
 
Copyright © 2011 Elsevier Ltd. 
 
This version available http://nora.nerc.ac.uk/4464 /  
 
 
NERC has developed NORA to enable users to access research outputs 
wholly or partially funded by NERC. Copyright and other rights for material 
on this site are retained by the authors and/or other rights owners. Users 
should read the terms and conditions of use of this material at 
http://nora.nerc.ac.uk/policies.html#access  
 
 
This document is the author’s final manuscript version of the journal 
article, incorporating any revisions agreed during the peer review 
process. Some differences between this and the publisher’s version 
remain. You are advised to consult the publisher’s version if you wish 
to cite from this article. 
 
www.elsevier.com/  

 
 
 
Article (refereed) 
 
 
 

Jones, Timothy G.; Freeman, Chris; Lloyd, Andrew; Mills, Gina. 2009 Impacts of elevated 

atmospheric ozone on peatland below-ground DOC chacteristics. Ecological Engineering, 35. 

971-977. 10.1016/j.ecoleng.2008.08.009 | 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Contact CEH NORA team at  
noraceh@ceh.ac.uk 

 
 

The NERC and CEH  trade marks and logos (‘the Trademarks’) are registered trademarks of NERC in the UK and 
other countries, and may not be used without the prior written consent of the Trademark owner. 

CORE Metadata, citation and similar papers at core.ac.uk

Provided by NERC Open Research Archive

https://core.ac.uk/display/62935?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1




 


1


Impacts of elevated atmospheric ozone on 1 


peatland below-ground DOC characteristics 2 


Timothy G. Jonesa*, Chris Freemana, Andrew Lloydb and Gina Millsc 3 


 4 


aSchool of Biological Sciences, University of Wales, Bangor, UK 5 


 6 


bInstitute of Ecosystem Science, School of Biological and Biomedical Sciences, Durham 7 
University, South Road, Durham DH1 3LE, UK 8 


 9 


cCentre for Ecology and Hydrology, Bangor , Environment Centre Wales, Deiniol Road, 10 
Bangor, Gwynedd LL57 2UW, UK 11 


 12 


*Corresponding author. School of Biological Sciences, Memorial Building, Deiniol Road, 13 
Bangor, Gwynedd LL57 2UW, UK. Tel: +44-1248-351151 (2546); 14 
Email address – t.jones@bangor.ac.uk 15 
 16 


 17 


 18 


 19 


 20 







 


2


ABSTRACT - Rising concentrations of tropospheric ozone are having detrimental impacts 21 


on the growth of crop and forest species and some studies have reported inhibition of the 22 


allocation of carbon below ground. The effects of ozone on peatland ecosystems have 23 


received relatively little attention, despite their importance within the global carbon cycle. 24 


During this study, cores from a Welsh minerotrophic fen and ombrotrophic bog were 25 


exposed to four ambient/elevated ozone concentration regimes representing current and 26 


predicted 2050 profiles. A large and significant reduction in the concentration of porewater 27 


dissolved organic carbon (DOC) was recorded in the fen cores exposed to the elevated 28 


ozone concentrations (up to -55%), with a concurrent shift to a higher molecular weight of 29 


the remaining soil carbon. No effects of ozone on DOC concentrations or characteristics 30 


were recorded for the bog cores. The data suggest higher ozone sensitivity of plants 31 


growing in the fen type peatland, that the impacts on the vegetation may affect soil carbon 32 


characteristics through a reduction in root exudates and that there may have been a shift in 33 


the source of substrate DOC for microbial consumption from vegetation exudates to native 34 


soil carbon. There may also have been a direct effect of ozone molecules reacting with soil 35 


organic matter after being transported into the soil through the aerenchyma tissue of the 36 


overlying vegetation. These qualitative changes in the soil carbon in response to elevated 37 


ozone may have important implications for carbon cycling in peatland ecosystems, and 38 


therefore climate change. 39 


KEYWORDS - Ozone, peatlands, fen, bog, DOC, carbon-cycling, phenolics, molecular 40 


weight, SUVA 41 
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1. Introduction 43 


