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Abstract. The establishment of plant species can limit sodisen dynamics in degraded lands. In marly areathé
Southern French Alps, both harsh water erosiondzndght conditions in summer due to the Mediteraanmountainous
climate prevent the natural implementation and megation of vegetation. Soil fertility improvemeig sometimes
necessary. With the purpose of revegetating suehsawe aimed to evaluate the effects of wood ahmpndments on the
revegetation performance of different native or-spbntaneous plant species. We conducted two ewpets on steep
slopes over three growing seasons (2012-2014)fildteonsisted of planting seedlings (ten specit® second consisted
of seeding (nine species including six used infitst experiment). First we noted that wood chipsrevable to remain in
place even in steep slope conditions. The plantihgeedlings showed both an impact of wood chip rement and
differences between species. A positive effect obdv chips was shown with overall improvement ofnplaurvival
(increasing by 11% on average, by up to 50% foresspecies). In the seeding experiment, no plamsved after three
growing seasons. However, intermediate resultgh®rist and 2nd years showed a positive effectomfdwchips on seedling
emergence: seeds of four species only sproutedamd whips, and for the five other species the @emmergence rate
increased by 50%.

1 Introduction

Soil erosion and flooding degrade terrestrial estayps and affect vegetation development (Garcia-Rtial., 2015).
Considerable research has been conducted on theofting and protection of soils from degradatibringing the issues of
soil conservation and the importance of soil ecesysservices to the forefront (Keesstra et al., 2®trevik et al., 2015).
The protective role of vegetation against erosioocpesses is well known (Stokes et al., 2014). Gitreat a plant’s
functional traits determine the suitability of sygscto limit soil erosion (Stokes et al., 2009; Baret al., 2014a), the choice
of plant species in bioengineering works is esaémiumerous methods commonly used for revegetatiategraded lands
use living materials, which are able to resist byalyical and erosive forces on a sloping site. &seurces of propagules
can be highlighted: i/ seeds that are possiblyepresn topsoil (soil seed bank) or brought by défe techniques (seeding,
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hydroseedling), ii/ plants, and iii/ cuttings. Howee, eroded areas often do not offer satisfactamyditions to support
natural colonization or artificial revegetation,edto soil loss as well as low water and nutrierdilability. Therefore, the
success of bioengineering works and revegetati@rabipns can depend on previous stages of sailitfeitnprovement
(Donn et al., 2014; Young et al., 2015).

One way to improve soil conditions is to apply agamic amendment to the soil surface. Numerousestuthve assessed
the value of organic amendments on vegetation ksatent and soil fertility, as for contaminatecas (Mahmoud and
Abd El-Kader, 2015), post-mine soils (Eldridge &f 2012; Benigno et al., 2013), semi-arid condisoJiménez et al.,
2013; Tejada and Benitez, 2014) and eroded sojedéCet al., 2003; Cohen-Fernandez and Naeth, Zxh38s et al., 2013;
Hosseini Bai et al., 2014; Donn et al., 2014; Huésmzalez et al., 2015). Others have also showrditext effect of
organic mulch in reducing surface runoff (Morenoai®a et al., 2014; Cerda et al., 2015; Sadeghi .et2all5). These
organic amendments can have different forms: mangreen waste compost, straw, wood chips, etc. Tdamy be
incorporated into the soil or surface-applied. Tipee of amendment and the application requiremeefzend on site
conditions (access, topography, soil). The effeatsparticular when surface-applied (mulch), concéne soil water
availability (van Donk et al., 2012). This practicenserves soil water by rainfall interception ameduction of soil
evaporation. It also reduces surface runoff anderatds soil temperature (Scopel et al., 2004).

Wood chips of small branches (Lemieux, 1988) aferia of organic amendment. Their use is developingparticular on
certain crops, even if validation provided by thmestific literature is incomplete (Barthés et a&010). Likewise,
considering natural processes, the role played bgdy litter on humus formation in forest ecosystemas not been
sufficiently studied (Berg and McClaugherty, 2008hese authors admitted furthermore that whitefuoigi plays an
important role in woody material decomposition meges. The capacity of wood chips to improve thgemi status of the
soil depends on a quick and efficient stage of dgxmsition of organic matter and therefore on whitefungi presence and
action. Therefore, Lemieux (1988) advised using-tbameter branches (less than 7 cm), which havewackrbone-to-
nitrogen ratio and limit nitrogen removal used faod degradation. Moreover, considering ligninstsice to degradation,
it is recommended to favor deciduous trees ratiaam toniferous trees (Stevanovic, 2007).

