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ABSTRACT

Organic fertilization can preserve soil organic matter (SOM) and is foreseen as an effective strategy to
reduce green house gases (GHGs) emissions in agriculture. However, its effectiveness needs to be clar-
ified under specific climate, crop management and soil characteristics. A field experiment was carried out
in a Mediterranean drip irrigated maize system to assess the pattern of soil CO, and N0 fluxes in
response to the replacement of a typical bare fallow—maize cycle under urea fertilization (130 kg N ha~!
y’l) (CONV) with: (i) bare fallow-maize cycles under two doses of compost (COM1 and COM2, 130 and
260 kg N ha—' y~, respectively) and (ii) a vetch-maize cycle, with vetch incorporation as green manure
(130 kg N ha ! y~1) (GMAN).

Along the maize period (MP), reduced daily N>O emissions were detected in organic treated soils
compared to CONV, mainly in the first stages of the cultivation, thanks to the slow release of available
nitrogen from the organic substrates. Cumulative N,O fluxes (kg N,O-N ha~') in MP scored to 0.24, 0.14,
0.12 and 0.085 for CONV, COM1, COM2 and GMAN, respectively, with significantly lower emissions in
GMAN respect to CONV. CO; fluxes partially reflected the ranking observed for maize yields, with
cumulated values (Mg CO,-C ha‘l) of 2.2, 1.5, 2.1, 2.1 for CONV, COM1, COM2 and GMAN, respectively,
and significantly lower in COM1 respect to the other treatments.

During the fallow period (FP), compared to CONV (0.77 Mg CO,-C ha~! and 0.25 kg N,O-N ha™1),
enhanced GHG fluxes were detected in COM treatments (about 0.90 Mg CO,-C ha~! and 0.37 kg N,O-N
ha~!, as averaged values from COM1 and COM2), likely driven by the slow prolonged mineralization of
the added organic matter. GMAN showed comparable CO, (0.82 Mg CO,-C ha—') and N0 emissions
(0.30 kg N,O-N ha~'), in consequence of restrained post-harvest residual N coupled with the counter-
acting effect of vetch uptake.

Respect to the total yearly GHG emissions in CONV (about 194 kg CO, eq ha~! y1), the overall results
showed commensurate slightly higher GWP in COM treatments (+11% as averaged value from COM1 and
COM2). The yield-scaled global warming potential (GWP) resulted 60% higher and nearly doubled for
COM2 and COM1 respectively, according to the lower COM yields, markedly dampening at halved
compost dose. GMAN appeared the best performing organic treatment, with lower GWP (-27%) and
competitive yields respect to CONV.

All treatments showed N,O emission factors consistently lower compared with the default IPCC 1%
value.

© 2017 Elsevier Ltd. All rights reserved.

* Corresponding author.

1. Introduction

In the recent scientific debate on Greenhouse Gases (GHGs)
mitigation strategies, solid organic amendments are foreseen as
effective sustainable tools able to preserve soil fertility and enhance
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soil carbon sequestration of atmospheric CO,, at the same time
potentially constraining soil GHG emissions in agroecosystems
(Aguilera et al., 2013; Alluvione et al, 2010; Diacono and
Montemurro, 2010; Franzluebbers, 2005; Freibauer et al., 2004;
Gregorich et al., 2005; Lal, 2004; Li et al., 2013; Smith, 2004; Su,
2007; Tuomisto et al., 2012).

Currently, GHGs from the agriculture sector contributes to about
10—12% of total global anthropogenic GHG emissions (IPCC, 2007).
Nitrogen input is a major driver of agricultural N;O-N losses
(Tuomisto et al., 2012), contributing to about 60% of the global
anthropogenic N,O emission (IPCC, 2007). Otherwise, the net CO,
flux from cropped systems is assumed to be nearly balanced (IPCC,
2007), even if croplands can be both a source and a sink for CO,
depending on the specific agronomic management (La Scala et al.,
2006; Mangalassery et al., 2014; Tuomisto et al., 2012).