Concentrations of tropospheric ozone (O3) have more than doubled during the past century; 44 


typical surface measurements today are 30-40 ppb compared with 10-15 ppb during the 45 


pre-industrial era (Volz and Kley, 1988). The rate of increase in annual mean 46 


concentrations during the last three decades has been approximately 0.5-2% (Vingarzan, 47 


2004). The dominant factor behind the increasing background concentration is the global 48 


increase in ozone precursor emissions associated with the extraction and use of fossil fuels, 49 


which has greatly elevated the concentrations of VOCs and NOx in the atmosphere 50 


(Finlayson-Pitts and Pitts, 1997).  In the last decade, a clear signal has also emerged that 51 


background concentrations are rising, but peak ozone concentrations in Europe and North 52 


America are declining, as controls on precursor emissions take effect (NEGTAP, 2001; 53 


Oltmans, et al., 1998).  This changing profile is expected to continue, with IPCC modelling 54 


data indicating that mean surface ozone concentrations are predicted to continue to rise 55 


throughout the 21st century. For example, predictions for 8 sites in the UK indicate 56 


increases in annual mean concentration of 13% by 2030, 29% by 2060 and 55% by 2100 57 


(Coyle and Fowler, 2003). 58 


Studies have shown that ozone can have a number of detrimental impacts on vegetation and 59 


it is regarded as the most potent phytotoxic regional scale air pollutant (Krupa and Kickert, 60 


1989; Runeckles and Krupa, 1994; Fuhrer, et al., 1997; Andersen, 2003; Ashmore, 2005). 61 


Even low concentrations of ozone can induce physiological toxicity in some plants 62 


(Karnosky, et al., 1996). The primary impacts of ozone occur in the leaves, as the 63 


molecules are taken up directly by the plant’s open stomata. Some studies have reported 64 


decreased photosynthesis and reproductive functioning in a range of plants after ozone 65 
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exposure (Krupa and Kickert, 1989; Black, et al., 2000) and others have recorded reduced 66 


leaf conductance, leaf area and carbon assimilation, reduced water use efficiency and 67 


flowering, and loss of stomatal control (Runeckles and Krupa, 1994; Andersen 2003). 68 


Ozone has been identified as a contributing factor in the long-term decline of forest growth 69 


in areas of high exposure (Peterson, et al., 1995). It is thought that the impacts of ozone 70 


worldwide today are considerable, and with background concentrations of ozone likely to 71 


increase during this century, it is envisaged that ozone may seriously impair food 72 


production and ecosystem function in the future (Ashmore, 2005). 73 


For economic and geographical reasons, fewer studies have investigated the potential 74 


impacts of elevated ozone on natural and semi-natural vegetation compared to crop and tree 75 


species. So far, dose-response functions for ozone have only been derived for 80 species of 76 


natural vegetation exposed singularly (Hayes, et al., 2006), with very few dose-response 77 


functions available for intact communities. Recent evidence has shown that the highest 78 


numbers of potentially-ozone sensitive communities are found in grasslands, heathlands 79 


and mire, fens and bogs (Mills, et al., 2007), but these predictions have yet to be tested on 80 


whole ecosystems. Thus, the potential impact of atmospheric ozone on peatland ecosystems 81 


is an under-researched topic. This is despite the crucial role peatlands play in the global 82 


carbon cycle and their relative sensitivity to processes associated with climate change 83 


(Gorham, 1991; Freeman, et al., 2001, 2004). Peatlands in the boreal and subarctic zone of 84 


the northern hemisphere are estimated to contain 455 Pg of carbon, or slightly less than that 85 


already contained in the atmosphere (Gorham, 1991); any disturbances to soil carbon 86 


cycling processes by elevated ozone could have profound implications for climate change. 87 
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There is limited understanding of how ozone-induced impacts on vegetation might affect 88 


the soil carbon cycle (Andersen, 2003; Ashmore, 2005). Plant roots are not exposed to 89 


ozone directly (Blum and Tingey, 1977), but there is potential for an upset in the normal 90 


soil carbon flux because ozone can reduce carbon acquisition and alter carbon partitioning 91 


within vegetation (Cooley and Manning, 1987). A number of studies have reported reduced 92 


allocation of carbon below ground for many different vegetation types (McCool and 93 


Menge, 1997; Edwards, 1991; Yoshida, et al., 2001), but there are also results to the 94 


contrary (Duckmanton and Widden, 1994; Nouchi, et al., 1995; McCrady and Andersen, 95 


