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http://www.licor.com/env/Products/li6400/6400 manuals.jsp

Transpiration Sections of this handout are

The mass balance of water vapor in an open system (Figure 1-4) is given by Copied from ‘USing the LI-6400’

which can be downloaded from
E@ the link above. The manuals

U | contain detailed information
o fo o and helpful pictures. This
Figure 1-4. Measuring fluxes in an open system. Transpiration rate (E) and pho- 1 I Tal
tosynthetic rate (a) change the 11'({#9;'0(131(;' Ci); c’oncenfj‘aﬁ;m of;:'r a)s it p(fs'ses handOUt IS almed at prOVIdIng a
rifmfrgf? the d;rmber. Transpiration also causes the exit flow v, to be greater than q L”Ck g U|de to some Of the
the incoming flow rate (). .. .
basic information to get you
SE = u,w,—u;w, (1-1) Started

. ) . . . o
where s is leaf area (m™), E is transpiration rate (mol m™ s 1)._ u; and u, are
incoming and outgoing flow rates (mol s™!) from the chamber, and w; and w,

are incoming and outgoing water mole fractions (mol H,O mol air™!). Since

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

Wwe can write
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sE = (ni.—.sE)n'o— UMW, (1-3)

which rearranges to

uAw_ —w.)
E=—F"_ (1-4)
s(1 -w,)

L.S.von Caemmerer and G.D.Farquhar (1981) Some relationships between the
biochemistry of photosynthesis and the gas exchange of leaves, Planta 153:376-



Knowing E, we can calculate conductance, ¢ E Transpiration rate
g conductance to
E = g (WL - Wa) water
W, saturation vapour
_ _ pressure inside leaf
g=E/ (WL Wa) W, vapour pressure in
air

Conductance is the ease
with which gases can
exchange between two
places. Exchange occurs
through stomatal pores in
the epidermis. Plants
control water loss by

Function relating saturation vapour pressure to temperature

W, = 0.61365*EXP((17.592*T/(240.97+T)))
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Net Photosynthesis

The mass balance of CO5 1n an open system is given by
sa = u;c.—u,c, (1-11)

. . . e I . .
where « is assimilation rate (mol CO, m™ s™), ¢; and ¢, are incoming and

outgoing mole fractions (mol CO, mol air'!) of carbon dioxide. Using (1-2).
WE can write

sa = u,c;—(u; +sE)c, (1-12)

which rearranges to

ulc.—c.)
g =41 9 _ Fc (1-13)
s ©

a
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Using Fick’s Law, we can relate the rate of CO, assimilation to conductance

and calculate the intercellular CO, mole fraction

A = g/1.6 (Ca _ Ci) A rate of CO, assimilation

g conductance to water

C, ambient CO, mole fraction
C,=C,-1.6A/g C intercellular CO, mole fraction

co, C

H,O Y
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Licor 6400 gas flow diagram Page 1-5

Schematic with a 6400-01 CO2 Mixer
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Cross section through the L16400 head showing the
optical path of the two infra red gas analyzers

Mixing Fan

Leal Chamber
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To reduce errors, sample cell gas is passed through the reference cell and the
outputs from the two IRGAs are set to the same value. This is called matching.
(f5 level 1 in New Measurements mode)

Norma/ Maitch Mode

Leaf Chamber Leaf Chamber
—» | Sample |——» — »| Sample
— | Reference —» ¢ ¢ Reference | ¢—

Normal Position Match Position

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.
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Cursor control keys.
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Parameters, their units and location
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_— Group |Label Description
Group |Label Description Prss_kPa Atmospheric pressure (kPa)
CO2R_uml . . -1 -
- Reference cell CO; (umol CO, mol™) Parln_um In-chamber quantum sensor (umol m™ s1)
2 -1 h .

