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Abstract
Although peatlands cover only 2.84% of the ldérkand area, they playkey role in the global

C cycleand storeonethird of the global soil carbon.

Dissolved Organic Carbon (DOC) is one of the available forms of carbon in peatidmcis is
lost from the peatland together with other forms of carbmeiudingdissolvedinorganiccarbon
(DIC) and as the gases carbon dioxide £Cd methane (CH4ROC contains both biologically
available (labile) and recalcitrant componeimspeatlanls, the influence of DO®@n the C cycle
is more significant thamn terrestrial and aquatiecosystemsand thus understandingf any

changes in DOC quality induced by peatland drainagstisal.

The quality and quantity of DOC determine the further role of DOC in biogeochemical cycles.
Accordingly, this studyinvesticatedthe effects of agricultural drainage on DOCanboreal
peatlam in western Newfoundlandy quantifying (concentration) and qualifying (composition)

of DOC in two drained and natural peatland siféee effect of microforms in the natural site on

qudity and quantity of DOC, was also examined.

This study showed that lortgrm drainage increased DOC concentration both at the peat surface
(10 cm) and at depth of 40 cnby 32% and 47%, respectivelJhe quality of DOC was also
affected by agricultural rdinageand microforms (hummock or hollowAgricultural drainage
reduced the DOC aromaticity atrdnsformedOC from refractory to labile forealn the natural

sites,nummock hadhigher DOC concentratioand showednore recalcitranand humifiedOC.

AlthoughDOC in boththe drained andhe natusl site wasmainly plantdrivenregardless of the
different vegetation compositions and microform@®Catthe drained site was of a plaserived

source over microbiallgrocessed DO@roughout the peat layetacreasing DOC concentration



following agricultural drainage shifts tHaissolved Organic MattgfDOM) from the microbialt
derived source to a pladerived source. Similarly, agricultural drainage increased the degree of

humification at both peat deggh

Comparing two different depths of sampling revealed that the shallower sampling depth had
greatest differences in DOC quantity and quality across the drained and natural sites. It means that
the variation in DOC caused by any management changes has aivengdfect orshallowerpeat

layers. Furthermore, there is more humified microbiaburced DOC found at the deeper peat
layers. Results also demonstrated the different DOC concentration and compe@sisiociated

with differentplant communitiesn thedrained site and different microforms in the natural site.

Our study showed thastablisimentof reed canarygrassfollowed by drainagen the drained
peatlandoasturesite could introduce labile carbon compounds withigh degree of humification

into the belowground environment during the growing season.

Results of this study support the fact that land management activities (such as agricultural
drainage) have effegton DOC quantity together with @lity of peatlands and also haee
profound effect inncreasing labile DOC at the deeper layersich can affect the carbon balance

of boreal peatland ecosystems. This raises the possibility of martagiptant communityto

control DOC concentration to reduce carbon losses from peatlands.

The effect of&énd management, plant community, and its effects on peat properties should be given

more weight in largecale carbon modeling.
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1. Introduction
1.1 Background

Peatlands are amportantterrestrial carbon store, whiclnstitutesanessentiatomponent othe
global carbon cycléPage et al., 2011; Scharlemann et al., 20T#g rate of production and
accumulation of organic material far exceeds the rate at whigllégrade@nd exporteavhich
results in pristin@eatlandso function as longerm carbon reservoifgrolking et al., 2011yvhich

can hold approximately 20860 Pg QGorham, 1991)

The estimated global land surface covered by peatlandi2Bmillion km?, approximately 2.84%
of the world land are@Xu et al., 2018)Peatland area in North America accounts for 31d3%he
global peatlandsyhich is 5.42% of the land area of North Amer{ga et al., 2018) Figure.1

shows the global peatland m&EATMAP, developed byXu et al., 2018.
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Fig. 1. Global peatland distribution derived frdAEATMAP (Morris, 2018)



Northern peatlands, storing about ghed of the global soitarbon (C), between 473 and 621 Gt

C, play akey role in the global C cycle, and represent a better-teng storage of C than do
mineral soils, which have relatively high organic matter turnover and oxidation(Yatext al.,

2001) Carbon in peatlands occurs in a variety of forms, with the majority of carbon é&ssod

organic matter (SOM), and other organic matter (OM), such as plant matasallsibpresenin

a dissolved form, either organic (DOC) or inorganic (DIC), as microbial C, and as the gases carbon
dioxide (CO2) and methane (CH4), which together argtimeary forms of C thatare lostfrom

the peatland ecosystem

Conventionally, DOC is defined asganic moleculethat can pass through a 0.45 um filte©C
consists of a variety of molecules that range in size and structure from simple, aliphatic carbon
chans (simple norhumic acids and sugars) to complex, aromatic ring structures (humic
substances) and therefore contains both biologically available (labile; sometimes referred to high
guality) and more recalcitrant components (sometimes referred to loviyy{Kllbitz et al.,

2003; Thurman, @L2). Theamount of theskbile, as opposed to recalcitrant DOC compoursls,

vital in the net carbon balance of northern peatland ecosystems under any chehggiag

climate change or drainagBieleman et al., 2016Yhus,concentration and composition of DOC

canbe variedn soil water according to changing conditions.

