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Abstract

Of the organic matter in soils typically < 1% byigi is dissolved in the soil solution
(dissolved organic matter; DOM). DOM is a continuafmmolecules of various sizes
and chemical structures which has largely beenatipsally defined as the fraction of
total organic carbon in an aqueous solution thases through a 0.45 pum filter.
Although only representing a relatively small profmm, it represents the most mobile
part of soil organic carbon and is probably ennchéth highly labile compounds.
DOM acts as a source of nutrients for both soil agdatic micro-organisms, influences
the fate and transport of organic and inorganidamaimants, presents a potential water
treatment problem and may indicate the mobilisatiate of key terrestrial carbon
stores. The objective of this research was to tsoesome of the biologically relevant
characteristics of soil DOM and specifically to efaine: (1) the influence of method
and time of extraction of DOM from the soil on igochemical composition and
concentration; (2) the dynamics of DOM biodegranfgtiand, (3) the effects of
repeated applications of trace amounts of DOM om tate of soil carbon

mineralization.

To examine the influence of method and time of aotion on the composition and
concentration of DOM, soil solution was collectedr a raised peat bog in Central
Scotland using water extraction, field suction nysiry, and centrifugation techniques
on a bimonthly basis over the period of a year (R003 — Jun 2004). Samples were
analysed for dissolved organic carbon (DOC), dis=mblorganic nitrogen (DON),

protein, carbohydrate and amino acid content. Hoofathe sampled months except
June the biochemical composition of DOC varied vextraction method, suggesting
the biological, chemical and/or physical influenaas DOC production and loss are
different within the differently sized soil poregVater-extractable DOC generally
contained the greatest proportion of carbohydrptetein and/or amino acid of the
three extraction methods. Time of extraction haiaificant effect on the composition
of water- and suction-extracted DOC: the total ¥bohydrate + protein + amino acid
C was significantly higher in Oct than Dec, Feb dod for water-extracted DOC and

significantly greater in Dec than Aug, Apr and Jon suction-extracted DOC. There



was no significant change in the total % carbohydra protein + amino acid C of
centrifuge-extracted DOC during the sampled yeameTof extraction also had a
significant effect on the % protein + amino acidrwater- and centrifuge-extracted
DON: Oct levels were significantly higher than F&ls water-extracted DON and
significantly higher in Aug and Apr for centrifugedracted DON. Concentrations of
total DOC and total DON were also found to be deleah on time of extraction. DOC
concentrations showed a similar pattern of vanetiwer the year for all methods of
extraction, with concentrations relatively constimtmost of the year, rising in April to
reach a peak in Jun. DON concentrations in wated centrifuge-extracted DON
peaked later, in Aug. There were no significanseeal changes in the concentration of
suction-extracted DON. A lack of correlation betwd2OC and DON concentrations

suggested that DOC and DON production and/or lossiader different controls.

Laboratory-based incubation experiments were choig to examine the dynamics of
DOC biodegradation. Over a 70 day incubation pedb@CFC, the DOM from two
types of peat (raised and blanket) and four samgdl@smineral soil (calcaric gleysol),
each previously exposed to a different managemémtegy, were found to be
comprised of a rapidly degradable pools (half-IBe- 8 days) and a more stable pool
(half-life: 0.4 to 6 years). For all soil typesétenents, excepting raised peat, the total
net loss of DOC from the culture medium was gretdtan could be accounted for by
the process of mineralization alone. A comparisetwien net loss of DOC and loss of
DOC to CQ and microbial biomass determined by direct micopscsuggested that at
least some of the differences between DOC mineglénd net DOC loss were due to
microbial assimilation and release. Changes in rtiierobial biomass during the
decomposition process showed proliferation followsddecline over 15 days. The
protein and carbohydrate fractions showed a compétern of both degradation and

production throughout the incubation.

The effects of repeated applications of trace ansoahlitter-derived DOC on the rate
of carbon mineralization over a 35 day period wekestigated in a laboratory based
incubation experiment. The addition of trace amsuftlitter-derived DOC every 7 and

10.5 days appeared to ‘trigger’ microbial activibausing an increase in GO



mineralisation such that extra C mineralised exededOC additions by more than 2
fold. Acceleration in the rate of extra C mineratls7 days after the second addition
suggested that either the microbial production aizyenes responsible for
biodegradation and/or an increase in microbial lsissnare only initiated once a critical
concentration of a specific substrate or substrhgssbeen achieved. The addition of
‘DOC + nutrients’ every 3.5 days had no effect lo@ total rate of mineralization.

To date DOC has tended to be operationally defimecbrding to its chemical and

physical properties. An understanding of the contjpes production and loss of DOC

from a biological perspective is essential if we & be able to predict the effects of
environmental change on the rate of mineralizabibsoil organic matter. This research
has shown that the pools of DOC extracted, usingethlifferent methods commonly
used in current research, are biochemically distared respond differently to the
seasons. This suggests some degree of compartmsatna of biological processes
within the soil matrix. The observed similaritiegtwveen the characteristics of the
decomposition dynamics of both peatland and aduicaill DOC suggests that either
there is little difference in substrate quality eeén the two systems or that the
microbial community have adapted in each case tgimise their utilisation of the

available substrate. The dependency of the coratenirand biochemical composition
of DOC on the seasons requires further work to résicewhich biotic and/or abiotic

factors are exerting control. Published research feussed on factors such as
temperature, wet/dry cycles, and freeze/thawing &fifect of the frequency of doses of
trace amounts of DOC on increasing the rate of agénic C mineralization, evident
from this research, suggests that the interval éetwperiods of rainfall may be
relevant. It also emphasises how it can be usefulse knowledge of a biological
process as the starting point in determining wtiagdiors may be exerting control on

DOC production and loss.
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Dissolved Organic Carbon in Soils: An Introduction Chapter 1

Chapter 1: An Introduction to Dissolved Organic Matter in

Solls

1.1. Organic Matter in Soils

Terrestrial soils contain some 1500 X Mt of organic carbon, roughly double that in
plants or in the atmosphere (Buringh, 1984). Thewrhof carbon in the soils of Great
Britain is estimated to be 9838 Mt (6948 Mt in Sand and 2890 Mt in England and
Wales), over 80 times greater than the 113.8 Mitnesed to be stored in the vegetation
(Milne and Brown, 1997). This organic matter rangesn the living organisms in the

soil, the soil biomass, through undecayed plant amdhal tissues and intermediate
products of decomposition, to a fairly stable, hgemous brown to black material,
referred to as humus, which shows little trace h&f structures from which it was

derived.

Soil organic matter typically accounts for 5% oé tiotal soil volume, although this can
be highly variable (Sylvia et al., 1998). Values fotal organic carbon in two Swedish
agricultural systems, one typical of an agricultwweop and the other typical of a
perennial crop, equated to approximately 100 00@Kga'. Of this total, shoots and
surface litter accounted for 3.72 — 4.02 % of wealf the soil microbial biomass 3.14
%, roots 0.68 - 4.65 %, and metazoan fauna (artii®pnematodes, enchytraeids and
earthworms) 0.01 — 0.06 % (Paul and Clark, 1996 @ctual amount of organic C
contained in a particular soil is a function of tredance between the rate of deposition
of plant residues in or on the soil and the ratenoferalisation of the C residue by soil

biomass. Losses by erosion or leaching may befgignt in some cases (Baldock and
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Nelson, 2002). With the exception of peatland aetlamd soils, which accumulate 0.1-
0.3 Pg C yi* globally (Post et al., 1990), organic C levelsruu increase indefinitely

but tend toward equilibrium (Baldock and NelsonQ2pD

Plant residues provide the primary resources fgawic matter formation in soil. The
amount of plant litter, its composition and its wheal properties are essential
controlling factors for the formation and decompiosi of soil organic matter in
terrestrial ecosystems (Swifit al, 1979). A considerable proportion of the organic
material becomes incorporated into the soil beloougd as root litter or through the
process of rhizodeposition (Kdgel-Knabner, 2008)fdrest soils the contribution of
root litter to the input of organic matter in therdst floor in cool-temperate climates
varies between 20-50%, depending on the tree spacie the life form (evergreen or
deciduous) (Vogtet al, 1986). The contribution of animal residues td soganic
matter formation is relatively small (Kogel-Knabn&002), although soil animals,
particularly invertebrates, do play an essentibd no controlling litter decomposition in

soils (Wolters, 2000).

As soil organic C is the main substrate for soitmmorganisms, the turnover of organic
carbon in the soil is determined by the activitytted soil microbial biomass. Although
representing just 1-2 % of the total organic carbonsoil (Killham, 1994), the

saprophytic soil microbes are the driving forcahe carbon cycle (Paul and Voroney,
1980). When organic residues are added to so#s, gimple organic constituents e.g.
amino acids and simple sugars, are either direetken up by the microbes and

oxidised during the process of respiration to,@D assimilated for the biosynthesis of
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new cellular material. More complex polymers sushceallulose are also microbially
broken down by microbes to release readily oxidisedassimilated monomers. As
decomposition progresses, the more resistant coem®riend to accumulate and
reactive compounds are generated, some resultoyy fmicrobial modification of

decomposing plant constituents and others fronptbduction of microbial metabolites
(Sylvia et al.,, 1998). Reactive aromatic compourelg. phenolics, enter into
condensation reactions to form new polymeric mal®rioften more resistant to
decomposition than the original plant tissues (Bybt al., 1998). This process is called

humification and the relatively stable (recalcityanaterial referred to as humus.
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1.2. Dissolved Organic Matter (DOM) in Soils

1.2.1 What is DOM?

Dissolved organic matter (DOM) of soils is usuaferationally defined as the fraction
of total organic matter in an aqueous solution gasses through a 0.45 pum filter. That
which remains on the filter is defined as partitailarganic matter. As the boundaries
between dissolved, colloidal and particulate ma#tex not clear, particularly at the

larger, less polar end of the range of organic mués (Baldock and Nelson, 2002),
DOM is regarded as a continuum of organic molecafegarious sizes and structures
(Kalbitz and Geyer, 2002), which may include calllisuspensions (Moore, 1998). It
includes both low molecular weight molecules suslsienple carbohydrates and amino
acids, as well as more complex, high molecular atedgmpounds largely derived from

microbial metabolites and decomposition producttigsfin and lignocellulose (Qualls

and Haines, 1992)(Guggenberggral, 1994; Koivula and Hanninen, 2001; Kisel and

Drake, 1999)

1.2.2 Extraction Methods

In the field, methods of extraction of soil wateclude the use of tension or zero—
tension porous cups, percolation trays or wicknheters. In the laboratory DOM has
been extracted by leaching undisturbed cores oacke columns, by forcing soil
solution through a porous membrane using a vacuucemrifugal force or by shaking
air-dried or field-moist soil with water, dilute Isaor alkali solutions followed by
separation of the solution by centrifugation otrdilion. These different methods

frequently used in current research may each beplsagndifferent biochemical
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compartments of the soil DOM. Criticisms of thesetinods and reasons why each may

only be sampling a fraction of whole soil DOM aisadissed in Chapter 2 (section 2.1).

1.2.3 Chemical Composition

Most analyses of the chemical composition of DOMehtocused on quantification of
the total organic carbon (dissolved organic cari@@C) and/or the relative amounts
and characteristics of fractions separated by ddlpin dilute solutions of NaOH and
HCI or sorption chromatography. Classically, alkediracted soil organic matter was
fractionated into humic and fulvic acids based @nsplubility in dilute solutions of
NaOH and HCI. Characterisation by liquid staf€-NMR spectroscopy, however,
showed that water-soluble organic matter is sigaiftly different from alkali-extracted
humic and fulvic acids (Herbert and Bertsch, 199&ter soluble organic matter has a
higher proportion of O-alkyl-C, reflecting the peese of polysaccharides and aliphatic
acids and a lower proportion of aromatic C thawitubnd humic acids (Novak and

Bertsch, 1991).

Sorption chromatography separates DOM according ttee charge and
hydrophilic/hydrophobic tendencies of its constitisg using non-ionic and ionic
exchange resins (Leenheer, 1981). The componeri¥OM are therefore defined by
their hydrophobic acid, hydrophobic base, hydrophofeutral, hydrophilic acid,
hydrophilic base and hydrophilic neutral propertigsoperties that regulate their
interaction with soil surfaces (Qualls and Haing891). This technique has shown
DOM to be typically dominated by hydrophobic anddtophilic acid fractions, for

example 75 % total DOM in a forest floor under ggristands (Qualls and Haines,



Dissolved Organic Carbon in Soils: An Introduction Chapter 1

1991) and 79-86 % total DOM in the organic horizofgodzols (Cronan and Aiken,

1985; Vance and David, 1989) had hydrophobic anttdphilic acid properties.

Various methods have been used to characterisgofiated and un-fractionated DOM
at the molecular level. Some have involved pyraslysir chemical or catalytic
depolymerisation e.g. acid-hydrolysis of polysacides and CuO oxidation of lignin,
followed by separation and quantification of theidives using a gas chromatograph
(GC) equipped with a flame ionisation detector .(€Kpiser et al, 2001)) or mass

spectrometer (GC/MS) (e.g. (Huamg al, 1998)) to measure quantities of specific

molecules. Other methods have included liquidestaticlear magnetic resonance
spectroscopy (NMR) ofH (Kaiseret al, 2002; Kalbitzet al, 2003a) and>C isotopes
(Guggenbergeet al, 1994; Kaiserret al, 2001) to assess the quantity and distribution
of specific functional groups within a sample and &bsorbance at 280 nm to estimate
changes in aromaticity (Kalbitet al, 2003b). Examples of the types of information on
the chemical structure of DOC elucidated usingeheshniques is illustrated in Figure

1.

Several studies have shown that the both the clamaharacteristics and
concentrations of DOC show seasonal variation @ags al, 2001; Marschner and
Kalbitz, 2003; Nelsoret al, 1994), however there is little information on geasonal
variation exhibited by biologically significant c@omnents such as total dissolved

organic nitrogen (DON), carbohydrates, amino-aeias proteins.
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Figure 1 Example analyses of the chemical composition of DOM



Dissolved Organic Carbon in Soils: An Introduction Chapter 1

1.2.4 Significance and Importance

DOM represents only a relatively small proportion I %) of soil organic matter

(Killham, 1994), however it represents the most iteopart of soil organic carbon and

is probably enriched with highly labile compoundehis has many far reaching

consequences for both terrestrial and aquatic starsg:

e DOM provides a potential source of carbon for migab metabolism (Meyer et al.,

1987) both in the soil and in aquatic environmgiiierbert and Bertsch, 1995).
DOC from terrestrial sources forms the major congmbrof the annual carbon
budget in many headwater streams, providing theomspurce of energy for
heterotrophic biological activity (Broolet al, 1999) and aged terrestrial sources of
carbon are important contributors to the oceanidbaa budget (Raymond and

Bauer, 2001).

DOM is a major controlling factor in soil formatiathrough the translocation of
oxides, humus and silicate clays in soils (Dawsorale 1978);Jenny, 1980;

Lundstrom et al., 1995)

The transport and fate of organic and inorganidammants, including polycyclic
aromatic hydrocarbons, chlorinated hydrocarbonsti@des, herbicides and metals
in the environment can be influenced by the presefd®OM (Herbert and Bertsch,
1995). In some cases the contaminant may havetiayarly high affinity for DOC,
as may be the case for some PAHs (Marschner, Ef#Bhalogenated hydrocarbons
(Kalbitz and Popp, 1999), or the DOM may occupgssivithin the soil that would

otherwise bind contaminants (Zsolnay, 2003).

Aromatic compounds present in DOM absorb visibightliat the blue end of the
spectrum resulting in a characteristic brown cdlora This colouring affects the

8
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penetration of light into surface waters (Schindéral., 1996) and has to be
removed from water extracted from rivers for aestheasons before it can be used
for domestic and industrial supply. Organic acidarfd in DOM react with HOCI
(hypochlorous acid), used in water treatment peEesto form trihalomethanes
(THMs). The 1998 European Drinking Water Directigets limits to the

concentrations of THMs because of their possibi@thesffects (WHO, 1998).

e The oxidation of DOM in microsites may cause arrease in production of the
greenhouse gases methane and nitrous oxide bytidgpdxygen in microsites and

acting as an electron donor [reviewed by Zsoln@961

e The production and export of DOM may be influend®dclimate change and/or
declining acid deposition. An average increase oP®in DOC concentrations has
been observed over 15 years (1983-2003) in allkoadd-sensitive catchments, i.e
catchments containing grazed moorland or signifieaeas of coniferous plantation
forestry, that form the UK Acid Waters Monitoringetwork (UKAWMN) (Evanset
al., 2005; Freemast al, 2001). During this time temperature trends actbesUK
showed an increase in mean temperature ofQ.é6mpared to 1960-87 data. Older
datasets suggest that DOC increases were occuatifepst as early as the 1980s
(Harriman et al., 2001) and possibly as far backhas1960s and 70s where water
supply company data of water colour from peatyluagnts in North East England
showed several significant increases in colour rmdiecreases (Watts et al., 2001:
Worrall et al.,, 2003). Similar trends have beersasbed in Northern Europe
(Hejzlar et al., 2003; Skjelkvale et al., 2005) &ddrth America (Driscoll et al.,

2003; Stoddaret al, 2003) suggesting a response to one or more exterivers.

e Analysis of the UKAWMN data suggests that the effexf both climate change and

decreased acid deposition, and not hydrologicahgha nitrogen enrichment or

9
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atmospheric C@enrichment, may be significant (Evaaes al, 2005). Increasing
temperatures have been shown to cause an increaB®OC production in the
laboratory (Andersson and Nilsson, 2001; Christ Badid, 1996) and in leached
DOC in the field (Tippinget al, 1999). Soils release greater quantities of oyani
acids in response to decreasing inputs of minagidisaKrug and Fink, 1983) and
increasing pH has been shown to increase DOC eelga®rganic soils in the

laboratory (Tipping and Hurley, 1988).

1.2.5 Sources and Losses

1.2.5.1 Introduction

DOM enters the soil water from precipitation, thghtall, stemflow, and surface and
sub-surface litter leachate, and is generated mnvithe soil through the processes of
excretion from organisms, root exudation, exoenzigrtaydrolysis, microbial lysis and
the abiotic processes of desorption and dissolufftagure 2). It is removed from the
soil water through microbial assimilation, root &rdmycorrhiza uptake, respiration,
sorption to the solid phase, precipitation, andeashate to surface watercourses and

groundwater (Figure 3).

10
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Figure 2 Schematic representation of soil DOM sources
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Figure 3 Schematic representation of soil DOM losses.
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1.2.5.2 Leaching from Surface and Sub-surface Litter

As plants senesce and begin to decompose, a pmpaift their constituent organic
matter is solubilised and rapidly leached from ipatate material (Tukey, 1970).
Although a number of investigations have shown thaforest ecosystems, solutions
passing through the organic soil horizon are eedctith both DOC and DON (e.g.
(McDowell and Likens, 1988; Qualls and Haines, 1)9@urrieet al, 1996)), it is still
unclear whether the dominant source of DOM is redéter and/or microbial
metabolites or relatively stable organic mattertha lower part of organic horizons
(reviewed by Kalbitzet al, 2000). The results of some research have sugbeisat
DOM predominantly originates from the freshly fallditter layer (Oi) and/or the
partially decomposed layer (Oe) of the organic zemi(Michalzik and Matzner, 1999;
Qualls and Haines, 1991). Studies on the carbolgdm@mposition of DOC from the
Oa horizon of forest soils showed relatively higilagtose + mannose to arabinose +
xylose ratios of 0.67 — 6.78 (Guggenbergeral, 1994). Arabinose and xylose are
quantitatively important constituents of plant malgcharides but not of microbes
(Oades, 1984) and therefore such ratios indicaedtiminance of microbially derived
carbohydrates in DOM. Gregorich et al. (Gregorethal, 2000) on the other hand
found that water-soluble organtéC isotope signal in agricultural soils more closely
resembled whole soil C than the microbial biomasgl the microbial biomass more
closely resembled recent, @Gaize residues. This suggested that microbial agsnor
recently deposited plant residues are not a majarce of water soluble carbon in

agricultural systems.

While most DOM leached from surface horizons i®rattted in the soil profile, a

proportion will be transported to ground- or suefaeaters e.g. (Wassennar et al., 1991)

12
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found 20% of the mean annual flux of DOC from théhdrizon, underlying a mixed
boreal forest, was transported to the ground-widev zone of a shallow silty-sand
aquifer. The quantity of DOM exported to ground-sarface waters depends primarily
on the rate of production of DOM in the organicikon, the rate of DOM adsorption in
the mineral horizons, and, hydrological conditiofdMcDowell and Likens, 1988)

(Cronan and Aiken, 1985; Grieve, 1994; Moore, 1998)

1.2.5.3 Microbial Assimilation, Biodegradation and Production

Soil DOM s a substrate for micro-organisms (Zsglaad Steindl, 1991); (Qualls and
Haines, 1992; Zsolnay, 1996). Since soil microlvesbhasically aquatic (Metting, 1993)
and their metabolism depends on the uptake of loslecular weight compounds
(organic acids, sugars, amino acids) in solutiosgthe cell membrane, DOC may be
their most important C source (Marschner and Bred2®02). Carbon originating from
the DOC will be mineralised to GOhrough the process of respiration, used to
synthesise new cellular material or used to symbemetabolites which are then
released into the extracellular environment. Reldasetabolites may include enzymes,
simple organic acids, polysaccharides and polyatemaelanoid pigments (Sollins et

al., 1996).

Biodegradation of DOM is quantified by the disapp@ae of DOC, the evolution of
CO, or the disappearance of,.OQuantifying disappearance of DOC measures both
mineralization and assimilation whilst quantifyitige disappearance or the evolution of

CO./disappearance of Omeasures mineralisation only. The dynamics of DOC

13
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decomposition show a rapidly decomposable fractigh a turnover time of the order
of a few days or less, and a slowly decomposalletiém with a turnover time of the
order of several years (Qualls and Haines, 1992jndy and Steindl, 1991). The
process of biodegradation itself induces changelerproperties of the DOM (Kalbitz
et al, 2003a). For instance, over a 90 day incubatiato@ehe relative abundance of
recalcitrant lignin-derived aromatic compounds,hsas phenols and lignin monomers,
and microbially-derived carbohydrates and peptiese observed to increase at the
expense of lignin dimers (Kalbitet al, 2003a). Although several studies have
examined the kinetics of DOM biodegradation andbiKal et al. (2003) looked at
changes in relative abundance of a number of DOMnpoments, including
carbohydrates and peptides, before and after aagdndubation period, there is little
information available on the pattern of change widgical molecule concentrations

and microbial population size during the decompmsiprocess.

Several factors have been linked to the rate atehexf DOM biodegradation. These
include its chemical composition, physical accesipthe availability of N and @
temperature, soil water potential and sorptionaib surfaces. The influence of each of

these factors is outlined below:

0) Chemical Composition of DOM
Biodegradability of soil organic matter is enhandgda high carbohydrate, organic
acid and protein content (Marschner and Kalbit3)Gand reduced by the presence of
more recalcitrant compounds such as alkyls and atioswhich accumulate during the
decomposition process (Baldock et al., 1992; Kégetbneret al, 1992). Phenolic,
lignin degradation products and some of the otmedyrcts of residue decomposition
can be considerably modified by microbial reactmad/or through chemical, oxidative

14
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condensations (Killham, 1994) stabilising them agaifurther biodegradation (Huang
et al, 1999). Soluble polyphenols, phenolic acids arahptlerived tannins have been
shown to inhibit the activity of various enzymese(®it et al., 1968; Benoit et al.,
1968; Gianfreda et al., 1995; Gianfreda et al.,5)98ligh litter quality materials have
been found to produce greater amounts of biodegtad2OM (Boyer and Groffman,

1996). For example, DOC extracted from agricultsils was found to have a higher
percentage of degradable C and a higher rate cangitan DOC extracted from forest

soils (Boyer and Groffman, 1996).

(i) Physical Accessibility
Aggregation of soil particles may influence the essibility of substrate to microbes
and rates of diffusion of reactants and product®xfacellular synthesis reactions,
although direct evidence for this is limited (reved by Sollins et al., 1996).
Aggregation may serve as much to protect microlem fpredation as to protect
substrate from degradation (Sollins et al., 1996).

(i) N availability
Micro-organisms need a C source for both energygraodith. The utilisation of C for
energy depends on the size of the microbial pojumat he utilisation of C for growth
will not occur unless important nutrients such aarld P are present therefore nutrient
limitations for the degradation of DOM will onlyiae when the ratio of biodegradable
DOM to microbial biomass is wide and when DOM i®pm N or P. Elevated N inputs
have been linked to increased DOM production (Gubgeger and Zech, 1993)
possibly through enhanced microbial activity resgltin an increased release of DOM
as intermediate degradation products and micrab&hbolites (Zeclet al, 1994) or

N-induced suppression of complete lignin degradatidaider, 1986).
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(iv) Oz Availability
Decomposition is less complete and slower undeeraféc conditions than under
aerobic conditions (Jenkinson, 1981), producinggidr proportion of water-soluble
intermediate metabolites (Otsuki and Hanya, 192 taerobic conditions. When soils
are so wet that the larger pores are water-fitestomposition is limited by the rate at
which oxygen can diffuse to the sites of microlaielivity. No organic plant or animal
component is completely resistant to decompositioder moist aerobic conditions,
however, under strictly anoxic conditions aromaicuctures such as components of
lignin compounds can accumulate (Mathur and FarnhbB®85) as cleavage of the

aromatic ring structure requires molecular oxygen.

(v) Temperature
Within the physiological range (0 - 35) temperature stimulates microbial activity
(Paul and Clark, 1996) and extracellular enzymeviggt(McClaugherty and Linkins,
1990). As a consequence DOC production may incraabegher temperatures due to
enhanced microbial breakdown of larger insolublengounds to smaller soluble
molecules (Christ and David, 1996). On the otherdhancreased microbial activity
also results in enhanced biodegradation and misati@n of DOM. If this process
dominates over the enhanced production, the nettetif microbial activity will be

DOM depletion.

(vi)  Soil Water Potential
Microbial activity is strongly influenced by soil ater potential. As water potential
reaches large negative values, microbial activity dence biodegradation of DOM
ceases (Jenkinson, 1988). Conversely, under therama conditions caused by

saturation biodegradation is less efficient
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(vii)  Sorption to Soil Surfaces
Sorption to mineral surfaces can stabilise the mipgaatter against decomposition
through complexation of functional groups, changgd conformations and/or
reducing its physical accessibility to microbes. e other hand sorption to iron
hydroxides within microbe-rich biofilms may lead @oconcentration of organic matter
at the microsite level (Lunsdo#t al, 2000) enhancing the degradation of potentially

soluble organic molecules (Guggenberger and Kaz€€3).

