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Root exudates released by vascular plants contain significant amounts of photosynthetically-derived low
molecular weight carbon compounds and gases, such as oxygen. These compounds are reported to have
a priming effect on the activity of soil microbes which, in turn, release extracellular soil enzymes. Rates
of root exudation are known to correlate positively with photosynthesis rates. As such, we hypothesized
that phenol oxidase activity in the rhizosphere of peatland plants could be manipulated by varying the
intensity of light to which above ground biomass is exposed, in line with recent solar radiation manage-
ment proposals of geoengineers. Since phenol oxidase plays a pivotal role in regulating biodegradation in
peat soils, through a mechanism widely known as the ‘enzymic latch’, this approach was thought to have
potential as an ecoengineering strategy designed to enhance carbon sequestration in these environments.
Our experiment however, found little relationship between phenol oxidase activity and light intensity
level for any of the plants analysed, although significant differences in enzyme activity were observed
between plant species. It is argued therefore, that encouraging the growth of particular plant species
may be more effective at enhancing carbon sequestration in peatlands than manipulating ambient light

Keywords:
Rhizodeposition
Carbon sequestration
Peatland

Phenol oxidase
Enzymic latch

levels.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Peatlands have sequestered vast stores of carbon over millen-
nia due, primarily, to the accumulation of partially decomposed
organic matter in anoxic soils (Clymo, 1984) and it is estimated
they continue to do so at an average rate of 0.05, to 0.096 Pg
(1 Pg=10'>g) of carbon per year (Yu et al.,, 2010; Clymo et al.,
1998; Gorham, 1991). Decomposition of some soil organic matter
(SOM) does take place in peatlands though - to varying degrees -
releasing carbon in aqueous (dissolved organic carbon, DOC), solid
(particulate organic carbon, POC) and gaseous forms such as car-
bon dioxide (CO;) and methane (CHy; Freeman et al.,, 2001a,b;
Gorham, 1991; Worrall et al., 2003). The flux of these latter two
key greenhouse gases (GHGs) between peatlands and the atmo-
sphere has a significant effect on the Earth’s climate. Globally,
these wetlands currently act as a net sink for atmospheric CO,
(Kayranli et al., 2010) and crucially, unlike other ecosystems (such
as forests) they are potent long term repositories for this carbon

* Corresponding author.
E-mail address: c.dunn@bangor.ac.uk (C. Dunn).

http://dx.doi.org/10.1016/j.ecoleng.2017.06.060
0925-8574/© 2017 Elsevier B.V. All rights reserved.

(Dunn and Freeman, 2011; Freeman et al., 2012; Holden, 2005).
The actual mechanism allowing this carbon accretion, the ‘enzymic
latch’ (Fenner and Freeman, 2011; Freeman et al., 2001b), is so
called because the sequestration results from a suppression of the
normal enzymic decomposition pathways. This unusual stalling
of SOM breakdown is the result of a disproportionate concentra-
tion of enzyme-inhibitory phenolic compounds in the peat-matrix.
These accumulate due to constraints on phenol oxidase enzymes
(Freeman et al., 2001b) which impede activities of the major
agents of decomposition; namely, hydrolase enzymes (Freeman
et al.,, 2004). Removal of these limitations on phenol oxidases,
such as oxygen availability, temperature and pH, can initiate a bio-
geochemical cascade of degradation (Fenner and Freeman, 2011;
Freeman et al., 2001a, 1997, 2004). Conversely, manipulation or
strengthening of this enzymic latch has the potential to promote
enhanced peatland carbon sequestration (Freeman et al., 2012).
Such amplified suppression of decomposition in peat-soils would
increase SOM accumulation, maximise the carbon storage intensity
per unit area of peatlands and offer a new approach to geoengineer-
ing - acting as a cost efficient CO, removal (CDR) scheme (Royal
Society, 2009). We propose one method for doing this involves
altering the amount of light available for photosynthesis to peat-
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land plants. Preventing optimal rates of photosynthesis would
decrease root exudation and thus further lower phenol oxidase
activity in the rhizosphere.

