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Abstract: Open lichen woodlands (LWs) are degraded stands that lack the ability to
regenerate naturally due to a succession of natural and/or anthropogéuricances. As they
represent both interesting forest restoration and carbon sequestration opportunities, we tested
disc scarification and planting of two sizes of containerized black spRicea( mariana

Mill. (BSP)) seedlingdor their afforestation. We compared treatment of unproductive LWSs to
reforestation of harvested, closexbwn black sprucéeathermoss (BSFM) stands. After one
year, seedling survival and nutritional status were equivalent among stand types but despite
higher root elongation indeXREl), planted seedlings in LWs had lower relative growth rate,
smaller total biomass and stem diameter than those in BSFM stands. Soil fertility variables,
soil temperature, nor seedling water potential, helped at explainggaty growth response.

Disc scarification significantly improved seedling fisgar survival, biomass and foliar
nutrient concentrations of P, Ca, and Mg. Smaller planting stock showed Rghenigher

shoot water potential, and higher foliar nuttieoncentration of all but one of the measured
nutrients (N, P, K and Mg). Hence, preliminary results suggest that planting of smaller
containerized black spruce stock, combined with disc scarificasbows potential for
afforestation of unproductive LW he impact of the lichen mat and other potential growth
limiting factors on afforestation of these sites requires further investigation.
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1. Introduction

The sprucemoss bioclimatic domain accounts for most of the extracteuferouswood volume
(~20 millions nt per year)in Quévec [1]. In this important $12400 knf) ecosystem of
closedcrown boreal forestconsecutivedisturbances by spruce budworm outbreaksdfires and
harvestingcan cause black sprucwturalregeneration failure, leading t&table statainproductive
open stands called lichen woodlands (L\2)4]. LWs are one type of open woodland (OW)
characterised by their important (>40%) lichen ground cover iace 4950, there has been a notable
expansion of LWSs, between the 7@id 72°W meridians consequentlylecreasing closecdrownpure
black sprucdeathermoss (BSFM) stand cové&], which areendemic tonortheasternAmerica[4].
This particular stand dynamic, where LWs are alternative stihtes of former BSFM stands
suggest an inherent support capacity of LW higher tree density after afforestatipsincethese
standspresented aigher productivity prior to th@pening procesgt,6i 8]. Management of thesgpen
stands may generate new productiveest areas and increasewod producd, but it can alsareate
increaseatarbon sink and greenhouse gas offsgtportunitied6,79].

Few studies have been carried out on the afforestation potential of,9)sbut somesurvival and
growth limitations in a similar stand type known Kalmia-Ledumheath® which share similarities
with LWs in terms of low tree density and abundant ericaseshrubd have been identifieflLOi 12].
Allelopathic interference, water stress and nutrient pool depletion by competitive species and/or
reduced soil fertility are alpossiblelimiting factors[7,11,13]. They can be partlycounterbalanced
with sufficiertly aggressivesite preparation, in particular soil scarification and herbieipplication
that can decrease the impact of competitive vegetation on planted sedd|iti§]s Potential nutrient
limitations in LWs may be inferred througthesestudies onKalmia-dominated heathgl2,14i 16,
although correspondence in site fertility between LW ldalinia heaths has not bedemonstrated

Allelopathic influence ofgroundlichens on conifer seedling growth is not well understpbdg.
Fisher[18] showed thathe deposition oCladina stellarismulch over the growing medium of black
spruce Picea marianaMill. (BSP) seedlings reduced their growimd nitrogen and phosphorous
foliar concentrations. On the other hand, Haael Filion [19] found that although the lichen mat has
a negative impact on growth and survival during the establishment phase of whiteagspruce
seedlings, it has a positive effect on growth once the seedlings are established.

In addition, LWs are reputeto be droubt-prone habitatsvhere water stressan be afactor
contributing to planted conifer growth chefk20,21]. Water relations of planted conifers in IsW
have been investigataead Hébert et al.[7], who showed that with disk gtfication the water status of
black spruce and jack pin®ifus banksiandamb) seedlings planted in si#@epared LVE was not
different from that of seedlings planted in adjoining managed BSFM ssteandwn asless water
limiting environmens.
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In harvested boreal coniferous standgmpetition for light is weak and light availability at the
seedling level is sufficient to achieve maximum photosyntH@2d23]. The use of large seedlings
is then not necessaryand the use of smalleicontainerizedseedlingsmay be advantageous in
fidrought proné habitats since they are less sensitive to water s{@8s Furthermore, smaller
containerized seedlings, compared to traditional containerized stocks could be econamicallyor
the afforestation of these remote boreal LWs, especialihe context of growing carbon markets
where low carbonintensive and costffective offset options will be the preferred ones for rapid
implementatior]9,25,26).

