Dissolved organic matter (DOM)
- microbe interactions

Christian Lenborg

Swansea University, College of Biosciences, Swansea, UK


http://en.wikipedia.org/wiki/File:Swansea_University_Logo_301.jpg

Overview

* DOM introduction and why do we care?

* Case studies: 1. Bacterial DOM degradation
2. Bacterial and UV DOM degradation

e Research needs



What is dissolved organic matter (DOM)?
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Why dissolved organics matter?

Distribution of organic carbon in the oceans

Living organisms

Dead ?rganic (ranging from
particles bacteria to whales)
2,9% 0,3%

Dissolved organic
carbonin DOM
96,8%

- 60% of nitrogen and phosphorus are in DOM
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~15% of the bulk DOM pool in coastal ocean



Dissolved organic
carbon (DOC)

e. g. Carbohydrates

DOM

Dissolved organic Dissolved organic
nitrogen (DON) phosphorus (DOP)
e. g. Proteins e. g. DNA
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DOM bioavailability

Degraded = Non-degraded =

Bioavailable (BDOM) Refractory (RDOM)

| |



http://images.google.com/imgres?imgurl=http://www.freefoto.com/images/15/19/15_19_8---Tree--Northumberland_web.jpg&imgrefurl=http://www.freefoto.com/preview/15-19-8?ffid=15-19-8&usg=__FMm4M-uClu1QmJUxCYxLKvX6hJ0=&h=400&w=600&sz=97&hl=da&start=7&um=1&tbnid=4UNGBuFSfp05iM:&tbnh=90&tbnw=135&prev=/images?q=tree&hl=da&lr=&um=1
http://images.google.com/imgres?imgurl=http://medicblog999.files.wordpress.com/2009/08/mars-bar.jpg&imgrefurl=http://medicblog999.wordpress.com/2009/08/30/ecg-geek-4-the-diagnosis/&usg=__KkPAWASMjfXLiv61_1BeK69CYxU=&h=200&w=200&sz=3&hl=da&start=3&um=1&tbnid=rIIiTRSFAm6ZJM:&tbnh=104&tbnw=104&prev=/images?q=mars+bar&hl=da&lr=&um=1

Case study 1: Bacterial DOM degradation
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Coastal DOM database

- h.*m g - = Ql
30 sites
394 cases: 359 DOC, 82 DON, 80 DOP

River- vs ocean-dominated

Low vs high DOM rivers

Ample latitudinal range

Seasonal range

Lonborg & Alvarez-Salgado (2012)



Microbial degradation of DOM

500 DOC (f) = BDOC - exp(—k.. - ) + RDOC
e
450
BDOC
4004 ©

RDOC

incubation time (d)

Included only incubations > 40 days

Pempkowiak (1985)



Bioavailability of DOM
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Lenborg & Alvarez-Salgado (2012)



Refractory DOM

RDOC = -11.3-Salinity + 448 ' RDON = -0.52-Salinity + 22.61
1000 - O R® = 0.63, p< 0.0001 @) R? = 0.65, p< 0.0001

Salinity Salinity

River DOM more refractory — moves conservatively

Lenborg & Alvarez-Salgado (2012)



C/N molar ratio

n =69

C:N:P stoichiometry of DOM
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River and plankton main contributor to DOM pool

Meybeck (1982); Lenborg&Alvarez-Salgado (2012)



Kinetics of BDOM degradation
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Reactivity gradient : P> N > C

Lonborg & Alvarez-Salgado (2012)



Modelling the BDOM degradation

BDOC, BDON, BDOP (% of initial value)
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Lonborg & Alvarez-Salgado (2012)



Modelling the BDOM degradation

C/N of BDOM C/P of BDOM

8 10 12 14 16 18 20 8 10 12 14 16 18 20
flushing time (d) flushing time (d)

Longer flushing time - more carbon rich BDOM exported

Lonborg & Alvarez-Salgado (2012)



Conclusion

DOM bioavailability and reactivity (P>N>C)
Refractory DOM is conservatively mixed
Plankton main contributor to BDOM

Bioavailable DOM is exported



Case study 2: Bacterial and UV DOM
degradation
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Photochemical DOM degradation
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Lignin Phenols (pg liter)

Microbes and photochemical processes
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60% of river DOM is coloured (Aiken et al. 1985)

Sunlight - 96% of colour and 41% of DOC
(Vahatalo & Wetz 2004)