The importance of the role of the soil microbiahwaunity in the production of DOM
is still a topic of debate. Guggenberger et al.9@)9and Huang et al. (1998) found
microbial metabolites to be components of DOM, etk et al. (Parlet al, 2002)
found only a weak correlation between £é&nd DOC production. Gregorich et al.
(Gregorichet al, 2000) found in an agricultural soil that watehasde organic'®cC
isotope signal more closely resembled whole sahdh the microbial biomass, and the
microbial biomass more closely resembled recann@ize residues, suggesting that the
microbial biomass is not a major source of watdulde carbon. Microbial activity is
undoubtedly important in the decomposition of mawoéecules in the soil, such as
cellulose, hemicellulose, proteins and lignin.slipiossible that the turnover time of the
relatively labile breakdown products of some ofsthenolecules is so fast, e.g. half-life
of amino acids in L, O and Ah horizons in permatfsminated taiga soils = 4, 6 and
14 h respectively (Jones and Kielland, 2002), thaty do not cause a measurable
change in the concentration of the labile organiolecules in the soil water

(McDowell, 2003).
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The role of microbial activity in the formation thfe more refractory organic matter that
appears to comprise a large bulk of the soil smfutias rarely been investigated and
may be too difficult to detect against the backawbof a large pool of adsorbed soluble
matter (Qualls, 2000). However, it is known thatrbes can mediate extracellular
synthesis reactions by releasing extra-cellularoxidases and phenoloxidases that
oxidise phenols to quinines, which then react viithN, and S nucleophiles in other
phenols, amino acids, or peptides to yield aromailymers (Stevenson, 1982; Stott

and Martin, 1990).

1.2.5.4 Sorption and Desorption

DOM inputs to mineral soils generally greatly exa¢teritputs and this in the past has
been largely attributed to DOM sorption to mineglases in subsoil horizons
(Guggenbergeret al, 1998; Qualls and Haines, 1991; Qualls and Hail€9?2).
Sorption and desorption are the main abiotic pseesontrolling transfer between the
potentially soluble but sorbed matter in the saitlahe DOM pool. The chemical
interactions between a dissolved organic molecul@ igs sorbant usually lead to a
change in the 3-d conformation of the organic makedGuggenberger and Kaiser,
2003) such that it no longer fits the active sifehgdrolase enzymes and is thus
effectively chemically stabilised against biodegioh. The degree of sorption
depends on soil properties, such as the amount rghne C, Al and Fe
oxides/hydroxides present, the mineralogy of tley étaction (Kaiseet al, 1996) and
the chemical character of the DOM (Moore, 1998)e ™apacity for the solution to
equilibrate with sorbing surfaces in some horizam ®e influenced by hydrological

conditions e.g. rate of sorption relative to thedimjogic residence time; rate of
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diffusion relative to the hydrologic residence tinpgeferential flow short circuiting
exposure of entire soil surface; flow paths suckuatace runoff, lateral flow paths and

perched water tables by-passing a strongly adsprhineral horizon (Qualls, 2000).

In inorganic horizons DOM is strongly adsorbed I tmineral soil to Al and Fe
oxides/hydroxides and clay minerals, especiallgh# surface has low pre-existing
levels of adsorbed carbon (Kalbiz al, 2000). Dissolved organic matter, due to its
complex nature, can sorb to natural surfaces, agchl and Fe oxides/hydroxides and
clay minerals, through several different mechanismduding anion and ligand
exchange{Tipping 1981 #198} (Jardinet al, 1989; Murphy et al., 1990), cation
bridging (Moore, 1998), hydrogen bonding, van demals forces, and physical
adsorption (Jardinet al, 1989). In addition to sorption to the mineral gmmnents of
the soil itself, sorption is thought to take placd-e hydrous oxides present in biofilms.
Biofilms form along preferential flow paths (Bund2001) enriched in carbon
(Guggenberger and Kaiser, 2003) and consist ofebattcells growing within an
organic matrix of extracellular polysaccharideswiedowski et al., 1994). Within the
matrix, microgranular clusters of iron hydrous @sd(Lunsdorfet al, 2000) may
remove DOM from the soil water and transport itte decomposers (Guggenberger et

al., 2003).

While the adsorption/desorption of DOM to specititays and oxides have been
extensively investigated, the adsorption of solulriganic matter to solid soil organic

matter has not. Work by Qualls (Qualls, 2000) sstge¢hat H-bonding, and perhaps
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van der Waal's forces, are the most likely mechanid sorption of soluble organic

matter to solid organic matter.

1.2.5.5 Dissolution/Precipitation

Factors such as pH, ionic strength and the pressingelyvalent cations, can affect the
solubility of DOM. The solubility of DOM will depad on its charge density (Tipping
and Woof, 1990), which in turn depends on the p&lae of the organic matter and the
pH of the soil solution. Changes in pH affect thetpnation of functional groups
involved in intramolecular ionic bonds. This leddsbreakage of these bonds and loss

of 3-D conformation. pH can also affect the solipibf Al**

ions (increasing pH
causes decreased solubility of Alwhich cause DOM to flocculate (Andersson and

Gahnstrom, 1985).

High ionic strength solutions may reduce charge siignand therefore lead to
coagulation (Tipping and Hurley, 1988). Chemicalat@®ns between anionic functional
groups of organic molecules and solution catiomsreauce the surface charge density
which in turn will alter the structural conformatioof the adsorbed species, and
consequently reduce solubility (Kalbiet al, 2000). Polyvalent cations, such as*Al
Fe*, C&" or M, and trace metals, such as’Cwmn?*, PE¥*, CP** or Cd*, affect the
solubility of organic matter (Baham and Spositdd4f§Guggenberger and Zech, 1994).
Polyvalent cations can link negatively charged fiomal groups or organic molecules

together and reduce their solubility by causingdlaation.
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1.2.5.6 Precipitation, Stemflow and Throughfall

Dissolved organic matter present in rainfall caiseafrom anthropogenic sources e.qg.
herbicides, fungicides, insecticides, PCBs, PAHgrgleum hydrocarbons, surfactants,
solvents (Schwab, 2000) and/or natural sourcesetemthis input of DOM into the

soil is considered to be of minor quantitative imtpoce (Zech and Guggenberger,
1996). Natural DOM in rainfall results from orgamuatter initially released as dust
from the canopy of stands and subsequently washebdyorainfall (Guggenberger and
Zech, 1994) and the washing of dry-deposited omgaarbon, leaf leachate and the

metabolic products of microbial activity (Zech aBdggenberger, 1996).

1.2.5.7 Rhizodeposition

Soluble organic matter exuded by roots comprisesuta.09% of the net primary
production of a forest (Smith, 1976). Root exudates largely very labile substances
with first order decay constants in the order ofksm® per day (Reid and Goss, 1983).
Most analysis of exudates have found that they predominantly simple
carbohydrates, amino acids and fatty acids (Krgkcet al., 1984; Kraffczyk et al.,
1984; Smith, 1976). Labile material is also relelasgo the rhizosphere as sloughed
root cells lyse and polysaccharide mucilage andigeliare secreted by root cells (Paul

and Clark, 1996).

1.2.5.8 Uptake by Roots

While the largest source of N uptake by roots hesnbregarded as NOand NH,

Meitinnen (Meitinnen, 1959) showed that plant rooés take up low molecular size
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amino-acids. It was generally considered that tipgake was minor compared with
inorganic N. However in several tundra plant specen organic soils, organic N
uptake by roots accounts for 10-80% of total N ketéChapin et al., 1993; Kielland,
1994) and in several plant species, in typical &loferest speciesP{cea sylvestris

Picea abiesVaccinium myrtillusand Deschampsia flexuogarates of glycine uptake

were similar to those dPN —ammonium (Nésholrat al, 1998).

Some ectomycorrhizal fungi can also take up oémims of nitrogen (Abuzinadah
and Read, 1986; Kielland, 1994; Wallander et &97) or have the ability to release
nutrients from litter layers by producing enzymesoaived in the mineralization of

organic matter (Abuzinadah and Read, 1988).

1.2.6 DOC Turnover

Quantifying gross rates of DOM production and lesdifficult because any bulk
analyses reflect the net result of competing preeesAlso it is unclear what fraction of
the DOM produced by plants and microbes is actuakéasured in soil solution and
extractions, and how much turns over so rapidly thas effectively immeasurable
(McDowell, 2003). The relatively small quantitiebdissolved organic matter found in
the general soil solution (< 1 % of soil organicbma (Killham, 1994)) may disguise
much greater rates of dissolution and turnover, @uenicrobial decomposition and
assimilation. Extracellular lysis occurring neae thmicrobial cell surface, with rapid
uptake of monomers and mineralization, means C &hdreleased through
decomposition is rarely distributed far enough anthe soil solution to be lost by
leaching (Qualls, 2000). The movement of the dismblproducts of exoenzymatic

hydrolysis will depend on the distance to which #hezymes diffuse from the cell
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surface, the diffusion rate away and toward thesteface, the rate of uptake at the cell

membrane and the velocity and content of the patem(Qualls, 2000).

Rates of DOM production will depend upon many Malga including plant type, soil
type, amount of primary production, nutrient dynesniemperature (Burlet al, 1989;
Buyanovsky et al., 1987; Jenkinson and Rayner, 19@isture and management

factors (Herbert and Bertsch, 1995).

1.2.7 Size of Soil DOM Pool

Most observations of soil solution DOM concentraiohave focussed on the
concentration of DOC and have been made in fomist £specially Podzols where the
complexing of Al and Fe with dissolved organic acplays an important role in the
mineral content of the different horizons. DOC cemtcations in these soils typically
decrease from 5 to 50 mg €ih the O and A horizons to about 1 to 5 mg'@nithe C

horizon. A table of average DOC concentrations amation of soil order and horizon

is given in Herbert and Bertsch, 1995.

The pool of potentially soluble organic matter wtho mineral and organic horizons is
much larger than the amount dissolved by any omehiag event (Qualls, 2000).
Qualls (2000) found that that the most likely exiataon for persistent leaching of DOC
was equilibrium desorption. The pool of potentiabpluble organic carbon was

estimated at about 2.4% of the organic carbonmefstdfloor litter.
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Temporal variations in DOC concentrations occurserally and by storm event. In
general, DOC in soil solution is higher in the suenrthan in winter (Chittleborougtt

al., 1992) although Tipping et al. (Tippirgt al, 1999) and Grieve (Grieve, 1994)
found that exported loads of DOC per unit area vggsatest during winter, due to a
combination of high concentrations and high voluniasring storm events the shifting
of dominant flow paths shift toward preferentiadvil through macropores, runoff, and
lateral flow together with high pore water velocitgduce the sorption of DOC to

mineral horizons (McDowell and Likens, 1988; Moal898).

Some of the seasonal variation in DOC concentratioes been attributed to various
environmental factors, including temperature, grgaiion intensity and freeze-thaw
cycles (reviewed by Kalbitz et al., 2000). No sasglihave attributed any seasonal
variation to rainfall frequency. Rainfall contaissnall quantities of DOC from both
natural and anthropogenic sources (Zech and Gugggeh 1996). Trace amounts of
DOC have been shown to be sufficient to trigger if@mass into a relatively short-
lived increase in metabolic activity (De Nob#i al, 2001). High frequency of rainfall
could therefore lead to higher sustained biomaswitycand consequently greater

biodegradation of DOC.
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1.2.8 Summary of Main Research Issues relating to DOC fnm a

Biological Perspective

The loss of soil DOM, and soil derived DOM in adoaystems, to CQis a
biological process. Likewise biological processé&sy @ role in the production
and transformation of soil DOC. Whilst a large pad research exists on the
characteristics of soil DOM, it is largely based operationally derived
fractions. There is a lack of data on the biocheméomposition of DOM in
relation to season, its location within the sailisture, soil type, and ecosystem
type, making any elucidation of its interaction lwithe soil microbial

community difficult.

There is a continuing debate, which has yet to dselved, over the relative
importance of biological processes, such as miatabetabolism, over abiotic
processes, such as desorption/sorption, in comigothe size and composition
of the soil DOM pool. Additionally there is a ladk understanding of both the
relative contribution of each of the many biolodipeocesses relevant to DOM
production and transformation and the net effeanarobial production versus

depletion of DOM.

Peatlands are an important terrestrial store dfararrepresenting around a third
to a half of the global soil carbon store, yet muctthe biologically-relevant

research to date has focussed on agricultural arestf ecosystems where the
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biological characteristics of soil DOM are of ecano significance. A greater
focus on the biotic factors controling DOM bioawsility, production,
transformation and loss in peat soils is essemigbredicting the long-term

effects of environmental change on this globallpamant carbon store.
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1.2.9 Research Objectives
This research project was designed to make a batish to some of the main research

issues outlined above (section 1.2.8) through liheidation of:

(1) the biochemical composition of DOM in relation toth season and location

within the structure of peatland soil;

(2) the decomposition dynamics of peatland and agucalltsoils in relation to

kinetics, biochemical composition and microbial coumity size;

(3) the influence of trace amounts of DOM on the ddtenicrobial mineralization

of peatland organic carbon.
Within this context the following primary objectivavere set:

e To evaluate the influence of method of isolationrD&@M from peat soil on its

biochemical composition.

e To quantify the changes in biochemical composiaod concentration of peat

DOM over the period of a year.

e To study the dynamics of total DOM; soluble carluriages, proteins and amino
acids; and, the microbial population during decosim of soil DOC in both

peat and agricultural ecosystems.

e To investigate the effects of repeated applicatiohdgrace amounts of litter

DOM on the activity of peat soil microbial biomass.
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Chapter 2: Influence of Method and Time of Extracton on

Biochemical Composition of Peat DOM

2.1. Introduction

A wide range of methods has been developed foatisgi DOM from the soil matrix.
In the field, DOM has been extracted by the usews$ion or zero—tension porous cups,
percolation trays or by wick lysimeters. In the dedtory DOM can be extracted by
forcing solution out of the soil through a porougmbrane using a vacuum or
centrifugal force or by leaching undisturbed caresepacked columns. Many studies
have used extracts made by shaking air-dried Wi-fi®ist soil with water or dilute salt
solutions, followed by separation of the solutiondentrifugation or filtration. Others
have used aqueous solutions of alkaline-extraotédosganic matter as analogues of

soil solution DOM.

All of these methods have been criticised to soegrek in the past. The ceramic cups
of tension (suction) lysimeters have the potemtiaktain analytes or to contaminate the
sample (Wood, 1973). Centrifugation vyields high aamirations of DOM in
rhizosphere soil extracts, possibly due to disouptdf roots or micro-organisms
(Lorenzet al, 1994) and major differences in soil solution cletng result from using
different centrifuge speeds and different filterdiae(Grieve, 1996). The quantity and
quality of DOM extracted by shaking soil with awsidn, followed by centrifugation or
filtration, is dependent on the solution chemisifithe extractant (Daviet al, 1989;
Vance and David, 1989) temperature, extraction tiamel extractant volume (Zsolnay,
2003). The process of filtration itself can resaltavitation with the formation of small
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gas bubbles. Surface active DOM can then adsothehbubble surfaces, and when the
bubbles collapse this adsorbed DOM unites as piateE organic matter (Zsolnay,
2003) which may alter its ecological function (Meyrl976). Organic filters may also
leach dissolved organic carbon during the filtmatiprocess (Norrman, 1993). Hot
solution extractions (Davidsoet al, 1987; Gregoricltet al, 2003) hydrolyse some of
the organic material and kill vegetative microbealls, resulting in the creation of
DOM which did not existin situ (Sparling et al., 1998; Zsolnay, 1996) . Alkali

extraction releases materials unlikely to be fooatlrally dissolved in soil solution.

There are further complications. DOM is distributadong different pore sizes within
soils and different methods are probably theregamnpling different fractions of the
soil DOC. Zsolnay (Zsolnay, 1996) suggests thatop@rtion of the DOM in the soil is
held within pores smaller than Qu2n, at a tension of less than —1500 kPa. Since under
—1500 k Pa would be required to extract this makérom the soil matrix, it would not
be expected to be present in most DOM extractslig®ieally most centrifugation and
suction techniques are effectively sampling frontropores (> Gum, water tension —
50 k Pa (Zsolnay, 1996), and to a greater or lesggant depending upon the force
applied, from intermediate sized pores. Organictenaxtracted by agitation of soil
with aqueous solutions is considered to include DPfésent in the macropores and
some DOM located in smaller pores, since it resutslisturbance of soil structure

(Chantigny, 2003).

There is growing evidence that different fractiaristhe soil DOM may actually be

biochemically distinct. Macropores, for instances aften associated with preferential
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flow. Research by Bundt et al. (Bundt, 2001) showed these preferential flow paths
act as biological ‘hot spots’ in the soil with agher soil organic carbon and nitrogen
content than the matrix and a significantly largerd probably more diverse microbial
biomass. (Guggenberger and Kaiser, 2003). In swehsaof high microbiological
activity the turnover rate of DOM may be high enbug effectively lower the
measurable concentration of its constituent mo&scult is possible that microbial
community structures differ between preferentiaiMlpaths and the matrix, although
evidence for this is conflicting (Bundt, 2001). Aore diverse community would enable
a more rapid and complete mineralisation of compleganic molecules. Strong et al.
(Strong et al., 2004) on the other hand found d¢inganic matter in large air-filed pores
decomposed more slowly than in intermediate sizegt$ possibly due to decreased
organism motility or decreased diffusion of solutéshe DOM is present in very small
pores or within soil aggregates it may be physjcatlaccessible to the microbial
population and therefore remain protected to somegre® from biodegradation.
Biodegradation of DOM in these pores would dependhe outward diffusion of the
DOM into larger water-filled pores or the inwardfdsion of extracellular enzymes

released by microbes in larger pores (Marschneratioitz, 2003).

Although peat soils may significantly differ in stture to mineral soils, heterogeneity
in the structure still exists. Dense well-decomplogeats have a fine matrix with small
pore paces whilst less compact peats with largaentdragments tend to have larger
pore spaces and, if vascular tissue is presentthe.remains of angiosperm or
gymnosperm material, undegraded or partially degptad/lem vessels and/or tracheids
may effectively form hollow tubes. In less decomgmpeats, the chemical nature of

the lining of such vascular tissue may lead to dditeonal distinguishing factor
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between pore sizes to those discussed above: thairption capacity. Thus, as for
mineral soils, it is possible that different metbagsed to isolate peat soil DOM may be

sampling different biochemical compartments ofsbgé DOM.

The results of many field studies have shown th@CDroncentrations show seasonal
variation (Cronan and Aiken, 1985; McDowell and diils, 1988; Tippingt al, 1999).

In general, DOC concentrations in soils are highersummer than in winter
(Chittleboroughet al, 1992; Guggenbergeaat al, 1998; Scotet al, 1998; Tippinget
al.,, 1999), although Tipping et al. (Tippirgt al, 1999) and Grieve (Grieve, 1994)
found that exported loads of DOC per unit area vwggsatest during winter, due to a
combination of high concentrations and high volumé&suggenberger et al.
(Guggenbergeet al, 1998), Tipping et al. (Tippingt al, 1999) and Kaiser et al.
(Kaiseret al, 2001) have attributed seasonal changes in DOCetrations to changes
in microbial activity. Kaiser et al. (2001) hypo#ige that varying microbial activity
throughout the year may not only affect the amadeleased organic matter but also
its composition which in turn may lead to changimgavailability. Some studies have
shown higher DOC degradabilities in winter/sprihgn in summer/autumn (Kaiset
al., 2001; Marschner and Kalbitz, 2003; Nelsgiral, 1994), whilst Yano et al (Yanet
al., 2000) determined DOC biodegradability as higd@% in summer forest floor soil

solutions while during winter, degradability wadyh0-20%.

Very little research has been carried out on tlesaeal variation exhibited by DON
concentrations by comparison with DOC. The dynana€sDON, like DOC, are

affected by decomposition processes, mineralisgitiemobilisation, leaching and plant
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uptake (summarised by (Murphy et al., 2000)). Tirecsic relationship between DON
and DOC is unclear. Currie et al. (1996) found &N extracted from just beneath
the organic horizons of pine and hardwood forestv&d the same seasonal pattern as
DOC. However, Williams and Silcock (Williams andc®ick, 2000) reported a higher
seasonal variability of DON compared with DOC estea from a raised peat bog, and
Michalzik and Matzner (Michalzik and Matzner, 1998)ind that DON concentrations
in the partially decomposed layer of a forest spracosystem were more influenced

by temperature than were DOC concentrations.

The objectives of this study were to determine:t{®) influence of method extraction
on the composition of DOM from a raised peat bo@entral Scotland, with respect to
the relative proportions of carbohydrate, protemmd &amino acids; (2) the effect of
season on the composition of DOC and DON, witheesfo carbohydrate, protein and
amino acids; (3) the effect of season on total Ddd@ DON concentrations and (4) the
influence of season on DOC/DON ratios. Carbohydtgimteins and amino acids were
singled out for this study, from the wide rangepoksible DOM components, as the
concentrations of these DOM components should @ive indication of relative
biodegradability. This assumes that: the remaimfannidentified DOM is relatively
recalcitrant and only a negligible proportion oftmahydrates, proteins and amino acids
are detected by biochemical assays when chemipatifected through complexation
with molecules resistant to degradation. It alssuases that these molecules are
bioavailable in situ, i.e. not sorbed to inorgamicorganic material or contained within
soil pores so small that they are physically inast#e to microbes so that their
degradation depends on the rate of diffusion ofaeeflular enzymes into the pore and

the rate of diffusion of the breakdown products out
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2.2. Hypotheses

e The proportion of proteins carbohydrate and amicid aarbon, as a fraction of the
total organic carbon content in soil DOM, will vaagcording to the method used to

isolate the DOM from the soill.

e The total proportion of protein, carbohydrate andre acid carbon as a fraction of
DOC (% protein + carbohydrate + amino acid C) andltproportion of protein and
amino acid nitrogen as a fraction of DON (% proteimamino acid N) extracted in

the autumn/winter will be higher than in the spfeaugmmer.

e The seasonal changes in DOC and DON concentratibroppose changes in the
proportion of protein, carbohydrate and amino a@tbon as a fraction of DOC (%
protein + carbohydrate + amino acid C) and totalpprtion of protein and amino
acid nitrogen as a fraction of DON (% protein + moacid N) respectively, with

higher concentrations in summer than winter.

e DON concentration is independent of DOC concerrati
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2.3. Materials and Methods

2.3.1 Soil Description

Soil DOM was sampled from the Of horizon of a deginraised peat bog in area of the
Carse of Forth (401' W, 56 08' N, 15 m above sea level), near Stirling, kncagn
Ochtertyre Moss Wood (Figure 5, 6 and 7). Ochteriyioss Wood is a mixed wood of
silver birch Betula spp and Scot's PineRinus sylvestris with a ground cover
dominated by brackerPteridium aquilinumy and mossRhytidiadelphus loregs All
samples were taken from within an area of 25umder a silver birch canopy. A

description of the soil profile at the field sitegiven below (Table 1).

2.3.2 DOC Extraction

Over the period of a year beginning of"#®ugust 2003, DOM was extracted from the
Of horizon (see) every two months using three ohfié methods of extraction (see
below). Three replicate samples were taken on esaghpling occasion for each
method. Soil moisture content was determined oh eatraction date. An attempt was
made to record soil temperature (25 cm depth) exffitid site every 2 hours using a
Squirrel data logger. On a number of occasions,evew the logger was tampered with
leading to an incomplete set of data. Monthly r@linfnm) and maximum/minimum
air temperature®C) at 09:00 hours data was made available fronirgfitniversity

weather station, 5 km east of the field site andhetsame altitude.
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Figure 7 View of sample site within Ochtertyre Moss WoodHKimg south.
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Table 1 Description of soil profile, according to the S8ilirvey Description Handbook (Hodgson, 1976)
and the ‘von Post Humification Scale’ (Damman anehEh, 1987) at field site {91’ W, 56 08' N).
Standard error of Hconcentration and value of n follow pH values iadkets.

Soil Type: Peaty Sail

Horizon Depth (cm) Description

H 0-5 Dark reddish brown, 5 YR, 2.5/2. Fibraumsl semi-
fibrous litter layer with many fine and very fineats.
H5.

Oh 5-19 Reddish Black, 2.5 YR, N2.5/1. Amorphpaat. Fine

and very fine roots common. H9. pH,() = 3.2 (0.0006, 10).
pH(CaC}) = 2.4 (0.004, 10).

Of 19-100+ Dark reddish brown, 5 Y®/4. Fibrous peat containing
recognisable remains of sphagnum. Fine and veeyriots
common. H3. pH(LD) = 3.2 (0.0006, 10). pH(CafLk= 2.4 (0.0004,
10). C/N ratio = 45/1

2.3.2.1 Method 1: Suction / Filtration

Field suction-lysimeters (Figure 8) consisting oflemgth of PVC tube (45 mm
diameter) glued to a porous ceramic cup (pore 3i3&5um) were buried into the
raised peat to a depth of 50 cm. The top of ealh twas fitted with a rubber bung and
two air lines which remained above the soil surf@Egure 9). The first air line,
extending to the bottom of the cup, was sealed. 3éwond air line was used for
drawing a vacuum of —70 kPa. This line was also $ealed and the lysimeter allowed
to draw the soil solution into the ceramic cup. Thedius of the recharge area of a
suction cup i.e. the space in which water flowsao¥g the cup, lies between 0.1 m and
0.5 m, depending on the capillary pressure in tik the suction pressure in the cup
and its diameter, the pore size distribution ofgbé and the depth of the groundwater
surface in relation to installation depth (Grossnaana Udluft, 1991). The collected

sample was retrieved by drawing a vacuum on tse dir line.
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Figure 8 External (a) and longitudinal section (b) viewsadfeld suction-lysimeter.

Figure 9 Field suction-lysimeters in place at field site

To ensure good hydraulic contact between the pocapsand the surrounding peat, a
soil auger of a smaller diameter than the sampées used to create a vertical hole into
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which the sampler is pushed to the required deftik. installation of the sampler was
followed by a month long stabilisation phase durmgich water was sampled and
discarded to minimise any sorption by the cup (&men and Udluft, 1991). After the
stabilisation phase any samples retrieved weresfeered to Nalgene® HPDE bottles
and stored at °€C. Within 48 hours each sample was filtered throagpre-rinsed
0.45um cellulose nitrate filter. The filtrate was tramsed to Eppendorf®

polypropylene tubes and frozen for biochemical gsialat a later date.

