
RESEARCH ARTICLE

Land-use change from poplar to switchgrass and giant reed
increases soil organic carbon

Andrea Nocentini1 & Andrea Monti1

Accepted: 8 June 2017 /Published online: 28 June 2017
# INRA and Springer-Verlag France SAS 2017

Abstract Switchgrass and giant reed can provide a dual con-
tribution in reducing greenhouse-gas emissions through
displacing fossil fuels and derivatives and increasing soil or-
ganic carbon. However, if it is generally true that displacing
fossil fuels with biomass brings favorable effects, there is not
as much evidence that perennial grasses increase soil organic
carbon, as it mainly depends on the land-use change. The
present study investigated, for the first time, the effects on soil
organic carbon of the land-use change from poplar to switch-
grass and giant reed. We addressed the soil organic carbon
variation over 10 years of switchgrass and giant reed
succeeding a 30-year poplar. Soil samplings were performed
after 3 and 10 years from establishment down to 0.6 m depth.
The results show that although the ability of poplar to store
large quantities of soil C is widely demonstrated, the two
perennial crops allowed to further increase soil organic carbon
stocks; particularly, giant reed increased soil organic carbon at
a double rate than switchgrass (0.19 and 0.09 g kg−1 year−1).
The variation in soil organic carbon highly affected total
greenhouse gas savings as estimated by a life-cycle assess-
ment: 11–35 and 20–42% of total savings from switchgrass
and giant reed, respectively, derived from increasing soil C
stocks. These results highlight the importance of understand-
ing long-term environmental- and crop-specific land-use-
change effects in life-cycle assessments instead of applying
coefficients to generic crop categories (e.g., perennial
tree/crop) and crop sequences, as it normally happens.
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1 Introduction

Deep-rooted perennial grasses such as switchgrass (Panicum
virgatum L.) and giant reed (Arundo donax L.) can provide a
dual contribution to greenhouse-gas emission reduction by both
storing soil organic carbon (SOC) (Lemus and Lal 2007;
Agostini et al. 2015) and producing biomass to displace fossil
fuels (Alexopoulou et al. 2015; Schmidt et al. 2015) (Fig. 1).
However, if it is true that every year a certain amount of biomass
is produced, much uncertainty exists when factoring in SOC
variations, which can be positive or negative depending on sev-
eral intrinsic and extrinsic factors, such as climate, soil type,
crop management, and former land use (Garten and
Wullschleger 2000; Brandão and Milà i Canals 2013).
Especially the former land use impacts SOC stocks as, in most
cases, the change to perennial grasses triggers the soil system
towards a new equilibrium. New SOC dynamics are principally
a result of a change in above- and below-ground vegetation (live
C pools) and in the land management. Typically, perennial
grasses increase SOC when replacing arable crops, while they
decrease SOC when grown after natural ecosystems or pasture-
lands (Garten andWullschleger 2000; Fargione et al. 2008; Qin
et al. 2016).

Ideally, dedicated perennial grasses for biofuels and
biorefinery are thought to be suited to marginal lands (i.e., areas
with a low economic value, considering both productive and
ecological perspectives) in order to avoid competitionwith food
crops. However, an unresolved dilemma is whether the cultiva-
tion of perennial grasses in marginal areas will maintain SOC
unchanged, or if a negative SOC changewill nullify the positive
effects from fossil-fuel displacement (Fargione et al. 2008).
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Understanding land-use-change effects on SOC will allow en-
hancing the life-cycle assessments of agro-energy systems,
since, currently, the uncertainty in SOC dynamics still makes
it difficult to give any exact figure. In many cases, SOC is not
even included in the analyses (Davis et al. 2009), while, more
commonly, generic coefficients of SOC changes are applied
while implementing life-cycle assessments (Brandão and Milà
i Canals 2013). Some studies instead (Adler et al. 2007;
Gelfand et al. 2013; Hudiburg et al. 2016) employed biogeo-
chemical models to account for biogenic impact on CO2 emis-
sions, allowing a greater accuracy in assessing SOC dynamics.
In fact, compared to generic coefficients, such models (e.g.,
DAYCENT) can account for small differences in C pools, soil
dynamics, and land management, therefore owing the power to
distinguish the effects on SOC even of crops with analogous
uses and similar managements. However, in order to be prop-
erly calibrated, such models need measured, reliable data.

