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Comparison of soil CO, emissions between short-rotation coppice poplar
stands and arable lands

Bioenergy crops are considered to have the potential for climate mitigation
and socio-economic benefits owing to their capacity to sequester C and par-
tially replace the consumption of fossil fuels. In this study, the effects on soil
respiration of a recent conversion of arable land to high (H) and very high (VH)
density short-rotation coppices (SRCs), as well as of agronomic treatments
(fertilization with or without irrigation) and lane/row location, were investi-
gated in an alluvial area in Italy. A survey of soil variability was carried out by
collecting soil cores (0-60 cm depth) at 67 points to characterize surface and
subsurface spatial distributions of pH, organic carbon, nitrogen and carbonates
and identify comparable points for monitoring soil respiration. Soil CO, emis-
sions were monitored over the period April 2010-November 2011 at 27 loca-
tions covering the whole study site. The influence of land use (H-SRC, VH-SRC,
corn and alfalfa) or treatments on soil respiration was evaluated considering
both factors as fixed effects in a linear mixed model. Our results showed that
(i) the high variability of soil properties even at small spatial scale has to be
considered when selecting points for monitoring soil respiration in the field;
(ii) the cumulative soil respiration over the study period at the VH-SRC was
lower (1299 + 30 g C m™) than in croplands (1600 +145 g C m?) and higher
along the rows than in the lanes; (iii) no significant differences in soil respira-
tion were found between the H-SRC and corn field; (iv) two years after VH-SRC
establishment, agronomic treatments did not appear to influence soil respira-
tion; (v) land-use change affected the vertical soil organic carbon distribution
and soil surface temperature, as reflected in soil respiration differences.
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Introduction

The identification of alternatives to fossil
fuels has become a worldwide priority. Var-
ious biofuels based on food crops such as
corn and soybean, or produced from ligno-
cellulosic compounds of non-food crops,
such as grasses and woody crops, play an
ecologically and economically fundamental
role as renewable energy supplies. In Italy,
energy crops have mainly been developed
under the regional financial support of EC
Regulation 1257/1999. In particular, a short-
rotation coppice (SRC) culture, which is a
high-density plantation of fast-growing
trees (such as poplars or willows) with cut-
ting periods from 2 to 8 years, is consid-
ered to have a high potential for climate

mitigation and socio-economic benefits
owing to its capacity to sequester C and
partially replace the consumption of fossil
fuels (Smith 2004).

Bioenergy cultivation can be considered
carbon neutral since as much carbon is
absorbed during the growth of the SRC
plantation as it is released upon conversion
to energy. Nevertheless, bioenergy cultiva-
tion may represent a CO, source in relation
to its associated land-use changes, acting
as a CO, source mainly during the first
years of establishment, as a result of the
cultivation practices that accelerate the
short-term decomposition of organic mat-
ter in the soil (Grigal & Berguson 1998,
Arevalo et al. 2011).
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Many studies have been carried out on
poplar short-rotation coppice biomass pro-
duction and its quality, energy balance and
management intensity (Kauter et al. 2003,
Nassi et al. 2010), by comparing the advan-
tages of poplar SRC with other bioenergy
crops (Karp & Shield 2008) or by evaluating
the conversion of agricultural lands from
food production to poplar SRC (Boehmel
et al. 2008, Gasol et al. 2010). However,
there are few studies on SOC dynamics and
CO, fluxes under SRC (Vande Walle et al.
2007, Verlinden et al. 2013b, Zenone et al.
2015).

To assess the impact of land-use changes
on soil properties and CO, fluxes, space-
for-time substitution studies on a paired-
plot, for which the assumption of an identi-
cal starting point has to be verified, are
mainly used (Poeplau & Don 2013, Ferré et
al. 2014). Since soil spatial variability is
reflected in the differences in soil respira-
tion rates (Ferré et al. 2015), it follows that
an appropriate sampling design should
vary according to site conditions and de-
pending on study objectives.

