Sys/ Li b/ St dBLCTabl e"

" Li ght Sour ce=", " Sun+Sky", 1, 0. 25

mat =", "/ User/ Confi gs/ LogFor mat s/ Std Qut put "
" LogCodes="«

BALAAL

er/ Confi gs/ Pronpt s/ Not hi nguu”
SLP<0. 5) (Cond 20s SLP<0.01) (H2

What prompt list was used to
write the file? Does this file
exist? Is it different from the
one currently in effect?

What format was used to
write the file? Is it different
from the one currently in ef-
fect?

What was the light source? This
is relevent if energy balance
computations were done, or are
to be done.

Figure 13-7. When a source file is opened, the program scans the header for configuration information.

13-8

LThis header information may also be in a separate .HDR file. If it is, the pro-
gram will find and use it (if that file still exists).
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Compute List Files

The compute list file specifies the user defined values and how they are com-
puted, and is part of OPEN data file header information (Figure 13-7). If there
is a difference between the one used for the file, and the one currently in ef-
fect, you are prompted to select which to use (Figure 13-8). If the one used
cannot be found, you are alerted to this (Figure 13-9), and the current one is
used. Either way, you can always set the compute list before recomputing by
highlighting the" Gnput eLi st: " entry in Recompute’s main screen, and
pressingenter.

Log Format Information
The log format file determines what variables are written to the destination
file. The original format comes from the LogCodes= entry. (If that is not

theré, the program will get the original information from the LogFormat=
file.) The the original format file and the current format file are different, you
are alerted to that fact (Figure 13-9), and the current one remains in effect. If
the original one and current one differ in name, you are asked to select which
to use (Figure 13-8). You can also set the log format list prior to recomputing
by highlighting the LogFormat= entry in Recompute’s main screen, and
pressingenter.

Or “Log” or “Prompt”

Currently in effect

Specified by the file

ST tutLe %PENfiIes
erent (Conpute Lis
lg €curren gser / Conf i gs/ Conps/ Def aul t

2) (was) /User/ Configs/ Conps/Default +
M/St uf f

Or “Log” or "Prompt"

Use whi ch (Conput € Li st? (1/2)

Figure 13-8. If the compute list, log format, or prompt list file differs between the one currently in effect,
and the one used originally, you are prompted to select between the two.

2-This would be the case if you loaded got a pre-version 5 data file onto
the instrument to recompute it
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—— Reconput e GPEN 11 es
The original Log Fornmat file

[ User / Conf i gs/ LogFor mat s/ MyQut put
coul d not be found.

Press Any Key

Figure 13-9. If an original compute list, log format, or prompt list file is
missing, you are notified, and the current file (the one currently in effect)
is used.

Building the Address List

The address list is the program’s list of items that were originally written to
the file. This information comes from the “LogCodes=" entry in the file head-
er. This contains the system and user ID’s of the data columns.

If for some reason the “LogCodes=" line isn’t found, then the “LogFormat="
entry in the header is used to get the original log file list. (This was the main
approach prior to version 5.) The potential problem with this approach is that
this log format file may have been changed subsequent to the data file’s cre-
ation. To get around this problem, the program uses the label line. If the label
line cannot be found, you will be asked to manually identify it (Figure 13-10).

Can't locate the data | abel |ine.
(Searching for ' $STARTCFDATA$ _
Press enter, and select the |abel l|ine

== Select the LABEL LINE

"BLCTabl e=", "/ Sys/ Li b/ St dBLCTabl e"
"Li ght Sour ce=", " Sun+Sky", 1, 0. 19
"LogFor mat =", "/ User/ Confi gs/ Logf or mat s/
"12:15:45 2nd attenpt"

Xbs™, " liTne”, "Photo”, " Gond™, " A
1,201.1,15.4,0. 216, 238, 3.49,1.62,3.54,1

Print ¢« And ¢ RFA nde CANCH. e SHECT

Figure 13-10. If the label line cannot be identified automatically, then you wi
asked to do it manually.
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The program reconciles the LogFormat file and the label line. If the log for-
mat file still exists and is unchanged since the data file was made, then the list
of labels in the label line should match the labels made using the internal ID
numbers. If the label line in the data file was edited, for example, or if the
original log format file is not in effect, or can’'t be found, then the program
has to try to figure out from the label which of the presently defined variables
(if any) each data column corresponds to. If the program fails to match the la-
bel with any known variable, you are alerted to the problem (Figure 13-11).

