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Abstract

Rhizosphere interactions Vehigh influence on the fluxes of carbon to and from
terrestrial ecosystems. One very important part of the rhizosphere interactions is
the rhizosphere priming effect (RPEyhich is defined aschanges in th
decomposition rate a$oil organic matter JOM) in response to labile organic
carbon input from plant root€hanges irdecomposition o650M affect nutrient
availahlity and nutrient cycling, and does also bring changeaniissios of CO,

from soil. Theefore, changes in the RPE can have a crucial impact in the
ecosystems of soil and on the atmospheric concentrations of@@lation of
methanein soil is another component affecting carbon fluxes in soil and global
climate.The aim of this studyasto test wkether differences in priming coulu
observed in soil of different agricultural land uses; arable lpasture and leyand

at the same time measuring methane oxidation to test if any differecoared
between the three different land usésccording to themicrobial mining
hypothesisit washypothesized thahe highestlevels of primingwould occur in
pasture soil with low availability of nitroge@ue to expected low concentrations
of nitrogen and especially ammoniumetiane oxidation as also expeed to be
highest in pasturePriming was observed as significant changes in SOM
decomposition due to glucose amendmeaxtssignificant differences were found
between arable land, pasture deg in terms of SOM respiration, priming or
metha® oxidation. However, a pattern supporting trstoichiometric
decomposition theoryas observed, as pasture on average had the lowest priming
effect At the same timethe highest methane oxidation ratas observed on
pastureThis indicatdow emissionf greenhouse gassitem pastureelative to
arable land antky. However, this pattern is not significantly evident and does need
more research.
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Introduction

Soil organic matter (SOM) is the largest terrestrial reservoir of organic carbon
(Cheng et al., 2014). Changes in decomposition of SOM affect the atmospheric
concentration of C®and small changes in SOM decompositioight have very
large effects on global carbon pools and fluxes (Cheng et al., 2014).

The rhizosphere is the layer &6l surroundingand affected by the growing
root, and it ranges from a femillimetersup to 1 cm (Philippot et al., 2013). The
microbial activity in the rhizosphere soil is usually much highan in the rest of
the soil partly becausehe roots exudate labile organic carhodpenefiting
microbial activity in a plantnicrobe interactiorfPhilippot et al., 2013). Increased
microbial activity affects decomposition 8OM and this has at least two
consequences. One, is changes in nutrienlizdpility and nutrient cyclingDijkstra
etal., 2013; Murphy et al., 2015nd another is changes in emission oL @Gm
soil (Cheng et al., 2014Therefore, hanges in th&OM decompositioman have
a crucial impact in the ecosystems of soil and eretinospheric concentrations of
CO..

Rhizosphere interactions (activity in the root zone)dtagh influence on the
fluxes of carbon to and frothe soil One very important part of the rhizosphere
interactions is the rhizosphere priming effect (RREich is defined as changes in
the SOM decomposition rate in response to labile organic carbon input from plant
roots (Dijkstra et al., 2013).

The RPEcanbe divided into positive and negative effects on rhizosphere
SULPLQJ ZKHUH D B:SR¥WWLIYH GHILRIHGE BIVIHDQ LQFUHDVH
decomposition rate OM DQG D SQHJIJDWLYH SULPLQJ HIIHFW™ DV D G
decomposition rate (Dijkstra et al., 2013). It is not clear what determines the
magnitude and direction of the process. Many factors sedm tovolved, and
which ones are the dominating factors is still a topic for research (Dijkstra et al.,
2013). Some important factors are likely to be nutrient availability, soil properties
and vegetation typeCheng et al., 200®ijkstra et al., 2013¢Cheng et al., 2014;
Murphy et al., 201p A positive priming effect may be explained by thierobial
mining hypothesjsuggestinghatin soils with low nitrogen availability microbes
use the root exudates to release nitrogen by breaking down ®0Gd/hcreasing
decomposition rate (Dijkstra et al., 2013; Murphy et al., 2015). A negative priming
effect may be explained by thgreferential substrate utilization hypothesis
suggesting that in soils with high nitrogen availability microbes use labile root