Root exudation is part of the rhizodeposition process of plants
and involves the release of ions (eg. H*), inorganic acids, oxygen,
water and a wide-variety of carbon-based compounds, depending
on the species of plant and its age, along with external factors such
as biotic and abiotic stresses (Badri and Vivanco, 2009; Bais et al.,
2006). Known as the ‘rhizosphere priming effect’ (RPE; Kuzyakov,
2002) these rhizodeposits are known to affect microbial commu-
nities and their activities in the soil surrounding the roots (Shackle
et al.,, 2000) - an area known as the rhizosphere. Amplified rhi-
zodeposition has been shown to increase microbial activity in the
rhizopshere (Ogeretal.,2004), and as most phenol oxidases in peat-
soil are produced by bacteria (Burke and Cairney, 2002) and fungi
(Thormann, 2006; Fenner et al., 2005), it is likely these enzymes
will be affected too. Previous studies have shown that increased
rates of photosynthesis increase rhizodeposition (Graham et al.,
1982; Rovira, 1969); therefore by repressing photosynthetic activ-
ity, by altering the amount of light reaching peatland plants, it
may be possible to curtail microbial activity and the production
of phenol oxidase. The enzyme’s activity may also be suppressed
under sub-optimal photosynthesising conditions due to increased
soil hypoxia, as oxygen (essential for phenol oxidase activity)is also
a common root exudate (Bertin et al., 2003). The release of oxygen
from the roots of some wetland plants, known as radial oxygen loss
(ROL) has been shown to be correlated to photosynthetic activity
(Lai et al., 2012). We hypothesise that higher rhizodeposition will
lead to higher extracellular phenol oxidase activity.

The intensity of the light, or photon flux density (PFD), which
promotes optimal rates of photosynthesis, is different depending
on the plant species. Increasing the PFD beyond this point results
in photosynthetic saturation, as the rate of photosynthesis does not
increase, and eventually photoinhibitory damage, due to the over
excitation of the photosynthetic reaction centres (Bjorkman and
Demmig-Adams, 1994). It was not known what the optimal PFD
for photosynthesis was for the two vascular plant species used in
our study so 750 molm~2s~! was selected as it was the average
light intensity during the growing season at the chosen blanket bog
site in North Wales, UK (personal communication, CEH 2013).

Being a dominant peatland plant, the effect of light on Sphag-
num mosses was also investigated. As bryophytes, they do not have
roots in the same way as vascular plants, however; they do exude
organic carbon which can increase microbial activity in the peat-
soil (Fenner et al., 2004; Shackle et al., 2000). And with bryophytes
being generally shade-loving plants (Davey and Rothery, 1997), it
was hypothesised that phenol oxidase activities would be high-
est in bryophytic plants grown under lower light conditions, as
they would reach photosynthetic saturation, or even be affected
by photoinhibitory damage, at higher PFDs.

To investigate how varying the light intensity would affect phe-
nol oxidase activities in the rhizosphere of peatland plants through
rhizodeposition, intact peat mesocosms were collected from a blan-
ket bog in the UK and grown for six weeks under experimental
conditions in a specially constructed growth room. If it was discov-
ered that altering the PFD reaching peatland plants could increase
the levels of carbon sequestered by peatlands, it would require
methods to shade or intensify vast areas of land. However, as an
ecoengineering or ‘geoengineering’ project this may not be incon-
ceivable, in terms of physical practicability and/or expense, when
compared to other Solar Radiation Management (SRM) methods
currently being considered. These include increasing the albedo of
the desert, stratospheric aerosols and even the manufacture and
release of space-based reflectors (Royal Society, 2009). Indeed one
of the unintended consequences of some SRM projects may be a
reduction in the Photosynthetically Active Radiation (PAR) reaching

peatlands, creating the potential for additional carbon sequestra-
tion through a lowering of rhizospere priming.

2. Methods

Mesocosms of peat-soil (22,800 mm? x 220mm) and vegeta-
tion, were collected at the start of the summer from the Migneint
Valley in North Wales, UK. The area is a 200 km? Special Area of
Conservation, incorporating one of the largest areas of blanket bog
in Wales. The area is 460 m above sea level and is predominantly
a Sphagnum-rich, Calluna vulgaris (common heather) and Eriopho-
rum vaginatum (hare’s-tail cotton grass) dominant blanket mire,
with acid grasses on drier hillslopes, and Juncus effusus (soft rush)
in riparian areas. The underlying geology of the ombrotrophic bog
is a mixture of acid and basic volcanic rocks, Ordovician shales and
mudstones. Annual rainfall is 2400 mm and in the peat the water
table is usually within 100 mm of (and often at) the ground surface.
The study area has a pore water pH, at a depth of 100 mm, in the
range of 4.1-5.1. The mean peat depth across the site is 2000 mm
(Evans et al., 2012).