In general, land-use changes to perennial grasses have been
investigated after arable crops or after native vegetation (Qin
et al. 2016). Biomass supply districts in marginal areas might
not include food crops (less suitable for low-productivity mar-
ginal areas) but only perennial grasses and short rotation cop-
pices that succeed one another. In this context, long-term SOC
variations caused by the land-use change from short rotation
coppices to perennial grasses could constitute valuable infor-
mation for the near future. Furthermore, understanding the real
contribution of the current vegetation to SOCmay constitute an
important indication of the accumulation potential of a certain
land use. In fact, a recent high deposition of organic matter may
be canceled by a fast turnover of older organic matter, thus
apparently resulting in a null contribution from the current land
use. Garten and Wullschleger (2000), for example, converted
pastures to switchgrass and, although they always observed an
increase in switchgrass-derived SOC, they did not find a posi-
tive SOC gain in all sites; hence, older C losses counterbalanced
the deposition of new C. Isotopic determinations (Balesdent

et al. 1987; Garten and Wullschleger 2000) allow a deeper
insight on SOC dynamics and to study the interactions between
older SOC and newer SOC as, for the present case, an effect of
the long-term succession of perennial crops.

To the best of our knowledge, although the effects on SOC of
switchgrass, and to a less extent of giant reed, have been inves-
tigated (Monti et al. 2012 and references therein, Ceotto and Di
Candilo 2011; Sarkhot et al. 2012; Cattaneo et al. 2014; Monti
and Zegada-Lizarazu 2016), this is the first study that addressed
the SOC variation under switchgrass and giant reed following
poplar. Indeed, to present, no study has investigated the land-use
change fromwoody biomass crops to herbaceous biomass crops
(Fig. 1). Moreover, although both switchgrass and giant reed
(Lewandowski et al. 2003) are among the most interesting her-
baceous species for bioenergy and may thus compete for the
same lands, their ability to increase SOC has never been quan-
tified side-by-side. Sampling the soil to a depth of 0.6 m was
believed effective in capturing themajority of the SOC variation
as root C deposition rapidly decreases with soil depth (Garten
and Wullschleger 2000; Collins et al. 2010); Garten and
Wullschleger (2000) estimated that, in switchgrass, the surface
0.4 m of the soil contained 75 to 95% of the SOC inventory in
the top 3 m of the soil. Several other studies on SOC dynamics
of switchgrass and giant reed have considered the same soil
layer or shallower (Kucharik 2007; Ceotto and Di Candilo
2011; Cattaneo et al. 2014; Fagnano et al. 2015; Monti and
Zegada-Lizarazu 2016). The study covered a period of 10 years
which is considered appropriate to provide reliable results on
SOC variation (Qin et al. 2016). The experiment aimed to (1)
measure the long-term SOC change occurring after the land-use
change from a short rotation coppice to perennial herbaceous
biomass crops, (2) compare side-by-side switchgrass and giant
reed in their ability to increase SOC stocks, (3) study the rates of
decomposition of poplar-derived SOC and of deposition of
switchgrass-derived SOC after the land-use change, and (4)
assess the impact of SOC changes on the life-cycle emissions
by switchgrass and giant reed.

2 Materials and methods

2.1 Experimental setup

The trial was carried out on a flat, clay-loam sub-alkaline soil
(Table 1) in Bologna, North Italy (44° 34′ N, 11° 47′ E; 5 m
a.s.l.) over a period of 10 years. The climate is characterized
by cold humid winters and hot summers. During the trial
(2005–2014), mean annual temperature was 13.4 ± 8.3 °C
(17.8 ± 6.3 °C, March to October), and rainfall was
613 ± 150 mm (409 ± 87 mm, March to October). Poplar
(Populus × euramericana, cultivar I-214) was the previous
crop for 30 years. Poplar was harvested and uprooted in au-
tumn 2003. The soil was then subject to a moldboard plowing

Fig. 1 Switchgrass and giant reed in Northern Italy, with poplar on the
background
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before winter and to harrowing in spring before establishing
the two perennial crops: switchgrass (Panicum virgatum L.;
var. Alamo) and giant reed (Arundo donax L.; local ecotype).