2000). Similarly, there are mixed results of the impacts on root respiration (Edwards, 1991; 96 


Nouchi, et al., 1995; Scagel and Andersen, 1997). However, the general consensus is that 97 


exposure to ozone will increase the carbon demand and sink strength in leaves, leading to a 98 


reduced allocation of carbon below ground (Andersen, 2003).  99 


A reduction in the quantity of root exudates can suppress microbial activity and therefore 100 


the rate of decomposition of soil organic matter. For example, in a forest soil, ozone-101 


induced changes in substrate quality and soil microbial activity led to reduced 102 


decomposition (Kim, et al., 1998). A long term study into the impacts of ozone on enzymes 103 


within a forest soil measured a significant 25% reduction in the activity of the carbon 104 


cycling enzyme 1,4-β-glucosidase (Chung, et al., 2006).  105 


Although there is a degree of disparity in the results obtained for assessing below-ground 106 


responses, there is sufficient evidence to suggest that ozone can have an important impact 107 


on carbon cycling above and below ground and alterations to these processes could have 108 


serious implications for the quantity and quality of soil organic matter.  These effects are of 109 


special concern given the rising background concentration of tropospheric ozone and the 110 







 


6


dearth of knowledge on impacts of ozone in the 20-50 ppb range on semi-natural 111 


ecosystems (Coyle and Flower, 2003). 112 


Here we report the results of a short-term fumigation experiment where mesocosms of fen 113 


and bog peat supporting intact vegetation were exposed to elevated concentrations of 114 


ozone. The primary objective was to investigate whether increasing the concentration of 115 


atmospheric ozone to levels expected during the middle of this century can affect the 116 


quantity or quality of dissolved organic carbon (DOC) contained within the porewaters of 117 


carbon-rich peat soil. 118 


 119 


 120 


 121 


 122 


 123 


 124 


 125 


 126 


 127 


 128 


 129 


 130 


 131 
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2. Methods 132 


2.1 Site descriptions and peat microcosm collection 133 


Twenty peat microcosms were collected from each of two contrasting peatlands in north 134 


Wales; Cors Goch fen (UK National Grid Ref. SH 501 813), and an acidic bog within 135 


Snowdonia’s Nant Francon valley (UK National Grid Ref. SH 641 616). Cors Goch is a 136 


typical minerotrophic fen, with the vegetation dominated by Festuca rubra and Juncus 137 


acutiflorus with only a small presence of Sphagnum mosses (<5%). The peatland within the 138 


Nant Ffrancon valley is a typical acidic bog and is dominated completely by Sphagnum 139 


species. The cores were collected in PVC drainpipes measuring 10cm diameter x 40cm 140 


depth. Surface vegetation was kept intact and as uniform as possible between the cores.  141 


For the fen samples, approximately 70% of the core surface was vegetation, with the 142 


remaining 30% as bare soil. The surface of the bog cores was 100% coverage of Sphagnum 143 


moss. Five replicate cores were collected for each of the four treatments. The cores were 144 


sealed and capped and placed at random into plastic boxes which were filled with deionised 145 


water. Holes in the side of each drainpipe ensured the water-table was maintained to a level 146 


just below the soil surface. 147 


 148 


2.2 Ozone exposure regime 149 


The forty cores were incubated in four treatments for six weeks during the summer of 2003 150 


at the CEH climate change research facility at Abergwyngregyn, Bangor, north Wales in 151 


four hemispherical solardomes (height 2.1m, diameter 3.1m), ventilated with computer-152 


controlled ozone concentrations. The solardomes provided two air changes per minute of 153 


charcoal-filtered air injected with ozone to simulate current and future rural ozone 154 
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background profiles (table 1). In addition, low local pollution events (+5 ppb over 155 


background) were employed in domes 1 and 4 and high local pollution events (+ 55ppb) in 156 


domes 2 and 3 during the daytime for four days during the week.  157 


 158 


Table 1 – The different ozone treatment regimes employed during the experiment 159 
Dome Ozone concentration Treatment name 