2.3.2.2 Method 2: Centrifugation / Filtration

Bulk soil samples of the Of horizon were collectgshroughly mixed, sorted to remove
root material greater than 1 mm and stored in deal@lythene bags at°@. Soil
solutions were extracted within 72 hours of sangplma two-part centrifuge tube, the
upper part of which drains into the lower part tlgb a 0.45um cellulose nitrate filter
(Figure 10). The filters were pre-rinsed three snveith 10 ml double-distilled de-
ionised water, acidified to pH 3.5 using30,. 40 g field moist soil was packed into
the upper part of the tube and spun at a relagwriéugal force (RCF) of 166 for 60
min, which equates to an extraction pressure of.~KkPa (Kinniburgh and Miles,

1983).

Field-Moist

Soil centrifugation

—— >

0.45pm cellulose (extraction pressure = -71.7 kPa)

nitrate filter filter

Soil water-

Figure 10 Centrifugation and filtration procedure using a tpart centrifuge tube.
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The extractants were transferred to Eppendorf®polyylene tubes and frozen until

required for analysis.

2.3.2.3 Method 3: Water- Extraction / Filtration

Bulk soil samples were obtained from the Of horjztroroughly mixed, sorted to
remove root material greater than 1mm, and stamesealed polythene bags dC4
Within 48 h of sampling, 50 g of field moist soib& added to 300 ml double-distilled,
de-ionised water. After shaking for 1 h, the suspenwas allowed to stand for 24 h at
4°C before filtration through, 0.45 um cellulose aié filters. The filters were pre-
rinsed three times with 10 ml double-distilled deised water, acidified to pH 3.5. The
filtrate was transferred to Eppendorf® polypropygdnbes and frozen for biochemical

analysis at a later date.

2.3.3 Biochemical Analyses

For all extractants DOC and DON concentrations werentified. DOC was
determined using a Shimadzu TOC-VCSNotal Organic Carbon Analyser, with
correction for inorganic-C. TON was determined &as difference between total
nitrogen, measured using the Shimadzu TOC-VES$htal Organic Carbon Analyser,
and mineral nitrogen (NA + NOy). Protein concentration was measured using the
micro Lowry, Ohnishi and Barr modification metho®hnishi and Barr, 1978);
carbohydrate concentration measured using a cadtritnrmethod based on the use of
anthrone reagent (Allen, 1989); and amino acid eotration measured as the
difference between ninhydrin determined N con@itn (Moore and Stein, 1951) and
ammonium concentration (Allen, 1989). Technicaladstfor all these methods can be

found in Appendix A. Resulting values for all aysds were converted into mg €dr
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mg N ' as appropriate. Conversion of protein and amiré esncentrations to mg C
or mg N was based on the assumption that planeipsotontain on average 16 % N

(Allen, 1989) and a N-to-C ratio of 0.36 (Meli ¢t, 2003).

2.3.4 Data Analysis

ANOVAs and Tukey's post-hoc statistical tests (fgnarror rate = 0.05) were used to
ascertain the significance of differences in thenposition of DOM in relation to both
method of extraction and month (population fromathdata set collected was assumed
to be normally distributed). Pearson’s product-moimeorrelations were used to
ascertain the degree and significance of the assoti between: (i) the protein,
carbohydrate and amino acid fractions of DOC andND@i) DOC and DON

concentrations; and, (iii) DOC composition/concatitm and soil moisture content.
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2.4 Results

2.4.1 Influence of Method of Extraction on DOC Compositi;

The mean total % carbohydrate, protein and amimg @Gcfraction of DOC over the
whole year was 10.0 % (= SE 1.0) for water extoactB.3 % (+ SE 2.0) for centrifuge
extraction and 4.8 % (x SE 0.6) for suction exicact The mean total % protein and
amino acid N of DON over the whole year was 65.8%E 6.6) for water extraction,

44.4 % (x 5.9) for centrifuge extraction and 43.426E 4.5) for suction extraction.

Although time of extraction of DOC from the peail sdfected its composition over the
time period August 2003 — June 2004 for all thigees of extracted DOC (see section
2.4.3), its effects were dependent on extractionthote (Figure 11). In late
summer/autumn (August/October) 2003 and spring r{Felg/April) 2004, method of
extraction had a significant effect on the indiatlicarbohydrate and protein, and
combined carbohydrate + protein + amino acid, priggas of DOC (Table 2).
Generally, where differences existed, water-ext@cDOC contained the greatest
proportion of protein, carbohydrate and amino a¢idwever, in February 2004 the
centrifugation method extracted a greater proportibtotal carbohydrate + protein +
amino acid than the water-extraction method andeatgr proportion of carbohydrate
than both the water-extraction and suction-lysimetethods. Significant differences in
amino acid content with method of extraction werdyadetected for the month of

December.
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Mean annual concentrations of DOC were 32.4 mg @& ISE 3.1) for water-extraction,
77.6 mg C T (+ SE 6.7) for suction-extraction, and 108.2 md'C(+ SE 8.8) for
centrifuge—extraction. Mean annual concentratioh®©N were 1.1 mg N1 (z SE
0.3) for water-extraction, 2.5 mg N ( SE 1.4) for suction-extraction, and 5.9 mg C I-
1 (x SE 2.5) for centrifuge—extraction. For reasahscussed in section 2.5.1, a
statistical analysis of the significance of the fefitnces in DOC and DON

concentrations between methods of extraction wasamied out.

Table 2 Significant differences (adjusted p-value < 0.08)®en carbohydrate, protein and amino acid
composition of DOC in relation to method of extrantand time of year (W = water-extracted DOC, C =
centrifuge-extracted DOC and S = suction- lysimetdracted DOC).

DOC Aug Oct Dec Feb Apr Jun
Component
carbohydrate WsC che
W>S C>W W>S
C>S
protein

W>C W>C
W>S W>S

amino acid
W>C
W>S
total
carbohydrate

) W>C W>C
+p_rote|n_+ W>S W>S C>W W>S
amino acid
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Figure 11 Proportions of protein, carbohydrate and amino @cid DOC extracted from the same peat
soil using three different extraction methods: watsentrifuge- and suction extraction. Error bars
represent + 1 SE of the combined total of carbadtgd+ protein + amino acid (n = 3).
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2.4.2 Influence of Time of Extraction on DOC and DON

Concentrations

DOC concentrations appeared to remain more orcesstant from August 2003 until
February 2004 with no significant changes, fortlalee methods of extraction (Figure
12). Levels then began to rise in April 2004, réagla peak in June 2004 (50, 166 and
125 mg C T for water-, centrifuge- and suction-extracted D&GSpectively). These
DOC concentrations in June 2004 were significahitgher (p < 0.05) than December
for water-extracted DOC, significantly higher thAogust, October and February for
centrifuge-extracted DOC, and significantly highiean all months sampled apart from
April for DOC extracted using a suction-lysimet&o other statistically significant
differences in DOC concentration existed betweemthm of sampling. No significant
correlations (p < 0.05) were observed between nmeammum or maximum daily
temperature for the 4 weeks preceding samplingu(Eig4) and DOC concentration
and between soil moisture content at time of samgpl{Figure 15) and DOC

concentration.

For DON the seasonal patterns in concentrationes clear cut than that for DOC,
varying according to the method used to extractiN (Figure 13). Water-extracted
and centrifuge-extracted DON concentrations weghdst in August 2003 (2 and 14
mg N [I* respectively). In the subsequent months watemeted DON concentrations
fell to significantly lower levels in Oct (0.5 mg N) and December (0.6 mg N)l

Whilst centrifuge-extracted DON concentration remedi significantly lower than the

August level for the remainder of the year (rangiram 2 to 7 mg N'1), there was
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Figure 12 Concentration of DOC (mg'") extracted using three different methods of isotabver the
period August 2003 to June 2004. Error bars reptesé S.E. (n = 3) and reflect spatial variation.

a7



Influence of Method and Time of Extraction on DOMr@position Chapter 2

another smaller but statistically significant riseApril. No significant changes in DON
concentrations (ranging from 1 to 6 mgN Were observed at any time of the year for
DON extracted using suction-lysimeters. No sigaific correlations (p < 0.05) were
observed between mean minimum or maximum daily exatpre for the 4 weeks
preceding sampling (Figure 14) and DON concentnatidath one exception: a positive
correlation between the concentration of wateraeted DON and maximum
temperature (r = 0.837, p = 0.038). There wersignificant correlations between soil

moisture content at time of sampling (Figure 15 BXON concentration.
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Figure 13 Concentration of DON (mg") extracted using three different methods of isotabver the
period August 2003 to June 2004. Error bars reptesé S.E. (n = 3) and reflect spatial variation.
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2.4.3 Influence of Time of Extraction on DOC and DON Compsition

Time of extraction of DOC from the peat soil affectedcitsnposition over the time
period August 2003 — June 2004 for all three typesextfacted DOC. The % protein,
carbohydrate and amino acid C was highest for the ige@ctober for DOC extracted
by water-extraction: October levels (16 %) were signifisahtgher (p < 0.05) than
December, February and June (7, 4 and 9 % respagtieeld August levels (15 %)
significantly higher than December and February (Figuje Ebr DOC extracted using
a suction-lysimeter the total % protein, carbohydrate amino acid C peaked in
December (8 %) at levels significantly higher than in éatgApril and June (3, 2 and
4 % respectively). For centrifuge extracted DOC, thistioa peaked in February (12
%) but no one month was significantly different to anofberthe sampled year. Other
fluctuations were observed throughout the year butpéiterns of change were not
consistent between methods of extraction (Figure 119.vHhiation in the proportions
of protein + carbohydrate + amino acid C reflected wdanction of fluctuations in
protein, carbohydrate and unidentified DOC concéiatna (Figure 16, Figure 17 and
Figure 18). Changes in concentrations of these compogentsally appeared to be
independent of one another: no significant correlatioseimsonal variation was found
between the concentrations of protein, carbohydradeaamno acid for both water- and
suction-extracted DOC. For centrifuge—extracted DOC thees a significant
correlation between protein and unidentified DOC emti@tions only (r = 0.847, p =
0.033). The contribution of amino acids was genendlgtively small (0.1-0.2; 0.1-
0.5; and 0.00-0.3 mg C'lfor water, centrifuge and suction extraction methods
respectively). No significant correlations (p < 0.05re observed between %

carbohydrate + protein + amino acid C and mean minimarmmaximum daily
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temperature for the 4 weeks preceding sampling and be8temnbohydrate + protein

+ amino acid C and soil moisture content at time of samplin
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Figure 16 Concentrations of unidentified (a) and identifiél ¢omponents of DOC (mg C)lisolated

from peat soil using a water-extraction method dwer period August 2003 to June 2004. Error bars
represent £ 1 SE (n = 3).
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Figure 17 Concentrations of unidentified (a) and identifié®) ¢components of DOC (mg C)lisolated
from peat soil using a centrifuge-extraction metbedr the period August 2003 to June 2004. Erres ba
represent £ 1 SE (n = 3).

53



Influence of Method and Time of Extraction on DOMposition Chapter 2

1401 suction

0120

2100 | |@unidentified DOC
< 80 -
B 60-
40 -
20 -
0

Aug Oct Dec Feb Apr Jun

concentration

| 200¢ [ | 200¢ [

_ 45+
—
o 4 M protein
g 3.5 B carbohydrate
A 7 CJamino acid

concentration
H
(@)
|

(b)

Figure 18 Concentrations of unidentified (a) and identifiél ¢omponents of DOC (mg C)lisolated
from peat soil using a suction-extraction methodrahe period August 2003 to June 2004. Error bars
represent £ 1 SE (n = 3).
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The total protein + amino acid N as a fraction of D@dIprotein + amino acid N) also
showed variation with season (Figure 19). This fractieached its highest levels in
October irrespective of method of extraction. Octobeeltefor water-extracted DON
(94%) were significantly higher than February (30®%ktober levels for centrifuge—
extracted DON (74%) were higher than April (26%) @ugyust (12%). Whilst October
levels for suction-extracted DON were highest in Octob8f4)6 this value was not
significantly higher than any other month sampled. Thétian in the proportion of
total protein and amino acid was a function of both flatthg protein concentrations
and fluctuating unidentified DON concentrations (Figdf: concentrations of amino
acids were relatively negligible, with values less titah7 mg N T for all three
extraction methods. The fluctuations in protein, aminm and unidentified DON
appeared to be largely independent of one anotherothe significant correlation
between any of these components was between proteiruidentified DON in
suction-extracted DON (r = 0.840, p = 0.036). No sigaffit correlations (p < 0.05)
were observed between % protein + amino acid N anchméaimum or maximum
daily temperature for the 4 weeks preceding samplingo@hdeen % protein + amino

acid N and soil moisture content at time of sampling.

55



Influence of Method and Time of Extraction on DOMposition Chapter 2

water extraction

<!

;é 100 - B amino acid
= B @ proteir

S 80 s
CU ~~

oz 60

ERQ 40

<

+ il

p 20

(]

"é 0 I I

o

Aug Oct Dec Feb Apr Jun

centrifugation
100 B amino acid
80 - [ proteir

60

40 - m
cm B HHEN

protein + amino acid (% tot
DON)

Aug Oct Dec Feb Apr Jun

suction
100 - B amino acid
@ proteir
80 -
60

-1

protein + amino acid (% tot
DON)

Aug Oct Dec Feb Apr Jun
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2.4.4 DOC/DON ratios

In water extracted DOC, concentrations of DOC and DO w@nificantly correlated
(p < 0.05), but the correlation was weak (r = 0.47Bhere was no significant
correlation between DOC and DON (Figure 22) in centdfamd suction extracted

DOC (r = 0.010 and -0.063 respectively).

DOC/DON ratios varied with respect to both method @faetion and time of sampling
(Figure 21). Whilst the average DOC/DON ratios for wateentrifuge- and suction-
extracted DOC were 35:1, 22:1 and 41:1 respectivelivithual values ranged from as
little as 7:1 to as high as 61:1 (Table 3). Lowest DOC/D@fibs for the year were
observed in August 2003 and highest just two months ilat®©ctober for both water-
and centrifuge-extracted DOC. For DOC extracted using aiosulysimeter the

seasonal pattern was somewhat different: October 2863April and June 2004 were

similarly high whilst in December 2003 DOC/DON was ataigest.

Table 3DOC to DON ratios of peatland soil water isolatsthg three different methods of extraction
over the period August 2003 to June 2004. Starelaods (+ 1 S.E.) are given in brackets (n = 3) and
represent spatial variation.

Sampling Date DOC/DON ratio

water- extraction centrifugation Suction
August 14 (1) 7 (1) 49 (+1)
October 61 (£12) 50 (x19) 54 (+1)
December 33 (x7) 41 (+11) 10 (£5)
February 38 (x9) 15 (£2) 24 (+11)
April 29 (3) 16 (+1) 55 (+25)
June 36 (x4) 30 (1) 55 (£23)
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Figure 21. Mean effects of time and method of extraction ondA@ON ratios of peat soil for the year
Aug 2003 — Jun 2004 (n = 3).
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2.5 Discussion

2.5.1 Influence of Method of extraction on DOC Compositio

At certain times of the year the different metharfsextraction were found to be
sampling biochemically distinct fractions of DOQ late summer/autumn (Aug/Oct
2003) and spring (Feb/Apr 2004) the size of thaltptotein, carbohydrate and amino
acid fraction of peatland DOC varied with the methased to extract it. Where
differences existed, DOC extracted using the wex#éraction method generally
contained a greater proportion of one or more ek¢htypes of molecules than that
obtained using the centrifugation or suction megho@nly in February was this
situation altered with centrifuge-extracted DOC teaming a larger proportion of

carbohydrate than either water- or suction-extch&1©C.

The water-extraction method involves the greategjreke of destruction of the soil
structure and therefore would be expected to reléxSC from within the smaller
pores/structures as well as the larger macropdzésiritigny, 2003). If macropores
associated with preferential flow paths have aiSg@mntly larger biomass than the
matrix (Bundt, 2001), then the proportion of labiOC, such as carbohydrates,
proteins and amino acids, within larger pores wdiddanticipated to be lower than in
smaller pores, assuming replenishment of freshelabiOC to the macropores is a
limiting factor. DOC in the micropores (< 0.2 pnyg also likely to be physically
protected because of its lack of accessibility t@raorganisms (Zsolnay, 1996).
Biodegradation of DOC in these pores would dependliffusion of the DOC into

larger water-filled pores or the inward diffusioh extracellular enzymes from larger
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pores (Marschner and Kalbitz, 2003). In dry coodi, where diffusion of DOC
through the soil is impossible, labile material nedfgctively be trapped in micropores.
A further contributory factor may be an artefacttioé water-extraction process. The
differences in the chemical characteristics of deudistilled, deionised water and soil
water may be responsible for solubilising and dasgr molecules that would

otherwise be insoluble or sorbed in the field.

The centrifugation method also involves some disince of soil structure and
therefore small pores, however it is likely thatropores (< 0.2 pm) within aggregates
still retain their structure and the strength of tentrifugal force applied (equivalent to
-70 k Pa) would not be sufficient to extract DO®nfr within these micropores,
typically held at a tension of less than -1500 KZsolnay, 1996). The suction-filtration
method carried ouin situ, does not involve an extractant or destructiorthef soil
structure from which it is sampling, and, usingagaplied vacuum force of —70 kPa, is
effectively only sampling from the larger poresgaet in the soil and therefore, for the

reasons described above, is only sampling DOC folwddegradable molecule content.

The seasonal dependence of the composition of D@E nespect to the different
methods of extraction emphasises the spatial fonaticompartmentalisation of the soll
structure. Possible causes of the influences csasean the varying composition of
these compartments may be a consequence of amy taet may influence differing
pore sizes to differing degrees e.g. hydrologigatditions, the spatial location and
relative activity of fungal and microbial populat& and, the activity of plant roots. For

instance, changes in hydrological conditions duiing year may affect the rate of
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replenishment or loss of fresh DOC from the macaod intermediate pores; the
diffusion of DOC and enzymes in/out of microporasd, the degree of aeration of the

soil.

The existence of biochemically distinct fractiorfSDiODC within the soil indicates that
the biological, chemical and/or physical influenaas DOC production and loss are
different within the differently sized soil porethe apparent ability of each of the three
extraction techniques here to isolate three diffefeactions means that conclusions of
previous research carried out using just one tegfencannot be assumed to apply to
whole soil DOC or any fraction of DOC extracted ngsia different technique.
However, with the understanding that these frastiare probably spatially distinct it

does allow previous research data to be looked aniew light.

Comparisons between the absolute concentratioB8O& components extracted of all
three different methods, as opposed to their ptapw, was impossible because (1) the
soil:solution ratio used in the water-extractiocheique affects the concentration of
soil water components extracted (Chapman et ab7;19solnay 2003) and (2) the
influx of seepage water through large pores ingbe during the sampling process

(Grossman and Udluft, 1991) may dilute the conegiatn of suction-extracted DOC.
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2.5.2 Influence of Time of Extraction on DOC and DON

Concentrations

Results here confirm those of previous studiest{@horoughet al, 1992) that DOC
concentrations are higher in summer than in wintéris was found to be the case
irrespective of method of extraction. This suggdsest the factors controlling the
production and/or loss of total DOC are the sangandless of the locality of the DOC
within the soil i.e net production and/or loss begeng driven by factors external to the
specific conditions within the differently sized nes. Factors causing relatively high
concentrations in June may possibly be: an increasglease of litter leachate into the
soil as a result of both an increase in litter mak@and an increase in its decomposition
rate; increased rhizodeposition; increased aeratdoe to increased invertebrate
activity; and/or an increase in desorption ratedytslity or microbial activity due to
increased temperatures. The general lack of ctioeldetween mean minimum and
maximum temperatures in the 4 weeks preceding saghphd DOC concentrations
suggest that, at least on this time-scale, thapéeature alone is not the controlling
factor. The high levels of rainfall in June 200d¢end only to December for the whole
of the sampled year (Figure 23), and lack of cati@h between moisture content and
DOC concentration suggest that controlling factiwet one may predict for summer

months such as reduced dilution of soil DOC oreased aeration, are unlikely.
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Figure 23 32 year and 2003/2004 mean monthly rainfall (mm tmdn Data recorded at Parkhead
weather station, University of Stirling.

In contrast to DOC concentrations which peakedune]J DON concentrations for
water- and centrifuge-extracted DON peaked latethan summer, in August. High
concentrations of DON in late summer may refleciranease in N-rich decomposition
products. Higher concentrations of summer DON adato winter DON were also
observed by Chapman et al (2001) in streams ofdpland areas in Scotland, although
the authors of this report speculate that thiseot$l an increase in the production of
DON within the stream channel rather than an irggeia allochthonous inputs. The
reason for the absence of any significant seasdmahges in suction-extracted DON
concentration is unknown and again highlights tifeience of method of sampling on

DOC properties.
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2.5.3 Influence of Time of Extraction on DOC and DON Commsition

Seasonal changes in the composition of DOC wereleati The changes in
concentration over the course of the year descrifigalve (section 2.5.2) did not
therefore simply represent a bulk increase or @seren all the components of DOC.
Instead, the seasonal dependency of DOC compos#igyests that the relative

importance of each of the sources and losses of Ela@ges with the seasons.

The % carbohydrate + protein + amino acid of watdracted DOC, DOC assumed to
represent DOC from macro, intermediate and micrepg@see section 2.5.1), was higher
in autumn (Oct) than summer (Jun). This suggesds ithautumn soil DOC is more
biodegradable than the same fraction in summemnynaisg that only a negligible
proportion of these molecules are detected whemmidadly protected through
complexation with molecules resistant to degradatmd the proportion of highly
labile material in the unidentified DOC is relatigesmall. This agrees with Hongve et
al. (2000) who compared the biodegradability off leer percolates collected in
October with those collected in May. However, the@fbohydrate + protein + amino
acid in October, and in August, were also high@ntlvinter levels (Dec/Feb). This
contradicts other studies which suggest higher biddegradabilities in winter/spring

than summer/autumn (Kaiset al, 2001); Nelson et al., 1994).

The ‘biodegradable’ fraction of centrifuge extrattBOC responded differently to
water-extracted DOC, showing little change in %botwydrate + protein + amino acid
with season. Thus the combined composition of inéeliate and macro pores, with

respect to this fraction, appears to remain regfficonstant throughout the year. The
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effect of season on the % of ‘biodegradable’ matem suction-extracted DOC,
assumed to be largely derived from macroporesgeegon 2.5.1), fitted more clearly
with the pattern observed in previous studies (&aes al, 2001); Nelson et al., 1994),
with levels in December significantly higher tham summer (Aug/Jun). However,

December levels were also significantly higher tharing (Apr).

A lack of any negative or positive correlation beém the concentrations of the various
fractions throughout the year, for all but protaimd unidentified DOC in centrifuge-
extracted DOC, suggests that the net production/oantbss of each of these
components is under different controls e.g. carbdditg concentrations might be
determined by rates of rhizodeposition whilst proncentrations may be dependent
on microbial extracellular enzyme activity. Altetivaly their production/loss may be

part of a sequential process which is measurabéetonescale of months.

Similar to DOC the % protein + amino acid N as acfion of DON also showed

variation with season and the response to seasoedvaccording to method of
extraction. Highest levels of this fraction wereifiol in autumn (Oct) for all methods,
significantly higher than February for water-extest DON and higher than April and
August for centrifuge-extracted DON. The mean %egiroand amino acid N content of
DON (44-66 %) is comparable to the mean values4et6 % observed by Michalzik
and Matzner (1999) over a 2 year period for aminanNforest floor percolates

following hydrolysis. As for DOC, the general abserof correlation between protein
N, amino acid N and unidentified DON, suggests #aath constituent is under different

controls.
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Discrepancies between the exact time of year wiggmtliodegradabilities are observed
i.e autumn/winter vs. winter/spring and differenaeshe degree of biodegradability of
DOC and DON reported by different research teamy ta due to the different
compositions of leaf litter leaching degradablectiens at different times, differences
in temperature affecting the rate of decompositbthe leaf litter, differences in the
size and structure of microbial community, and/affedences in the pattern of
precipitation affecting the rate of leaching. Gegr autumn/early winter DOC
appears to have a greater % carbohydrate + preteamino acid. In the autumn
leaching of DOC from the plentiful leaf litter, td8ng from senescence after the
growing season, and desorption of sorbed matepaldbe expected to take place with
each rainfall but low temperatures would keep nid@bactivity and, consequently, the
rate of mineralization and assimilation of labileODD relatively low, causing an
accumulation of labile DOC. As winter progresses #mount of leachable material
from the leaf litter would decline so that by Apbilodegradability would be relatively
low. In the summer months higher temperatures windcease microbial activity and
the rates of hydrolysis and diffusion so that thee rof mineralization and assimilation
of labile DOC by microbes is greater than the gdirough leaching, throughfall,
desorption, microbial production and/or root exigtat This theory however is clearly
an oversimplification as the biodegradable fractadrDOC/DON isolated here from

different physical compartments of peat soil wdkieanced differently by time of year.
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2.5.4 DOC/DON Ratios

The lack of correlation between DOC and DON conetions for centrifuge- and
suction-extracted DOC and only a weak correlationater-extracted DOC, along
with the wide range of DOC/DON ratios observed (#161:1), suggests DON and
DOC concentrations are under different controlsesEhresults are similar to those of
Williams and Silcock (Williams and Silcock, 2000hev reported a higher seasonal
variability of DON compared with DOC and Michalzdnd Matzner (Michalzik and
Matzner, 1999) who found that DON concentrationshim partially decomposed litter
layer were more influenced by temperature than i€ concentrationshe ratio of
DOC to DON is likely to depend on many factors uathg the relative concentrations
present in throughfall and litter leachate, and riflative rates of production and loss
through microbial decomposition/assimilation, plamtake, sorption/desorption and
hydrologic flushing. The likelihood is that the neffect of all of these factors
influences DOC and DON concentrations to differdegrees at different times of the
year. For example, in peat soils, the C:N ratighef solid phase is very high (>40:1)
and the utilisation of C for growth will not occunless important nutrients such as N
are present, thus at times of the year when treeige more than sufficient supply of
labile DOC to sustain the population e.g. inputdabile DOC from fresh litter in the
autumn, N-containing compounds may be preferemptiydrolysed by microbes
causing the relatively high C:N ratios. The low DIDON ratios observed in August
for water- (14:1) and centrifuge- (7:1) extracte@® may indicate the presence of
dissolved organics that are more highly decompesetiproduced at a greater rate in
summer when temperatures are higher (Melillo et1882). This does not, however,
account for the high DOC/DON ratio (49:1) of suntiextracted DOC at this time. This

may possibly be due to more frequent hydrologikedhing of these pores removing N-
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rich decomposition products and bringing in frestlatively undecomposed DOC.
Again, it seems that factors controlling DOC inpwed outputs in the larger

macropores are different to those in the interntedaad smaller micropores.