This study is part of the SUSCACE project
(http://[www.gruppo-panacea.it/biomasse/
progetti/suscace), which aims to investi-
gate the conversion of agricultural lands
from food production (sugar beet) to SRC
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poplar plantations for bioenergy. In the
context of the SUSCACE project, the objec-
tives of this study were to: (i) identify com-
parable soil respiration monitoring points
based on a soil spatial variability survey; (ii)
assess the effects of recent conversion of
arable land to SRC on soil respiration; and
(iii) investigate of the influence of agro-
nomic treatments and of lane/row position
on soil CO, efflux in a 2-year-old very high
density SRC.

Materials and methods

Study site

The experimental site (Fig. 1) is located
close to the Po River within the CREA (Ital-
ian Council for Agricultural Research and
Economics) experimental farm at Casale
Monferrato in Piedmont, Italy (45° 08’
07.77" N; 08° 30’ 42.16" E). The climate is
temperate continental, as monitored by
the long-term meteorological station at the
experimental site, with a yearly average
rainfall of 715 mm and mean air tempera-
ture of 12.5 °C.

Soils did not exhibit a high pedogenetic
degree since they developed on recent
alluvial deposits. According to the WRB
classification (IUSS Working Group 2015),
they are Calcaric Regosols (Epiloamic, En-
doarenic) and sometimes Endoskeletic
(see Fig. S1 in Supplementary Materials).
The soil surface texture (USDA class) is
mostly sandy loam, while the soil texture
becomes sandy once deeper in the soil. In
agronomical terms (Peverill & La Sparrow
Reuter 1999), soils are low in SOM, moder-
ately calcareous and slightly alkaline.

The study area (1.52 ha) had been man-
aged in a uniform manner for at least 60
years before the land was converted. In
the autumn of 2006, the total area of for-
mer cropland was alfalfa cultivated (Med-
icago sativa). Beginning in the spring of
2009, the area was subdivided into 4 fields
(each field was approximately 0.38 ha):

Fig.1-Study |
area and field
subdivision.
(Alfalfa): crop-
field cultivated |
with alfalfa;
(Corn): crop-
field cultivated
with corn; (H-
SRQ): high-den-
sity short rota-
tion coppice }
(1,111 trees ha™);
(VH-SRQ): very §
high-density §
short rotation f
coppice (8,333
trees ha").
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one alfalfa, one corn, and two poplar SRC
(Populus x canadensis Ménch) fields. One
of the two poplar SRC fields was a high
density trial (H-SRC - 1,111 trees ha™; 3 x 3 m
spacing), and one was a very high density
trial (VH-SRC - 8,333 trees ha’; 3 x 0.4 m
spacing), with cutting periods of 5 and 2
years, respectively.

For the VH-SRC, four different cultivation
treatments were tested: control (CTR), fer-
tilization (F), irrigation (1), and both fertil-
ization and irrigation (FI). The SRC models
and treatments were tested using a split-
plot design with three replications (each
plot covered approximately 50 m?).

The entire area of the experiment, except
for a section that remained alfalfa culti-
vated, was ploughed to a depth of 35 cm
and harrowed before field subdivision and
planting or seeding. In the VH-SRC trial,
post-planting residual herbicides (pend-
imethalin and metolachlor) were applied
for 30-40 days after planting to prevent
germination of annual weeds. During the
planting year, disc harrowing was carried
out in the lanes twice in the VH-SRC and
only once in the H-SRC. During the cultiva-
tion period, the harrowing was carried out
once per year for both the stands.

Every year, three chemical pesticide treat-
ments against insects (Chrysomela populi,
Cryptorhynchus lapathi and Hyphantria cun-
ea) were needed for both poplar trials; fer-
tilization was carried out once a year in the
early spring using 60 kg of nitrogen per
hectare. A drip irrigation system was uti-
lized, and during the summer, a quantity of
water corresponding to the estimated eva-
potranspiration (by a Class A pan) was
applied three times a week. Alfalfa and
corn were sprinkler irrigated twice every
summer (350 m? ha’). Only corn was
ploughed and fertilized (210 kg ha™ of nitro-
gen) once every spring.