Switchgrass was sown on the 12th of May at seed density
of 400 seeds m−2 (48-cm row spacing) by a mechanical seeder
(Garavini 1225, Italy). Giant reed was transplanted on the 5th
of July: furrows with an inter-row of 1 m were created, and
then giant-reed seedlings were laid down within each furrow
at the distance of 1 m from each other, resulting in a plant
density of 1 × 1 m. Both crops were established in large plots
(2250 m2 each, 15 × 150 m), according to randomized blocks
with three replications. Plots were separated by 10-m wide
uncultivated rows. Both grasses were never fertilized with
N, whereas phosphate (P) was distributed at a dose of 44 kg
ha−1 only in the first year during field preparation. Potassium
(K) was not supplied given the high soil content (Table 1). To
ensure a successful establishment, 165 (switchgrass) and 210
(giant reed) mm of irrigation water were supplied during the
first year. Both species were annually harvested in February:
stems were cut at ~5 cm from the ground, and then the bio-
mass was baled.

2.2 Soil organic carbon and isotope composition

Soil organic carbon content was determined on three soil layers
(0–0.2, 0.2–0.4, 0.4–0.6 m) the day before sowing switchgrass
and again after the third (February 2007) and tenth harvest
(February 2014). Given the large plot size (2250 m2), three soil
samples per plot were collected (108 soil cores in total). Soil
cores (70 mmϕ) were collected during harvest by a mechanical
auger coupled with a tractor. Soil samples were air-dried and
entirely ground to 0.5 mm prior to organic C determinations.
Soil sub-samples (about 15 mg) were pre-treated with HCl to
eliminate inorganic C and encapsulated thereafter. SOC was
determined by an elemental analyzer (Flash 2000 CHNS/O
Analyzer, Thermo Scientific, USA).

Given the different photosynthetic pathways of switchgrass
(C4) and poplar (C3), carbon isotope composition was used

(determined through CF-IRMS continuous-flow isotope-ratio
mass spectrometer, Delta V Advantage, Thermo Scientific,
USA) to estimate switchgrass contribution to SOC, as given
by Balesdent et al. (1987):

Csw ¼ Ct
* δ13Ct−δ13C0

� �.
δ13Cs−δ13C0

� �h i
ð1Þ

where Csw, Ct, and δ13Ct are switchgrass-derived C, total soil
organic C, and soil 13C abundance relative to 12C at time t,
respectively. δ13C0 and δ13Cs are the 13C/12C abundance in
the soil prior to switchgrass and of switchgrass plant tissues,
respectively. Switchgrass roots (extracted from 70 mm ϕ soil
cores) and dead litter (collected on 0.25 m2 sampling areas)
were collected in March 2015, separated from soil, washed,
sieved, cleaned, oven-dried at 60 °C for 72 h, and finally ground
(0.5 mm) prior to isotope determinations. The same procedure
used for the soil samples was also used to determine the carbon
isotope ratio of the plant material, although the amount of sub-
sample encapsulated for the analysis differed (~0.5 mg). Root
and litter showed very similar δ13C values (−13.98‰ ± 0.44
and −14.00‰ ± 0.29, respectively).

2.3 C credits from advanced bioethanol production

The greenhouse-gas emissions deriving from the agricultural
management of the two grasses were estimated through life-
cycle assessment procedures (IPCC 2014) using SimaPro 8.0
(PRé Consultants, Amersfoort, NL), according to the IPCC
2013 GWP methodology (IPCC 2014). Life-cycle emissions
were annualized for the 10 years of cultivation of the two crops,
as the credits from SOC storage. Processes already present in
the ecoinvent 3.0 database were adjusted to better reflect the real
field management of the two grasses (Table 2). Cradle-to-farm
gate impacts of both, switchgrass and giant reed, were then
compared on a land- (hectare) basis. Fossil fuel offset credits
from the production of advanced ethanol were estimated taking
into account the aboveground biomass productions. Year by
year yields of switchgrass and giant reed in this experiment were

Table 1 General soil
characteristics at the experiment
site (0–0.5 m)

Parameter Method Unit Value

Gravel Sieving (>2 mm) % ns

Sand Particle size an. (0.05 mm < 2 mm) % 21

Silt Particle size an. (0.002 mm < 0.05 mm) % 51

Clay Particle size an. (<0.002 mm) % 28

pH Soil-water suspension 7.5

Total nitrogen Dumas g kg−1 1.4

Total limestone Dietrich-Fruehling % 18.3

Available phosphorus Olsen mg kg−1 12

Exchangeable potassium Spectrophotometry mg kg−1 315

ns not significant
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reported elsewhere (Alexopoulou et al. 2015). For bioethanol
conversion, we assumed 282 l of EtOH (21.1 MJ l−1) produced
from a ton of dry biomass (Lynd et al. 2008). Estimated carbon
credits from fossil fuel offset were calculated assuming that
89.7 g of CO2 are saved for MJ of bioethanol energy (Gelfand
et al. 2013) (Table 2).