The data co_Iumn number. For The label that cannot be found, ei-
example, 3 is 3rd from the left. ther as a system or user variable.

Item#3 (labelled "WE ),
is not defined in this OorrputeLl st.

(Press Any Key)

Figure 13-11. If one of the data columns has a label that cannot be found, the
user is alerted with a message such as this.

If the original prompt list file is not available, it actually doesn’t matter, be-
cause the program will rename any system variable (-101 to -109) that you
logged to match the label it had in your source file.

Destination File Considerations

File or Memory
You have a choice of writing to memory, or writing directly to a file. If you
choose the latter, do NOT overwrite the original file.

Destination File Header

The recompute program puts its own header information at the start of the re-
computed data file, as well as a copy of the original header (Figure 13-12). If
you recompute multiple times, you'll get multiple headers.
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Source file name

" QpenReconp 5. 2"

"/ User/ Dat a"

"CPEN 5. 2"

"Mon Jan 5 2004 16: 03: 04"

"lCJ;oit:""ILPSC_O?B?‘LB / Confi gs/ Conps/ Def aul

"Conput eLi st =", " er nfigs nps aul t"

New Header{ | » g CTabl e=", "/ Sys/ Li b/ St dBLCTabl e"

"Li ght Sour ce=", "Sun+Sky", 1, 0. 25

" LogFor mat =" "] User/ Confi gs/ LogFornat s/ Std Qut put "
"LogCodes=" - 35, - 36, 30, 23, 36, 21, 25, - 33, - 34, - 32, - 9, .

" Pronpt Li st =", "/ User/ Conf i gs/ Proert s/ Def aul t (none) "
Whkkkikdkk,kkk,kxkkx%x"

"CPEN 5. 1"

"Tue Jun 11 2002 14: 20: 38"

"Unit=", " PSG 0780"

" Conput eLi st =", "/ User/ Confi gs/ Conps/ Def aul t"

Original "BLCTabl e=", "/ Sys/ Li b/ St dBLCTabl e"

Header "Li ght Source—" "Sun+Sky", 1, 0. 25

" LogFor mat =" "/LBer/Oonfl gs/ LogFormat s/ Std Qut put "

" LogCodes="- 35, - 36, 30, 23, 36, 21, 25, - 33, - 34, - 32, - O, .
"Pronpt Li st =" "/ User / Conf | gs/ Prorrpt s/ Def aul t (none) "
"Stability= (Photo 20s SLP<0.5)(Cond 20s SLP<0.01)"
"14: 20: 41 remar ks"

New Label $SSTARTCFDATAS

Line —— " bs", "FTi ne", "Photo", "Cond","A ", " Trnmol ", " VpdL". ..
1 4.5, 6. 78E- 06, - 4. 05E- 07, 73. 5, - 2. 34E- 06, 0. 505. . .

W\/\/\/\

Figure 13-12. An example recomputed data file. The original header information is preserved, and a new header
written before it containing the configuration used for the recomputation. The label line will reflect the log format
file used for the recompute.

Customlzmg Recompute

The function keyCUSTOM (f3) allows some control over what happens to
each variable. Pressing this key will generate a list, such as shown in
Figure 13-13. The list is of the variables that will be written to the recomputed
file. In general, system variables are left unchanged, and user defined vari-
ables will be recomputed, but you can override individual cases, if you
choose.
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Obs number and time - 35 Cb-s : l\b Change
are fixed. Youcan't [ | - 36 _FTime : No_change
change them. 30 Photo : A ways Reconpute
23 Cond : Al ways Reconput e
. . 36 G : Al ways Reconput e
User defined variables 23 Cond Al ways Reconput e
are usually Always Re- 21 Trnmol  : Al ways Reconput e
compute’, but there is a :
metr?od to skip a vari- 25 Vde ) Al Ways ReCOm)Ut €
able’s recomputation. - gz étr (rarght w %gﬂgg
-32 BLCond Oor&put ed (/ Sys/ Li b/ St dBLCTabl e)
-9 Tair ange
-10 Tl eaf : No Change
System variables, such -8 TBl k : |\b G’]ange
as Tair, can also be set -1 PR :No Change
to 'One global value’ or -2 O2S “No Cnange
'Prompt for new values’. -4 HPOR :No Change
AR A vaanIR d
- | : Al ways Reconput e
Some systemvaluesthat| |-
derive f?lom others are al- -15 RH S . . ALways Reconput ed
ways recomputed. - ZZFLX\I% : l\b O&%g%ge
-13 PARD - No Change
-11 Press :No Change
-65 CsMch No Change
-66 HsMch  : No Change
-23 Status : No Change

Figure 13-13. The CUSTOM function key allows you to edit the entire list of variables, selecting what happens to
each (with some limitations, of course).
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Suppressing a Variable’s Recomputation

Suppose you have a user defined variable that is based on a mV signal from
a sensor, but that mV signal was not stored in the file. You would not want to
recompute that variable, because all the new values would be nonsense, since
they would be based on that channel at the moment, not the signals recorded
during the original measurement. It is the ComputeList that controls whether
or not a user defined variable can be skipped over when recomputing. See
The ASSIGN() function on page 15-10.