Multiple harvestings per year (4-5 times)
were applied for alfalfa and once per year
for corn, while in the VH-SRC plantation,

harvesting was carried out at the end of
the first year.

Survey of soil spatial variability

A survey of soil spatial variability was car-
ried out to characterize the surface and
subsurface spatial distribution of soil or-
ganic carbon (SOC), total nitrogen (Nic),
pH in water and KCl (pH., and pHgc), and
total carbonates (CaCO,) at the time of
land-use conversion.

The thickness of soil layers was inferred
from the average limits between the hori-
zons, according to description of pedologi-
cal pits. Soil samples were collected in 67
randomly selected georeferenced points
from 4 layers: 0-15 cm (average harrowing
thickness, corresponding to the Ap1 hori-
zon), 15-35 cm (35 cm is the depth of recent
ploughing), 35-60 cm (60 cm is the depth
of the old deep ploughing for poplar plant-
ing), and 60-100 cm (corresponding to the
C horizon, never affected by ploughing).
The sampling was performed during the
spring of 2010, using a gouge auger (30
mm diameter - Eijkelkamp, Giesbeek, The
Netherlands).

Soil samples were air dried, sieved (2 mm
mesh) and analysed to determine the SOC
and Ny content (Flash EA 1112 NCSoil,
Thermo Fisher Scientific elemental ana-
lyzer, Pittsburgh, USA), pHka and pH,, (soil
to KCl 1 M solution/water ratio of 1:2.5) and
CaCo; (Dietrich-Friihling calcimeter, in the
0-15 cm layer only).

Along with the characterization of the ini-
tial soil conditions to monitor soil changes
over time, the spatial variability study pro-
vided a guide for the selection of points for
soil respiration (R;) monitoring and com-
parison. Data related to the soil surface
layer, from which the major part of a gas
flux usually originates, were processed by
geostatistical ordinary kriging techniques
to map the spatial distribution of soil prop-
erties (Goovaerts 1997, Wackernagel 2003,
Webster & Oliver 2007). The goodness-of-
fit of interpolated values to the observed
values at each sampling point was evalu-
ated with cross-validation by calculating:
(1) the mean error (ME), which proves the
unbiasedness of an estimator if its value is
close to 0; and (2) the variance of the root
mean square standardized error (RMSSE).
If the estimation is accurate, the variance
of the RMSSE should vary within the 1 %
3:V(2/n) interval, where n is the number of
samples (Chilés & Delfiner 1997).

For each variable, an exploratory data
analysis, including the calculation of de-
scriptive statistics, identification of data
distribution types and detection of outliers
were performed.

All geostatistical analyses were per-
formed using the ISATIS software package,
release 13.01 (Géovariances 2013).

Soil respiration

For the comparison of soil respiration (R;)
between land uses, soil CO, flux was mea-
sured every 15-30 days (depending on the
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season) over a period of 19 months (April
2010 to October 2011) at 15 locations (see
below). Measures were taken using plastic
collars with a diameter of 10 cm and height
of 6 cm. At the beginning of the experi-
ment, the collars were inserted into the
soil down to 2.5 cm from the soil surface
and remained in place throughout the
duration of the experiment. Collars were
momentarily removed only during harrow-
ing and repositioned immediately after.

The 15 monitoring sites were distributed
throughout the experimental fields, with
three locations for each land-use type,
except for VH-SRC where each collar in the
lane was coupled to a nearby collar in the
row. The monitoring points for each land-
use type were selected based on the spa-
tial distribution maps of soil properties that
were used to identify soils with compara-
ble characteristics, so that the effects of
land-use changes could be monitored.
Since the soil texture was relatively uni-
form at the study site, the choice of moni-
toring sites was based on the spatial distri-
bution of the SOC stock and rock fragment
content.

The comparison of R, between land uses
was conducted for the same type of man-
agement (fertilization and irrigation), and
therefore, only the FI thesis was consid-
ered for the VH-SRC.