Peatlands with carberch soils are a principal sourcé dissolved organic carbon (DOC) to the
fluvial environment, as well. DOC transport could significantly alter the environmental conditions
and ecosystem structure of receiving downstream aquatic ecosydtéatiage, 2007) DOC
concentration increase can seriously affeater qualityin terms ofcolor, taste, safety, as well as

significantly altering the acitbasecharacteristics of thevater,as itcontainsa large portion of



colored humicacid (Freeman et al., 2004All of these issues are the cause of more concern

regardingDOC in thewatertreatment

Although in other ecosystems, the influence of DOC pools and fluxes is small, DOC influence on
the terrestrial and aquatic C cycles is significant in peatl@idere, 2003) While the production
and release of DOC scommonnatural process peatlandsscientists have observed elevated

DOC concentrations in many loaats throughout thborealzones(Wallage et al., 2006)

Investigation on any changes in DOC quality induced by, for instant, draimageential. The
guality of DOC determined the further role of DOC in biogeochemical cycles as a terminal electron
acceptor for biogeochemical react#oor as a source of energy to both in situ arsitexmicrobial
metabolism (Marschner and Kalbitz, 2003; Tfaily et al., 2013Jhese roles can affect
decomposition process pathways and rates and determining the availablensagglin an

ecosystentDieleman et al., 2016)

1.1.1Land management changes

For centuries, the artificial drainage of the peattahas been carried out to satisfy the demands
of the agricultural, forestryand energy industries. The land management strategies of these
industries haveromoted thelegradation of the peatlan@i$olden et al., 2004jue to thdowered

water table level and shéftithe balance of carbon fluxes so that peatlands become net sources of

carbon(Hooijer et al., 2012)

As excess moisture is critical to the maintenance of peatlands, they are therefore highly sensitive
to changes in the watéable (Clark et al., 2009)which can bring necessary transformation for
agriculture and forestryLandry and Rochefort, 2012)Jnfortunately, artificial drainage has

brought about several negative environmental impacts as wadvassesffects on all aspesbf



peatland (Landry and Rochefort, 2012For example, some studies have shown that the
installation of drainage ditches has increased the release of DOC to thedhwrahment (e. g.
Worrall et al.(2003) Holden et al(2004) Wallage(2007) Strack et al(2008). The increasing
drainageinduced of DOC concentration is not limiteidhplyto the moment of installatiostrack
et al. (2008) indicated the higher DOC concentration of pore water even 11 years aft@r initi

drainage.

So ly increasing DOC fluxalong with increasing CO2 losthe terrestrial ecosystem would
experience losing valuable carbon ssoamd increasing levels of secondary environmental
degradation This degradation would happen, because DOC mzekilmetals and pollutants,
reduces irstream light penetration, and has the potential to produce the formation of potentially
carcinogenic trihalomethanes (THM) compounds during chlorinated water treg@hemt et al.,

2003; Worrall et al., 2003yvhich have significant human health implicatigR®ok, 1977)

It has become increasingly apparent that the degradatian imfiportanterrestrial carbon store
following drainage and the associated ecosystem destruction observed is not desirable. Knowledge
of how DOC composition and concentration are altered by drainage in peatlands is essential
because changes to the character and speciation of DOC will ultimaéezlyha proportion of

labile to recalcitrant compoundshich undoubtedly influences the way that D@Gransferred

through the global carbon cycle. Furthermore, in many peatlands, the flux of DOC is of comparable
magnitude to the rate of loigrm carboraccumulation, and the size of waterborne carbon flux

can, therefore, determine whether the site is a carbon sink or source.

Several studies includirgtrack et al(2008) Blodau and Moor¢2003)andWallage et al(2006)
worked on effects on drainage along wtkrsistentvater table drawdown in surface water and

pore wateras well & increased DOC export due to increased surface discharge in growing season

4



from the peatlandalthough it could be different in a lotgrm drained peatlands with almost
established water table position and different vegetation community which helpaaskesurface

discharge

According toStrack et al(2008) DOC production under lower water table conditignkkely
related to an increase in vegetation biomassaor@ substantidluctuations in thevatertable at
the experimental and drained sitestrack et al.(2006) reported that increase vegetation
productivity following vegetation community changes in artificially drained peai8tdck et
al., 2006)enhancse production and export of DO@reeman et al., 2004Moreover, the initial
cause of lowering water table isosidencewhichis owedto peat compressipthisis responsible

for decreasghydraulic conductivity anthcreasd water table fluctuationéStrack et al., 2008)

Water table dept(WTD) loweringhasa significant effect oimndices of porewater DOC quality
As a resut of longerm drained site, DOC can be more aromatic, more humified, and also had less

phenolic contengHribljan et al., 2014)

Dieleman et al(2016) concluded thaa loweredwater table increased decomposition rates and
also have ampacton DOC composition.FurthermoreHribljan et al.(2014)documented the
effect of depth of sampling and WT lowering 80V A2s4 (Specific UV Absorbance as a measure
of DOC aromaticity) Dieleman et al(2016)alsoobserved loweFluorescence IndeX() values
(more aromatic carbon, terrestrially sourced) as opposed to Highmification Index HIX)

values (more humified carbon) under the condition ofdheredwater table.

