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A comparative field study of four soil respiration systems



1 Introduction

One of the major terrestrial ecosystem fluxes efdlobal carbon cycle is formed by soil
respiration. Soil respiration is the flux of @@om the soil surface to the atmosphere and
consists of heterotrophic respiration and autotiopbot respiration (Han et al., 2007).
The global soil respiration flux is estimated at88g C yi* and is therefore one of the
major fluxes of the global carbon cycle (Raich ¢t 2002). For comparison;
anthropogenic fossil fuel combustion accounts fflur of 5.5 Gt C yi'. Small changes
in the soil respiration flux can cause large pé&dtions on the global C cycle. Therefore
detailed knowledge on soil respiration and theidgwenvironmental factors is required.
Figure 1-1 presents the in- and outputs concersmiy CO, effluxes. However, soll
respiration measurements form a major source okrmiaty, not in the last place
because of the lack of a reference method (RaicBcklesinger, 1992 in Jensen et
al., 1996).

Soil respiration thus consists of soil €@roduction and transport of GQo the
atmosphere (gaseous diffusion and mass flow). Dmeentration gradient between the
soil and atmosphere drives the diffusion ofA@®the atmosphere. Mass flow is defined
as the pumping of air by atmospheric pressureuhatains on turbulent scales (Kimball
and Lemon, 1971 in Janssens et al., 2000). Sewsraironmental parameters can
influence soil respiration (Han et al., 2007): geihperature, soil moisture, root biomass,
NPP, litter input, microbial population, root nigen concentrations, soil texture,
substrate quantity and substrate quality, see Rigore 1-1. Of these parameters soil
temperature and soil moisture are the main inflirgntactors. Furthermore management
practices, like ploughing, irrigation and the adufitof fertilizer, can have considerable
consequences for the soil g€efflux.

Soil respiration measurements show considerable pdesh and spatial
variation (Rayment & Jarvis, 1997). The temporatiateon is mainly driven by soll
temperature and soil moisture, which control the, p@duction by affecting terrestrial
ecosystem productivity and the rate of SOM decortipas(Wiseman and Seiler, 2004).
Other factors, like soil porosity, water contentlahe turtuosity of the soil affect the
diffusion of soil CQ to the atmosphere (Simunek and Suarez, 1993 isedeet
al., 1996). Spatial variations can occur over srdmfances. Rayment and Jarvis (1997)
found that soil respiration varied from 0.28ol m*s* to 3.6umol m?s* over a few
meters for a black spruce forest. Han et al. (200dicated that within an agricultural
ecosystem consisting of maize the spatial variatibgoil respiration is correlated with
the amount of root biomass i.e. distance from thatpsoil temperature and NPP.
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Figure 1-1 A conceptual model of the in- and output of the soil CQ effux (from Ryan & Law, 2005).

Accurate measurement of Geffluxes is difficult. An appropriate method doest alter
the soil respiratory activity and furthermore tlencentration and pressure gradient and
the air motion near the soil surface should resertii® ambient situation. The lack of a
standard reference methodology for the measureofeswil respiration has lead to the
use of several types of methods, which are liseeldvln. Each method has its dis- and
advantages. Between the different methods oftee ldifferences are observed, but these
are often strongly correlated (Janssens et alQ)20Mifferent soil respiration
measurement techniques are: 1. Eddy covariacbeitpies

2. Measurement of [GDin soil profile

3. Static systems

4. Dynamic systems

1. Eddy covariance technique

The eddy covariance technique is based on the pontmt gas transport is

accomplished by eddies that displace air parcels fthe soil to the measurement
height (Mosier, 1990 in Janssens et al., 2000)s Mairtical flux is measured at a
reference level, which represents the,@&dlux from the soil. One of the major

advantages is the soil system remaining undistyrbbddle measurements can be
done continuously. A second advantage is the meamnt of soil CQeffluxes from

a larger surface area, thus representing (parthef)spatial variability (Janssens et
al., 2000). However, for correct measurements ef@k) effluxes certain conditions

have to be met. It is questioned if these conditiprevail continuously throughout



the measurement period, but often they are assutnedccur (Rayment &
Jarvis, 1997). The assumed requirements are:
e Level and homogeneous upwind fetch.
e Zero mean vertical windspeed, steady-state comditio
» Absence of sources and sinks between soil ancetisos (like canopy or
vegetation cover)

2. Measurement of CQ in the soil profile

A second technique for measuring £iixes is the measurement of €@ the soil
profile. This method is less frequently used dueit$opractical limitations. To
determine the diffusivity of Cé&knowledge on gas diffusivities is required (Rayment
& Jarvis, 1997). However, soil is a very heterogrrgesubstrate resulting in a highly
spatially variable C@ diffusion coefficient, making accurate estimatafiallt.
Furthermore gas sampling with a syringe can caumsevarestimation of the GO
concentrations as also gas is sucked from othes pérthe soil system, due to the
suction (Le Dantec et al., 1999)

3. Static systems

In static chambers a volume of atmosphere abovesdiiesurface is sealed for an
extended period, preferably 24 hours, to allow @asso accumulate to a
concentration that can be determined by an alkdlition, like soda-lime. The alkali
solution traps the CQthus it is removed from the chamber. Within tharmber no
artificially driven air circulation occurs. An adviage of this system is that several
different gasses can be measured simultaneouslym@ioet al., 1997). Besides, the
static chamber technique is relatively inexpensarel easy to use. One of the
disadvantages of this enrichment method is theestienation of the small fluxes and
the underestimation of large fluxes (Nay et al94)9 Furthermore, the atmospheric
ambient pressure fluctuations at the soil surfaeepaevented, thereby reducing the
exchange of air between soil and atmosphere (Huwohi & Mosier, 1981 in
Rayment, 2000; Conen & Smith, 1998).

4. Dynamic chambers

Dynamic chambers are characterized by the ciraulatif air inside the chamber.
Dynamic chambers can be divided in: closed (DCQGJ) apen systems. Closed
systems have air circulating in a loop between chamber and an external gas
analyzer (Janssens et al., 2000). Pressure eatidibris achieved by a venting tube.
In an open system ambient air passes through abgraihe CQconcentration of
the in- and outgoing flux is measured, the diffeeeim concentration represents the
soil CG, efflux. One of the advantages of dynamic chamisetie short sampling
period, changes in soil moisture and soil tempeeadwe therefore minimal. A second
advantage is the prevention of the build up ofibksmndary layer as the air is mixed
in the chamber. This air mixing however does naeneble ambient conditions.
Janssens et al. (2000) reports that a viscous layluild up in the chamber which
retards the diffusion rates. The soil [g@uill increase, which might lead to lateral
diffusion of CQ in the soil and thus an underestimation of th&.fldowever open
chambers have the disadvantage of creating preddfteeences between the in- and



outgoing flux(Rayment & Jarvis, 1997). This pressure differede@pends on the

windspeed, which again depends on the height of cthember above the soil

surface (Conen & Smith, 1998). Rayment and Jah887) have designed an open
chamber system where the pressure difference bettikeechamber interior and the
ambient pressure is no more than 0.004 Pa.