This paper presents the first year refultise short but yet critical establishment winddor
planted seedlings in terms of survijal20]0 of an experimental plantation network established in
LWs and BSFM stands in 2005. The experiment was designed to test the afforestation potential of
LWs with different silvicultural treatments. The objectives were to evaluate if harvesting and site
preparationin LWs could lead to seedling survival, growth and physiological functions comparable to
those observed in BSFM stands subjected to similar disturbafnether objective wastevaluate
the performance of smaibntainerizedseedlings compared to the conventional containerized seedling
stock. It is hypothesised that @pntrary to Héertet al.[7] where LWs and BSFM stands were not
equally disturbed, similar level in disturi@e intensity onLWs and BSFM stands will generate
comparable seedling survival, growth and physiological functions; (ii) scarification will increase
seedling survival, growth and physiological functioard (iii) size of planting stockwill not affect
seedlingsdé survival, growth and physiological

2. Methods
2.1 SiteDescription

The experiment was carried out on two different forest management units at the junction of the
BSFM and the balsam fpaper birch bioclimatic domaso f Qu ®b e ¢ 0 s[27hronthefdadc f or
SaintJean, Qc, Canadd&i@ure 1). The climate of this area is cool continental with a mean annual
temperature varying from1.8 €1 1.4 € with total precipitation varying from 919i870.9 mm, with
237.8 309.3mm as snow. The number gfowing degreedays >5C ranges from 970.912354. Frost
free daygange from 13B8151[2§].

Eachof the six studyblocks wereselected on the basis of two criteria: The proximity of a pure
BSFM stand of high density to a L\{¢tands were adjoining in four blocks, antl km apart for the
two other blocks)presenting the same geomorphologic characteristics (aspect, slope, soil deposit,
drainage); (ii)Both stand types had to be over 70 years old with the same age (10 years}jute@
they originated from the same major disturbance.

The BSFM stands were all dominated by black spruce, representing at least 75% of the basal area ©
each standwith jack pine Pinus banksianaLamb.) and trembling asperP@pulus tremulades
Michx.) as companion species. The understory included black spruce advance regeeeictaguUSs
shrubsand a dense mat of mosses
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Figure 1. Location of the six study blocks (red stam) Quéec, Canada. Small black
dots representll open woodlands, ingtling lichen woodlandsunder (red line) the
northern limit oftimber allocation(Québec Ministry of Natural Ressourcesd3decennial

forest inventory.
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The LWs stands had a tree crown cover <25%, with black spruce representing at ¥éasaséd
area of each stanwvith P. banksianaand P. tremulales as companions species. The lichen ground
cover was more than 2§ dominated byCladonia spp with shrub layers composed of the same
species found in the BSFM stands.

Three out of thdour blocks of the Pé&ibonka site were located on deep (>100 cm), coarse textured
glacial till deposit, overtopped by 4 & cm mor humus. The remaining block was located on a deep
glaciofluvial outwash deposit overtopped 614 cm mor humus. In the Mistassibver site,one
block was on a moderately deep (<100 cm), medium to coarse textured glacial deposit with an
18132 cm mor humuswhile theLW in the otherblock was located on a moderately deep (<100 cm),
coarse textured glaciofluvial depqsaind the BSFM stand was on a thin (<50 cm), medium to coarse
textured deposit. Both stands were overtopped by 48.6m mor humus.

2.2 ExperimentaDesignandBiological Mateial

The experimental setup is a six blofectorial splitsplit plot design Each block consists of 2 ha
of a harvested BSFM stand adjoining 2 ha of harvested E¥¢h stand typewas split into two
subplots which were randomly submitted to two treatments, with (S1) or withousi{&@yeparation
(scarificatior). Each subplot wathen split into sutsubplots to which were randomly assigned one of
two sizes of containerized black spruce seedling stock. As a result, thereigigexperimental units
(eu) per block, for a total of 48.
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Logging operations took place isummer2005 folowing careful logging around advance growth
(CLAAG) stemonly methodScarification of the S1 plots followed with either a mechanical TTS disc
trencher (P&ibonka site) or a hydraulic TTS disc trencher (Mistassibi siti@grimpose@n one half
of thepreviously logged area