The mesocosms (held within black plastic containers) were
collected so that they were dominated by one of the three exper-
imental vegetative species - according to a score of 5 on the
Braun-Blanquet cover-abundance scale (Wikum and Shanholtzer,
1978). The species studied were mixed Sphagnum moss species,
Calluna vulgaris and Eriophorum vaginatum: referred to as Sphag-
num, Calluna and Eriophorum (respectively) throughout this study.
All groups of mesocosms containing one of the species were taken
from an area of approximately 25 m? and the entire study area was
approximately 100 m2.

Using one of the plastic containers with both ends removed as a
guide each monolith was carefully extracted, to ensure the surface
vegetation was kept intact and compaction of the soil was avoided
to prevent any changes to its physical structure.

Once the mesocosms had been collected (a total of 45, consisting
of 15 Sphagnum, 15 Calluna and 15 Eriophorum) they were returned
to the laboratory, approximately 30 miles from the study site. They
were placed in a climate controlled room (set to 18 °C) with com-
mercially available growth lights, set to give 12 h conditions of 1000
(+£20) molm=2s-1 PAR and 12h of darkness, for one week (a
Techone 600 w Energy Saving Digital Electronic Ballast fitted with
a high pressure sodium a dual spectrum lamp). Soil samples were
taken, 4 g, from a depth of 50 mm within the mesocosms, using a
10 mm soil-borer and taking care to minimise any disturbance to
the vegetation or soil structure.

The mesocosms of each species were then split into three groups
randomly assigned a light regime (with n =5) for the next six weeks
which meant they were either kept under the full 1000 (£20)

molm~2s-! PAR conditions, or they were shaded — using hor-
ticultural mesh - so they received 750 (+20) molm~2s~! PAR or
500 molm~2s-! PAR (Fig. 1). The levels of PAR were measured
using a LI-250A Light Meter, from a set point above the meso-
cosms regularly throughout the experiment. All other conditions
were kept the same. Water levels in the mesocosms were checked
daily and kept consistent with the level of the water table in field
at time of collection, using laboratory prepared distilled water.

The activity of extracellular phenol oxidases in the peat-soil
from the different mesocosms was determined every week using
10 mM L-DOPA (dihydroxy phenylalanine) (Sigma-Aldrich Co., Ltd,
Dorset) solution as a substrate, based on the procedure of Pind et al.
(1994), Williams et al. (2000) and Dunn et al. (2014). Peat samples
for the analyses were taken randomly from a depth of 5cm from
every mesocosm.

The concentration of water extractable phenolics from the peat
samples were assayed every week using a modified version of the
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Fig. 1. Setup of experiment with mesocosms (grey boxes) containing A =Sphagnum species; B =Eriophorum; C= Calluna. PAR values presented in molm=2s~"-

spectrophotometric method developed by Box (1983). It has been
suggested that there is no single optimal protocol for quantification
of total phenolic concentrations (Yu and Dahlgren, 2000). How-
ever, we selected the Folin-Ciocalteau method because it has been
shown to be superior to most other methods (Yu and Dahlgren,
2000) and has been used previously for similar peat-soil samples
(Fenner et al., 2005; Freeman et al., 2004). Although the method
may have limitations (Yu and Dahlgren, 2000), because we ensured
the same extraction and quantification methods were applied to all
peat samples, comparisons should prove reliable.

Relationships between variables were measured using Pearson’s
correlation coefficient (r), while significant differences between
results were determined by independent one-way analysis of vari-
ance (ANOVA) tests and repeated measure ANOVAs. All statistical
tests were performed using PASW Statistics 18 (currently IBM SPSS;
IBM Corporation, New York, USA).

3. Results

The results from Fig. 2 and analysis using repeated measures
ANOVAs suggest that for all three plant species investigated there
were no statistically significant differences on the effect of light
intensity on phenol oxidase activity over the six week experimen-
tal time period (Fig. 2): Sphagnum, F (8.16, 48)=1.448, p=0.207,
Eriophorum, F(9.22,36)=1.797,p=0.105; Calluna, F(10,48) =1.545,
p=0.153. There was also no significant differences, for any of the
species (Sphagnum (F (2, 14)=2.601, p=0.115)); Eriophorum F (2,
5.9)=3.056, p=0.123; Calluna (F (2, 14)=0.453, p=0.646), when
only the final week’s enzyme activities were taken into account
for each of the three light intensities. However, when all the
weekly results were combined for the respective plant species
and light intensity groups (Fig. 3), a series of one-way ANOVAs
indicated that there was statistically less phenol oxidase activ-
ity in the rhizospheres from the Calluna mesocosms at 50% full
light (M=0.03 moldicqg~! min—!, SE=0.004), compared to those
under full light conditions (M =0.05,SE=0.007): F(2,64.35)=5.157,
p=0.008, with a relevant planned contrast of t (64.49)=-1.170,
p=0.004.