Comparative studies between different technique® fieeen done previously (Jensen et
al., 1996; Norman et al., 1997; Rochette et aB7]1Qanssens et al., 2000; Butnor et
al., 2005; Ngao et al., 2006) often comparing D@Chhiques and/or static and EC
techniques. However closed chamber techniques e chambers comparisons are less
frequently done and contradicting results are rego(Norman et al., 1997 and Widen
and Lindroth, 2003). For this study four differesdil respiration measurement systems
are used in a field experiment. The four system® (@pen chamber systems, a closed
dynamic system and an EC system) are all usedot@ o regional scale research on
CO; fluxes of the Earth System Science and ClimatenGaayroup of Wageningen UR.
It is however unknown to what extend these systemasv correlations and deviations to
each other. To improve the understanding on thesared CQ fluxes and to be able to
compare CQ fluxes from the four systems a comparative expemims set up at a
grassland ecosystem. This situ comparison will thus generate relative differences
between the different soil respiration systems.oMite performances of different soilR
systems can only be derived when using controli®d fltixes.

The objective is to compare these different soil gpiration systems and find possible
correlations and differences.

Research questions:
- Do the soil respiration measurement techniques geowsistent) differences in
diurnal variation?
- To which amount differ the field scales averagethefdifferent techniques?
- To which amount differ the chamber averages ofifferent techniques?



2 Materials and Methods

2.1 Site description

The field experiment was setup at the Haarweg meliegical observatory of the
Meteorology and Air Quality Group of Wageningen \risity. The location coordinates
are: 51°58’'N and 5°38’E, with an altitude of +7 s.la (Jacobs et al., 2007, [1]). The
vegetation consists of perennial grassland with idating species: rye gradso{ium
perenne) and rough blue grasBda trivialis). The grass is mowed weekly during the
growing season (1 May — 1 November) and maintaateal height of about 10 cm. Soil
parent material is heavy clay deposited by therriRfeine. Figure 2-1 gives a schematic
overview of the Haarweg meteorological site. Thétetb circle and star indicate the
location of the Eddy correlation system, the dasbeal indicates the location of the
other respiration systems.

At the Haarweg site many meteorological measuresnarg done, some of which are
used in this study e.g. soil temperature (5 cm ugdess) and radiation.
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Figure 2-1 Overview of the Haarweg experiment sit1]). The * indicates the location of the EC
system, The dashed oval indicates the location dfe other respiration systems.



2.2 Soil respiration systems

Below follows the description of the different sodspiration systems used during this
study. These systems are used like in other figfieements and are not adjusted for a
better comparison, it is therefore an in situ congea which will give relative
indications of the differences between the systems.

System 1: Automatic open chamber system

The automatic open chamber system was first dedigmel described by Rayment &
Jarvis (1997). The system consists of a steel(digmeter 0.243 m, height 0.15 m) with
on top a removable flat lid. The ring has a surfaea of 464 cf The ring is inserted in
the soil to a depth of 9-10 cm. This was consideteelp enough to avoid leakage. To
ensure a gas-tight seal upon closure of the chambgicon rim is placed around the top
of the ring. On top of the lid a tube is fixed,dbgh which ambient air can enter the
chamber. The air from the chamber is pumped tcCires IRGA analyzer (LI-COR Inc.,
Lincoln) through the outlet tube at 1.4 dmin ™,

On 5 July 2007 (DOY 186) 8 automatic open chambegee installed at the Haarweg
meteorological site. Before installation the vegeta(grass) was cut to an approximate
length of 2 cm. Measurements starting two weeker aitistallation were used for
analysis, prior measurements were still influenogdisturbances due to installation, like
root damage. During week 28 soil moisture and teatpee sensors were installed. The
chambers close in turn once every hour for abawt fisinutes. The first three minutes are
needed to reach equilibrium. During the last minthe actual C@efflux is measured,
this results in 8 COfluxes measured per hour. Furthermore data arerded on the
variability of the elevated concentration duringe ttmeasurement, ambient €O
concentration, air flow and soil moisture and $eihperature. During the measurement
period the grass was cut regularly to maintain emgth. At August 12 (DOY 224) one
of the pumps broke down, which was again repaiteithea 3f' of August (DOY 243).
During this period the ambient concentrations messurepresented the chamber
concentrations due to soil respiration. For thisquepart of the fluxes could afterwards
be calculated, assuming that the Eddy Correlatieasurements represented the ambient
concentrations. EC ambient concentrations weredompared to ambient open chamber
measurements to correct for a possible offset biviee two systems.

System 2: EGM-1/4 by PP systems

This soil respiration system consists of the EGlr 4 (PP Systems, Hitchin, UK), the
environmental gas monitor (IRGA) and the SRC-1,gbiérespiration chamber. This is a
closed dynamic system for measuring soil respinafitne soil respiration chamber has a
surface area of 78 ¢nand has a system volume of 1171 ml. When the SRCplaced

on the soil; the air in the chamber is mixed by fThe EGM measures the increase in
CO, concentration every 8 s for 120 s, the rate ofease of C® should be linear.
Measurements are also ended when the concentiatozased more than 50 ppm. To
prevent leakage of CQo the air when the chamber is placed on the grmdlars were
installed 28'of July (DOY 206). A rubber ring between the reapan chamber and the



collar was used as a seal. Respiration rates wereated for the increase of volume of
the system. Comparative measurements started Zwadtk installation of the collars,
again to prevent any influence on soil respiratates by root damage.

System 3: Two chamber ADC

The ADC Soil Respiration Measurement System cana$tan ADC2250 differential
COyxand HO infrared gas analyzer with a leaf chamber analftgpe: LCA4) and a soil
respiration hood. This is an open system. The resipiration hood is supplied with a
collar which was inserted in the soil (£ 6 cm). thermore the soil respiration hood is
equipped with a fan and a pressure equalization. versoil hood with collar has a
surface area of 97.5 émand a volume, while taking complete collar intamsiinto
account, of 987 ci(Instruction manual soil respiration hood MklloiStemperature is
measured by a separate soil temperature probesdiheespiration hood is connected to
the leaf chamber analyzer, which is again connewi#id the ADC 2250 Analyser. The
ADC 2250 is an IRGA analyzer, which measures tHereace (background) and the
sample concentration separately and then calcutageglifferential [CQ]. In order to
derive a soil respiration rate the mass flow carsdtecontant. The IRGA analyzer has a
measurement range of 0-2000 ppmxGf2]). To obtain the soil respiration rate for the
ADC system, measurements are performed for seveirates (usually 1500 s), with
measurements recorded every second, until thereifée in CQ is stable. From the
differential CQ concentration, the surface area of the soil haudl the massflow, the
soil respiration rate can be calculated accordineguation 2.1:

F :m Eq. 2.1
A

F = Soil respiration fluxymol m2 s

0CO, = Differential CQ concentration (ppm)

u = Mass flow (mol 3)

A = Surface area (t

System 4: Eddy correlation system

The eddy correlation system at the Haarweg is liestat a height of 4 m. The system
includes: a three-dimensional sonic anemometer &lent Res. Gill Instruments Ltd,
model A1012R2), a fine-wire thermocouple (home mMaahel an open path infrared €O
and HO gas analyzer (IRGA) (LI-COR Inc., Lincoln, NE, de& LI-7500). The 3-D
sonic anemometer and the IRGA are placed 0.05 m épam Jacobs et al., 2003). The
footprint can reach up to several hundred metdre. HC data were corrected for density
changes (Webb correction), axis alignment, sensparation and frequency response of
the instruments.