1 Low background (20ppb), low peaks (25ppb) ‘Control’ (current 
background) 


2 Low background (20ppb), high peaks (75ppb) ‘Current+peaks’ 


3 High background (45ppb), low peaks (50ppb) ‘2050 background’ 


4 High background (45ppb), high peaks (100ppb) ‘2050+peaks’ 


 160 


The hourly mean concentrations employed during the experiment were measured 161 


continuously and used to calculate the AOT40, which is the cumulative exposure of ozone 162 


during each daylight hour above a critical level of 40ppb, expressed in ppb h-1. These 163 


values can be seen in the supporting information. The cores were watered by an automatic 164 


irrigation system that maintained the water table depth near the surface, whilst near-165 


ambient temperature, humidity and field radiation conditions were maintained inside the 166 


solardomes.  167 


2.3 Sampling times and procedures 168 


Routine sampling was undertaken after 0, 6, 20 and 41 days of ozone fumigation. Peat 169 


porewater was actively sampled from a depth of 12 cm within each core using suction 170 


samplers made of Tygon transmission tubing (20cm long, 3mm diameter). Twenty 171 


millilitres of porewater from all 40 cores was extracted, filtered immediately through 0.2 172 
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µM syringe filters (Sartorius, UK), decanted into separate pre-ashed (550°C) glass vials 173 


and stored at 4°C until analysis.  174 


2.3.1 Soil carbon quantity and quality analyses 175 


DOC concentrations were measured using a Shimadzu TOC-5000. Qualitative changes in 176 


the DOC were measured by SUVA (Specific UV absorbance). SUVA is an absorbance 177 


measurement used to give an estimate of the aromaticity of DOC. It is calculated as the 178 


ratio of UV absorbance at 254nm (m-1) to DOC (mg l-1) and is expressed as L mg-1 m-1; the 179 


higher the value the higher the molecular weight and aromaticity of the DOC (Volk, et al., 180 


2002). UV absorbance of the samples at 254 nm was measured on a Camspec M330 UV-181 


visible spectrophotometer.  182 


 183 


2.4 Statistical tests 184 


Data for dissolved organic carbon characteristics (figures 1-4) were standardised (e.g. 185 


DOCstd) using the method of Clark, et al., (2006). For DOC, for example, this involved 186 


subtracting the mean value measured at day 0 from the values measured on days 6, 20 and 187 


41, such that DOCstd on day 0 was 0 mg L-1. This was deemed the most reliable way of 188 


expressing the data given the initial variability of the individual cores. Two-way ANOVA 189 


with Tukey’s post-hoc test was used to determine whether the DOC characteristics of the 190 


fen and bog cores were significantly affected by the experimental design, with treatment 191 


type and time being the two independent variables. Statistical analyses were performed 192 


using SPSS version 16 (SPSS Inc., Chicago, IL, USA). 193 
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3. Results 194 


3.1 DOC concentrations 195 


Ozone fumigation led to markedly different changes in the porewater DOC concentrations 196 


of the fen and bog microcosms (figures 1 and 2). For the fen soil type, there was a clear 197 


impact of ozone on the concentration of DOC, with the observed effects being greater the 198 


higher the ozone concentration that the cores were exposed to. Whereas the mean DOC 199 


concentration within the ‘control’ treatment fell slightly (-11%), from 55.1 mg l-1 to 48.8 200 


mg l-1 after 41 days of exposure, the DOC concentration dropped over 55% (from 114.7 mg 201 


l-1 to 50.7 mg l-1) for the cores in the ‘2050+peaks’ treatment over the same time period. 202 


Concentrations of DOC fell approximately 40 mg l-1 (equating to a 40% loss) in the cores 203 


within the two other elevated ozone treatments. There was no significant loss of DOC 204 


within the fen cores incubated in any of the treatments during the six weeks of core storage 205 


prior to the onset of ozone fumigation (prior to day 0 – data not shown). Two-way ANOVA 206 


showed that there was an overall effect of treatment (p<0.01) and time (p<0.01), but no 207 


interaction effect (p>0.05). Post-hoc analysis showed that the DOC concentration of the 208 


cores with the ‘2050+peaks’ treatment decreased significantly compared to the ‘control’ 209 


(p<0.01), with the data from day 41 being significantly lower than that at days 0 and 6 210 