2.4 Sensitivity analysis of SOC stocks changes

Through a sensitivity analysis, in which soil bulk density
values were varied, we estimated the range of SOC stocks
variation of switchgrass and giant reed. First, the soil-water
content at saturation was estimated by employing the correla-
tion found by Saxton et al. (1986) between soil texture and
soil-water characteristics:

Saturation ¼ 0:332− 7:251−4
� �� %sandð Þ þ 0:1276� log10 %clayð Þ� � ð2Þ

where %sand and %clay are the relative content of sand and
clay of the soil, respectively. Then soil bulk density (BD) was
inferred through the following equation:

BD ¼ 1−Saturationð Þ � 2:65 ð3Þ

We then assumed that soil bulk density could have been as
low as −20% (1.06 g cm−3) or as high as +20% (1.58 g cm−3)
of the calculated value (1.32 g cm−3) as well as that soil bulk
density may have increased in time by up to 18% since estab-
lishment due to compaction (Onstad et al. 1984); we consider
this latter assumption reasonable as part of the soil compaction
already occurred before the initial sampling due to 5 months
of weathering after plowing (December to May). Hence, by
converting the gravimetric data to areal C stocks (Lee et al.
2009), the range within which SOC stocks changed was
calculated.

2.5 Statistical analysis

All data were subject to one-way repeated measures analysis
of variance (ANOVA); the year was considered a random
factor. When ANOVA revealed significant differences among
means (P ≤ 0.05), Fisher’s LSD (P ≤ 0.05) test was used to
separate means into groups.

3 Results and discussion

3.1 Long-term carbon storage in the soil

Both switchgrass and giant reed increased SOC in a period of
10 years (Fig. 2) after having replaced poplar. Giant reed, in
particular, significantly increased SOC by 2.3 (P ≤ 0.01) and
1.5 (P ≤ 0.05) g kg−1 in the upper (0–0.2 m) and intermediate
(0.2–0.4 m) soil layers, respectively, showing a double mean
annual SOC accumulation rate than switchgrass (0.19 and
0.09 g kg−1 year−1, respectively). As poplar is broadly recog-
nized for its ability to accumulate high amounts of soil carbon
(Rytter 2012; Agostini et al. 2015), we were hypothesizing a
decrease in SOC, especially in the first years of grass cultiva-
tion, so the measured further increase in SOCwas unexpected.

The higher SOC increase of giant reed compared to switch-
grass can be likely explained by the higher below- and above-
ground biomass development of giant reed (Monti and Zatta
2009; Alexopoulou et al. 2015). Biomass residues (unrecov-
ered biomass) of giant reed were also more than twice those of
switchgrass (+105% of leaf-litter, data not shown); although
leaves debris are generally more easily decomposable than
root material (Kemp et al. 2003), this contributes in explaining
the higher SOC under giant reed. Root size is another major
factor affecting SOC accumulation (Agostini et al. 2015), but
this was found to be very similar (250–300 μm) between
switchgrass and giant reed (Monti and Zatta 2009). Root tis-
sue chemistry can also affect SOC dynamics. Liang et al.
(2015) showed that giant reed roots have a slow potential
decomposition (1.80 g kg−1 day−1) and, among six other pe-
rennial grasses, the highest root lignin content and highest
lignin/nitrogen ratio.

Remarkably, about the half (59 and 54% in switchgrass and
giant reed, respectively) of SOC was accumulated during the
first 3 years, and then SOC accumulation rates decreased.
Higher SOC accumulation rates in the early period were also
observed in other studies on the same species (Kucharik 2007;
Qin et al. 2016). In our stands, biomass yields also showed a
descending trend starting from the fourth year (Alexopoulou
et al. 2015); however, such a decline was irregular and diffi-
cult to associate with the decrease of SOC accumulation rates.
The absence of N fertilization in our experiment may also
have contributed to a progressive decrease of SOC accumula-
tion rates. Lee et al. (2007), for example, showed that, under

Table 2 List of field operations and agronomic inputs used to estimate
life-cycle emissions from switchgrass and giant reed cultivated in
Campotto (Northern Italy) in the years 2004–2014. Besides harvest that
occurred yearly, all the remaining operations and inputs occurred only
during establishment; hence, the emissions deriving from them were
annualized (10 years)

Inputs Units Switchgrass Giant reed

Plowing n 1 1

Harrowing (disk-grubber) n 1 1

Rotary cultivator n 1 1

Seeds kg ha−1 4.2 –

Seedlings n ha−1 – 10000 (ten thousand)