2.3 Complementary measurements

To get a better understanding of the soil respinatcomplementary measurements are
done for the most influencing factors: soil tempar@ and soil moisture.

Soil moisture

Soil moisture is measured with the Thetaprobe swalsture sensor (Type ML2x). It
measures the volumetric soil moisture content basethe dielectric constant, which is
proportional to the soil moisture content.

Soil temperature

During EGM measurements the STP-1 Soil Temperd@uobe by PP systems is used.
The temperature probe is a 40 cm stainless stéel with in the tip the temperature

sensor. The probe is inserted in the soil and hasnaerature range of 0-50 °C with an
accuracy of 0.5°C ([3]). For the open chamberesystthermo sensors installed at the
Haarweg site, 5 cm under grass are used. The thegnswors of the open chamber system
itself did not work properly.

2.4 Methods

This comparative experiment is divided in two paltsthe first part three measurement
systems are compared at small scale i.e. chambek. [Ehe automatic open chamber
system is chosen as reference to which the EGMA®D@ systems are compared. The
automatic open chamber system was chosen as itumsasontinuously and has the
largest chamber surface area. In the second parpgbn chamber system is compared
with the EC system, which is a comparison at fgaldle.

Chamber scale

Figure 2-2 gives a schematic representation offigtld site. Adjacent to each open
chamber are two PVC collars for EGM measurement® © a lack of ADC soil hood
collars, ADC soil respiration measurements weregy alune adjacent to chamber 1 (at
DOY 319 measurements were also done adjacent tolidra 2, 3 and 4, these data were
only used for modeling response functions). Up@swute of one of the chambers, EGM
measurements were done at the two corresponditayoffter each measurement the
SRC-1 chamber was held in open air and flushedftesh the air in the chamber. As the
EGM —-SRC 1 chamber was placed on a PVC rim durirepsurement, volume
corrections are necessary. Therefore the extranmlwas calculated by measuring the
height of the PVC rim above the soil surface. Toierespiration rates were corrected for
the change in volume. The two EGM measurements aedramber were averaged (to
get a better comparable surface area) and compdttethe corresponding open chamber
CO; efflux.
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Figure 2-2 Experimental set-up for the comparison othe EGM-4 and the Automatic Open Chamber
System. Distances between the automatic open chambamounts to approx.2 m.

ADC measurements could not follow the open chansleguence as there are only two
collars and measurements need more time, appraeiyn&®0 minutes, to reach

equilibrium. During ADC respiration measurement® ttransparent soil hood was
covered by a larger non-transparent hood to prepéotosynthesis. In between the
measurements the soil hood was placed in operm aeftesh the air in the hood. ADC
measurements were afterwards compared with theesmwnding open chamber
measurement in time.

The use of the EGM and ADC systems is limited tg donditions, no comparisons
during precipitation are available. Data correctionthe open chamber system was also
necessary as system/measurement errors occurrelhriggin case of negative or an
observed measurement error (e.g. equipment faithee)data were deleted. The fluxes
measured by the open chamber contained severaluree@ent errors i.e. unrealistic
fluctuations in the measured flux of up to a diéfiece of severgimol m? s*between
sequential measurements. Most of the measuremems avere eliminated based on the
recorded data of the variability of the CO2 measnet, i.e. when variability was higher
than 20 ppm.

Field scale

Comparison of the open chamber and EC data isdthtd nighttime measurements when
no photosynthesis takes place. However, duringttingé the lack of incoming radiation
limits the amount of turbulence and stable condgican occur. The stratification of the
lower atmosphere prevents free exchange of airefgreshich causes the build up of a
layer with high CQ concentrations near the soil. For comparison wighopen chamber
system, only nighttime data are used when there emasigh wind i.e. when friction
velocity (u*) was >0.1 m/s (pers. comm.. B. Heus#lkl). For comparison with the open
chamber system, wind directions from 0-100° weretdd as this area included arable
land instead of grasslands. Measurements donegdpréctipitation were also deleted as
drops can occur on the lenses of the instrumealdipig unreliable measurements. The
same was done for times when the relative humidéyg larger than 98% (Thesis Sandra
Snel, 2004). Furthermore unrealistic measuremékésnegative fluxes during nighttime
and extreme high values are left out of the anslgsiwell.



The EC measurements used for the analysis weredestdor every half hour. For the
comparison with the open chamber data, the fluxeshambers 1 to 4 and 5 to 8 were
averaged. The average represented the open ch@®&ux measured for half an hour.

Half hour open chamber averages based up on omebelnaneasurement were left out of
the analysis.



3 Results

This chapter discusses first the open chamber merasats, followed by the chamber
scale and field scale comparison. In the last @edtie soil respiration data are used to
estimate model parameters for two different temjpeeasoil respiration response curves.

3.1 Open chamber system

In Figure 3-1 the soil respiration, temperature aail moisture curves are presented for
the eight rings of the open chamber system. Measemes analyzed for the system start
at DOY 200 (July 19) till 337 (December 3). From D@24 to 243 (August 12 to 31)
one of the pumps was broken and consequently dormetbient concentration
measurements were lacking. As described in secldh EC data were used as
ambient [CQ)] to calculate the fluxes. EC data could howevdrb®used for the nights
of DOYs 233 and 237 till 242 as stable conditiomevpiled (u*<0.1). At DOY 310 a
fuse broke, which was repaired at DOY 311. The sdme however the pump broke,
which was not repaired until DOY 325. From DOY 284DOY 305 measurements for
rings 4 were poor, due to damage to the rubber. I@@rect measurements are also
lacking for all rings from DOY 310 to 311 and frdd®Y 311 to 325.