exuadates as their carbon source instead of decomposing recalcitrant SOM (Dijkstra
et al., 2013; Murphy et al., 2015). This may be the case especially if carbon is
limiting microbial activity and not nitrogen (Murphy et al., 2015). Another
explanation for negate priming effects is theompetition hypothesthat propose
that microbes and plant compete for the same nutr{Bijtsstra et al., 2013)As
plants grow they take up nutrients from soil and this might reduce microbial
decompsition (Dijkstra et al., @13), whichmay explain negative priming effects
on soils with low nutrient availability and théoee high competition for nutrients.

Climate changgs likely to affect theRPE through higher CG&oncentrations
in the atmosphere and higher global temperatures, which might sustain a higher
vegetational growth rate and are likely to affect the exudation from roots with
changes in the RPE as a consequébijistra et al., 2013Cheng et al., 2034
One plausible scenario may be that higher rates of root exudates will cause higher
rates of decomposition of SOM, resulting in a positive feedback mechanism
concerning atmospheric GGnd thus accelerating climate changeic(obial
mining hypothesj)s On he other hand, it is also a possibility that increasing rates
of root exudates into soil will decrease the decomposition rate as more labile
organic carbon is available and the microbes will prefer this instead of the more
UHFDOFLWUDQW éR@@&@ecrenfalUsLibs@ate-utifizatibBypothesis
This will be a negative feedbaakechanisnslowing down climate change

It is important to expand the knowledge in this field, as the magnitude and
direction of RPE are not very well understood, amaradicting results have been
observedChenget al. (2003) found no significant differences in priming due to
NPK fertilizing, but did find that plant phenology and temporal variation had
significant effects on the RPE. This contradittte microbial mininghypothesis
On the contrary, Dimassi et al. (2014) concluded that priming was mainly
controlled by nutrient availability and that tillage had no significant effect on
priming, and Zang et al. (2016) observed that increasing N fertilizing caused
negative pming effects and decreasing rates of decomposition which resulted in
lower emissions of C© These two later studies thereby support rifierobial
mining hypothesisNutrient availabilityin agricultural soiland especially nitrogen,
is tightly linkedto the land use type. Therefotkis study will investigate the RPE
on threddifferentland use types.

Methane (CH) is also playing an important role in the carbon cycle of
terrestrial ecosystemBeingone of the most important greenhouaesgs (togethre
with CQ,), and sinceatmospheric concentrations have increased over the past
century fluxes of methango and from the atnsphere is an important factor in
global climate chang@Mancinelli, 1995) Methane is oxidized by certain bacterial
enzymes in a@be soil which represents a flux of methane from the atmosphere
into soil (Goulding et al., 1995). However, the process can be interrupted if
ammonium NH4") in soil occurs in sufficient amounts, as this will cause inhibition
by competing with CHifor the active site (Goulding et al., 1993nherefore, as



nitrogen availability have an impact on methane oxidation, this process is also
likely to be affected by land usAddition of labile organic carbon to the soil does
not affect these specializeddieria directly, but it might increase the demand for
nitrogen for the bacteria and thus lower the concentration af,N¥hich in turn
might result in higher rates of methane oxidatioshould be mentioned that even
if methane oxidizing bacteria prockes CQ, being another greenhouse gas, their
total effect isa greenhousegas reduction, as most of the consumed methane is
transferrednto organic carbon asiomasgMancinelli, 1995)

This study aimedo test whether differences in rhizosphere primang
methane oxidation, respectivelypuld be observed betweehree different types
of agricultural land uses; arable laqmhsture and ley_ey in this study refers to
grassland which is harvested mechanically, in opposition to pasture which is only
grazed by animal#\rable land in this study is defined as done by Eurostat (2015):

30DQG ZRUNHG SORXJKHG RU WL OSdin®fckopl IXODUO\
URWDWLRQ"

Arable landof this studyis fertilizedwith manureregulaly while the pasture
and leyis not fertilized. While the leyn this study has not been fertilized for at
least ten years (possibly much longer) it contains differemiespef legumsthat
fix nitrogen from the atmospheréherefore, ley wasot expected to be as low in
nitrogen availability as the pasturghe crop on the abde land wagye (Secale
cerealg having a height above soil @0-15cm at the sampling time.

