Biogeosciences, 10, 5115124 2013
www.biogeosciences.net/10/5115/2013/
doi:10.5194/bg-10-5115-2013

© Author(s) 2013. CC Attribution 3.0 License.

$s920y uadQ

Dynamics of microbial communities during decomposition of litter
from pioneering plants in initial soil ecosystems

J. Esperscliitz!2, C. Zimmermann?3, A. Dimig#, G. Welzl?, F. BueggeP, M. ElImer®, J. C. Munch®:®, and M. Schloter®

Technische Universit Miinchen — Chair of Soil Ecology Center of Life and Food Sciences Weihenstephan, Ingolstaedter
Landstr. 1, 85764 Neuherberg, Germany

2Helmholtz Zentrum Minchen, GmbH, German Research Center for Environmental Health Research Unit for Environmental
Genomics, Ingolstaedter Landstr. 1, 85764 Neuherberg, Germany

3Brandenburg University of Technology Chair of Soil Protection and Recultivation, P.O. Box 101344, 03013 Cottbus,
Germany

4Technische Universit Miinchen — Chair of Soil Science Center of Life and Food Sciences Weihenstephan,
Emil-Ramann-Stral3e, 85354 Freising, Germany

SHelmholtz Zentrum Ninchen, GmbH, German Research Center for Environmental Health Institute of Soil Ecology,
Ingolstaedter Landstr. 1, 85764 Neuherberg, Germany

6Brandenburg University of Technology Research Centre Landscape Development and Mining Landscapes,
Konrad-Wachsmann-Allee 6, 03046 Cottbus, Germany

Correspondence tadvl. Schloter (schloter@helmholtz-muenchen.de)

Received: 14 September 2012 — Published in Biogeosciences Discuss.: 29 October 2012
Revised: 17 June 2013 — Accepted: 20 June 2013 — Published: 26 July 2013

Abstract. In initial ecosystems, concentrations of all macro- a clear indication of the importance of fungi for the degrada-
and micronutrients can be considered as extremely low. Plartion process was observed both in terms of fungal abundance
litter therefore strongly influences the development of a de-and activity £3C incorporation activity)

grader’s food web and is an important source for C and N
input into soil in such ecosystems. In the present study, a
13¢C litter decomposition field experiment was performed for
30weeks in initial soils from a post-mining area near the
city of Cottbus (Germany). Two of this region’s dominant 1
but contrasting pioneering plant speciéstis corniculatus

L. andCalamagrostis epigejds.) were chosen to investigate Whereas initial terrestrial ecosystems are characterised by
the effects of litter quality on the litter decomposing micro- & dominance of geological processes like rock weathering,
bial food web in initially nutrient-poor substrates. The re- biological processes become increasingly important during
sults clearly indicate the importance of litter quality, as in- €cosystem development (Gerwin et al., 2009). In this respect
dicated by its N content, its bioavailability for the degra- the role of pioneering plants colonising initial substrates are
dation process and the development of microbial commu-°f high importance as they enhance carbon input into soil
nities in the detritusphere and soil. The degradation of theand influence the development of soil microbial communi-
L. corniculatuslitter, which had a low C/N ratio, was fast ti€s. They drive the initial development of soil properties and
and showed pronounced changes in the microbial communitjood webs, mainly through root morphology, rhizodeposi-
structure 1—4 weeks after litter addition. The degradation oftion and litter production (Bardgett, etal., 1999; Bardgett and
the C. epigejoditter material was slow and microbial com- Walker, 2004; Hittenschwiler et al., 2005). As the overall sta-
munity changes mainly occurred between 4 and 30 weeks aflus of nutrients like ammonia and nitrate in initial ecosystems

ter litter addition to the soil. However, for both litter materials iS 10w, plants benefit in turn from the microbial activities in
soil, which act as catalysts of nutrient recycling from dead
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biomass and for the new input of nutrients (e.g. by nitrogenwith a low abundance of litter decomposers, the amount of

fixation) (Wardle et al., 2004). N derived from plant litter significantly influences the abun-
In contrast to the degradation of root exudates, which haslance and activity of microbes involved in litter degradation,

been considered as a very fast process, mainly driven byesulting in a much faster colonisation and degradation of the

root associated microbes (Walker et al., 2003; Baudoin et al.litter derived fromL. corniculatus

2003) that are more related to the plant species than to soll

type, many authors have described two phases with highly _

differing kinetics during litter degradation (Dilly et al., 2003; 2 Materials and methods

