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Abstract

Little is known about how spatial and environmental patterns structure soil microtatiesc We
investigated, on 47 soil samples collected in Mediterranean forests, the net aactiomesffects of
climatic-geographic and edaphic variables as well as vegetation cover and composg@hmicrobial
community-level physiological profiles (CLPPs) assessed by MicrBfe3jme effects of these variables
were also analyzed on CLPP response to an experimental drought treatment. CLPPs were kaown t
mainly driven by climate-plargel and plant-soil interactions; even after drought treatment, therawas
decrease in microbial activity but no change in CLPPs. Our findings hightightobustness of these
relationships, which need to be assessed within different ecosystems consideringspatialscales to
reliably predict climate change effects on terrestrial ecosystems.

Keywords: CLPP;Microresg"; Mediterranean soils; aboveground-belowground interactions.

It remains difficult to predict the responses of plant and microbial conyntalationshipsto
climate change (Bardgett et al., 2008), partly due to lack of knowledge about the mist&rfisictors of
the soil microbial functional patterns directly linked to ecosystem procesessn(€t al., 2008; Griffiths
et al., 2011). Focusing on Mediterranean forest ecosystems, particularly vulneiabteased length of
summer drought and frequency of heatwaves (IPCC, 2007), the aims of our studysiveveagsess the
environmental surrogates driving soil microbial community-level physiologioafiles (CLPPs), and
then to determine the robustness of their relationships with environmental surrogetesanaf
experimentaéx situhard “drought” event, like those that occur in Mediterranean regions.

The study area, about 7000 km2 (lo#fg’-6°2" E, lat 43°4°,43°5°N), is situated in an area of
limestone-based soil in Provence, Southeastern France, with a Mediterranean slavate summer
drought and mild humid winters). Forests are mixed stan&ofk halepensiMill., Quercus ilex.. and
Quercus pubesceWilld. 47 soils were sampled across the area, covering a bioclimadegt (Figure
S1) during the 2010 summer drought period, when extreme heatwave events are likaly.t@oa&ach
plot (20m x 20m), 12 subsamples from the upper soil horizon (0-5 cm) were systéiynabred along 3
transects (5, 10 and 15 m from the border), with 4 subsampling points on each abds&ctl2 and 16
m. All subsamples of the same plot were pooled to obtain a composite sample. Samplgwn sieved
at 2 mm, air-dried (due to the length of the sampling period, one month) and stored until analysis.

Soils were rewetted to 70% water holding capacity (WHC) (identified in ptiedess optimal
value to increase basal respiration in our 47 soils while conservingvéineibility, as against 30% and
50% WHC,data not shownand incubated at 25°C for eight days to standardize and equilibrate them
before Time 0 T0) analysis (Goberna et al., 2005). TO CLPPs were determined by Micforesp
measuring substrate-induced respirations (SIR) on eight substrates, glucose dginc3e (sucg)
trehalose (treha), D+ cellobiose (cello), glycine (gly), caffeic aciff)(cdlagic acid (ella) and catechol
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(cat), following the adapted protocol of Campbell et al. (2003). Briefly, onbaing to compare SIRs of
soils subjected to the same solution of substrate instead of their abs@uté maheralization, we used

the lowest water content among our samples to determine concentration of Gitsubslutions;
solutions were adjusted to pH=7, a mean value of soil pH (Table 1), both to minimzeahartifacts

due to carbonate-derived G@elease and to avoid any substrate-pH effect on microbial communities
(Bérard et al.,, 2011). After TO measurements, samples were dried for ten day<Catdb@btain
“stressed” samples (ST), rewetted and maintained at 70% WHC, 25°C for eight days. Simultanedusly,
“unstressed” samples (NS), already subjected to the standardization conditions, were maintained at 70%
WHC, 25°C throughout. SIRs1 both “NS” and “ST” samples were measured in the same way as at TO.

Organic carbon (@g) and total nitrogen (Ntot) contents, Corg_N ratio, pH and water holding
capacity (WHC), variables constitutive of the EDA compartment, were determiaethe usual
procedure for soil physicochemical analyses (Forster, 1995). Climatic and geograpaiies (CG
compartment) presented in Table 1, vegetation composition and structure of each plot (VEG
compartment, list of species given Table S1), as asdkther EDA variables (Table 1) are based on data
from Vennetier et al. (2008) and Vennetier and Ripert (2009).