Plant communities cudribute not only to ecosystem carbon dynamicgakyng up carbon via
photosynthesiandcarbon release throughkspiration but alsoto peatland belowground carbon

dynamics via varying carbon inpuitscluding rootexcretion of soluble GDunn et al., 2016;



Dieleman et al., 2017Yegetationcomposition should be taken more into account, as it has been
suggested to be one of the determinaft®OC concentration and color of peatland stream
water, because the physical and chemical properties of litter, which vary betplagh
communitieshave a stragpinfluence on the rate of decomposition and therefore DOC production
(Parry et al., 2015)Also, it is implied thathe production of DOGs regulatedy the production

and decomposition rates of the plafid®rrepaal et al., 200%andry and Rochefort, 2012)

Land management activities have a substantial impact on peatland vegetation coverage, both the
extent and the species composit{dfunir et al., 2014)Some studisshowthat there are changes

in DOC concentration in association with land managenf@nnstrong et al., 2010; Worrall et

al., 2007; Yallop and Clutterbuck, 2008hich it may be attbutable to the effect of vegetation.

The effect ofplant species on thearbonstoragecapabilitieswas also proposeoy Dunn et al.

(2016) Therearechanges irthe vegetation community in boreal peatlands induced by drainage
which will affect how these ecosystems respond to lowered water (fdblar et al., 2014)
Introducing aerobic conditions following lowering WT ogenerallypromote vegetation growth,
resulting in increased litter and root exudates that add to the DOQ(ftatk et al., 2008)
Drainageinduced changes in vegetation growth led to increased biomass to counteract a portion
of soil carbon losse¢Munir et al., 2014) Gyimah (2018) also confirmed higher biomass

production with a corresponding increase in peat decomposition geatland drainage.

Because of the rolef theplantcommunity as one of the primary drivers of C cyclingéatlands
(Chapin I1l et al., 1996)an understanding of how the changeseagetation compositioaffect
DOC, as one of theritical contributos to C cycling, is essentialMoreover,not many studies
investigated the relation between peatland vegetation type and DOC conce#atistiong et

al., 2012a; Parry et al., 2015; Vestgarden et al., 28d@DOC chemistr{Dieleman et al., 2017)
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Besidesthe effect of differenvegetation compositioan the production of DOC amatercolor
from a range of ecosystem haween investigated onip the laboratory{Cleveland et al., 2004;

Wickland et al., 2007)

It seems that further work is required at a plot scale to obtain a deeper level of understanding of

DOC changesassociated wh different vegetatiosommunitiesand individual species.

A reduction or loss of naturabrbon sinks and the creatiohQ@O, sources represent a significant
problem from the standpoint of global climate change, and it is therefore imperative that we
improve our understanding of how blanket peat and the fluvial carbon flux responds to water table
modification. So, t is important to acknowledge that considering DOC characteristics in
association with DOC concentration caused by the land use practasfyl) based on different
vegetation compositigrand microforms, is critical to improve an understanding of factors which

can have effects on DOC dynamics, and ultimately carbon cycling in peatlands.
1.2 Objectives

Themainobjectives were to ascertainpeatland drainages dondor agricultureestablishment
differences in vegetation compositiand microtopography and have any significant impact on

the quantity (concentration) and quality (composition) of DOC.
To achieve this, the main objectivestios study were:

A To assess the principal differences in DOC concentrations and composition, between
natural and drained peatlands (site scaléyo differentpeat depths
A To identify whether changes in pore water D@hcentration and composition inddce

by drainage varied between peatlanidroformsand vegetation compositigplot scale)



2. Materials and methods

2.1 Site Description

The research sitese locatedn Robinsors pasture, western Newfoundland, 100 km southwest of

Corner Brook, Newfoundted, andL abr ador (48A 15.8426N, 58A 39
temperate climate with an annual rainfall of 995 mm, with monthly lowest and highest average
temperature of1ll and 21°C in February and August and yearly average temperatures of 5° C
(Canadan climatenormaldata from 1981 to 2010 for the nearest weather station in Stephenville)

(Environment Canada, 2011).

The research sitege situatedh a peatland complex consisting of an abandoned peatland pasture
with activedrainage ditcheand naturapeatlands (Figure)2The two sites were used to evaluate

the effects of artificial agricultural drainage on concentration and composition of DOC: natural
peatlands considered as the control; disturbed peatland, which was drained due to agricultural
purpcse and pasture usage and tbemvertedo drained peatland 35 years ago, and was abandoned
after 10 years of active pastufieuan and Wu, 2014).It is composed of patches of different
dominant species, including reed cangrgsyPhalarisarundinaceajdominated patches, various
herbaceouand graminoid specie€arexspp.,Ranunculus acrisRanunculus repenslieracium

sp.) dominated patches, and clumps of &iwubsovertopped by the tall grass, including sweet
gale Myrica gale, labrador tea Rhodo@ndron groenlandicuny, mountain fly honeysuckle

(Lonicera villosg, Rhodora Rhododendron canadenseand chokeberryRhotiniasp.).