In marly catchments of the French Southern Alpdersive areas are subjected to intense hydric @rpsesulting in
climatic events such as torrential floods spedificthis mountainous Mediterranean climate: wettingng cycles, frost in
winter, high-intensity rainfalls in summer, and sequently high sediment yields transported by ftoadl the exit of
catchments (Yamakoshi et al., 2009). ExperimemaMitedge for ecological restoration of marly erodiulds is available
through the voluminous research conducted in tia@sas (Rey, 2009; Burylo et al., 2012; Burylo et 2014a). These
studies have researched gully beds, where vegetedin counter erosive forces and trap sediment éReyBurylo, 2014;
Rey and Labonne, 2015). It therefore appearedviigetation could also be profitable in gully slopétere soil fertility is
very low (soil loss, low soil moisture, and lackaf organic layer) and where natural vegetatiame&rly nonexistent. The
slopes are covered by a hard regolith layer, aiggtadion cannot be established with the technigue®ntly used in gully

beds, especially willow cuttings buried in soil.aRing and seedling methods for installing vegetatbn slopes are
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therefore required. Such methods have already tested on numerous other eroded lands (Reubehs 20@9; Bochet et
al., 2010; Fernandez et al., 2012; Commander e2@13; Lee et al., 2013) , but these studies dapply to our climatic,
topographic and pedological conditions, and théistliplant species are not appropriate or availatierefore, the main
issue for practitioners is to find the adequataitsmh to develop vegetation cover on gully slopEse hydrological and
erosive forces are generally less marked than by fors but occasionally they can be strong.oksslopes and floors, the
vegetation must allow both withstanding hydrologicaces and trapping sediment as quickly as ptessithe low fertility
of the soil, which is in the form of a regolith Erycomposed of coarse particles embedded in ax@dtfiner material, is
evident on gully slopes: export of nutrients, veEny water and nutrient availability, with no acculation or mineralization
of organic matter. For this reason, soil fertilityprovement appears necessary.

We focused on crushed wood chips of small brandwssidering that due to its size and form, thisemial may be better
able to remain in place on slopes, compared ta dtinmms of common amendment, finer and easily ebgabby runoff. This
study aimed to test the effects of wood chip amesdmon the revegetation performance of plant sgemn eroded marly
terrains in a Mediterranean mountainous climatei{@&rn Alps, France). We hypothesized that in decdrof water erosion
and drought conditions of marly eroded land, thedvehip amendment, if able to remain in place, ddatilitate plant
establishment. The first point was subjected toigogbh observation. The second point was basedrenige measurements
on plants (counting, height, etc.). This study Wwased on two experiments, representative of twdoadst for installing
vegetation: planting of seedlings and seedinggifgs were dismissed owing to compactness and alggpenetrable soil).
They were carried out over three growing seaso0%222014). Different plant species were testedsyekies — six were
used in the two experiments — among those currerslyl and available in local tree nurseries, apdai adapted to the
type of environment under study.

2 Methods
2.1 Sitedescription

The site is located in the French Southern Ap$°9N, 6°21E) near Digne in Alpes-de-Haute-Provence (Figurerip
badland area composed of gullies. The climate isntanous and sub-Mediterranean, showing summaergthte with often
intense rainstorms. Over the three growing seasbtise experiments (2012—-2014), the descriptiooliofiatic parameters
was based on data from the Sévigné meteorologiatibis, 800—-1000 m from both experimental sitestifyuthis period,
the mean annual total rainfall was 920 mm and tlezage annual temperature was 10.2°C. High climagitations were
observed both on the season scale (20°C differenaeenthly temperatures between winter and sumnaex] on the year
scale (long drought period in 2012). The 2012 sumdreught was particularly severe: June and Jubwsld a rainfall
deficit of 67 and 83%, respectively, compared tey88r averages. Even more fluctuating are the seteainfall events:

rainstorms generally occur randomly and can be hegvy, especially in summer. Some rainfall inté@sican reach 70
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mm h' lasting 1 h (Rey, 2009). Over the 3-year peribd,most intense events (more than 50 rinfebting at least 15 min)
all occurred from the last 2 weeks of June to et & August (once in 2012, three times in 2013¢évin 2014).