Table 1. Descriptive statistics of the climatic-geographic (CG) and edaphic (EDA) variables. $wiktex
is presented for informative purposes as a percentage of soil samples.

CG variables Unit Minimum | Maximum | Mean | Median | Std Abbr
Elevation m 30 770 387 370 189 elev
Becker light-climate index (-) 0.24 1.34 0.93 1.00 0.28 ikr
Mean annual rainfall mm 530 1088 736 700 117 annrain
Summer rainfall mm 58 175 109 110 29 sumrain
Mean annualtemperature °C 9.30 14.80 12.38 12.30 1.34 anntemp
Cumulated elevation direction south south east hm 0 3600 1516 1200 1098 elevcumsse
Distance to the sea direction south south east km 1 86 44 50 24 distsea
Cumulated elevation direction west south west hm 0 1700 589 500 437 elevcumwsw
Distance to the sea direction westsouthwest km 1 75 37 38 22 distseawsw
Distance to the ridge m 0 3050 276 75 598 distridge
EDAvariables Unit Minimum | Maximum | Mean | Std Abbr
Parentrock outcrops on the plot % 0.00 65.00 4.90 13.40 proc
Totalsoil depth cm 20.00 150.00 83.94 36.05 depth
Stones on litter ratio (-) 0.01 0.15 0.05 0.06 st/lit
Coarse fragments in the topsoil % 0.00 62.50 26.78 23.37 cofr
Number of fine roots (<2mm) in the topsoil /dm2 1.50 15.00 13.82 2.80 roots
pHvalue (-) 6.43 7.58 7.16 0.29 pH
Calcium Carbonate content g/100g dry matter 0.00 45.73 13.82 12.63 CaCo3
Organic Carbon content g/100g dry matter 3.20 21.53 11.31 4.46 Corg
[Total Nitrogen content g/100g dry matter 0.10 0.93 0.48 0.19 Ntot
Organic Carbon on total Nitrogen ratio (-) 14.48 32.19 24.16 4.65 Corg_N
ater holding capacity of sieved soil g/100g dry matter| 39.31 161.60 96.35 25.99 WHC
\Water holding capacity based on soil texture mm/cm 1.30 1.95 1.71 0.19 whcst
Soiltexture silty-clayey 51.06
(based on the silt, sand, clay fractions of soil samples) | % of soil samples [sandy-silty 19.15
sandy-silty-clayey 29.79

Abbr: abbreviation; Std: standard deviation.

Before statistical analyses, SIRs on each substrate and each sample wergiztdnolaiscaling
(subtracting the mean SIR of all sadls all substrates, then dividing by the standard deviatRDA sets
combining selected variables from the various compartments and derived adfustbaeR, followed by
both variance partitioning analysis and Monte Carlo permutatios, teste used to assess both their
relative impact and their interactions on TO CLPPs and on their responses to defiagits. of each
compartment (individual effect) were thus broken down into real individuattefihet effect) and effect
through their interactions (interaction effect), and synthesized through Venardgadt was not possible
to statistically test the significance of the interaction effé€. NS and ST CLPPs were compared
through PCA. Two-way ANOVA followed by Tukey LSpost hoctests were performed to assess the
effects of interaction between drought treatment (TO, NS, ST) and type afaseb&lLPP response to
drought was assessed by computation of the arithmetic difference between 8% @RdDevelopment
Core Team 2012



Author-produced version of the article published in Soil Biology and Biochemistry, (70): 1-4, 2014.

Original publication available at http://www.sciencedirect.com

doi : 10.1016/j.s0ilbio.2013.12.003

Pailler A., Vennetier M., Torre F., Ripert C., Guiral D., 2014. Soil Biology and Biochemistry, (70): 1-4.

RDA results and Venn diagrams shemithat although the CG, EDA and VEG compartments all
had significant individual effects on initial CLPPs (adjustéd%®) CG 20.64, EDA 42.44, VEG 43.47;
p<0.01; Figure 1a), their main impact resulted from their interactions (adjusted R
(%):CGNEDANVEG=18.13; EDAWVEG=17.55), always including EDA and VEG. Although soil-plant-
climate interactions are well documented, their effect on CLPP has not ptgyeen shown so clearly
at a regional scale, within a single type of ecosystem (Singh et al., 2009;dliu2810). This may be
because our sampling strategy focusing on forest ecosystemsesaduthctoany effects of different
land use (Drenovsky et al., 2010) and different geological substratum (Fierer and Jackson, 2006).