(p<0.01). 211 


Unlike for the fen microcosms, there was no clear or significant change in the concentration 212 


of porewater DOC in the bog cores upon exposure to elevated concentrations of 213 


tropospheric ozone. Although there was a sharp divergence in the mean DOC 214 


concentrations of the cores within the ‘control’ (-31%) and ‘2050+peaks’ (+37%) after 6 215 
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days, the difference was not significant (p>0.05) and there was less of a divergence after 20 216 


and 41 days of ozone exposure.  217 


 218 


3.2 SUVA measurements 219 


SUVA values of the fen porewater DOC (figure 3) showed a similarly clear response to 220 


elevated ozone, with values increasing with time for each treatment at a higher rate the 221 


greater the ozone concentration that the cores were exposed to. For example, for the cores 222 


in the ‘control’ treatment, porewater SUVA increased from 2.94 to 3.36 L mg-1 m-1 from 223 


day 0 to day 41, equating to an increase of 0.42 L mg-1 m-1, but for the cores in the 224 


‘2050+peaks’ treatment values increased from 1.62 L mg-1 m-1 to 3.70 L mg-1 m-1, an 225 


increase of 2.08 L mg-1 m-1 over the same time period. Two-way ANOVA demonstrated 226 


that there was a significant main effect of treatment (p<0.001) and time (p<0.001). Post-hoc 227 


analysis showed that significantly higher SUVA values were recorded under all three of the 228 


elevated ozone regimes compared to the control (p<0.05), with SUVA values on day 41 229 


being significantly higher than those recorded on days 0 and 6 (p<0.01). Similar to the 230 


contrasting response to ozone exposure of the porewater DOC concentrations in the fen and 231 


bog microcosms, there were no significant changes in the SUVA values of the bog 232 


porewater under elevated concentrations of ozone (figure 4). 233 


 234 


 235 


 236 


4. Discussion 237 
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Exposure to elevated concentrations of atmospheric ozone induced clear and significant 238 


changes in the quantity and quality of the DOC contained within the porewater of the fen 239 


microcosms, but there was no significant effect of ozone for the bog microcosms. The DOC 240 


concentration of the fen porewater decreased significantly by over 55% when exposed to 241 


the highest concentration of ozone, approximately 40% for the moderately elevated ozone 242 


treatments, and only 11% for the control treatment. Although there was a large initial 243 


variability in the DOC concentrations between the 20 cores (46.96-184.09 mg l-1), the 244 


observed reduction in DOC concentrations were measured only once the cores were 245 


exposed to the enhanced ozone concentrations, as their DOC concentrations did not change 246 


significantly during the six weeks of storage prior to ozone fumigation. Increases in 247 


porewater SUVA values for the fen cores exposed to elevated ozone suggest that, whilst the 248 


total concentration of DOC declined, there was a shift in the characteristic of the remaining 249 


DOC to more aromatic, higher molecular weight organic compounds due to a reduction in 250 


the size of the low molecular weight (LMW) fraction of DOC. These changes in DOC 251 


quantity and quality imply that elevated ozone induced a dramatic effect on carbon cycling 252 


processes occurring within the fen peat soil. 253 


Two mechanisms are proposed to explain why ozone may affect soil carbon in the way 254 


observed in this study; an indirect effect, through changes in the functioning of vegetation 255 


induced by ozone damage, and a direct effect on the soil carbon itself. Similarly to this 256 


study, Islam, et al. (1999) recorded qualitative changes in the characteristics of soil carbon, 257 


after exposing wheat and sorghum species to elevated ozone. They recorded an increase in 258 


the proportion of recalcitrant humic acids compared to labile fulvic acids and attributed this 259 


to an increased use of the native labile fraction in the soil by microbes, due to a diminished 260 
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supply of these substrates from the overlying vegetation. Root exudates can account for up 261 


to 40% of all organic inputs to soil and are principally comprised of LMW sugars, organic 262 


acids and amino acids (Whipps, 1990; Chen, et al., 2004). It is well documented that 263 


exposure to ozone can seriously impair the flux of photosynthetically-produced carbon 264 


transported to the roots and into the rhizosphere (Edwards, 1991; Yoshida, et al., 2001; 265 