A CO2S_pml Sample cell CO; (umol CO, mol™) G ParOutpm External quantum sensor (pmnol m~ s'l)
H20R_mml Reference cell H,O (mmol H,0 mol™) BLC_mol Total boundary layer conductajncel for the leaf (in-
0S 1 N cludes stomatal ratio) (mol m™ s7)

mim -
— Sample cell HyO (mmol HO mol™) Thlock®C Temperature of cooler block (C)
ACOZ_pml CO, delta (sample - reference) (umol CO, mol ™) H Tair°C Temperature in sample cell (C)
B AH20 mml H,0 delta (sample - reference) (mmol H,O m ol'h Tleaf*C Temperature of leaf thermocouple (C)
- : HH:MM:SS Real time clock
Flow_pml Flow rate to the sample cell (umol s™) -
I Program Shows AutoProgram status
RH S % Relative humidity in the sample cell (%) CHPWIME Status word (summary of line 1)
Photo Photosynthetic rate (umol CO4 m? s Battery Battery voltage (V)
Cond Conductance to H,0 (mol H,0 m™2 s™) coz Status of CO, IRGAs
C , ~ ~ , —
Ci Intercellular CO, concentration (umol CO, mol ) H20 Status of Hp0 IRGAs
Pump Status of pump
Trmmol Transpiration rate (mmol H,O m~ s) J
- Flow Status of Flow controller
Ci/Ca Intercellular CO, / Ambient CO, Mixs Status of CO, mixer

D VpdL Vapor pressure deficit based on Leaf temp (kPa) Fan Speed of chamber fan
VpdA Vapor pressure deficit based on Air temp (kPa) Program Shows AutoProgram status
Stable Stability status: # Stable / # Checked - ProgPrgs AutoProgram step counter

E StableF Stability status as a decimal value FwMxCrLp Numerical summary of the four stability flags
<letters> Stability flags: 1's and 0’s for each variable Stable Stability status
TotalCV Sum of the C'Vs of the stability variables CRage_mv Reference CO, AGC (automatic gain control) sig-
RH R % Relative humidity in the reference cell (%) nal. in mV

F RH S % Relative humidity in the sample cell (%0) L CSage_mv Sample CO, AGC signal
Td R % Dew point temp in the reference cell (C) HRage mv Reference H,O AGC signal
Td S % Dew point temp in the sample cell (C) HSage mv Sample H,O AGC signal
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Logging control; IRGA matching

Environmental control manager
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

Pages 3-17, 27-18
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When Actinic On
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+6400-40 LCF

Fluorescence
detector

Figure 27-1. View of the LEDs of the LCF, showing the two
red modulated measuring beam LEDs (M), the three blue ac-
tinic LEDs (B), and the far red LED (F). The remaining LEDs
are red, and are used for actinic and saturating flashes.
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Figure 27-17. Two types of saturating flashes: a) single and b) multiple intensity

with regression analysis.
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Controlling Chamber Conditions

Chamber conditions are controlled from New Measurements mode via the
function keys on level 2 (Figure 3-25).
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Active only when control-
ling on constant humidity,
this key determines re-
sponse time

CO, control (requires
optional 6400-01). Set
reference or sample
CO, target.

Light control (requires
optional 6400-02(B) or
6400-40 LCF).

=

constant

Controls flow through cham-
ber, either as a constant, or
variable to hold humidity

Temp

OFF

Controls coolers on the IRGA.
Can target constant block
temp, or constant leaf temp

Set Area and Stomatal Ratio

In New Measurements mode, press 3, and 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 6 cm®. Stomatal 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; 0 for stomata on only one side. If
you aren’t sure, use 0.5. It doesn’t matter 1f 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, eftc.
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Checklist for using the LI6400

A. During Warm Up

5) Leaf Fan: Running?

1) Air Supply: Prepare CO, Mixer or Buffer Volume
2) Temperatures: Values OK? T4 responding?

3) Light Source, Sensors: Responding? Values OK?
4) Pressure Sensor: VValue OK? Stable?

6) Flow Control. Max flow OK? Chemical tube restrictions?

B. After Warm-up

1) Check the flow zero

2) Adjust latch, close chamber
3) Check CO, zero

4) Check H-0 zero

5) Mixer Calibration (optional)
6) Lamp Calibration (optional)
7) Check T4 zero

8) Set Reference CO, and H,O

9) Test for leaks

10) Match the IRGAs. Valve working?

C. Measuring the First Leaf
1) Set Light

2) Set Flow to 400 umol s’

3) Set Reference CO,

4) Temperature?

5) Clamp onto leaf

6) Set Area and Stomatal Ratio
7) Set constant humidity?

Page 4-2
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