P fertilizer kg ha−1 44 44

Irrigation mm 165 210

Hoeing n 1 1

Harvesting type baling baling
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switchgrass, SOC gains can increase up to +67% depending
on N-fertilization rates and fertilizer type (organic or synthet-
ic). Again, in a 16-year study on N fertilization of giant reed,
Monti and Zegada-Lizarazu (2016) found that SOC signifi-
cantly increased with increasing N-fertilization rates. Garten
and Wullschleger (2000) reported that the mineral-associated
fraction of SOC is preponderant under switchgrass (~83%)
and that it is more stable (mean residence time of about 26–
40 years) than the particulate organic matter fraction (mean
residence time of about 3 years), which in fact tends to stabi-
lize C by associating it to the mineral fraction (13–15% year−1

transferred). Therefore, we may hypothesize that this stabili-
zation becomes more difficult as the soil approach steady-state
conditions, thus, when a C accumulation is occurring beneath
switchgrass, the overall mean residence time of SOC de-
creases as less C is transferred to the mineral-associated
fraction.

Regardless of the cause, the decreasing SOC accumulation
rate after 3 years also suggests that 8–10 years should be the
minimal experimental frame for avoiding biased SOC estima-
tions in perennial biomass crops (Qin et al. 2016). For exam-
ple, if the present study had been limited to the first 3 years
only (instead of 10 years), the annual equivalent SOC accu-
mulation rate would be almost double (0.16 and 0.34 g (C)
kg−1 year−1, respectively, in switchgrass and giant reed).

3.2 C4-derived SOC

Switchgrass-derived SOC (upper 0.6-m soil depth) was insig-
nificant (0.3%) after 3 years, but was 9% after 10 years (Fig. 3).
Other authors reported a contribution ranging from 12 to 24%
after 9 and 5 years, respectively (Follett et al. 2012; Collins et al.
2010), but they considered very different soil layers of 1.5 and
0.15 m, respectively. Although in their study, the soil was
analyzed down to a double depth than in our experiment,
Follett et al. (2012) found a similar contribution of switchgrass
to SOC revealing that the overwhelming majority of C deposi-
tion occurred in the upper soil layers. At our site, switchgrass-

derived SOC was higher in the upper soil layer (11%), though
significantly lower than that measured by other authors (Collins
et al. 2010) at the same depth.

In the present study, poplar-derived SOC increased
(0.15 g kg−1 year−1) over the first 3 years after switchgrass
establishment (Fig. 3). This could be easily explained by the
decomposition of pre-existing poplar carbon sources, which
may be characterized by amean residence time of about 5 years,
as previously reported by Cotrufo et al. (2005) who also oper-
ated on a loam soil. This was in fact verified by observing
poplar-derived SOC decrease in the following 7 years
(−0.08 g kg−1 year−1). The high contribution of poplar-derived
SOC to the soil inventory in the first 3 years seems, eventually,
to clearly explain why accumulation rates decreased afterwards
under both crops. For example, although Garten and
Wullschleger (2000) found switchgrass-derived SOC to be al-
ways high (19–31%) after 5 years in the top 0.4m of soil, in two
of their experimental sites where switchgrass had replaced a
grassland, total SOC had decreased, showing how the very fast

Fig. 2 Soil organic carbon (SOC)
variation under switchgrass (SG)
and giant reed (GR) in the upper
(0–0.2 m) and intermediate (0.2–
0.4) soil layers after 3 and
10 years of cultivation. For both
grasses, poplar was the previous
crop for 30 years. Error bars 1 SE

Fig. 3 Average switchgrass (C4)-derived SOC in the upper 0.4 m of soil
after 10 years of cultivation following a poplar (C3) grove of 30 years
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turnover of the older organic matter nullified SOC deposition by
switchgrass. Overall, in the 10 years, switchgrass-derived SOC
increased at a rate that was higher than the rate of the net SOC
increase (0.10 vs. 0.09 g kg−1 year−1), as expected. The deposi-
tion of switchgrass-derived SOC exceeded the emissions of
poplar-derived SOC, as the system had probably not reached
yet steady-state conditions.