Andersen, 2003). Although the flux was not directly measured in this study, the fall in 266 


porewater DOC concentrations was large, so it is viable that a reduction in root exudates 267 


due to ozone exposure may be at least partly responsible for the change. The shift of the 268 


porewater DOC to a higher molecular weight in the fen cores exposed to elevated ozone 269 


adds weight to this suggestion. This response is likely to have been due to increased 270 


respiratory demands for the maintenance and repair of leaf tissues damaged by ozone, as 271 


has been reported elsewhere (Edwards, 1991), particularly for the type of vegetation that 272 


grows in an environment classed as a fen (Power and Ashmore, 2002). 273 


Such a disturbance in this flux of LMW material to the soil would have consequences for 274 


the enzyme-mediated cycling of organic matter within the soil. The reduction in LMW 275 


compounds and essential nutrients in the soil would reduce the metabolism of soil microbes 276 


within the rhizosphere, as it is their primary substrate (Edwards, 1991; Kraffcyyk, et al., 277 


1984). As microbes are an important source of extracellular enzymes (McLatchey and 278 


Reddy, 1998), this would reduce the abundance of enzymes within the soil matrix (sensu. 279 


Shackle, et al., 2000) and impair rates of organic matter decomposition. Another 280 


consequence of a reduction in LMW exudates may be the inhibition of soil enzymes due to 281 


the relative enrichment in recalcitrant, high molecular weight (HMW) phenolic compounds. 282 


It is well known that phenolic compounds are strong inhibitors of the main suite of 283 
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enzymes responsible for degrading organic matter in soil; the hydrolase enzymes (Freeman, 284 


et al., 1990; Wetzel, 1992; Freeman, et al., 1996; Freeman, et al., 2001) and it has been 285 


suggested in previous studies that the phenolics:DOC ratio, and the resulting competition 286 


between substrate DOC (LMW) and phenolic DOC (HMW), is an important variable 287 


influencing the inhibition of enzymes (Freeman, et al., 1990; Kang, et al., 2002). It is 288 


therefore likely that the increase in SUVA (and therefore phenolics:DOC ratio) in the soil 289 


of the cores exposed to elevated ozone led to a suppression of the organic matter degrading 290 


enzymes, a process which would have reduced the porewater DOC concentration of the soil 291 


further. Suppression of a suite of soil enzymes has been recorded recently under elevated 292 


ozone conditions (Chung, et al., 2006), through an inhibition of plant production and 293 


microbial metabolism. 294 


Ozone may also affect soil quality directly, by reacting with soil carbon compounds. 295 


Although ozone molecules would not be able to move down through the soil profile to the 296 


depth at which porewater was sampled in this study (Blum and Tingey, 1977), they could 297 


potentially be transported through the aerenchyma tissue of the vascular fen vegetation and 298 


expelled through the rhizophere. It is well known that vascular wetland plants release 299 


oxygen into the rhizosphere to aid survival in an anoxic environment (Armstrong, 1979), so 300 


it may be possible that ozone could also enter the soil in this way. However, ozone 301 


molecules are highly reactive and tend to react with moist surfaces, so they may not be able 302 


to pass through the aerenchyma tissue without being broken down. If ozone could be 303 


transported via aerenchyma tissue into the soil it would be free to react with soil carbon 304 


compounds and it has been demonstrated recently that ozone can alter the characteristics of 305 


soil organic matter (Jung and Choi, 2003; Jung, et al., 2008). The rise in SUVA of soil 306 
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extracts exposed to ozone recorded by Jung and Choi (2003) and the observation by Jung, 307 


et al. (2008) that soil microorganisms are highly sensitive to ozone would suggest that 308 


ozone entering the soil of the fen vegetation used in this study may have at least partly led 309 


to the recorded changes in DOC characteristics. The potential transport of ozone down to 310 


the soil through the aerenchyma of wetland plants may therefore warrant further 311 


investigation. 312 


One of the remarkable aspects of the loss of dissolved organic carbon within the porewater 313 


of fen microcosms was the speed at which the change occurred, with a 48% reduction in 314 


porewater DOC occurring after just 20 days of exposure for the ‘2050+peaks’ treatment. 315 