Skipping Observations

While recomputing, every line from the data file that is read and interpreted
as being a valid data line produces a ‘.’ on the display. Otherwise, an X’ is
printed. The basic reason for skipping a record is that there are fewer than ex-
pected items in the line, based on the label line for the data file. Some reasons
for this are

Remark line
Remarks in the file consist of one item, a quoted string.

Changing log lists during logging

When a data file is opened, the header information is written immediately, in-
cluding the label line. If the log list is then modified while the file remains
open, there is potential for a mismatch between label line and observations.
See alsd.og Format Information on page 13-9.

Recomputing a file with multiple files
This is discussed in detail below.

A corrupted label line

If you are having trouble getting recompute to see any observations (that is,
all the lines produce ‘X’ instead of *.”), examine the label line to see if all of
the variable names are there. Also, look for any double commas.

‘X’ lines are written as-is to the destination file.

Multiple (Appended) Files
If the source data file is actually a collection of multiple data sets (created by
specifying an existing file when opening the log destination, and choosing the
“Append” option when notified that a file exists already), then there are some
constraints you should be aware of:
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1 The recompute program will go until the end of file is reached.
Blank lines, remarks, etc. will not stop it.

2 Only the first data header is considered
If you changed log formats, or compute lists, etc., they will not be taken into
consideration. If this is the case, you should split up the source file into mul-
tiple files, before recomputing.

3 Non-data lines:
All lines that do not have enough data to meet the expected number of vari-
ables (string or numeric) are transferred as is to the destination. The program
will print out a “.” for each good data line, and a “x” for any other line. Thus,
if you see

It probably means if found a remark after 5 observations, and then after an-
other three observations, if found another data set appended on, with 4 obser-
vations. Or, someone logged nine remarks one after the other.
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OPEN’s System Variables

OPEN defines, computes, and maintains a number of quantities that are of in-
terest to you, such as G@oncentrations, temperatures, time of day, etc.
These are referred to 8ystem Variablesand you can view them, log them,

plot them, and wonder about them. Should you find yourself doing the latter,
then this is the chapter for you.

There is another group of variables thatican define, compute, and main-
tain, and should you wonder about those, ChapteD&&r(ing User Vari-
ableg will satisfy your curiosity.

Background Information

14-2

Properties of Variables
Every system variable (and every user variable, as well) has the following
properties:

A unique ID number

This is used as a reference in format files (display, log, and strip chart, for ex-
ample). System variables have negative ID values, user defined variables
have ID values greater than or equal to 0.

Labels for Display and for Logging

Display labels are what you see in New Measurements mode. Log labels are
how the variable is labelled in your output file. Sample cel}, C@hcentra-

tion, for example, has a display label@®2S _pmhnd a log label o€£02S

Most system variables use the same label for each, however.

Formats for display and logging

Formats dictate how much space to take up when displaying the variable’s
value, how many significant digits to show, right or left justified, etc. Typi-
cally, display formats take up 8 spaces, while logging formats are more com-
pressed.

A short description.

This is what you see in the list generated bywihat's What function key in
New Measurements mode.
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5 A variable name
The variable’s name is how you refer to it in a program. For example, if you
are writing an AutoProgram (Chapter 25) or defining a user variable (Chapter
15) and need to refer to the sample celb€ancentration, the variable name

isco2_2 um

Table 14-8 on page 14-19 lists the System Variables defined by OPEN, in-
cluding their labels, variable names, descriptions, and references to where
they are defined or discussed.

When Are They Computed?

In New Measurements mode, system and user variables are computed as fol-
lows:

1 Measured Quantities
The instrument’s A/D converter has a set of new readings available every 0.5
seconds. These readings are the raw signals from each sensor. Each time thes
new A/D readings are available, OPEN computes the sensor’s readings in
meaningful units, and some ancillary values, such as relative humidity, which
are based on multiple sensors.