In Figure 3-1 a diurnal pattern is observed forhbtemperature and soil respiration,
higher daytime temperatures result in higher sspiration rates. Also large fluctuations
in daily temperature, result in large diurnal fluations for the soil respiration rates, like
for DOYs 223, 224 and 226. In the summer monthsil(D®OY 264) when temperatures
are high, soil respiration rates vary around gl ms’. In autumn, temperatures
gradually drop as do soil respiration rates to smrage flux of imolm™s?. In
November and December a further drop in soil resipin is observed to rates most of the
time below 2umol m?s™. The relation of soil respiration with soil moigtuis less
obvious in Figure 3-1. For the summer months ane@ge in soil moisture results in a
gradual increase of the soil respiration rates]emarr autumn soil respiration rates seem
hardly to be influenced by an increase in soil nupes A possible explanation might be
found in the field sites’ soil texture as it consisf heavy clay, which implies possible
water availability limitations for the vegetatiom summer. During the field campaign it
was indeed observed that the soil showed signsrohgl i.e. shrinkage of the soil,
resulting in fissures around the rings. In autumemgeratures drop and
evapotranspiration is reduced, leaving the soihwienty of moisture.
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Results

Figure 3-1Soil respiration rates for the open chamber sy$tem DOY 200 to 337. Temperature and soil moisture/es are presented on the second and third
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Figure 3-1 shows that the measurements for thet eifferent rings give similar soil
respiration curves. At a closer ook, it is obsertigat soil respiration rates for ring 4 are
often lower than for the other rings. During theldi campaign it was observed that for
this chamber, vegetation and soil moisture diffef@te soil in and around this ring was
often very wet or dry compared to the other rinbse vegetation is less dominated by
grasses, but by mosses instead. The chamber wdcinds the highest soil respiration
rates varies along the measurement period. In geoan be said that ring 1 often records
high soil respiration rates, followed by rings 3,and 8. Variability between the
chambers, can amount up teudol m? s, for example on DOY 267 and more regularly
up to 2umol m?s?* for example: DOYs 222, 226, 227 and 252. Takin@YB 255

till 260 as an example, small scale spatial valitgbbecomes more pronounced with
increasing temperature fluctuations. When daily gerature fluctuations are minimal,
like for DOYs 305 till 307, spatial variation becemless. The fact that at this small scale
spatial variation plays a considerable role makes tomparison with other soll
respiration systems more complicated.

Despite the data having been filtered for measunesneith high variability, still large
fluctuations of severaimol m?s* occur between sequential measurements. Sometimes
measurements drop to nearly zero and recover agaime following hour. Often this
occurs for more than one ring in the same hourraathly during night times. During
most of these spikes the ambient L&ncentration shows an increase, indicating a
possible build-up of C®due to lack of turbulence. In Figure 3-2 the wepuked is
plotted versus the ambient concentrations of tgbteings. Ambient concentrations have
a base-level of around 380 ppm and can rise uR® ppm, which is the maximum for
the systems measurement range. When wind speewjsambient CQ concentrations
completely cover this range. This wide range at Mwmd speed is caused by the
accumulation of C@near the soil surface due to the lack of turbwdemdhich occurs in
night times when there is no radiation and no hgatif the earth’s surface. The high
ambient CQ concentrations cause measurement problems foCRAS gas analyzer,
differential concentrations are small and resulthia calculation of very small fluxes.
During the day there is often more wind, which esuthe air to mix and the variance
decreases. With increasing wind speed the ambiemtentrations decrease and two
“legs” are formed. The first leg is found at the L£Base-level e.g. the ambient
concentrations as found during most days (340 pf80). The other leg is found around
560 ppm. These data are in fact mostly ambient exainations measured in the early
morning when stable conditions start to break uptduncreased turbulence.
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Figure 3-2 Wind speed versus ambient concentratiorfer the eight chambers of the open chamber
system (non-filtered data).

The accumulation of C{near the soil surface during stable conditionsthedexcretion

of the measured air by the gas analyzer might cdinsished fluxes for chambers 1 and 5
as sucked-in air might have higher £&ncentrations. Correlations (Pearson) between
wind speed and soil respiration rates were in tideroof 35% and significant at the 0.01
level for all rings, except ring 4. Correlationstween ambient [C&) and wind speed
explained more of the variance, for all chamberghe order of -0.5 and all were
significant at the 0.01 level. Correlations forgsnl and 5 did not differ from the other
rings. Thus rings 1 and 5 are located far enough fthe datalogger and the IRGA to
prevent any influence due to elevated,@Oncentrations.



3.2 Chamber scale: Open chamber and EGM

Comparative measurements were done at DOYs: 285,228, 232, 236, 242, 246, 249,
256, 257, 262, 270, 278 and 281. Measurement viaded from one to 16 hours. In
total 380 comparative datapoints are used for tiadyais.

All measurements

In Figure 3-3 all the comparative measurementpesented. Measurements vary for the
open chamber system from 2 to nearly 10 pmbkt fluxes measured by the EGM
vary from 2.4 to 8.6 pmol fis’. The measurements show a clustering for the EGM
from 3.5 to 5.2 pmol fis* and for the open chamber system from 3.6 to 6 pmfos™.

Of this cluster most data are located above thdirie]lindicating higher measured fluxes
for the open chamber system. Outside this clustest miata are found below the 1:1 line,
indicating higher soil respiration rates for theNEGystem.

12
g 10
3 ]
£ o .o
(@]
£ 81 3 . r
e iy 20 S P
= e
S 6 $ ORTA
2 . NS BV, RP=0.2384
« ¢ < S, o o8 ¢
i *
6 4 -, ” o ’:0 “ ”
% pd 0‘ 0‘ A‘OQ
o 2 A SR ©
O sy o
0 T T T T T
0 2 4 6 8 10 12
EGM (umol/m2/s)

Figure 3-3 All comparative data for EGM and Open ctamber system. The cluster of data is indicated
by the black circle, the line indicates the ideal:1 line and the dashed line is the trendline.

The trendline indicates that with increasing fluxéise difference between the two
systems also increases i.e. the trendline deviattiser from the ideal 1:1 line. High
EGM respiration rates are more often accompaniedeéhgtively low open chamber
respiration rates, but the explanatory value of ttendline is poor (24%). As soil
respiration rates vary during the day and betwberséasons, a closer look is taken at the
various day curves in the following paragraph.



Day curves

The day curves in Figure 3-4 present the measuram@nboth systems during the day.
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Figure 3-4 Soil respiration fluxes for the EGM andopen chamber system.

At the start of the field campaign (DOYs 215 til2) differences between the two
systems are on averagqu®ol m?s?, with the exception of DOY 228, see Table 3-1,
with the highest soil respiration fluxes measurgdtie EGM system. For DOY 215
fluxes are around 648mol m?s™ except before 11 a.m. for the open chamber. A sudde
positive shift in the open chamber measurementaboiut 2umol m?s?, results in a
closer correspondence between the two systems.cdise of this change is unclear.
Also for DOYs 228 and 229 the EGM recorded higHards than the open chamber
system. At DOY 232 EGM measurements are again higihen the open chamber
measurements, but during the measurement perioddifference between the two
systems becomes smaller. For the first three measants differences up to