Organic fertilizations through compost and legume green
manure can maintain the organic C levels in arable soils, increase
soil C sequestration and sustain crop production by recycled and
biologically fixed nitrogen (Alluvione et al., 2013; Grignani et al.,
2007; Li et al., 2013; Melero et al., 2007; Tejada et al., 2008;
Triberti et al., 2008).

Composting (of municipal solid waste-MSW, sewage sludge,
green waste, etc.), highly recommended by the European policy on
waste management (2008/98/EC), can both reduce the use of arti-
ficial fertilizers and preserve or enhance soil fertility increasing
organic C and total N (Fagnano et al., 2011; Mantovi et al., 2005; Ros
et al., 2006; Smith, 2004; Tuomisto et al., 2012). Moreover the use
of compost can: (i) protect stabilized SOM (Lynch et al., 2006;
Piccolo et al., 2004; Spaccini et al., 2002) and (ii) increase aggre-
gate stability (Diacono and Montemurro, 2010; Spaccini and
Piccolo, 2012). Green manure from legume intercrops: (i)
enhance soil aggregate stability and protect soil from erosion
(Gémez et al., 2009); (ii) promote N retention both in the fallow and
cash crop periods (Cherr et al., 2006; Gabriel and Quemada, 2011).

However, the effective nexus between potential increase in C
storage and decrease of soil GHG emissions is still controversial (Li
et al., 2005). For instance, depending on the specific pedo-climatic
context and the relative substrates composition in easily biode-
gradable or recalcitrant C compounds, organic fertilizers may
contextually enhance soil CO, emissions (Ding et al., 2007; Li et al.,
2013) and N,O fluxes (Aguilera et al., 2013; Rochette et al., 2007)
respect to mineral fertilization management in maize cultivation
systems. Taking into account that N;O global warming potential
(GWP) is 265 times greater than CO;, N>O emissions might be
enough elevated to negate some of the beneficial effects of organic
amendments on soil properties (Heller et al., 2010).

The controversial topic need to be further specifically addressed
in the Mediterranean environment (Aguilera et al., 2013). In this
climatic areas the high summer temperatures coupled with low
precipitations strongly influence nutrient and water availability,
crop development, and microbial activity. As a result, the pattern of
soil GHG emissions (especially N,O fluxes) is strongly driven by the
interaction of N fertilization with irrigation water inputs (Aguilera
et al., 2013; Ranucci et al., 2011; Sanchez et al., 2001; Vallejo
et al,, 2004). In this regard the irrigation management appeared
able to tune the potential of N,O mitigation by organic fertilization,
with the slowest progression of N,O fluxes under low water input
regimes (Aguilera et al., 2013; Sanchez-Martin et al., 2008, 2010a).

However, the overall effectiveness of organic fertilization might
be limited by: (i) the effect of post-harvest residual mineral N
leading to potential relevant N;O-N losses during the fallow
intercrop period (Aguilera et al., 2013); (ii) lower agronomic yield
relative to the conventional mineral management, with a conse-
quent levelling of the environmental benefits (including GHG
mitigation) of alternative organic fertilizers respect to synthetic

ones (Diacono and Montemurro, 2010; Meier et al., 2015; Tuomisto
et al,, 2012). In this regard crop-specific and yield-scaled GHG
emissions appear necessary for a proper assessment of potential
tradeoffs between reduced synthetic N input, yield performance
and GHG emissions (Aguilera et al., 2013; Meier et al., 2015; Sanz-
Cobena et al., 2014; Venterea et al., 2011).

Currently, there are only few studies investigating the effect of
compost from MSW and cover crop green manuring (vetch
included) on CO, and N;O emissions in Mediterranean maize
cropping systems. Cumulated nitrous oxide losses during the maize
crop season under fertilization with composted MSW resulted
lower in comparison to the conventional management with syn-
thetic fertilizer, however no information were available for the
intercrop period (Lopez-Ferndandez et al., 2007; Meijide et al,,
2007). Differently the net GHG benefit of maize managed with
cover crop green manuring (as alternative to synthetic fertiliza-
tion), referred to a whole year time window, appeared less marked,
due to potential counteracting GHG emission patterns along the
different main crop and intercrops periods (Guardia et al., 2016;
Sanz-Cobena et al., 2014).