The natural peatlanthcludes some wet depressions and peatland pools. Microtopography,
comprising of hummocks and hollowghere the surface is close to the water table and frequently

inundated which exists in the natural peatlands, disappeared in the disturbed peatland (pasture



peatland)The hummocks and hollows develop from the peat and remain stable over long periods,

even while climate and other environmental conditions change.

The substrate in the natural peatland is predominantly made 8phaignunspecies (e.g.S.
capillifolium, S. warnstorf), and covered partly with several species of lich&liadina spp.).
Pacels of low ericaceous shrubs such as hucklebefBagl@ssacisspp.) are interspersed with a
variety of other shrubsR( groenlandicumand herbsTrichophorum cespitosuntypical of this

type of peatland ecosystem on the island of Newfoundland (LubWan2014). The hollows are
dominated by sedgewhile shrubs dominate the dry hummocRBsown bog moss3phagnunsp.)
occurs on the drier hummocksafmely hummocks where the peatland surface lies at least 20 cm
above the maximum water taldepth, and nany of the same ericaceous shrubs and herbs occur

on hummock, but withlusherand more vigorous growth



Fig. 2. Satellite image of the research sites (the drained and natural peatland) and pithess of
two research sites. (Photos thg author)
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2.2 Experimental Design

The research site consisted of the natural and drained peatland. All measurements were
done at these two sites during the growing season of 2016, which was from May to
Septembein this region,on averagelLength of growing season in the Atlantic Region
including this research area, is measuredays starting from the estimated seeding date

(10 days after average daily temperature is above 5°C) until fall frost (minimum daily
tempeature is 0°C) or until October 31 whichever comes first (Agriculture and Agri

food Canada). As shown in Figure 3, the growing season nuimbtre research sis

around 156160 days for this study area basedl®Climate change scenario: 202039

Length of Growing
Season (days)
-7
B 150-170
150160 G——

¥ £
140- 150 i § 4 NP __,‘
130- 140 \ F G Pe RS
120- 10 . 4 it 1274 iz
10-120 N é? g
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100- 1% .‘.:~\"
. <100 . Corner Brook
CQ Current Agricultural Extent Pl

- ;,,.,}
. Happy Valleys
< GooseBay ;.

Fig. 3. Growing season (201B039) for the Atlantic region (Agriculture and Agdod
Canada).
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In Figure 4, the plot design of both research sgewesentedAt the drained site, there
were three plots considered as threplications and four subpkin each plot tacover

four communities, each of which has its dominapecies, such aged canary grass
dominated (Grass), lower herbaceous and gramiuoichinated (Herb)sweet gale

dominated and labrador tdaminated (Shub), and drainage ditches (Ditch).

Three plots were also set up in the natural peatlemeach plot three subplots were set

up to cover one hummock, hollowhe subplots were laid out to cover certain dominant
species and microformé&ience there was nbany particular pattern for the location of
subplots within each plot at both sitétswas apatchof shrub, sedgeand grass within a

plot that demonstrated the location of the sedge, shngbgrass subplots. However, there
was a minimum distance off@ between subplots. All three replicates of the ditch subplots
were located alongameditch, as only one ditch was involved in the sampling. A distance

of around 200 m was allowed between the plot layout at the drained site and that of the

natural site.

12



Drained site

Plot 1 sedge Plot 2 shrub Plot 3 grass
shrub ditch Sedge ditch shrub ditch
grass grass sedge
Natural site
Plot 1 Plot 2 Plot 3
hummock hummock hummock
hollow hollow hollow

Fig. 4. Experimental design of both the drained and natural sites (not drawn to scale).

In the natural site, two sampling depths at200cm, representing the oxic layer, and 40

50 cm, representing the anoxic layer, in Hummowskh shrub vegetation), in Hollow

(sedge vegetation), and pool (open water) were considered for installation of the sampler

The same sampling procedure was used in the drained peatland hilshmmated, grass

dominated, hedolominatedand ditch (opemvater). In total, there were 4 treatments at the

natural site, and 8 treatments at the drained peatland site.

We used thdlacroRhizonéRhizosphereResearchroductsWageningenNetherlands),

with a porous part with an outer diameter of 4.5 mm and agorez e o f wede. 1 5

installed besides each collar to extract the soil water at ti® tth depthMacroRhizons

consist of a microporous tube that is connected to PVC tubing with a male Luer lock that

13
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can be attached to a syringglacroRhizonsare capale of collecting porevater samples

both above and below the water table. Samplings were done by attaching 60mL syringes
to each MicroRhizonwhich was installed at depth -BD and 4660 cm of soil profile

beside each collar, applying vacuum and allowiexesal hours to collect soil pore water
(Fig.5). Soil porewater samples were transferred to the, kafd were first infiltrated

through a ColéParmer nylon syringe filter of 25 mm diameter t h a por e si ze
and then transferred to a 20 ml vidlhey keptcool in the fridge until the time of
preparation and analysis for DOC. All samples were processed and analyzed within a week

after the sampling.

Meanwhile, several environmentatfars such as soil temperature at 5 cm depth (T5), Soil
moisture (SM), as well as Water Table Depth (WTD) were measured for each subplot. A
temperature probe was used to measure the soil temperature at a depth of 5 cm for each
subplot and SM at 5 cm deptivere measured at each subplot, using a ProCheck reader
(Decagon Devices, USA) connected to a thpeprobe, at the same time when the soll
water samples were collected. WTD was measured from the installed perforated pipes

using aruler in each subplot.

