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Photosynthesis IN CQ 1S

Photosynthesis

6CO, + 6H,0 > C.H,,0, + 60:
carbon water glucose oxygen
dioxide

v" Primary Productivity is the rate at which light energy or inorganic chemical energy is
converted to the chemical energy of organic compounds by autotrophs in an ecosystem.

v" In the ocean, photosynthesis is performed by phytoplankton in the sunlit or euphotic zone.

v" This process takes carbon dioxide and water and combines them with the help of the energy
contained in sunlight creates a monosaccharide and oxygen
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v'“Gross primary production” (GPP) refers to the total rate of organic carbon production by
autotrophs

v’ “respiration” refers to the energy-yielding oxidation of organic carbon back to carbon dioxide.

v’ “Net primary production” (NPP) is GPP minus the autotrophs’ own rate of respiration; it is
thus the rate at which the full metabo-lism of phytoplankton produces biomass.
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nonbiologically available N, primarily N, gas



Partition of Anthropogenic Carbon Emissions into
Sinks [2000-2006]

45% of all CO, emissions accumulated
in the atmosphere

55% were removed by natural sinks
Ocean removes ~ 24% Land removes ~ 30%




How? Primary Productivity (conti.)

1) Light/Dark Bottle Method

* Calculate DO in both bottles at t=t,, t=t,
* GPP = (DO'E,; - DO%rk, )/(t,t,)

* NPP = (DO's", - DO"s )/(t,-t,)

* Quick but only an estimation (based on O, consumption)

2) Nitrogen/Cabron istotop method
* Inoculate C13/C** (DIC), various light-levels, temp. regulation
* Filter samples, flush excess isotops, POC retained on filter paper

* Measure ratio to C*? with IRMS/Mw-IRMS, highly precise



C-13 method



Similar to N-15 in principle

NaH!3CO; is used as a salt to prepare
tracer

13C atom% is 99

Carbon has three isotopes: 12, 13 and 14
12 and 13 are stable, 14 is radio-active
Abundance: 13C = 1.2%; 12C = 98.8%

C14 is not found naturally due to its small
half life; whatever available is produced

artificially



Tracer addition is again 10% of the ambient;
average concentration dissolved carbon in sea
water is 2uM, so 0.2umole/| should be added

Should be incubated for 12 hours,

Preservation analysis and calculation are
similar to that of N-15

Can be used to generated P-I curve
efficiently



C-14 method



14C Method

Inoculate samples with 14C sodium
bicarbonate

Incubate 2-3 hours
Filter samples on GF/F filters,

Acidify filters to get rid of the inorganic
carbon

Count 14C using scintillation counter
Normalise to Initial available 14C



1-Sampling Preparation

« Rinse culture bottles with milli-Q water

* Can be washed using acid bath but should
be copiously rinsed, acid would degrade
chlorophyll-a



2-laboratory analyses,
before starting the incubation

* Fill culture bottles with sample

- Install bottles in the incubator + 2 dark
bottles

- Inoculate each bottle with 5ml of 14C
* Put caps on bottles

- Close the incubator

» wrap dark bottles in aluminum foil and place
in water bath

* Turn on lamp from slide projector

* note start time



2-laboratory analyses,
before starting the incubation (con't)

- prepare the standards:
- Mix 5ml of 14C to 100ml of sample
- Put 1ml of this mix in 3 scintillation vial
- Fix with 1ml of hyamine hydroxyde,
- Add 10ml of scintillation cocktail
- Count as soon as possible



3-Laboratory analyses,
after incubation

* turn off lamp and note end time

* Filter each bottle on a GF/F glass fiber filter
(0.7mm)

* Put each filter on a tray

* 6o outside and acidify the filter with 1 drop
of HCI acid

« Put the filters in scintillation vial

« Add 10 ml of scintillation cocktail

 Let sit in the scintillation counter over night
« Count after 24 hours or more (very stable)



Primary production - measurements

4-data processing

- Production is calculated from:

~ ~DPMg -DPM;, ™12000 * alkalinity *1.05

P

DPMgr *100* T

* where
— DPM; is the count for sample
— DPM,, is the count for dark
— DPM.+ is the count for standard
— alkalinity equals 2 in salt water
— T is time of incubation



Production-light relationship
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PI experiment I IN CQIS

13C enriched Sodium Hydrogen Carbonate ([13C]-NaHCO,). or
14C enriched Sodium Hydrogen Carbonate ([14C]-NaHCO,)

-' i c-1. In-situ incubation

b. Tracer spiking
Polycarbonate bottle ii c-2. Simulated 1n-situ mcubation

on deck (light source=the sun)
11 lab (light source=artificial light)

a. Water sampling ii

before sunrise. or

shortly before local apparent noon
e.g. Niskin water samphing bottle




PI experiment I

Incubated phytoplankton
Filtering phytoplankton
Incubation bottle DY GE/F grass fiber filter
Polycarbonate bottle Ingested carbon remamns on filter

12C/13C or 12C/14C
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modeling P-E relationship

P =P’[1-exp(-a”E/P>)]

Platt et al. 1980



measurements

« P-E curve

—Light gradient incubator
— 14C method

— 2-3h incubation



light gradient Incubator
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Primary Productivity Models I IN CQ 1S

I. Wavelength-resolved models (WRMs)

sunsct .
> PP j f j @(A, 1, 2) X PAR(A, 1, 7) X
] =1

ST i se

X Chl(z) dA dr dz = K

v" WRM convert absorbed radiation i.e. Photosynthetically Utilizable Radiation (PUR) into net
photosynthesis using a suit of empirical quantum efficiency models based on photosynthesis-
irradiance variables

II. Wavelength-integrated models (WIMs)

EPP—J

suTEE

Zea
J @(t, z) X PAR(t, z) X Chl(z) dtdz — R

SURAMSEe

v" WIM eliminated wavelength dependencies and NPP is described as a function of PAR rather
than PUR and calculated by integrating PAR dependent photosynthesis-irradiance function
over depth and time



Primary Productivity Models I IN CQ 1S

II. Time-integrated models (TIMs)

S PP = f " P(z) X PAR(z) X DL X Chi(z) dz

r={0

Z

v' TIM eliminates time-dependent resolution in solar irradiance. TIM intrinsically integrate a
range of photosynthetic rates into a single productivity value.