The light treatments only changed the final phenol oxidase
activity in the rhizosphere of the Calluna mesocosms, with all the
samples showing a decline (F (3, 12.5)=13.488, p<0.001), com-
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Fig. 2. Phenol oxidase activity in the rhizosphere of different peatland plant species
over a six week period under varying light conditions. Peat-soil samples taken from
a depth of 5cm from mesocosms containing A =Sphagnum species; B=Eriophorum;
C=_Calluna. Mean averages are shown (n=5) and error bars indicate + standard error.
The different scales of the y-axes, and initial activities, should be noted when making
comparisons.
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Fig.4. Water extractable phenolic compound concentrations (mgL-1) from the rhi-
zosphere of different peatland plant species over a six week period under varying
light conditions. Peat-soil samples taken from a depth of 5 cm from mesocosms con-
taining A = Sphagnum species; B = Eriophorum; C = Calluna. Mean averages are shown
(n=5)and error bars indicate + standard error. The different scales of the y-axes, and
initial concentration levels, should be noted when making comparisons.

pared to before the light treatments were administered. In both the
Sphagnum and Eriophorum mesocosms, activities remained statis-
tically unaltered after six weeks.

Water extractable phenolic concentrations from the rhizo-
spheres of the different plant groups were also not affected by light
intensity, with all three intensities showing no significant differ-
ence from each other over the six weeks (Fig. 4): Sphagnum, F(9.77,
46)=0.837, p=0.594; Eriophorum, F (8.93, 48)=1.887, p=0.081;
Calluna, F(9.55,48)=0.612, p=0.789. There were also no significant

Table 1

Water extractable phenolic concentrations (mgL~") in the rhizosphere of peatland
plant species. Mean averages from the entire six week experiment are shown (n=35)
in bold. Error bars (in parentheses) indicate & one standard error.

Sphagnum Eriophorum Calluna
100% full light 1.990 2.163 2119
(0.138) (0.215) (0.160)
75% 2.002 2.606 1.917
(0.176) (0.265) (0.140)
50% 2.042 2.605 2171
(0.176) (0.255) (0.165)

differences, for any of the plant species, when the mean average of
the phenolic concentrations (over the six week time period) were
taken into account for each of the three light intensities (Table 1).
Unlike, the enzyme results though all the samples taken from the
plant groups, irrespective of the intensity of the light they received,
showed a significant change in phenolic concentration at the end of
the experiment, compared to the start. Data from Week 0 and Week
6 indicated that phenolic concentrations in the Sphagnum (F (3,
26)=6.134, p=0.003) and Eriophorum (F (3, 24)=8.226, p=0.001)
rhizospheres all declined after six weeks, while they increased in
the Calluna (F (3, 26)=23.62, p<0.001) samples.

When the phenol oxidase activity of all the plant species
from the final week of the experiment (week six) were grouped
together and plotted against their relevant phenolic concentrations
(Fig. 5), there was a statistically significant negative correla-
tion for those mesocsoms kept in 100% light and those kept in
75% light (r=-0.69, p (one-tailed)=0.005, and r=—-0.608, p (one-
tailed) = 0.018, respectively), albeit of a moderate size. There was no
statistically significant correlation between phenol oxidase activity
and phenolic concentrations at 50% full light: r=—-0.395, p (one-
tailed)=0.073.

By amalgamating all the weekly results for peat-soil phenol
oxidase activity for each plant species under the separate light
intensity treatments, differences between species were identified
(Fig. 3). At 100% full light there were statistically significant dif-
ferences between the species (F (2, 55.9)=9.161, p<0.001), and
post hoc comparisons, using the Games-Howell test, revealed that
the enzyme activity in the rhizosphere of the Calluna mesocosms
were significantly less than the Sphagnum (p=0.016) and Eriopho-
rum (p=0.003) samples. Both the other two light treatments, 75
and 50% full light, showed the same effects (F (2, 50.73)=30.099,
p<0.001 and F (2, 48.78)=19.391, p<0.001, respectively) with the
former also indicating that Sphagnum samples had significantly less
phenol oxidase activity than those from the Eriophorum mesocosms
(p<0.001). When phenolic concentrations (Table 1) were analysed
in a similar way, no significant differences were observed between
species.