14



Fig. 5. Macrorhizongnserted in (a) the natural and (b) the drained peatland (Photo by
author)
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2.3 Sample analysis

2.31 Measurement of DOC Concentration

Total carbon (TC) in pore water is made up of dissotwg@nic carbon (DOC), dissolved
inorganic carboyand particulate organic carbon (POC) (i.e. TC= DOC+POC+M@ken

it comes to analyzing the DOC, the other forms of carbon should be removed.

As DOC is commonly defined as organic carbon in water samspiedler than 0.45um
(Thurman, 1985, therefore), the soil water samples passed through a filter membrane which
has pores with a diameter of 0.45 pum. The filtered water samples were then measured for
the concentration of DOC using a Shimadzu TIGTPH analyze(Shimadzu, Japan). Five
concentrations of standard solutions, peire water, 10, 20, 50, and 100 rigiere used

to calibrate the DOC analysis. Meanwhikater samples were acidified (0.1 ml, 2 M HCI)

automatically by the machine to remove all diged inaganic carbon (DIC).

2.32 Estimation of DOC composition indices

In order to yield information on DOC composition: absorbance and fluorescence, samples
were analyzed for UWis absorption using Agiler@453 U\+Visible spectrophotometer

(Agilent Technology, San Diegb USA). Absorbance asmeasured on all samples from

= 275 to 290 nm (with 1 nm steps) and al s

in a 186mm quartz cuvette, with distilled water used as blank.
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Specific UV absorbance (SUVA) of dD&legi ves
molecules contributing to the DOC in a sample, and it is used as a measure of DOC
aromaticity(Weishaar et al., 2003pUVA is determined by dividing UWis absorbance

at o = 254 nm by the sampl eO BOVAvalueshaceent r at

reported in units of L mg'&m'*-

VT IR
WO——— TTTT
Ouop

Where A254 is the UWis absorbancgcm?) a t & = 254 nmheand [

concentration of dissolved organic carbon

Fluorescence techniques (e.gsynchronous scan andxaitation-emission matrix
spectroscopy) have been widely used to investigate the sources and optical properties of
dissolved organic matter (DOM) or humic substances in aquatic environfReltsan et

al., 2010)

Two indices, Fluorescence Index (FI) and Humification Index (HIX), can be calculated
using fluorescence scans. Fluorescence Index (FI) and Humification(lHb¥&xcan help

to investigate the difference in sources and degree of humification.

Indeed, these indices were used to distinguish between microbiallydiéfive 15i 2.0)

and terrestriallyderived (FI < 1.4) aquatic fulvic acigsicKnight et al., 2001)

Fl was calculated as the ratio between fluorescence intensities for emission at 470 nm and

520 nm at fixed 370 nm excitation. FI can help to determine the sources of DOC.
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Furthermore by using fluorescence scans, the HIX, which can be used to represent the
relative degree of humification, was calculated as the area under the emission spectra for
the range 435180 nm divided by the sum of the areas for theyes 300345 and 43b

480 nm, at 254 nm excitatiqg®hno, 2002) The HIX values range from 0 to 1, wiéh

higher value indicating an increagirdegree of humificatiorfOlefeldt, Devito, et al.,
2013).

B) tToa g

000 == -
BOnmmotuBQ cuvt Y1

Where | is the fluorescence intensity at each wavelgi@jtho, 2002)

In order to yield information on DOC Composition, fluorescence waasared on
Cytati onE 3 CeMotle Reatex which ig comvfurteontiolled using Gen5

software.

Fluorescence intensities for each water sample were collected over an emission range from
300 to 480 nm (5 nm increments) at a fixed 254 nm excitatiarebhss an emission range
from 470 to 520 nm (10 nm increments) at fixed 370 nm excitation for calculating the

mentioned index (i.e. FI and HIX).

24 Data analysis

General linear model (GLM) was run to compare the [DOC] between two sites and among

the sulplots at the drained and the natural sites in order to investigate the main effect of
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drainage, depth as well asgetation compositigrday of sampling and the interaction
effect of vegetation compositiorand sampling time on DOC concentratiodhe
compaison was made through TurKeynultiple comparison method to examine which
means were different and to estimate how much they were different. Furthermore, similar
analyses were run to examine the effect of drainage, depth as we#gatation
composition time of sampling and the interaction effectuvafgetation compositioand

time of sampling on composition of DOC.

Oneway analysis of variance (ANOVA) was conducted to compare the seasonal mean
values of the environmental variablexluding SM, F, andWTD among the subplots of

the drained and natural site.

The Pearson correlation analysis (also known assed to measure the strength and
directon of the association between DOC concentratiod the environmental variables

(SM, Ts, and WTD.