Fioretto et al., 2005). Whilst initially easily degradable com-

pounds derived from litter material are rapidly transformed

mainly by epiphytic microbes, later stages of decay are dom—, optain labelled plant litter, 2g ototus cornicula-
inated by the slower degradation of substances such as lignig,s ang 0.3g of Calamagrostis epigejosseeds (BSV
and cellulose by soil microbes. After colonisation of litter by Saaten, Germany) were germinated in plastic pans
soil microbes, these form a complex network of interactions(12 cmx 55cmx 35¢cm) using a mixture of potting

to catalyse microbial reactions involved in the decompositiong ;| containing clay and silica sand (2:1, v/v/v)

of more recalcitrant litter components (Aneja et al., 2006).;, 4 greenhouse. Plants were grown at temperatures of
It has therefore been postulated that the later stage of littef, 55,4150 (day/night) and a relative humidity of between
degrgda';ion is mainly dependent on the structure and activityys 44 85 9%, Irrigation was performed daily via irrigation
of soil microbes (Van Veen and Kuikman, 1990). Due to the yheg (500 mL/24 h). Biweekly, 500 mL of Hoagland-based
|mportanc:_3 of litter degradatl_on for putrlent cycling m_son, fertilizer (25 % strength) was added to each pan after irriga-
many studies have been carried out in recent years to investy,, (Hoagland, 1920). Three weeks after sowing, the plants
gate the mobilization of carbon and other nutrients in differ- were transferred into a tent (volume7000L) made from

ent soil ecosystems, including forest stands (Moore-Kucerg,jtight transparent plastic sheet material (Gschwendtner et
and Dick, 2008), agricultural fields (Elfstrand et al., 2008) or al., 2011). Air recirculation was achieved using six fans,

tropical soils (Kurzatokowski et al., 2004). Generally, degra-\yhich were located in the tent comers and in the middle of
dation rates of litter were closely linked with the soil nitrogen {1, longitudinal sides of the tent. The air in the tent’s atmo-
content, confirming the hypothesis of Frey et al. (2003), Whognere was subsequently replaced by artificial air containing
have postulated a reciprocal transfer of carbon and NIrogeRsgtopically labelled C@ (13C +170 %o vs. Vienna-Pee Dee
atthe soil litter interface. . Belemnite (V-PDB), Air Liquide, Misseldorf, Germany),
However during the initial phase of soil ecosystem de-4ng the C@ within the tent was maintained between 350

velopment, major biotic and abiotic parameters that have;ng 400 pmol moi® (monitored by a photo-acoustic GO
been considered as drivers for litter degradation differ from.,nioller. calibration at 300 to 600 umol mal+ 2 %).

those in developed soils. The issue of how microbial activ-p1aasurement of thé3C atmosphere (three times a day)

ity commences in an “abiotic substrate” is a central quUes~, a5 conducted via Gas Chromatography Isotope Ratio Mass

tion to restoration ecology. Therefore, to improve our under'Spectrometry (GC-IRMS) analyses (Finnigan MAT 253,
standing on litter degradation in initial soil ecosystems andgremen, Germany). Using this experimental set-up, an
to identify the underlying microbial network structures, we gprichedt3c atmosphere of +140 %o V-PDB was established
performed litter c_iegradation studies usi‘ﬁ@-l_abell_ed _Iitter during plant growth. The labelled plants were harvested
from Lotus corniculatus.. and Calamagrostis epigejok.  pefore flowering after a total growth time of six to eight
These two plant species belong to two different plant fami-\ aeks. Above-ground plant parts (stems and leaves) were

lies (Fabaceae, and respectively Poaceae), which are knowhan_dried (60C), shredded (0.5-2 cm) and homogenised.

to differ in their nutrient acquiring strategies and hence Theq |abelled plant litter of. epigejogs3C = 136.8+ 0.6 %o
show consistent differences in litter stoichiometry (Fraser,,q \V-PDB) andL. comiculatus(513C =101.3+ 2.1 %o vs.

and Hockin, 2013). Both plant species have been noted agpppg) was used for the subsequé? litter decomposition
dominant members of the plant communities in post-minings;eq|q study.

areas (Pawlowska et al., 19971)(Set al., 2004; Gerwin et al.,

2009). The experiment was carried out on an experimentap 2 Research site description

area close to an artificial catchment (“Chicken Creek”), lo-

cated in an opencast mining area (Gerwin et al., 2009), wher&he experiment was carried out in the post-mining area
initial ecosystem processes as well as ecosystem developAVelzow-8d (51°376"” N, 14°1932" E) close to the obser-
ment are being studied. To describe microbial communitiesvation site “Chicken Creek” (Lausatia, Germany), where
involved in litter degradation and initial food web develop- site observation started in September 2005 (Gerwin et al.,
ment, the'3C contents of phospholipid fatty acids (PLFA) 2009). The area is described as an area with temperate cli-
extracted from the soil were measured. We postulated thamate with sub-continental character, a mean annual temper-
due to the initial nutrient-poor substrate that was associatedture of 8.9C and comparatively low precipitation (563 mm

2.1 Plant litter labelling
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per year). Soil texture was characterised as sands to loammilled and subsequently weighed into tin capsules (approx-
sands (sand 85 %, silt 9%, clay 6 %). Soil nutrient contentimately 70 mg) for elemental analysis and mass spectrome-
(e.g. for available nitrogen and phosphorous) was below otry. Inorganic C was estimated using a second set of samples
close to the detection limit<£0.01ugg? soil). Major soil in silver capsules, treated with HCI (30 uL, 32 %) with sub-
characteristics can be found in Table 1. Seed bank analysesequent evaporation with a vacuum concentrator (Univapo
showed only minor quantities of plant seeds, resulting in al00 ECH, Montreal Biotech, Canada) at 8D for 30 min

low plant density of approximately 0.15 individuals pef.m prior to measurement. An additional tin capsule was put to
Further meteorological data during the experimental periodeach silver capsule to ensure an optimal combustion in the