2.6 Conclusions

o different methods of extraction of peatland DOC tewxa centrifugation- and
suction-extraction) are sampling biochemically ididt fractions, in terms of
carbohydrate, protein and amino acid compositidnceatain times of the year.
Where differences existed, DOC extracted using wWaer-extraction method
generally contained a greater proportion of onenore of these types of molecules

than that obtained using the centrifugation- otismeextraction methods.

e The concentrations of peatland DOC and DON showos®d variation. Results here
show DOC concentrations in summer (June) to beenigfan in winter, irrespective
of method of extraction. In contrast DON concetidres for water- and centrifuge-
extracted DON peaked later in the summer, in Auglisere were no significant

seasonal changes in suction-extracted DON cond®mtra

e The proportion of carbohydrate + protein + aminad amarbon in DOC extracted
from peatland showed seasonal variation, indicativad the processes controlling
the production and/or loss of DOC are under sedsmmdrol. The % carbohydrate
+ protein + amino acid carbon was higher in latmser/autumn than both winter

and early summer for water-extracted DOC; showedsigmificant change for
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centrifuge-extracted DOC; and, was higher in Decantiban spring and summer for
suction-extracted DOC. Similarly, the proportiohpootein + amino acid N as a
fraction of DON also showed variation with seasdighest levels of this fraction
were found in autumn (Oct) for all methods indiogti significantly higher than
February for water-extracted DON and higher thamilAgmd August for centrifuge-
extracted DON. There was a general absence of labore between the
concentrations of each of the constituents of bDAC and DON (protein,
carbohydrate, amino acid and unidentified C) thrmuj the sampled year,

suggesting that the production and/or loss of eaander different controls.

e There is no good correlation between peatland D@€ BON concentrations in
water-, centrifuge- or suction-extracted DOC, swsgigg that DOC and DON

production and/or loss are under different controls
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Chapter 3: Decomposition Dynamics of DOC

3.1. Introduction

Dissolved organic carbon is an important substi@tsoil microorganisms (Marschner
and Bredow, 2002). Several laboratory incubationdiss (Zsolnay and Steindl,
1991);(Boyer and Groffman, 1996; Gregor&hal, 2003; Kalbitzet al, 2003a; Nelson
et al, 1994; Qualls and Haines, 1992) have shown thabreiderable proportion of
DOC (10 — 88 % depending on source of DOC and @xgetal approach) is
biodegradable within a period ranging from a fewsdt months. Detailed studies of
the dynamics of mineralization of DOC, from botlnest and agricultural soils, indicate
two kinetically distinct pools: a generally smalleapidly degradable pool with a half-
life of the order of days and a larger, more stagalel with a half-life of the order of
months and years (Gregoriét al, 2003; Kalbitz.et al, 2003b; Qualls and Haines,
1992). The rapidly degradable pool is believedatgely consist of labile carbohydrate
monomers, low molecular weight organic acids andnansugars whereas the more
stable pool consists of relatively recalcitrant aothplex microbial metabolites and the
decomposition products of lignin and lignocellulo@8uggenbergeret al, 1994,
Koivula and Hanninen, 2001; Kisel and Drake, 1999alls and Haines, 1992As a
consequence of the differing composition of the€¥CDpools, biodegradation may be
mediated by two different microbial communities pigta to utilising different substrate
material. Fontaine et al (Fontainet al, 2003) proposed that ‘r-strategist’
microorganisms, adapted to rapidly proliferateesponse to an abundance of suitable
substrate (Killham, 1994), decompose the most etiergompounds of fresh organic
matter whilst ‘K-strategists’, dominate only in tlater stages of decomposition when

the highly energetic compounds have been exhaasigdnly polymerised compounds
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remain. This hypothesis may also be applied tgp#itern of microbial decomposition

of DOC: the r-strategists rapidly proliferate irspense to the availability of the readily-
decomposable labile pool present in the DOC, atsiimg soluble organic carbon as
they do so, and then, once this pool is exhaustedsize of the microbial biomass
declines releasing soluble organic material. Subseity K-strategist organisms

proliferate in response to reduced competition laewin to dominate the degradation of
the more recalcitrant molecules that constitutestable pool. The growth rate of the K-
strategists would be expected to be slower thah dhahe r-strategists because of
declining substrate quality and the increased atlon of energy to extracellular

enzyme production and defence against predatiote(T®95) If such changes take

place then not only will a proportion of DOC be mralised during the process of
respiration but some will be assimilated by the rotes during growth phases.
Likewise DOC may be released as the biomass dediind cell lysis occurs. Thus the
differences between observed mass loss of DOC asdicped loss due to measured
CO, production could give an indication of the pattefnchanges in the size of the

microbial biomass during the decomposition of DOC.

Several studies have examined the kinetics of D@Qedgradation (Gregorichkt al,
2003; Kalbitz.et al, 2003b; Qualls and Haines, 1992) and Kalbitz e{2§103b) looked
at changes in relative abundance of a number of D&@@ponents, including
carbohydrates and peptides, before and after a9@ndubation period. There is little
information available, however, on the pattern diarmge of biological molecule

concentrations and microbial population size dutirggdecomposition process
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The objectives of this study were to compare theemalization dynamics, as GO
released, with the loss of residual DOC duringuitiisation by microorganisms for
soils from different ecosystems, to examine theadyics of protein, carbohydrate and
amino acid fractions in DOC during microbial utdtion, and to quantify any changes

in the size of the microbial population during DQflization.
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3.2. Hypotheses

e The mineralization dynamics of peatland DOC will di double exponential decay

model, indicating the presence of two kineticalistitict pools.

e The mass loss of total residual DOC will be gre#ttan that predicted by the rate of
mineralization due to assimilation of DOC by thecrabial population and the

pattern of loss will reflect changes in the sizehaf microbial population.

e Analyses of the composition of the DOC during thecamposition process will
show a rapid decline in carbohydrate, protein antha acid content within the first

few days, in accordance with the rapid degradaifahe hypothesised labile pool.
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3.3 Materials and Methods

3.3.1 Soil Descriptions

Two contrasting soil types, organic peat soils emderal agricultural soils were used.
Peat soils were sampled from two bogs in Centrall&ed. The first was a drained,
raised peat bog on the Carse of Forth known ase@ighet Moss Wood (see section
2.3.1 for site description). Samples were takemfeodepth of 20-50 cm at an altitude
of 15 m above sea level. The second was a blargatqng in Loch Ard Forest {28
W, 56 8' N), a Sitka spruceP{cea sitchensjsforest with Calluna vulgaris Erica
tetralix andMolinia caerulea Samples were taken from 20-50 cm depth at atuddti
of 175 m above sea level. All samples were stéisdd-moist at 4C for 1 week until
use. The raised peat (pH®) 3.2, pH(CaG) 2.4, C:N ratio 45:1) was classified as
H3, according to the von Post humification scalee blanket peat (pH@®) 3.6,

pH(CaC}) 2.6, C:N ratio 40:1) was classified as H5.

Four agricultural soils of the same soil type, sifisd as Orthic Humic Gleysol under
the Canadian Soil Taxonomy system, approximatelyivadent to Calcaric Gleysol
under the FAO system), undergoing different managenstrategies were sampled
from four different plots on the Agriculture Canal&entral Experimental Farm,
Ottawa, Canada (422' N, 7% 43' W). The plots had been treated differently T6r
years at the time of sampling. The treatments wesnended, a monoculture of maize
with no fertilizer or manure, a monoculture of nmiertilized with 100 t ha (wet
weight) year' dairy manure, a maize/soybean rotation fertilizeithv60 t ha'(wet

weight) yea' dairy manure, and a maize/soybean rotation feetli with 100 kg
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mineral N h& yeaf'. The samples were taken from a depth of 0-15 ciouatlocations

within each plot and then bulked, air-dried forragge and wetted up to field capacity
one week prior to use. Across all sites (Ap hor)zsmil had a clay loam texture with
32% sand, 34% silt, and 34% clay and a pH of 6I0e C:N ratios of each plot are

given in Table 4.

Table 4 C:N ratios of the soils from 4 different plots @ngoing different crop management and soil
amendment on the Agriculture Canada’s Central Exmertal Farm, Ottawa, Canada.

Crop Management Soil Amendment C:N ratio
unamended 13.3
Maize monoculture 100 t hd (wet weight) yedr dairy manure 11.7
50 t ha'(wet weight) year dairy manure 12.7
Maize / soybean rotation 45 kg mineral N Hayear" 12.8

3.3.2 DOC Extraction

Soil suspensions were created by shaking field hsaisples with distilled/deionised
water for 1 hr and then centrifuged at a RCF ofgdfa® 10 minutes. To ensure similar
final concentrations of DOC for all soil types alseater ratio (w/w) of 0.08 was used
for the peat soils and a ratio of 0.33 for the @gtural soils. CaGlwas added to each
suspension, to give final concentration of ImMoptio centrifugation to flocculate
particulate organic matter. The supernatant salativere decanted and filtered through

sterile 0.22 um cellulose nitrate membranes undept& conditions to separate the
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DOC from the particulate matter and remove micraaigms. Finally (N&).SO, and
KH,PO, additions were made to all the suspensions torerslC:N:P:S:K ratio of <

5:1:1:1:1.

3.3.3 Incubation

To determine the biodegradability of each type dd@ a composite inoculum
containing indigenous microorganisms from all siiess obtained by adding 4 g dry
weight equivalent of each of the mineral soils &nd dry weight equivalent of each
peat soil to 250 ml of distilled/deionised wateheTsuspension was left at°@0for 18
hours, occasionally swirled and then left to allparticulate matter to settle out before

being used as the source of the inoculum.

350 ml of each filter-sterilised DOC sample wereledito 600 ml glass conical flasks
and inoculated with 100 pl of the microbial inoaulu Identical flasks containing 350
ml glucose solutions (20 mg)l plus inoculum and 350 ml distilled/deionised wate
plus inoculum were also prepared. Three replicafesach of the different culture
mixtures were made . Three equally-sized piecegass fibre filter (Millipore AP25 47
mm, each of area 2.8 énwas placed in each flask to provide a surfacarimrobial
growth (Qualls and Haines, 1992). All the flaskgevstoppered with a rubber bung and
incubated in the dark at 2D for 70 days. Mineralisation of DOC was quantified
days 1, 3, 7, 15, 42 and 70 by measuring the €dcentration in the headspace of
each incubation flask using gas chromatography i@vlarAerograph 90-P). A
hypodermic needle was used to pierce a resealibgeruseal in the centre of each
stopper, remove 1 ml of air from the headspaceiajedt it in to the chromatograph.

Calculations of soluble CO based on Henry's law (Kessler and Harvey, 2001,

78



Decomposition Dynamics of DOC Chapter 3

Plummer and Busenberg, 1982), showed that in absdissolved COwvas negligible

relative to gaseous GO

A 40 ml sample was removed from each flask on @ays 3, 7, 15, 42 and 70, filtered
through a 0.22um cellulose nitrate membrane filter (Whatman 47 many then
analysed for DOC, DON, proteins, amino acids, chydeates, N and NQ . The
flasks were left open for 30 mins after liquids gdes had been removed to aerate the

headspace for 30 minutes before the bungs weracexbl

To determine microbial dynamics a second set odkflawere incubated and the
microorganism population sizes on days 3, 7, 18, &, were directly enumerated
using a filtration—epifluorescent microscopy tecfug. 40 ml of sample and one piece
of glass fibre filter were removed from each flasid sonicated for 20 seconds to help
dislodge microorganisms from the filter. 40 ml aimgple from each incubation flask
were stained for 2 min. with 5 ml of 1,@ mr* DAPI (in 10 mM tris, 1 mM EDTA, pH
8) and then filtered manually using a syringe, tiglo a 0.2um black Whatman
Cyclopore® polycarbonate membrane filter (Ported &w®ig, 1980; Hobbie et al.,
1977). The membrane filter was immediately mourtedh slide with low fluorescence
immersion oil and viewed under X1000 magnificatiosing a Zeiss Axiovert 135
microscope and DAPI filter set (exciter 365 nm hdaic 395 nm, barrier 420 nm). The

number of cells falling within 5 fields of view egach membrane filter were counted.
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3.3.4 Biochemical Analyses

Biochemical assays for DOC, protein, carbohydratkamino acids were carried out as
outlined in section 2.3.3 and detailed in AppendixMean results of biochemical
analyses of the inoculum only cultures were dedldtem mean results of DOC-

containing cultures (n = 3).

3.3.5 Assessing Microbial Release and Uptake of DOC

Differences between net loss of residual DOC amdlipted loss due to measured L£O
production were calculated to also give an indwwanf the microbial biomass release
and uptake of DOC during the incubation period.uSiity changes were assumed to
be negligible. Mean values obtained for the inoouknly cultures were deducted from

mean values for the DOC-containing cultures.

3.3.6 Statistical Analysis of Mineralisation Data

A repeated measures ANOVA and a Tukey's post-hscviere used to ascertain the
significance of any differences between the extdnnineralization on any particular
sampling date for any of the soil types/treatmefutata transformed to 'log10 (C +3)"

where C = cumulative C{production (% of initial DOC)).

An F-test was used to determine whether a singldoable exponential decay curve
was the best fit for each data set using GraphR&th® The simpler equation was
chosen unless the more complicated fit signifigabitter with P < 0.05. The time
taken to mineralise half of the initial DOC sub#tréhe half-life) was calculated using

the equation:t = 0.693k for each kinetically distinct pool of DOC.
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3.4 Results

3.4.1 DOC mineralisation

After 70 days an amount equivalent to 5-39% ofitligal soil DOC was mineralised

and 48% of the dissolved glucose (Table 5). Theerewno lag phases in the
mineralization of any of the DOC samples or glucasdicating that the number and
activity of microorganisms did not limit C minerzdition. The cumulative COeleased

by the blanket peat DOC was significantly higher(p.05) than raised peat on day 7
and thereafter of the incubation period. Otherwisesignificant differences existed
between the extent of mineralization on any paldicsampling date for any of the

different soil types.

The dynamics of DOC mineralization for all the dgpbes fitted a double exponential

first order decay model (Figure 24 andFigure 23hain f > 0.99 (Table 5).
ie. % of initial DOC mineralized = [(100 — af'§ + [a €]

where: t = time (days); 100 — a = proportion @Othat is rapidly
mineralised; a = proportion of DOC that is slowlinaralised k1 = rate
constant of the labile pool of DOC; an@, = rate constant of the more stable
pool of DOC.

This model provided a better fit than a single exgrgial model. This indicates that the
DOC was composed of two kinetically distinct poaisreadily decomposable, labile
pool and a more stable pool, relatively resistantiécomposition. The mineralisation
rate in the first few days was between 1 and 3rsrdé magnitude higher than in the
latter stages. The half-life of the labile poolsswaetween 3 to 8 days compared with

0.4 to 6 years for the more stable pools (Table 5).
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Table 5 Mean quantitative measures of the extent and dysaaifithe mineralization of DOC during a 70 dayination periodK = rate constant?= goodness of fit
of double exponential decay model). Figures inketrepresent one S.E. of the mean (n = 3), efoeptwhere figures in brackets represent theudated effect of
+ 1 S.E. of the rate constant on the half-lifeshibuld be noted that due to repeated measuresramy ebserved are cumulative.

Mineralised  Labile Pool Stable Pool ,
DOC solution ((E o Size k Half-life* Size k Half-life '
DOC) (% total (day™) (days) (% total DOC) (day™) (years)
DOC)
Raised peat 4.7 2.7 0.1046 6.6 97.5 0.0003 6.2 0.998
(3.0) (0.7) (0.0417) (4.7-11.0) (0.7) (0.0001) (4.7-9.5)
Blanket peat 38.5 12,5 0.2452 2.8 87.5 0.0047 0.4 0.997
(18.7) (2.9) (0.1314) (1.8-6.1) (2.9) (0.0007) (0.4-0.5)
Maize (unamended) 23.0 13.2 0.1172 5.9 87.4 0.0017 1.1 0.995
(9.9) (5.0 (0.0723) (3.7-15.4) (5.2) (0.0010) (0.1-2.4)
Maize-soybean rotation 19.3 14.4 0.1426 4.9 85.4 0.0008 2.4 0.999
(manured at 50t ha'year?) (5.6) (1.3) (0.0250) (4.1-5.9) 1.3) (0.0003) (1.7-3.8)
Maize 11.4 7.5 0.2382 2.9 92.5 0.0006 3.2 0.999
(manured at 100t ha'year™) (3.9) (0.4) (0.0370) (2.5-3.4) (0.4) (0.0001) (1.7-3.8)
Maize-soybean rotation 28.8 16.6 0.0830 8.4 84.2 0.0023 0.8 0.997
(fertilised at 100kg N ha'year™) (21.6) (7.7) (0.0523) (5.1-22.6) (7.9) (0.0015) (0.5-2.4)
Glucose 47.7 49.2 0.2238 3.1 54.5 0.0004 4.9 0.993

(0.99) (7.0) (0.0752)  (2.3-4.7) (6.83) (0.0025) (0.7<0)
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Figure 24 Loss of soil DOC as a result of mineralization wetior bars displayed (+ 1 SE of the mean (n
= 3)). Each curve represents a fitted non-linegresion based on a double-exponential decay ¢tfrve

> 0.99 for all data sets)..
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Figure 25Loss of soil DOC as a result of mineralization ¢efsars not displayed). Each curve represents
a fitted non-linear regression based on a doubpereential decay curve?(r 0.99 for all data sets).
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3.4.2 Netloss of DOC

After 70 days the net loss of initial soil DOC w&gl4 % for the soil solution samples
and 96% for the glucose sample. Net changes in B@fCentrations in all the cultures
during the incubation were different to that preedc by the loss of DOC through
mineralization, both in terms of extent and dynamidigure 26). For all soil
types/treatments, except for raised peat wheretto€ matched net loss, the net loss
of DOC for the majority of the incubation period svgreater than could be accounted
for by the process of respiration/mineralizatiom.cbntrast to the double exponential
decay pattern of decline in DOC during the inculrateriod based on mineralization
rate, the pattern of net DOC loss was much morept®mm For example, for all soil
types/treatments except ‘unamended maize’, net BEGally increased by 4 — 35%
following an initial loss of between 12 — 35% ialtiDOC within the first 15 days
(Figure 26). Overall, however, the proportion of B®C loss between days 0 and 15
exceeded that lost between days 15 and 70, camisigih the pattern of loss of DOC

to CO..

3.4.3 Protein, Carbohydrate and Amino Acid Fractions — Réative
Changes in Composition

The composition of the DOC prior to incubation (d@)y varied according to soil
type/treatment with respect to soluble protein aatbohydrate carbon (Table 6). No
amino acid carbon was detected for any soil typafinent initially or at any time
during the 70 day incubation period. After 70 dafsincubation there was a net
increase in carbohydrate C for every soil typetireat and, in all but two cases, a net

decrease in soluble protein C. In the glucose obnw carbohydrate C was present at
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the end of the 70 day period (Table 6). These hahges between day 0 and day 70,
however are somewhat arbitrary, as constant flticios in the amounts of
carbohydrate, protein and unidentified C took pldeweughout the incubation. For four
of the soil type/treatments carbohydrate C conegéiotis increased from day 0 (0.1 —
1.9 mg C / 1), reaching an initial peak of betwde® — 2.7 mg C / | on day 1 raised
peat, unamended maize and maize/soy manured) @& (tdgnket peat) (Figure 28). By
day 7 these concentrations had declined more tfafioll (0.0 — 0.1 mg C / ).
Subsequently this initial peak was followed by ecsel increase in carbohydrate C of
similar magnitude to the first (1.0 — 2.5 mg /dyjdent by day 15, followed by a second

decline to concentratiorsone quarter of the peak value by day 42. Howewere
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Table 6 Mean values (+ 1 S.E.) for carbohydrate C and prd@eas percentage of initial DOC (n = 3).

Sail Type / Day 0 Day 70
Treatment

Carbohydrate C  Protein C Carbohydrate C  Protein C
(% initial DOC) (% initial DOC) (% initial DOC) (% initial DOC)

Raised Peat 1.7+£1.0 61.3+10.1 14225 66.4 £1.0
Blanket Peat 1.1+41.4 35.8 £9.7 13.1+1.2 5.9+43.0
Maize (unamended) 14.6 £3.5 -1.7 1.5 23.013.5 723.9
Maize/Soy (manured) 2.4 +1.0 73.9 £12.9 14.5£3.0 3.2%7.3
Maize (manured) 8.9+1.5 22.34.2 11.7 £0.7 3.B+1
Maize/Soy (N 5.742.3 11.442.8 17.6 £0.6 9.418.1
fertilised)

Glucose 99.6 +1.5 1.6+1.6 0.0+0.0 1.02+0.9

again carbohydrate C concentrations began to recay&in reaching concentrations
similar to, or greater than previous peak valued (12.2 mg C 1) by day 70.
Carbohydrate C concentrations in the maize/soy rilifed and maize manured
cultures showed different patterns both to the abawd each other. Carbohydrate C
concentration in the maize/soy N-fertilised cultipeaked on day 3 (1.9 mg € but

no second peak occurred on day 15. Instead coatiems continuously declined to
0.0mg C 1 by day 42, before increasing to 1.6 iidly day 70. For the maize-manured
culture the fluctuations in carbohydrate C conadigns were of the same order as
observed for all the other soil types/treatmentsydver like the previous example, just
one peak in levels occurred within the first 15sléday 7 — 1.6 mg C'J but atypically
followed a significant decline of 1.2 mg C in the first day of the incubation. In the
glucose only culture, the relatively high levels afrbohydrate (19.4 mg C')l had

declined to 0.5 mg C'Iby day 3 and 0.07 mg C'lby day 7. From this point
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concentrations of carbohydrate C remained relatively low but showed a rise to 0.2

mg C /| by day 42, before returning to 0.0 mgl®y day 70.

The magnitude and pattern of change in protein@enotrations was dependent on soil
type/treatment. For all types/treatments, exceptizefsoy manured, a peak in
concentration of between 1.7 — 11.3 mg C / | o@xin the first three days. However,
in the blanket peat and maize-manured culturespidgk followed an initial decline of
(0.5 and 1.8 mg C / | respectively) during thetfaay of the incubation. After the first 3
days each type/treatment generally responded eliffgr to the incubation conditions
(Figure 28). However, in all cases, except for marmmanured, protein C concentrations
tended towards a minimum on day 42 before incrgeagain in the latter stages of the
incubation. The concentration of protein C in thaize—manured cultures, having
reached a second peak on day 15, continuouslyneecthroughout the remainder of
the incubation period. In the glucose only cultysestein C concentrations rose from 0
mg C/londayOto 2.3 mgC/I|byday 3, buntideclined back to 0.4 mg C /| by day
7. A second rise and fall of the same magnitude otserved between days 7 and 42,

with concentrations dropping to just 0.2 mg Cy day 42.

Changes in the concentrations of the remaindeh@fQOC levels (‘unidentified C’)
also fluctuated throughout the incubation periodr Rll the cultures except for
maize/soy N-fertilised and maize/soy manured, thress a peak in concentrations on
day 7 or 15 (2.7 — 13.7 mg C / |) following an maitdecline from initial concentrations
over the first 1-3 days. Concentrations then eitieenained relatively steady (blanket
peat and maize manured) or reached a second pediyo#2 before declining in the
latter stages of the incubation (raised peat antzemanamended). For maize/soy
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manured, peaks in concentration did occur on dagnd 42 but the first was not
preceded by an initial decline as for the aforeme@et. For maize/soy N-fertilised no
early peak was observed but instead a continuatlmddetween days 0 and 15, before

concentrations rose to peak on day 42.

The relative contribution of each of the proteigrbohydrate and unidentified C
fractions to total DOC fluctuates throughout theuibation period for all of the soil
types/treatments (Figure 27). For instance pro@itlominates the maize/soy bean N-
fertiised DOC composition on day 15, but only adnites a relatively minor amount
by day 70. Generally, protein C or unidentified @ndnate, with carbohydrate C

making a relatively minor contribution.
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Figure 28 Mean concentration (mg/l) of soluble carbohydrateoftible protein C and unidentified soluble C facte soil type/treatment throughout the 70 day
incubation period (n = 3). No amino acid carbon detected. Error bars represent + 1 S.E. due tabpariation.
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3.4.4 Microbial Population Dynamics

An increase in the number of microbial cells in tudtures containing DOC relative to
the cultures containing inoculum only was cleanident from day 3 (Figure 29). The
magnitude of the microbial response and the appearaf the microbes were
dependent on soil type/treatment (Figure 30). Hosal types/treatments there was a
relatively rapid growth and subsequent declinehe size of the microbial biomass
within the first 15 days (Figure 29). During thise numbers increased to 1 - 2 %10
bacterial / mg initial DOC, relative to day O, five blanket peat, maize/soy manured,
maize manured and glucose treatments, and byx10’dacterial / mg initial DOC for
the raised peat and unamended makgday 15 these numbers had fallen to 25 - 94%
of their peak value Over the remaining days of itlt@bation period (days 15 - 70)
numbers showed little change or slowly declined.sifilar second peak in the
microbial number data may have matched the seceall im microbial assimilation of
DOC observed (see below) but was masked by lagkdifect count between days 15

and 70.