It was hypothesized that the largdositive) priming effect wouldccur in
fields with low nitrogen availability, as predicted in thenicrobial mining
hypothesispasture wasxpected to show higher eat of priming compared to ley
andespeciallyarableland. Methane oxidation wasxpected to be highest in soils
with low nitrogen avadability as the methanotroplssvitch to consuming N if
this occur in high concentrations of instead of consuming @l arale land is
fertilized and leycontains nitrognfixing plant species, methane oxidation might
be inhibited in these types of land uskherefore, methane oxidation was
hypothesizedo be highest in pasture soil.

The results can be used to broaden the discussion of land use impact on global
climate n terms of RPE and soil ecology process&sl properties(nitrogen
availability, pH, SOM % and soil water contgnivere also measured and it was
tesedwhether any significant differencescured between land uses, ambether
it correlatedwith primingor methane oxidatiaon

JHC






Material andVethods

Experimental desigand site description

The priming effect werestimated by adding labile organic carb&{glucose) to
one soil sample and comparing it to a control (an identical soil sample without
additional glucose). By isotegmarking the added carbon it wa®ssible to
distinguish between the GOemissions derived from SOM decomposition
(including the priming effect) and the G@rom microbial respiration of glucose,
the latter being marked witiC. An isotopeanalyzer(Picarro G220%i Analyzer)
was XVHG WR PHDVXUH WKH 3SRWHQWLDO SULPLQJ" RI WKH
reldively high amount of glucose waslded to the soil to get all potential priming
within two days.
Methaneoxidation wasmeasured by injecting GHo the soil samples and
then measuring the changes in{&dncentration with th@icarro analyzerin the
same wayas degribed above. This experiment wearried out in the Ecology
EXLOGLQJ DW /XQG 8QLY H UAptil\and B/HK\WM Z HHJEG VRK 16 S IWOK R |
Differences in primingvereinvestigatedetween arable fal, pasture and ley
All three experimental fields were situated close to each other near a small farm
just outside the Mihge of Vombin southern Sweden, and have been managed
continuously in the same way for at least ten years (probably much |offigaT).
each land use type, four replicates were taken withrfigéersbetween in a line
parallel with a small unpavedoad. This to avoid differences in nitrogen
concentrations between replicates due to emissions of nitrogen oxides from cars.
Each replicate consisted of thre@res of soil from 0 to 15 cm below surface.

Limitations of thisstudy

Due to the limited time for experimental wwomnd data analysis,ofential
differences between organic and conventionally managed feekel not a part of
this study. This idor other studies to be donEurthermore, variatiobetween
different fields of the same land use type is tested eitherOnly the variation
inside one field of the same land use type is tested.



Measurements of Cand CH

CO, and CH concentratios and atom%’C was measured using th&carro
Analyzer The workflow wasas following.Soil samplesveretaken outfrom the

fridge 1 hour before measuremer@antrol samples receideadditional water to
adjust water content to 40 % of water holding capacity. 8 minutes before closure of
chambers the samples that did not had any water added, tk6eaten® °C-
glucosdn concetrations that were adjustedtbatthese samples would also reach

a water content of 40 % of water holding capacitye concentration ratios after
addition to soil were 1,0 mg glucose per g soil dry wejdi).

