Lab 3: PI Curves — Jassby & Platt

AJ Smit
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© This Lab Accompanies the Following Lecture

o Slides: Pigments and Photosynthesis
» Reading: Lecture 6: PI Curves - Jassby and Platt

1 Date

« Lab Date: 30 September 2024 (Monday)
o Due Date: 7:00, 7 October 2024 (Monday)

Students will work as individuals; assignments are per individual. This lab is due on Monday 7
October 2024 at 7:00 on iKamva.

1 Experimental Procedure: Photosynthesis-Irradiance (P-I) Curve

In this experiment, you will measure the photosynthetic response of Elodea sp. plants at varying light
intensities. You will quantify the amount of oxygen produced at each photon flux density and use
these data to calculate the photosynthetic rate and create a Photosynthesis-Irradiance (P-I) curve.

By plotting the P-I curve, you will visually estimate the maximum photosynthetic rate (P, ), the
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initial slope of the curve («), the light compensation point (LCP), and the respiration rate (R) based
on the modified Jassby and Platt model.

1.1 Materials

o Elodea sp. plants (approximately 4.5 g per replicate)

o Aquatic medium for submerging plants

o Light source with adjustable intensities (0 to 550 pumol photons-m=s7")
« Oxygen probe or dissolved oxygen meter

« Incubation chamber (to control environmental conditions)

o Timer

« Data recording sheet

1.2 Experimental Procedure
1. Set up the experiment:

« Place the plant material (Elodea sp., weighed to between 4.42 and 4.69 g) in an aquatic medium
within a closed incubation chamber.

o Ensure that the oxygen probe is calibrated and submerged properly to continuously measure
the oxygen concentration.

o Adjust the light source to create different light intensity levels, starting from 0 umol
photons-m™-s' (dark conditions) and increasing incrementally up to around 550 pmol
photons-m™-s".

2. Measure oxygen evolution:

« For each light intensity, incubate the plants for approximately 600 seconds (10 minutes).
Record the exact incubation time, as small variations in time may occur due to experimental
conditions.

o Measure the total amount of oxygen produced (or consumed) during each incubation period.
Oxygen production indicates net photosynthesis, while oxygen consumption in dark condi-
tions reflects respiration.

 Repeat the measurements for five different replicates of plant mass to account for variability
and obtain a robust data set.

3. Record light intensities:
« For each replicate, ensure that you document the light intensity (umol photonsm=s™) for each
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corresponding oxygen measurement. The intensity should vary from 0 pmol photons-m=-s

to about 550 pmol photons-m-s™ in a regular stepwise fashion, allowing you to cover a broad

range of photosynthetically active radiation.
1.3 Calculating the Photosynthetic Rate
To calculate the photosynthetic rate for each light intensity, follow these steps:

1. Determine the total oxygen evolved: Using the data recorded during the experiment, identify
the total amount of oxygen evolved or consumed (in mg O) for each light intensity and for each
replicate.

2. Calculate the time in hours: Convert the incubation time (in seconds) to hours. Use the formula:



Time (s)

Time (h) = 3600

3. Determine the oxygen production rate per plant mass: Calculate the oxygen production rate
per gram of plant material per hour, using the formula:

Total Oy evolved (mg)

P(I) =
(1) Time (h) x Plant mass (g)

This will give you the net photosynthetic rate P(I) at each light intensity I, expressed in mg O,
produced per gram per hour.

1.4 Plotting the P-I Curve
1. Create a plot:

 On graph paper or using plotting software, plot the net photosynthetic rate P(I) (mg O»g"h™")

on the y-axis against the light intensity I (umol photons-m™-s™!) on the x-axis.
2. Draw the fitted line:

« Using a smooth curve, fit the data points to represent the trend of photosynthesis at increasing
light levels. The curve will initially show a steep increase as light intensity rises (due to light-
limited photosynthesis), followed by a gradual plateau as the rate of photosynthesis approaches
the maximum capacity of the plant (P,

3. Identify the key parameters:

o From the curve, estimate:
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» P, ..: The maximum photosynthetic rate, where the curve flattens.

» o The initial slope of the curve, representing the efficiency of photosynthesis at low light
levels.

» Light compensation point: The point where the curve crosses the x-axis, indicating the light
intensity at which net photosynthesis is zero.

» Respiration rate (R): The rate of oxygen consumption in the absence of light (when I = 0).