Thus, system variables that are associated directly or indirectly with sensors
are computed and available with updated values every 0.5 seconds. These
variables are documented under the headMgsasured Variables and
Computed Variables below.

2 User variables (photosynthesis rate, conductance, etc.)
Each time a new set of measured quantities is available, the user variables are
computed. These typically include photosynthesis, conductance, etc.

3 Status variables
There’s a group of system variables that convey some system status informa-
tion. These are also updated every 0.5 seconds, and are descbetdisn
Variables on page 14-12.
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Measured Variables

These system variables are measured signals or computed quantities associ-
ated with the various analog sensors of the LI-6400. This section discusses
analog measurements and computations, presenting equations for each sensor
used.

Pressure
Atmospheric pressure P (kPa) is measured with a transducer located in the
console of the LI-6400. The signal (mV)Vs.

ID: -111 P=a v (14-1)

po " @p1Vp
whereayg anda,, are the § and 29 calibration coefficients respectively
specified by the configuration command

Cal Press= <ap> <ap;>

Air Temperature

The air temperature within the IRGA sample @gl(C) is computed from the
signalV, (mV) of a linearized thermistor located just beneath the circulation
fan in the sample IRGA (shown in Figure 19-33 on page 19-37). The equation

ID: -9 T =-2 (14-2)

Block Temperature
The temperatur@,, (C) of the metal block containing the optical path of the

IRGAs is also measured with a linearized thermistor, whose signal (mV) is
V.

ID: -8 Tp = =2 (14-3)

1These ID numbers refer to the system ID number. See Table 14-8 on page 14-19.
2Configuration commands are discussed in Chapter 16.
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IRGA Temperature

The IRGAs detectors’ view mostly radiation that has come through the opti-
cal path. However, a tiny amount of peripheral radiation can find its way into
the detector as well. For this reason, we measure the tempé@igiQjef this
background with a chip thermistor (signal in m\Wi3, and use this in a soft-
ware correction for zero drift, described below in (14-7) and (14-11).

T, = - 1 —22.696 (14-4)
53375x10 "V, +0.0090167

Water Concentrations
The equations relating reference and sample IRGA siyfaBsndV,,s(MmV)

to reference and sample® concentration®V, andw, (mmol mot') are

T +T
o1 23+ b__a
W, = | TRV, +2,)G,, = = W F02 (14-5)
273+ T
_ 101.37 a
Wy = [fng - ZW)GWS—D[—273 }+me}F o (14-6)

where the functiori(x) is a 39 order polynomial whose three coefficients
ay1.--8y3 (the offset terna,, g is always 0) are specified by the configuration

command

Cal H2O= <ay,;> <a,,> <a,3>

G, andG,q are gain factors set in the “IRGA Span” routine of the Calib
Menu of OPEN $etting the H20O Sparon page 18-14).

The zero drift correction termy, is based on the difference between the IR-
GA's background temperature now,) and the temperature when the IR-
GA'’s water channel was last zeroelq\)(/ ).

4y = (T)’(W _Tx)sw (14-7)
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Sy is the zero shift calibration term for water. It, and the corresponding value
& for CO, are specified by the configuration command

Cal Zero= <g.> <s,>

Note the different temperatures used in the density corrections; chamber air
temperaturd , is appropriate for the sample cell, since that is where the sen-

sor is located. Since the reference cell is bored through the metal block, we
use the average of the block temperaiy@nd T, for adjusting reference

concentration.

Both W,,s andW,,,, are small adjustment factors used by the “IRGA Zero”

routine to compensate for the resolution of the D/A converters used to zero
the IRGAsS W,ysis also used for the match correction that is determined every

time the IRGAs are matched in New Measurement’s Match Mode.

F02 is a correction for oxygen concentration based on Bunce 2002)

F, = 0.96+%04x_ (14-8)

© 21

whereX, is the oxygen concentration in percent. This is a user-entered system
constant (ID: -52).

Carbon Dioxide Concentrations
The equations relating reference and sample IRGA sighatndV.q(mV)

to reference and sample gConcentration€, andCg (umol mof?) are

Tb+Ta

273 +
c = gE(Vcr *2,)G;; 101.% 2 g 4c
r 0 B, PO 273 r

(14-9)

mr

3.J.A.Bunce, 2002. Sensitivity of infrared water vapor analyzers to oxygen con-
centration and errors in stomatal conductaRt®tosynthesis Researth:273-
276.
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(Ves*2dCes 10147273 + Ty
ID: -2 c = : B.+C 14-10
s~ 9 B, P jé[ 273 } s ~ms (14-10)

where the functiorg(x) is a 8" order polynomial whose five coefficients
ac1.--8cs (the offset ternagis 0) are specified by the configuration command

Cal 0= <a;;> <ap> <aiz> <ag> <as>

G¢r andGgare gain factors set in the “IRGA Span” routine set in the Calib
Menu of OPEN $etting the CO2 Sparon page 18-11).