Larger 67-50 seedling(67 cavities of 50 cf height= 204 mm, root collar diameter 2.20 mn)
and recently introducedmaller 12625 (126 cavities of 25 cf height = 122 mm, root collar
diameter= 1.39 mm) containerized black sjge seedlings produced from local seed sources giown
a mix of peat moss and vermiculite (3:1 vivere used.Thirty seedlings of each stock size were
randomly selected in containers bef@lantation,in order to establish their morphological attrilaite
(height, diameterand biomagsand nutritional status?lantation took placeluring the last week of
August 2005(Pé&ibonka site) and during the first week of September 200i5tassibi river site) A
total 0f49,000 seedlings were planted with a two metgpacing, both in the skid trails (SO) atidhe
hinge ofthe scarification furrows (S1). On average, scarification furrows were 16.2 cm deep, 57 cm
wide, corresponding to 2% of the total area in scarified plots of Is\wand 15.2 cm deep, 67 cm
wide, representing 21.4% of the total area in scarified plots of BSFM stands.

2.3. PhysiologicalMeasurements

During summer2006 shoot gas exchange was measured onramolomly chosen seedlings per e
(16 seedlings/block) at two sampling dat€$, 1i 7 June (4 blocks; using otyear old foliage
developed in the nursery) arfd) 8123 August (5 blocksusing current year foliage)lt was not
possible to sample from all blocks due to travel time between blocks and weéthsurements were
made at fullsunlight (between 10:00 and 14:00 kY ensure photosynthetically active photon flux
density above 1206mol photons rif-s . A Li-6400 portable photosynthesis system@OR, Inc.,
Lincoln, NE, USA) with a conifer chamber maintained at 25, 400 ppm of ©, and air flow of
500emol-s * wasused.

In mid-August 2006, pd awn (bet ween 02: 00 and O04),wWwa8 h)
measured on twoandomly chosen seedlings perfelliowing a minimum 24 h rain free period. Each
excised apical shoot was rapidly put in a plastic drad placed in a cooler with ice until measurement.
All shoots in a block were collected within 4dinand measured within x2 h
wasdetermined using a pressure chamber (PMS Instruments, CorvalislS2RModel 610)[29].

2.4. Survival andVorphological Meaurements

Survival of 100pre-identified seedlings/euwas recorded in the fall of 2005 (plantation year) and
the fall of 2006 For the Husky 2 block, number of seedlings was reduced tia 6€der toavoid side
effects asthesestands werdong and narrowSeedlings were considered alive when they showed at
least 100 of their foliage turgescent and green. Morphological measurements were performed in the
laboratory on threeandomly selectedeedlings perie Samples were carefully dug out during the last
week of OctobeP005 and2006 to extract roots down to a minintekhmeter of 1 mm. After washing,
the two longest roots of each seedlify fiearest mm), total seedling height:(nearest mm), stem
diameter (1 cm above the first roof)s( nearest 0.1 mm) and dry mass of the stem, root and foliage
(65 °C for 48 h) wee recorded. To determine root elongation indeEIN (2006 seedling only), sum
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of the lengths (mm) of the two longest roots of each seedling was divided by the root total biomass (g).
Composite foliage samplex the current year leadef three seedling from each ewvere collected
and analysed for their nutrient concentration (N kjeldahl, P, K, Ca, Mg). Analyses were made with an
inductively coupled plasma spectrometer (model ICAP 61E and ICAP 9000) following a one hour
digestion in concentrated sulpluacid with selenium and hydrogen peroxide at 870

Average eedling relative growth rates (RGR) were calculated using the following equation;
In(W,) - In(W,)

RGR=

whereW; is total biomass of seedling &t(fall 2006) andW; is total seedling

t
2 1
biomass at; (fall 2005). This equation takestamaccount initial seedling size and yields an unbiased
estimate of RGR under all conditiof80]. The same calculations were appliedthrandDs, but these
results are not presented hey were similar to those with biomass.

2 5. Abiotic Variable Measurements

On one block peforest management uni2), two data loggers (CR10X, CAMPBELL Scientific,
Canada CorpEdmonton AB, Canad® one per standfour data loggers total)were installed to
monitor mineral soil temperatures at 10 cm deep in the skid t(Qilgprobes/standand in the
scarificationfurrows (2 probes/standMeasurement were taken eactmén using temperature probe
(107B, CAMPBELL Scientific, Canada Corpjd averaged by hours.