are shown in Fig. S1 and Table S1 (Supplement). elemental analyser (Eurovector, Milan, Italy, coupled with
an isotope ratio mass spectrometer, Delta V, Thermo Elec-
2.3 Experimental set-up tron, Bremen, Germany). Samples were calibrated against

the international standard USGS 40. Soil pH was analysed
At the end of April 2009, tubes made of aluminium (20cm in in 0.01 M CaC} extracts (DIN ISO 10390). Prior to micro-
diameter and 14 cm high) were installed 10 cm deep into thebial and soil analyses, litter residues were carefully removed.
soil. Every treatment (control treatments without litter appli- However, depending on the weather conditions and espe-
cation (Co), treatments with litter bags (Lb), treatments with cially the soil moisture in the top soil, a small proportion
direct litter application to soil (Ls)) was carried out in indi- of plant litter material may have remained in the soil sam-
vidual tubes for every time point (1, 2, 4, 15 and 30 weeks).ple prior to extraction. The remaining litter residues in the
Additionally, one tube has been harvested at the beginning tsoil samples have been quantified by light fraction analyses
represent the initial conditions (0) present at the start of theg(> 20 um; Espersdltz et al., 2011) to be between 0.1 and
experiment. Hence, a total number of 26 tubes per field plo0.3 % in all samples (data not shown).
were replicated in five independent plots of @ m across
the experimental area. Due to a limited amount of plant litter2.5  Litter bag analyses

available, litter bag treatments (Lb) only have been placed in . .
four of the five independent plots. Every tube was protected-'tter degradation rates were calculated based on the loss of

against disturbances with steel grids on the top (mesh sizdtter material in the litter bags during incubation after drying
5mm). In Ls tubes, plant litter (5g, oven-dried) was mixed at 60°C. The dried plant litter material was ball-milled and

directly within the first 5 cm of the upper soil fraction. subsequently analysed for TOE,°C and TN content us-
The soil microbial community structure and selected soil 9 &N €lemental analyser (Eurovector, Milan, ltaly) coupled

parameters were investigated at several time points after th&/th an isotope ratio mass spectrometer (MAT 253, Thermo

application of labelled plant litter material bf comiculatus ~ E/€ctron, Bremen, Germany).

andC. epigejos Water extractable organic carbon (WEOC) 26 WEOC and litter-

and microbial community structure based on its phospho-—

lipid fatty acids were investigated 1 week, 2 weeks, 4weekSAquuots of 5g were taken in triplicates for the extrac-

15 weeks and 30 weeks after the application of labelled planti,, of WEOC using 20 mL of 0.01 M Cagl Samples were

litter in the detritusphere. THEC labelling was used to trace g ayen in a rotary shaker for 45 min and subsequently filtered

the C applied with the plant litter into the respective soll through folded filters (595 1/2, Whatman GmbH, Germany)
and microbial fractions. On every harvesting date, the de—pq extracts were stored a20°C until measurement. Af-

tritusphere was harvested and sieved immediatelg im)  or acigification (2N HCI, 30 uL), measurement of the total
to remove litter residues from the soil substrate. An a"quc’torganic C (TOC) and'3C in the CaGj extracts was done

of around 50 g was immediately frozen-a20°C for PLFA =, "4jine coupling of liquid chromatography and stable iso-
analyses, whereas the remaining amount was storetiGit 4 tope ratio mass spectrometry (LC-IRMS, Thermo Electron,

for further analyses described below. In addition, nylon litter gramen Germany) according to Krummen et al. (2004) and
bags (10 cnx 10 cm; mesh size 40 um) were filled separately p;4,x et ’al_ (2007).

with L. corniculatusand C. epigejosplant litter (5g oven-

dried), and placed in separate tubes within the first 5cm2.7  PLFA analyses

At every harvesting time point, one litter bag per plant lit-

ter treatment was removed to estimate litter decompositiorPhospholipid fatty acid (PLFA) analyses were performed

derived 13C in WEOC

rates. based on Zelles et al. (1995). An aliquot of 509 soil (dry
weight) was extracted with 250 mL of methanol, 125 mL of
2.4 Soil parameters chloroform and 50 mL of phosphate buffer (0.05M, pH 7).

After 2 h of horizontal shaking, 125 mL of water and 125 mL
For analyses of total carbon (TC), total organic carbonof chloroform were added to promote phase separation. Af-
(TOC), ands3C of TC and TOC, as well as total ni- ter 24 h the water phase was removed and discarded. The to-
trogen (TN), dried soil aliquots (60C, 72h) were ball- tal lipid extract was separated into neutral lipids, glycolipids

www.biogeosciences.net/10/5115/2013/ Biogeosciences, 10, SllP&-2013
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Table 1. Major soil parameters (0-5cm depth) of the soil substrate without litter application throughout the experimentalsperiod (
54 standard deviation).