1.5 Estimating the Jassby and Platt Model Parameters
The modified Jassby and Platt model is used to describe the relationship between light intensity and
photosynthetic rate. The model equation is:

I
P(I)=P,_ x tanh( “ ) ~R

max

o P, . is the maximum rate of photosynthesis.
« o is the initial slope of the P-I curve, representing the photosynthetic efficiency at low light levels.

» R is the dark respiration rate, calculated from the negative O, evolution in the absence of light.

Fit this equation to your data and estimate P,

max’

o, and R. The light compensation point can also
be derived from the model, as it is the light intensity where the net photosynthesis rate equals zero.

This experiment has already been done for you and the data are provided below for your analysis.



2 PI Data

Below are the data tables for each replicate. Each table includes:

« Light Intensity (I): in umol photons-m™=-s™*
« Incubation Time (T): in seconds
« Total O, Evolved: in mg O, per incubation period

2.1 Replicate 1 (Plant Mass: 4.50 g)

Light Intensity (umol-m2s™") Incubation Time (s) Total O, Evolved (mg)
0 605 —1.495
50 595 0.335
100 610 2.089
150 600 3.567
200 590 4.800
250 615 5.941
300 605 6.590
400 600 7.489
500 610 8.078
550 605 8.130

2.2 Replicate 2 (Plant Mass: 4.42 g)

Light Intensity (umol-m=s™") Incubation Time (s) Total O, Evolved (mg)
0 590 —-1.483
50 600 0.321
100 610 2.044
150 595 3.523
200 605 4.741
250 600 5.896
300 610 6.504
400 595 7.378
500 605 7.967
550 600 8.025


../data/BDC223_Lab3_PI_Curves_rep1.csv
../data/BDC223_Lab3_PI_Curves_rep2.csv

2.3 Replicate 3 (Plant Mass: 4.61 g)

Light Intensity (umol-m=-s7") Incubation Time (s) Total O, Evolved (mg)
0 610 —-1.558
50 600 0.350
100 590 2.128
150 605 3.609
200 600 4.836
250 610 5.998
300 595 6.635
400 605 7.542
500 600 8.142
550 590 8.185

2.4 Replicate 4 (Plant Mass: 4.43 g)

Light Intensity (umol-m2s™") Incubation Time (s) Total O, Evolved (mg)
0 600 -1.501
50 610 0.327
100 595 2.065
150 605 3.545
200 600 4.765
250 590 5.905
300 615 6.543
400 605 7.454
500 600 8.046
550 610 8.098

2.5 Replicate 5 (Plant Mass: 4.69 g)

Light Intensity (umol-m2-s™") Incubation Time (s) Total O, Evolved (mg)
0 595 -1.575

50 605 0.361

100 600 2.152

150 590 3.637
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Light Intensity (umol-m2-s7") Incubation Time (s) Total O, Evolved (mg)

200 610 4.870
250 600 6.025
300 590 6.675
400 615 7.596
500 605 8.189
550 600 8.240

2.6 Notes:

+ Negative Values: Negative total O, evolved indicates net respiration (O, consumption) at low light

intensities.

« Variability: Incubation times and O, measurements include random variability to simulate real
experimental conditions.

« Data Usage: You can calculate the photosynthetic rate P(I) using:

>

Total O, evolved

(%) x Plant Mass

P(I) =

This will yield P(I) in mg O,-g*-h™".

3 For Submission
« Calculate the photosynthetic rate P(I) for each replicate.

« Calculate the mean and standard deviation of P([) at each light intensity.
« Provide the following answers:

>

>

Exhibit 1: Plot the mean P(I) values with error bars (+1 SD) as a function of light intensity.
Exhibit 2: Fit the data to the model to estimate all the parameters of the modified Jassby and Platt
model (including the saturating irradiance, I,). You can ‘fit’ the model by hand or, for bonus
marks, use a curve-fitting tool in a spreadsheet or programming language. Neatly present these
data as a table.

Exhibit 3: Discuss the results in the context of the model and the experimental data. What do the
parameters of the model tell you about the photosynthetic performance of the plant? What are
the limitations of the model? How does all of this relate to the theory of photosynthesis (i.e. the
relationship between light intensity and photosynthetic rate)?

Exhibit 4: Why is it necessary to control the environmental conditions during the experiment?
Which conditions, and why? What are any other potential sources of error in this experiment?
Exhibit 5: In this experiment we measured oxygen evolution. Name and discuss a few other
approaches we can use to measure photosynthetic rate.

« Submit your work as a MS Word file on iKamva.
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