4 umol m?s™ are found, but the difference has diminished $s aan 0.;umol m?s” at
the end. The smaller difference is caused by argeimerease of the measured fluxes for
the open chamber and a gradual decrease in theurada$uxes during the day by the
EGM. For DOY 236 all EGM measurements, except foe,care larger than the open
chamber measurements. EGM measurements do show vaoegion between the
different measurements, while the open chamber mnea®nts show a more gradual
increase during the day. DOY 242 shows again hiflbges for the EGM, but for both
systems there is considerable variation. For th&E@s varies from 4.6 to 6.pmol m”
2st for the open chamber system from 3.1 toph®l m™?s®. For DOY 246 the open
chamber system shows a large amount of variatiathout a conclusive pattern,
measurements vary from 2.0 to §u@olm?s® and for the EGM from 4.3 to
7.4umol m? st For DOY 249 measurements by both systems arelynegual, all
around 6umol m?s®. The pattern is however the opposite, when sajiration rates
for the EGM increases, it decreases for the opeambler system and vice versa.
DOY 256 shows a similar pattern as DOY 249, witkpmation fluxes around fmol m”
25!, On DOY 257 the open chamber system measuredtlgliglyher fluxes, with the
exception of 10-11 a.m. when there is a sudden oirdpbe measured respiratory fluxes
by the open chamber system. DOY 262 the highegpiredsry fluxes are found for the
open chamber system. However this system also shimsvenost variation during the
measurement period. For DOY 270 the open chamistersyrecords the higher fluxes,
but also the differences between successive maasuts are larger than for the EGM of
which the measurements show a more gradual datlgrpa The amount of variation
between the measurements of the open chamber sistdso higher for DOY 278. But
on this day the EGM system records again the hifloges. DOY 281 is the longest
measurement day, which also includes comparatiyettine measurements. In the early
morning and evening EGM measurements show highierespiratory fluxes than the
open chamber system. During the day this differesisappears and fluxes are nearly
similar for both systems. The cause of this diffieee between the system in the early
morning and evening is unclear. Despite EGM measents being done by three
different persons, no clear relation with the iase in variation could be found i.e. the
relief of persons does not coincide with the tinaiation. Possibly stable conditions
caused measurement problems for the EGM, durings davurs friction velocity (u*) was
smaller than 0.1m/s.

In general there seems to be a trend where in AUWYs 215-242) the EGM system
records the highest respiratory fluxes, with averagjfferences reaching up to
2.5umol m?s? (Table 3-1). DOYs 246-257 form a transition periedere differences
decrease to aroundumol m?s®. For DOYs 262 and 270 clearly higher soil respirat
fluxes are recorded for the open chamber systente ddr DOYs 278 and 281 (with the
exception of the early morning and evening) bosteays record nearly the same fluxes.
In summer, the average difference between the twasnrement systems is in general
higher than in autumn, as is the variance, with é&xeeption of DOY 228. This
corresponds with the observations for Figure 3-3.



Table 3-1 Average differences and variance for theneasurement days.

Average Duration
DOY difference | Variance | (h)
215 2.192 1.427 3
228 1.174 0.133 1
229 2.495 1.155 1
232 1.940 2.226 1:45
236 2.009 1.155 3:45
242 1.233 0.325 3
246 1.647 2.668 3
249 0.874 0.257 2
256 0.799 0.240 2
257 1.096 0.796 6
262 0.794 0.484 3
270 1.117 0.409 S
279 1.172 1.351 2:30
281 0.827 0.735 16:15

Spatial variability

The interpretation of soil respiration measuremestsomplicated by the large spatial
variability. It is reported that the variation inilsrespiration chamber measurements is at
the scale of centimeters (Davidson et al., 2008).Figure 3-5 the comparative
measurements are plotted per open chamber ring.
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Figure 3-5 Comparative measurements plotted per rig.

For ring 1 most datapoints are found along thelitiel, indicating nearly similar results
for both systems. For ring 2 most datapoints atedoaround or below the 1:1 line,
indicating higher soil respiration rates for the MGystem. For rings 3 and 4 most
datapoints are found around and below the 1:1 &Agajn indicating higher comparative
fluxes for the EGM measurements. For rings 5 amio8t data are found in a narrow



band along the 1:1 line. Measurements for ring@wsh considerable spread, the data
points are found just above the 1:1 line or belagain indicating higher comparative
measurements for the EGM system. For ring 8 meamnts were found on both sides of
the 1:1line, for both systems higher comparativeasnrements were found during
measurement period.

The variation between comparative measurementsezah up to severamol m?s?,
especially for rings 2, 3, 4, 7 and 8. For rings And 6 comparative measurements show
less variation and system results are better caabpar Ring 4 is the exception with
always higher EGM measurements, except for fivaptzints, which are located almost
on top of the 1:1 line. Spatial variability, likéready observed for the open chamber
system, is also observed for the EGM rings in campa with the open chamber rings.
Spatial variation in the order of severahol m™ s occurs within a distance of a few
decimeters.

3.3 Chamber scale: Open chamber and ADC

For the two open chamber systems comparative neasmts were done for 7 days
during the field campaign (DOYs: 236 (6 comparatiatapoints), 242 (6), 246 (4),
249 (4), 257 (14), 270 (9), 281 (21)). First alhqmarative measurements are presented,
followed by the comparative data for the differemgasurement days.
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Figure 3-6 All comparative data for ADC and open clamber system. The bold line indicates the 1:1
line.

Figure 3-6 presents the data for both open systeleasurements for DOYs 236 and 246
have nearly similar results for both systems. Adlasurements for DOY 242 have higher
respiratory fluxes for the ADC system, with diffeces between the systems reaching up
to 2.8 umol/mis. Also for DOY 249 all measurements show cledilyher respiration
rates for the ADC system. For the three followingasurement days more measurements



were done, which show more variation. These measmts are presented against time
in the figures below to observe system differerdiging the day.

In the table below the average absolute differdratereen the two measurements and the
corresponding variance is presented.

Table 3-2 Average differences and variances for thmeasurement days

DOY Average | Variance
236 0.487 0.123
242 2.448 1.834

246 0.618 0.378
249 1.834 0.306
257 0.814 0.672
270 0.951 0.218
281 1.373 1.175

As was described above, measurements for bothnsgstee nearly the same for
DOYs 236 and 246, see Figure 3-7. For DOY 242 ti¥CAsystem gives higher soll
respiratory fluxes than the open chamber systeme Tifferences between the
comparative measurements differ however. ADC megsents from the left ring have
smaller differences with the open chamber measuremthan the ADC right ring
measurements. For DOY 249 this difference is nateoled. ADC fluxes are again
higher (around @mol m s?) than those measured by the open chamber systemm(a

6 umol m™ s, but differences for the left and right ADC riage similar. For DOY 257
more measurements are available. ADC measuremanysfiom 4 to 6umol m?2s?
during the day. The open chamber measurements ahaifferent pattern, the first six
measurements show a gradual increase in soil adigmirates

from 3.6 to 5.4umol m? s™. After 10 a.m. soil respiration rates drop sudgealvalues
varying from 2.6 to 3.;xmol m™ s* and increase again after 12 o’clock to levels Isimi
as for the ADC measurements (5.8 to 8%l m™s*). No explanation could be found
for this sudden drop in soil respiration rates lestv 10 and 12 a.m. (see also for the
comparison with the EGM). Comparing both systemmaghthat (with the exception of
10 to 12 a.m.) measurements lie close to each,ailiigr in the early morning somewhat
more variation. There is no trend observed for &ygtem measuring constant higher soil
respiration rates. However there is a consistdfardnce between the right and left ADC
collar. For the right collar higher soil respiratioates are measured than for the left
collar, for the first measurements this differensever 1umol m?s®. For DOY 270
both systems show a gradual increase in measuilédespiration rates during the
measurement period. For the ADC this increasesstdrt.2 to 5.umol m?s?, for the
open chamber from 3.3 to Gu8ol m?s?. For 8 out of 10 measurements the ADC
system measured lower respiration rates than te opamber system. Also during these
measurements for the ADC right collar measured resipiration rates were higher than
for the left collar. In Figure 3-8 can be seen tHdterences in soil respiration rates
between collars are again in the same order of malmnas the differences in soil
respiration rates between the two systems.