The zero drift correction term for CO, is analogous to that for water (14-7).
7. = (Tye - TS, (14-11)

The band broadening correction terBysandBg for water vapor and oxygen
in the IRGA cell, enabled by the configuration command
BndBr dCorr= <yes or no>,

are computed from

By

1.0+ 0.0005 W, — 0.001 X,
(14-12)

By

1.0 +0.0005 WS— 0.001 XO

This formulation for the water band broadening correction is derivigdnad
Broadening Correctionson page 14-23.

T, andTy, are used for the density corrections for the same reasons described
above for water, an@,,sandC,, are the C@versions of\,,sandW,, also
described aboveX, is oxygen concentration in percent (ID: -52).

Leaf Temperature

The leaf temperaturg is measured with a chromel-constantan thermocouple
junction. The reference junction is the IRGA block, whose temperafyre (
is known. The thermocouple’s signal is amplified to becemémV), and is
related to leaf temperaturg (C) by
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V
. _ M i
ID: -10 T Tb+100 (14-13)
Flow Meter

The flow meter is located in the console, and its sigp@hV) relates to flow
rate F (umol &) by

ID: -7 F=a;V; (14-14)

The calibration factog is specified by the configuration command

Cal Fl on= <a;>

In-Chamber PAR

The in-chamber PAR sensor is a GaAsP sensor located in the top of the stan-
dard chamber. However, when the 6400-02 or -02B Light Source is being
used, the sensor is a silicon photodiode located in the light source itself. Either
way, the relation between the sensor’s sighaland the light readin@ is

ID: -12 Q. = an(VqC—qu) (14-15)

The value of the offset teri,, is O at power on, or whatever was read from

the file "/User/Configs/ParinZero", but can be changed by the user by performing
the routineZeroing the Parin Signalon page 18-25. The value af. de-

pends upon three configuration commands:

Li ght Sour ce= <nane> <f,> <B>
Cal Par GaAs= <as>
Cal Par LED= <a>

Specifically,

Re if LightSource is 6400 LED
a. =10 (14-16)
qc [ag f, if LightSource is anything else

The actinity correction factdy, for the GaAsP sensor allows the “same” cal-
ibration factoray to be used for various light sources. For further details about
the LightSource=configuration command, refer taghtSource= on page
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16-39.

Fluorescence note: Normally, the sensor siyfgatomes from analog input
channel 15. When the instrument is configured for using the 6400-40 LCF as
the light sourceYc comes from channel 23.

External PAR
The optional external quantum sensor is a LI-COR LI-190 Quantum Sensor,
whose signaV/, relates to readin@, (umol ni2 s by
10
Q, = —V (14-17)
X aqx gx
HA

1000 7l )is specified by the
pmol n¥' s

where the calibration factaag, (

configuration command

Cal Par Qut = <ag,>

Computed Variables

ID: -53

Computed variables don't have sensors of their own, but instead derive from
measurements of multiple sensors. There is no relative humidity sensor, for
example, but we can compute relative humidity from water mole fraction,
pressure, and temperature.

Humidity Variables

Vapor Pressure
The water IRGAs measure vapor concentration in mmoitmibb convert

this to vapor pressure, convert to mol fhahd multiply by the total pressure

P (kPa). Thus, given a reference measurement of Wéighe reference va-

por pressure, (kPa) is
er

_ 14-18

® 1000 ( )

while in the sample cell, the vapor presseyekPa) is

Using the LI-6400 Version 5 14-9



ID: -54

ID: -14

ID: -15

ID: -16

ID: -17
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WsP
= 2 14-19
®s 1000 ( )
Relative Humidity
Relative humidity is the ratio of vapor pressure to saturation vapor pressure.
The reference and sample relative humitjtgndhg (in percent) are given by

e
h = ——100 14-20
Ty ( )
eS
h. = —=—100 14-21
s «Ty (a2

Saturation Vapor Pressure
The saturation vapor pressure functi@f) used by OPEN is from

Buck (1981%:

17.502T

+
oT) = 061365624007+ T (14-22)

where the argumeritis in degrees C. The LPL implementation of function
e() is namedSatVap (Table 15-3 on page 15-16).