Furthermae, the main effect ofegetation compositigmmicroforms (subplot scaleand
date of sampling on DOC concentration across the 2016 growing seasoni (May
September) was identified through tm@ay ANOVA, and comparisons of means were

made througfTukey parwise method.
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3. Results

3.1 Relation of DOC anBnvironmentaFactors inthe drainedaind natural site

Oneway ANOVA indicated that therevasa significantdifference in theenvironmental
variables including,temperatureTs), soil moisture (SM)and WTD(P< 0.05)among all

subplots in drained sit¢¥able 1)

In the drained site, sedge subplbsd a significantly highe Ts compared with other
drained subplots (16.28). The mean 7§ of the ditch subplot (13.4@) was found to be
the lowest. Ditch subplstalsohadthe highest amount of soil moisture (80/®3which

is statistically different fronall other subplotsOn the contrary, the mean SM of grass was

the lowest (38.5%), while the mean SM of shrub and sedge were statistically identical.

The shallovestaverage WTDwas foundin ditch subplots, which is only 3 cm below the
reference surface for measuring W,Mzhich was from the bottom of the ditch where the
plants were growing. Grass subplots with average WTD of 13.8%emathe second
shallowest WTDamong drained subplots amakre significantly shallowerthan WTD of

shrub and sedges subpl¢t83.28 cn).

In the Natural site, no significant differenogere foundin their mean soil temperatures

between hummock and hollow subplots (P= 0.810).
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Tablel. Statistical results of seasonal mean soil moisture @5 cm depthwater table

depth (WTD) and temperature at 5 cm depth (T5) site and subplots scale

Mean T5 Mean SM Mean WTD
(°C) (%) (cm)

Drained site 14.99° 48.422 -16.37P
Natural site 16.322 57.682 -24.472

P =0.006 P =0.001 P =0.001
Sedge 16.192 58.20° -23.282
Shrub 15.092° 54.21P -23.282
Grass 15.16% 3852° -13.83°
Ditch 13.49° 80.532 -3.53¢

P=0.002 P= 0.000 P=0.000

R%= 16.42 R%= 72.38 R2=51.93
Hummock 16.522 31.49° -33.832
Hollow 16.312 65.352 -15.11b

P=0.810 P=0.000 P=0.009

Similar lowercase letters indicate no significant difference while different letters indicate sign
difference between the site or subplot averagise negative WTD value means that the water leve
below ground.

While SM and WTD showesignificant differencebetween these two subplp8TD was
significantlydeepelin the hummock subplots33.83 cm compared to hollow subplots (
15.11 cm). Theefore, hollow subplots had significantly higher mean SM in comparison to

hummock subplots.
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Significant differencesvere observetietween the 4, SM,andWTD of the drained and
natural sitesThe naturakite experienced significantly higher temperaturthatlepth of
5 cm and sil moisture (SM) (Table ). In order to identify the relatiahip between
dissolved organiccarbon (DOC) concentration and environmental factors including
temperature T(s), soil moisture (SM)and water table depth (WTD), regressiand

correlation analysis were conducted.

At the drained site, the results demonstrated that there was a significant positive
relationship betweesoil temperatur¢P=0.003, Fig (a)), WTD (P=0.019, Fig.€c)), and

DOC concentrationConversly, SM had aegative correlation with DOC concentration
(P<0.001, Fig.6 () Although the correlation coefficient (r) of each of the environmental
parameters showed the effect of all three mentioned parameters on DOC concentration (r
> 0.5), SM has a stronger retatship with DOC concentration (r-8.711). So, it can be

said that SM is a better predictor of DOC concentration which explained almost 50% (R
square) of the variation in DOC concentration at the drained site Whisaxd WTD
account for around 30%¢Bguae) and 21% (Fsquare) of DOC concentration variation,

respectively.

Similar analyses at the natural site did not show any significant corralbgbomeen

DOC concentration and the environmental variables.
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Fig. 6. Correlation between (é8oil TemperaturdT), (b) Soil Moisture(SM), (c) Water Table Dep{WTD) and Dissolved
Organic Carbon at the drained sitdl water levels are below ground
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3.2 DOC concentration

Oneway ANOVA and comparisons of means (Turkpgirwise comparison) were
conducted to examine the main effect of drainage on DOC concentration, they were carried
at the site scale in both sampling depth,(l8écm and 40cm); the analysis of data showed
that the differences between mean DOC conceatrain the drained site airdthe natural

site weresignificant at 10 cmR< 0.0Q) and 40 cm (B0.05) depth. (Fig.7&8, Table)2
Results from shallower sampling depth (10 cm) indicated that the mean DOC concentration
from the natural site (55.33 mg1), was significantly lower than that one from tirained

site (85.89 mg 1Y) (Table 3. Likewise, at the deeper sampling layer (40 cm), the drained
site showed higher DOC concentration (76.55 i) &s opposed to the natural site (DOC
concentration = 405 mg ') ( Fig.8, Table 2 The DOC concentration differed
significantly amongplots with different vegetation compositiamthe drained site at the

10 cm depth (P9.00]) (Table 3).