The assessment of the influence of agro-
nomic treatments on R, was carried out on
the same dates as the land-use comparison
was conducted. In the VH-SR(, the soil CO,
fluxes of the three experimental treat-
ments (CTR, F, FI) were compared using
the 6 collars already installed for land-use
comparison. Moreover, 12 additional col-
lars equally distributed between rows and
lanes were placed at the CTR and F treat-
ments, in order to deeper investigate the
differences between rows and lanes in VH-
SRC.

CO, soil fluxes at monitoring sites were
measured using an EGM-3 portable infra-

Soil carbon dioxide emissions in SRC stands and cropfields

red gas analyser (PP-Systems, Hitchin, UK)
equipped with an SRC-1 chamber based on
the principle of closed dynamic cylindrical
systems with a diameter of 10 cm and vol-
ume of 1170 cm?. A small fan in the cham-
ber ensured air mixing. For each monitor-
ing day, a single measurement was per-
formed at each sampling point. To reduce
the effects of diurnal variation, measure-
ments were taken during the central hours
of the day within a time span of four hours.
Simultaneously with R, soil water content
and soil temperature (T;) were measured at
all points within 10 cm from the collar. Soil
water content was measured with a porta-
ble TDR system (IMKO Micromodultechnik,
GmbH, Ettlingen, Germany) using a 10 cm
long trifurcated probe and the results
were converted to water-filled pore space
(WFPS, %). T, was measured with the built-
in temperature probe of the CO, analyser
at a depth of 5 cm. Soil temperature was
also measured at the same depth as T, and
was recorded continuously at the meteoro-
logical station of the experimental site.

The R, and T, data from each collar were
fitted to exponential models (data not
shown); consequently, cumulative respira-
tion rates (Rem, g C m?) over the period of
the experiment (1* of April 2010 — 31* of
October 2011) were computed by integrat-
ing (hourly base) the R, estimated as a
function of the soil temperature. The aver-
age Ru.m rates were computed for each
land-use type. For the VH-SRC, the average
Ram rates were calculated, weighing the
results obtained in the rows and lane.

At the end of the experiment (November
2011), the soil at all the gas monitoring
points was sampled (0-15 cm) to determine
the root density (RD) and SOC content.
For successful separation of the roots from
the soil, the soil samples were dispersed
in a sodium hexametaphosphate solution.
Roots were then washed with water and
divided into three diameter classes: (i) fine
(f, <2 mm); (ii) medium (m, 2-5 mm); (iii)

coarse (¢, >5 mm). The roots were oven-
dried at 105 °C for 48 h to determine their
dry mass.

Soil bulk density (BD) at each monitoring
point was determined for the 0-15 cm lay-
ers with the cylindrical core method (core
diameter = 5.4 cm) on undisturbed core
samples, considering the volume of the
stones when present. Through the BD and
stone volume, the SOC content on an area
basis was computed for the mineral 0-15
cm layers in correspondence with the mon-
itoring plots.

Statistical analyses

To compare soil properties between the
monitoring locations and test for differ-
ences in Ram and pedoclimate parameters
between land-use and management types,
the mixed effect model procedure was per-
formed (Bolker et al. 2009) and autocorre-
lation among the model residuals was
tested (Searle et al. 2009).

After verifying the absence of a residual
spatial correlation (data not shown), the
evaluation of each variable response in
relation to land use or a treatment was car-
ried out considering land use or treatment
as a fixed effect in the linear mixed model.
The differences between the mean values
were obtained through contrast analysis.
The restricted maximum likelihood (REML)
procedure was used to estimate the vari-
ance components (Littell et al. 2006).

All statistical analyses were performed
using the SAS® software (release 9.4, SAS
Institute Inc., Cary, NC, USA).