The soil composition depends on topographic camutiand alternates between a loose regolith lageilerf disintegrated
black marl fragment on the slopes and black matinsent mainly on gully beds. The top layers are enaficoarse matrl
fragments within a fine silty matrix and presentloarbonate content, from 20% to 35%, with pH vagyfrom 7.8 to 8.1
(Wijdenes and Ergenzinger, 1998). The slope gradserelatively steep, reaching 75% in most casethe steepest parts of
the gullies. Spontaneous vegetation is presentdis@ersed manner, mainly on the lower and highetspf gullies, rarely
on the slopes. The dominant tree specieRinsis nigra and the shrub layer is mainly composedwfiperus communijs
Hippophae rhamnoideand Buxus sempervirengven more dispersed af@nonis fructicosalavandula officinalisand

Robinia pseudo acacia

2.2 Plant and seed materials

We conducted two experiments to study two modeagw#getation over three growing seasons: 1) plarg@edlings of ten
plant species, hereafter designated as “plant empat,” and 2) seeding of nine plant species (Tablénereafter designated
as “seed experiment.” Six species were used in éxplerimentsAcer campestréd.., Alnus cordata(Loisel.) Duby,Buxus
sempervirend.., Hippophae rhamnoidek., Juniperus communik., andLavandula officinalisChaix. Four species were
tested only in the first experimer@uercus pubesceilld., Pinus nigraArnold, Robinia pseudo acacik., Salix caprea
L., and three species only in the second experini@ycnium pentaphyllunscop.,Anthyllis vulnerarial., Ononis natrix
L. This set consists of ligneous and semi-lignespecies, mainly shrubs that commonly grow in eradeady lands around
the two experimental sites (excégdhus cordatq The choice of the species and the method oftaéiga installation (seeds
or young plants) depended on the plant materidlabitities in the local tree nurseries and accdrdéth results of previous
local studies (mentioned above, especially Burylal.e 2014a).

Wood chips came from woody wastes of small branelfies tree pruning in local public parks. It waainty composed of
poplars, lindens and plane trees. In the two cdakesyood chips were mixed and spread on the sdfiise after seedling or
planting operations, and formed a homogeneous Fhick-layer. The seed densities depended on thelespéested and
were chosen according to the supplier's recomméntat{Table 1). Because of the soil hardness, piatablishment
required boring a 5-cm-diameter and 17-cm-deep Wilea drilling machine. This size correspondedht® size of the plant

containers of all the species tested that werelgapbpy a local tree nursery.

2.3 Experimental design

For the two experiments, half of the surface areas wovered with wood chips. The plant experimemsisted of five
randomized completed blocks composed of two platstfol and wood chips). Each plot was composefbaf replicates
arranged in a row, and each row was composed dfitgite trees of each species tested (Figures 3atithch plot covered

4 m2, The seed experiment consisted of three raiza@ohblocks divided into nine plots correspondiagtte plant species.
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Each plot was divided in two 1-m?2 half-plots copesding to the soil treatment (control or wood ehifeach half-plot was
1 m x 1 m and divided into four 0.25 m?2 sub-pld¥gy@res 2 and 3). For the two experiments the ldogkre generally
placed in separate gullies. They were dispersed ameapproximately 1-ha surface area, as far asilgeson similar
ecological conditions (slope, soil, hydric erosion)

2.4 Observations and measur ements

The experiments were carried out over three groweagons (2012—-2014). Measurements and observatwasonducted
three times a year in order to divide the growirgsens: i/ at the end of May, ii/ at the end ofy il the beginning of
August, iii/ at the end of September or the begigrof October. This frequency allowed us to obséneerhythm of plant
development during the growing seasons and to atethe effect of certain climatic parameters.