Harvesting time points 2009

Soil April 29th May 06th May 13th May 26th August 12th November 30th
parameter 0 weeks 1 week 2 weeks 4 weeks 15 weeks 30 weeks
pH 8.4+0.1 8.4+ 0.1 8.4+ 0.1 8.5£0.1 8.5+ 0.0 8.3£0.1

TC [%)] 0.42+0.33 0.44+0.29 0.47+0.33 0.47+£0.37 0.44+0.31 0.49+0.25

TOC [%] 0.26+0.10 0.25+0.11 0.22+0.08 0.24+0.05 0.30+0.12 0.3#0.14

TN [%] 0.008+0.003 0.009:0.004 0.009:0.002 0.009:0.003 0.01@:0.004 0.009t 0.004
Corg/N 33.1+5.3 29.3+:8.1 25.14+3.7 26.6-5.3 31.6+-10.3 42.2+£13.7

s13c Toc —26.1+0.8 —26.1+0.7 —26.2+0.6 —26.2+0.7 —27.2+0.7 —275+1.2

[%o vs. V-PDB]

and phospholipids on a silica-bonded phase column (SPE-Shdicated by “dic”. Even-chained, saturated fatty acids were
29/12mL; Bond Elut, Analytical Chem International, CA, abbreviated with the prefix “n”.
USA). The phospholipid extract was further separated into
saturated, monounsaturated and polyunsaturated fatty acids8 Calculations
(see Zelles et al., 1995, for details) to facilitate the identi- .
fication of fatty acids as well as to obtain a good baselineStable isotope results were expressetHiC or atom percent
separation of peaks for isotopic calculations. (AP); see Egs. (1) and (2).

Prior to measurements, internal standards (nonadecanoigiz~
acid methyl ester and myristic acid methyl ester) were addecﬁ1 C = [(Rsampid Rv—ppe) — 11x1000 @)
to calculate absolute amounts of fatty acids. PLFA were anal-
ysed as fatty acid methyl esters (FAME) on a gas chromato-
graph/mass spectrometry system (5973MSD GC/MS Ag-'*Cap = (R/(R +1)x100) (2
ilent Technologies, Palo Alto, USA). FAMEs were sepa- .
rated on a polar column (BPX-70, SGE GmbH, Griesheim, Rsampleand Rv_pps represent thé*C to *°C ratios of sam-
Germany), 60 mx 0.25 mmx 0.25 pum, coated with 70 % of ple and international standarq Vienna-Pee pee Belemnite
cyanopropy! polysilphenylene-siloxane (see Espédrtciet (_V—PI?B:0.0111802), respectlvely_. The relatlve_ qmount of
al., 2009, for details). The mass spectra of the individuallitter-incorporatedC (%"°CLirrer) into the total lipid frac-
FAME were identified by comparison with established fatty tion or into the amount of WEOC was calculated according
acid libraries (Solvit, CH 6500 — Luzern, Switzerland) using t© Ed- (3)-
MSD Chemstation (Version D.02.00.237). THE signature 13 13 13 13
of the corresponding PLFA was determined by online cou- 70 CUTTER = Crx("Crx =7 Cr0) 100/ ™ Cadded (3)
pling of the GC/MS system with an isotope ratio mass speCwhere Gy is the concentration of the individual C frac-
trometer (IRMS, Delta Advantage, Thermo Electron cooper-tion [ng g1 DW] at time point Tx, which was multiplied
ation, Bremen, Germany) after combustion (GC Combustionyy jts 13C enrichment in atom percent excess (difference
1, Thermo Electron Cooperation, Bremen, Germany). The petween!3C at time point Tx and3C enrichment at time
actuals'*C ratio of the individual FAME was corrected for pqint 70) and expressed relative to the amount¥added
the one C atom that was added during derivatisation (Abra{ng g1 DW]. The relative'3C distribution within total mea-

C atoms followed by the number of double bonds. The posi-

tions of double bonds are indicated ky™and the number
of the first double-bonded C atoms from theend of the C ~ %3Cpist = %13C|_|TTERi100/Z%BCUTTERL (4)
chain. Anteiso and iso-branched fatty acids are indicated by

“a” and “", followed by the number of C atoms. Branched where %3Cyrreri represents the relative amount of added
fatty acids in which the position of the double bond was un-*3C in an individual phospholipid.

known were indicated by the prefix “br”. Methyl groups on

the tenth C atom from the carboxyl end of the molecule were2.9 ~ Statistics

indicated by “10ME”". Cyclopropane fatty acids were indi-

cated by the prefix “cy”, while dicyclopropylic PLFA were A two-way analysis of variance (ANOVA) was performed to

establish significant interactions between the harvesting time
(Oweeks, 1week, 2 weeks, 4 weeks, 15weeks and 30 weeks)

Biogeosciences, 10, 5115324 2013 www.biogeosciences.net/10/5115/2013/
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and treatment (control,. corniculatusandC. epigejo3. Sig-
nificant differences for specific variables were identified us-
ing a Duncan’s post-hoc testat< 0.05 following a one-way
ANOVA. Exponential curve-fitting (Fig. 2) was performed
with Sigma Plot 11.2 (Systat software Inc.). Data illustration
was performed with Adobe lllustrator CS3 and S-PLUS 8.1
(Tibco Software Inc.). Results are presented as meaasy)
with standard deviations given in brackets.