Calculations of net loss of DOC - loss of DOC to ,Ct© indicate net microbial
assimilation/release of DOC, showed two periodsiiziobial assimilation (Figure 29).
The first was a relatively rapid assimilation ocaug within the first 7 days (6 — 30%
initial DOC for soil samples; 59% for glucose), gerond occurred by day 15 or later
(6 — 30% for soil samples; 52% for glucose). Theegtion to this was the unamended
maize DOC cultures where no net assimilation to@dce between days 0 and 7,

however 23% initial DOC had been assimilated by tay
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The magnitude of the response, in terms of bothferation of microbial numbers and
DOC assimilation, in the blanket peat DOC cultuness second only to the glucose

only cultures.
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Raised peat Blanket peat Maize (unamended)

Maize/soy (N-fert)

Maize/soy (manured) Maize (manured)

Glucose Blank (inoculum only)

Figure 30 Appearance of microbial populations following fétion on day 3 (DAPI stained, X 1000
magnification).
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3.5 Discussion

Measuring biodegradation by measuring @@oduction showed the DOC, for all soil
types/treatments, to be comprised of two kinetjcadlistinct pools and its
decomposition described by a double exponentiahylewodel. The rate constants for
the biodegradation of both the labile and stablelgpof the agricultural soils were of
the same order as that found by Kalbitz et al. 82)Qusing the A horizons of three
different plots of a long-term agricultural fieldxperiment (unfertilised; mineral
fertilisation; and, manured (30 t Ha The percentage of soluble carbon mineralised,
during the 70 day incubation period for the agtiadl soils (11.4 — 28.8%) is also
similar to the range (17 — 32%) found by Kalbitzaé{2003a) for a 90 day incubation
period carried out at the same temperaturéGR0OThe only observed statistically
significant difference in the extent of mineralioat between the two peat soils
(blanket peat 38.5%, raised peat 4.7% of initial@Ocould be due to differences in
vegetation cover and/or management practices. Hrkdt peat has a large amount of
ground cover and relatively young trees growingtersurface releasing highly labile
soluble carbon in the form of root exudates (Reid @oss, 1983). This carbon may be
accumulating within the peat due to reduced miaiaddtivity (Kiisel and Drake, 1999)
and/or the inhibition of hydrolase enzymes (Kangl &reeman, 1999) by phenolic
compounds, which build up in the absence of oxy@eaemaret al, 2001). This may
also explain the relatively high mineralization stamt for the labile pool of the blanket
peat. The raised peat has fewer, much older tregsreinly bracken growing on its
surface and within the past two hundred years kas brained. The combined effect of
the older vegetation and the increasing aeratidheofop layer, enabling the removal of
phenolic compounds through increased phenol oxidateity, may mean that highly
labile root exudates produced by the ground corerapidly decomposed leaving only
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the less labile to drain through and accumulateéersampled layer of peat as soluble or
potentially soluble organic matter. The extenttted mineralization of the dissolved
glucose is typical of a glucose-induced respiratesponse by soil microbes (Laéd

al., 1992).

Measuring decomposition by measuring net loss ofCDi@m the culture mixture
showed consistently lower concentrations of DOQthauld be expected through loss
to CO, and more complex dynamics than the mineralizatigmamics with periods of
increase as well as loss. This is in apparent adition with the results of Gregorich
et al. (2003) who found that net loss of DOC of faene agricultural soils over a 42
day incubation period at 35 could be described by a double exponential detagel,
with rate constants an order of magnitude higherbfath the labile and stable pools.
However, the results presented here reflect greasolution resulting from a lower
incubation temperature: sampling times in this gtuere the same as that used by
Gregorich et al. (2003) however the incubation terapure was 1%, effectively
increasing the sampling frequency. Similarly, Grégo et al found the extent of
metabolisation of the mineral soils to be gredd@r; 61 % despite a shorter incubation

period (42 days), as compared to the 29 — 40 % obddere.

Discrepancies between the dynamics of decomposwiere anticipated as only a
portion of actual decomposition is accounted foewldetermining the decomposition
rate by measuring GQutput (Paul and Clark, 1996). Some DOC will bedugear

biosynthesis within the microbial population i.be tformation of new intracellular or
extracellular material, therefore as the micropmpulation grows a net uptake of DOC

would be expected. Likewise as the microbial bicsndeclines organic carbon would
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be expected to be released as the cells lyse. 8bthis released carbon will be soluble
and that which is insoluble may itself undergo wisal decomposition to soluble
material. Thus the differences between DOC minsgdliand actual DOC lost from
solution should give an indication of the microb@dpulation dynamics, assuming
formation of colloidal, particulate and precipitt€ during the incubation period is
negligible. Comparison of this data with the change microbial population size
obtained from the direct counting method, showasl tin be the case at least for the
first 15 days of the incubation period where adapowth and decline in the microbial
population was observed. Fontaine et al (Fontaheal, 2003) proposed that ‘r-
strategist’ microorganisms, adapted to rapidly iprrdte in response to an abundance
of suitable substrate (Killham, 1994), decompose riost energetic compounds of
fresh organic matter (e.g. green manure or strafsivK-strategists’, dominate only
in the latter stages of decomposition when the liiighergetic compounds have been
exhausted and only polymerised compounds remaiis. theory could to some extent
be applied to the pattern of microbial decomposited DOC observed here: the r-
strategists rapidly proliferate in response toatailability of the readily-decomposable
labile pool present in the DOC, assimilating sodubtganic carbon as they do so, and
then, once this pool is exhausted, the populatiedinks releasing soluble organic
material. The predicted microbial dynamics basednen loss of DOC minus loss to
CO, showed a second more gradual rise and declinpastipg the theory that the K-
strategist population subsequently, in responseetimced competition, grows slowly
and begins to dominate the degradation of the nremalcitrant molecules that
constitute the stable pool. However, insufficiemedt counting data in the latter stages
made this difficult to verify and it is possibleathprecipiation/dissolution processes

taking place during the incubation may be confusirggpicture. Although the patterns
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of change observed for both changes in the mickpljpulation size and changes in the
predicted assimilation/release of DOC suggest l@th a consequence of the two
kinetically distinct pools of DOC, the relative &% at which these changes take place is
different for each soil type/treatment, making eedi link between the two difficult to
confirm. Initial increases in DOC, observed betwdeagy 0 to 1 or 3 depending on soil
type/treatment, may be the consequence of lyssewife of the original inoculum as the
community adjust to the conditions in each spedtitture. The responsiveness of the
microbial community to the composition of DOC igamnt from the differences in the

appearance of the microbial cells according totype evident from as early as day 3 (

Figure 30). Changes in appearance of microbes &oyone culture were also evident
as the incubation progressed (Figure 31). Althoogtside the scope of this study, it
would be useful to determine whether these obsediffdrences actually represent

structural and functional differences in the micgablbommunities.

Examination of the protein and carbohydrate fratiodid not show rapid
decomposition/assimilation in the first few daysmay be expected of such ‘labile’
molecules but instead revealed a complex pattetyotif degradation/assimilation and
release throughout the incubation period. Any logtween the dynamics of each of
these fractions and the microbial population wagadssible to ascertain as the
relationship between the two varied according td type/treatment. This variation
however does not preclude the existence of a direletionship as the differing
substrate material and chemical conditions in eadture would be expected to illicit a

different biochemical response by the microbial owmity. The observed net increase

in the carbohydrate component in this study, exoefite case of the glucose control,
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Day 3

Day 70

Figure 31 Examples of appearance of microbial populationdays 3 and 70 in maize/soy N-fertilised
DOC culture (DAPI stained, X 1000 magnification).

was also observed by Kalbitz et al (2003b) usingu@i Oa spruce forest DOC samples
in a 90 day incubation. This net production of cdmyrate could be due to synthesis of
carbohydrate molecules by the microbial populatiosing internal carbon sources
which is then released into solution as relativelgalcitrant products, or decomposition
products, of extracellular secretions. Observedngbsa in viscosity of the culture
solutions and the cloudy appearance of some sampleEn viewed under the

microscope (Figure 32) suggest either cellular netendergoing lysis or the presence
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of biofilm material. Biofilms are complex commuuisi of microorganisms attached to
surfaces or associated with interfaces (Davey aiddle, 2000) and are thought to be
the normal environment for most microbial cellsmany natural and artificial habitats
(Christensen, 1989). The main ‘cement’ for all gheslls and products is the mixture of
polysaccharides secreted by cells established rwitte biofilm (Sutherland, 2001).
Many of these polysaccharides are soluble and,usecaf their large molecular mass
yield highly viscous aqueous solutions (Sutherle2@D1). However, the absence of a
comparable production of carbohydrate by the glaangy culture, despite sustaining a
relatively high biomass, suggests that the majavsitycarbohydrates released by the
microbial population are not inherently stable aré stabilised by some external factor
present in the soil DOC cultures only, perhaps ublocomplexation with aromatic
decomposition products of lignin or tannins. Simyathis could explain the observed
increase in protein concentration between dayo420tfor all the soil DOC cultures,
except maize manured, at the same time that thé @o®OC is believed to be
kinetically relatively stable: protein moleculede@sed by microbes in the latter stages
of the incubation may be binding to accumulatimmiin degradation products, reducing
their biodegradability. No amino acid C was detéctluring the incubation period
suggesting that its turnover was so rapid thatdbecentration remained below the

levels of detection (0.01 mg C)l
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Figure 32Image showing ‘cloudy’ appearance of typical ofwaf the samples following filtration
(maize manured sample day 70, stained with DAPLQBO magnification).

All aspects of the decomposition process (mineatibn kinetics, mass loss of DOC
dynamics; fluctuations in carbohydrates and preteiand, changes in microbial
population size) were similar for both the peatlamd mineral agricultural soils. This
suggests that the microbial response to the nBX@€ is similar in the two ecosystems,
irrespective of the differences in timing and cheahicomposition of organic inputs,

local hydrological and temperature conditions aedaipemical properties of the soil.
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3.6 Conclusions

e the mineralisation dynamics previously observed fgricultural and forest
ecosystems, described by a double exponential dewadel, also hold true for

peatlands

e the pattern of mass loss of DOC from solution dwyrgrecomposition is more
complex than the double exponential decay modekrvleds by previous studies

[Qualls and Haines, 199][Gregorich et al., 200]i{& et al, 2003a)

e the changes in the size of the microbial commuuitying the decomposition
process show that during the initial stages of degxmsition (days O to 15) one sub-
group of the community proliferates in responséhwpresence of the labile pool of

DOC and subsequently declines as the labile pamiress.

e the protein and carbohydrate fractions of DOC dot mshow rapid
decomposition/assimilation as may be expected a@h siabile’ molecules but
instead a more complex pattern of both degradassivhilation and release
throughout the a 70 day incubation period. No aman@ C was detected at any

stage during the incubation process.

o All aspects of the decomposition process (mineatibn kinetics, mass loss of DOC

dynamics; fluctuations in carbohydrates amino aeidd proteins; and, changes in
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microbial population size) are similar in both paatl (raised and blanket peat) and
mineral agricultural soils, irrespective of crop dadertilisation management

strategies.
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Chapter 4: Effects of Repeated Applications of Trae
Amounts of Litter DOM on Activity of Peat Soil Micr obial

Biomass

4.1 Introduction

The results of many field studies have shown th@CDroncentrations show seasonal
variation (Cronan and Aiken, 1985; McDowell and diils, 1988; Tippingt al, 1999).
These variations have been attributed to variowdrammental factors, including
temperature, precipitation intensity and freezewtlegcles (reviewed by Kalbitz et al.,
2000). No studies have, however, looked at thecef®é rainfall frequency. Rainfall
contains both natural DOM, initially released astduom the canopy and subsequently
washed out in the rain (Guggenberger and Zech,)189¢ anthropogenic DOM such
as herbicides, pesticides and petroleum produstserhperate forest ecosystems, as
rainfall passes through the canopy, DOM is molilibg the washing of dry-deposited
organic carbon, leaf leachate and the metabolidymts of microbial activity (Zech and
Guggenberger, 1996). As the rainwater passes thrawgdecomposed partially
decomposed litter horizons more DOM is solubilis€dus each time it rains ‘fresh’
DOC is delivered to the underlying soil. Does ttegtiency at which this fresh soluble
organic matter is made available to the soil mi@bbiomass affect their activity and

consequently the rate of mineralization of soilaorig carbon?
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O’'Dowd and Hopkins (1998) observed that repeatetitiads (every 21 days) ab-
glucose and.- andD-amino acids (2 mg gsoil) to forest soil significantly increased
the subsequent rate of @Production. De Nobili et al. (2001) observed tbeen trace
amounts (ug § soil) of solutions such as glucose and root ekitacse a rapid, but
relatively short-lived increase in the metabolitivaty of soil microbial biomass which
could be reactivated with further additions. De Na#t al. (2001) hypothesised that
this response of the microbial biomass is triggebgdtrace concentrations of low
molecular weight compounds derived from a substrateanticipation of a more
substantial ‘food event’ to come. Thus it is pokesihat in periods of frequent rainfall,
frequent doses of ‘trigger molecules’, derived frémoughfall and/or litter leachate,
are delivered to the bulk of the soil microbial fi@ss increasing or maintaining the
microbial biomass at a high level of activity armhsequently increasing or maintaining

a high rate of mineralization of available substsat
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4.2. Hypothesis

The intervals between periods of rainfall will udince the extent of soil carbon
mineralization through the action of trace amouwidtitter DOM on the activity of the
endogenous biomass. Frequent rainfall will leadustained ‘alertness’ of soil biomass
because of the frequent supply of trace organiciemis in the litter DOM acting as
trigger molecules. Frequent rainfall distributingsh doses of trigger molecules should
maintain the biomass in active state. Less frequainifall will reduce activity and

therefore the extent of C mineralization.
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4.3. Materials and Methods

4.3.1 Soil Description

Peat soil was taken from the Of horizon of a drdjmaised peat bog (NGR: NS747961)
lying in an area of the Carse of Forth, known ast@tyre Moss Wood in Central

Scotland (see section 2.3.1 for detailed descriptiosite and soil characteristics). The
samples were taken in June 2005 from a flat arel@rua silver birch canopy. Samples
were sorted by hand to remove plant and animalnma&te2 mm in size. Prior to use the
soil was bought to 50 % water-holding capacity (WH@d equilibrated at 2T for 7

days.

4.3.2 DOM Preparation

The DOM solution was prepared using litter (L I13yeraterial removed from the same
site as the peat soil samples. Sample material @0@as secured within a nylon
netting bag suspended in 800 ml of distilled wagbaken for 2 hours and left overnight
at £C. The water extract was filtered through Ou22 cellulose nitrate membrane filter
(Whatman) before use as the DOM solution. The degearbon content of the DOM

solution was determined using a Shimadzu TQ&xV Total Organic Carbon Analyser

(see Appendix A for technical details) and its cleaihcomposition adjusted to ensure
a final C:N:P:S:K ratio> 5:1:1:1:1 through the addition of (NFSO: and KHPQO..

Control solutions contained identical amounts dfifNSO, and KHPO, only.



Effect of Repeated Applications of Trace Amount®afC on Microbial Activity Chter 4

4.3.3 Soil Incubation — Investigation 1

The respiration rate of the soil was determinedhguisi multi-chamber respirometer
(Respicond IV, Nordgren Innovations, Umea, Swedd@&ihjs allows near continuous
monitoring of CQ production in the headspace above the soil saimplmeasuring
decreases in conductance as;@®©absorbed in a KOH trap (Nordgren, 1988). 50 g
moist soil (7 g dry soil equivalent) amended withn®) cellulose C/ g dry soil
(equivalent to 4.448 mg cellulose/ g dry soil) irb @ talc as an inert carrier (after
O’Dowd and Hopkins,1998; Meli et al., 2002) was adidto each chamber, and
incubated at AT for 24 days. 3 ml DOM solution containing 24.7F erganic C it
were added to the experimental chambers (each&jumivalent to an addition of 10.6
ug C g dry soil) and 3 ml nutrient only solution were addo the control chambers
throughout the incubation period at varying frequies: once at time 0 and at time O
and every 3, 6 or 9 days thereafter. Such addilimreased the moisture content of the
soil during the incubation period from 50 to 54, /8 and 61 % of its WHC
respectively. No additions were made to a finalafethambers. At the time additions
were made all chambers were exposed to the atm@sghe 20 seconds. GO
production was recorded every 6 hours. Each expatiah set up was replicated three

times.

4.3.4 Soil Incubation — Investigation 2

A lack of 3 day interval data and the apparent, bat statistically significant,
divergence of the rates of respiration between D®Mutrients and nutrients only
additions for all the frequencies of applicationday 24 for investigation 1 (see section

4.4) necessitated a second investigation. A sesendf chambers were set up as before
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(50 g moist soil, 7 g dry soil equivalent, amendéth 2 mg cellulose C §dry soil in
0.5 g talc as an inert carrier), incubated #C2and 3 ml additions of DOM solution
containing 32.6 pg organic C ml (each 3 ml equiviate an addition of 14.0 ug C'g
dry soil), and 3 ml nutrients only’ were made evé&p, 7 and 10.5 days. As a
consequence of each addition soil moisture cornten¢ased from 50 to 85, 68 and 64
% of its WHC respectively during the incubationipdr To determine the contribution
of the inorganic nutrient content of the DOM exteatt itself on respiration an
additional set of chambers were included and 3D®M (32.6 pg organic C i)
only’ additions were applied at the same frequeneie for the other amendments.
Cumulative CQ was quantified every 3.5 days for 35 days by meguhe CQ
concentration in the headspace of each incubatiamber using gas chromatography
(Varian Aerograph 90-P). A hypodermic needle wasdu® pierce a resealing rubber
bung in the lid of each chamber, remove 1 ml off@m the headspace and inject it in

to the chromatograph.

4.3.5 Data Analysis

Raw data obtained using the respirometer was mkgzlito compensate for the €O
absorbed from the atmosphere during removal ofcti@mber lids, by deducting the
observed increase at that time from the subseglagatpoints. The 2-sample t-test was
used to test for significant differences<{[®.05) between sets of data (population from

which data set collected was assumed to be normisligbuted).
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CO, carbon data collected using the gas chromatogramoumulative and therefore
differences between treatments were analysed usimgpeated measures ANOVA

technique.

4.4. Results — Investigation 1

The frequency of application (once on day O, ev@rgnd every 6 days) of trace
amounts of ‘DOM + nutrients’ had no statisticallgrgficant effect on the degree of C
mineralization of the peat soil over a 24 day perelative to nutrient only additions (p
= 0.271, 0.656, and 0.271 respectively) (FigureRgure 34 and Figure 35). Although
the difference between ‘DOM + nutrient’ amendmentl ano amendment’ was not
significant, a continuing divergence in rate of gfoduction was evident, with ‘DOM
+ nutrient’ amendment consistently exceeding tHatudrient only amendment. Data
for 3 day interval applications was not availableedo technical difficulties with the
respirometer. Nutrient addition significantly inased the rate of mineralization relative

to no amendment, however, frequency of nutrientiegiioon had no significant effect.

11z



N
(&)
|

6 day interval

2 —— nutrients only IT
- DOC + nutrients +

1.5- no addition l
- I

0.5

cumulative CQ (mg C ¢' dry soil)

0 100 200 300 400 500 600
time (hours)

Figure 33 The effects of repeated addition of trace amouflsad litter leachate DOM at 6 day intervals omm@eralization (cumulative Cng C g* dry soil).
Arrows indicate time of additions. Error bars reganet + 1 S.E. of the final mean (n = 3).



= 2.5+

? 9 day interval

-

T 2 ——nutrients only [
8 —= DOC + nutrients [
g 1.5- no addition

o T
S 1 l
o

=

< 0.5

>

£

8 O ¥ \ \ \ \ \ \

0 100 200 300 400 500 600

time (hours)
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4.5. Results — Investigation 2

After 35 days (840 h) of incubation, the applicatiof trace amounts of ‘DOM +

nutrients’ every 3.5 days had no statistically gigant effect on the total C mineralised
relative to ‘nutrient only’ additions, despite aabaddition of 140 pg DOM carbon
(Figure 36, 32 and Figure 38). Applications of ‘DOM nutrients’ at the lower

frequencies of 7 and 10.5 day intervals, howevier ,hdve a significant effect relative
to ‘nutrient only’ additions (after 17 and 31 dayfsincubation), causing an additional
213 and 111 ug Cgdry soil to be mineralised in total (Figure 39heBe values

exceeded the total DOC additions for these treasnaii70 and 56 pug C'gdry soil by

3 and 2 fold respectively. For both 7 and 10.5 dpylications, total C mineralised at
the end of the incubation period in ‘DOM + nutrignéatments exceeded that of ‘DOM
only’, but only in 10.5 day interval treatment di2OM only' significantly exceed ‘no

amendment’

A period of acceleration in the rate of C mineradisn the ‘DOM + nutrient’ relative to

‘nutrient only’ treatments was observed between-836 h for 7 day interval additions
and, between 420-588 h (Figure 39) for 10 inteagditions. The acceleration period
was more sustained for the 10 day interval treatsaéiter this period of acceleration,
the rate of ‘extra’ C mineralization declines torelatively steady rate for both
treatments. However, the rate of C mineralizationthe remainder of the incubation
period for the 10 day interval addition treatmeaiseeds that of 7.5 day interval
treatments. No such acceleration was observedeasame time for 3.5 day interval

applications.
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4.6. Discussion

The repeated addition of trace amounts of ‘DOM +riants’ to raised peatland soil
over a 35 day incubation period caused an increa€¥0, mineralisation, relative to
nutrient only additions, when the time intervaldveen applications were 7 and 10.5
days. The extra C mineralised exceeded total DOdltiads by more than 2 fold
showing that components of the added DOM (in thes@nce of added inorganic
nutrients) caused an increase in metabolic actofitye microbial biomass beyond that
which could directly result from mineralization afl of the added carbon. As only a
proportion of the added DOM would actually be suéntly labile to be degraded
within the 35 day incubation period, it is likelgat the extra C mineralised actually
exceeds added mineralisable C added by greateltf@d. The effect of 7 day interval
applications was greater than for 10.5 day appdinatsuggesting that the heightened
activity of the biomass declined between 7 and B@ys after each addition of ‘trigger

molecules’ within the DOM.

The period of acceleration of ‘extra’ C mineralised 7 day interval additions begins
earlier than that observed 420-504 h for the 1@p idterval treatment but was not so
sustained. Both responses, however, occur 7 désssthe second addition was made.
This suggests that (i) the microbial production aif least some of the enzymes
responsible for biodegradation of the native andtiaded carbon, or (ii) an increase in
microbial biomass, are only initiated once a caiticoncentration of a specific substrate
or substrates has been achieved. The microbes maydponding directly to the
molecules added and hence the time lag of 7 dayshbmahe time taken to elicit an

appropriate response. Alternatively the microbeg merease their activity in response
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to one or more breakdown products of the addedocarim which case the time lag
would be partly due to the time taken for theseakdewn products to occur. The
coincidental timing of a third addition during theriod of acceleration for the 10.5 day
interval treatment may have reinforced a respohsady taking place and therefore

sustained the period for longer than for the 7idsgrval treatment.

The timing of the point of acceleration in theeratf mineralization observed here for
the 7 day interval additions is similar to that ebv&d by De Nobili et al. (2001) (280-
300 h) having made three repeated additions of &E extract (each addition = 11.3
Hg C ¢ dry soil) to cellulose-amended soils at time Carl 10.5 days in a 24 day
incubation. In the case of De Nobili et al.’s wdhe period of greatest acceleration
appeared to occur just over a day after the trdditan, but the time lag between the
second addition and the period of acceleration sv&sdays, similar to the 7 day time
lag observed here. Such comparisons between thepimees of work, however, are
difficult as the effectiveness and spectrum of po&t ‘trigger’ molecules in root

extract DOM may be very different to that of litteachate, as may the sensitivity of

the endogenous soil microbes to the presenceggfetrimolecules.

No period of acceleration of ‘extra’ C mineralizatiwas observed for the 3.5 day
interval treatments. In fact, the addition of ‘DOMnutrients’ every 3.5 days had no
significant effect on the total rate of mineralipat relative to ‘nutrient only’ additions.

This is difficult to explain considering the min&zation response to the less frequent
additions. It is possible that additions made & ftequency enabled the accumulation

of molecules in the culture which either inhibittrcellular enzyme activity or inhibit

12z



Effect of Repeated Applications of Trace Amount®afC on Microbial Activity Chter 4

microbial metabolism and/or reproduction to somgree. Such constituents may be
present in the added DOC or result from partialrdeégtion of the added DOC. With
less frequent additions there may be sufficientetitm enable such molecules to be
broken down to a level where this effect is sigmifitly reduced. Indeed, this may be
the reason for the apparent time lag between aaditand the heightened microbial
response in the 7 and 10.5 day interval treatmeistzissed above. Alternatively, the
high frequency of additions may be effectively wdtgging the soil such that
conditions are tending towards anaerobic conditiortge rapidly than for the less
frequent additions. A regimen of 3.5 day intervdtigions significantly increased the
WHC with respect to the soils under a regimen @nd 10.5 day interval additions.
Under anaerobic conditions biodegradation is knawibe less efficient as the soils
become so wet that the larger pores are watedféled decomposition is limited by the
rate at which oxygen can diffuse to the sites odrabial activity (Jenkinson, 1988).
However, there is an absence of any negative effiettie relatively high WHC of the
3.5 day treatments on C mineralization for ‘nutrienly’ and ‘DOM only' in
comparison to the 7 and 10.5 day treatments. Tingests at the levels of WHC

achieved here, the effects of increased pore samm@n C mineralization are minimal.

For both 7 and 10.5 day applications, total C naheed in ‘DOM + nutrient’
treatments exceeded that of ‘DOM only’, and only3&t days for 10.5 day interval
treatment did ‘DOM only significantly exceeded ‘rmmendment’ indicating that
virtually all of the increases in total C mineralibn seen here as a result of litter
leachate DOM are inorganic nutrient limited. Thutha@nced mineralization of these
particular soil samples in the field due to ‘dose$’ leaf litter leachate would be

unlikely to be observed unless there was a soufceutients over and above that
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already present in the soil. Such sources may dwistbe temporally and spatially
dependent: influenced by rates of primary produnctionicrobial activity and/or
hydrological conditions. Additionally increases anthropogenic sources of these

nutrients could remove the nutrient limitation athanced mineralization.

The ‘trigger’ molecules present in the extractedtpiter DOM would be expected to
be leached into the soil by periods of rainfallofirthe evidence presented here the
frequency at which periods of rainfall occur maréfore influence the degree of
mineralization of native organic matter. Theordhcaainfall with return periods of 7
and 10.5 days could lead to an increase in themalination of organic carbon already
present in the soil, with a 7 day return periodihg\a greater effect than a 10.5 day
return period. A higher frequency return period3dd days would not be expected to
affect the rate of mineralization of native organarbon. The extent to which these
effects would be negated by increased soil wateterw, leading to increased anaerobic

conditions, would be dependent on the rate of alliahd local hydrological conditions.

