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Abstract: Short rotation coppice (SRC) systems play an important role in producing renewable energy
and contributing to soil organic carbon storage while providing potential mitigation for climate
change. Our chronosequence study assessed the influence of 6 years of high-density (H) and very-
high-density (VH) SRCs on soil organic carbon (SOC) accumulation in an alluvial area of Piedmont
(Italy) by investigating the effects of agronomic management (fertilization, irrigation, fertilization
and irrigation, no treatment) using a spatial survey approach. A first sampling was performed at
40 points to characterize the variability of the initial SOC and other soil properties; 6 years after, a
total of 80 samplings were carried out to verify changes in SOC. A mixed effect model procedure
was used to evaluate the impact of 6 years of SRC and agronomic management on SOC, testing for
autocorrelation among the model residuals. The results showed: (i) a higher accumulation potential
of H-SRC (0.076 kg m~2 year!) compared to VH-SRC (0.037 kg m~2 year™!); (ii) a significant
positive influence of the initial SOC value and of fertilization associated with irrigation on the SOC
sequestration; (iii) the importance of considering spatial variability at sites with high particle-size
diversity in evaluating the SOC changes.

Keywords: poplar; soil organic carbon stock; soil variability; chronosequence; bioenergy; agro-

nomic treatments

1. Introduction

Climate change mitigation is one of the biggest challenges of our time and renewable
energy sources play a fundamental role in reducing CO, emission. The exploitation of
biomass as an energy source has several advantages [1-3] and energy crops can also
contribute to the CO, emission offset through the maintaining or sequestering carbon in
soil [3,4].

Energy crop production systems may differ in term of species (herbaceous and woody)
and management (density plantations, irrigation, fertilization, pest control, harvest fre-
quency). Among woody crops, short rotation coppice (SRC) systems are defined as
high-density plantations of fast-growing trees, characterized by short coppicing intervals
(2-8 years) [5] and low requirement of technical inputs for fertilization, pest management,
and tillage [6-8].

The most significant species cultivated in SRC systems are willow (Salix spp.) and
poplar (Populus spp.), due to their fast growth rates, short breeding cycle, high yields
production, broad genetic variability (which allows adaptation to different soil and climate
conditions), and ability to be propagated vegetatively [9-11]. Other important species are
red alder (Alnus rubra Bong), black locust (Robinia pseudoacacia L.), and Eucalyptus spp. [12].

To date, the growing importance of SRC has increased the area covered with these
crops in many European countries and makes it necessary to evaluate their environmental
sustainability, impacts on soil, and carbon sink potential [8,13]. Most studies have so
far been conducted in temperate areas of Central and Northern Europe and Northern
Italy [3-5,8,13-18]. A smaller number of studies have affected oceanic climate areas (UK

Agronomy 2021, 11, 584. https:/ /doi.org/10.3390/agronomy11030584

https:/ /www.mdpi.com/journal /agronomy


https://www.mdpi.com/journal/agronomy
https://www.mdpi.com
https://orcid.org/0000-0003-1376-9153
https://doi.org/10.3390/agronomy11030584
https://doi.org/10.3390/agronomy11030584
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/agronomy11030584
https://www.mdpi.com/journal/agronomy
https://www.mdpi.com/article/10.3390/agronomy11030584?type=check_update&version=2

Agronomy 2021, 11, 584

20f12

and northwest France [19-22]) and Mediterranean climate areas (southeast Spain and
Italy [4,23,24]).

The carbon balance of SRC depends on several factors, as cultivated species, climate,
soil conditions, plantations management, and previous land-use; changes in soil carbon
stock after plantation establishment occur until a new equilibrium is achieved.

Several studies shown an increase of soil organic carbon (SOC) after conversion
from croplands to SRC [12], due to the high inputs of organic carbon from leaf and root
litter and the minimal soil disturbance. However, losses in SOC stock were observed after
conversion to SRC of native vegetation or perennial grasslands. This apparent contradiction
is immediately explained: SOC accumulation rate is negatively correlated to the initial
organic carbon stock in soil [13], which in turn depends on previous land-use. That is, soils
with lower organic carbon content (such as intensively cultivated agricultural land) have a
larger potential as organic carbon sink compared to other land.