Soil microbial community profiles were analysed using
principal response curves (PRCs). This method was origi-
nally suggested to study the effect of different treatments on
ecological communities with repeated observations in time
(van den Brink and ter Braak, 1999). PRCs can be inter-
preted as a special case of redundancy analysis (function prc
in library vegan, R-project). It has been shown (Schramm et
al., 2007) that a PRC is equivalent to a two-step procedure,
which involves the transformation of data (centring with re-
spect to time and averaging according to treatment groups)
and a principal component analysis with the transformed
data. Results of this method reveal contrasts to a specified
treatment group (normally the control group), and coeffi-
cients are plotted against time. A permutation test on the
between-group variance (R-package ade4) was used to test
for differences in the community profile of the control and
treated group. Moreover, variable scores describe the relative
weight of each variable for the component and can be used
to identify significant variables. Using the R environment for
statistical computinghttp://www.R-project.oryj this algo-
rithm was used to generate Figs. 3, 4, and 5.

3 Results
3.1 Plant litter degradation

Both plant litter types were degraded during the experimental
period of 30 weeks (Fig. 1); faster degradation rates were ob-
served for litter material df. corniculatusover the whole ex-

litter material fromC. epigejoy(50 %) thanL. corniculatus

% plant liter

o plant litter C

120

100

20 4

60 <

40 1

20

1Z0

100

(30 %) remained undegraded (Table 2). For both litter typesgcates.

degradation rates in the first four weeks after application
were higher compared to the degradation rates observed after
30 weeks of incubation. The N contentlofcorniculatuditer
was significantly higher compared @ epigejoglant litter,
which resulted in a C/N ratio of around 40 f@r. epigejos
compared to 15 fok. corniculatus While the C/N ratio of

L. corniculatusdid not change over the experimental period,
there was a marked decreaséCofepigejoditter with a C/N
ratio of 25 after 30 weeks.

3.2 WEOC, microbial biomass and litter-derived13C

The WEOC content in soil significantly increased after only
one week for both litter types compared to control soil

5119

a)

@ Lotus corniculatus
© Colamogrostis opigojos
—_— f= g ate 4

T T
10 20 25 30

b

®  Loius comiculalue
O  Ccalamagrosts eplgajes
o L l—i‘n“ﬁ'ﬁ"n}

4] 5 19 25 3n

)
P i Lales Comicuiais
10 1 § —— il Calamagrostis spigelos
583
15 \,\
~
) S
2 \‘\}_
2% e
i}
15
\ —4
aF —— —— o —— =

i} 5 o 1% o 5 30

timepeint [weeks)

) ] ) - s Fig. 1. Total mass los§a), C loss(b) and C/ N ratio(c) of the plant
perimental period. At the final sampling, significantly more |itter throughout the experiment. Results are presented as single val-
ues(a, b) or meanst standard deviatioifc) based on four repli-

able substances from litter material. At that time point in
theL. corniculatustreatments, a 2.5 fold higher WEOC con-
tent was detected compared to the soil samples which were
treated withC. epigejoslitter (250 mgkg!dw compared
to 100 mg kg dw). This high amount of WEOC decreased
sharply in both treatments and was comparable to the control
treatments after 15 weeks of litter incubation for both plant
litter types. Incorporation 0fC followed the same trend and
confirmed that the increase of WEOC in the first weeks of in-
cubation originated from the litter material (Fig. 2c).

Soil microbial biomass was estimated on the basis of total
PLFA. The application ot. corniculatusplant litter stim-

(Fig. 2; Table 2), indicating a rapid release of easily degrad-ulated total microbial biomass during the first four weeks

www.biogeosciences.net/10/5115/2013/
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Table 2. Adjusted p values for the plant species effect as revealed with a 2-way ANOVA for each time point (Figs. 2 and 3). Significant
differences are indicated by bold numbeps<{ 0.05).

Week1l Week2 Week4 Week15 Week 30

C/N <0.001 <0.001 <0.001 <0.001 <0.001
% plant litter 0.188  0.095 0051 0.005 <0.001
% plant litter C 1.000  0.193 0.026 0.017 <0.001
WEOC mg kg! (logy0) <0.001 <0.001 <0.001  0.923 0.118
% added3C in WEOC (logo) ~ 0.031  1.000  0.005  1.000 1.000
PLFAtamg kg~1(logso) <0.001 <0.001 <0.001 0.007 0.027

% added'3C in PLFA (logyg)  <0.001 <0.001 <0.001 0.874 0.002

proportions of the fatty acid 1.83 were detected compared to
the control treatments. Component 1 was dominated by this

5 | | 3 variable. Four weeks after litter application, there was an ad-

:E SR 'k}l Y ditional effect with higher proportions of PLFAs 18»6,9

; q pa /j?f:;\% . £ and al5 0. Differences were low compared to the control
e o g . treatments at the last sampling time points 15 and 30 weeks

after litter application.
In C. epigejostreatments component 1 accounted for
. - 69.1%, and component 2 for 20.3 %, of the total variance
: | 1 w (Fig. 4; Table 2). Significant differences were found 4 weeks
4 ) (component 1) and 30 weeks (component 2) after litter ap-
IK I\;\‘ plication. Most pronounced was a large increase of PLFA
e—— —_—— |, 18: 2w6,9 four weeks after litter application compared to the
S — control samples; slightly higher proportions of albwere
Tttt T ke T also observed. During this period, several PLFAs were re-
duced compared to the control soils (e.g. nR4 n22: 0,
n20: 0, nl16: 0). At the end of the experiment the PLFA

d)