Results

Spatial distribution of soil properties
The vertical distribution of the SOC con-
tent and pHKCl is displayed in Fig. 2. The
average SOC content (+ standard devia-
tion, SD) was 0.92 *+ 0.20% and 0.74 * 0.12%
at the 0-15 cm and 0-35 cm depths, respec-
tively, with differences in the vertical distri-

Fig. 2 - Vertical distribution C (%) PH
of SOC (% _ left pane[) al"ld B 10 : 12 0?,2 7‘3 - 7:: 715 7‘5 7‘7 7;8 7;9 8.0
pHka (right panel) mean N | i
values in the soil cores ob- 201 20 I
tained from the survey of !! _—
soil spatial variability at the ~_ *1 "
four experimental fields.  § B
(VH-SRC): very high-density & *7 £ %]
short rotation coppice; (H-  © _ | .
SRC): high-density short e i
rotation coppice; (SD): 100 4 o o] [T G
standard deviation.
120 120
Depth VH-SRC H-SRC Corn Alfalfa
$0C (%) pHKCI s0C (%) pHKCI s0€ (%) pHKCI $0C (%) pHKQ
cm Mean SD Mean SD Mean SD Mean Mean SD Mean SD Mean SD Mean sD
0-15 081 012 729 008 091 023 736 012 08 0I5 741 010 111 018 734 0.2
1535 073 009 741 010 079 016 747 007 073 012 754 007 070 009 753 0.07
3560 074 012 779 008 072 018 780 010 068 015 7.89 010 064 012 789 0.0
60-100 023 009 777 014 023 012 780 013 034 006 770 011 004 002 769 0.1
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bution between the investigated fields.
The alfalfa field showed a significantly
(p<o0.05) higher SOC value (1.1 £ 0.18%) in
the 0-15 cm layer than in the 15-35 cm layer
(0.70 * 0.09%), while the remaining fields
exhibited a more uniform vertical distribu-
tion in the ploughed layer (0-35 cm). Since
old, deep ploughing had been made within
60 cm of depth, the SOC content was very
low under this limit. The vertical trend of N
was comparable with that of SOC (data not
shown).

The pH., average values increased with
depth in all the fields (from 7.7 £ 0.1 to 8.5
+ 0.1); the vertical trend of pH,, was compa-
rable with that of pHkq, except for the
deepest layer where the values of pHq
were lower (corn and alfalfa) or nearly
equal (SRCs) to those of the third layer.
The average surface CaCO; content was 8.5
+0.9%.

An isotropic variogram model was fitted
to the experimental variograms of the sur-
face (0-15 cm) SOC content and stock, pHkq

4998100

-1 4998050

4998100

4998050

(u) &

4998100

4998050

461550 461600 461650

and coarse rock fragments. The variogram
consisted of two basic structures, a nugget
effect and a spherical model with 82, 78, 32
and 118 m ranges, respectively, for the four
aforementioned variables. The variogram
fitting was satisfactory because the mean
error was close to 0 and the RMDDE was
within the 1 3+V(2/n) interval.

The experimental variogram of CaCO,
content showed a pure nugget effect,
which indicated a complete lack of spatial
correlation, at least at the sampling scale.

The spatial distribution maps of the SOC
content and stock, as well as the pHxq and
coarse rock fragments of the surface layer,
are shown in Fig. 3. A clearly increasing gra-
dient in rock fragment percentage was ob-
served in the NW-SE direction, mainly in
the eastern part of the study area where
the SRC plantations are located. The SOC
content in the SRC fields showed a similar
spatial distribution trend, while for carbon
stock such gradient was attenuated.

The alfalfa field showed a higher SOC sur-

Tab. 1 - Average values (+ standard deviation) of soil bulk density (BD), soil organic
content (SOC) stock and fine root density (RDf) at monitoring points for each land
use (VH-SRC, H-SRC, corn, alfalfa - see text) and agronomic treatment (CTR: control;
F: fertilization; FI: fertilization and irrigation). Different letters denote significant (p <
0.05) differences between land uses. Number of monitoring points: 3 couples (one in

the lane and one in the row) of collars for t

he VH-SRCs and 3 collars for all the other

land uses. Average values at the VH-SRC were obtained by weighing the results in

rows and lanes.