The objective of this work was to address the effect of compost
fertilization (at two levels) and vetch green manuring (versus
conventional fertilization with urea) on soil area and yield-scaled
CO; and N0 emissions in a Mediterranean drip-irrigated maize
cultivation system, along both the main spring-summer crop and
the intercrop periods. This, in order to achieve a deeper evaluation
of the potential GHG mitigation for the investigated organic
fertilized crop production systems, which is a major driver of their
whole foreseen sustainability.

2. Materials and methods
2.1. Study site

The experimental farm was located in the coastal plain of the
Sele River, Southern Italy (40°37'N, 14°58’E, 30 m above sea level)
which is characterized by Mediterranean climate, with dry summer
and precipitation mostly occurring in autumn-winter. See
Alluvione et al. (2013) for further details.

Soil at the study site is a Vertic Haploxeralf (USDA soil taxon-
omy; Soil Survey Staff, 2014), with a sandy-clay-loam texture. Main
soil properties of the plowed layer (0—30 cm) are: sand 46.5% silt
22.3% clay 31.2%, bulk density 1.42 g cm~>, pH 7.4 (1 soil:2.5 water),
7.5 g organic C kg™', 0.9 g total N kg, 31.5 mg Olsen P kg, and
90.6 cmol exchangeable K kg~ 1.

2.2. Experimental design and crop management

The study focused on maize cultivation (Zea mays L) under drip
irrigation since: (i) maize for silage is widespread in the Campania
region and in non-zootechnics farms could be potentially inter-
ested in the use of compost or green manure as alternatives to
mineral fertilization; (ii) drip irrigation is a diffused water-saving
management in Southern Italy (Natali et al, 2009), currently
contemplated for maize cultivation in the study area (Regione
Campania, 2014).

Soil GHGs monitoring were conceived in the framework of the
wider MESCOSAGR project, which aimed to assess, in the short
term (within a three-year time frame window), the effectiveness of
alternative C friendly strategies in increasing soil organic matter
and supporting proper N fertility for maize yields, under different
soil properties and climatic conditions.

An agricultural field previously cropped with durum wheat was
converted to maize cultivation in fall 2006 subject to alternative N
fertilizer managements: (i) a conventional bare fallow—maize cycle
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under fall mouldboard plowing (30 cm depth) and urea fertilization
at maize sowing (130 kg N ha~! yr~!) (CONV); (ii) bare fallow-
maize cycles under fall mouldboard plowing (30 cm depth) and
different doses of compost incorporation at maize sowing (COM1
and COM2, corresponding to a N supply of about 130 and 260 kg N
ha—' yr~1, respectively); (iii) a Vicia villosa L -maize cycle, under fall
mouldboard plowing (30 cm depth) and vetch chopping and
incorporation as green manure at maize sowing (GMAN, corre-
sponding to a N supply of about 130 kg ha~! yr~!, mainly from
legume N fixation). A non N-fertilized control mouldboard plowed
at 30 cm was also arranged (CONT), in order to correct cumulative
N-,O fluxes for the baseline flux.

All treatments were arranged in a randomized complete block
design with four replicates on 30 m? (6 x 5 m) plots and repeated
on the same plots during three consecutive years from 2006 to
2008.