As mentioned, SRC does not require high management efforts. Chemical and me-
chanical weed control is necessary only during the establishment period and after each
harvest. Water consumption is site-specific and weather dependent, as well as the need
of an irrigation system. In the Po valley and central Italy, water availability is one of the
main factors influencing SRCs, so irrigation must always be taken into account to prevent
yield losses during the dry years [14]. The need for fertilization depends on site and
soil conditions. N-fertilizer demand is generally quite low, due to effective N recycling,
although willow seems to require more nitrogen than poplar [14]. To date, the effects of
fertilization on carbon accumulation in SRC soils are still uncertain. Indeed, the few au-
thors [13,15] who have studied the correlation between fertilization and SOC have obtained
contradictory results.

SRC plantations also significantly affect the vertical distribution of carbon in soil
profile [8], creating a carbon concentration gradient with soil depth.

Some studies have shown a decrease in SOC during the first year after the conver-
sion to SRC [11,17,25], presumably due to tillage of the ploughed layer, followed by an
increase [13,25,26]. Other studies found an increase from the early years [13,23], while one
otherobserved no significant variation [11].

Few authors have studied medium-term variations in SOC stock, reporting an initial
decrease of SOC stock followed by an increase reaching the pre-plantation level within
7 years [15,25]. Ceotto and Candilo (2011) [16] observed a consistent increase already in
the first 7 years.

Most long-term studies found an increase in SOC stock over time after conversion
to SRC as consequence of the higher inputs from litters compared to the losses due to
decomposition [8].

This variability confirms that carbon sequestration is influenced by various environ-
mental and management factors [13]. Moreover, it reflects the uncertainty due to a series of
simplifying assumptions (linearity, steady state) and to datasets often based on comparison
of plantations at different age, while detailed chronosequences are the exception [11].

In all the mentioned studies, SOC results were obtained from the average of individual
sampling points without considering soil spatial variability.

We present here the results of a chronosequence study, part of the SUSCACE project
(http:/ /www.gruppo-panacea.it/biomasse/progetti/suscace; accessed on 18 March 2021),
which aims to investigate the conversion of agricultural lands from food production to SRC
poplar plantations for bioenergy. In particular, the objectives of our study were to: (i) assess
the influence of 6 years of high-density and very-high-density SRCs on SOC using a spatial
survey approach, (ii) evaluating the effects of the agronomic management (fertilization,
irrigation, fertilization and irrigation) on SOC changes in each investigated SRC type.


http://www.gruppo-panacea.it/biomasse/progetti/suscace
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2. Materials and Methods
2.1. Study Site

The experimental site is located near the Po river at Casale Monferrato (Piedmont,
Italy; 45°08'07.77" N; 08°30'42.16” E), in a CREA (Italian Council for Agricultural Research
and Economics) experimental farm.

The climate is temperate continental (average rainfall 715 mm year~! and average
temperature 12.5 °C). Since the parent material consists of recent alluvial deposits, soils
are poorly developed: according to World Reference Base (WRB) classification [27] they
are Calcaric Regosols (Epiloamic, Endoarenic, sometimes Endoskeletic) [18]. The soils are
mostly sandy loam on the surface and loamy sand at depth, sometimes with a significant
amount of rock fragments; they have moderate limestone content and are slightly alkaline.

The study area (1 ha) has been uniformly managed as arable land or poplar plantation
for several decades; in 2006 it was cultivated with alfalfa and in 2009 it was divided into
two fields for an experimental SRC study, in order to verify the performance of the Imola
poplar clone (Populus x canadensis Monch).

Two models were tested:

- High-density—H-SRC: 1111 trees/ha, with 3 X 3 m spacing and harvesting every
5 years;

- very-high-density—VH-SRC: 8333 trees/ha, with 3 x 0.4 m spacing, with first harvest
at the end of the first year and every two years thereafter.