CLPPs appeared to be mainly discriminated by their SIR on carbohydrates and ¢ayis 1)
and complex phenolic compounds (axis 2), depending on forest habitat type (four types ddsgubed
2), which resulted in a strong dissimilarity between CLPPs in stands dethihg broadleaved trees
(high respiration rates on carbohydrates) and those dominated by coniferous treessfhigtion rates
on phenolic compounds). The litter of coniferous species is known to be very rich icitracal
polymeric phenolic compounds (Zechmeister-Boltenstern et al., 2011), whose inputs may haeé selec
microbial community with the adequate enzymes to oxidizentheis also known to decrease soil N
availability and mineralization processes (Hattenschwiller and Vitousek, 200@}); ishtonsistent with
our observations. These results highlight the influence of vegetation cover and comjpaositi@mobial
activity through its influence on soil organic matter quality and quantity, andebyhesoil
physicochemical properties (Wardle, 2006).

e cG NET EFFECTS
3 383 N\2064%* . s . JVERD NET 7O E.15°
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Figure1 a), b): Venn diagram of the individual, interaction and net effects of

a) the various environmental compartments Climatic-geographic (CG), Edaphic (EDA) and Vegetation
(VEG) on initial CLPPs (T0); Adjusted R-squared for each part of the circles araiadiwith result of
Monte—Carlo permutation test p value significance (p values are not shown; * : p<0.05;**: p<@01,

. p <0.001).

b) the various environmental compartments Climatic-geographic (CG), Edaphic (EDA) and Vegetation
(VEG), and initial CLPP (TO) on CLPP responses to drought; adjusted R-squared of uatlieftects

are indicated on the diagram with their significance level **: p<0.01; net eff@atsinteraction effects

are indicated near the diagram with their significance level (*; p<0.05).

The squares represent 100% of variance explained. Significance of the impact due taantecaatld

not be tested.
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Figure 2: Redundancy analysis (RDA) of the initial CLPP (T0) with respect to Clingatigraphic
compartment (CG), Edaphic compartment (EDA) selected variables and Vegetation (VEG) selected plant
species. On right is the synthesis of the different habitat types defined according to th¢iassadithe
selected variables. Microbial utilization rates of each substrate are in grey; CG selected varialites a
bold (elev: elevation; elevcumwsw: cumulated elevation direction west south west; distsgiataswe

to the sea direction west south west) ; EDA selected variables are in italics; VEG selected age not
in bold and not in italics (cyse: Cytisus sessilifolius; soto: Sorbus torminalis; [feticedanum

cervaria; juco: Juniperus communis; dala: Daphne laureola; phla: Phyllirea latifadbdo: Sorbus
domestica; pile: Pistacia lentiscus; cial: Cistus albidus; phan: Phyllirea angliatifouse: Buxus
sempervirens; rhal: Rhamnus alaternus; piha: Pinus halepensis; brre: Brachypodium retusum; spju:
Spartium junceum; himu: Hieracium murorum; pisy: Pinus sylvestris).

Drought stress induced a decrease in SIR, significant for all substrates exdagthfoatechol,
which might have a toxic inhibitory effect on microbial activity (very lmgpiration rates at TO, NS and
ST) (Chen et al., 2009), as well as ellagic acid (Figure 3, p<0.001). The releasmainGtrients from
dead biomass after drought might have been used by surviving microorganisms to eaekleratt
recalcitrant compounds (Fontaine et al., 2004), which could explain the higheatiespiates observed
after drought on the two phenolic acids compared to those on simple compounds. Howevegghmere w
major change in CLPP between the ST and the NS or TO treatments as analyzed (BygB@A3). In
addition, CLPP responses to drought were driven by all compartments (adjdsi#d: R0=29.22;
CG=12.97; EDA=27.74, VEG=23.56; p<0.01), and mainly by TO CLPPs and their interactibrGQyi
VEG and EDA, explaining 13 to 26% of variance, neither of which had any net &figare 1).
Moreover, there was no major difference in ranking or numbers among the RDiedelacables after
drought treatment compared to Tdata not shown More studies would be necessary both, to confirm
these trends, and to discriminate the relevant environmental variables driving nhi¢uolsizonal
patterns, depending on the type of ecosystem considered.
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Figure 3: PCA of initial time (T0), unstressed (NS) and stressed (ST) CLPPs with on top@afAAN
results testing interaction effects between drought treatment and substrate uS#d, arsoils at initial
time (TO), unstressed soils (NS) and stressed soils (ST). F value and levefiolrigmiare indicated on
top left. Cat: catechol; gly: glycine; caff: caffeic acid; ella: ellagicid; suc: sucrose; cello: cellobiose;
treha: trehalose; gluc: glucose