We quantified the seedling emergence of seeds bgticw the number of seedlings of plant speciesnsomweach sub-plot.
The possibility of emergence of other plant spegias also sought. For the plant experiment, segsllimere considered
alive if living tissues in leaves, buds or stemgenebserved. We measured the plant height frongtbend to the terminal
bud of the tallest stem. The latter parameters wexasured three times a year. The stem basal diamas measured at the
root—shoot junction only once a year at the enthefgrowing season. Compared to growth in heigkt,censidered that
growth in diameter was very low and did not neederiban one measurement per year. For each measurean empirical
observation of the state of the wood chip plots masle (export, covering, degradation).

2.5 Statistical analysis

Most of the data were non-normal, following differedistributions and requiring nonparametric analy$t was also
necessary to involve random effects. We fitted gaimed linear mixed models (GLMMs, Bolker et &Q09) that can be
performed on both normal and non-normal data almvad us to analyze both fixed effects (soil trezibn species in the
two experiments) and random effects (plot). Segdiimergence data were modeled using a GLMM witho&sBn
distribution. Data on young plant mortality wereabzed with a binomial distribution. Young planbgrth data (diameter,
height) were analyzed using the linear mixed mdd&M) with a normal distribution. These analysesoaled us to
research the effect of soil treatment that is casedoof only two modalities (wood chips or contrai}h likelihood ratio
tests. The species effect was also indicated leutlifferences between species cannot be known.

Seedling emergence data correspond to the maxinfiw®edlings out of the initial number of seedsasteplot, during the
1st year, the 2nd year, and all three years. Yqiagt survival data correspond to the number dhgjtrees after the first,
second and third growing seasons. The growth data wansformed to obtain relative data, with #edénce between final
measurement and initial measurement divided bialniteasurement, in order to minimize the effedndfal plant size. All

data were analyzed with the R statistical packéged.
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3 Results
3.1 Wood chip observations

Over the 3 years, we clearly noted that wood chgpsained in place and were hardly ever carried awagurface run-off.
During the first few months (first and second meaments), white-rot fungi presence was observedaliothe plots and
seemed to increase the cohesion of wood matenalthe next 2 years, the white-rot fungi were rovigible. On the other

hand, the material was partly covered by sediment.

3.2 Plant experiment

Considering plant survival, the experiment showeibaificant effect of both specieg«0.003) and soil amendmemm{ 0

3 Table 2a). The rate of survival quickly decreasgtti Alnus cordatalLavandula officinalisandSalix capreao almost 0%
from the first growing season. They were removedf@other analysis. The best survival rates werseoled withAcer
campestreQuercus pubescenBinus nigrg Robinia pseudo acaciandBuxus sempervirenshich exceeded 50%. The two
other speciesHippophae rhamnoideand Juniperus communjishad intermediate results. A substantial posigffect of
wood chip amendment on the survival rate was ¢featvserved with these two species: respectiveB5 and 25% higher
survival rate with wood chips. Most mortalities ooed during the summer period of the 1st yearuféig 4 and 5), which
corresponded to the most severe drought in congravigth the next 2 years.

Concerning the growth of young plants, significaffects were observed i/ for soil amendment withntéter and height
measurements and ii/ for species with diameter gmbble 2a). There was a marked difference in thecies ranking
between diameter and height results (Figure 6).iffgiance Pinus nigrashowed higher relative growth in height than in
diameter. On the contraQuercus pubesceramdHippophae rhamnoideshowed higher growth in diameter than in height.
Differences in plant architectural forms were olgpwith a shrubby form that showed no apical damie (especially
Hippophae rhamnoid¢sand an arborescent form (especidfiynus nigraand Robinia pseudo acacjiaMoreover, some
speciesAcer campestreQuercus pubescenshowed some dried apical stems, leading to pnabkessessing the initial plant
growth and the comparison between species. Nevest)ethe results were very good Rubinia pseudo acaciandPinus
nigra, which doubled in height (and doubled in diaméoerRobinia pseudo acacjdefore the end of the 3rd year, and for
Buxus sempervirerts a lesser extent, which reached a 50% relatiestly increase at that date. Conversely, we nogey v
low growth of Quercus pubescenduniperus communiand Acer campestrewhich did not show real growth after three

growing seasons.