Each year, all treatments were mouldboard plowed at 30 cm on
the same day in mid-October. In GMAN, a further pass of rotary hoe
was carried out for vetch seedbed preparation and sowing in late
October- early November; no fertilizers were supplied for vetch
cultivation. Along the maize period, agronomic practices for
seedbed preparation, sowing and irrigation were carried out simi-
larly and simultaneously for all treatments. Two passes of rotary
harrow were performed in early May for seedbed preparation and
incorporation of fertilizers, which included for all treatments
additional 100 kg P,05 ha~! y~! as triple superphosphate and
200 kg Ko0 ha! y~! as muriate of potash. All fertilizers were
incorporated on the same day they were distributed. The compost
was always stable and fully mature given its C/N ratio close to 10
(Silva et al., 2007). The hairy vetch was shredded just a few days
before soil incorporation at bud stage (early May), with a C/N ration
of about 16. Based on a vetch aboveground yield of about
0.33 kg m~2 (dry basis) with about 3.5% total aboveground N, to
compute the N supplied to the field through the vetch incorpora-
tion, the study considered a shoot to root N ratio of 2.1 and N-fix-
ation as about 70% of the uptake (Biichi et al., 2015; Gabriel and
Quemada, 2011). Corn (Zea mays L.) was sown to a density of 7.4
seeds per m? on the same date the seedbed preparation and the
fertilization were performed.

Water supply was carried out by means of a drip irrigation
system, with one drip tape line for each row of plants (dripline
spacing 0.7 m, emitter spacing 0.40 m). Water inputs were
managed to balance the estimated evapotranspiration losses
(Hargreaves and Samani, 1985). Specifically, eleven irrigations
(about 20—35 mm of water for each application) were scheduled
weekly and biweekly from May 12 and August 13 in 2008, for a total
irrigation water supply of 362 mm, contributing to about 80% of the
total water input (irrigation + rain) during the maize period.

Further details about the experimental design can also be found
in Alluvione et al. (2009, 2013), Grignani et al. (2012) and Fierro and
Forte (2012).

2.3. Soil CO, and N0 fluxes measurements

Soil CO, and N0 fluxes were monitored during a one-year time
window along the alternation of the main spring-summer crop
cultivation and the intercropping fallow period. The monitoring
activities were carried out two years after the beginning of the
project, in order to constrain possible residual effects resulting from
the previous soil management. The campaigns started in October
2007 (October 11th) and continued in November, December,
January and late April- early May, to monitor the GHGs trend along
the 2007/2008 fallow period (FP), from the time for fall mould-
board ploughing up to spring, soon before maize sowing. After-
wards, GHGs were monitored throughout the following spring-

summer maize period (MP), from sowing (May 2008 6th) to
August 2008, soon before harvest (August 20th). At this stage the
monitoring campaigns were protracted post harvest till early
October 2008 (soon before the successive yearly main tillage), to
catch the residual GHG emissions throughout the drought post-
harvest phase and the following first autumn rains in the 2008/
2009 FP.

Measurements of daily bi-hourly CO, and N0 emissions were
carried out by means of automated closed static stainless steel
chambers (@ = 30 cm, h = 10 cm), equipped with white teflon
coated lids automatically opening 180° (to avoid shading on
monitored soil) and controlled by a multipoint auto-sampler
coupled to a 1412- Photoacoustic Field Gas Monitor (Innova). The
monitoring was performed by a single chamber for each treatment,
installed in the inter-row area next to the drip tape lines, in order to
catch the water distribution gradient around the drip points. Each
chamber was equipped with a vent valve to avoid pressure varia-
tions inside (Bain et al., 2006) and inlet and outlet tubes allowing
air circulation from chamber to detection instrument. Due to the
unsatisfactory automated corrections for water and cross interfer-
ence performed by the photoacoustic system, a silica-gel buffer was
mounted in-line to minimize water vapour fluctuations. Moreover,
a correction factor was derived for N,O (+0.05 ppb for each ppm of
COy), through calibration by means of pure N,O gas and mixed CHy-
N,0-CO; gas standards and further output data check by GC ana-
lyses (See Forte et al., 2016 for details).

Soil gases fluxes were calculated for each chamber, considering
a cycle of 3—5 measurements with open chamber and 10—12
measurements with closed chamber, covering a total time of about
10 min. The gas flux was expressed as:

Fcho)= (A[GHG]/ At) x (V/S)

where FgHg) was the soil flux of gas, A|[GHG] was its variation of
concentration expressed as mg m 2, in the time interval At, V was
the chamber's volume and S the covered soil surface.