The results, alsghowedthatthe shallower depth (10 cm), had aistatally higher mean
DOC concentration at both drained and natural site (Tab@r2average, the deeper depth
(40 cm) in the drained site resulted in tbever amount of DOC concentration, which is
76.56 mg ! as opposed to 85.90 md!at theshallowe depth (10cm)(Table 2).
Similarly, in thenaturalsite, the mean DOC concentration for samples taken at the 10 cm
depth was higher (58.51 md¥) than samples taken at the 40 cm depth (40.57 g L
(Table 2).Therefore, when comparintpe drained and &hnatural site, the mean DOC
concentration was higher in tlkeainedsite rather than in the natural one when sampling

the same depth (Figaand7h).
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The effect of vegetation compositisrasalsoobserved as significant in the drained site at
the deepesampling layer (40 cm) (R00J). This significant effect is likely because of a
drop inDOC concentration in ditch subplots in comparison with that of the other subplots
(at the depth of 10 cm)rhe eclusion of ditch subplots from analysissulted inno

significant main effect ofegetation compositio(P= 0.086)at the depth of 10 cm)

At the 10 cm depth and among all subplothedrainage sitesubplotddominated byeed

canary grass (Grass) exhibited the highest mean DOC concentr (@§4.2"). Grass
subplotshad significant differences with mean DOC concentration of samples from
drainage ditch subplots, 65.106g L'. Although herbaceous and graminoid dominated
(herb) and sweet gale and labrador tea dominated (shrub) plots did not show any
statistcally different mean DOC concentrations, there was a significant difference between
those and two other subplots (ditch and grass). While grass subplots recorded the highest
DOC concentratiorthe lowest one belonged to drainage dgabplots which wereone

third lower than mean DOC concentratiorgiass subploté~ig. 8, Table 3.

On the otler hand, as presented in Tabl&Brub subplots with mean a DOC concentration

of 84.73 mg ! presented the largest values for DOC concentratioong others subplots

at the deeper layer of sampling (40¢ctnut t hey werendét significal
and Sedgsubplots(Table 3. Similar to the shallower depth (10 cm), the drained ditch

the 40 cm depth, had the lowest DOC concentra{@69 mg L'Y), which was

significantly different from othergFig.9 and Table R So, it seems that the vegetation
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composition factor was effective more in changing DOC concentration in the layers near

the surface rather than in the deeper layers.

Moreover, based on the resutiistwo-way ANOVA which was conducted to identify the
interaction effect of deptbf samplingandvegetation compositiodifferences on DOC
concentration, it was seen that thetemction between depth andegetation
compositiomicroforms had aignificanteffect in both the drained (B<00L) and in the

natural site(P€.001). This indicates that the effect of sampling depth on DOC
concentration was not identical among the sulspldable 2 also showed that the grass
subplot experienced the largest decrease of DOC concentration by increasing the sampling
depth (from 10 cm to 40 cm) which was approximately 24.5% decrease. This drop was less
than 10% for all other subplots includidgch, sedge, and shrub with 8.5%, 6%, and 8.5%

of drop in DOC concentration, respectively. Likewise, hummock and hollow did not have
the same trend in decreasing DOC concentration by increasing sampling depth. The mean
DOC concentrations were more affettey the increasing sampling depth in hummock
(36%), rather than in hollow, in which this drop was recorded to be around 23.5% (Table

2).

The dramatic decrease of DOC concentration that occurred with the increasing depth of
sampling in the grass subplotght result ina significant interaction effect of depth of
sampling andregetation compositioon DOC concentration (Fi@ and Table 3). When

the grass subplotvas excludedno significant main interaction effect efgetation

compositionand of the deptbf sampling was observed on DOC concentration (P=0.728),
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as expected. Indeed, when the grass subpleis ignoregddepth had ardentical effect

on DOC concentration of all the other subplots.

When it comes to the natural site, results showed that tresbio the DOC concentration
from the 10 cm depth at which a significant effect of microforms on DOC coatient
(P= 0.000) was observed, there was no main effect of different mig®fon DOC
concentration at #8140 cm depth (P=0.991) (Table Iheresults revealed thathile the
mean DOC concentration in the hummock subplots was 61.60 trag LOcm depththe
mean concentration of DOC for hollow was statistically lower (49.40 Mgtlthe same

depth(Fig.10, Table 3.

Aside from the individual ééct of vegetation compositioand microtopography on DOC
concentration, this effect might vary across the sampling date. Thus, the main effect of the
sampling dateas well as the interaction effect between the sampling date and the different

vegetation omposition/ different microforms, was examined through tway ANOVA.

The dateof sampling (Julian Day) had sagnificant maineffect on DOC concentration
among the subplots in the drained site at both depths of sampling in this study (P<0.000),
and in he natural site (P< 0.002) at the 10 cm depth, while the date of sampling did not

have significant effect on DOC concentration in the natural site at depth 40 cm (P=0.068).

In other words, the samplirdpywill result instatistically different DOC coneogrations
regardless of differentegetation compositioor different microtopography. That means

DOC concentration would change considerably among treatrteatgghoutsampling in
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this research, especially in the layer near the surface; for this reagemiporal variability

in DOC concentration should be taken into account.

There was no significant interaction effect betweentitme of sampling and different
subplots with dferent vegetation compositicat the 10 cm (p= 0.137) and at the 40 cm
(P=0.288) depth. Similarly, no significant interaction effect betwtedate of sampling

and different microforms was found at the 10 cm (P= 0.165) and at the 40 cm (P=0.941)
depth. Thisindicatedthat the effect of sampling date on DOC concentration wasatine

for the variousvegetation compositiom the drained site or different microforms in the
natural site and the changing trend is siniagttime at the depth close to the surface (10
cm). So, only temporal variation (i.e. seasonal pattern) of DOCetdration at subplot

and ecosystem scales at the 10 cm depth was investigalésistudy(Fig.12and Fig.B).
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Table2. Summary of the meadlissolvedorganic carbon for each site at 10 cm and 40 cm
depth.