3.3 Seed experiment

In all sub-plots we did not identify other specilkan the species sown. Analyses revealed thatftbet ef species and soil
amendment were significant in 2012 and 2013 (Tab)e The date of emergence (Figure 7) separategtoups of species:

i/ Alnus cordataHippophae rhamnoide®orycnium pentaphylluAnthyllis vulneraria Ononis natrixthat sprouted mainly

6
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in the 1st year and ikcer campestreBuxus sempervirenduniperus communigavandula officinalighat sprouted mainly
in the 2nd year. In both cases, no plants survigaeder than one growing season. Three species tegroew leaves for
only one seasorHfppophae rhamnoidedAlnus cordataand Lavandula officinalis) the others sprouted shoots over two
seasons (Figure 7). We observed an obvious posffeet of wood chip amendment for most speciesnduthe first two
growing seasons. Some of them showed emergenceigapaly with wood amendmentAlnus cordata Lavandula
officinalis, Buxus sempervirenécer campestreand Juniperus communisThe significance was clear even if it almost
disappeared and no plants survived after the segonging season. Systematically the emergencededesased over the
growing season. Whatever the year and the speciggher rate always occurred in spring and it eised during summer
and autumn (Figure 7).

4. Discussion

Although based on empirical observations, we ndted wood chips remained in place during the olmew period. On
the basis of the meta-analysis of Garcia-Ruiz.gR8l15), compared to numerous studies on erosit&as around the world,
we can reasonably consider our experimental plodeuvery steep slope gradients and moderate nmearabprecipitation.
Moreover, local and particular events with veryeirde rainfall are possibly frequent in summer aedevobserved during
the 3 years. So, according to the climatic and gogehic factors observed during the study pericahdvchips seem able to
remain in place under severe erosive constraints.

Wood chips offered the best results with seeds @t @& young plants. The benefit was i/ evidentrexgards seedling
emergence and plant survival and ii/ less efficantegards plant growth. For the first point, ¢hiédsdings are in agreement
with the reported performance of various mulchesserving soil water and consequently promoting lgegeéstablishment
(Woods et al., 2012; Benigno et al., 2013; Hosaiiet al., 2014).

The positive effect on seedling emergence was oisyialthough it did not last over 2 years. For fepecies, it only
occurred with wood chip amendmeBtixus sempervirens, Acer campestre, Juniperus camignd Lavandula officinalis
For the five others, the positive effect of woodpshwas often significant. We must also considerphssibility of the soil
seed bank effect on seedling emergence. In eadh v did not identify other species than the ooers We cannot
dismiss natural emergence from the soil seed basteid of sowing); considering the very low spoetaus emergence rate
in the vicinity of sown plots, this possibility aggred unlikely. These results are consistent wigvipus research on
seedling emergence (Eldridge et al., 2012; Benggral., 2013) where soil treatment and tested dpaties were different.
Cerda and GaratFayos (2002) noted the influence of the size strape of seeds in their removal by water erosiam. O
results are partly consistent, considering thathtbaviest seeds (especiallger campestiewere completely removed on
untreated plots, but we did not have sufficient smeaments on the seeds of the tested species tiowmanalysis of these
criteria. The same holds true for the effect ofaffimnd sediment yield on seed removal studied by kt al. (2011). It is

obvious that wood chip amendment improved seed ganee capacity. As we cannot determine whethedebesive role is

7
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to avoid removal of seeds by water or to maintaiih moisture conditions, both cumulative effectsanbe considered.
Other studies investigated the influence of orgamieendment on the moisture of eroded soil (in paldr Ojeda et al.,
2003; Hueso-Gonzélez et al., 2015), but the cortéxoils, types of amendment and slope gradiere wgignificantly
different, and the comparison is not relevant. Adew to Bochet et al. (2007), soil water availdbilafter rainfalls
occurring during the germination period played gamaole in seed germination. These authors ands&xrq1995) also
suggested that the species’ ability to germinatieudrought conditions could indicate a specietéptial for success under
semiarid conditions. In this way, considering tte¥nginations during the strong drought period in 204&e can assume
some species’ potentials, especially witlppophae rhamnoides, Dorycnium pentaphyllum, Alishyulneraria, Ononis
natrix and finallyBuxus sempervirens a lesser extent, even if this ability did natlmore than two seasons.