For both the models, 4 types of agronomic management were tested using a split-plot
experimental scheme with three randomized blocks [28]. Each block was split in half, and
irrigation was allocated at random to one half of the block. Each irrigation plot was split
into two subplots, and fertilization was allocated at random to one of the subplots. As a
result, two treatments were applied (irrigation and fertilization) with two levels each: ‘no’
and ‘yes’; the investigated types of agronomic management were:

- no treatment (CTR);

- irrigation (I): calibrated according to the potential evapotranspiration rate and dis-
tributed during the summer, when required, with a drip system;

- fertilization (F): 60 kg ha~! year~! of slow-release nitrogen, applied in early spring;

- fertilization and irrigation (FI).

Plots were ploughed to a depth of 35 cm and then harrowed. Unrooted 1-year old
poles, planted at 70 cm depth, were used to establish H-SRC; unrooted cuttings, 20 cm long,
were employed for VH-SRC.

Harrowing and insecticide treatments were carried out to eliminate weeds and combat
poplar pests, respectively. During the planting year and the first SRC year, disc harrowing
was carried out in the lanes (approx. 15 cm depth) twice in the VH-SRC and only once in
the H-SRC. During the cultivation period, the harrowing was carried out once per year for
both the stands.

2.2. Soil Sampling and Analysis

A soil survey was carried out in spring 2010 to characterize the variability of soil
properties with the aim of identifying the most suitable locations for the monitoring of
soil greenhouse gas emissions [18]. This first soil sampling has been considered here as
the initial condition (starting point) against which to assess changes in SOC stock as a
consequence of SRC.

The soil was sampled by layers, the thickness of which was decided on the basis of the
average limits of the genetic horizons, as described in the soil profiles [18]: 0-15 cm (Ap1
horizon, corresponding to the thickness of harrowing); 15-35 cm (Ap2 horizon, up to the
depth reached by the initial ploughing); 35-60 cm (AC horizon, up to the depth reached
in the past in the deep ploughing that was used to establish poplar plantations). A total
of 40 points (20 in H-SRC, 20 in VH-SRC) randomly chosen were sampled using a steel
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cylindrical volumetric sampler (5.4 cm diameter) for the first two layers and a gouge auger
(30 mm diameter—Eijkelkamp, Giesbeek, The Netherlands) for the third one.

Soil samples were air dried, sieved (2 mm mesh), and analyzed to determine the
SOC and total nitrogen (Ntot) content (Flash EA 1112 NCSoil, Thermo Fisher Scientific
elemental analyzer, Pittsburgh, PA, USA), after carbonate removal by HCI [29], pH in KCl
(1 M) and pH in water (soil to KClI solution/water ratio of 1:2.5), particle-size distribution
by sieving and sedimentation [30] (sand, 0.05-2 mm; silt, 0.002-0.05; clay, <0.002 mm), and
total carbonates (Dietrich-Friihling calcimeter, in the 0-15 cm layer only). The bulk density
of the fine earth (BD) was calculated from the sampler volume and corrected for the rock
fragments volume.

A second spatial survey, performed with the same methods and criteria, took place 6
years later in summer 2016 at 80 total points (40 in H-SRC and 40 in VH-SRC; Figure 1).
In the second sampling, only organic carbon was measured, to verify changes from the
previous one.

0C (%)
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(]0.82
£30.91
Bl 1.29
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& 13
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Figure 1. (a) Study site and sampling points; (b) map of initial soil organic carbon content (OC); (c¢) map of rock fragment

(RF) content.

The SOC stock (expressed in kg m~2) was calculated for each layer from the SOC
content (% by weight), taking into account fine earth BD and rock fragments volume (RF).

2.3. Statistical and Geostatistical Analyses

For each SRC type, data analyses were performed in different steps: (1) investigation
of the effect of 6 years of SRC on SOC stock; (2) geostatistical analyses of SOC content,
RE, and BD to obtain spatial estimates of the starting SOC content and stock and thus
(3) perform the subsequent regression models to assess agronomic management influence
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on SOC changes by taking into account the initial SOC (starting point); (4) application of
the models to estimate spatial distribution of SOC stock after 6 years of SRC for the entire
study area and consequently obtain map of SOC increments.