. VH-SRC
Variable H-SRC Corn Alfalfa
CTR F Fl
BD 1.6+0.1° 15+0.1® 1.6+0.1* 1.4:0.1°® 1.4+0.1* 1.3z0.1°
RDf 0.6 +0.3* 0.4+0.1* 09+0.5* 0.6+0.3* 0.1+0.4> 0.5+0.1°
SOC stock 1.7+0.1* 1.6+0.2* 15+0.1* 1.5+0.1* 1.6+0.1* 1.8+0.2°

202

461700

face content and stock than the other
fields. As for pHkq, a substantial homoge-
neity of values was observed throughout
the study site.

Based on the obtained maps, the points
for R monitoring were identified, taking
care of selecting points as similar as possi-
ble in terms of properties affecting soil CO,
emissions. The average values of BD, SOC
stock and RDf (fine root density) of the o-
15 cm layer for each land-use and manage-
ment type are shown in Tab. 1. Preliminar-
ily, Ry monitoring points were selected in
areas with no rock fragments; however,
significant differences in BD were found,
with the lowest values at the alfalfa field
and the highest values at the VH-SRC field.
No significant differences were found in
SOC stock and RDf among the selected
monitoring points.

Soil respiration

During the monitored period, the mea-
sured R, rates ranged from 0.07 to 8.2
umol CO, m? s™ in the corn field, from 0.1
to 6.8 umol CO, m? s™ in the alfalfa field,
from 0.19 to 5.2 ymol CO, m* s™ in the VH-
SRC (FI) and from 0.34 to 6.2 pmol CO, m*
s in the H-SRC (Fig. 4a). The different agro-
nomic treatments in the VH-SRC showed
similar soil CO, emissions (Fig. 4b) with
average values (+ standard deviation) of
3.3+1.4,2.8 £1.5and 3.2 + 1.2 pmol CO, m*
s in the FI, F and CTR treatments, respec-
tively. R, generally showed a typical sea-
sonal pattern following soil temperature
(Ts), with the highest soil CO, fluxes during
the summer months and the lowest during
the winter months.

The comparison of average Rum, Ts and
WEFPS (water-filled pore space) values for
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Fig. 4 - Comparison of the temporal trends in soil CO, emissions (umol m? s™) between land uses (a) and treatments (b).

Fig. 5 - Comparison of soil
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the analysed land uses are shown in Fig. 5a.
The corn field, which was more exposed to
solar radiation, showed an average T, sig-
nificantly higher than that measured in the
other plots, followed by the H-SRC and
alfalfa fields, whose T, were comparable to

each other and significantly different from
the VH-SRC field. The WFPS in the H-SRC
was the lowest.

The Ram in the alfalfa field (1689 + 100 g C
m?) was significantly higher (p<0.05) com-
pared with that of the other land uses. The

Tab. 2 - Comparison of soil parameter values (average + standard deviation) between
rows and lanes at the VH-SRC. Number of sampling points: nine for rows and nine for

lanes. (1): 0-15 cm; (2): 0-5 cm; (3): 0-10 cm.

Label Parameter Units Rows Lanes p-value
Reum Cumulative soil respiration gCm? 1621 + 200 1274 + 60 0.002
SOC ™ Soil organic C g kg-1 7.7+0.8 6.8 +0.4 0.095
RDf @ Fine root density gdm®  0.78 £+ 0.09 0.62 + 0.08 0.656
BD ™ Bulk density gcm? 1.5+0.1 1.6 £ 0.1 0.092
T.® Soil temperature °C 18.02 + 0.76  18.49 + 0.98 0.406
WFPS®  Water filled pore space % 46.1 3.5 43.5+2.8 0.294
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H-SRC and corn field showed similar CO,
fluxes (approximately 1500 g C m?), which
were significantly higher than that mea-
sured at VH-SRC plantation (1299 + 30 g C
m?).

The agronomic treatments tested inside
the VH-SRC plantation did not result in dif-
ferences in the R.m or in differences in the
T, and WFPS (Fig. 5b).