Regardless of soil treatment (wood chips or no wobighs), with an overall survival rate close to 50%0% for some
species) after three growing seasons, the plantirspedlings appeared to be an efficient revegetatchnique for gully
slopes. In comparison, the advantage of seedingiaiggroved. Reserves in ligneous tissues seemstare the best chances
against dry summer conditions during the criticslablishment period. Most plant mortalities occdrduring the first
summer, which was the driest of the 3 years, arairoed very little during the following summer dgiis. Another
approach could be to associate seeding with dilioles, as was experimented by Lee et al. (2013).

We also noted that differences in performance wgererally greatest between species than betweatimigats (wood chips
or control). The choice of species that were wdkhmed to drought conditions is essential and shusly has provided
additional data on that point. Several species shaive capacity to resist and remain in our expamtad conditions (slopes,
drought, flow erosion)Robinia pseudo-acacj@&inus nigra Buxus sempervirensold both survival and growth capacities;
Hippophae rhamnoidescer campestrgQuercus pubescemsaintaineda satisfactory survival rate. To meet the objeabife
revegetation, these species must also show penfmenir erosion control. Thanks to the synthesiskvad Burylo et al.
(2014b), we have information on the response afettefraits of these species related to erosioradyos in the same
ecological conditions. The combined analysis oftthe information sources allows us to improve theice of appropriate
plant species. Lastly, for the three species netetkin the young plant experimemaofycnium pentaphyllumAnthyllis
vulneraria Ononis natrix) the field capacity on gully slopes was not knowd &ill require additional experimentation.
Numerous studies have emphasized the value of iergamendment for revegetation and erosion contsele (the
introduction). The novelty value of our results cems the positive effect of wood chips for revatiet in a steep slope
context. Bochet and Garcia-Fayos (2004) underscbrethe difficulty of revegetating slopes with aeglgreater than 45°
(100%), where the probability of seeds moving dollihhigh.” Other applications have to be exantine larger contexts
of restoration and bioengineering works. The qoestif wood chip supply must be also considered.s@ening the
requirements for wood chips in revegetation wodec{duous trees, low-diameter branches), the sugfdych material can
be difficult. The commercial competition with othemod uses (the wood-energy industry in particukamy the low
production margins that cannot support transpostss@dd further to these difficulties. As far asgible, solutions must be

found in local production.
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Finally, we must also investigate the contribut@frthese results for the bioengineering works i tlontext of degraded
marly areas in the Southern French Alps. We alrdatyw the possibilities and the limits of revegetaton gully beds
(Rey, 2009). The main objectives of the two experits were to assess revegetation techniques oy gjolbes. The
outcomes allow us to establish the requirementthase conditions such as planting seedlings ofaremlant species
(especiallyPinus nigra Buxus sempervirenand Robinia pseudo-acacjahat can be improved by a wood chip layer, in
addition to willow cuttings and wooden sills on lgubeds. Such operations will require new experiteen test the two
bioengineering techniques on slopes and beds adaime time. Revegetation by seeding cannot be memaied on the
basis of our results, even if the failure can bela@red by very dry climatic conditions during thst year. Further
experiments should be considered, in particulatetiermine whether seeding in autumn can limit thpaict of a possible
drought during the first growing season.