2.3.1. Univariate and Multivariate Geostatistical Analyses

Multivariate geostatistical (cokriging) procedure [31] was applied to the SOC content
obtained from the first 2010 sampling) and sand content in order to disclose the spatial
relationships among the variables and obtain the SOC content estimates at the nodes of a
0.5 x 0.5 m cell grid. Univariate geostatistical technique was used to estimate BD and RF
content and thereby calculate the initial SOC stock both at the nodes of the same grid and at
the point locations sampled to characterize the SOC stock after 6 years of SRC (2016 data).

A prior Gaussian transformation of the raw variables was carried out through Gaus-
sian anamorphosis, which uses an expansion of Hermite polynomials [32,33]. The goodness
of fit was evaluated with cross-validation by calculating: (1) mean error, and (2) root mean
square standardized error by (co)kriging variance.

All geostatistical analyses were performed using ISATIS-neo release 10.1 software
package [34].

2.3.2. Evaluation of Effects on SOC

To evaluate the effects of 6 years of SRC cultivation and agronomic management on
SOC, a mixed effect model procedure was performed testing for autocorrelation among the
model residuals [35].

SOC stock changes after 6 years were evaluated considering the duration of SRC
permanence (starting point and 6 years of SRC) as a fixed effect in the model. For the third
layer only, we made the comparison in terms of content and not stock due to the difficulty
of measuring the RF volume.

Agronomic management effect on SOC after 6 years of SRC was investigated con-
sidering as fixed effect the treatment (F, I, FI, and CTR) and including in the model the
previously estimated initial SOC value; the differences between the mean values were
obtained through contrast analysis.

Statistical analyses were performed with PROC MIXED of SAS software package
(release 9.4; SAS Institute, Cary, NC, USA) [36]. The simultaneous estimates of covariance
parameter and fixed effect coefficients were obtained by restricted maximum likelihood
(REML) estimation [36]. A general absence of autocorrelations among model residuals
was observed.

The models were applied to the maps of initial SOC, with the aim of obtaining the
distribution map and the average value of SOC stock after 6 years of SRC and consequently
the maps of its increments for each plantation type.

3. Results

The starting SOC content by weight, measured in the first sampling, ranged between
0.48 and 1.29% in the 0-15 cm layer (Table 1 and Figure 1) with an average value + standard
deviation of 0.91 £ 0.23% in H-SRC and 0.82 £ 0.12% in VH-SRC. Below the depth of the
harrowing, the SOC content was 0.78 & 0.19% in the second investigated layer, decreasing
to 0.69 £ 0.17% in the third. The C:N ratio of SOM was around 10 at the surface, slightly
lower at depth.

The soil texture (USDA class) of the topsoil was mainly sandy loam, the soil reaction was
subalcaline, with average values of 7.7, 7.9, and 8.2 in the 0-15 cm, 15-35 cm, and 35-60 cm
layers, respectively, and the total carbonates were in limited quantities (58 + 8 g kg~!).

The study area was characterized for almost half by the presence of RF till a maximum
of 40% by volume, mainly distributed in the southeast part of H-SRC. The variability of
soil particle size greatly affected the spatial distribution of SOC stock which in the first
layer averaged to 1.52 + 0.22 kg m~2, ranging between 1.09 and 2.07 kg m 2.
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Table 1. Main statistics of initial soil properties of the investigated layers (I: 0-15 cm; II: 15-35 cm; and III: 35-60 cm).