IV. Depth-integrated models (DIMSs)
>, PP = P X f[PAR(0)] X DL x Chl x .Z,,

v DIM includes all models lacking any explicit description of the vertically resolved component
found in TIM, WRM and WIM.



PP model: Behrenfeld and Falkowski (1997) I I NCQ'S
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PP models using PI parameters I INCDIS

PB(I) = p®(I: ", P5),

Table 1. Some commonly-used, two-parameter representations of the P¥ vs I eurve, with references
to their first appearence in the phytoplankton literature. The function p¥ is defined by the
equation PP = pP(I;a¥, P¥). Also given, in the third column, is the equivalent function
expressed in terms of the dimensionless irradiance, I, = I /I, where I, = P8 /a",

ImL

Reference pP (1) pP(1.)
Blackman 1905 afl for I <I; PP otherwise | PPI forI. <1; PP otherwise
B B
] P-1
Smith 1936 _ : —= =
/11 (aBI/PB) NAESE
PBaB] PEl
Tamiya 1951 _— S
- f PB 1+ aB] 1+ 1.
Jassby & Platt 1976 P5 tanh (a ”I;’Pr‘:fj P2 tanh(1.)

Tl

Platt et al. 19809 pB (1 —EKDIL—{IHIHPT'E]) P:f (1 —exp(—1.))




Non-spectral and Spectral equivalent I INCDIS

Table 1. Some commonly-used, two-parameter representations of the PP vs I eurve, with references
to their first appearance in the phytoplankton literature. The function p? is defined by
the equation P? = p®(I;a®, PP). The equations are given in their non-spectral form,
pP(I), and their spectral equivalents pZ(I(\)).

Reference pB(I) pP(I(A))
BI. for T < Iy; /‘”}.I}lik for I < I y:
Blackman 1905 “ B = . " (WA)dA, - or I < i,
P for I = I. pB for I = I .
B
Smith 1936 _ o ! - = 7 [a"MINHdA
V14 (aBI/PE) VU I/PE ([ aB()I(A)dN)]?

, . PEaBT PE [aB(X)I(A)dA
Tamiya 19511 PE 1 ab] P54 [aP(\I(\)d)
Jassby & Platt 1976 PP tanh (a®1 ’P,f:l P tanh ({ 1/P5y / aB (NI {)&}dh)
Platt ef al. 19809 PE (1 —exp(—aI/PE)) | PP (1 — exp ( (1/P5) /rr” )&}(l).))




Photosynthesis — Irradiance parameters I INCDIS

PB

Figure 1. The photosynthesis — light eurve (solid line) as fitted to Imaginary experimental data
(solid circles). The broken lines are construction lines to show the meaning of the parameters.

RE = 0, we have PP /T, = I.‘: — PHJ-"IU.'H

I.=1/I,=a"1/P"



PP computation flowchart
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Table 1. Some commonly-used, two-parameter representations of the #5 vs/ curve, with references
to their first appearence in the phytoplankton literature. The functiom 2 is defined by the
equation /' pP{l;af, ’F). Also given, in the third column, is the equivalent tunction

PP modeling
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Figure 1. A flow chart desenbing the steps mvolved m computation of primary production at
depth in the water column, using a light-dependent model of primary production. A number of
possibilities exist for the exeeution of each of the steps involved in the caleulation, and the snceess
of the venture will depend on careful selection of suitable protocols for each of the steps.
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Figure 1.

The photosynthesis

light curve (solid line) as fitted to imaginary experimental

(solid circles). The broken lines are construction lines to show the meaning of the parameters




} Satellite application — Platt et al. (1980) I
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Welcome to the Ocean Productivity Home Page

The diversity of life on Earth is astonishing, yvet most of the ecosystems vou and 1 are familiar with share a common dependence on a miraculous process called pheotosynthesis.
Photosynthesis uses the energy in sunlight to fix carbon dioxide (CO2) into organic material Aquatic and terrestrial photosynthetic plants use some of their newly formed carbon products
immediately for energy and maintenance. The remaining photosynthetic products are available for plant growth or consumption by the heterotrophic community. We refer to this
"available” carbon as net primary produciion. and it 1s equal to gross photosynthetic carbon fixation mmus the carbon respired to support maintenance requirements of the whole plant.
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Satellite application - VGPM INCDIS

Annual Net Primary Production for 2003
Eppley (VGPM variant)

VGPM (chlorophyll based)

pb_opt = exponential function of 55T

pb_opt = polynomial function of 55T

Monthly Net Pnmary Production: June | 2005

mg C / m*2 [ day

Standard Produet: Net Primary Production using MODIS CHL and 55T, SeaWiFS PAR, and z ex = f{iCHL) as inputs to the VGPM