Fig. 2. WEOC (a) and soil microbial biomasgb) based on to-

tal PLFA in L. corniculatusand C. epigejostreatments. Rela- . . ) ) )
tive amount of litter-derived3C in WEOC (c) and soil microbial profile was dominated by 186,9, 18:3, 18: 1v7 and

biomasqd); values are expressed as a percentage of initially adde016: 1“’Zé . .
13C, normalised with controls. Results are shown with standard de- 1h€ ~~C signature of the corresponding PLFA was used
viations ¢ = 5). to identify the active part of the microbial community in-

volved in the litter degradatiot.. corniculatusandC. epige-

jos treatments were compared in a PRC based on the per-
of the experimental period with maximum values one weekcentage distribution of litter-derivet’C among individual
after litter application (Fig. 2b). In contrast, no significant PLFAs. The results clearly indicate significant differences in
increase was observed in tk® epigejostreatments. Only  response to the litter type and time points under investigation
15weeks after litter application, the microbial biomass in (global test,p < 0.001). Overall, components 1 and 2 could
C. epigejoswas slightly increased, compared to the control explain 75.2 % and 21 % of the total variance (Fig. 5). Signif-
treatments. Again, similar results were observed followingicant differences were found at the early time points (1, 2, and

the 13C signature over time (Fig. 2d). 4 weeks, component 1) and at time point of 30 weeks (com-
ponent 2). At the early time points of sampling, plant-litter-
3.3 Soil microbial community profile and *3C derived3C was mainly found in PLFA 183 in theL. cor-
incorporation niculatus treatments; increased values of PLFA:D®6,9

were found inC. epigejogdreatments. At the latest sampling

LiFter type _had a pronounced influ_ence_on_the structur_e o_f th&ime points, high amounts 8C label were again measured
microbial litter degrader community as indicated by principal i, p|FA 18: 26,9 for C. epigejogreatments and increased

response curves of both litter types (global tgsk 0.001).  yajyes for PLFAS a150, n16: 0 and i15: 0 for L. cornicu-
In the L. corniculatustreatment, component 1 and 2 ac- |gtustreatments.

counted for 61.6 % and 35.1 % of the total variance 1week
after litter application (Fig. 3; Table 2). Significant differ-
ences were detected for the time points 1 week, 2 weeks and
4 weeks after litter application. For these time points higher

Biogeosciences, 10, 5115324 2013 www.biogeosciences.net/10/5115/2013/
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trate concentrations in the soil samples were low or below the
L\ P detection limit (data not shown), which confirms our initial
\ i \ hypothesis. Consequently, during the first four weeks of incu-
bation the fast degradation ratedotorniculatusplant litter
N \ might be linked to large amounts of water soluble plant lit-
il ter components, rich in nitrogen content. Those compounds
_—|| could be used by microbes colonising the litter material to
1 : : increase their activity and biomass (Aneja et al., 2006; Poll
et al., 2008). Hopkins et al. (2007) postulated a close link
between decomposition rates of plant litter and nutritional
quality in volcanic soils with a nutrient status comparable
i to the initial sites of “Chicken Creek”. During the course of
litter degradation, the ratio of easily degradable compounds
to more complex compounds decreases for both litter materi-
als; thus degradation rates slow down significantly. Again the
Fig. 3. First_(a) and secondb) component _of_ the PRC calculgtion specific properties of “young” soils may influence degrada-
on the basis of the mol% data of all individual PLFA relative to tion in this phase more than in well-developed soils, as degra-
total PLFA of L. cornlculatustregtments co.mpared to the control dation of lianin and lianocellulose requires well-developed
treatment throughout the experimental period of 30 weeks §). a} . Y 9 d . . P
microbial network structures as well as a high nutrient status
of the soil, both properties which do exist to only a limited
degree in developing soils

a)

clirvale

05
f

loadings:
05 00 05

“05 00
L

4 Discussion

4.1 Plant litter degradation 4.2 WEOC and total soil microbial biomass

During the experimental period of 30 weeks, a significantAn increase in WEOC was detected in all litter treatments
portion of the applied plant litter df. corniculatusas well ~ within one week of litter application (Fig. 2a). The paral-
as C. epigejoshad been degraded. However, the total losslel increase in-3C in the WEOC indicated that this increase
of litter mass was lower in the field study than in a com- can be directly linked to the applied litter material (Fig. 3c).
parable microcosm experiment (Espefgzhet al., 2011), These results suggest a fast translocation of readily avail-
which indicates the importance of climatic conditions for able organic C into the WEOC fraction. After one week of
the degradation of plant-derived litter material. Whereas inlitter incubation, rainfall (Fig. S1) might have increased the
the microcosm study optimal conditions were chosen for lit- transformation of plant-litter-derived C compounds into the
ter degradation (including soil water content and tempera-WEOC fraction of sail, since plant residues may contain up
ture), these parameters are highly dynamic in time undeto 25 % water-soluble materials (Swift et al. 1979). After two
field conditions. Mainly at the end of the incubation period weeks, the high WEOC content in the corniculatustreat-
(starting 21 weeks after addition of the plant litter material) ments decreased and no statistically significant differences
temperature dropped significantly and soil moisture contentsvere detected betweén corniculatusandC. epigejosnei-
were lower than 30% of the maximum water holding ca- ther in the absolute content (Fig. 3a) nor the litter-derived
pacity. These conditions may have influenced the degrada*3C proportion (Fig. 2c). This might be explained by a higher
tion of the plant litter material in this phase (see Fig. S1 microbial biomass and activity in the. corniculatustreat-
and Table S1, supplemental material). Compared to well-ments (Fig. 2b and d), which incorporated most of the easily
developed soils, processes and turnover rates in the soil mateegradable plant-litter-derived carbon.