Mean St.dev Min Max
I I III I II I I 11 I I I III
pH 7.7 7.9 8.2 0.1 0.1 0.1 7.6 7.8 8.1 7.8 8.0 8.5
SOC (%) 0.86 0.78 0.69  0.19 0.17 013 049 057 049 1.29 1.36 0.89
CN 10.2 9.7 9.4 0.94 0.72 0.65 8.3 7.2 7.8 11.6 11.8 11.4
Sand (g kg™ ') 592 582 - 47 78 - 490 437 - 668 785 -
Silt (g kg™') 356 364 - 43 74 - 280 174 - 450 501 -
Clay (g kg™ 1) 52 54 - 6 9 - 39 38 - 66 71 -
TC (gkg™) 58 - - 8 - - 36 - - 74 - -
BD (g cm™3) 1.41 1.43 1.30  0.07 0.10 011 126 108 1.05 1.55 1.55 1.47
RF (%) 15 18 - 15 17 - 0 - - 40 45 -
SOCstock (kg m~2) 1.52 1.85 - 0.22 0.29 - 1.09 142 - 2.06 2.49 -

pH: pH in water; SOC: organic carbon content; CN: C:N ratio; sand; silt; clay; TC: total carbonates; BD: bulk density; RF: rock fragments;
SOCstock: organic carbon stock.

After 6 years of SRC, the SOC stock of the 0-15 cm layer significantly (p-value < 0.05)
increased both in H-SRC and VH-SRC (Table 2), while no significant differences in SOC
were found for the second and the third investigated layers.

Table 2. Effect of 6 years of (a) high-density (H)-short rotation coppice (SRC) and (b) very-high-
density (VH)-SRC on SOC: coefficient estimates and their standard error of the fixed effect (duration
of SRC permanence: starting point and 6 years of SRC). The response variable is SOC stock (kg m~2)
for the first two layers (0-15 cm and 15-35 cm) and SOC content (%) for the third one. Significant
differences (p < 0.05) are in bold.

Coefficient df Estimate SE P
(@) H-SRC

0-15cm intercept 58 1.8813 0.0359 <0.0001
starting point 58 —0.3605 0.0659 <0.0001
6 years of SRC - 0 - -

15-35 cm intercept 58 1.7991 0.0490 <0.0001
starting point 58 0.0436 0.0897 0.6289
6 years of SRC - 0 - -

35-60 cm intercept 34 0.5434 0.0502 <0.0001
starting point 34 0.1076 0.0895 0.2386
6 years of SRC - 0 - -

(b))  VH-SRC

0-15cm intercept 58 1.7640 0.0451 <0.0001
starting point 58 —0.2100 0.0827 0.0140
6 years of SRC - 0 - -

15-35 cm intercept 58 1.8891 0.0634 <0.0001
starting point 58 0.0113 0.1162 0.9225
6 years of SRC - 0 - -

35-60 cm intercept 34 0.6390 0.0311 <0.0001
starting point 34 0.1072 0.0563 0.0621
6 years of SRC 34 - -

As consequence of the non-involvement of deeper soil layers in the 6 years of SRC,
the investigation effect of the agronomic management was performed for the first layer
only, showing a significant positive influence of the FI treatment on the accumulation of
SOC; this increase significantly depends on the initial SOC value (Table 3). In general, in
the study area, the SOC stock increment, defined as the difference between the SOC stock
measured after the 6 years of SRC and that at the starting point at the same locations, was
significantly negative related to the initial SOC stock (Figure 2).
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Table 3. Effects of 6 years of agronomic treatments on SOC and differences between the mean values
(contrast analysis): coefficient estimates and their standard error of the models for topsoil SOC as a
function of initial SOC and treatments (I: irrigation; F: fertilization; FI: fertilization and irrigation;
CTR: control) for (a) H-SRC and (b) VH-SRC. Significant differences (p < 0.05) are in bold.

(a) H-SRC Coefficient df Estimate SE p
SOC (%) intercept 35 —1.2774 0.4016 0.0031
initial OC (%) 35 2.7017 0.4123 <0.0001
F 35 0.2360 0.1353 0.0897
FI 35 0.4345 0.1363 0.0030
CTR 35 0.2799 0.1569 0.0832
I - 0 - -
contrast analysis treatment treatment estimate SE p
F FI —0.1985 0.1320 0.1415
F CTR —0.0438 0.1506 0.7727
F I 0.2360 0.1353 0.0897
FI CTR 0.1547 0.1501 0.3100
FI I 0.4345 0.1363 0.0030
CTR I 0.2799 0.1569 0.0832
(b) VH-SRC Coefficient df Estimate SE P
SOC (kg m_z) intercept 35 0.8145 0.1977 0.0002
initial OC (kg m~2) 35 0.5347 0.1250 0.0002
F 35 0.1786 0.0930 0.0635
FI 35 0.3136 0.0925 0.0018
CTR 35 0.07145 0.0897 0.4318
I - 0 - -
contrast analysis treatment treatment estimate SE p
F FI —0.1349 0.0941 0.1611
F CTR 0.1072 0.0918 0.2516
F I 0.1786 0.0930 0.0635
FI CTR 0.2421 0.0917 0.0126
FI I 0.3136 0.0925 0.0018
CTR I 0.0714 0.0897 0.4318
1.2
o
1.0
R Q y=1136-05023 * x
o N R = —0.6499;p = 0.0000