4. Discussion

It has long been accepted that light intensity affects vascu-
lar plant root exudates into the rhizosphere. Higher light levels,
and the associated higher rates of photosynthesis, generally result
in increased rhizodeposition (Graham et al., 1982; Rovira, 1969)
including the release of CO, (Kuzyakov and Cheng, 2001) and oxy-
gen (Christensen et al., 1994; Sorrell, 1999). As root exudates can
substantially increase microbial activity in the rhizosphere (Oger
et al., 2004; Shackle et al., 2000) it was hypothesised that when
light levels were optimal for photosynthesis by the species, pro-
duction and release of phenol oxidases would increase from the
communities of bacteria (Fenner et al., 2005) and fungi (Burke and
Cairney, 2002) and even from the plants themselves (Gramss et al.,
1999). When coupled with root oxygen release, raising the redox
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Fig. 5. Investigating the relationship between phenol oxidase activity and water
extractable phenolic compound concentrations from the rhizosphere of a blanket
bog under varying light conditions. Peat-soil samples taken from a depth of 5cm
from mesocosms containing Sphagnum, Eriophorum, and Calluna species. Data for
all species, from week six, are shown in each graph. A=100% full light; B=75% full
light; C=50% full light. The different scales of both the y- and x-axes should be noted
when making comparisons.

potential of the soil, these conditions would increase the enzyme’s
measurable activity in the peat-soil by ‘opening’ the enzymic latch
(Freeman et al., 2001b). The same was predicted in the meso-
cosms containing Sphagnum species, as although being bryophytes
and not having roots like higher plants, Sphagnum species are also
known to exude organic carbon which can increase microbial activ-
ity in the peat (Fenner et al., 2004). However, our results showed
that the only significant effect photon density had on phenol oxi-
dase activities were found when the mean average of the whole
six weeks was considered, with Calluna samples at 50% full-light
showing a 43% drop in activity compared to those at 100% full-light
(Fig. 3).

Otherwise there were no significant differences in the enzyme’s
activity between the photon density treatments for any of the
plants over the experimental time period. This could indicate that
none of the range of light levels we used were optimal for photosyn-
thesis in any of the species, although this is not possible to conclude
conclusively without photosynthesis and accurate growth rate
data, but it should still have been possible to identify differences
between those samples at full light (250 molm~2s-! above the
equivalent of a bright sunny day) compared to those shaded and
only receiving 50% full light (or 250 molm~2s~! less than a sunny
day). It may have been possible that light treatments were actu-
ally having an effect on rates of photosynthesis and root exudation
levels, but any effect on phenol oxidase activity was offset by a cor-
related release of phenolic compounds, exuded from the roots of
the Calluna or Eriophorum (Dakora and Phillips, 2002) and Sphag-

num tissues (Rasmussen et al., 1995). These inhibitory chemicals
would have suppressed the activity of hydrolase enzymes and the
further release of inorganic nutrients needed by phenol oxidase-
producing microorganisms (Fenner and Freeman, 2011). However,
this explanation seems unlikely as we did not observe any signifi-
cant differences in leachable phenolic compound concentrations
for the light treatments in any of the plant species (Fig. 3 and
Table 1).

Calluna was the only species to show an overall decline in phe-
nol oxidase activity over the six week experimental time period
(Fig. 2), corresponding with an overall increase in leachable phe-
nolic compound concentrations (Fig. 4). This could be due to the
observed structure and morphology of Calluna roots, the roots hairs
of which were at a greater depth than Eriophorum or Sphagnum.
Therefore any increase in phenol oxidase activity may: 1) not have
been measurable with our sampling regime and 2) been suppressed
by increased anaerobic conditions found at greater depths in the
peat-soil profile. Indeed, average phenol oxidase activities were
found to be lower in all the Calluna samples compared to the other
two plant species investigated (Fig. 3).