A sequence wasreated to program theicarro analyzerwhen to mease
each sample and for how long:

0 1 minute of flushing th€icarro analyzerwith fresh air
o0 5 minutes of carbon trapping
0 3 minutes of measuring

(ContinuingtoWKH QH[W) VDPSOH«

After one round finished a new begantomatically Sampleswvere put into
chambers andlushed with air and the lids werelosed 15 min before the
measurement for each sample beg@r25 ml air with methanevas injected
immediately after lidswere closed resulting in a methane concentration of
approximately 140 ppm in the headspace of the chambeeicarro analyzer
was runl R U KRXUV LQ WRWDO SHUIRUPLQJAfRHDVXUHPHQWYV
24 hours, lidsvereopened to release vacuum and the chambersflushed for 1
minute. Methanevas re-injected asabove Lids wereopened aér 48 hours and
experiment ended

In total 24 samples weranalyzed as 3 different fields were chosen, 4
replicatesanalyzedfor each field and an equal number of sampglealyzedas
controls. As théicarro analyzercouldonly measure a maximum of 14 samples at
a time, the experiment was divided into two groups of samples, two replicates with
controls in the first group and the rest in the second group. The first group was
PHDVXUHG IURP WKH | $9KLY RD G HVKfHVRWKHU IURP WKH

fTUG RI $Sghuaga sniad Hifference in time betweemeasurements of the
two groups ofreplicates However,as samples had an initial incubation time of 6
days before the experiment, and were kept irigefator to minimize microbial
activity, no significant dferences between replicates wepgected due to this,
D QG FR Xah&Q4dih thdtesults either.
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Calculations andtatistics

The priming effect was calculated by partitioning the,@@x from the soil into
glucose and soitderived CO; using equation(1). The calculated {rc is the
proportionof CO, deriving fromglucose and thughe rest ishe CQ derived from
decomposition 0SOM. The priming effectwascalculatedhs the difference in CO
fluxes between sample with glucose and control when taking away the glucose
derived CQ.

2chde k= PKI1%% | (a=PKIU%0 :=PKI%%%  F»=PKI%; (1)

Where

Pgluc = proportion of total C&erived from glucose

Atom%3Csample= Atom96-3C-CO; signature for the sample at each measuring point
Atom9%6'3Co = Atom%3C-CO; signature for the control treatment

Atom%Cyiuc = Atom%3C of the added glucose

Tests of significance on the results wpegformed byhe softwareStatistica
A two-way ANOVA was performeavhen testing 2 variables at the same time (land
use and glucosaddition). This washe case when testing respiration and methane
oxidation for significant differences with respect to btthd use and gluse
addition. A oneway ANOVA was performeevhen testing onlyne variable (land
use). This wathe case when testing differences in soil nitrogen levels between land
uses, and when testing differences between primindamtuse All data were
initially tested without being logtfransformed, but to ensurearmal distribution
anda homogeneity of variances, two important assumptions of the test data
wasalsologl0transformedefore a redoing ahe statigtal tests. In the reés,
only the test of methane oxidation was performed with the original data, while all
other tests were done using the logfdhsformed data.

Linear regression waperformed inMicrosoft Excel 20160 calculate R
values forbothpriming as a dependent variable on total inorganic nitrogen, and for
a correlation between methane oxidation and rates of respiration.
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Resuls and analysis

Soil properties

Total inorganic nitrogen was significantly lower for pasture compareatéable
land (p<0.001) and leyp<0.001), but no significant differences were observed
between arable land atay (p=0.249). Theoncentratiomf NH4* was significantly
higher inley soil compared to the other two land uses (p<0.09tpmpletdist of
nitrogen conten(NOsz", NH4* andtotal) for all replicates can be found Trable 1 in
Appendix A. Significant differences were found for pH (P<0.001), but no
significant differences i®OM % werefound (P=0.080).

Table 1 Soil properties (averags all replicate¥ for arable land, pasture and Jebtained from soil
samples used in the study.

Land use SOM %| pH NGs (ug NH* (ug N/g total inorganic
N/g soil) soil) nitrogen (ug N/g soil)
Arable land 3.76 7.33 4.17 1.63 5.80
Pasture 3.20 6.43 0.31 1.19 1.50
Ley 3.38 6.06 4.14 4.84 8.98

SOM respiration and the rhizosphere priming effect

Positiverates ofpriming were observed in all landises(p<0.01) assignificant
differences were observeth SOMrespiration between glucose treatitgeand the
controls (figure land figure 4.