increment

initial SOC stock (kg m-2)

Figure 2. Relationship between increment (difference between the SOC stock measured after 6 years
of SRC and that at the starting point at the same locations) and initial SOC stock (H-SRC and VH-SRC
considered together) and its 95% confidence interval.
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By applying the appropriate model to each SRC type, we obtained for H-SRC an
average 6-years SOC increment of 0.46 kg m~?2, resulting in an average SOC stock of
1.91 kg m~2 while at VH-SRC the increment was lower (0.22 kg m~2), resulting in an
average SOC stock of 1.79 kg m~2 (Figure 3).

Figure 3. Map of 6-year increments of SOC stock (kg m~2) distinguishing treatments in H-SRC
(on the right) and VH-SRC (on the left). The overlapping white grid represents the agronomic
treatment model. FI: fertilization and irrigation; I: irrigation; F: fertilization; CTR: control.

With regard to the changes in SOC stock by type of treatment, in H-SRC an increase of
0.48+ 0.21 kg m~2,0.45 + 0.04 kg m~2,0.62 £ 0.22 kg m 2, and 0.29 + 0.16 kg m~2 was
observed for CTR, E, FI, and I, respectively, while in VH-SRC the SOC stock increased by
0.15 + 0.17 kg m~2, 0.25 & 0.14 kg m~2, 0.38 + 0.10 kg m 2, and 0.12 4 0.13 kg m 2 for
CTR, E FI, and I, respectively.

4. Discussion

After 6 years of SRC, the SOC stock increased by about 30% (0.076 kg m~2 year—!)
and 14% (0.037 kg m~2 year™!) in the 0~15 cm layer of H-SRC and VH-SRC, respectively,
confirming the potential of poplar energy crops to sequester carbon in soil if established on
former cropland, as found in the review of Don et al. (2012) [12] that reported an average
SOC accumulation of 0.044 kg m™2 year‘1 ; however, the accumulation rates strongly differ
between studies (e.g., 0.03 kg C ha~! year~!, [15]; 0.16 kg C ha~! year~!, [25]). The differ-
ences found in the literature may be due not only to differences in the cultivated species
or in the SRC management, but also to the soil characteristics and SOC stock before con-
version [3,20,37]. We clearly observed the influence of the initial SOC on its accumulation
during SRC system: soils with lower initial SOC showed higher accumulation.

Several factors may have played a role in the observed SOC accumulation as a conse-
quence of conversion from cropland to SRC, among which the fact that plantations generally
result in increased litter and root inputs compared to annually harvested crops [19].

In addition, the soil disturbance is strongly limited: deep ploughing is done only
before establishing the plantation, and not annually as for most of the crops, decreasing
SOC heterotrophic oxidation due to lower soil O, input [38]. In our study, the weed control
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by harrowing was the only tillage operation in addition to pre-planting ploughing; soil
was harrowed more frequently in the first 2 years of plantation causing SOC loss through
mineralization, but at the same time allowing incorporation of weed organic matter into
the first soil layer. A non-involvement of the deeper layers as a consequence of SRC was
found, as also shown in other studies [3,16,19,39,40].

The SOC storage may also be related to a decrease in soil surface temperature due to
the poplar canopy cover, which may have caused a decrease in organic matter mineraliza-
tion. The effect of temperature on soil respiration was observed since the first year of the
plant in VH-SRC [18] although the canopy extensions of the young standwere still limited.