To answer the main question of our study, our results suggest
that light intensity does not universally regulate phenol oxidase
activity in the rhizosphere of a blanket bog. Interestingly though we
did observe significant differences in the enzyme activity between
the plant species themselves. For all light regimes, Eriophorum had
the higher phenol oxidase activities, followed by Sphagnum and
then Calluna (Eriophorum >Sphagnum > Calluna). If phenol oxidase
activity is used as a proxy for the decomposition of organic matter,
and thereby release of both gaseous (CO,) and aqueous (dissolved
organic carbon, DOC) carbon from peatlands (Freeman et al., 2004),
our results suggest that Calluna (heather) is the most desirable plant
species to maximise the ecosystem’s carbon sequestration capabil-
ities. With lower phenol oxidase activities allowing the build-up of
hydrolase enzyme-inhibitory phenolic concentrations (Fenner and
Freeman, 2011).

Before conclusions are drawn about the potential of altering
light-densities across areas of peatland for geoengineering projects,
further interdisciplinary research should be undertaken to continue
the work of this pilot study. For instance, rates of photosynthesis
must be measured, and a wider range of photon densities should
be used including going lower than 500 molm~2s-! and higher
than1000 molm~2s~!,inorder to determine where each wetland
plant species has its maximum and minimum photosynthetic rate
and where they reach photosynthetic light saturation. It should also
be investigated as to whether the use of horticultural mesh affected
the spectrum of light reaching the plants. Other factors such as tem-
perature and vapour pressure (Goodrich et al., 2015) may also be
having an effect on controlling photosynthesis and these should be
monitored and accounted for in any future experiments. It’s pos-
sible that light is not the main driver controlling photosynthesis
and this may therefore account for the lack of a clear relationship
between light and phenol oxidase activity.

Alongside phenol oxidase and phenolic compound concentra-
tion measurements, carbon pathways must also be analysed from
the samples with regular CO, fluxes and DOC measurements being
taken.

Our results do provide support for the use of the enzymic latch
mechanism to supress organic matter decomposition in peatlands,
with the significant negative correlations between phenol oxi-
dase activities and leachable phenolic compound concentrations
observed for 100% and 75% full-light treatments, when the results of
all the plant species were amalgamated (Fig. 5). These observations
are consistent with previous work, which looks at the relation-
ship between phenolic compounds and phenol oxidase (Fenner
and Freeman, 2011; Freeman et al., 2001a,b, 2004) and confirms
that when phenol oxidase activity is low phenolics accumulate.

Please cite this article in press as: Dunn, C,, et al., Investigating whether light intensity can modify decomposition rates in peatlands
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Therefore, our study suggests the most promising application of
peatland plants, if they were to be used in an ecoengineering
or geoengineering project, would be to selectively encourage the
growth of certain species in order to minimise the activity of phe-
nol oxidases in the peat soil as supported by Dunn et al. (2016).
We would suggest the order of peatland plants to achieve max-
imised suppression of organic matter decomposition is therefore;
Calluna > Sphagnum > Eriophorum.

Acknowledgments

This research was funded by the Knowledge and Economy
Skills Scholarship, which is part funded by the European Social
Fund through the European Union’s Convergence programme and
administered by the Welsh Assembly Government. We would also
like to thank George Meyrick of Energy and Environment Business
Services for supporting this research.

References

Badri, D.V., Vivanco, ].M., 2009. Regulation and function of root exudates. Plant Cell
Environ. 32, 666-681.

Bais, H.P., Weir, T.L., Perry, L.G., Gilroy, S., Vivanco, J.M., 2006. The role of root
exudates in rhizosphere interations with plants and other organisms. Annu.
Rev. Plant Biol. 57, 233-266.

Bertin, C., Yang, X.H., Weston, L.A., 2003. The role of root exudates and
allelochemicals in the rhizosphere. Plant Soil 256, 67-83.

Bjorkman, O., Demmig-Adams, B., 1994. Regulation of photosynthetic light energy
capture, conversion, and dissipation in leaves of higher plants. Ecophysiol.
Photosynth. 100, 17-47.

Box, ].D., 1983. Investigation of the Folin-Ciocalteau phenol reagent for the
determination of polyphenolic substances in natural-waters. Water Res. 17,
511-525.

Burke, R.M., Cairney, ].W.G., 2002. Laccases and other polyphenol oxidases in ecto-
and ericoid mycorrhizal fungi. Mycorrhiza 12, 105-116.

Christensen, P.B., Revsbech, N.P., Sandjensen, K., 1994. Microsensor analysis of
oxygen in the rhizosphere of the aquatic macrophyt Littorella uniflora</it> (L.)
ascherson. Plant Physiol. 105, 847-852.