Drained site Natural site

Depth Depth

10 cm 40cm 10cm 40 cm
DOC 85.902 | 76.55° |58.51¢ |40.57¢
(mg L'Y)

Means that do not share a letter are significantly different

Table3. Summary of the meadtissolved organic carbon of each subplot and site, for each
site at 10 cm and 40 cm depth.

Iltem Mean DOCconcentration Mean
(mg L) (mg L)
Drained site Natural site
10cm 40 cm 10 cm 40cm
Ditch 65.17¢ 59.69¢%
Sedge 87.98P 82.60°
Shrub 86.99° 84.73°
Grass 104.20% 78.68°
Hummock 64.60¢ 40.83¢
Hollow 52.73d% 40.24¢

Meansthat do not share a letter are significantly different
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3.3 Temporal variability in DOC concentrationtae drainedand natural site

The seasonal pattern of DOC concentration at the subplot scale for both natural and drained
sites and for ecosystestale are presented (FiglO and Fig.11). The mean DOC
concentration changed with time, and this change was smoother in the natural site than in

the drainage site (Fidl).

The mean DOC concentrations at the site scale were dynamic in time, especially in the
drainage site. At the same sampling depth, DOC concentration showeteasing trend
overtime atthe drained and natural sitAlthough, throughout the study, the individual
means of DOC concentratioreve higher in the drainage site than in the ndtsite, as
expected (Figll). In the drainage site, DOC peak was found in-Ragust; the mean

DOC concentration increased from about 66.66 frigt.the beginning of sampling, until

a peak was reached in ladigust (102.5 mg 1), after that the mean@C concentration
declined t o 947 THe maxgnunh DOLC cdndemtrgtions in the drainage site
were almost twice as high as the natural site (102.5 thgg62.5 mg L), where the

DOC concentration reached its peak in early Septemberl(BigOverall, the increase in

the mean DOC concentration was followed by a decrease by the end of the summer

(August) for both sites.

For the subplots scale, the DOC concentration increased from the beginning of the
sampling in early July until early Septembeten the DOC concentration peaks had
occurred for all subplots. This was followed by a drop in the mean DOC in the middle of

September. Therefore, the mean DOC concentration in all subplots showed a similar
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seasonal pattern. At the beginning of the samgpthe grass and sedge subplots had the
highest DOC among all others (7a8d 74.4ng L', respectively), followed by the shrub

and ditch subplots. The subplots in the natural sites had less DOC concentrationg51.8
L™ for hummock and 45.5g L' ! for hollow) in comparison to those in the drained site.
The mean DOC concentration had the same pattern for both hummock and hollow subplots,
although hummock had a significant increase in early August to reach a peak in early

September (70.ihg L'Y) (Fig. 10).

The most significant increase in the study period was observed among grass (from 74.4 to
137.8mg L'Y) and shrub (580 110mg L' %) subplots. On the contrary, the mean of hollow
subplots was shown to have an increase in DOC concentration (from 45.5nip 134)

(Fig. 10). Among all subplots in both sites, grass and shrub experienced more increase in
the DOC concentration trend in the growing season, as opposed to hummock and hollow

subplots, which showed less change in DOC concentration over this gagoddy.

On the other hand, the variability of DOC concentration over the growing season ranged
between 6And98 mg L' tin the drained pasture site and was larger than that of the natural

site (between around 49 and g L) (Fig 11).

In all drained ad natural subplots, DOC concentration started to climb at the beginning of
the growing season until hitting a peak around-fagust (Julian Day=240). Then, there
was a trend of a sharp decline in DOC concentration among grass subplots, while in other

subplots there showed only a mild decrease (Bjg.1
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Similarly, the trend for the temperature at 5 cm at WTD represented almost the same pattern
of DOC concentration. Conversely, SM showed the opposite trend related to DOC
concentration. This means that on Julian day= 241, while the temperature touched the
highestpoint, the soil water level dropped reaching the lowest point. This resulted in the

lowest level of SM, while DOC concentration also reached a peak for all subplots (Fig.14).

Likewise, the sharply decreasing temperature and the rising WTD and SM after mid
August resulted in a gentle dropping pattern in DOC concentration among almost all

subplots (Fig.2).

The most significant drop of the WTD among the shrub and grass subplots was around

24cm (from 13 to 37 cm) from the beginning of sampling to the midddigtist (Figl2).

At the site level, it can be seen that the highest soil temperature occurredAugoist

(Julian day=221); after that, it began to decrease in both the drained and in the natural site.
Results of DOC concentration indicated that it hadncreasing trend from the beginning

of the growing season until a peak was reached irAaggist and on the first of September

in the drained site and in the natural site, respectively {&)g.
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Fig. 12 The seasonal patterns of DOC concentration as well as peat temperature at 5 cm depth, water table depth and soil moisture
for the two site
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