Dewpoint Temperature
Dewpoint temperature, the temperature at which condensation will occur, in
the reference and sample cdllg andTygis computed from the correspond-

ing vapor pressures using a dew point functifn

Ty, = d(e) (14-23)
Tys = d(&y (14-24)

The dew point functiord() is Equation (14-22) solved for temperatdie
along with a check to keep bad things from happening should vapor pressure
be less than or equal to 0.

4Buck, A.L. (1981) New equations for computing vapor pressure and enhance-
ment factor. J. Appl. Meteor. 20:1527-1532.
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0 -99.9 ife<0.01

0
14-25
L2OSTE ife>0.01 (14-25)

d(e =

where the argumeets vapor pressure in kPa, and In= € 0 ThelPL
£0.61365H

implementation of functiord() is namedDewPoint (Table 15-3 on page
15-16).

Stability Variables

Any number of quantities can be included in the system stabilityStdiil-

ity Indicators on page 4-40). For each, a mean, standard deviation, coeffi-
cient of variation (in percent), and a rate of change (per minute) is computed.
In addition, the coefficient of variation and slope are always computed for the
fluorescence signal (when configured for fluorescence mode), and are stored
in variablesFIrCV_% (ID:-97), anddF/dt (ID:-98).

For n observations of quantity, the formulae for mean, standard deviation,
and coefficient of variation are given below:

n
_1
X = F‘-zl X; (14-26)
| =
n
s= |4 v (x-%’ (14-27)
n—l_z1 !
| =
c = 100(s/X) (14-28)

Four system variables provide summary information on the stability list vari-
ables. They ar8table(ID:-71), StableH(ID:-72), and a third (ID:-73) whose
label consists of the first letter of each variable in the stability list. The final
one isTotalCV(ID:-74) which is the sum of the CVs of the stability variables.
Stableis a string that shows the number of stable variables, and the total num-
ber in the list, such as "2/5StableFis this same information as a decimal
(e.g. 0.40). The third one (ID: -73) is a string of 1's and 0’s that indicate sta-
bility of each variable (1=stable, 0=not).
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Time and Logging Variables

ID: 0 "Time"
The number of seconds since the instrument was powered on. Note: this value
will start to loose adequate resolution (0.5 seconds) after about 92 days. This
means you need to power off at least every 3 months or so, or else the real
time graphics and fluorescence events (flash, dark pulse) will begin to loose
horizontal resolution.

ID: -35 “Obs”
The number of observations that have been swire the log file was last
opened Note that this will not be the number of observations actually stored
in the file if an existing file is opened for appending.

ID: -36 “FTime”
The number of seconds (floating point) since a log destination has been
opened. If no log destination is active, this number is meaningless.

ID: -64 “DecHour”
The time of day in decimal hours. For example, 02:15 pm would be represent-
ed by 14.2500.

ID: -21 “HH:MM:SS”
Time of day is shown as an 8 character string containing HH:MM:SS on a 24
hour basis.

ID: -69 “DOY”

The day of the year. January 1st is 1, and December 31 is 365 (366 for leap
years). The value is an integer.

ID: -70 “YYYYMMDD”
The year, month, and day represented as an 8 digit integer.

Status Variables

Several status indicators are available as system variables:

ID: -31 “C0O2 H20 Pump Flow Mixr Fan”
This is a string designed to show the status of six hardware components, and
is available on level J of the standard display map. It is simply a composite of
the status variables described below.

14-12 Using the LI-6400 Version 5



OPEN’s System Variables
Status Variables

ID: -25, -26 “C0O2" and “H20"
There are 4 possible values of these string variables:

Table 14-1.CO, and HO IRGA status.

What is Sensed
CO, IRGA H,0 IRGA
Value Meaning 0x02022 0x0203 0x0200 0x0201
OK IRGAs are OK 1 1 1 1
errR Reference IRGA error
errS Sample IRGA error 1 0 1 0
err Error both IRGAs 0 0 0 0

a.Digital inputs. 0x0201 1s port 2, pinl, etc.

The error condition is triggered by too much light blockage in the cell, or by
the IRGAs not being connected. SHRGAs Not Ready” on page 20-7.

ID: -27 “PUMP”
The pump status. An error condition indicates a blocked inlet, causing the

Table 14-2.Pump Status states.