Clymo, R.S,, Turunen, J., Tolonen, K., 1998. Carbon accumulation in peatland. Oikos
81, 368-388.

Clymo, R.S., 1984. The limits to peat bog growth. Philos. Trans. R. Soc. Lond. Ser.
B-Biol. Sci. 303, 605-654.

Dakora, F.D., Phillips, D.A., 2002. Root exudates as mediators of mineral acquisition
in low-nutrient environments. Plant Soil 245, 35-47.

Davey, M.C., Rothery, P., 1997. Interspecific variation in respiratory and
photosynthetic parameters in Antarctic bryophytes. New Phytol. 137, 231-240.

Dunn, C., Freeman, C., 2011. Peatlands: our greatest source of carbon credits?
Carbon Manage. 2, 289-301.

Dunn, C., Jones, T., Girard, A., Freeman, C., 2014. Methodologies for extracellular
enzyme assays from wetland soils. Wetlands 34 (1), 9-17.

Dunn, C,, Jones, T.G., Roberts, S., Freeman, C., 2016. Plant species effects on the
carbon storage capabilities of a blanket bog complex. Wetlands 36 (1), 47-58.

Evans, C.D., Jones, T.G., Burden, A., Ostle, N., Zielinski, P., Cooper, M.D.A., Peacock,
M,, Clark, .M., Oulehle, F., Cooper, D., Freeman, C., 2012. Acidity controls on
dissolved organic carbon mobility in organic soils. Global Change Biol. 18,
3317-3331.

Fenner, N., Freeman, C., 2011. Drought-induced carbon loss in peatlands. Nat.
Geosci. 4, 895-900.

Fenner, N., Ostle, N., Freeman, C., Sleep, D., Reynolds, B., 2004. Peatland carbon
afflux partitioning reveals that Sphagnum photosynthate contributes to the
DOC pool. Plant Soil 259, 345-354.

Fenner, N., Freeman, C., Reynolds, B., 2005. Hydrological effects on the diversity of
phenolic degrading bacteria in a peatland: implications for carbon cycling. Soil
Biol. Biochem. 37, 1277-1287.

Freeman, C,, Liska, G., Ostle, N.J., Lock, M.A., Hughes, S., Reynolds, B., Hudson, ].,
1997. Enzymes and biogeochemical cycling in wetlands during a simulated
drought. Biogeochemistry 39, 177-187.

Freeman, C,, Evans, C.D., Monteith, D.T., Reynolds, B., Fenner, N., 2001a. Export of
organic carbon from peat soils. Nature 412, 785-785.

Freeman, C., Ostle, N., Kang, H., 2001b. An enzymic ‘latch’ on a global carbon store
- a shortage of oxygen locks up carbon in peatlands by restraining a single
enzyme. Nature 409, 149-149.

Freeman, C., Ostle, N.J., Fenner, N., Kang, H., 2004. A regulatory role for phenol
oxidase during decomposition in peatlands’. Soil Biol. Biochem. 36, 1663-1667.

Freeman, C., Fenner, N., Shirsat, A.H., 2012. Peatland geoengineering: an alternative
approach to terrestrial carbon sequestration. P Hilos. Trans. Ser. A Math. Phys.
Eng. Sci. 370, 4404-4421.

Goodrich, J.P., Campbell, D.I., Clearwater, M.]., Rutledge, S., Schipper, L.A., 2015.
High vapor pressure deficit constrains GPP and the light response of NEE at a
Southern Hemisphere bog. Agric. For. Meteorol. 203, 54-63.

Gorham, E., 1991. Northern Peatlands - role in the carbon-cycle and probable
responses to climatic warming. Ecol. Appl. 1, 182-195.

Graham, J.H., Leonard, R.T., Menge, J.A., 1982. Interaction of light-intensity and
soil-temperature with phosphorus inhibition of vesicular-arbuscular
mycorrhiza formation. New Phytol. 91, 683-690.

Gramss, G., Voigt, K.D., Kirsche, B., 1999. Oxidoreductase enzymes liberated by
plant roots and their effects on soil humic material. Chemosphere 38,
1481-1494.

Holden, J., 2005. Peatland hydrology and carbon release: why small-scale process
matters. Philos. Trans. R. Soc. A Math. Phys. Eng. Sci. 363, 2891-2913.

Kayranli, B., Scholz, M., Mustafa, A., Hedmark, A., 2010. Carbon storage and fluxes
within freshwater wetlands: a critical review. Wetlands 30, 111-124.

