
Abstract

The possibility of sequestering carbon in soils has
favored researches about the conversion from
conventional till to no-till farming or land use
change. The purpose of our experiment is to
examine (i) the effect of land use change from a
row crop (Zea mays; C4 plant) to a grassland
(Medicago sativa; C3 plant) and (ii) the effect of
two different management practices (tillage and no
tillage) in both the systems (C3 and C4) on the
carbon balance. The present paper reports the
experiments description and first results
concerning with the effects of winter and spring
tillage on soil respiration.
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Introduction

Concentrations of atmospheric CO2 have been
rising as a result of anthropogenic activities.
Although a lot of emphasis is focused on
decreasing emissions from fossil-fuel use, there is a
recognition that the rate of emission can be miti-
gated by transferring CO2 from the atmosphere to
the biosphere. Croplands cover 12% of the earth’s
surface (Wood et al., 2000) and can have equal or
greater net ecosystem production (NEP) than the
natural ecosystems that were converted to crop
production (Law et al., 2002; Hollinger et al.,
2004). Thus, the possible role of agriculture in the
efforts to reduce atmospheric CO2 is an interesting
question. In this framework, techniques such as
tillage and efficient use of fertilizers and irrigation

have been proposed as ways to increase soil organic
carbon (SOC) and decrease atmospheric CO2 (Lal
et al., 1998; IPCC, 2001). In particular, the possi-
bility of sequestering carbon in soils has favored
researches about the conversion from conventional
till to no-till farming (Six et al., 2004; Baker &
Griffis, 2005; Bernacchi et al., 2005; Verma et al.,
2005). In fact, tillage is the considered to be the
most important factor to alter the C balance of row
crops like corn. West and Post (2002) in their
review concluded that conversion form moldboard
plowing to no-till can sequestered 57±14 g C m-2

yr-1. However, as reported by Baker and Griffis
(2005), moldboard plowing is no longer the stan-
dard form of tillage because many farmers have
being using the less intrusive chisel plow.
The purpose of our experiment is to examine (i)

the effects of land use change from a row crop (Zea
mays; C4 plant) to a permanent grassland
(Medicago sativa; C3 plant) and (ii) the effects of
two different management practices (tillage and no
tillage) in both the systems (C3 and C4) on the
carbon balance. We are analyzing the effect of the
land use change by making simultaneous, or
paired, flux measurements (NEE) in each of the
two system. Furthermore, we are studying the
influence of different management practices on
soil respiration, soil carbon input and soil carbon
within intensive measurements plots (IMP).

Materials and methods

The study site
Two adjacent fields with the same soil types and
similar cropping histories and subjected to the same
weather conditions were selected. The study area is

Greenhouse-gas budget of soils under changing climate and land use (BurnOut) • COST 639 • 2006-2010 57

Carbon fluxes in agriculture -
First results on the effects of land use change
(cropland to grassland) and management

G. ALBERTI, A. PERESSOTTI, M. ZULIANI and G. DELLE VEDOVE

Department of Agricultural and Environmental Sciences, University of Udine, Italy



located in Beano (Italy;
46°00’N 13°01’ E). The mean
annual temperature is 13.5°
C with a total rainfall of 1216
mm. Both the field have been
farmed conventionally with
irrigated corn during the last
decades in accordance with
standard best management
practices prescribed for
production-scalemaize system.
Our measurement started at
the end of summer 2006. The
West field (G=grassland; 4.7
ha) is a till grassland while
the East field (C=cropland;
8.6 ha) is a conventional till
maize field (figure 1 and 2).
Within the West field, 12
small IMPs (4 treatments x 3
blocks), 10x10 m each, have
been established for detailed
process level studies on C
dynamics, crop growth and
biomass partitioning, soil
respiration, belowground C
deposition and crop residue
decomposition.
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Figure 1:
Experiment set up.

Figure 2:
Treatments performed at the site.
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Flux measurements
At the centre of each field an eddy covariance tower
was set up during summer 2006. The tower in the G
field is 2 m high while the tower in the C field
started at 2 m but at the end of the season will be at
4 m. Each station is instrumented with a three-
dimensional sonic anemometer (Young 81000V)
and an open-path infrared gas analyzer (LI-7500,
LiCor, Lincoln, NE). A meteo station is also present
in each field. This station is equipped with two
pyranometers to measure incoming and reflected
solar radiation (CMP3, Kipp and Zonen), a pyrge-
ometer to measure incoming long wave radiation
(CG3, Kipp and Zonen), up and down PPFD
sensors (LI-190SL, LiCor, Lincoln, NE), a net
radiometer (NR-LITE, Kipp and Zonen). Air
temperature and humidity is measured with
HMP45AC sensor (Vaisala), soil heat flux is meas-
ured with eight heat flux plates placed at two depths
(5 and 15 cm), soil temperature is measured a three
depths (5 cm, 15 cm, 25 cm) using 4 thermocouples
for each depth. Soil moisture is measured by 3 time
domain reflectometers (CS616, Campbell Scien-
tific, Logan, UT).All soil and radiation variables are
measured at 10 s interval and then averaged at 30-
min interval while the eddy covariance instruments
are sampled at 20 Hz with covariances calculated
every 30 minutes. The calibration of the open path
gas analyzer is performed at regular intervals using
a calibration cell provided by the manufacturer. A
standard gas is used to set the CO2 span. Eddy data
elaboration is performed according to the Carboeu-
rope-IP procedure (Aubinet et al., 2000) using the
software EdiRe (http://www.geos.ed.ac.uk/abs/
research/ micromet/EdiRe/).