Our study evaluated the SOC changes after 6 years of SRC, starting from 2010, the
second year of planting; assuming a starting SOC stock equal to that of the second layer
investigated in the first sampling, representing the SOC stock after pre-planting ploughing
at 35 cm, the average SOC stock increase would be higher than that previously estimated:
0.080 kg m~2 year~! and 0.053 kg m~2 year~! for H-SRC and VH-SRC, respectively.
The higher accumulation rate in the first year of SRC, as above indicated, may be the
consequence of a higher incorporation of weeds into the soil through harrowing [41],
compared to the following years characterized by lower weed production due to the higher
tree density and canopy cover.

By SRCs comparison, H-SRC resulted to accumulate more SOC stock than VH-SRC.
Concerning this, Bergante et al. (2015) [42] found that H-model was the most productive;
the total epigeal biomass production averaged to 11.78 t ha=! at the end of 5th year
compared to 7.98 t ha~! of the VH-model, but no differences in leaf biomass (average
value of 3.5 & 0.19 t ha~! in 5 years) were found between the two SRC models. Since
poplar hypogeal biomass is usually positively correlated with epigeal biomass [43], the
contribution of SOM from roots helps to explain the higher storage of SOM at H-SRC
compared to VH-SRC.

SOC stock differences between the two SRC types could also be related to differences
in organic matter mineralization rates due to different soil temperatures or water content.
As previously reported, a lower soil temperature, and thus soil respiration, was observed
in the first-planting-year in VH-SRC compared to H-SRC; this temperature difference was
likely canceled during the next 4 years as a result of tree growth in H-SRC in the absence
of cutting. The higher RF content of H-SRC than that of VH-SRC may also have limited
water availability by decreasing microbial activity and organic matter mineralization.
Evaluating treatment effects on SOC accumulation, we found a positive influence of
irrigation associated with fertilization, with an average increment in 6 years of SRC of
0.62 kg m 2 and 0.38 kg m 2 for H-SRC and VH-SRC, respectively. The water availability
is considered a key factor for a high plantation productivity [28], particularly in soils
with loose texture and deep water table, such as those studied. Concerning fertilization,
conflicting results are reported: Scholz et al. (2010) [15] observed an increase in SOC
stock of fertilized compared with non-fertilized SRC plots, while Ventura et al. (2019) [13]
reported that neither N nor ash application affects SOC variation; at the moment, the
correlation between fertilization and SOC accumulation is still poorly investigated and
unclear and needs further studies.

The spatial survey adopted in our study let us identify a relevant spatial variability
of SOC, texture, and RF contents and consequently of the distribution of SOC stock at the
starting-point.

Despite the non-homogeneous distribution of RF within the study area, the agronomic
treatments were quite balanced. In H-SRC, where RF extended over more than half the
field, only one CTR replication was not representative of the block to which it belonged,
probably leading to an average value of SOC accumulation in CTR comparable to that of F
and higher than that of I.

The identification of the model, which includes the influence of the initial SOC and
the agronomic treatments on SOC storage, combined with the spatial approach, provided a
more accurate SOC accumulation value, in particular for H-SRC module for which a lower
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SOC stock increase (27% instead of 30%) would have been estimated considering the points
only (albeit in large numbers).

5. Conclusions

We investigated the medium-term impact of land use conversion from cropland to
poplar SRC on SOC stock, comparing high-density and very-high-density models and
evaluating the agronomic treatment effects on SOC accumulation.

The study showed evidence that: (i) poplar SRCs contribute to SOC storage confirming
their role in producing bio-energy while also providing a potential mitigation effect on
climate change; (ii) during 6 years of planting, H-SRC accumulated more SOC than VH-
SRC, mainly related to its higher biomass productivity; (iii) irrigation associated with
fertilization significantly increased SOC accumulation rate; similar relevance had the SOC
content before conversion; (iv) spatial variability survey represented a valid approach to
obtain an accurate SOC stock evaluation, especially in areas with a strong spatial variability
of soil properties.
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