rial of the “Chicken Creek” catchment are apparently linked At 15weeks after litter application, no differences in
to the direct climatic conditions present at the site due toWEOC and microbial biomass or its correspondtdg sig-

the low capacity to store water. Thus, the low precipitation natures could be detected between the control treatment and
during the autumn period might have a stronger influenceboth litter treatments; hence readily available C might have
on the degradation of plant litter compared to other sitesbeen leached within the soil matrix to deeper soil layers of
with more developed soil ecosystems. Decomposition rateshe cylinders that were not analysed or into the surrounding
of litter mainly depend on the ratio of easily degradable sub-sail.

stances to more recalcitrant compounds or substances with

antimicrobial properties (Berg et al., 2000; Palosuo et al.,4.3 Soil microbial community profile and 13C

2005).C. epigejoditter was initially lower in N content but incorporation

similar in its C content compared to thecorniculatusplant

litter. The high C/N ratio ofC. epigejosvas apparently less According to the PRC analyses, high proportions of
attractive for microbial degraders mainly as ammonia and ni-18: 3 polyunsaturated fatty acids were dominating the
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Fig. 4. First (a) and secon@b) component of the PRC calculation

on the basis of the mol % data of all individual PLFA relative to total

PLFA of C. epigejogreatments compared to the control treatment Fig. 5. First (a) and secondb) component of the PRC calculation

throughout the experimental period of 30 weeks(5). on the basis of the percentage distribution of li#8€ within the
PLFA composition inC. epigejosand L. corniculatusthroughout
the experimental period of 30 weeks=£ 5).

L. corniculatustreatment immediately after litter application
(Fig. 3), which indicates high proportions of eukaryotes at
this stage of litter degradation being involved in the transfor-ever, the increase in abundance was delayed compared to
mation (Zelles et al., 1995; Ruess et al., 2007). This is alsahe treatments where. corniculatuswas applied and only
confirmed by the higH3C signature in the corresponding emerged 4 weeks after litter application (Fig. 4), which might
fatty acid (Fig. 5). As the amount of litter material that had be related to the low availability of N and other nutrients in
not been removed before lipid extraction wa®.3%, the  the soil. Again the increase in tHéC signature in the cor-
amount of 18 3 derived from plant litter material is negligi- responding fatty acids confirmed the role of these microbes
ble. As we measured phospholipid fatty acids (PLFA) ratherin the plant litter decomposition process (Fig. 5). Obviously
than pure neutral lipids, a high content of “free” PLFA as a only small amounts of readily available C were provided by
result of organic matter flow from degraded plant materialtheC. epigejoplant litter, hence Gram-negative bacteria de-
into the soil is quite unlikely. Zelles et al. (1999) calculated creased over time. After 30 weeks of incubation, an increase
the average half-time of free PLFA in soil to less than 1 dayof 18:2w6,9 and al50 on PC1l and 182w6,9, 18: 3,
due to its high energy status and subsequent fast degradatioh6: 1w7 and 18 1lw7 on PC2 forC. epigejosindicated a
Thus we think that the measurement of an individual PLFA microbial decomposer community which is able to degrade
is strongly connected to specific organisms they are indicaplant litter compounds which can be considered as more re-
tive of, and hypothesise that these fatty acids are linked tacalcitrant (Kuzyakov et al., 2000; Rubino et al. 201@hich
microeukaryotes (Zelles et al., 1995; Ruess and Chambemas not present ih. corniculatus It appears that ih.. cor-
lain, 2010). PLFA 18 206,9 and al50, which were also niculatustreatments, the microbial community adapted to the
increased in abundance and in their spedific label, il- high amounts of readily available C and N sources. In con-
lustrated a high contribution of soil fungi and Gram-positive trast to that, the recalcitrant plant litter favoured the devel-
bacteria mainly between two and four weeks after litter ap-opment of a complex and sustainable microbial community
plication in the degradation, which confirms studies by Poll structure capable of utilizing diverse C sources, even after
et al. (2008) and Esperditz et al. (2011). A limited soil  readily available C compounds have been degraded.
N content in the substrate may have stimulated fungi to use Fungi seem to play an important role in the initial phase
plant-derived nitrogen (Fig. 3), as suggested earlier in an exef litter degradation of the poorer substrates@f epige-
periment using a similar substrate (Espeigetet al., 2011).  jos treatments, which confirms results from a previous ex-
After 15 weeks of litter incubation, the microbial community periment (Esperséhz et al., 2011). The high3C content
structure detected in tHe corniculatuslitter treatment was  within the fungal biomass after two weeks of incubation
similar to the control treatments without litter addition, indi- (Fig. 5) might be a result of fungal hyphae which were grown
cating that most of the introduced plant-derived carbon litterfrom the mineral soil layer into the litter (Moore-Kucera and
had already been utilized by the microbial biomass. Dick, 2008), and subsequently provide nutrient sources for
As for L. corniculatustreatments, fungi (1820w6,9) and  other organisms. However, recalcitrant N components may
Gram-positive bacteria (a1®) in treatments witlC. epige-  have stimulated fungi and at the end of the experiment may
josbenefited from the new plant-litter-derived C and N; how- have outcompeted Gram-positive bacteria. Both groups of
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microbes have been described also in other studies in conneand C. RiBmann, K. Kleineidam and S. Schulz for their support
tion with the degradation of complex substrates (Kuzyakov etpreparing the sites for the present experiment. Finally, we wish to
al., 2000; Dilly et al., 2004; de Boer et al., 2005; Rubino et thank Jens-Arne Subke for his very helpful detailed suggestions for
al., 2010). improvement.