The soil gases fluxes were computed on one-hour time scale
according to the following equation:

[GHG]; = a(t-to)

where [GHG]; and [GHG]p were the gas concentrations at time t and
on first measurement performed with closed chamber, respec-
tively. Hourly fluxes were calculated by multiplying the angular
coefficient a with S/V.

The linear regression of GHGs accumulation was checked and
the measurement cycles with R? less than 0.8 were rejected.
Threshold detection values for N,O fluxes and CO, emissions were
0.01 g CO,-C m~2 d~' and 0.05 pg N2O-N m~2 d !, respectively.

Bi-hourly measurements were summed up to calculate daily-
integrated GHG fluxes and cumulative emissions, with linear
interpolation of gaps along the acquisition period.

Even if the GHG acquisition was performed by a single perma-
nent chamber for each treatment, monitoring campaigns along the
fallow and maize periods were performed to get an estimate of the
spatial variability of the process. Specifically GHG fluxes (and linked
auxiliary parameters including soil temperature and WFPS) were
periodically monitored from other two supplementary chambers in
each treatment, in order to compute coefficient of variations (CV%)
for both CO, and N>O fluxes in the two different monitored periods
(See Forte et al., 2016 for further details). Values detected for CVs%
in the FP were homogeneously in the mean range of about 20% and
30% for CO, and N;O fluxes, respectively. In the MP, average values
of CVs% for CO, emissions were about 11%, 27% and 13% for CONV,
COM treatments and GMAN, respectively; average CVs% for N,O
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emissions were about 34%, 57% and 37% for CONV, COM treatments
and GMAN. CVs% were used to derive the confidence interval
related to the detected GHG fluxes according to Forte et al. (2016).

Emission factors (EFs) related to the whole one-year time frame
were computed dividing the yearly fertilized induced N,O-N losses
(FIE) by the amount of fertilizer N added at maize sowing. In this
regard, FIE were computed by subtracting the cumulative baseline
flux detected in CONT from the cumulative N,O fluxes recorded in
each different treatment.

To convert the total cumulate GHGs emissions into Carbon di-
oxide equivalents (CO,eq), Global Warming Potential (GWP) of
gases were retrieved from the most recent pertinent IPCC guide-
lines (IPCC, 2006), using the relevant 100-year timeframe
(GWP100).

2.4. Crop and soil parameters

Crop yield was estimated by collecting aboveground biomass at
dent stage from an area of 15 m? (5 m in 4 rows with 0.75 m inter-
row spacing) per plot. Plant samples were oven-dried at 70 °C until
a constant weight and C and N content in plant tissues was
measured by using a CHN elemental analyzer (NA 1500 N analyzer,
Thermo Fisher Scientific, Waltham, MA) after the dynamic flash
combustion of the samples.

Maize crop yields, in the year of GHGs monitoring (2008), were
155 Mg d.m. ha™!, 6.9 Mg dm. ha~!, 93 Mg dm. ha~! and
12.5 Mg d.m. ha~!, for CT, COM1, COM2 and GMAN, respectively.

Crop evapotranspiration was calculated by multiplying the
reference evapotranspiration (Hargreaves and Samani, 1985) by
crop coefficients (Allen et al., 1998).

During the FP, soil temperature was measured on campaign
basis down to a depth of 10 cm by means of a thermo-pHmeter
(Hanna Instruments). On the same sampling dates, intact soil
cores were collected and processed to derive the soil water filled
pore space (WEFPS), by dividing the volumetric water content
(product of gravimetric soil moisture content and bulk density) by
total soil porosity (Forte et al., 2016; Sanchez-Martin et al., 2008;
2010a,b; Vallejo et al., 2004).

During the MP, soil moisture and temperature were monitored
by a data-logger CR1000 (Campbell Scientific Ltd., Shepshed, UK),
equipped with six probes for temperature detection (107 Temper-
ature Probe Campbell Scientific) and three reflectometers for the
detection of soil moisture (CS616 Water Content reflectometers —
TDR, Campbell Scientific).