Nutrient concentratias in the mineral soil( i Borizon S e e bobt izamgy lkade also been
investigated. Samples were collected with an AUGER soil sampler (Soil moisture equipment,
Santa BarbaraCA, USA) on 2 perpendiculatransects of ten samplirgpos in eacheu (10 mspacing
between the samplingpot). Soil sample have been pooledt theeulevel and analysed for nutrient
concentration (N, K, Ca, Mg Mn, Al, Fe, Na, $ Analyses were made with an inductively coupled
plasma spectrometer (model ICAP 61E and ICAP 9000) following a one hour digestion in
concentrated sulphuric acid with selenium and hydrogen peroxide &.370

2.6. Statistical Analysis

Analyses of varianceANOVA) were performed using six block completesplit-split-plot design
for each seedling morphological variable, with stand type as the main plot, site preparation as the
subplot and planting stock size at the-subplot level. For physiological variables, the sampling dates
were considered as anottgplit level (two dates).

For seedling foliage nutrient content, plot levels were the same as for physiological variables but
with three dates instead of two. In case of interaction with date, polynomial contrasts were performed
to determine if it was liear or quadratic and the most significant was taken into acd@dht
Additionally, another contrast was performed on the last sampling date to determine if there was a
difference between stand types, site preparation treatment and planting stockiy de&all nutrient
concentrationA Bonferroni correction was applied in order to diminish type | error ratp,(30.025
was deemed significarf32]. For soil nutrient concentrations, ANOVAs ons& block complete
split-plot design were performed with the stand type at the main plot and the treatment (SO or S1) at
the subplot level, significance was set po< 0.05.
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ANOVAs were performed using the REML procedure of JMPin 7.0 software (SAS Institute, Cary,
NC, USA) and polynomial contrasts with the GLM procedure of SAS 9.1 software (SAS Institute,
Cary, NG USA). For each variable, homogeneity of variance was verified by visual analysis of the
residualg 33] and data transformations performed when nece$3d}y

3. Results
3.1. Seedling Survival and Growth

Seedling survival was high (>85%) and similar between stand,typescarified plots (S1) showed
a 8% (92%vs.86%) higher survival rate compared to seedlings in unscarified conditions (S0). Planting
stock size also significantly affected seedling survival rate with @8%7% for thelargerandsmaller
stock respectively (Tabld).

Seedlings total biomas8{) and stem diametebg) had respectively 27 and %2higher values in
BSFM standscompared to LW (Table 1, Figure 2A,Q and theirRGRwas also higher in BSFM
standscompared to LWgFigure 2D.

Scarification significantly increase8ll seedlingbiomass(33%) compared teseedlings iSO plots
(Tablel, Figure2B). As expected for containerized seedlings with initial difference in BizeHt and
Ds were significantly(Table1) higher in thdargerstock size compared to tkenaller one, butelative
growth rate RGR of the smallerstock size was significantly higher, nearly twice that of ldrger
stock size (Tabl&, Figure 2G.

Seedlings in LV¥ had higher REI values than those in BSFM sta{dable 1, Figure 2F In fact,
site preparatiorand planting ®ck size interacted to affect seedliRdl resulting insmaller black
spruce stockbeing negatively affected by scarification whereas larger seedling stock were not
(Tablel, Figure 2B.

A Stand typeg Site preparatiori Planting stock interactiosignificantly influenced the seedling
root/shoot dry mass ratidr{S), the R/S of smaller seedlingbeing lower in scarifiedBSFM stands,
while that of larger seedlings was significantyver in scarifiedLWs (Table 1, Figure 3p A Stand
types* Site prgparation* Planting stock interactioalso significantly influenced seedlingptal height,
revealing that seedlings in the BSFM were always taller than in the LWs, except for the larger
seedlings in the LWs scarified plots where LWs seedling were tadleiintBSFM (Table 1, Figure 3B



Forests2013 4 440

Table L Summary ofanalysis of varianceANOVA) results for total dry biomas®{), total height Ky), stem diameters) andbiomass
relatve growth rate RGR), survival,root to shoot ratio R/Skaig) and root elongation inde>REI) of black spruce seedlings, one year after
plantation in lichen woodlands and black spréeathermoss stands, in scarified or unscarified platsi with smaller (12@5) or larger
(67-50) containerized stock size.