Edited by: J.-A. Subke
5 Conclusions

The kinetics of colonisation and the subsequent activity of
the microbial communities in the detritusphere are strongly
link he availability of N. In earl ion sites with

ed to the aval ab. tyo early Sgccess on sites t. Abrajano, J. T. A., Murphy, D. E., Fang, J., Comet, P., and Brooks,
poorly developed soil structures, plant litter represents a sig-~, “y; 135126 ratios in individual fatty acids of marine mytilids

nificant source of N for microbial organisms. In this study with and without bacterial symbionts, Org. Geochem, 21, 611—
the higher C/N ratio irC. epigejosplant litter resulted in 617. 1994.

lower microbial biomass and hence slower litter degradationaneja, M., Sharma, S., Schioter, M., and Munch, J. C.: Microbial
rates mainly in the initial phase of litter degradation. At later  degradation of beech litter — Influence of soil type and litter qual-
stages, N was provided by recalcitrant N compounds, which ity on the structure and function of microbial populations in-
induced a stimulation of microbes. More readily available N  volved in the turnover process, Microb. Ecol, 52, 127-135, 2006.
compounds in the litter df. corniculatusallowed enhanced Bardgett, R. D. and Walker, L. R.: Impact of coloniser plant species
microbial growth already at the early stages of decomposi- ©n Fhe develolpnjent of.de.comp.oser microbial communities fol-
tion. Therefore, different pioneering plants sustain the nu-_ 0Wing deglaciation, Soil Biol. Biochem, 36, 555-559, 2004.
tritional (N) state of the initially poor substrate. In the case Bardgilettj RS' D., héla[\;vdgley, \J/\'/Lj’.Egl‘Nards’ S HOb%s’ P.J, Roci—
of L. corniculatus,the amount of N provided by litter may }Zité O'n éénizlir;ioloa\i/cIZIS’ ro. e.r.tiesa;:[ tse F:ﬁczzt:nu Ir;trzggerr;ses_-
result in the creation_ of nutrient-ri_ch pgtches i_n the initially lands, Funct. Ecol,gl3, 620-260, 1999. P P g
poor substrate material. Such nutrient-rich environments maysayqoin, E., Benizri, E., and Guckert, A.: Impact of artificial root
stimulate colonisation with coexisting plants like epigejos exudates on the bacterial community structure in bulk soil and
as they are known to tolerate nutrient-poor soil conditions for  maize rhizosphere, Soil Biol. Biochem, 35, 1183-1192, 2003.
along time, but can grow fast under N-rich conditions (Brez- Berg, B.: Litter decomposition and organic matter turnover in north-
ina et al., 2006; Tima et al., 2009). ern forest soils, Forest Ecol. Manag., 133, 13-22, 2000.

The lack of critical nutrients such as nitrogen (but proba-Brezina, S., Koubek, T., Mhzbergo@, Z., and Herben, T.: Eco-
bly also, for example, phosphorous) clearly impacts transfor- logical penefits of integration dalamagrostis epigejosamets
mation rates of litter material and hence the generation of sta- Under field conditions, Funct. Ecol. Plants, 201, 461-467, 2006.
ble C pools in soil during ecosystem development. Whethe € BO€r, W., Folman, L. B., Summerbell, R. C., and Boddy, L. Liv-

S . S . ing in a fungal world: impact of fungi on soil bacterial niche
fertilization of the plots or deliberate cultivation with plants development, FEMS Microb. Rev, 29, 795-811, 2005.

with a_ low C/N ratio (e-Q- legumes) can prqute this proc_:eSSDiIIy, 0., Bloem, J., Vos, A., and Munch, J. C.: Bacterial diversity
remains an open question. Here research is needed, mainly t0 iy agricultural soils during litter decomposition, Appl. Env. Mi-
transform the knowledge on the role of different plant litter  crobiol, 70, 468-474, 2004.
types into the development of practical applications for soil DIN ISO 10390: Determination of pH. Berlin, Germany, Beuth Ver-
restoration. lag GmbH, 1997.
Eiland, F., Klamer, M., Lind, A. M., Leth, M., and&hth, E.: Influ-
ence of Initial C/N Ratio on Chemical and Microbial Composi-
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