Kuzyakov, Y., Cheng, W., 2001. Photosynthesis controls of rhizosphere respiration
and organic matter decomposition. Soil Biol. Biochem. 33, 1915-1925.

Kuzyakov, Y., 2002. Review: factors affecting rhizosphere priming effects. J. Plant
Nutr. Soil Sci. 165, 382-396.

Lai, W.-L,, Zhang, Y., Chen, Z.-H., 2012. Radial oxygen loss, photosynthesis, and
nutrient removal of 35 wetland plants. Ecol. Eng. 39, 24-30.

Oger, P.M., Mansouri, H., Nesme, X., Dessaux, Y., 2004. Engineering root exudation
of lotus toward the production of two novel carbon compounds leads to the
selection of distinct microbial populations in the rhizosphere. Microb. Ecol. 47,
96-103.

Pind, A., Freeman, C., Lock, M.A., 1994. Enzymatic degradation of phenolic
materials in peatlands - measurement of Phenol Oxidase activity. Plant Soil
159, 227-231.

Rasmussen, S., Wolff, C., Rudolph, H., 1995. Compartmentalization of phenolic
constituents i Sphagnum. Phytochemistry 38, 35-39.

Rovira, A.D., 1969. Plant root exudates. Bot. Rev. 35, 35-57.

Royal Society, 2009. Geoengineering the Climate. Science, Governance and
Uncertainty. The Royal Society, London.

Shackle, VJ., Freeman, C., Reynolds, B., 2000. Carbon supply and the regulation of
enzyme activity in constructed wetlands. Soil Biol. Biochem. 32, 1935-1940.

Sorrell, B.K., 1999. Effect of external oxygen demand on radial oxygen loss by
Juncus roots in titanium citrate solutions. Plant Cell Environ. 22, 1587-1593.

Thormann, M.N., 2006. The role of fungi in Boreal peatlands. Boreal Peatland
Ecosyst. Ecol. Stud. 188, 101-123.

Wikum, D.A., Shanholtzer, G.F., 1978. Application of Braun-Blanquet
cover-abundance scale for vegetation analysis in land-development studies.
Environ. Manage. 2, 323-329.

Williams, C.J., Shingara, E.A., Yavitt, ].B., 2000. Phenol oxidase activity in peatlands
in New York State: response to summer drought and peat type. Wetlands 20,
416-421.

Worrall, F., Burt, T., Shedden, R., 2003. Long term records of riverine dissolved
organic matter. Biogeochemistry 64, 165-178.

Yu, Z., Dahlgren, R.A., 2000. Evaluation of methods for measuring polyphenols in
conifer foliage. J. Chem. Ecol. 26, 2119-2140.

Yu, Z., Loisel, ]., Brosseau, D.P., Beilman, D.W., Hunt, S.H., 2010. Global peatland
dynamics since the last Glacial Maximum. Geophys. Res. Lett. 37, 1-5.

Please cite this article in press as: Dunn, C,, et al., Investigating whether light intensity can modify decomposition rates in peatlands
through control of the ‘enzymic latch’. Ecol. Eng. (2017), http://dx.doi.org/10.1016/j.ecoleng.2017.06.060



dx.doi.org/10.1016/j.ecoleng.2017.06.060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0005
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0010
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0015
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0020
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0025
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0030
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0035
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0040
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0040
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0040
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0040
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0040
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0040
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0040
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0040
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0040
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0045
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0050
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0055
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0060
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0065
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0070
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0075
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0080
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0080
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0080
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0080
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0080
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0080
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0080
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0080
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0080
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0080
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0080
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0085
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0090
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0095
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0100
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0105
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0110
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0115
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0120
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0125
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0130
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0135
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0140
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0145
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0150
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0155
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0160
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0165
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0170
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0175
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0175
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0175
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0175
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0175
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0175
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0175
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0175
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0175
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0175
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0175
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0180
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0180
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0180
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0180
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0180
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0180
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0180
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0180
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0180
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0185
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0185
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0185
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0185
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0185
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0185
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0185
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0185
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0185
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0185
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0185
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0190
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0195
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0200
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0205
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0210
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0215
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0220
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225
http://refhub.elsevier.com/S0925-8574(17)30388-9/sbref0225

	Investigating whether light intensity can modify decomposition rates in peatlands through control of the ‘enzymic latch’
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	Acknowledgments
	References