5. Conclusions

In the two experiments, the wood chip supply wadrithiuted on steep slopes and in a context of watesion. We showed
that wood chips succeeded in remaining in placpitiethese erosive pressures and, at least duran{irst 2 years, have a
positive effect on revegetation, mainly on plantvétal and seed emergence capacities. This resulearly confirmed in
the seed experiment where, for several speciesjigation occurred only in the presence of wood shipring the second
growing season, after intense rainfall events. flie experiments allowed us to test two methodswégetation: seeding
and planting of seedlings. We showed that reveigetain gully slopes is possible with the secondhmeét The supply of
wood chips can improve the establishment of youtantp, limiting the mortality rate. The results kwithe seeding
experiment were not as convincing. However, evehi#f study was limited in time, we noted seedkimgergence capacity
in association with wood chip amendment. All thesgible applications of wood chips were not yet knobut we can
consider that the gain in terms of plant survivat agrowth can be possibly decisive in revegetatimrk contexts,

especially when extreme climatic events occur.
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llustrations (tables and figures)

Table 1. List of species tested in the two experimentsse®tl density (for species tested in the seed enpst)

Seed density

Plant species
(number / m2)
Tested in one experiment
In the plant experiment In the seed experiment
Quercus pubescemilld. (Que), )
. ] . Dorycnium pentaphyllurBcop.(Dor), 4 000
Pinus nigra Arnold (Pin), ] ]
o Anthyllis vulnerariaL. (Ant), 8 000
Robinia pseudo acacia (Rob), ) ]
) Ononis natrixL. (Ono) 4 000
Salix capred.. (Sal)
Tested in both experiments
Acer campestrée. (Ace), 120
Alnus cordatgLoisel.) Duby(Aln), 580
Buxus sempervirens (Bux), 120
Hippophae rhamnoidds (Hip), 190
Juniperus communis. (Jun), 190
Lavandula officinalisChaix (Lav), 1600

In parentheses: species abbreviations
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Table 2a. Plant experiment: likelihood ratio tests for fixeffects (soil treatment in species) based on a¢igdized mixed-
effects models (GLMM) for plant survival and onlidear mixed-effects model (LMM) for relative grawtluring the first

three growing seasons.

Effect 12 p-value
Survival

Soil amendment 8.60 0.003

Species 150.7 <0.001

Effect e p-value

Relative growth in diameter

Soil amendment 7.48 0.006

Species 124.98 <0.001
Relative growth in height

Soil amendment 44.31 <0.001

Species 0.09 0.764

P-values in bold indicate a significant effect (9%).

Table 2b. Seed experiment: likelihood ratio tests for fixeftects (soil treatment and species) based on ghaeat

mixed-effects models (GLMM) for maximum seedlingeggence

Year e p-value
Effect
2012
Soil amendment 22.72 <0.001
Species 427.25 <0.001
2013
Soil amendment 309.14 <0.001
Species 379.73 <0.001
overall
Soil amendment 183.77 <0.001
Species 164.59 <0.001

P-values in bold indicate a significant effect (9%).
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Figure 2. Experimental design of the two experiments (seeigj abbreviations in Table 1)

Figure 3. Pictures of the seed experiment set-up (left)thedblant experiment set-up (right)

17



Solid Earth Discuss., doi:10.5194/se-2016-11, 2016
Manuscript under review for journal Solid Earth
Published: 21 January 2016

(© Author(s) 2016. CC-BY 3.0 License.

Solid Earth

Discussions

250
200 -
. [ Precip
2
2 150
5
[
*
o~
u 100
S
£
o 50
2 - —
[
S
- } dii 11T
0_
g2 A~ A oA AN~ A AN A
&
[
NN AN NN NN NN NN OOO O OO oOnO OO0 o00o0S $@ S s s s s S S S
Jegdeddaddaddaddagadaegdadgqdoadodoeogdaeadgadgedsgs
I:.Q‘«-,‘->~C3HDQ.'6>UC.Q‘6‘->~CE°DQ.'J>UC.Q“€‘->~CE°DQ.'U‘
Ses2f§2-380248885222~3802882s5223°28¢
60
E Wood chips
)
g OControl
—
=
T
@ 40
v
T
e
o
Q
£
>
£ 20
©
g
—
o
=
0 - J:I_. (] m | [

$S900y uadQ

EGU

Figure 4. Mortality rate of seedlings (bottom: number of degeks observed from the next assessment) andtidima

parameters during the three growing seasons (ohdmmoic diagram with monthly rainfall (mm) = 2*molihth

temperature (°C)). Black arrows indicate the obston dates. Mortality rates were calculated froeadl plants per

stage referred to the live plants at the previdages
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growing seasons after planting (see species alati@vs in Table 1)
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