SOM respiratiorin 48 hourdor the three land use typearied betweer21-
28 mg C per kg soil dw in contrgleind between 3313 mg C per kg soil dw in
glucose amended sampl@gure 1) The lowest SOMespiration was observéul
pasture while higheates wer@bservedn arable land and leffigure 1).The same
pattern was observed for glucose respiration (figure 2) and total respiration (figure
3). However, thalifferencedetween land usagerenot significantfor eitherSOM

13



respiration (p=0.368)glucose respiration (p=0.683) otdl respiration (p=0.538)
respectively.

70
2
. 60
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S3 30
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5o 20
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n Arable land Pasture

mNo glucose m Glucose treatment

Figure 1 Cumulatve SOM respiration in 48 houfsr three land use typeSignificant differences
were observebletween glucose treatments and controls for all land uses (p<0.01),dighificant
differenceswere observetetweerland uses (p=0.368lError bars represent standard deviation of
the man

200

180

160

| ' i '

Arable land Pasture

Glucose respiration in 48 hours (mg C /
kg soil dw)
(@] o (@] o o o

o

Figure 2 Cumulative glucose respiration in 48 hofosthree land uses typddo significant
differences due to land usere observe@p=0.683).Error bars represent standard deviation of the
mean
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Total respiration in 48 hours

Arable land Pasture

o

mNo glucose mGlucose treatment

Figure 3 Cumulativetotal respiratio{SOM and glucosen 48hours for three land uses types. No
significant differences due to land use were obsefped.539. Error bars represent standard
deviation of the mean

Considering the magnitude SOM respiration fothe respective controls
(figure 1) SOM respirationincreased relatively more for lef82% increase)
compared to arable lar{d6% increase)whentreated with glucosélhis explains
thatthe priming effect wasalculated higher itey compared to arable largfigure
4). Despite a higher relative increase in SOM respiratifum pasture (57%)
compared to arable landhe lowest priming effect in absolute nhumbers was
observed in pasturgith the highesbeingin ley andan intermediateriming effect
in arable land (figurd). In pasture a priming effect of 0.3d4g C per kg soil dw
and hour was observed, compared to 0.6 ar®dfér arable land and ley,
respectively. Howver, thedifferencesin priming between land usesere not
significant(p=0.674)

= 2
©
S 15
(7]
[@)]
R~ 1
(@ R
mf 0-5
S
> 0
E Arable land Pa ture
£ .05
o

-1

Figure 4 The primingeffect per houand land use typéNo significant differences due to land uses
were observe@=0.674) Error bars represent standard deviation of the mean
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Priming was positively correlated with nitrogen availability (figure5)
meaning that aighernitrogen availability correlatedith a higher priming effect.
The correhtion would have been evetronger (R? = 0.45) without one outlier
showing a relatively large negative priming effect.

15

0.5

-0.5

Priming (mg C / kg soil dw * h)
o

-15
Total inorganic nitrogen (ug N/g soil)

Figure 5 A scatterplotshowspriming effect as a dependewariable ofnitrogen availallity (4
replicates froneach of thehree land use types). Priming effect on theeis and total inorganic
nitrogen on the saxis (N& and NH;*). A liniar regression revealed arf Ralue of 0.28.