Figure 3-7 Soil respiration fluxes for the ADC andopen chamber systems.
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At DOY 281 a full day of comparative measurementswlone, starting at 5 a.m.
Unfortunately the ADC could not record the £@oncentrations until after 9 a.m.
Concentrations were outside the measurement réwogesver the open chamber system
and the EGM-4 did not have problems recording tigh lconcentrations. Probably the
ADC is quite sensitive for moist conditions, limigj the measurement performance.
Measurements for the open chamber system are gtatde for the first hours, all
measurements are aroungimol m?s* and increase gradually after mid-day to about
5to 6umol m™st. After 4 p.m. soil respiration rates decrease rag@isoil respiration
rates between 3 andwinol m s*. ADC soil respiration rates vary for the periodilu
p.m. from about 3.5mol m?s* for the left collar to about a.4jBnol m™ s*for the
right collar. After two o'clock the rates for thefi collar show a drop of fmol m? s
compared to the previous hours. From 4 p.m. onwsodsespiration rates increase for
both collars to rates of more tharumol m?s? for the right collar and more than
5 umol m™s? for the left collar. Measurements from the rigbtlar are always higher
than from the left collar.

The above comparative measurements show that Ispdifferences between
measurement plots for the same system are of tine s&ze as the differences in soil
respiration rates between systems.

3.4 Field scale: Open chamber vs EC

Comparative data were available for DOY 195 to 3ter data selection as described
in section 2.4, 618 half hour measurements wetédefinalysis.
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Figure 3-8 Data comparison of the eddy correlatiosystem and the open chamber system.

Open chamber measurements range from 0.8 to®68m 2 s*, while eddy correlation
measurements show a range from 0.41to @@l m?s? indicating similar
measurement ranges for both systeMest data are concentrated in the range of 2 to



5umol m?s? for the open chamber system and from 1 fomibl m?2s? for the EC
system. In case of relatively small fluxes mostadate just below the 1:1 line and
variance is limited to a few outliers. When the L&ffluxes increase i.e. becomes larger
than 5umol m?s? for one of the systems, the variance between W dystems
increases as well, data clustering becomes leswipenot and for most data the EC
system gives higher fluxes. As the amount of,@@duction in the soil mainly depends
on soil temperature and thus has seasonal varjaiocloser look was taken at the nights
during the measurement season for which severatesswe hours of data were
available. Comparison of these nights distinguidieee different periods as indicated in
Figure 3-8. The first period, until DOY 249 (begimg of September) is characterized by
relatively high soil respiration fluxes, but alsg b lot of variation between the two
systems. In the following period (DOY 249 to 29&)il gespiration fluxes drop and
gradually differences between the two systems d&hinHowever, still most data
comparisons show higher fluxes for the EC systeriterADOY 296 soil respiration
fluxes decrease to levels around @nol m?s?, system differences diminish even
further and the highest soil respiration fluxesfarend for the open chamber system.
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Figure 3-9 Temperature, soilR EC and open chamberata. Note that the data are not sequential as
only comparativer data are used.

Figure 3-9 shows the EC and open chamber compardsita as well as the temperature
versus time. In the first period differences betvde two systems are sometimes larger
than 2umolm?s?, in the next period in general differences becosmaller.
Occasionally a night occurs where differences betwihe systems are large. In the last
period the whole picture changes. Soil respiraflores from both systems differ only
little and the open chamber fluxes are most oftitmes larger than the EC fluxes. The
higher EC fluxes in the first period can be expdgirby more biomass present at the
footprint of the EC system. In the open chambeggijrthe grass is maintained at a few
centimeters length, while the grass at the resh®field and the surrounding grasslands
is longer i.e. more biomass resulting in more magigin and thus higher fluxes. Later in
the season respiratory activity declines and tfferénces in amount of biomass become
less pronounced and the differences between thensgslecrease.



3.5 Modeling soil temperature response curves

In literature many equations are found that desctif®e temperature dependence of soil
respiration. There is still an ongoing discussibow the exact form of this relationship.
The most commonly used relationship is an expoakfunction (Lloyd & Taylor, 1994;
Tuomi et al., 2007). In this section a few simptp@nential relationships are fitted on the
soil respiration data of the different systems.case of the open chamber system the
hourly averaged measurements were used for modeélisigg the hourly measurements
from a single chamber would induce quite some apuaériation as differences between
the chambers can be considerable, see sectionlr8.Eigure 3-10 the datalogger
temperature is plotted versus the hourly averagedrespiration rates for the open
chamber system. An exponential growth curve (EqQuadt1) is fitted through the data:

SOilR(T) = ae™'" Eg. 3-1
Where:

SoilR = Soil respiration ratesufiol m2s?)

Soil T = Soil temperature (here Temperature datalog8€))

a = parameter 1

b = parameter 2

SoilR (umol/m2/s)
e
Residuals

T datalogger (deg C) T datalogger (deg C)
Figure 3-10A: Temperature versus hourly averaged slorespiration rates for the open chamber
system. B: 1:1 The residuals plotted versus tempeae.

Besides a fit with datalogger temperatures als@rottmperature records were plotted
against soil respiration rates. In Table 3-3 theults of these fits are presented, the
corresponding figures can be found in AppendiXe best exponential fit is found for
the datalogger and air temperature records witheds/ely R squared values of 56.6%
and 54.5%. Despite the reasonable fit still ne&096 of the variance is unexplained,
which is illustrated by the large scatter of datafsaround the curve. For a temperature
of for example 20°C, respiration fluxes of just @dd pumol m?s* to 8umol m?s*
were measured. For the air temperature record @tchd similar results are found.
However, the relation between soil temperature ungiass at 5cm versus soil
respiration fluxes is not as well described by apomential curve. For all plotted



temperature records variance increases with incrgaemperature, but for the soil
temperature record this increase in variance i dagger, which results in a small
explanatory value for the exponential curve. It \dobhe expected that soil respiration
responds to changes in soil temperature. The lattetter correspondence is found with
air temperature records might indicate that maspiration takes places in the upper few
centimeters of the soil. A possible reason for ttas be the high groundwater levels
during a large part of the year.

In Figure 3-10B residuals of the measured minugptldicted values are plotted. At low
temperatures the function can underestimate tixesleonsiderable, but also some small
overestimations occur. The variance increases imiteasing temperature. For the range
of 10 to 25°C both over- and underestimations awend, from 25°C onwards more
underestimations occur.