3.3 Contribution to life-cycle C balance

In the present study, global-warming emissions due to ag-
ronomic inputs resulted in 539 (switchgrass) and 637 (gi-
ant reed) kg (CO2e) ha

−1 year−1 (−0.15 and −0.17 Mg of C
ha−1 year−1), while C savings from the conversion of lig-
nocellulosic biomass to advanced bioethanol resulted in
2.0 and 3.1 Mg (C) ha−1 year−1, since mean biomass yields
of switchgrass and giant reed corresponded to 13.6 and
21.2 Mg ha−1 year−1 (Alexopoulou et al. 2015), respectively.
After the sensitivity analysis, we estimated that SOC stocks
were increased by 0.37–1.58 and 0.75–2.18 Mg ha−1 year−1,
respectively, beneath switchgrass and giant reed. It derives
that SOC changes highly affected the overall C balance, ac-
counting for the 11–35% (switchgrass) and 20–42% (giant
reed) of total C savings. In two recent simulation studies on
biofuel production from lignocellulosic feedstocks cultivated
on US marginal land (i.e., grazing land, idle land), Gelfand
et al. (2013) and Hudiburg et al. (2016) also underlined the
relevance of SOC deposition (about 40 and 50% contribution
to life-cycle C savings, respectively), assuming high accumu-
lation rates for switchgrass (1.4 Mg ha−1 year−1) and
miscanthus (2.4 Mg ha−1 year−1), whereas, previously, Adler
et al. (2007) estimated a lower SOC accumulation under
switchgrass, but that corresponded to almost the totality
(~80%) of the estimated greenhouse-gas savings. Although
SOC contribution to total savings estimated here was lower
than in the aforementioned studies, in part because nitrous-
oxide emissions were not included in our study, our results
confirm the substantial role of SOC in the sustainability of
bioenergy cropping systems. Data as those presented in this
study will turn out helpful in calibrating biogeochemical
models (Adler et al. 2007; Gelfand et al. 2013; Hudiburg
et al. 2016) during the assessment of greenhouse-gas impact
of established biomass supply district, as presently in the
literature the initial establishment of bioenergy crops has
been experimented, but no successions of managed perennial
crops yet.

Considerable uncertainties persist on the use of SOC in life-
cycle assessments. Generic and standard SOC values are com-
monly used to estimate the carbon balance of agricultural sys-
tems (Brandão and Milà i Canals 2013), whereas, often, analy-
ses are incomplete, not even including the land-use-change ef-
fect on SOC (Davis et al. 2009). Brandão and Milà i Canals
(2013) analyzed themain drivers of the coefficients given by the

Intergovernmental Panel on Climate Change, commonly
adopted to account for SOC variations. While initial SOC
stocks are calculated using different factors (climate, soil type,
and native vegetation), basically, SOC changes only depend
on land-use management options. For example, according to
the indications of the Intergovernmental Panel on Climate
Change, the land-use change examined in our experiment,
from poplar to switchgrass or from poplar to giant reed, should
not cause any SOC change because perennial grasses and
poplar are classified within the same vegetation category
(Brandão and Milà i Canals 2013). On the opposite, we mea-
sured a substantial SOC accumulation, which was also sub-
stantially different between switchgrass and giant reed.

4 Conclusions

We estimated the effect on SOC of two perennial biomass
grasses (switchgrass and giant reed) following a short rotation
coppice (poplar). As poplar is broadly recognized for its ability
in increasing SOC, we expected to detect a decrease or a steady
SOC content in the two succeeding perennial grasses. In con-
trast, 10 years of switchgrass and giant reed caused a further
increase of SOC, at an almost double rate in giant reed than
switchgrass (0.19 and 0.09 g kg−1 year−1). Poplar-derived SOC
further increased in the initial years of switchgrass likely due to
the decomposition of residual poplar biomass; however,
switchgrass-derived SOC rapidly increased thereafter, up to
9% of total SOC after 10 years. Basing on a life-cycle assess-
ment, SOC storage substantially affected final C savings by
switchgrass and giant reed.

These are the first data on SOC inventories and SOC dy-
namics measured after the land-use change from a perennial
biomass crop to other perennial biomass crops. This particular
type of land-use change, which, to our knowledge, has not
been considered yet in the literature, might become common
in the near future within biomass supply districts. In the ex-
periment, the crops were cultivated in large plots that allowed
a fully mechanized system reproducing real operational con-
ditions, while the experimental time-frame was long enough
to simulate the perennial crops economic lifespan.

Finally, the study underlines the importance of punctual,
accurate, and crop-specific determinations of SOC changes
upon land-use change to avoid biased estimations of C sav-
ings, given by the application of coefficients to generic vege-
tation categories. Crop-specific data under determined crop
sequences should be therefore incorporated within life-cycle
inventories and biogeochemical models.
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