Methane oxidation

Rates of mthane oxidatiommong the controlanged between 34.2 mg Cperg

soil dw, the hghest rates beingbserved in pasture and the lowest in arable land,
with an intermediate level ifey (figure 6. In the glucose treatmentmethane
oxidationrangedbetween 1.2.4 mg C per g soil dw, with pasture showing the
highest rates, and arable land and ley having similarly lower fiapese 6)
However, as for the SOM decompositi(figure 1) and priming (figure }4no
significant dfference in methane oxidati wasobserved between land uses
(p=0.512).
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mNo glucose = Glucose treatment

Figure 6 Cumulative methane oxidation in #®urs for three land uses types. No significant
differences due to land use were obserlfped).512) Error bars represent standard deviation of the
mean

A strongnegative relationship was observed betweethane oxidation and
rates ofrespiration(figure 7), asmethane oxidation decreaseih higher rates of
both SOM respiratiofR? = 0.75)and glucose respitian (R = 0.93)

CH4 consumption (mg C / g soil)
w

100 150 200
Respiration (mg C / kg soil dw)

Figure 7 A scatter ploshowsa negative correlation betwe&Hs oxidation on the yaxis and both
SOM respiration and glucose respiration on thexis. A liniar regression revealed?Ralues of
0.75 and 0.93 for SOM respiration and Glucose respiration respectively.
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Althoughnot signifiant, apatterncan beobserved as pasture on average had
the lowest SOM respiration, and the highest, Gkldation rate, which both result
in low emissions of carbon relative to arable landlagdThis wasalso illustratel

by the priming effect which waswest in pasture (figure)4This is going to be
evaluatedn the discussion.



Discussion

According to onéhypothesis of this study, the priming effect was expected to be
largest in fields with low itrogenavailability, as predicted in theicrobial mining
hypothesigDijkstra et al., 2013; Murphy et al.025). Nonertilized pastures were
expected tdhave lower N concentrations and thereforestiow higher rates of
priming compared ttey and arable land. This was not the ¢a&sen if pasture had
the lowest N concentration®n thecontrary, although not significantly, the lowest
rates of SOM respiration and the lowgsiming effect was observed pasture
(0.34 mg C per kg soil dwgompared to arable land and ley (0.6 and 0.9 mg C per
kg soil dw, respectively) This does not correspomdith the microbial mining
hypothesigDijkstra et &, 2013; Murphy et al., 2015).

The results showed on average positive priming effects meaning that neither
the competition hypothesiwor thepreferential substratetilization hypothesisan
be used as explanations. This calls for more theories on the subject.

A fourth hypothesis can be used to explain the resultsstihiehiometric
decomposition hypothesisAccording to this, increased rates of SOM
decomposition will occur when both nitrogen and carbon input matches
stoichiometric C and N ratios demanded by the microbes (Chen et al., 2014). In
other words, sufficientihigh availability of both nitrogen and carbmmnealed to
reach a high, positive priming effect. In this studgasitive correlation between
nitrogen availability ad priming wasobserved (figure 3) which supports this
theory and indicate thaeven if the relationship was not clear for land uses, the
nitrogen availability itself is likely to have an important impact on primidlgen
et al. (2014) concluded that input of labile organic carbasweesch primefor SOM
decompositiorby switchingmicrobes to an active state and producing extracellular
enzyme for breakdowrof SOM, buthigh availability of inorganic nitrogen allows
the microbes to produce more extracellular enzymes, therebirolling the
process of primingThus,the mechanism aftoichiometric decompositiasa likely
to be responsible fohé priming effect wheavailability of both C and N are high,
while the mechanism ahicrobial miningmight be responsible for the priming
effect during input of labile organic carbon when availability of N is low. These
mechanisms might even coexist ie tame @il and have influence on the priming
effect at the same time duediferent microbial groups (Chen et al., 2014). This
view is also shared by Cheng and Kuzyakov (2005) arguing that different
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mechanisms operate in combination due to spatial @ngdral variations in the
availability of C and N.

Understanding of the mechanisms behind the priming effect is needed to be
able to develop agricultural practices that emit the lowest possible quantities of CO
or even act as atmospheric C sink. Whetlsmileecosystem asais C sink or source
is decided by the net ecosystem production (NEP), which is the difference between
gross primary production and ecosystem respiration (Ehtesham and Bengtson,
2017). Increasing global temperature and atmospheric soaten of CQ, in
combination with sufficient availability of nitrogen, might not only lead to higher
primary production but also increased exudation of labile organic carbon from roots
and increasing decomposition of SOM (Bengtson et al., 2012; Chahg2214).