What is Sensed
Without Mixer With Mixer
Value Meaning 0x03002 0x0300 0x0100P
Off Pump switched off 0 1 ignored
OK Pump OK 1 1 1
errc Pump drawing too much current. not applicable 1 0

a.Pump control output.
b.Digital input port 1 pin 0.
c.Possible only when the 6400-01 £Kaixer is installed.

pump to draw too much current. Without the 6400-0L, ®xer, this error
condition is not sensed.
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HMIXRH
The 6400-01 C@Mixer can indicate 4 possible values:

Table 14-3.Mixer Status

What is Sensed
Value Meaning 0x03032 0x0101° 0x0102
Off Mixer off 0 ignored ignored
OK Mixer operating in balance 1 1
Low Mixer under-pressured. 1 0
High Mixer overpressured. 0 ignored
a.CQ, solenoid control output, port 3 pin 3.

b.Digital inputs port 1, pins 1 and 2.

The “Low” value indicates an under-pressurization, common right after in-
stalling a new CQcartridge or when changing from low to high £€oncen-
trations. A spent cartridge will always cause this. The “High” value will
briefly appear when lowering the concentration, or when asking for too low
a value (see the related troubleshooting discussion starting on page 20-28).

ID: -28 “FLOW”

The flow control hardware can indicate four values:

Table 14-4.Flow status

What is Sensed
Value Meaning 0x03002 0x0103° 0x0104
OK Flow control in balance. 1 1 1
Low Can't reduce flow low enough. 1 0 1
High Can't raise flow high enough. 1 ignored 0

a.Pump control output, port 3 pin 0.
b.Digital input port 1, pins 3 and 4.

A “High” condition occurs when asking for unattainably high flow rates. The
obvious way to make this happen in fixed flow mode (F) is to enter a big tar-
get value, such as 2000. The more subtle way to make this happen is in the
constant humidity control mode when the target is too dry, and/or the incom-
ing air is too moist.

A “Low” condition occurs when asking for unattainably low flow rates. This
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occurs most often when using the 6400-0%, ®ixer, which means the flow
control is done with a diverter valve.

ID: -30 “FAN”
The sample and leaf chamber cell mixing fan can have three values:

Table 14-5.Fan status

Value Meaning What is Sensed
Off Fan switched off
Voltage on DAC chan-
Low Fan at the Low voltage. nel 7, the fan control.
High Fan at the High voltage.

The fan is controlled by setting a DAC (channel 7) between 0 (off) and 5
(high) Volts. The setting for “Low” is defined by the configuration command
FanSlow=, and defaults to 4 volts.

ID: -23 “CHPWMF”
This is a 6 digit numerical composite of the status flags.

Table 14-6.6 digit status summary

Code C H P W M F
Letter
ltem CO, H,O Pump Flow Con- C_OZ Chamber
IRGAs IRGAs trol Mixer Fan?
1 | OK 1 | OK 0 Off 0 Off 0 Ooff | 0 | Off
Possible || 2 | ernR 2 | enR 1 OK 1 OK 1 OK | 4 Slow
Values 3 |erS 3 | errS 2 err 2 Low 2 Low % Fast
4 | err 4 | err 3 High | 3 High
e || Statusco2 | StatusH20 itgﬂiﬁ‘gé'ﬁ?’ StatusFlow | Statusinj | chFanState
a.The value for F is the number of volts that the fan control DAT is Set to. By default, 5 is fast and 4 1s slow,

but this can be changed via the configuration command FanSlow=.
b.If 6400-01 Mixer is installed. Otherwise, use IsPumpOn.
c.An INT, not a FCT.

To get just one component of this number (such as the water IRGA status) in
a Compute List or AutoProgram, use the LPL Function names given in the
table. Figure 14-1 illustrates a piece of LPL code that does one thing if the IR-
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GAs are OK, and another if they are not.

StatusO® StatusH2ZO CR | F
/* Not ok */

ELSE
/* both ok */

THEN

NN T T

Figure 14-1. Using status information from an LPL program.

ID: -22 “Program”
When an AutoProgram is active, this string (default display lgviaticates
the time remaining until the next step during the commands LPMeasure and
LPMeasureTilStable (se¢seful AutoProgram Commandson page 25-12).

Table 14-7.Uses of the Program variable

When Program Meaning
In LPMeasure HH:MM:SS Time to next step
HH;MM;SS Time until minWaitTime expires
In LPMeasureTilStable HH*MM*SS | Stability checking. Time until max
WaitTime expires.
Otherwise - None - No AutoProgram running
ID: -56 “ProgPrgs”

Autoprogram progress (shown on default display léyeThis 8 character
string usually indicates the number of steps done in an AutoProgram, and the
total number, such as “ 8 / 16”. The AutoProgram command LPSetProgress
controls this stringyseful AutoProgram Commandson page 25-12).