Sources of variation Bt H+ Ds RGR Survival R/Sratio REI *
ndf  ddf p ddf p ddf p ddf p ddf p ddf p ddf p

Block 5 5 0.2577 5.1 0.2252 5.09 0.1816 5 0.1337 3.996 0.8460 4.999 0.7512 5.08 0.0451
Stand Types (ST) 1 5 0.0116 5.108 0.0683 5.096 0.0097 5 0.0018 4.056 0.0811 5.045 0.2240 5.16 0.0447
Site preparation (S) 1 10 0.0363 10.05 0.0538 10.05 0.1516 10 0.0543 10.19 0.0012 9.688 0.6031 10.05 0.0029
ST*S 1 10 0.8284 10.05 0.4126 10.05 0.6826 10 0.6524 10.19 0.2238 9.696 0.5308 10.05 0.2298
PlantingStock Sizes (PS) 1 20 <0.0001 19.99 <0.0001 20.15 <0.0001 20 0.0011 19.6 0.0006 20.9 0.0246 20.39 <0.0001
ST *PS 1 20 0.5809 19.99 0.7759 20.15 0.6494 20 0.4026 19.6 0.8607 20.92 0.4756 20.39 0.5422
S*PS 1 20 0.4358 19.99 0.6217 20.15 0.9345 20 0.2368 19.6 0.9917 20.9 0.2778 20.39 0.0221
ST*S*PS 1 20 0.8871 19.99 0.0462 20.15 0.7170 20 0.5570 19.6 0.7443 20.92 0.0190 20.39 0.6858

Bold indicates significance(© 0 ; n6f 5 numerator degrees of freedpduf= denominator degrees of freedomr In transformed data.
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Figure 2. Stand typessite preparation (Sand planting stock(PS) size effects on the
(A,B) total dry mass, ,D) relative growth rate,K,F) Root Elongation Index anda)

stem diametepof containerized black spruce seedlings planted in lichen woodlands and
black grucefeathermoss stands, one yesdter plantationr{= 72 (A1 D,F,G), n= 18 E)).
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Figure 3. Stand types* Site preparation* Planting stock interactioreffects on
(A) root/shoot dry mass ratidR(S) and @) total heightof containerized black spruce
seedlings planted in lichen woodlands and black spieatbermoss stands, one year after
plantation(n = 18 for each bar)
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3.2. Physiological Response

Seedling nutrient foliar concentrations were similar in both stgmels with or without interactions
with other factors(Table 2). For its part, scarification negatively affected some nutrient foliar
concentration (P, Ca, and M@Jable 2, Figure 4C,EG). Overall, snaller seedlings had significantly
higherconcentratioa of foliar nutrients (except for Ca, Table 2, Figure #iFpughoutthe experiment
(Table 2 Figure 4A,B,D,F,H) but with some variation among sampling late expressed by the
guadratic interaction with seedlings type.
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Table 2. Summary of ANOVA results for the nutrient concentration (N, P, K, Ca, Mg) in current year foliage of black spruce seeellings o
year after plantation in lichen woodlands and black spfe@#hermossstands, in scarified or unscarified plots and with smaller-@3)6or
larger (6750) containerized stock size.

Sources of variation Foliar N Foliar P Foliar K Foliar Ca Foliar Mg

ndf ddf p ddf p ddf p ddf p ddf p
Block (B) 5 8.867 0.8042 9.056 0.3573 9.03 0.6334 8.54 0.4567 9.12 0.4805
Date (D) 2 8.886 0.4977 9.059 0.3156 9.03 0.1790 8.593 <0.0001 9.13  <0.0001
Stand types (ST) 1 13.87 0.1201 14.16 0.6597 13.77 0.8819  14.03 0.0652 13.56  0.5662
D* ST 2 13.87 0.2141  14.16 0.9292 13.77 0.5256 14.02 0.2887 13.56  0.8379
Site preparation (S) 1 27.84 0.2584  27.45 0.0095 27.28 0.9884  26.84 <0.0001 27.35 0.0415
D*S 2 27.85 0.7031 27.45 0.0684 27.28 0.2891 26.84 0.0034 27.35 0.1759

Contrasts

D (Linean* S - - - - - - 26.80 0.0002 - -

D (Quad)* S - - - - - - 26.88 0.0001 - -

SOvs S1 (D 427) - - - - - - 26.78 0.0024 - -
ST*S 1 27.84 0.5920 27.45 0.6095 27.28 0.6999 26.84 0.3278 27.35 0.9673
D*ST*S 2 27.85 0.9234 2745 0.6169 27.28 0.6759  26.84 0.7372 27.35 0.6749
PlantingStock size (PS) 1 54.90 0.0002 55.03 0.0034 54.99 <0.0001 54.33 0.3094 55.08 <0.0001
D*PS 2 54.90 0.2282 55.03 0.0338 55.00 <0.0001 54.33 <0.0001 55.09 0.0088