Photodegradation 5-fold greater (Opsahl & Benner 1998)

Combined microbial and photodegradation - 60%
decrease in River DOM (Miller & Moran 1997)

Microbial and photodegradation together degrade DOM




BP (umol C 1" day ™)

Respiration (umol C i1 day'l)

Microbes and photochemical processes

0.8 - Winter 0.8 Spring
06 - < 0.6 - —@— Dark
> —0— UV
o
—
0.4 — 0.4
@)
s
g
0.2 =2 02
[T
m

o
o
N
o
o
7

71— DOC degradation also lower (Lenborg
et al. 2013; Lenborg et al. in-prep)
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Plankton DOM ——> negative effect DOM degradation
River DOM ———> positive effect DOM degradation




Conclusions

Sunlight exposure degradation of DOM
Microbial and photodegradation more efficient

UV-light:
negative effect on plankton DOM degradation

positive etfect on river DOM degradation




Research needs
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River DOM in marine systems

DOM

0.3 Gt y1 DOC to ocean (ianchi2011)

DOC in lakes and rivers has increased ~ 91 % (evans etal. 2006)

What is the effect for the coastal carbon cycle?



http://www.bbc.co.uk/schools/riversandcoasts/rivers_meet_coast/rivers/pg_02.shtml

Bacteria

Zooplankton

Antropogenic

» P

Temperature

Rivers

UV-light

Sediment

Aggregation



http://www.bbc.co.uk/schools/riversandcoasts/rivers_meet_coast/rivers/pg_02.shtml
http://www.southbalticweblab.eu/tl_files/blogs/2012-Emma-Kritzberg/fri2.jpg
https://en.wikipedia.org/wiki/File:Diatoms_through_the_microscope.jpg
http://www.google.co.uk/url?sa=i&source=images&cd=&cad=rja&docid=oA_ihrvCyF4wFM&tbnid=NmXf6pS4mdnl7M:&ved=0CAgQjRwwAA&url=http://www.sinus-pro.com/Archive/articles 2011/Pre-Warning_to_a_Cold_or_Hot_Spell.asp&ei=3DblUYj-BITFPP_IgYAL&psig=AFQjCNHWVHJ7aDiwTYwsK3XXqxXN5SLqxw&ust=1374062684113941

Temperature impacts

Global ocean warming - Impact on DOM degradation ?

C/QA',((WJUL_
Q,, rate change with 10°C normally assumed to be 2
half-life
(day)
Phytoplankton-derived DOC 1.7 6.3
Natural marine DOC (spring) 1.7 11
Natural marine DOC (summer 1.8 6.9
Natural marine DOC (winter) 2.1 53
Humic DOC 2.7 152
Semirefractory DOC 3.8 3500
Semirefractory DOC 4.8 3500

Q,, for DOM degradation varies between 1.7 - 4.8

What is the impact on foodweb and carbon cycle?

Lenborg et al. in-review


http://www.google.co.uk/url?sa=i&source=images&cd=&cad=rja&docid=Ct1KLidk0P-2aM&tbnid=yhLvwaJZqncs_M:&ved=0CAgQjRwwAA&url=http://seawayblog.blogspot.com/2009/03/polar-panda-climate-is-changing.html&ei=oTvlUcy4B4fiOp_WgcAD&psig=AFQjCNGIgsY3joer0v3TfbIom0Y9txQHTw&ust=1374063905187221

Zooplankton

N

Antropogenic

Bacteria

Priming

Rivers

UV-light

Sediment

Aggregation



http://www.bbc.co.uk/schools/riversandcoasts/rivers_meet_coast/rivers/pg_02.shtml
http://www.southbalticweblab.eu/tl_files/blogs/2012-Emma-Kritzberg/fri2.jpg
https://en.wikipedia.org/wiki/File:Diatoms_through_the_microscope.jpg

Priming etfects in marine systems

* Refractory soil organic matter degradation - increase up to 600%
when glucose added (Hamer et al. 2004

* Some marine studies show effect on DOM degradation (enborgetal.
unpubl. Results)

Does different DOM respond differently?
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Summing up.....

DOM bioavailability and reactivity (P>N>C)

Bioavailable DOM is exported

Microbial and photodegradation more efficient

Plankton/river DOM respond differently

Research needs
* Increased flow of river DOM

* Temperature effects on DOM degradation

* Priming effects on DOM degradation
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