These results illustrate the strength and the robustness of soil micromialuody - plant
relationships, which may thus mitigate climate change effect on both belowground andralmmeg
communities, at least as long as vegetation patterns are maintained. Themrastafter such treatment
supports the results of Waldrop and Firestone (2006), Ge et al. (2008), Lau and Lennoraf2012)
thereby highlights the need to further inquire relationships between soilbmiccommunities and thei
environment by assessing the importance of their life history in the facentfngqmorary disturbance
events, so as to reliably predict climate change effects on ecosystem processes.
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Figure S1 (supporting information): Study area with sampling sites (black circles).

Table S1 (supporting information)

onstitutive species and abbreviations (in bold) of the Vegetation comparwit&®s) (sed to explain soil
microbial functional profiles: Tree species (TREES), Shrub species (SHRUBS) and dderbapecies

(HERBS).

Acer monspessulanuacmo

Pinus halepensipiha

Pinus silvestripis

Quercus ilexquil
Quercus pubescemgipu
Sorbus ariasoar

Sorbus domesticsodo
Sorbus torminalisoto
Taxus baccatséaba

IAmelanchier ovaliamov

Arbutus unedarun
Buxus sempervirerisuse
Cistus albidusial

Cornus sanguineeosa
Crataegus monogyna mo

Cytisus sessifoliusyse
Fragaria vescerve

lJuniperus communijsico

Juniperus oxycedrusiox
Juniperus phoenicejaiph

Olea europaealeu
Phillyrea angustifoligphan
Phillyrea latifolia phla
Pistacia lentiscupile
Pistacia terebinthupite

Quercus cocciferguco
Rhamnus alaternushal
Rhamnus saxatilishsa
Rosa caninaoca
Rosmarinus officinalisoof
Rubus ulmifoliusuul
Ruscus aculeatusiac
Spartium junceurspju
Ulex parviflorusulpa
iburnum tinusviti

phyllanthes monspelliensapmo

rabis hirsutaar hi

rgyrolobium zanoniiar za

sparagus acutifoliuasac

vena bromoideavbr
Brachypodium phoenicoiddsph
Brachypodium pinnaturir pi
Brachypodium retusutorre
Bupleurum rigidunburi
Carex hallerianacaha
Carex humiliscahu
Clematis flammulalfl
Coronilla emerugoem
Coronilla junceacoju
Coronilla minimacomi
Dactylis glomeratadagl
Daphne gnidiundagn
Daphne laureoladala

Dorycnium hirsutunaohi
Dorycnium pentaphyllurdope

Euphorbia characiaguch

Festuca ovindeov

Filipendula vulgarefivu
Galium verungave
Genista hispanicgehi
Genista pilosayepi
Geranium robertianungero
Hedera helixhehe
Helianthemum hirtunehi
Helianthemum italicunheit
Hieracium murorurrhimu
Hieracium pilosellahipi
Lavandula latifolialala
Lavandula angustifolidaan
Leuzea coniferdeco

Ligustrum vulgardivu
Lonicera etruscdoet

Lonicera implexdoim
Onobrychis saxatili®nsa

Ononis minutissimanmi
Osyris albaosal

Peucedanum cervaripece
Potentilla hirsutapohi
Psoralea bituminosasbi
Rubia peregrinaupe
Sedum anopetalusean
Silene italicasiit

Smilax asperamas
Staehelina dubiatdu
Stipa offneristof
Teucrium chamaedntgch
Teucrium montanurtemo

Teucrium poliuntepo
Thymus vulgarishvu

Viola spvisp