124



Effect of Repeated Applications of Trace Amount®afC on Microbial Activity Chter 4

4.7 Conclusions

e Molecules present in water-extracted DOM from filterl layer of a raised peat bog
appear to be able to trigger microbial mineral@anf carbon. The repeated addition
of trace amounts of water-extracted ‘DOM + nutrgemd raised peatland soil over a
35 day incubation period in the laboratory causedharease in C&mineralisation,
relative to nutrient only additions, when the timeervals between applications were
7 and 10.5 days. The extra C mineralised exceeatatl DOC additions by more

than 2 fold.

e A period of acceleration in the rate of extra C enalised (‘'DOM + nutrients’ —
‘DOC only’) was observed at 336-420 h for 7 dagimal additions and at 420-504
h. In both cases, the increased rate occurred 8 dégr the second addition,
suggesting that the microbial production of enzymesponsible for biodegradation
and/or an increase in microbial biomass, are teitiaonce a critical concentration of
a specific substrate or substrates has been achi@lternatively, the time lag may a
result of the time required to break down constits®f the added DOM that inhibit

microbial activity and/or extracellular enzyme ait.

e The effect of 7 day interval applications was geedghan for 10.5 day applications
suggesting that the heightened activity of the @ssndeclined between 7 and 10.5

days after each addition of ‘trigger molecules’hiitthe DOM.
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e The addition of ‘DOM + nutrients’ every 3.5 daysdhao effect on the total rate of
mineralization relative to ‘nutrient only’ additie. This may be due to an
accumulation of inhibitors of microbial activity éor extracellular enzyme activity,

present in the added DOM.

e The supply of inorganic nutrients acts as a lingittactor on the enhancement of C
mineralization in a raised peat soil resulting frdme addition of DOM extracted

from the litter layer of that soil.

e ‘trigger’ molecules present in the extracted petrlDOM would be expected to be
leached into the soil by periods of rainfall artigrefore rainfall return frequencies
of 7 and 10.5 days may increase the degree of alination of native organic
matter, assuming degree of soil saturation is nahiéing factor. A rainfall return
frequency of 3.5 days, on the other hand, wouléxXjeected to have zero effect on

the rate of C mineralization.
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Chapter 5: General Discussion

5.1 Summary of Findings

The broad aim of this research was to charactedgedOM in such a way that would
be useful for further studies on the biotic aspe¢t®OM production and loss. Within
this context hypotheses were made in relation w@rsé primary objectives (section
1.2.9). The findings of this research with resgeceach objective and hypothesis are

summarised below.

5.1.1 Objective 1:

To evaluate the influence of method of isolation oDOM from peat soil on its

biochemical composition.

Hypothesis: The proportion of proteins carbohydrate and amir@dacarbon, as a
fraction of the total organic carbon content in ISBIOM, will vary according to the

method used to isolate the DOM from the soil.

Findings: In late summer/autumn and spring the size of dit& protein, carbohydrate
and amino acid fraction of peatland DOC varied wite method used to extract it,
suggesting that different methods of extraction effectively sampling fractions of
DOC that are biochemically distinct at certain taref the year. For most of the year,

where differences existed, DOC extracted usingatheer-extraction method contained
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a greater proportion of proteins and/or carbohydrahan that obtained using the
centrifugation or suction methods. Only in Februargs this situation altered with
centrifuge-extracted DOC containing a larger praiparof carbohydrate than either

water- or suction-extracted DOC.

5.1.2 Objective 2:

To quantify changes in the biochemical compositiorand concentration of peat

DOM over the period of a year.

Hypothesis: The total proportion of protein, carbohydrate anchiao acid carbon as a
fraction of DOC (% protein + carbohydrate + aminaid C), and total proportion of
protein and amino acid nitrogen as a fraction of W@ protein + amino acid N),
extracted in the autumn/winter will be higher thanthe spring/summer reflecting
differences in degradability observed in previousdes (Kaiser et al., 2001;

Marschner and Kalbitz, 2003; Nelson et al., 1994).

Findings: The % carbohydrate + protein + amino acid C of DOC v@ter extracted

DOC was higher in autumn than summer, suggestiag dutumn DOC is more
biodegradable than summer DOC. Autumn proportidrikie fraction were also higher
than winter levels contradicting other studies whitbhave suggested higher
biodegradabilities in winter/spring than summeniaut (Kaiseret al, 2001); Nelson et

al., 1994). The levels of % carbohydrate + proteiamino acid C in suction-extracted
DOC in October were significantly higher than inmsuer and spring. Centrifuge

extracted DOC levels peaked in February but shomedsignificant change in %
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carbohydrate + protein + amino acid with seasoghglt levels of % protein + amino
acid N as a fraction of DON were found in autumretj3or all methods of extraction
suggesting highest biodegradability of DON at ttiise of year. These levels were
significantly higher than February for water-extext DON and higher than April and

August for centrifuge-extracted DON.

Hypothesis: The concentration of DOC and DON extracted fronaiged peat bog will

show seasonal variability with higher amounts imsger than winter.

Findings: DOC concentrations were highest in June for allhmé$ of extraction:
significantly higher than December for water-extesic DOC, higher than August,
October and February for centrifuge-extracted D@@d higher than all months
sampled apart from April for suction-extracted DAWON concentrations for water-
and centrifuge-extracted DON were highest in Augwssgnificantly higher than
October and December for water-extracted DON agdifgtantly higher than at any
other time for centrifuge-extracted DON. No sigrafint seasonal changes in suction-

extracted DON concentration were observed.

Hypothesis: DON concentration is independent of DOC concertdrati

Findings: In water extracted DOC, concentrations of DOC a@NDwere significantly
correlated but the correlation was weak. There masignificant correlation between
DOC and DON in centrifuge and suction extracted DOOC/DON ratios varied with
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respect to both method of extraction and time ahgang. Whilst the average
DOC/DON ratios for water-, centrifuge- and suctextracted DOC were 35:1, 22:1
and 41:1 respectively individual values ranged frasnlittle as 7:1 to as high as 61:1.
Highest DOC/DON ratios for the year were observedOctober and the lowest in
August for both water- and centrifuge-extracted D@@r DOC extracted using a
suction-lysimeter, DOC/DON ratios were highest ictéber, April and June and lowest

in December.

5.1.3 Objective 3:

To study the dynamics of total DOC, key biologicamolecules and the microbial
population during decomposition of soil DOC in both peat and agricultural

ecosystems.

Hypothesis: The mineralization dynamics of peatland DOC wilt & double
exponential decay model as observed in previoulestion forest and agricultural soil

DOC (Qualls and Haines, 1992; Gregorich et al., 20Balbitz et al., 2003).

Findings: Measuring biodegradation by measuring ;G@oduction over a 70 day
incubation period showed DOC, for all soil types#tments to be comprised of two
kinetically distinct pools with its decompositiorestribed by a double exponential
decay model. The labile pool had a half-life raggirom 3 — 8 days and the stable pool

from 0.4 to 6 years, depending on soil type andagament.
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Hypothesis: The mass loss of total residual DOC for both pestland agricultural
soils will be greater than that predicted by théeraf mineralization due to assimilation
of DOC by the microbial population and the patterfloss will reflect changes in the

size of the microbial population.

Findings: Mass changes in DOC concentrations over a 70 maybation period were
different to that expected as a result of mineasilin, both in terms of extent and
dynamics. For all soil types/treatments, exceptréised peat where expected matched
mass loss, the total loss of DOC was greater tbafdde accounted for by the process
of respiration/mineralization. In contrast to thepected double exponential decay
pattern of decline based on mineralization rateretwas at least one increase in DOC
observed within the culture medium for each sqieyyand treatments within the first
15 days. For all soil types/treatments there waspad growth and decline in the
microbial population within the first 15 days, bdsen a direct counting method. Over
the subsequent days of the incubation period tipellations remained relatively steady

or slowly declined.

Hypothesis: Analyses of the composition of the DOC during theothposition process
will show a rapid decline in carbohydrate, proteind amino acid content within the
first few days, in accordance with the rapid degraoh of the labile pool observed in

previous studies (Qualls and Haines, 1992; Gredogtal., 2003; Kalbitz et al., 2003).
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Findings: Examination of the protein and carbohydrate foaxtidid not show rapid

decomposition/assimilation in the first few daysnaay be expected of such ‘labile’
molecules but instead revealed a complex pattetvotif degradation/assimilation and
release throughout the incubation period. Releas# @egradation/assimilation of
unidentified C tended to oppose that of protein eadbohydrate. Any link between the
dynamics of each of these fractions and the miatobopulation was impossible to

ascertain as the relationship between the two daweording to soil type/treatment.

5.1.4 Objective 4:

To investigate the effects of repeated applicationsf trace amounts of litter DOM

on the activity of peat soil microbial biomass.

Hypothesis The intervals between periods of rainfall will iréhce the extent of soll
carbon mineralization through the action of traca@unts of litter DOM on the activity
of the endogenous biomass. Frequent rainfall veild to sustained ‘alertness’ of soil
biomass because of the frequent supply of tracamecgnutrients in the litter DOM

acting as trigger molecules. Frequent rainfall tdisuting fresh doses of trigger
molecules should maintain the biomass in activeestaess frequent rainfall will reduce

activity and therefore the extent of C mineraliaati

Findings: The repeated addition of trace amounts of litteraezted DOM to raised

peatland soil did trigger an increase imheralization, over a 35 day incubation
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period, when the time intervals between applicstiovere 7 and 10.5 days. The
increase in C mineralization exceeded DOC additibgsmore than 2 fold. The

observed increases were inorganic-nutrient suppiited. A period of acceleration in

the rate of extra C mineralised 7 days was seesr #fe second addition for both
treatments, suggesting that the microbial prodactad enzymes responsible for
biodegradation and/or an increase in microbial laissn are initiated once a critical
concentration of a specific substrate/s or inhilyitactor has been achieved. The effect
of 7 day interval applications was greater thanlf®:5 day applications suggesting that
the heightened activity of the biomass declinedveen 7 and 10.5 days after each

addition of ‘trigger molecules’ within the DOM.
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5.2 Implications of Findings

Three different methods of extraction isolated ehimochemically distinct pools of
DOM from peatland soil: ‘water-extracted DOM’, ‘defuge-extracted DOM’ and
‘suction-extracted DOM’. Each pool differed in it®mposition with respect to the
relative proportions of carbohydrates, proteins amino acids, and C:N ratios, and
responded differently to seasonal influences. Thece of these pools was likely to be
the larger macropores (Figure 41: ‘DOM 3’) for sontextracted DOM, and
intermediate pores (‘DOM 2’) plus macropores (‘DOM) for centrifuge-extracted
DOM. The exact source of water-extracted DOM was lglear as the differences that
exist between centrifuge and water-extracted DOM hzeve been a consequence of the
inclusion of DOM from micropores (‘DOM 1’) and/ordditional dissolution of
molecules from intermediate and macropores (Figttke arrows ‘a’ and ‘b’). The
biochemical differences and responses of thesespmwothe seasons highlighted the
functional distinctiveness of the different soil rposizes i.e at least partial
compartmentalisation of the biological, chemicatl/an physical processes involving
organic carbon within the soil. No one method ofration is likely to accurately
represent whole soil DOM but a consideration of sberce of the DOM when using
specific methods should help us to understand theesses taking place within the
different soil compartments and the potential iefloe of factors such as hydrological

conditions and microbial accessibility on its prajes.

The seasonal changes in the proportion of ‘laliaterial, i.e carbohydrate, protein and

amino acid, observed in this study were differemtdach pool of extracted DOM and
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the specific times of the year at which absolutacentrations of DOC and DON
peaked and troughed were different to some previtudies. Determining which
processes, inputs and/or losses are causing tleeveldschanges in DOM composition
and concentration of each of the fractions withtthe of year would be complex. It is
highly likely several factors that change with #easons e.g. temperature, hydrological
conditions, leaf litter input etc. may be exerteng influence on DOM production and
loss, and these factors are likely to be very sitecific both on the macro and micro
scale. A conceptual model of the influences, saummed examples of the differing
characteristics of DOM extracted using each of tthree techniques is illustrated in
Figure 41. Carrying out a detailed study corretaseasonal changes in DOC and DON
concentrations and composition with seasonal cleingehe field, such as time and
type of falls in leaf litter, first indications gdlant activity in the spring, temperature,
precipitation patterns etc. over a period of sdvgears, may give some insight into

which seasonal factors may be having the dominiéette

DOC and DON concentrations throughout the sampledr ywere found to be
independent of one another. DOC and DON conceotrsitiwill depend on the
interaction of many factors including the relate@ncentrations present in throughfall
and litter leachate, and the relative rates of patidn and loss through microbial
decomposition/assimilation, plant uptake, sorptiesbrption and hydrologic flushing.
It would seem highly unlikely that the net effeéttbese factors throughout the seasons
would influence DOC and DON concentrations to thme degree. For instance, in N-

poor soils, such as peat, microbial growth will notur unless important nutrients such
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as N are present. At times of the year when thei@ iinore than sufficient supply of
labile DOC to sustain the population e.g. inputdabile DOC from fresh litter in the
autumn, then N-containing compounds may be prefiatgnhydrolysed by microbes
reducing DON concentrations relative to DOC. Atesthimes of the year, when
decomposition rates are high, N-rich decomposipmducts may accumulate because
of their relative recalcitrance, causing an inceeas DON concentrations relative to

DOC.

The seasonal dependency of both the concentratidrc@mposition of DOM indicates
its vulnerability to climate change. If there islang-term change in one or more
external environmental driving forces then this Idolave far reaching consequences.
As highlighted in the introduction, terrestrial Isocontain some 1500 X jont of
organic carbon, roughly double that of plants orthe atmosphere. Changes in the
concentration and composition of DOM may represgnificant changes in the rate at
which carbon is cycled back into the atmospherewilt also have far reaching
consequences for all the other factors influencgdhb presence of DOM such as the
annual carbon budget of headwater streams, saiidton, the fate and transport of

inorganic and organic contaminants and water gualit

One potential seasonal factor, which has receiidd httention to date, is that of
rainfall frequency. For reasons discussed in Chap{section 4.1), each time rain falls,
at the very least, trace amounts of fresh, solaldenic matter will be leached into the

soil. The frequency at which trace amounts of DQ® added to peatland soil has been
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shown, in the work presented here, to influencerdlte of mineralization of soil organic
carbon. Additions made every 7 and 10.5 days apgetar trigger the activity of the
microbial biomass such that the rate of minerabraincreased beyond that which
could be accounted for by the added carbon. Additimade more frequently than this
(every 3.5 days), however, appeared to have natedfe carbon mineralization. Whilst
there has been little seasonal variation in thgueacy of periods of rainfall in the
vicinity of the extraction site of the soil usedr fthis study over the past 10 years
(Figure 40), this may not be the case at othertimes Indeed even at this locality
climate change may, at some point in the futurasedhe frequency pattern to change
such that seasonal differences become apparemiooe, importantly in terms of carbon
cycling, the annual frequency pattern changes ettey. If intervals between rainfall
began to show a trend towards 7 days, the intesisskerved to cause the greatest
increase in mineralization (relative to 3.5 anddHy intervals), then the annual rate of
loss of soil carbon may increase. Whether thiseiase would be significant, relative to
all the other effects that other factors associat@t climate change may induce in
carbon mineralization, remains to be seen. Adudditiky, it should be remembered that
the enhancement of C mineralization in the pedtvgas inorganic nutrient limited, and
therefore any rainfall frequency effects would ollgcome apparent if the nutrient
input increased beyond the rate-limiting thresh&ldch inputs may exist in the field but
be temporally and spatially dependent e.g. inflednby rates of primary production,
microbial activity, anthropogenic sources, and/gdrblogical conditions. Once again,
even if there is insufficient nutrient availability enable enhanced C mineralisation at
the present time, environmental conditions may gkaand sufficient inputs may

become available in the future.
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Figure 40 Mean frequency of rainfall interval (days) for fheriod 1995-2004, recorded at the University
of Stirling, Scotland.

Analysis of the mineralization kinetics of the waéxtractable fraction of peatland
DOC showed the presence of a labile pool with &lialof less than 10 days and a
stable pool with a half-life of the order of monthisyears (<10), for blanket peat and
raised peat respectively. Analysis of the mineadilis kinetics of the water-extractable
fractions of a mineral agricultural soil also shawbe presence of a labile and a stable
pool, with half-lives of a similar magnitude, redkess of fertilisation and crop
management strategy. Other aspects of the decotigpoprocess (mass loss of DOC
dynamics; fluctuations in carbohydrates amino a@dd proteins; and, changes in
microbial population size) were also similar fortlbothe peatland and mineral

agricultural soils. Thus it seems, despite theetgrin timing and chemical composition
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of organic inputs, local hydrological and temperaticonditions and geochemical
properties of the soil, the degradability of DOC usiversal across peatland and
agricultural ecosystems. This may be a functiontie capabilities of microbial
communities generally, rather than the specifiawibal composition of the DOC. Each
soil will have a community highly adapted to theesfic environmental conditions of
that soil, and therefore able to utilise the ald#eDOC substrate material to maximum
effect. The half lives of each of the labile analod® pools may be a consequence of the
time taken for adapted soil microbial communitieseéspond to any mixture of simple,
easily degradable material plus more complex maoctecnles, regardless of
differences in specific chemical composition oftthaxture. Alternatively, because the
majority of organic inputs to all the soils will [pdant material, dominated by molecules
common to all plants, any differences between tyggdant input, and the addition of
other organic sources such as manure, will have @nélatively small effect. However
before accepting or rejecting any theory, it must remembered that, for reasons
discussed above, the mineralization kinetics of garticular fraction of DOC may not
accurately represent whole soil DOC nor repredentiineralization dynamics of DOC

extracted at different times of the year.

Measuring decomposition by measuring net loss ofCD€howed more complex
dynamics than previously observed, with consisyefgiver concentrations of DOC
than would be expected through loss to,@@d periods of increase as well as loss. In
biological terms this makes sense as only the érida&f DOC to CQin the process of
respiration is accounted for when determining tite of mineralization i.e respiration:
loss of DOC from solution also takes place as ti@ahial biomass assimilates DOC

for growth. Measuring both the rates of mineral@at&nd loss of DOC from solution is
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useful in gaining an insight into the actual dynesnof the microbial community. The
rate of mineralization is, after all, determined bgth the chemical nature of the
substrate and how the microbial community respdadsat substrate. Evidence from
this study seems to suggest that a sub-group ofntieobial community rapidly
proliferate in response to the availability of risgdecomposable, labile substrate. The
proliferation of a second sub-group in responséhto more recalcitrant substrate as
proposed by Fontaine et al (Fontaieeal, 2003) seems likely but requires further
investigation. The activity of the microbial comniynduring the decomposition
process will itself influence the composition ofettbOC. Thus the protein and
carbohydrate fractions of soil DOC do not showraightforward rapid decline in the
first few days of decomposition, as may be expedieduch highly labile molecules,
but show periods of release as well as loss. lintlkéabolism of the microbes is taken
into account then this is not particularly surprisi For instance, active microbes will
release proteins into solution in the form of es#lular enzymes in response to the
presence of suitable substrate material and magfbasing carbohydrates in the form of
biofilm polysaccharides. At the end of their livesicrobes lyse, and proteins,

carbohydrates and amino acids will all be releastxsolution.
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of their properties

Figure 41 Conceptual model illustrating the possible intemacof seasonal factors, pore size and methodtad&ion on observed biochemical properties of
DOM from a raised peat bog in Central ScotlareH—» = possible seasonal influences on DOM compositlahile DOC = carbohydrate + protein + amino
acid; *labile DON = protein + amino acid; a = possibleedirextraction of DOM; b = possible dissolutiorD@®M insoluble in situ).



General Discussion Chapter 5

5.3 Concluding Remarks

There has been increasing interest in the dynaafissil DOM over recent years as its
influence on terrestrial and aquatic ecosystems @ndycling has become better
understood. Whilst current research is making heagdwnto gaining a fuller

understanding of the production, loss and fluxeBOM, the overall picture appears to
become increasingly complex. Many biological anddajemical factors appear to be
influencing DOM dynamics and each of these factiorgurn may be affected by

changes in environmental conditions. Added to ithithe increasing awareness of the
complexity of soil structure such that the influenaf each of these factors may be
different in different compartments of the soil. iIhresearch has attempted to
investigate some of the biological properties af B&®OM. To date most research has
operationally characterised soil DOM, making itfidiilt to make any deductions as to
its involvement in biological processes. Whilststtwork has gone some way to
elucidating the biologically-relevant characteadstiof soil DOM, it represents only a
very small fraction of the knowledge needed to Ie &o predict the effects of

environmental change on the production, loss anderalization of soil DOM.
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Appendix A

Appendix A: Analytical Methods

A.1 Total Dissolved Organic Carbon Assay

Total dissolved organic carbon (TOC) was determumgdg a Shimadzu TOC-VCSN®
Total Organic Carbon Analyzer. The difference bemvéhe total carbon (TC) and

inorganic carbon (IC) analysis values determinedTO

A.1.1 TC Analysis

The sample is injected into a combustion tube dillith an oxidation catalyst
(platinum), and heated to 68D The TC of the sample is oxidised in the comlousti
tube to form carbon dioxide and carried by a cargies (high purity oxygen), to a
dehumidifier, where it is cooled and dehydratedslIthen passed through a halogen
scrubber before reaching the cell of a non-dispersfrared (NDIR) gas analyser,
where the gas is detected. The analogue detedgnal ®f the NDIR forms a peak, and

the area of this peak is measured by a data prarcess

Three sample injections are oxidised to,@@d the mean, standard deviation (SD) and
coefficient of variance (CV%) of the peak area ottpf the NDIR are calculated. The
limits for SD and CV were set at 0.1 and 2% respelt If both were exceeded further
sample injections are analysed until one of thdisets was achieved, using data from
three of the injections. The resulting mean peak avas taken to be proportional to the

TC concentration of the sample.
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A.1.2 IC Analysis
The sample is acidified with a small amount of lmgdhioric acid to obtain a pH of less
than 3. Any carbonates present are presumed taipeocarbon dioxide according to

the following reactions:
CO;* + 2HCl— CQ +2CI™+ H,0
HCO; + HCl == CQ + CI'+ H;0

The dissolved carbon dioxide is volatised by bulgblcarrier gas through the sample

and detected by the NDIR. Peak area is taken firdygortional to IC concentration.

A.1.3 Calibration

Standards of TOC were made up in double-distilledoshised water, using potassium
hydrogen phthalate (KgElsO4) for the TC standard and sodium hydrogen carbonate
(NaHCQ) for the IC standard. 4 point calibration curvesrevgenerated and shifted to
the origin to correct for TC and IC concentratigmesent in the water of the standard

solutions.

A.2 Total Dissolved Organic Nitrogen (TON) Assay

Total dissolved organic nitrogen was determinedgisi Shimadzu TOC-VCSN® Total
Nitrogen Analyzer (TNM-1). Total organic nitroged@N) was calculated as the
difference between total nitrogen (TN) concentrati@nd inorganic nitrogen
(ammonium + nitrate) concentrations determinedgitie methods outlined below (see

A.4.2 and A.6 respectively).
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A.2.1 TN analysis

The sample is injected into the combustion tub@2&fC where the TN in the sample
decomposes to form nitrogen monoxide. The nitrogemoxide is then cooled and
dehumidified before entering a chemiluminescence ajsalyser where it is detected.
The detection signal from the chemiluminescenceagasyser generates a peak and the

TN concentration in the sample can be measured.

A.2.2 Calibration

Standards of TN were made up in double-distilledaésed water, using potassium
nitrate (KNQ). 4 point calibration curves were generated arnfieshto the origin to

correct for any TN present in the water of the d&ad solutions.

A.3 Soluble Carbohydrate Assay

Soluble carbohydrate concentration determinatiors Wwased on a colorimetric test
using anthrone reagent. Anthrone in,SI; reacts with furan derivatives of
monosaccharides, polysaccharides and glycosidésmo a blue/green colour (Allen,
1989). 10 crice-cold anthrone reagent (0.5g anthrone, 380antcHS0O,, and 120
ml distilled water) is pipetted onto the surface2oiml of each sample. The tubes are
shaken for 15 s and kept cool prior to heatingnnca bath to prevent formation of
colour as a result of the heat of dilution. The toig is then held at 9Q for 16
minutes, cooled in ice water and kept for 15 misué room temperature before
measuring absorbance (Dougtal, 1978). Blanks were set up to compensate for the
natural brown colouration of the soil water. Focledlank both the sample and the
anthrone reagent underwent the same processes@hdd above but were not added

to each other until just prior to absorbance messent. Concentrations of glucose
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equivalents were calculated by subtracting blanksodiencies from sample

absorbencies at 620 nm and comparing to those umfogé standards. In order to
express all measures of C in common units, gluegsevalents were converted to mg
C I'* of soil water by assuming that all reactants wegroses, after Davidson et al.
(Davidsonet al, 1987). It is important to note that there mayabgias associated with

the use of anthrone: anthrone is considerably mensitive to glucose than any other
sugar present (Doutre et al., 1978), therefore wilenose is used to establish the
standard curve, determination of the sum conceaotraif a mixture of sugars would be

expected to be an under-estimate of the true amount

A.4 Amino Acid Assay

Amino acid concentrations were determined usingrdydrin-N assay (see A.4.1).
Ninhydrin reacts with amino-acids in the presenta peducing agent at a pH of about
5 to form a purple complex (Allen, 1989). Othermienous compounds, principally
ammonium, interfere and therefore the ammonium-Mceatration will also be

determined in a separate assay.

A.4.1 Ninhydrin-N Assay

1 ml citric acid buffer and 1 ml ninhydrin reageare added slowly to 1 ml of each
sample, mixed thoroughly and placed in a boilingewaath for 25 minutes. After
heating the reaction mixture is cooled quickly t@m temperature and absorbance at
570 nm is measured using a spectrophotometer (MaadeStein, 1951). In order to
compensate for the natural brown colour of the dasiplanks’, in which the sample is
not added to the reaction mixture until after tleating and cooling process, are also

created. Concentrations of glycine equivalents weatkeulated by subtracting the
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absorbance of the blanks, at 570 nm, from the samipsorbencies and comparing to
those of glycine standards. Glycine equivalentseveemverted to mg N'lof soil water
based on the assumption that plant proteins cootaiaverage 16 % N (Allen, 1989)
and a N-to-C ratio of 0.36(Meidit al, 2003). Values for ammonium N (mg N) lwere

deducted from results of ninhydrin-N assay to deiee final amino acid concentration.

A.4.2 Ammonium Assay

Ammonium concentration was determined colorimeliycasing the indophenol-blue
method. In the reaction ammonium nitrogen is ordi®y sodium hypochlorite and
then coupled with a phenolic compound (sodium gkie) to produce the indo-phenol

blue colour (Allen, 1989).

5 ml of reagent 1 (10 g sodium salicylate, 8 g sodcitrate, 8 g sodium tartrate, 250
ml distilled water) are added to 0.1 ml of each glemthoroughly mixed and left to
stand for 15 minutes. 5 ml of reagent 2 (10 g sodilydroxide, 750 ml distilled water)
are added and mixed to each tube and left for 1r houachieve full colour
development. Absorbance of colour is measured &tr88. To compensate for the
natural brown of the samples, ‘blank’ tubes undeivwke same process but the sample
was not added to reagents 1 and 2 until just befdveorbance is measured.
Concentrations of ammonium were calculated by swehitrg the absorbance of the
blanks from sample absorbancies and comparing deetfof ammonium standards.