Table 3-3 Fitted parameters for the different soirespiration temperature response curves.

Temperature a b

T datalogger (80 cm in | 1.6856 0.0527 0.566
cabinet)

Tsoil 5 cm under grass 1.426 0.0667 0.255
T 150 cm 1.6515 0.0648 0.545

Another frequently used model to describe the teatpee dependence of soil respiration
is the Arrhenius equation (Tuomi et al. 2007):

SOIIR(T) = ae”™ Eq. 3-2
Where the parameters are defined as for equatin 3-
SOiIlR(T) =11.994 7 66996iIT™ Eq. 3-3

In Figure 3-11A the Arrhenius function is plottenr the datalogger temperature versus
the soil respiration rates. This function perforrostter in describing the higher
respiration rates, but for the low respiration satbe observed variance is poorly
described. This is also seen in Figure 3-11B, thehexius function shows an
overestimation of the small soil respiration fluxies temperatures below 8°C. For
temperatures varying from 8 to 27°C both under- amdrestimation are found. For
temperatures higher than 27°C the Arrhenius fundtiow considerable overestimations.
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Figure 3-11A Modeling the Arrhenius equation for tre hourly averaged open chamber
measurements. B: The residuals plotted versus temgzgure.

EGM

For the EGM data the same two functions were fitedor the open chamber data as can
be seen in Figure 3-12. A few data with incorreahperature readings i.e. T>100°C were
not used for the analysis. For the group of measents at T<5°C, temperature
recordings were missing. Based on the time of nreasent the 10 minute Haarweg soil
temperature recordings of 5cm under grass vegetateye used instead. However these
data do not always match entirely with the EGM deinperature recordings. The
response function for the EGM resulted in the folltg estimations for parameters a
and b, the Rof this function is 0.634 (n=380):

S0ilR =1.208G° %' Eq. 3-4

] RP=0.63 . ‘]

SailR (umol/m?/s)
o
Residuals

SoilT (deg C) Temperature (deg C)
Figure 3-12A SoilT versus EGM sail respiration fluxes. B: The residuals plotted versus temperature.

Figure 3-12A shows that a few odd flux measuremdhitses of around 19mol m2s*
exist, which do not fall within the trend obsened the other data. In Figure 3-12B the
residuals shows that for low temperatures fluxes anderestimated. However the
number of data for low temperatures is limited. tesnperatures in between 10 and 22°C
both under- and overestimations occur. High tentpegarecording are unfortunately
lacking. The residuals found at 14°C and havingesbf 5-8 are most likely not correct.



The Arrhenius equation for the EGM (Eq.3-5) is shawFigure 3-13A, the explanatory
value is only 44%. Part B of the figure shows neiobs over or underestimations for
certain temperature ranges.

SOilR(T) =17.859 7 30446iIT™ Eq.3-5
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Figure 3-13A Modeling the Arrhenius equation for the EGM measurements. B: The residuals plotted
versus temperature.

ADC

As the soil temperature probe of the ADC systemraitiwork properly, the matching
EGM soil temperature recordings were used. The munad ADC measurements is
limited (n=70), however the exponential fit (Eqoati3-6) still has an Rof 56%. Due to
the limited number of datapoints determining ovand underestimations is quite
difficult, however at low temperatures soil respoa rates seem to be underestimated,
which seems also the case for respiration ratésnaperatures >17°C. Most probably,
when also taking the models for the previous twsteays into account, the over- and
underestimations for temperatures from 10 to 2@%IGafithin the normal variance.

SOilR(T) = 1.543 7207917 Eq. 3-6

10

R?=0.5620

SoilR (umol/m2/s)
Residuals

0 1‘0 20 3‘0 ’ 0 i% 1‘0 1‘5 2‘0
SoilT EGM (deg C) SoilT (deg C)
Figure 3-14A SoilT versus ADC soil respiration flues. B: The residuals plotted versus temperature.



Equation 3-7 presents the modeled Arrhenius funcfar the ADC data. Here soil
respiration rates are overestimated for low tentpega. In comparison to the exponential
curve the variance is more evenly distributed.

SOilR(T) = 12,2159 22878iIT" Eq. 3-7
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Figure 3-15A Modeling the Arrhenius equation for the ADC measurements. B: The residuals plotted
versus temperature.

Modeling temperature dependence of soil respiratidnle using the exponential or
Arrhenius equations leads to the conclusion thaalficsystems the explained variance by
the modeled curve is around 50%, leaving thus dfaliie variance unexplained. For the
modeled systems it was observed that for tempe&sfuoom 10 to 25 °C a lot of variance
occurs, but that none of the curves for none of #fystems show under- or
overestimations. In case of low temperatures mtishaunderestimations are reported.
Measurements at high temperatures are only avaifablthe open chamber system, the
two models show contradicting estimations for Higimperatures.

EC

For the eddy correlation measurements an expohenir@e was fitted on the data
according to equations 3-8. The explained variasceery low, the scatter of data is too
large to derive reliable estimates of soil respratates.

S0ilR(T) = 3.297300% Eq. 3-8
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Figure 3-16A Air temperature versus EC soil respirgion fluxes. B: The residuals plotted versus
temperature.

Plotting the residuals of the exponential functias,can be seen in Figure 3-16B, shows
the same pattern: a lot of scatter. Due to the ligiount of variation in the data,
parameters for the Arrhenius function were notnested.

Soil moisture

In section 3-1 it was already observed that sapiration was only influenced by soll
moisture limitations in summer. Correlating soispeation rates of the open chamber
system with the soil moisture measurements resulh negative correlation of 0.128
(Pearson correlation, significant at 0.01 level2474). In Figure 3-17 soil moisture
versus the hourly soil respiration measurementsiaied. The measurements show a
wide spread, for low respiration fluxes the soilistare recordings vary from 0.48 to
0.65, for high respiration fluxes the range becoory slightly narrower: 0.48 to 0.60.
There is no obvious trend observed between thersmdture content and soil respiration
fluxes.
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Figure 3-17 Soil moisture (nfYm?®) versus hourly averaged soil respiration fluxes.
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4 Discussion