Contrasts

D (Linear)* PS 1 - - 54,73 0.0011 54.69 <0.0001 54.21 0.8724 54.81 0.00014
D (Quad)* PS 1 - - 55.35 0.0373 55.33 0.1309 54.45 0.1916 55.38 0.00013
126vs 67 (D 427) 1 - - 54.63 0.0242 5458 <0.0001 54.17 0.4629 54.17  0.4629
ST*PS 1 54.90 0.9805 55.03 0.6403 54.99 0.7788  54.33 0.9998 55.08  0.9890
S*PS 1 54.90 0.3652 55.03 0.8205 54.99 0.5825  54.33 0.6941 55.08 0.6729
D*ST*PS 2 54.90 0.8622 55.03 0.7129 55.00 0.7515 54.33 0.9413 55.09 0.6763
D*S*PS 2 54.90 0.6127 55.03 0.8093 55.00 0.6828  54.33 0.9556 55.09  0.9260
ST*S*PS 1 54.90 0.1929 55.03 0.6372 54.99 0.9855 54.33 0.8922 55.08 0.7861
D*ST*S* PS 2 54.90 0.5862 55.03 0.9430 55.00 0.7234  54.33 0.9672 55.09  0.9696

Bold indicates significancgg@© 0. 0p®) 00 r0 2(5) f;mdf= nurheeatorcdegreesrofdreetipduf= denominator degrees of freedom
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Figure 4. Stand type (ST), date (Dyite preparation(S) and planting stock size (PS)
effects on Q) foliar N, (B) foliar K (linear D* PSinteraction), C andD (linear D* PS
interaction)) Foliar P, E (quadratic D* S interaction) and ¢ (quadratic D* PS
interaction)) foliar Ca and@ and H (quadratic D* PS interaction) foliar Mg in
containerized black spruce seedlings planted in lichen woodlands and black spruce feather
moss stands, one year after plantatios (72 (A,C,G), n= 36 B,D), n =24 (E,F,H)). In

Figure 4B,Di F,H, thex axis represent days since plantatidine three dates shown
Figure4B,D,H are day 1 (plantation time), day 67 and day 427.
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Stand types, and seedling sizes did not affect any seedling gas exchange variab®.(Table

Table 3. Summary of ANOVA (degrees of freedom apevalues) for gas exchange
(light-saturated C®assimilation rate oA, stomatal conductance for water vapourggr
and wateiuse efficiency orWUE) measured during the first growing season after
plantation, of black spruce seedlings planted in lichen dlowls and black spruce
feathermoss stands, in scarified or unscarified plots and with smallerZ8p6r larger
(67-50) containerized stock size.

Sources of variation A gs* WUE
ndf ddf p ddf p ddf p

Block 3 3.079 0.2727 2.991 0.7195 2.893 0.1593
Date (D) 1 3.08 0.0516 2.991 0.4087 2.893 0.0455
Stand type (ST) 1 6.172 0.6319 5.342 0.4799 3.986 0.8498
D*ST 1 6.172 0.1506 5.342 0.5902 3.986 0.2679
Site preparation (S) 1 11.73 0.3687 8.797 0.8045 9.998 0.8657
D*S 1 11.73 0.9808 8.797 0.7468 9.998  0.6900
ST*S 1 11.73 0.7314 8.797 0.5180 9.998 0.9575
D*ST*S 1 11.73 0.4305 8.797 0.2651 9.998 0.5686
Planting stock sizes (PS 1 24.4 0.0669 1858 0.1875 23.48 0.1136
D*PS 1 244 0.1872 18.58 0.2814 23.48 0.1211
ST *PS 1 24.37 0.4089 1858 0.9452 23.46 0.4749
S*PS 1 24.39 0.7785 1859 0.0788 23.48 0.6637
ST*S*PS 1 24.37 0.4348 1858 0.2722 23.46  0.3353
D*ST*PS 1 24.39 0.5721 1859 0.7157 23.48 0.5757
D*S*PS 1 24.39 0.4501 1859 0.5247 23.48 0.0792
D*ST*S*PS 1 24.39 0.4122 1859 0.6049 23.48 0.1543

Bold indicates significancgp(O 0 ; n@if5 numerator degrees of freedpddf = denominator degrees of
freedom * Data transformed; log (Stom cohd.0,000).

Seedlingwater potentialvas significantly different between planting stock sizes, with higher values
for the smaller (12&5) than the conventional (€0) seedling stock size (Table 4, Figl&). A
significant stand types * site preparation interaction revealed that thengepdidawrwater potential
was lower in LWs compared to that in BSFM stands in SO plots, but was equal between stand types in
S1 plots(Table 4,Figure5B).



Forests2013 4 446

Table 4 Summary of ANOVA (degrees of freedom apdralues) forAugust predawn
shoot watepotential x) duringthe first growing season after plantatiafblack spruce
seedlings planted in lichen woodlands and black spratbermoss stands, in scarified or
unscarified plots and with smaller (1:26) or larger (6/50) containerized stockzs.