This scenario would lead to a positive feedback loop, with increasing concentration
of COyin the atmosphere and devastating consequences for global climate. In
opposition, Ehtesham and Bengt$2017) found that labile C input reduced SOM
respiration.Furthermore, as increasing nutrient availabilityikely to occur with
increasing SOM decomposition (Dijkstra et al., 2013; Murphy et al., 2015), this
could also lead to increased plant growthihwan increased uptake of @By plants

as a consequence, representing a negative feedbacK leopontradiction of the
studies mentioned and the lack of significant results in this study itself, emphasizes
the importance of more research in this fighdla need for stronger evidence.

Methane oxidation wasxpected to be highest in soils with low nitrogen
availability, and n terms of land use this was expectedbe pasture soil. No
significant differencesvere observedbetween land uses in this study, e
results give some indication of a possible trend. Tigledst methane oxidation rate
was observed in pasturehich corresponds with the hypothesis that the highest
methane oxidationccursin soil with low nitrogen availability, especially if NH*
is low (Goulding et al., 1995)Both total inorganic nitrogen and ammonium was
significantly lower in pasture compared to other land uss<H, is an important
greenhouse gaand since its atmospheric concentrations have increased over the
past century, it is playing an important role in global climate change (Mancinelli,
1995).To understand how to optimize methane oxidation in soil, via methanotrophs
that are keeping downéHevels of methane in the atmosphere, will be important
in mitigating global climate change. Agricultural land use may be a key factor to
this (Goulding et al., 1995)ven though significant differences was not observed
in this studybetween the threend uses testedccording to Mancinelli (1995)
application of ammonia fertilizers on agricultural land has resulted in a significantly
reduced capacity for methane oxidation.

Methane oxidationvas negatively correlated with rates of respiratrosoil
ashigherrespiration (both SOM anglucosé correlated with decreasingethane
oxidation This was unexpected as the addition of glucose results in an increased
microbial activity and thereby an uptake of nitrogen, meaning less available
nitrogen in soil. Tis would give incitement to the methanotrophs to oxidize

20



methane instead of NH(Goulding et al., 19950Dne explanation might be that the
time frame of two days was not enbutp activate thesmechanisms. Another
explanation could bthat concentrationsf NH4* where too low in the tested soils.
However thisis not likely as Goulding et al. (1996bserved that a relatively low
annual application d@2 kg N per hectare and yeduring 15 yearsvas enough to
reduce CHby 41 %compared to unfertilizedasture Also, thefact thatobserved
levels ofmethane oxidatiomwere not onlyunaffectedof respirationbut showed a
negative correlatignmakesother explanationneeded. The decrease in methane
oxidation might be due to oxygen deficit in soil provoksdthe intense increase
in microbial respiration and activity, as oxygen availability is a controlling factor
of methane oxidation (Mancinelli, 199%)igh microbial activity might also lead
to competition between other nutrierfe.g. fixed nitrate and qper) and thus
inhibit methane oxidation (Mancinelli, 1995).

As described abovehe results of this study indicate that land akme did
not have significant effects on the RPE and thus no effects via priming on the
atmospheric concentrations of @@/hether this corresponds with reality or is due
to the design of the experiment is not clear. The number of replicates were adjusted
from 5 to 4 due to technical limitations and the time frame of the study. However,
as within-site variation was larger tharariation between sigg more replicates
seem necessary to make safe conclusions in this field.