In literature many articles can be found on the ganson of different soil respiration
systems. Comparative studies have been done ifielde as well as under laboratory
conditions. Laboratory studies have the advantabgat tspatial and temporal
heterogeneities are eliminated. Results from ar&boy study by Nay et al. (2004)
support the observation by Norman et al. (1997)t tblmsed chamber systems
underestimate the soil G@fflux by around 10%. However, Widen and Lindra20(3)
found the opposite relationship, also while usimgutated and repeatable soil €O
effluxes. They reported that the open system alveagsestimated the G@fflux, while
the closed system showed both underestimation®%f &nd overestimations to 21%.
Contradicting results from comparative experimeriee already reported under
laboratory conditions. Moving the experiment to firedd introduces more variables,
which makes the comparison of different systemsiewere complicated. In Butnor et
al., 2005 it is reported that soil respirationnfiienced by several field factors: Physical
heterogeneity, turtuosity of the diffusion pathwagjl-air content, soil moisture status,
pressure differentials and boundary layer resistgikemball and Lemon 1971; Freijer
and Bouton, 1991; Rayment and Jarvis 1997; Fangviortcrieff 1998; Le Dantec et al
1999; Conen and Smith 2000; Rayment 2000; Wellesl @001; Butnor and Johnsen
2004 in Butnor et al., 2005). Pumpanen et al. (2@@monstrated the influence of soil
texture and soil moisture differences in a compagalaboratory study in which the
EGM/SRC1 and the automated open chamber system Ntmmman et al. (1997) were
used. The chambers were tested on quartz sanddiffdrent textures and moisture
contents, through which constant £fluxes were generated by a calibration tank. The
different tested closed dynamic chambers yieldedradictory results. For PP systems,
the EGM3 with SRC1 and EGM4 with SRC1 overestimdbexkes by as much as 33%,
when collars were used. On wet fine sand, fluxesew@derestimated by 6%. The open
chamber system overestimated fluxes by 9% on wetdand. On dry fine sand there was
an underestimation of 4%. On coarse sand fluxes weerestimated by 3-5%. Butnor et
al. (2005) reports the opposite for the EGM3 undeoratory conditions, on sand the
EGM shows an underestimation, while on a pebbleimedux rates are overestimated.

For this field study no systematic differences ket the open chamber systems and the
closed system were observed, system differencemeskenowever to vary with
time/season. For both the EGM and EC system diffee with the open system showed
a temporal change i.e. in summer EGM and EC meamnes recorded higher fluxes.
When fluxes decreased to aroundumMol m’s®, the systems showed similar
measurements. A further decrease of soil respiratites leads to higher measured fluxes
by the open chamber system compared to the othesystems. The fact thaystem
differences seem to change with the season migtitate that the EGM and EC
overestimate at higher fluxes and underestimatevatluxes or in the opposite way for
the open chamber system. Comparing systems ityiesof field study does not make it
possible to judge which system is more correcteeisfly not when the open chamber
system measurements have a lot of noise i.e. sgil@gever the comparison of the two
open chamber systems, despite the smaller amouobroparable data, seems better.



Only for DOYs 242 and 249 large differences areeoled. For the other measurement
days systems are in the same range. However tlfieretites observed between the
systems fall within the observed spatial variapiliThis field study does support the
observations by Davidson at al., 2002 that soipiraion fluxes can vary over small

distances. This was demonstrated by the differeheeseen the different system rings.
For example the left ADC ring often recorded coesable lower fluxes than the right

ring. Also ring 4 from the open chamber system aked regularly from the other rings

by severalimol m’s™.

Eddy correlation systems allow for the integratdrsoil respiration from a larger surface
area and thus for the integration of small scalatigpvariability. In this study it is
reported that EC measurements are in general htgharopen chamber measurements,
but also here there seems to be a seasonal treimveKet al (2005) compared three
different systems (DCC, SCC and EC) on a waste-pilek which has the advantage of
being texturally uniform, had no plant cover orl stevelopment and had a large and
level surface area (important for the EC). DCC Itesshowed that the CCefflux was
relatively uniform, both spatially and temporals)C CQG fluxes were about 12% lower
than those calculated from the chamber data. Ustieration of fluxes by EC method
compared to chamber methods is widely reporteterature.

Besides technique performance is one aspect, buetsibility of a technique for field

conditions is another. The ADC proved to be quitectamllenge due to its size.

Furthermore, it was hardly possible to read fromADC display screen. The EGM was
far more practical. However, manual chambers hheeatlvantage of covering a larger
spatial resolution compared to automated chamb@rs.the other hand, nighttime

measurements are far easier obtained by automatsténss, which do require

power (Burrow et al., 2005).

Discussions also still exist on the modeling of penature -soil respiration response
curves. There is an ongoing-debate on the diffefenttions that can be used for
modeling. In this study hardly any response of szgpiration rates on soil moisture was
found, only for the first days of the measuremesriqu soil moisture might have limited

soil respiration. Exploratory modeling of the st@mperature response proved that
underestimations of fluxes at low temperatures weegquently observed for all the

systems for both the Arrhenius and exponential tians. This agrees with the

observations reported by Lloyd & Taylor (1994) faoth the Arrhenius and exponential
functions. They concluded that both functions uademated soil respiration rates at low
temperatures and overestimated at high temperatBes fits were also reported by
Tuomi et al. (2007) for the exponential and Arrlusni functions.



5 Conclusions

Spatial variation between the different rings & thpen chamber system can be
considerable.

Measurements of the open chamber system regullaoly spikes. Part of these
fluctuations can be explained by the occurrencéhigh [CO,] during stable
conditions.

Measurement differences between the systems fallirwthe range of spatial
variation for the field site.

EGM and open chamber

Comparative measurements show a lot of variatioth) bpatial and between the
systems.

Most often the highest fluxes are recorded forEfEV system.

There might be a seasonal trend: In August highespiratory fluxes were
recorded for the EGM system, in autumn comparatie@asurements were often
nearly similar or higher fluxes were recorded fog bpen chamber system.
During nighttime the EGM records the highest fluxes

ADC and open chamber

For the first four DOYs the ADC system measuredhéigfluxes, afterwards
measurements became more similar.

During nighttime the ADC records the highest fluxes

The ADC system experiences measurement problems y®8,] is high or
when humidity is high.

EC and open chamber

In general higher fluxes are measured by the E@sys

A seasonal trend might be present. DOY 195-249t aflovariance and higher
fluxes for the EC, 249-296 better resemblance efriieasurements, but still EC
fluxes most of the times larger than open chamhere$. DOY 296-304 open
chamber fluxes are higher than EC fluxes.

Modeling

For all systems (except EC) the explanatory vafueoth the exponential and the
Arrhenius function lies between 40 and 60%.

For all systems (except EC) and for both functimvs fluxes are overestimated
and high fluxes underestimated. The turning pairthe trend is found around 4 -
5 umol m’s?
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Appendix 1 Response curve fitting

In Figure 1 the temperature at 150 cm responseesuor the soil respiration data are
plotted as well as the residuals. The corresponeipgnential function is:

S0ilR = 1.651 520848

In Figure 2 similar plots are made, but then fer tbmperature 5 cm under grass. The
corresponding function is:

&I I R - 1.42&0.066730”T

SoilR (umol/m2/s)
Y
Residuals

T 150 cm (deg C) T 150 cm (deg C)
Figure 1A:Temperature at 150 cm versus the hourlyeeraged soil respiration fluxes with exponential
curve fitting B: The temperature at 150 cm versushe residuals (measured — predicted respiration
rates).
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SoilT 5 cm under grass (deg C) SoilT 5 cm under grass (deg C)
Figure 2A Soil temperature at 5 cm under grass vetss the hourly averaged soil respiration fluxes
with exponential curve fitting. B: The temperatureat 5 cm under grass versus the residuals
(measured — predicted respiration rates).