Sources of variation dXpd
ndf  ddf P
Block 3 303 0.1302
Stand type (ST) 1 305 03873
Site preparatiorfS) 1 621 01511
ST*S 1 6.21 0.0232
Planting stock sizes (PS¢ 1 1230 0.0474
ST*PS 1 1230 0.1860
S*PS 1 1230 07778
ST*S*PS 1 1230 09613
Bold indicates significancep(O 0 ; n@if5 )numerator degrees of freedpuidf = denominator degrees

of freedom.

Figure 5. Planting stock sizeA) and Stand types Site preparatioimteraction B) effects

on the predawn shoot wat@otential measured during the first growing season after
planiation in black spruce seedlings planted in lichen woodlands and black spruce
feathermoss (=32 A), n=16 B)).
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Soil analyss resultsrevealed there was no significant differencehia concentrations of any soil
mineralnutrient(see Table 5 for stand type averages).
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Table 5. Mineral soil nutrient concentratian(N = gkg'?, and K, Ca, Mg, Mn, Al, Fe, Na,
S = mgkg'?) in scarification furrows and skid trailof harvested and scarified lichen
woodlandg (LW) and black sprucéeathermosse (BSFM) stands.

Stand type N K Ca Mg Mn Al Fe Na S
BSFM 1.09 13.01 79.65 9.08 1.95 206.24 7261 6.92 45.32
LW 1.31 14.64 43.48 5.67 1.43 200.4 8238 7.63 49.3

Soil temperature prolsaevealed thathe mineral soilof the scarification furrows (Siyasslightly
warmer inBSFM stand than inthe LWs during early spring However,during mostof the growing
seasoh Ws 6 soil were wup to two degr ebp Bor tivaskidriieit
(S0), soil temperatuse of BSFM standswere always just above LW trough the whole
monitored period.

Figure 6. Mineral soil temperaturedl, 10 cm deep) in scardation furrows(S1)and skid
trail (SO) of harvested and scarifiedichen woodland (LW) and black spruce
feathermosse (BSFM) stands.
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4. Discussion
4.1 SeedlingResponsé Sand Ty

Unlike what wadirst hypothesisedmorphological and growthariables revealed some differesce
between stand type<ontrarily to that hypothesised imédert et al. [7], where LWswere less
intensively disturbed than BSFM stands (BSFM stands harvessedrified, LWSs scarified onlythe
present studguggesi thatdisturbance level alone doest explainearlygrowth differences

These differences bet weeanygr@sRm marphdlogycavimtsbe s e e
explained bythe existing abiotic factors(slope, aspectdrainage,and soil deposit type deph,
temperature and nutrient amentratios) nor thephysiological variables monitored in this study as they
were equivalentThereby it can be hypothesisk that seedling response may leastbe partially
controlled by factors not related tbeseenvironmental variablesThe lichen mat in LW may have
I i mited seedl i ng snégativeeffect onrmycerrhizagl8 &4)s The poterdial reduced
root fungi infection in LW seedlings could have led to less efficient nutrient and water (iB&hke
explaining the superior growth of BSFM seedlings and the momextensive root network
(root elongation index oREI) developed byseedlings in LWswhich compensate for the lack of
mycorrhizaeHigher REl may haveenabled seedlinga LWsto explore darger soil volume, on a root
biomass basis, improving their chance of meeting their physiological ,neetseseinitially less
fertile soilsin the soil solution22], to the point of finding ndifference inseedlingfoliar nutrient
concentratioeand photosynthetic ratégtween the stand$She possible allelopathic interference from
competing species [11§], and the apparent discrepancy between the nutrient availability in the soil
solution in R2] and the nutrient concentrations in the minerall & this study, might deserve
further investigation.

4.2 Planting Stock Sie

As shownfor Norway sprucg36], the smallecontainerized stockeedlingshad higher height and
diameter incrementgnot shown)and biomass growth rates than tt@nventioml andlarger ones.
HigherREl and, possibly, root hydraulic conductivity of the smaller seedlingspattly explain these
differences[24,37]. As smallercontainerizedseedlingsproducedmore root elongation on a biomass
basis, they expodemore rapidly unsuberized and water permeable root P& 39], which could
explain thé higher water status (shoot water potent@)mpared to theonventional containerized
stock[20,40,41]. A longer term assessment will be needed to value if this short term nisohian
sufficientto compensate for the initidimensions of the smallseedling.