Similar rapid below-ground responses have also been recorded in other studies; for 316 


example a 19% reduction in the flux of carbon from shoots to roots and a 34% reduction in 317 


soil/root respiration of Douglas fir was observed after just 28 days of elevated ozone 318 


exposure (Gorissen, et al., 1991). 319 


For the bog microcosms, exposure to elevated concentrations of tropospheric ozone did not 320 


result in significant changes in the quantity or characteristics of the porewater dissolved 321 


organic carbon. The major difference between the fen and bog microcosms was the 322 


overlying vegetation type, so the stark contrast between the fen and bog data suggests that 323 


vegetation type is critical when assessing potential impacts of ozone, and, concerning 324 


peatlands, ozone has a much more serious impact on the higher plants that occupy this 325 


more nutrient-rich peat soil. The contrasting responses are likely to be due to differences in 326 


the physiology and functioning of the vegetation. Unlike vascular plants, Sphagnum moss 327 


do not possess roots and therefore do not release root exudates (Rinnan, et al., 2003), so 328 


there is not the same potential for ozone to upset the flux of carbon from above- to below-329 
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ground for Sphagnum-dominated peatlands compared to the more vascular plant dominated 330 


fen peatlands. The lack of aerenchyma tissue in Sphagnum plants also means there is much 331 


less potential for ozone molecules to enter the plant structure and cause tissue damage, and 332 


be transported into the soil where they could react with soil carbon compounds. 333 


 334 


 335 


 336 


 337 


 338 


 339 


 340 


 341 


 342 


 343 


 344 


 345 


 346 


5. Conclusions 347 
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To our knowledge, this is the first study to investigate the impacts of ozone on below-348 


ground carbon dynamics in different peatland types. The results suggest that the exposure 349 


of fen peatland soil to concentrations of ozone predicted for the middle of this century may 350 


have a dramatic impact on the above and below ground carbon cycle. Although the 351 


experiment was carried out on only small microcosms of soil and vegetation and for a short 352 


period of time, a clear signal of reduced DOC concentrations in fen soil under elevated 353 


tropospheric ozone emerged. Rising values of porewater SUVA suggest that it was the 354 


LMW fraction of DOC that became depleted and this may have been due to ozone-induced 355 


damage to the overlying vegetation, leading to a reduction in the flux of utilisable carbon to 356 


the soil and therefore the increased use of labile carbon in the soil itself to maintain 357 


microbial activity. There may also have been a direct reaction of ozone molecules, 358 


transported via the aerenchyma tissue of the overlying vegetation, with the soil organic 359 


matter.  360 


Longer-term experiments are needed to determine whether elevated concentrations of 361 


ozone could permanently affect fen peatlands in the way this study suggests and to 362 


determine what implications these observations might have for carbon cycling within the 363 


soil of these types of peatlands. The implications of this study for climate change could be 364 


important; a shift in the characteristics of the soil carbon to a higher molecular weight may, 365 


through the enzymic latch mechanism (Freeman, et al., 2001), actually impair microbial 366 


activity, enzyme production and the decomposition of organic matter further in peatlands 367 


supporting vascular-type vegetation. 368 







 


18


ACKNOWLEDGMENT - T. G. Jones is grateful to the Natural Environment Research 369 


Council and Jon Cannon (Welsh Water/Dwr Cymru) for CASE funding. C. Freeman is a 370 


Royal Society Industry Fellow. 371 


 372 


SUPPORTING INFORMATION – AOT40 values for each treatment 373 
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Figure 1 – Change in DOC concentrations for the fen microcosms  
exposed to different levels of tropospheric ozone (mean + 1 SD, n=5). 


 
 
 


-60.0


-40.0


-20.0


0.0


20.0


40.0


60.0


80.0


0 5 10 15 20 25 30 35 40 45


Number of days of ozone exposure


D
O


C
st


d 
co


nc
en


tr
at


io
n 


(m
g 


l-1
)


Control
Current+peaks
2050 background
2050+peaks


 
 


Figure 2 – Change in DOC concentrations for the bog microcosms  
exposed to different levels of tropospheric ozone (mean + 1 SD, n=5). 
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Figure 3 – Change in SUVA values for the fen microcosms  
exposed to different levels of tropospheric ozone (mean + 1 SD, n=5). 
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Figure 4 – Change in SUVA values for the bog microcosms  


exposed to different levels of tropospheric ozone (mean + 1 SD, n=5). 