Ammonium concentration was converted to mg N fllwsater.
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A.5 Soluble Protein Assay

Protein concentration were assayed using the mloowvry, Ohnshi and Barr
modification method (Ohnishi and Barr, 1978) praged(see below). Under alkaline
conditions divalent copper ions form a complex wigptide bonds in which they are
reduced to monovalent ions. Monovalent copper iand the R-groups of tyrosine,
tryptophan, and cysteine react with Folin reagenproduce an unstable product that

becomes reduced to a purple/blue colour.

2.2 ml Biuret Reagent (Sigma Diagnostics, catadg. 690-1) is added to 0.5 ml of
sample solution and allowed to stand at room teatpes for 10 minutes. ). 1 ml Folin
and Ciocaiteu’s Reagent (Sigma Diagnostics, catdlmg 690-2) is then added and
each tube immediately mixed thoroughly. The tubes left to stand at room
temperature for 30 minutes before absorbance isumed at 725 nm. A ‘blank’ was
created for each sample by carrying out the sameepure as above except that the
sample was not added to the reagents until jusir gd absorbance measurement.
Concentrations of protein were calculated by sulittg the blank absorbance values
from the sample values and comparing to albumindsteds. Protein concentrations
(mg protein/ml) were converted to mg C or mg N wased on the assumption that
plant proteins contain on average 16 % N (Aller89)%nd a N-to-C ratio of 0.36 (Meli

et al, 2003).

A.6 Nitrate Assay

Nitrate concentrations were determined direct dwietric method based on the
nitration of salicylic acid in alkaline conditiofifgeeney and Nelson, 1982). 1 ml of 5%
salicylic acid (in conc. t50y) is added to 0.5 ml of sample and allowed to sfan®0
mins., before adding 10 ml 4 M NaOH. After 1 h {owa full colour development,
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absorbance is measured at 410 nm on a spectropéieiorStandards were made using
potassium nitrate in water. To compensate for tleevh coloration of each sample, a
‘blank’ containing 0.5 ml of sample, 1 ml of cort$,SO, and 10 ml 4 M NaOH. The

absorbance of the blank was deducted from the saatysorbance, before comparing to

potassium nitrate standards.



Appendix B: Results Data

B.1 Influence of Method and Time of Extraction on Bochemical Composition

B.1.1 Water-Extracted DOC

Table 7.Results of the biochemical analysis of the compmsivf water-extracted DOC, sampled at two monthrirals during the year August 3003 to June 2004.

Sample Number | TOC (mg/l)| TN (mg/l) NH," (mg/l) | NO3z (mg/l) | TON (mg/l) | Carbohydrate C (mg/l) | Protein C (mg/l) | ninhydrin-N (mg/l) | pH
1 34.18 3.14 0.00 1.07 2.07 0.55 3.45 0.00 3.7
2 29.55 3.13 0.01 0.83 2.29 0.55 456 0.03 3.6
3 16.66 2.28 0.00 1.02 1.26 0.69 1.76 0.03 3.5
1 32.85 0.75 0.04 0.30 0.41 3.23 0.98 0.06 3.6
2 19.85 1.20 0.03 0.65 0.52 2.53 1.23 0.05 3.6
3 30.40 0.85 0.00 0.42 0.43 3.51 1.01 0.07 3.3
1 29.70 1.93 0.00 0.86 1.07 0.27 0.64 0.06 3.5
2 14.50 1.07 0.02 0.64 0.41 0.27 0.73 0.06 3.4
3 12.56 0.91 0.03 0.65 0.23 0.48 0.56 0.09 3.6
1 54.66 2.36 0.03 1.32 1.01 0.27 0.64 0.04 3.5
2 25.01 2.71 0.01 1.69 1.01 0.20 0.74 0.04 3.3
3 19.34 1.72 0.05 1.06 0.61 0.41 0.69 0.03 3.4
1 39.96 4.06 0.01 2.34 1.71 2.03 0.98 0.04 3.4
2 32.42 2.08 0.02 1.07 0.99 1.40 2.34 0.06 3.3
3 42.68 2.68 0.02 1.39 1.27 1.68 2.21 0.04 3.3
1 55.39 3.28 0.01 1.43 1.84 1.04 3.90 0.07 3.4
2 46.33 2.49 0.03 1.29 1.17 1.82 2.65 0.05 3.4
3 47.18 2.18 0.04 1.01 1.13 1.54 2.29 0.05 3.4




B.1.2 Centrifuge-Extracted DOC

Table 8.Results of the biochemical analysis of the compmsivf centrifuge-extracted DOC, sampled at two thantervals during the year August 3003 to June
2004.

Sample Number | TOC (mg/l)| TN (mg/l)| NH," (mg/l) | NOs™ (mg/l) | TON (mg/l) | Carbohydrate C (mg/l) | Protein C (mg/l) | ninhydrin-N (mg/l) | pH
1 76.96 18.63 0.00 3.54 15.09 231 3.32 0.09 2.9
2 114.38 16.50 0.00 3.22 13.28 2.39 5.54 0.04 2.8
3 112.54 17.38 0.03 3.03 14.32 2.39 4.34 0.06 3.1
1 91.94 2.77 0.02 1.46 1.29 5.77 2.45 0.10 2.8
2 56.00 5.99 0.00 3.23 2.76 5.07 4.98 0.07 3.0
3 134.69 3.72 0.04 2.12 1.56 5.77 3.23 0.13 2.8
1 100.04 7.22 0.04 3.73 3.45 1.54 4.30 0.07 2.9
2 115.54 6.03 0.02 3.02 2.99 1.68 3.98 0.04 2.9
3 127.14 5.39 0.04 3.42 1.93 0.27 5.02 0.09 3.0
1 88.87 9.51 0.05 4.56 4.90 3.58 5.64 0.09 2.8
2 48.57 7.00 0.03 3.89 3.08 2.46 4.35 0.06 2.8
3 51.65 8.83 0.03 4.24 4.56 2.95 2.65 0.11 2.8
1 132.36 13.41 0.00 5.94 7.47 2.03 4.97 0.10 2.8
2 104.66 11.02 0.01 4.70 6.31 2.53 4.98 0.15 2.9
3 93.68 10.11 0.02 2.90 7.19 1.96 4.02 0.14 2.8
1 163.96 9.98 0.00 3.48 6.50 6.05 6.48 0.17 3.0
2 154.86 9.83 0.01 4.81 5.01 3.73 7.34 0.19 3.0
3 179.36 11.18 0.01 5.89 5.28 5.00 8.67 0.16 3.0




B.1.3 Suction-Extracted DOC

Table 9. Results of the biochemical analysis of the compmsibf suction-extracted DOC, sampled at two mantérvals during the year August 3003 to June
2004.

Sample Number | TOC (mg/l)| TN (mg/l)| NH," (mg/l) | NOs™ (mg/l) | TON (mg/l) | Carbohydrate C (mg/l) | Protein C (mg/l) | ninhydrin-N (mg/l) | pH
1 51.26 1.32 0.07 0.23 1.02 0.62 1.10 0.10 3.8
2 46.69 1.33 0.07 0.31 0.95 0.62 0.98 0.08 3.6
3 74.38 1.90 0.06 0.29 1.55 0.62 1.02 0.12 4.2
1 51.11 1.32 0.01 0.32 0.99 1.19 1.98 0.03 2.8
2 46.54 1.33 0.05 0.45 0.83 2.10 134 0.09 2.8
3 74.23 1.90 0.00 0.56 1.34 1.26 2.23 0.08 2.8
1 60.92 14.48 0.07 3.35 11.06 1.40 4.50 0.11 3.2
2 56.53 6.61 0.04 3.56 3.01 1.04 3.99 0.04 3.3
3 55.60 6.72 0.00 4.23 2.49 1.26 2.01 0.05 3.4
1 63.24 7.45 0.00 3.64 3.81 1.04 3.22 0.03 2.8
2 79.47 7.07 0.03 3.23 3.81 111 4.40 0.00 2.8
3 72.99 4.40 0.01 2.99 1.40 0.34 1.02 0.00 3.0
1 72.78 6.04 0.00 3.00 3.04 0.62 1.05 0.07 2.6
2 95.13 2.85 0.03 1.93 0.89 0.55 1.65 0.02 3.0
3 117.86 2.85 0.06 1.48 1.31 0.76 2.10 0.08 2.8
1 119.46 4.89 0.08 1.32 3.49 1.82 3.01 0.20 3.0
2 138.96 3.22 0.02 1.96 1.24 2.10 2.23 0.15 3.0
3 117.96 4.31 0.09 2.10 2.12 1.40 2.21 0.11 3.1




B.2 Decomposition Dynamics of DOC

B.2.1 CQ Production in Headspace

Table 10.CO,content of headspace (mg C) of incubation flasks duringl@@incubation period. Data determined using acgesmatograph (Varian Aerograph
90-P).

Soil T | Treat s le Numb Headspace CO, content (mg C)

oft Type Flreatmen ampie Number Day 1 Day 3 Day 7 Day 15 Day 36 Day 42 Day 70

1 0.41 0.46 0.58 0.57 0.86 0.64 0.74

raised peat 2 0.42 0.48 0.56 0.55 0.79 0.59 0.65

3 0.35 0.50 0.53 0.55 0.75 0.57 0.59

1 0.58 0.60 0.67 0.67 0.79 0.66 1.01

blanket peat 2 0.46 0.48 0.56 0.58 0.71 0.60 0.62

3 0.48 0.52 0.72 0.72 0.95 0.77 1.05

1 0.44 0.45 0.54 0.56 0.73 0.63 0.75

maize (unamended) 2 0.39 0.47 0.71 0.80 0.80 0.72 0.79

3 0.41 0.56 0.64 0.60 0.75 0.64 0.65

1 0.52 0.50 0.50 0.57 0.64 0.69 0.73

maize / soy (manured) 2 0.55 0.56 0.84 0.77 0.76 0.66 0.69

3 0.46 0.65 0.91 0.87 0.97 0.78 0.70

1 0.48 0.51 0.58 0.54 0.66 0.64 0.67

maize (manured) 2 0.47 0.59 0.74 0.65 0.85 0.69 0.73

3 0.62 0.68 0.79 0.67 0.85 0.70 0.76

1 0.49 0.54 0.67 0.77 1.02 0.82 0.96

maize / soy ( N-fertilised) 2 0.38 0.44 0.56 0.66 0.69 0.61 0.66

3 0.37 0.51 0.66 0.69 0.69 0.57 0.61

1 0.44 1.72 1.46 0.84 0.71 0.72 0.79

glucose 2 0.40 1.52 1.73 0.90 0.86 0.67 0.83

3 0.43 1.94 1.34 0.83 0.73 0.67 0.70

1 0.39 0.46 0.54 0.50 0.64 0.59 0.57

distilled/deionised water 2 0.36 0.47 0.49 0.53 0.77 0.69 0.57

3 0.42 0.48 0.50 0.54 0.73 0.64 0.73




B.2.2 DOC Concentration of Culture Solutions

Table 11.DOC concentration of culture solution (mg & turing 70 day incubation period. Data determinsitig a Shimadzu TOC-VCSN® Total Organic Carbon
Analyser, with correction for inorganic-C.

: mE
Soil Type / Treatment | Sample Number DOC Concentration (mg C 1)
Day 0 Day 1 Day 3 Day 7 Day 15 Day 42 Day 70
1 13.99 17.55 16.63 14.62 14.91 16.08 17.70
raised peat 2 12.11 14.62 14.73 14.96 13.29 13.43 14.50
3 12.85 15.86 13.69 9.52 21.24 13.42 13.94
1 11.02 9.82 8.87 7.70 8.39 7.76 8.77
blanket peat 2 6.75 7.31 5.78 10.31 7.95 6.37 7.08
3 6.69 6.93 6.29 10.08 14.86 6.01 7.66
1 6.62 12.24 6.86 8.34 7.69 6.69 6.96
maize (unamended) 2 6.92 7.44 9.89 10.84 6.78 7.83 7.34
3 9.62 10.95 9.36 10.09 7.23 8.63 10.31
1 10.91 12.16 11.79 13.09 11.69 10.84 11.80
maize / soy (manured) 2 16.88 16.58 15.73 23.36 13.28 12.46 13.19
3 16.92 21.53 15.83 16.22 14.99 18.37 17.24
1 18.52 18.49 17.89 19.41 17.99 18.28 18.37
maize (manured) 2 22.60 21.97 20.86 24.35 18.46 18.28 18.20
3 22.89 21.46 20.03 20.75 19.13 18.08 18.37
1 7.01 9.86 7.80 7.85 11.55 10.88 9.04
maize / soy ( N-fertilised) 2 5.74 7.42 6.62 9.26 7.09 6.67 7.56
3 12.60 12.05 9.93 8.30 7.70 7.73 8.34
1 20.31 22.24 5.96 5.08 3.59 4.23 4.75
glucose 2 20.40 21.79 9.34 3.49 7.48 4.93 4.64
3 19.86 22.10 2.89 2.94 2.95 3.07 3.91
1 0.78 3.31 2.84 241 2.54 2.84 3.59
distilled/deionised water 2 0.73 2.93 0.57 4.23 2.40 3.61 3.50
3 0.59 3.28 2.38 2.93 3.99 3.94 3.83




B.2.3 Carbohydrate C Concentration

Table 12.Concentration of carbohydrate C in culture solutimg C [') during 70 day incubation period.

Soil Type / Treatment Sample Number Carbohydrate Concentration (mg C I-l)

Day 0 Day 1 Day 3 Day 7 Day 15 Day 42 Day 70

1 0.96 1.21 1.04 0.31 1.28 0.83 2.10

raised peat 2 0.64 0.89 1.24 0.19 244 0.38 2.25

3 0.58 0.96 1.44 0.64 1.86 0.51 1.25

1 0.45 0.39 151 0.57 1.02 0.25 1.09

blanket peat 2 0.83 0.64 0.77 0.25 0.83 0.44 0.94

3 0.52 0.58 1.17 0.51 1.09 0.06 1.25

1 2.03 1.44 1.24 0.31 2.63 0.53 1.25

maize (unamended) 2 1.21 1.71 0.77 0.57 1.86 0.25 2.02

3 1.40 2.38 1.64 0.44 2.95 0.02 1.94

1 0.58 1.04 131 0.06 1.86 0.00 3.02

maize / soy (manured) 2 1.02 1.64 2.45 0.31 1.02 0.17 1.71

3 0.96 2.38 2.05 0.76 1.66 0.32 1.79

1 2.22 0.64 1.78 2.38 1.41 1.02 2.48

maize (manured) 2 1.90 1.21 151 1.78 1.15 0.48 2.33

3 2.97 0.52 2.45 1.64 1.41 0.32 2.79

1 1.27 0.70 3.59 0.97 1.09 0.09 1.48

maize / soy ( N-fertilised) 2 0.96 1.15 211 1.58 1.54 0.17 1.56

3 0.64 0.39 2.11 1.10 0.38 0.17 1.40

1 19.84 21.92 151 0.57 0.57 0.55 0.09

glucose 2 19.46 17.13 0.90 0.50 0.57 0.55 0.02

3 20.47 18.71 1.17 0.16 0.44 0.71 0.17

1 0.52 0.00 0.77 0.36 0.38 0.17 0.17

distilled/deionised water 2 0.45 0.80 0.50 0.43 0.00 0.25 0.02

3 0.58 0.40 0.77 0.23 0.70 0.17 0.17




B.2.4 Protein C Concentration

Table 13.Concentration of protein C in culture solution (@) during 70 day incubation period.

Soil Type / Treatment

Sample Number

Protein Concentration (mg C I

Day 0 Day 1 Day 3 Day 7 Day 15 Day 42 Day 70
1 10.76 12.71 8.09 12.18 11.82 5.60 8.62
raised peat 2 7.02 1431 6.31 12.89 8.62 7.38 8.27
3 7.02 11.64 10.40 10.58 8.62 5.96 8.27
1 2.22 4.89 7.20 5.07 6.31 0.44 0.80
blanket peat 2 4.71 4.00 5.60 7.91 2.93 0.00 0.98
3 3.29 2.22 3.64 5.60 0.07 0.27 0.09
1 0.80 5.60 5.78 5.24 1.33 0.00 1.51
maize (unamended) 2 0.44 151 5.60 6.13 1.51 0.09 1.33
3 0.62 3.29 4.00 1.51 0.98 0.09 2.22
1 7.56 9.87 4.18 6.13 4.00 3.29 6.13
maize / soy (manured) 2 13.07 9.33 11.64 7.73 5.07 5.78 9.69
3 13.07 10.04 8.80 7.02 4.18 2.93 7.56
1 6.49 4.53 12.71 3.82 3.64 2.93 0.80
maize (manured) 2 5.96 2.93 8.44 5.96 3.29 2.40 0.27
3 3.64 5.60 2.40 7.20 4.71 3.64 1.51
1 2.04 4.00 0.27 4.00 5.96 0.27 0.00
maize / soy ( N-fertilised) 2 1.33 2.93 2.76 5.42 5.07 0.00 0.44
3 1.51 2.76 4.18 4.36 4.89 0.44 2.22
1 0.62 2.22 4.36 3.29 2.93 0.00 0.27
glucose 2 0.09 0.62 3.29 3.11 1.87 1.16 0.00
3 1.69 1.51 4.00 1.87 2.22 0.44 0.80
1 0.27 2.93 2.04 2.58 0.44 0.00 0.44
distilled/deionised water 2 1.16 1.69 1.69 3.29 0.27 0.62 0.27
3 0.80 0.09 0.98 2.04 0.00 1.16 0.00




B.2.5 Amino Acid C Concentration

Table 14.Concentration of amino acid C in culture solutiomg(C ) during 70 day incubation period.

Soil Type / Treatment

Sample Number

Amino Acid Concentration (mg C I'")

Day 0 Day 1 Day 3 Day 7 Day 15 Day 42 Day 70
1 5.60 5.11 4.58 5.02 5.55 3.93 5.47
raised peat 2 6.90 5.17 4.74 4.68 4.56 3.31 4.66
3 5.47 5.08 4.65 4.52 5.31 3.90 5.07
1 5.20 5.90 4.44 4.68 4.28 3.70 4.79
blanket peat 2 5.02 7.16 4.67 4.80 5.53 411 4.06
3 5.10 6.45 4.55 5.07 4.41 3.13 4.06
1 5.11 5.20 6.91 4.32 5.14 3.24 3.76
maize (unamended) 2 5.13 4.80 6.62 4.30 4.21 5.33 4.09
3 7.05 4.90 5.66 4.33 4.52 3.68 5.19
1 5.17 6.54 5.68 4.72 4.81 3.59 3.49
maize / soy (manured) 2 4.91 5.64 5.07 4.70 4.63 4.48 5.34
3 5.36 5.07 5.31 4.55 4.32 3.62 3.36
1 6.60 5.48 6.17 4.33 4.47 4.15 4.79
maize (manured) 2 5.68 6.77 4.35 4.14 3.92 2.98 3.68
3 5.26 5.20 5.83 5.15 4.49 3.57 3.62
1 4.76 5.78 5.33 6.36 4.16 3.63 3.72
maize / soy ( N-fertilised) 2 4.55 5.72 5.58 5.42 3.68 3.70 3.65
3 4.54 5.19 451 5.97 4.59 3.58 4.13
1 5.27 6.02 3.63 3.03 2.69 3.85 3.35
glucose 2 5.07 5.25 3.60 3.09 2.74 3.14 3.07
3 5.67 6.33 3.68 3.01 2.66 2.43 3.20
1 5.09 5.17 4.21 3.68 3.74 3.68 3.84
distilled/deionised water 2 4.85 4.99 4.43 3.87 3.81 3.50 4.11
3 4.95 4.73 4.49 4.05 3.96 3.59 3.97




Appendix B

B.3 Effect of Repeated Applications of Trace Amourstof DOC on

Microbial Activity

B.3.1 Investigation 1

Table 15.Cumulative CQproduction (mg C) resulting from 6 day interval éidmhs of trace amounts of
‘DOC + nutrients’ and ‘nutrients only’ to 7.3 g dspil equivalent peat soil. Data determined using a
multi-chambered respirometer.

Cumulative CO, production (mg C) following 6 day interval additions
Time/h DOC + nutrients nutrients only
1 2 3 4 1 2 3 4

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6 0.204 0.202 0.147 0.225 0.316 0.193 0.237 0.164
12 0.261 0.250 0.196 0.324 0.476 0.239 0.369 0.224
18 0.298 0.289 0.233 0.388 0.586 0.271 0.493 0.274
24 0.387 0.377 0.310 0.486 0.728 0.354 0.655 0.364
30 0.561 0.561 0.446 0.640 0.929 0.529 0.883 0.525
36 0.611 0.600 0.496 0.704 1.010 0.575 1.016 0.589
42 0.635 0.628 0.522 0.745 1.058 0.601 1.131 0.636
48 0.714 0.706 0.597 0.834 1.148 0.688 1.290 0.731
54 0.882 0.886 0.731 0.986 1.310 0.869 1.512 0.889
60 0.947 0.925 0.781 1.044 1.372 0.919 1.642 0.962
66 0.984 1.026 0.784 1.026 1.415 0.955 1.683 0.955
72 1.067 1.116 0.846 1.105 1.543 1.021 1.764 1.008
78 1.243 1.300 0.972 1.258 1.739 1.177 1.910 1.138
84 1.298 1.341 1.006 1.309 1.829 1.199 1.956 1.170
90 1.314 1.356 1.018 1.336 1.882 1.202 1.981 1.182
96 1.409 1.445 1.094 1.431 2.008 1.275 2.068 1.263
102 1.587 1.633 1.225 1.587 2.214 1.447 2.213 1.413
108 1.654 1.682 1.284 1.654 2.325 1.490 2.267 1.475
114 1.669 1.700 1.292 1.673 2.379 1.505 2.280 1.498
120 1.775 1.796 1.375 1.776 2.515 1.600 2.366 1.604
126 1.963 1.991 1.529 1.944 2.728 1.792 2.520 1.786
132 2.028 2.036 1.589 2.010 2.836 1.852 2.573 1.870
138 2.089 2.021 1.787 1.950 2.770 1.965 2.526 2.017
144 2.167 2.094 1.868 2.013 2.852 2.059 2.553 2.107
150 2.389 2.302 2.040 2.190 3.058 2.279 2.685 2.314
156 2.449 2.339 2.086 2.227 3.117 2.340 2.680 2.386
162 2.483 2.365 2.110 2.235 3.144 2.388 2.659 2.439
168 2.596 2.462 2.200 2.323 3.245 2.507 2.704 2.570
174 2.815 2.684 2.369 2.495 3.443 2.738 2.829 2.786
180 2.889 2.735 2.426 2.544 3.509 2.821 2.837 2.881
186 2.956 2.786 2.475 2.590 3.561 2.902 2.708 2.979
192 3.093 2.902 2.574 2.695 3.681 3.043 2.767 3.127
198 3.324 3.131 2.747 2.883 3.885 3.298 2911 3.361
204 3.419 3.191 2.816 2.954 3.963 3.397 2.936 3.478
210 3.825 3.208 3.037 2.972 3.986 3.440 2.935 3.534
216 3.846 3.247 3.080 3.000 4.053 3.547 2.925 3.569
222 4.071 3.427 3.230 3.167 4.261 3.786 3.040 3.765
228 4.156 3.444 3.268 3.214 4.342 3.876 3.029 3.829
234 4.244 3.468 3.300 3.259 4.405 3.972 3.024 3.902
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240
246
252
258
264
270
276
282
288
294
300
306
312
318
324
330
336
342
348
354
360
366
372
378
384
390
396
402
408
414
420
426
432
438
444
450
456
462
468
474
480
486
492
498
504
510
516
522
528
534
540
546
552
558
564

4.418
4.663
4.791
4.899
5.086
5.350
5.491
5.548
5.518
5.749
5.855
5.936
6.140
6.406
6.573
6.731
6.916
7.223
7.399
7.402
7.640
7.989
8.242
8.392
8.647
8.990
9.237
9.385
9.626
9.957
10.180
10.325
10.578
10.894
11.064
11.176
11.457
11.889
12.155
12.404
12.722
13.101
13.399
13.692
13.927
14.269
14.451
14.598
14.808
15.083
15.255
15.387
15.581
15.865
16.026

3.568
3.768
3.834
3.904
4.048
4.289
4.390
4.437
4.492
4.734
4.821
4.911
5.096
5.378
5.511
5.644
5.830
6.139
6.290
6.327
6.463
6.735
6.886
6.982
7.180
7.510
7.700
7.838
8.059
8.395
8.581
8.739
8.994
9.332
9.508
9.633
9.830
10.155
10.317
10.480
10.713
11.019
11.210
11.371
11.563
11.888
11.991
12.156
12.365
12.664
12.774
12.946
13.158
13.476
13.566

3.395
3.562
3.638
3.688
3.814
4.035
4.122
4.432
4.433
4.597
4.667
4.746
4.892
5.081
5.206
5.302
5.467
5.723
5.868
5.952
6.125
6.406
6.563
6.510
6.758
7.042
7.244
7.370
7.596
7.919
8.115
8.261
8.520
8.813
8.978
9.209
9.491
10.001
10.251
10.515
10.870
11.278
11.610
11.963
12.263
12.581
12.740
12.886
13.108
13.409
13.616
13.805
14.045
14.363
14.577

3.372
3.553
3.639
3.709
3.847
4.071
4.168
4.196
4.171
4.350
4.425
4.491
4.675
4.821
4.941
5.086
5.197
5.448
5.588
5.689
5.849
6.128
6.323
6.303
6.538
6.827
7.058
7.147
7.460
7.784
8.004
8.121
8.385
8.693
8.895
9.008
9.236
9.680
9.791
9.943
10.192
10.500
10.705
10.771
11.139
11.566
11.696
11.843
12.030
12.329
12.551
12.734
12.972
13.294
13.505

4.542
4.754
4.859
4.938
5.095
5.338
5.447
5.492
5.539
5.758
5.871
5.951
6.152
6.399
6.549
6.681
6.858
7.128
7.282
7.379
7.539
7.818
8.040
8.081
8.288
8.570
8.777
8.842
9.037
9.323
9.515
9.624
9.850
10.137
10.395
10.448
10.661
10.872
10.990
11.142
11.366
11.640
11.810
11.870
12.218
12.630
12.763
12.893
13.045
13.324
13.519
13.671
13.880
14.173
14.353

4.142
4.407
4.551
4.672
4.877
5.175
5.326
5.404
5.520
5.801
5.950
6.080
6.310
6.623
6.801
6.960
7.182
7.499
7.675
7.780
7.945
8.229
8.424
8.499
8.717
9.037
9.241
9.343
9.562
9.876
10.057
10.186
10.416
10.719
10.878
10.968
11.107
11.393
11.478
11.579
11.759
12.011
12.143
12.191
12.394
12.697
12.770
12.859
13.009
13.255
13.380
13.488
13.653
13.920
14.040

3.077
3.197
3.213
3.213
3.282
3.447
3.469
3.460
3.450
3.610
3.641
3.651
3.767
3.908
3.964
4.025
4.120
4.324
4.422
4.479
4.633
4.841
4.928
4.922
5.113
5.336
5.458
5.519
5.697
5.963
6.086
6.185
6.394
6.659
6.802
6.867
7.050
7.355
7.429
7.522
7.718
7.967
8.126
8.204
8.359
8.525
8.609
8.697
8.851
9.115
9.287
9.455
9.674
9.975
10.162
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4.055
4.300
4.440
4.561
4.759
5.060
5.211
5.280
5.061
5.247
5.331
5.405
5.631
5.853
6.019
6.206
6.388
6.691
6.903
6.993
7.215
7.518
7.685
7.717
7.997
8.283
8.471
8.538
8.762
9.068
9.247
9.375
9.617
9.898
10.191
10.301
10.525
10.897
10.988
11.088
11.277
11.494
11.630
11.683
11.875
12.033
12.100
12.145
12.237
12.452
12.584
12.692
12.852
13.098
13.243




Appendix B

Table 16.Cumulative CQproduction resulting from 9 day interval additiarfsrace amounts of ‘DOC
+ nutrients’ and ‘nutrients only’ to 7.3 g dry seaitjuivalent peat soil. Data determined using a imult
chambered respirometer.