Soil respiration measurements
Continuous soil respiration measurements have
been performed from December 2007 using three
soil respiration systems (one for each block) (Delle
Vedove et al., submitted). In each IMP, three auto-
matic chambers consisting of a steel collar ( 20 cm
of diameter and 8 cm high) open at both ends and
a automated closing steel lid have been placed. One
of the chambers is used to estimate heterotrophic
respiration by using a root exclusion approach
(Kuzyakov, 2006). Further details on system opera-
tion are reported in Delle Vedove et al. (submitted).
In each plot, additional measurements will include
soil temperature (3 thermocouples at 2.5 cm + 3
thermocouples at 5 cm depth) and soil water
content at 12 cm (1 TDR).

Winter and spring tillage
As said above, the present paper quantifies
the effects on carbon fluxes due to tillage
performed during winter and during summer.
The winter tillage was performed on the cropland
on 15/12/2006 while the spring tillage was
performed on the grassland before sowing on
21/02/2007. Eddy measurements and soil respira-
tion measurements have been performed during all
the period: some data gaps were only due to
maintenance or very severe storms when the
systems were turned off.

Results and discussion

The two eddy covariance station showed a good
agreement with the net radiometer at the two
weather stations in terms of heat fluxes (latent and
sensible heat) (figure 3). Before harvesting the
maize field was a net sink for CO2 even though its
ability to uptake CO2 from the atmosphere gradu-
ally decreased at the end of the growing season
(figure 4). After harvesting, the system became a
net source of CO2.
No differences in terms of NEE were found

between the two treatments after tillage but the
second station was set up only in February because
of power and anemometer problems. Furthermore,
we have not gap filled the data yet.
As far as soil respiration is concerned (figure 5),

after winter tillage on the cropland, the release of
CO2 increased quite sharply also because of the
warm winter. Thus, 105 days after tillage, the total
amount of C released from soil was 1.5 tC ha-1.
The no tilled cropland after the same amount of
time registered a release of 0.7 tC ha-1 causing a
saving of 0.8 tC ha-1. On the other hand, the spring
tillage on the grassland caused a fast increase of
CO2 emissions from soil and, at the end of the
growing season, the total C released is quite close
to the tilled cropland (1.4 versus 1.5 tC ha-1). prob-
ably because of the high soil temperature and good
soil water content due to some spring rainfalls. The
slight increase in soil respiration measured at the
no tilled grassland is probably due to the distur-
bance of soil surface performed just before sowing.
West and Posts (2002) reported an average

sequestration rate of 450 kg C ha-1 yr-1 over the
first 20 years period following adoption of no till
practices but some other studies have reported
minimal C sequestration with no till practices in



North America especially
when considering changes in
soil organic C at the soil
layers deeper than 5 cm
(Peterson et al, 1998;
Halvorson et al., 2002). At the
moment we are not able to
quantify the annual carbon
budget for all the treatments
we are performing but we
registered a net increase in C
storage in no till cropland
after tillage. In fact, there was
a greater C loss from the
conventional winter crop
tillage than no tillage (+0.8
tC ha-1) while no differences
between conventional crop
tillage and winter tillage was
registered (+0.12 tC ha-1).
Current promotion of no

till agriculture to reduce
green house gas emissions
and radiative forcing needs
additional consideration be-
yond just the benefit of
carbon sequestration (Six et
al., 2004). Thus further
analysis on both short and
long term effects are needed.
Furthermore, a quantification
on the influence of different
land use and management
practices on different fluxes
components (i.e. hetero-
trophic and autotrophic
respiration, soil organic
matter turnover rates and so
on) is needed and our site
may allow the use of different
techniques (i.e. micrometeo-
rological and inventory
approaches, isotopes) to
reach these goals.
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Figure 4:
Net ecosystem exchange measured at the two sites (CT = cropland till;
GT = grassland till)

Figure 5:
Cumulative carbon loss by soil respiration during the study period.

Figure 3:
Sensibile (H) and latent heat (LE) measured by the eddy stations versus
net radiation measured at the meteo stations.
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