Nevertheless, the results give some interesting indications that should be
investigated in more detaih further studiesPasture on averades the lowest
SOM respiration and the higheshethane oxidation ratéoth resulting in lower
emissions of carbon relative to arable land kyd This is also illustrated by the
priming eflect which is lowest in pasturé. this tendency could be stated with
significarce, environmental recommendations could be given in terms of limiting
carbon emissions due to agricultueaid use. As pasture and soil with low nitrogen
availability may have higher ability of sequestration of carbon, and themaller
impact on globkclimate compared to arable land deg, one recommendation
could be that grazing animals would be less harmful for global climate than growing
crops as feed for domestic animals. This view is not supported by significatg resul
and does need more resga Off course, other aspects also need to be considered,
for example emissions of GHrom domestic ruminants, and whether type of feed
etc. affects emissions from these.

As SOM contentvas slightly highein arable land (3.76%) than in pasture
(3.20%) it might seem conflictingo draw the conclusiotinatcarbon sequestration
is higher in pasturebut the high content of SOM in arable land may be explained
by theregularly application & manure whichcause increased contesfit SOM.
From this perspectivea relatively high SOM content seems to be sustained in
pasture. In comparison, ley had an intermediate level of 3.38 %.

As the difference between replicates showekigh variationexists in each
land use type and thushigh spatial variatioinside eactiand use type in general

21



is likely, both in terms of soil properties but also in terms of soil processes like
priming and methane oxidation. To draw conclusions that can be used in decision
making, more than one field of each land use type will be negessathe sites

used for this study might not be representative for these land uses in general.
Especiallyley can be very different from field to field in terms of nutrients and
managementLey is a broad termsometimesincluding fertilized fields, and
differences in cutting regime occur. Sotegscan even be grazed after harvesting
and thus the distinguishing betweeley and pasture becomes less cleano
replicates of théey in this study had an availability of nitrogen close to those of
pasture whi¢ two had as high values as the highest in arable (Itaole 1 in
Appendix A) Whether those nitrogen levels derive from much earlier fertilization
or because of legumes in tlay is not clear. But as legumes occur in tag it is

not a surprisethat thie nitrogen availability is higher than in the pasture. The
legumes might also efain the extremely high variation in nitrogas the legumes
appear in clusters in the field.

In this study, there are uncertainties in the soil sampling and the methods of
measuring might also be a source of error, which could be minimized with more
replicates, as mentioned above. Long term experiments might also give more liable
results tharto extract potential priming in two days like this experiment aimed to
do. Another factor to be award# is that the measurements welene in a lab,
which means that soil samples weareubated and isolated frosurrounding
ecology, and that® U H plahfs arenot present when doing the measurements
(Cheng et al., 2003).
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Conclusion

The priming effect was observed for all land uses with significant increases in SOM
decomposition in soil treated with glucose. Howeverjming or SOM
decompositiordid not differ sgnificantly between land usesrédble land, pasture
andley). Also, no significant differences were found in methane oxidation between
land uses. However, a pattern can be obseaggdasture on average has the lowest
SOM respiration, and the highest immteoxidation rate, which both results in low
emissions of carbon relative to arable land %\ From a climate change
perspective, thijdicates that pasture might be the mariémate friendly land use
type, if only focusing on the emissions of greemée gasses from the soil. These
relationships should be investigated in more detail in future studies. One suggestion
is to expand the number of replicates in a similar study, and to perform a study of
the priming effect on a longer time scale, e.g. 2ksee even more
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AppendixA

Table 1 Nitrogen content for all replates. Observe the large variation arable land antby.

Sample Soil Type Replicate| NO3-N NH4-N total
(ug N/g (ug inorganic
soil) N/gsoil) nitrogen

1 Arable land 1 1.37 1.34 2.71

2 Arable land 2 2.86 1.27 4.14

3 Arable land 3 9.10 2.80 11.90

4 Arable land 4 3.33 1.10 4.44

6 Pasture 1 0.33 1.24 1.56

7 Pasture 2 0.29 0.97 1.26

8 Pasture 3 0.29 1.20 1.49

9 Pasture 4 0.33 1.34 1.67

11 Ley 1 6.93 8.54 15.48

12 Ley 2 1.54 1.88 3.42

13 Ley 3 2.71 2.76 5.47

14 Ley 4 5.38 6.17 11.55
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