Cumulative CO, production (mg C) following 9 day interval additions
Time/h DOC + nutrients nutrients only
1 2 3 4 1 2 3 4

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6 0.147 0.214 0.170 0.189 0.154 0.140 0.165 0.176
12 0.207 0.307 0.235 0.253 0.209 0.161 0.207 0.239
18 0.238 0.379 0.287 0.313 0.255 0.163 0.237 0.287
24 0.310 0.500 0.381 0.414 0.342 0.220 0.318 0.379
30 0.434 0.686 0.535 0.582 0.487 0.356 0.479 0.537
36 0.488 0.778 0.603 0.643 0.539 0.382 0.529 0.607
42 0.506 0.836 0.644 0.688 0.571 0.380 0.554 0.648
48 0.573 0.956 0.733 0.787 0.643 0.439 0.641 0.741
54 0.693 1.140 0.883 0.950 0.772 0.577 0.805 0.904
60 0.752 1.238 0.949 1.014 0.819 0.613 0.864 0.978
66 0.795 1.269 0.974 1.034 0.814 0.595 1.003 0.987
72 0.866 1.397 1.080 1.133 0.859 0.662 1.094 1.052
78 0.984 1.594 1.246 1.304 0.962 0.813 1.270 1.187
84 1.034 1.697 1.312 1.368 0.995 0.850 1.332 1.232
90 1.047 1.763 1.345 1.412 1.016 0.854 1.363 1.243
96 1.119 1.910 1.447 1.530 1.094 0.936 1.472 1.331
102 1.239 2.114 1.610 1.713 1.229 1.094 1.658 1.483
108 1.301 2.239 1.681 1.797 1.291 1.146 1.738 1.558
114 1.306 2.303 1.703 1.831 1.318 1.142 1.769 1.583
120 1.385 2.465 1.807 1.959 1.411 1.232 1.892 1.704
126 1.516 2.706 1.979 2.164 1.564 1.410 2.097 1.899
132 1.577 2.839 2.043 2.257 1.632 1.463 2.182 2.001
138 1.579 2.938 1.981 2.250 1.610 1.397 2.160 2.046
144 1.638 3.089 2.035 2.327 1.661 1.436 2.230 2.170
150 1.781 3.362 2.202 2.524 1.818 1.599 2.434 2.408
156 1.825 3.495 2.234 2.570 1.871 1.605 2.488 2.517
162 1.834 3.594 2.238 2.609 1.913 1.581 2.519 2.594
168 1.908 3.782 2.317 2.734 2.022 1.645 2.634 2.755
174 2.051 4.056 2.476 2.950 2.195 1.812 2.850 2.999
180 2.106 4.205 2.518 3.042 2.281 1.840 2.928 3.126
186 2.135 4.343 2.551 3.141 2.360 1.862 3.001 3.240
192 2.220 4.552 2.644 3.299 2477 1.959 3.136 3.423
198 2.371 4.838 2.812 3.541 2.655 2.156 3.372 3.680
204 2.437 5.010 2.866 3.657 2.750 2.219 3.468 3.828
210 2.439 5.085 3.091 3.712 2.799 2.228 3.565 3.890
216 2474 5.119 3.109 3.780 2.809 2.197 3.591 3.916
222 2.592 5.318 3.279 4.002 2.941 2.342 3.792 4.129
228 2.617 5.410 3.329 4.095 2.976 2.352 3.866 4.237
234 2.615 5.489 3.365 4.197 3.036 2.354 3.938 4.329
240 2.675 5.664 3.470 4.378 3.153 2.435 4.090 4.503
246 2.801 5.932 3.639 4.640 3.321 2.596 4.332 4.750
252 2.856 6.109 3.707 4.784 3.418 2.650 4.446 4.910
258 2.869 6.258 3.746 4.903 3.501 2.682 4.530 5.044
264 2.964 6.492 3.856 5.108 3.637 2.806 4.698 5.261
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270
276
282
288
294
300
306
312
318
324
330
336
342
348
354
360
366
372
378
384
390
396
402
408
414
420
426
432
438
444
450
456
462
468
474
480
486
492
498
504
510
516
522
528
534
540
546
552
558
564

3.131
3.203
3.202
3.259
3.394
3.439
3.439
3.541
3.709
3.799
3.851
3.973
4.164
4.274
4.352
4.477
4.717
4.875
4.851
5.027
5.261
5.444
5.547
5.722
5.986
6.128
6.218
6.425
6.682
6.820
6.898
7.020
7.309
7.395
7.495
7.676
7.909
8.052
8.113
8.321
8.546
8.620
8.682
8.838
9.093
9.262
9.400
9.597
9.885
10.050

6.818
7.004
7.084
7.160
7.450
7.630
7.699
7.945
8.255
8.457
8.585
8.894
9.165
9.398
9.453
9.632
9.843
9.991
10.031
10.279
10.551
10.732
10.841
11.063
11.366
11.536
11.673
11.912
12.203
12.359
12.480
12.726
12.989
13.120
13.234
13.424
13.669
13.829
14.388
14.498
14.647
14.768
14.746
14.913
15.157
15.318
15.465
15.660
15.930
16.106

4.052
4.114
4.117
4.277
4.504
4.599
4.654
4.843
5.034
5.168
5.312
5.443
5.674
5.823
6.047
6.266
6.575
6.751
6.745
6.996
7.246
7.429
7.492
7.698
7.987
8.163
8.294
8.544
8.835
9.001
9.116
9.335
9.767
9.885
10.040
10.288
10.562
10.760
10.859
11.119
11.206
11.364
11.507
11.699
11.993
12.221
12.424
12.672
12.993
13.225

5.409
5.550
5.609
5.737
6.025
6.176
6.239
6.461
6.759
6.933
7.054
7.335
7.608
7.776
7.858
8.011
8.286
8.440
8.551
8.780
9.083
9.256
9.402
9.635
9.949
10.114
10.273
10.515
10.820
10.980
11.109
11.345
11.632
11.769
11.893
12.092
12.359
12.519
12.606
12.672
12.721
12.844
12.962
13.119
13.374
13.526
13.680
13.875
14.151
14.310

3.843
3.941
3.985
4.045
4.229
4.328
4.400
4.573
4.796
4.933
5.061
5.251
5.472
5.627
5.704
5.785
6.003
6.148
6.240
6.459
6.695
6.853
6.988
7.219
7.475
7.649
7.835
8.058
8.316
8.460
8.390
8.530
8.713
8.805
8.912
9.084
9.289
9.425
9.493
9.564
9.694
9.787
9.889
10.034
10.268
10.411
10.551
10.721
10.960
11.110

3.038
3.131
3.155
3.215
3.450
3.546
3.584
3.755
4.018
4.151
4.253
4.457
4.726
4.895
4.980
5.176
5.474
5.616
5.612
5.861
6.133
6.301
6.357
6.560
6.860
7.010
7.117
7.341
7.624
7.772
7.774
7.957
8.304
8.349
8.431
8.602
8.817
8.943
8.991
9.272
9.447
9.533
9.606
9.733
9.965
10.114
10.239
10.409
10.661
10.811

4.968
5.080
5.114
5.226
5.474
5.592
5.657
5.844
6.103
6.238
6.344
6.534
6.784
6.940
7.020
7.197
7.432
7.545
7.538
7.736
7.975
8.099
8.143
8.415
8.693
8.821
8.916
9.118
9.378
9.512
9.537
9.713
9.993
10.066
10.146
10.305
10.514
10.630
10.708
10.935
11.130
11.243
11.336
11.454
11.691
11.844
11.986
12.181
12.463
12.639
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5.562
5.733
5.806
5.862
6.102
6.239
6.316
6.540
6.832
7.021
7.178
7.422
7.718
7.944
8.114
8.423
8.773
8.995
9.083
9.395
9.709
9.941
10.067
10.349
10.673
10.884
11.047
11.311
11.597
11.764
11.983
12.285
12.682
12.829
12.992
13.216
13.467
13.647
13.733
13.980
14.182
14.336
14.474
14.625
14.869
15.050
15.212
15.416
15.689
15.876




Appendix B

Table 17.Cumulative CQ production (mg C) resulting from 24 day intervdtaions of trace amounts
of ‘DOC + nutrients’ and ‘nutrients only’ to 7.3dyy soil equivalent peat soil. Data determined gisin
multi-chambered respirometer.

Cumulative CO, production (mg C) following 24 day interval additions
Time /h DOC + nutrients | nutrients only
1 2 3 4 1 2 3 4

0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6 0.225 0.212 0.250 0.190 0.213 0.242 0.137 0.187
12 0.332 0.298 0.352 0.224 0.324 0.371 0.175 0.241
18 0.399 0.353 0.428 0.255 0.444 0.480 0.206 0.286
24 0.495 0.453 0.543 0.329 0.603 0.613 0.288 0.375
30 0.651 0.610 0.722 0.491 0.831 0.798 0.432 0.532
36 0.714 0.674 0.793 0.524 0.952 0.900 0.491 0.582
42 0.751 0.710 0.849 0.547 1.056 0.973 0.518 0.621
48 0.841 0.802 0.950 0.622 1.215 1.089 0.602 0.709
54 0.993 0.952 1.121 0.788 1.432 1.254 0.747 0.864
60 1.056 1.015 1.193 0.830 1.563 1.344 0.803 0.919
66 1.051 1.001 1.204 0.966 1.583 1.312 0.798 1.068
72 1.138 1.061 1.259 1.055 1.633 1.380 0.691 1.142
78 1.294 1.191 1.387 1.235 1.726 1.528 0.840 1.290
84 1.359 1.235 1.413 1.272 1.746 1.616 0.877 1.338
90 1.386 1.241 1.408 1.295 1.731 1.649 0.880 1.353
96 1.494 1.327 1.481 1.385 1.804 1.767 0.961 1.446
102 1.654 1.473 1.625 1.563 1.919 1.920 1.095 1.602
108 1.732 1.541 1.676 1.615 1.969 2.025 1.160 1.667
114 1.749 1.546 1.684 1.635 1.943 2.054 1.164 1.681
120 1.860 1.652 1.783 1.733 2.020 2177 1.268 1.784
126 2.043 1.829 1.968 1.924 2.173 2.358 1.448 1.966
132 2.120 1.903 2.042 1.977 2.225 2.456 1.523 2.038
138 2.609 1.933 2.158 1.978 2.270 2.369 1.664 2.010
144 2.672 2.022 2.262 2.039 2.345 2.437 1.758 2.062
150 2.856 2.227 2.483 2.218 2.537 2.642 1.960 2.229
156 2.899 2.293 2.560 2.247 2.574 2.733 2.027 2.253
162 2.908 2.323 2.608 2.271 2.592 2.784 2.066 2.252
168 3.008 2.439 2.735 2.367 2.690 2.906 2.189 2.331
174 3.194 2.634 2.954 2.569 2.867 3.098 2.393 2.504
180 3.267 2.713 3.042 2.626 2.922 3.197 2.480 2.550
186 3.332 2.780 3.125 2.693 2.967 3.264 2.559 2.601
192 3.466 2.913 3.270 2.822 3.074 3.390 2.706 2721
198 3.672 3.118 3.502 3.048 3.262 3.588 2.928 2.930
204 3.766 3.216 3.606 3.126 3.331 3.685 3.040 3.021
210 3.796 3.244 3.646 3.161 3.343 3.716 3.088 3.055
216 3.852 3.303 3.704 3.198 3.351 3.919 3.103 3.098
222 4.056 3.511 3.908 3.371 3.482 3.807 3.263 3.274
228 4.144 3.606 3.985 3.388 3.581 3.901 3.322 3.333
234 4.216 3.681 4.058 3.425 3.590 3.943 3.367 3.383
240 4.369 3.842 4.205 3.531 3.693 4.055 3.499 3.513
246 4.593 4.066 4.437 3.729 3.865 4.233 3.709 3.734
252 4.708 4.188 4.634 3.808 3.938 4.334 3.833 3.853
258 4.783 4.273 4.736 3.877 3.975 4.384 3.933 3.950
264 4.950 4.447 4.912 4.024 4.109 4.537 4.128 4.140
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270
276
282
288
294
300
306
312
318
324
330
336
342
348
354
360
366
372
378
384
390
396
402
408
414
420
426
432
438
444
450
456
462
468
474
480
486
492
498
504
510
516
522
528
534
540
546
552
558
564

5.208
5.320
5.346
5.405
5.654
5.773
5.754
5.921
6.164
6.303
6.363
6.654
6.842
6.976
7.062
7.183
7.394
7.500
7.535
7.728
7.975
8.115
8.196
8.385
8.651
8.774
8.880
9.084
9.346
9.534
9.598
9.830
10.080
10.191
10.277
10.438
10.670
10.800
10.858
10.967
11.165
11.303
11.424
11.578
11.848
12.029
12.194
12.410
12.714
12.919

4,712
4.836
5.110
5.182
5.457
5.619
5.642
5.843
6.115
6.282
6.365
6.670
6.889
7.069
7.127
7.257
7.419
7.530
7.563
7.773
8.025
8.182
8.274
8.482
8.762
8.906
9.026
9.241
9.516
9.784
9.898
10.152
10.407
10.522
10.619
10.792
11.024
11.167
11.235
11.391
11.559
11.700
11.810
11.939
12.179
12.326
12.463
12.645
12.909
13.071

5.182
5.300
5.340
5.423
5.682
5.851
5.893
6.090
6.365
6.514
6.605
6.845
7.094
7.268
7.346
7.525
7.697
7.809
7.831
8.046
8.308
8.464
8.552
8.754
9.042
9.189
9.311
9.536
9.816
9.967
10.093
10.333
10.626
10.734
10.837
11.021
11.268
11.427
11.498
11.609
11.778
11.878
11.971
12.123
12.369
12.524
12.662
12.853
13.126
13.291

4.278
4.379
4,428
4.555
4.824
4.943
5.014
5.198
5.477
5.607
5.708
5.930
6.193
6.333
6.400
6.530
6.741
6.828
6.868
7.052
7.240
7.380
7.476
7.677
7.978
8.115
8.244
8.460
8.750
8.903
9.022
9.179
9.439
9.524
9.622
9.804
10.059
10.202
10.274
10.468
10.696
10.827
10.959
11.134
11.407
11.557
11.708
11.906
12.192
12.349

4.339
4,418
4,424
4,611
4.914
4.986
4,941
5.106
5.339
5.456
5.501
5.707
5.927
6.016
6.049
6.163
6.377
6.465
6.541
6.705
6.965
7.079
7.183
7.360
7.625
7.729
7.853
8.046
8.308
8.439
8.592
8.735
8.970
9.076
9.173
9.340
9.579
9.705
9.953
10.050
10.251
10.361
10.473
10.629
10.868
10.990
11.124
11.299
11.559
11.693

4,776
4.894
4.919
4.995
5.283
5.400
5.329
5.512
5.743
5.912
5.930
6.231
6.379
6.472
6.520
6.560
6.497
6.598
6.653
6.831
7.079
7.214
7.309
7.489
7.740
7.860
7.974
8.155
8.400
8.525
8.613
8.768
8.961
9.078
9.171
9.324
9.544
9.675
9.735
9.839
9.925
9.983
10.052
10.168
10.371
10.487
10.593
10.745
10.977
11.106

4.417
4.566
4.620
4.760
5.096
5.261
5.240
5.474
5.768
5.989
6.077
6.439
6.656
6.811
6.867
6.824
7.025
7.177
7.290
7.515
7.810
7.985
8.131
8.353
8.659
8.822
8.984
9.224
9.510
9.665
9.755
9.964
10.171
10.303
10.425
10.621
10.875
11.036
11.116
11.148
11.097
11.174
11.276
11.446
11.693
11.844
11.989
12.173
12.440
12.597
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4.427
4.569
4,719
4.867
5.224
5.398
5.422
5.655
5.956
6.163
6.254
6.549
6.805
6.976
7.031
7.159
7.378
7.532
7.636
7.859
8.162
8.336
8.477
8.706
9.021
9.183
9.340
9.580
9.887
10.049
10.142
10.315
10.530
10.648
10.765
10.958
11.227
11.388
11.472
11.557
11.726
11.838
11.965
12.144
12.410
12.566
12.713
12.909
13.196
13.356
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Appendix B

Table 18.Cumulative CQ production (mg C) resulting from no additions @&ce amounts of ‘DOC +
nutrients’ or ‘nutrients only’ to 7.3 g dry soil @galent peat soil. Data determined using a multi-
chambered respirometer.

Cumulative CO, production (mg C) following no
Time / h additions
no amendment
1 2 3 4

0 0.000 0.000 0.000 0.000
6 0.211 0.162 0.149 0.180
12 0.269 0.207 0.193 0.243
18 0.317 0.243 0.223 0.292
24 0.403 0.322 0.300 0.387
30 0.564 0.468 0.430 0.543
36 0.605 0.513 0.477 0.598
42 0.633 0.531 0.494 0.626
48 0.708 0.612 0.566 0.714
54 0.859 0.752 0.690 0.864
60 0.899 0.797 0.745 0.925
66 0.922 0.775 0.718 0.921
72 0.956 0.797 0.744 0.978
78 1.068 0.867 0.791 1.090
84 1.068 0.918 0.862 1.163
90 1.041 0.639 0.793 1.143
96 1.086 0.682 0.830 1.231
102 1.210 0.795 0.899 1.341
108 1.227 0.834 0.950 1.554
114 1.200 0.779 0.879 1.571
120 1.258 0.857 0.947 1.682
126 1.402 1.017 1.073 1.855
132 1.426 1.068 1.122 1.947
138 1.711 1.251 1.204 2.035
144 1.755 1.308 1.261 2.132
150 1.909 1.461 1.407 2.319
156 1.914 1.498 1.454 2.389
162 1.898 1.467 1.564 2.400
168 1.953 1.516 1.630 2.493
174 2.108 1.674 1.781 2.662
180 2.124 1.711 1.840 2.737
186 2.142 1.708 1.840 2.756
192 2.217 1.793 1.928 2.860
198 2.390 1.962 2.082 3.036
204 2.422 2.019 2.154 3.118
210 2.420 1.994 2.129 3.112
216 2.434 1.983 2.079 3.139
222 2.564 2.101 2.162 3.086
228 2.559 2.121 2.199 3.143
234 2.547 2.082 1.948 3.120
240 2.603 2.154 2.010 3.206
246 2.746 2.293 2.123 3.356
252 2.769 2.332 2.162 3.426
258 2.768 2.298 2114 3.419
264 2.848 2.390 2.187 3.533
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270
276
282
288
294
300
306
312
318
324
330
336
342
348
354
360
366
372
378
384
390
396
402
408
414
420
426
432
438
444
450
456
462
468
474
480
486
492
498
504
510
516
522
528
534
540
546
5562
558
564

3.028
3.056
3.039
3.141
3.375
3.432
3.392
3.511
3.715
3.792
3.783
3.939
4.115
4.162
4.323
4.516
4.763
4.878
4.959
5.134
5.396
5.511
5.597
5.759
6.013
6.098
6.198
6.366
6.610
6.760
6.898
7.055
7.280
7.362
7.445
7.596
7.823
7.931
7.987
8.090
8.266
8.345
8.439
8.578
8.809
8.923
9.051
9.223
9.481
9.608

2.594
2.635
2.817
2.903
3.115
3.065
2.978
3.087
3.267
3.290
3.280
3.391
3.582
3.602
3.574
3.581
3.748
3.754
3.745
3.812
4.000
4.018
4.043
4.131
4.330
4.337
4.387
4.505
4.719
4.808
4.844
4.874
5.061
5.096
5.128
5.239
5.434
5.489
5.514
5.484
5.613
5.622
5.681
5.777
5.976
6.039
6.127
6.258
6.492
6.577

2.351
2.384
2.316
2.362
2.586
2.529
2.391
2.486
2.627
2.645
2.605
2.691
2.840
2.846
2.801
2.605
2.760
2.776
2.766
2.830
2.999
3.027
3.051
3.139
3.335
3.363
3.420
3.544
3.750
3.996
4.013
4.056
4.252
4312
4.353
4.465
4.654
4,718
4.747
4.554
4.679
4.700
4.748
4.841
5.027
5.101
5.181
5.306
5.528
5.620

3.740
3.818
3.791
3.845
4.063
4.057
3.952
4.079
4.243
4.305
4.296
4.428
4,611
4,672
4.686
4,738
4,912
4.970
5.010
5.133
5.360
5.464
5.557
5.716
5.956
6.049
6.160
6.336
6.580
6.705
6.858
6.985
7.218
7.333
7.436
7.604
7.837
7.968
8.039
8.033
8.170
8.233
8.310
8.443
8.667
8.796
8.932
9.115
9.381
9.535
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B.3.5Investigation 2

Table 19.Cumulative CQ production (mg C) resulting from 3.5 day interadtitions of trace amounts of ‘DOC + nutrientsitinents only’ and ‘DOC only’ to 7.3
g dry soil equivalent peat soil. Data determinedgis gas chromatograph(Varian Aerograph 90-P).

Cumulative CO, production (mg C) following 3.5 day interval additions
Time /h DOC + nutrients nutrients only DOC only
1 2 3 1 2 3 1 2 3

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
84 0.10 0.20 0.17 0.09 -0.01 0.06 0.25 0.03 0.02
168 0.61 0.58 0.49 0.57 0.47 0.54 0.69 0.44 0.41
252 1.03 0.98 0.95 1.11 0.99 1.12 1.17 0.93 0.91
336 1.38 1.53 1.32 1.74 1.70 1.78 1.90 1.66 1.51
420 1.97 2.05 1.80 2.08 2.19 2.18 2.31 1.92 1.77
504 2.56 2.48 2.30 2.58 2.67 2.63 2.70 2.45 2.23
588 2.97 2.88 2.70 2.94 3.07 2.94 3.05 2.94 2.46
672 3.16 3.10 2.98 3.39 3.32 3.16 3.40 3.25 2.64
756 3.46 3.44 3.34 3.68 3.73 341 3.60 3.59 3.09
840 3.72 3.65 3.59 3.92 3.99 3.64 3.83 3.77 3.32




Table 20.Cumulative C@production (mg C) resulting from 7 day interval aides of trace amounts of ‘DOC + nutrients’, ‘nietits only’ and ‘DOC only to 7.3 g
dry soil equivalent peat soil. Data determined gsigas chromatograph (Varian Aerograph 90-P).

Cumulative CO, production (mg C) following 7 day interval additions
Time /h DOC + nutrients nutrients only DOC only
1 2 3 1 2 3 1 2 3

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
84 0.10 0.22 0.18 0.10 0.07 0.08 0.06 0.06 0.06
168 0.68 0.77 0.69 0.49 0.33 0.46 0.32 0.38 0.35
252 1.40 1.44 1.36 1.13 1.01 1.05 0.74 0.81 0.79
336 2.06 2.89 1.86 1.95 1.63 212 1.36 1.35 1.37
420 2.95 3.83 2.80 2.24 1.88 2.39 1.75 1.74 1.78
504 3.43 4.29 3.38 2.63 2.19 2.99 2.16 2.25 2.19
588 4.02 4.96 4.10 3.14 2.66 3.33 2.52 2.84 2.65
672 4.34 5.31 4.43 3.31 2.93 3.87 2.73 3.17 3.03
756 4.81 5.65 5.00 3.60 3.25 4.19 3.10 3.54 3.40
840 5.05 6.02 5.34 3.75 3.53 4.47 3.30 3.87 3.62




Table 21.Cumulative CO2 production (mg C) resulting fromSL@ay interval additions of trace amounts of ‘DO@utrients’, ‘nutrients only’ and ‘DOC only’ to
7.3 g dry soil equivalent peat soil. Data determmhinsing a gas chromatogram (Varian Aerograph 90-P).

Cumulative CO, production (mg C) following 10.5 day interval additions
Time /h DOC + nutrients nutrients only DOC only
1 2 3 1 2 3 1 2 3

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
84 0.11 0.06 0.03 0.03 0.14 0.06 -0.04 0.06 0.07
168 0.40 0.42 0.35 0.65 0.79 0.71 0.42 0.39 0.49
252 0.90 0.99 0.90 1.26 1.38 1.32 0.93 0.82 0.98
336 1.82 1.96 1.69 1.89 2.05 1.99 1.47 1.32 1.74
420 2.23 2.33 2.16 243 2.53 2.46 1.69 1.77 2.38
504 3.25 3.27 3.06 3.17 3.12 3.04 2.31 2.20 2.73
588 4.24 4.18 4.09 3.91 3.82 3.75 3.01 2.90 3.52
672 4.97 4.76 4.70 4.41 4.45 4.32 3.28 3.38 3.91
756 5.61 5.49 5.53 4.88 4.92 4.86 3.64 3.71 4.41
840 6.43 6.09 6.15 5.45 5.40 5.40 3.96 4.42 5.35