In the VH-SRC stand, the rows and lanes
were compared (Tab. 2). The cumulative
CO, emissions in the rows were signifi-
cantly higher (p value < 0.05) than in the
lanes. The SOC was higher (p < 0.10) in the
rows, and the BD was higher (p < 0.10) in
the lanes.

Discussion

As previously reported by many studies,
soil heterogeneity is elevated even at small
spatial scales. Therefore, the adoption of
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an adequate sampling strategy is crucial
for monitoring organic carbon changes and
respiration rates in soils (Saiz et al. 2006,
Rodeghiero & Cescatti 2008). For our pur-
poses, the preliminary analysis of soil spa-
tial variability made it possible to identify
areas with soil characteristics as much simi-
lar as possible, so that soil CO, fluxes could
be correctly monitored and the effects of
land-use changes appropriately investigat-
ed. Indeed, the spatial survey revealed a
degree of soil variability that could have in-
validated any conclusions related to the
effects of the land-use changes and man-
agement if the plot choice had been ran-
dom. For example, rock fragment content
in the study area showed a spatial variabil-
ity not connected to the land-use change
but to the alluvial origin of the soil. Rock
fragments were absent in about half of the
study area but strongly influenced the
remaining study area. In fact, rock frag-
ment content significantly affected the soil
bulk density and SOC stock (Schrumpf et
al. 2011, Zabowski et al. 2011), and there-
fore, the knowledge of its spatial distribu-
tion was critical for the identification of
comparable R, in the monitored area.

The observed SOC enrichment in the
alfalfa field was probably the consequence
of the previous four years of alfalfa cultiva-
tion in the same field. In forage production
systems, perennial grasses such as alfalfa
increase SOM by increasing root biomass
and stimulating microbial growth in the rhi-
zosphere (Paustian et al. 1997, Sanchez-
Moreno 2002). In such systems, where
aboveground biomass is removed through
mowing, roots and rhizodeposit-C are the
primary sources of SOC (Van Der Krift & Be-
rendse 2002). After land use conversion
(2009), the portion of the study area kept
with alfalfa cultivation was not ploughed,
so that it could be part of the 5-year rota-
tion period. This could have favored the
accumulation of SOC in the soil surface lay-
ers (0-15 cm), in contrast with deeper lay-
ers (0-35 cm). At the end of the rotation
period, alfalfa will be replaced by corn; pre-
sowing soil preparations include plough-
ing, which result in a sudden change in the
vertical SOC distribution by mixing the
upper enriched layer with the deeper
depleted one (up to 35 cm). This will likely
promote the decomposition of SOC be-
cause of the increase in soil aeration.

Due to the heterogeneity of the above-
mentioned soil properties, we chose to
locate the points for monitoring soil respi-
ration in the zones with no rock fragments
and similar in SOC stocks. During the moni-
toring period (April 1* 2010 — October 31*
2011), the calculated SRC cumulative respi-
ration values averaged 1351 # 56 and 1459 *
11 g C m? for the VH and H stands, respec-
tively. Reporting such values on an annual
scale, the observed fluxes were higher
than those measured by Verlinden et al.
(20133, 2013b) in an SRC poplar plantation
of the same age and characterized by a
similar SOC, and comparable to values
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reported by Vande Walle et al. (2007) for
an older SRC established on former agricul-
tural land. The latter study also reported a
low RDf (fine root density) in the surface
layer, similar to that observed in our exper-
imental area, which can be explained by
the young age of the plantations.

In our study, only the fine root density
was considered, as fine roots were pre-
dominant and had higher respiration rates
compared to larger roots (Pregitzer et al.
1998, Desrochers et al. 2002). However,
poor rooting was observed in croplands as
well, likely suggesting a small autotrophic
contribution to the total R, over the whole
experimental area. The relatively low root
biomass and the short duration of live
roots for annual crops usually results in a
low contribution of root respiration in
croplands (Raich & Tufekciogul 2000).