ID: -57 “FwMxCrLp”

This four digit (it's actually an 8 character string) value provides a control
manager status indicator (Figure 14-2). A control is marked with a 1 if itis on

14-16 Using the LI-6400 Version 5



OPEN’s System Variables
Boundary Layer Variables

target and stable (or turned off). (The control manager is discussed in
Chapter 7.)

CO2 Mixer Cooler

Flow Control \ /Lamp
WIVK

/

How B*C2S= Q| Te L
8 ange:] Bodiins] o

Figure 14-2. The control manager status variable indicates if a control
is on target and stable.

A ‘0’ in the FwMXxCrLp display corresponds to an asterisk on the related con-

trol manager function key.

Boundary Layer Variables

ID: -32

Boundary layer conductance is computed based on the configuration com-
mand BLCond=, which can be either a file name, or else a number.

BLCond = <numeric value>
The numeric value is taken to be the one-sided boundary layer conductance
to water,gy,, Which is a system variable (ID: -55). The effective boundary

layer conductancg’bW , Which takes into account the KatiD: -34) of sto-
mata on one side of the leaf to the other, is

Sk
Tpw = — 5 (14-29)
K™ +1
K is determined by the StomRat= configuration command. Since boundary
layer conductance is also a function of wind speed and leaf area, this fixed
value option is generally used when not measuring broadleaves.
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BLCond= <file name>

The file specified is data for a lookup table, that accounts for the leaf area and
the fan speed in computing the boundary layer conductance of broadleaves.
The structure of the file in question is illustrated in Figure 14-3. In fact, this
file (/Sys/Lib/StdBLCTable) is the default setting for BLCond=.

Minimum leaf area Maximum leaf area

\

Fan Volts
0—

1———

I

GORWN

I——

0
L1
1
L2
-2
-2

BLTests A\rom 1/ 17/ 94, EB anal ysis 1/18/94
The first\value is brc at low area, 2nd is blc at
hi gh area

BLCTABLE= 1.4 6 /* leaf area 1, leaf area 2 */

.1 0.1 /* fan O */
.05 0.646 /* fan 1 */
.50 0.8
.01 1.12 /* fan 3 */
.2 1.25
.43 1.42 [/* fan 5 */

Figure 14-3. Listing of the boundary layer lookup tablSy$/Lib/StdBLCTable”. The data follows the

BLCTABLE-= string, and two values are expected in that line: the minimum leaf area, and the maximum leaf
area. Following this comes 6 lines, one for each fan speed voltage (0 to 5). On each line is a pair of values:
the one-sided boundary layer conductance for the low area, and the boundary layer conductance for the high

area. The values have units of mof sit.

ID: -55

14-18

The boundary layer values from the table are used to comgpyite

Ipw = Table(s, vf) (14-30)

wheres (ID: -33) is leaf area (cf) andy; is fan voltage (0 to 5)g'bW is then

computed from (14-29). The Table() function is a linear interpolation based
on leaf area, using the lookup table boundary layer values for the appropriate
fan voltage. The values in the table are from measurements using saturated
filter paper. Since direct leaf temperature measurements are problematic in
these conditions (wet paper temperature much warmer than air temperature),
the leaf temperature thermocouple is used to measure air temperature, and
leaf temperature is computed after the fact using an interactive energy bal-
ance solution. The program usedBENERGYBAL” on page 21-14.
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List of Open 5.3 System Variables

Table 14-8 lists the system variables provided by OPEN. Any of these can be
displayed, logged, plotted, etc., as well as used in computations and AutoPro-

grams.

Table 14-8. System Variables - Labels and Variable Names

ID Display Label Description Variable Definition or Reference
Log Label @ Name

0 Time Seconds since power on |a2dTime page 14-12

-1 gggs_pml Reference C@umol mol! [co2_1 um C; Egn (14-9), pg 14-6

2 |g9asHm Sample CQumol mol!  [co2 2 um  |CsEqn (14-10), pg 14-7
ACO2_pumi . _

-3 DCOZ_“ ACO, pmol morl co2_diff um |AC=Cs- G

-4 :ggg_mm Reference H20 mmol mdl [h2o_1_mm (W, Egn (14-5), pg 14-5

-5 Eggg_mml Sample H20 mmol mdl  |h20_2 mm | Ws Eqn (14-6), pg 1