To stop height growth and improve freezitaderanceat time of planting [42] smaller seedlings
were submitted to a short day treatment at the nursdnich could havdead to the lower survival
rates observed in the smaller seedlings. Short day treatment sometimes results in earlier springmigharden
and budbreakthe following year, therefore increasing susceptibility to frost and mor{d&y4]. It
should be notedhowever, that the seedling survivabsolutevalues were relatively high in all
experimental units, including that siallerseedling with mean survival rate at 87%.

After one growing season, almost all foliautrient concentrations were highen the smaller
seedlingsexplairing a part of their superiorgrowth increments. Differencesiseed | i nBEH s st
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could explain foliar nutrient concentratigngith possible enhancelalydraulic conductivity of smaller
seedlings improving passive nutrit@processesOn the other hand, initial (at day = 0) higher values

for most of foliar nutrients suggests that the different nursegtmens for each of the containerized
stock may have engendered seedlings with slightly higher nutrient lotuinige snaller seedling,

which is a potential early growth advantage during the establishment wipdsjwA possible
Adi |l ution effectd of nutrients in | arger seed
seedling stock sizd46].

Observed diffeences in nutritional and water status between planting stockdgz@ot influence
gasexchange measuremelftesults not shownksupporting the idea that black spruce seedlings do not
adjust their photosynthetic rate and/or stomatal aperture to thesr statug7,47i50].B1 ack spr u
drought response may in fact be to maximise photosyntfsis

4.3 SeedlingResponséo Ste Preparaton

Disk scarification positively andtdtdl hioeass, avhiile b1 a
height andrelative growth rate tended to be higher in scarified pkbitsugh not significantly Site
preparationhas been shown tpositivdy influence seedlings growth and survivah numerous
studies[52i 58]. Removal of ericaceous shrub layers in fhgows of scarified plots most likely
reduced resources competition for planted seedlitd$9]. In addition, scarification increasdise
root zonesoil temperatur¢54,56] which mayimprove root cell membrane permeability and decreases
water viscosity[40,60i 62], leading toenhaned water uptakesln fact, seedlingwater potentialin
scarifiedLWs wassimilar tothatmeasured irscarifiedBSFM standgas observed biéert et al.[7])
supportingthat scarification may help to overcome water limitasionn A dpo o gk Ots habi
such as LWs.

Phosphorous, calcium and magnesium foliar concentsatiere higher in theinscarifiedplots. As
skid trail use during the harvest and skidding operations resulteteisoil surfaceclose to a
mechanical mixing site preparatiorgots of seedlings imnscarifiedplots were closer to or even
directly into organic soil. The absence of competition, the proximity of the incoming nutrienthmool
slightly warmer soiltemperature (in BSFM), the higherREI, and possiblithe beneficial compaction
effect on the soil macroporosity in coatsxtured soils during the early establishment pef&g],
were all plausible positive impactd the of skid trails(S0O treatment) oseedling 6 rooal statug |
Alternatively, higher growth observed in seedlings in scarified plots may have created a growth
dilution of foliar nutrientd 64].

5. Conclusiors

Based on early growth and physiological response of black spruce seedliagsutlyindicates
thatthe afforestation of LWsan generatiigh survival rate®f planted seedlingsnder the particular
conditions found during the short time elapsedh viable growthrateandphysiological acclimation,
be it with smallegrowthvalues tharplanted seedlings in adjaceBSFM productivestands. As water
and nutrient limitations do nadlirectly explainthe differencesn growth between stand types, the
impact of the lichen maand the ericaceous shrubs, with theatentialcompetitive andallelopathic
interferences, requires further investigatibdonetheless, with aufficient site preparation, such as
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disk scarification the afforestation of lichen woodlandieoks feasible The teaper and smaller
containerized planting stocKl26 25), compared to the conventional stock sizei@J), showed
promising potential forthe LW afforestation. The lower production, transport and plantingscost
associated with the use afsmaler containerized stocKhigher containerdensity in nursery and
trangort crats, and lighter weight should be taken into account the afforestation of unproductive

open woodlansl may represent a morasky investmentthan that on sites of known productivitys

long term survival androwth yield of this type of stanarestill unknown[65]. Altogether, the early
growth results in this study are contributing to the first efforts needed to help progressing the idea of
LW afforestation from a potential new niche to a productive silvicultural ac{ivig}, with particula
relevance as a climate change mitigation measure under the growing carbon rBG6S).
Moreover, plantation could be applied as underplanting without harvest prior to site predar@épn
thereby leaving a part of the local genetics in the stand and recreating structural heterogeneity that is
naturally occurring in natural old forest
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