According to Verlinden et al. (2013a,
2013b), our SRCs may present characteris-
tics more similar to croplands than to for-
est stands, where root contributions are
generally higher. This could be the conse-
quence of their young age and the tillage
(although of low intensity) applied during
the cultivation period. Indeed, we observ-
ed lower R.m values at the VH-SRC stand,
while for the H-SRC stand Ram Was similar
to that recorded at the corn field.

The higher SOC content and the conse-
quent lower bulk density (BD) in the upper
soil layer of the alfalfa plot were mainly
responsible for the highest R.m values. As
alfalfa has the ability to fix atmospheric N,
it is possible that soil respiration (Rs) was
also affected by the biological N fixation
process, since that N-fixing bacteria oxidize
the organic C to obtain energy, thus releas-
ing large amounts of CO, (Hopkins 1999).

Nonetheless, our results showed that the
differences in R among land uses may also
be explained by differences in soil temper-
ature (Rodeghiero & Cescatti 2005, Gau-
mont-Guay et al. 2006). Vegetation cover
can deeply alter T; and thereby significantly
influence the R, rates (Raich & Tufekciogul
2000). Accordingly, we found that the av-
erage T; at the VH-SRC plot was lower than
that detected at the other monitoring
sites, probably due to the high density of
poplar trees and their canopy shading.
Moreover, T, at the H-SRC plot was similar
to that of alfalfa rather than VH-SRC, likely
because the lower tree density, together
with the limited canopy extension of the
young stand, led to a higher proportion of
bare soil.

Two years after VH-SRC establishment,
irrigation and fertilization treatments did
not appear to affect soil respiration. How-
ever, rows in VH-SRC showed a higher cum-
ulative respiration (R.m) than lanes, and
the higher R.m coincided with higher SOC
and RDf and lower soil BD. The differences
between the rows and lanes were likely
due to management practices. Indeed, the
lanes were subjected to tillage and periodi-
cally compacted by tractor transit, while no
tillage was performed in the rows, thus

avoiding SOC losses through mineralization
and allowing the root and soil structure to
develop. Moreover, fresh input of organic
matter, in addition to that stemming from
root turnover, was derived from the litter,
whose biomass was higher near the row
than in the lane. This input of organic mat-
ter, together with a higher (although not
statistically significant) root biomass, may
have contributed to higher soil CO, emis-
sions from the rows, through a higher het-
erotrophic and autotrophic contributions.
It is likely that the SOC enrichment ob-
served only two years after the SRC estab-
lishment will increase over time as a result
of the type of soil management. The inten-
sity of SRC management is lower in com-
parison with the management of annual
crops such as corn. In the experimental
SRGs, trees are cut every 2 and 5 years at
VH-SRC and H-SRC, respectively, and trees
resprout from stumps that are perma-
nently left on-site. The SRCs are character-
ized by regular leaf litter and root input
and thus a higher SOC input compared to
conventional crops, where soil ploughing is
required annually (corn) or every 5 years
(alfalfa), and the epigeic biomass is com-
pletely harvested. Furthermore, the tree
canopies provide, at least in the VH-SR(, a
significant shading throughout the summer
season, limiting the increase in soil temper-
ature and consequently soil CO, emissions.

Conclusions

Our study provided evidence that: (i) the
spatial variability in soil properties is an
important feature to be considered in the
selection of monitoring points for soil res-
piration; (ii) the average cumulative respi-
ration rate (Rum) was lower in the very
high-density short rotation coppices (VH-
SRQ) than in croplands, and higher in the
SRC rows than in lanes; (iii) no significant
differences in R.m were found between
the high-density coppice (H-SRC) and corn
field; (iv) two years after VH-SRC establish-
ment, agronomic treatments including irri-
gation and fertilization did not appear to
affect soil respiration; and (v) land-use
change affected the vertical SOC distribu-
tion, soil bulk density and soil surface tem-
perature, which were reflected in the dif-
ferences in soil respiration.

Further studies are needed and will be
performed to confirm out results, through
soil resampling over time to monitor long-
term variation of soil properties in the
study area, aimed at better understanding
the effect of recent conversion of arable
lands to SRC.
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