Soil nitrates were analysed according to the Hach® method by
spectrophotometry (Hach DR, 2000; Hach Company, Loveland, CO)
(Alluvione et al., 2013). Soil ammonium was determined by K;SO4
extraction (0.5 M) and Orion ion-selective electrodes (Castaldi and
Aragosa, 2002).

2.5. Data analysis

The differences of the mean values among the treatments were
assessed by means of the “One Way Analysis of Variance” (P < 0.05).
The relationships among different measured variables were
investigated through correlation analysis (Pearson Product
Moment Test, P < 0.05). For both parametric tests, the normality
and equal variance assumptions were checked through the
Kolmogorov-Smirnov and Levene's tests, respectively. If necessary,
data were log-transformed to satisfy assumptions of normality and
homoscedasticity. All the statistical analyses were performed using
the Sigma Plot package (Systat Software, Inc, Germany, version
11.0).

3. Results
3.1. Environmental conditions and evolution of mineral N

Tsoii and WFPS showed homogeneous patterns among the
different treatments, with a clear seasonal trend reflecting the
patterns of air and soil temperature (Fig. 1).

During the FP, due to the autumn-winter rainfall, the values of
WEFPS ranged from 57% to 77%, with 67% as average value. Differ-
ently, during the MP, WFPS was driven by the irrigation water input
and ranged from about 40%, in between irrigation events, to about
53% soon after the water supply.

As it relates to the trend of mineral N in soil, higher nitrate and
organic N concentration were detected in the organic treatments
respect to CONV at the beginning of the fallow period in 2007, post
maize harvest (Table 1). At this stage, the main tillage causes a fast
release of mineral N, with the lowest average ammonium con-
centrations detected in COM treatments. Afterwards an overall
homogeneous lowering of soil mineral N was recorded throughout
the autumn-winter period, with no significant differences between
treatments. At increasing of the spring air and soil temperature
(just before the site preparation for maize sowing), the availability
of soil mineral nitrogen returned higher in the organic treatments.
In the MP, a marked increase of soil mineral N was recorded in
CONV, soon after urea incorporation. Also at stem extension,
ammonium concentration in CONV remained significantly higher
respect to the organic treatments. From tasseling onward, soil
mineral N availability was homogeneously low, whilst at physio-
logical maturity, following the second mechanical weeding,
increased rates of ammonium release were detected from all plots.
At the end of the maize crop cycle, after the harvest, soil mineral
(and organic N) returned higher under the organic management
(Tables 1 and 2).

3.2. GHG pattern along crop and intercrop periods

Fig. 1 shows the one-year dynamic of daily CO, and N,O fluxes
from soil of the different treatments along the alternation of fallow
and maize periods, from the autumnal main tillage in 2007,
throughout the spring-summer maize cultivation in 2008, up to the
drought post-harvest phase and the first autumn rains, before the
following deep ploughing in 2008. The GHGs trend is reported in
relation to the pattern of climatic, crop and soil physical
parameters.

At the beginning of the monitoring activities, just before the
main tillage in 2007, faster GHGs emissions were detected in COM2
and GMAN compared to CONV (Fig. 1, Tables 3 and 4), at higher soil
nitrate availability (Table 1). Soon after the deep ploughing, coupled
with the fast release of ammonium (Table 1), it was recorded a
short pulse of GHG in CONV, less evident for GMAN and almost
negligible for COM treatments (Fig. 1, Tables 3 and 4). During the
first month after tillage, GHG emissions remained higher in CONV
respect to the organic treatments (Fig. 1, Tables 3 and 4). From the
second to the fourth month after tillage, for both the COM trials the
pattern reversed toward flux activities markedly higher in com-
parison to CONV, without significant differences between the
different compost doses (Fig. 1, Tables 3 and 4). For GMAN, the same
time-window corresponded to the emergence and further growth
of vetch and showed comparable GHG fluxes with CONV (Fig. 1,
Tables 3 and 4). In the seventh month after tillage, just before the
site preparation for maize sowing, a general increase of soil CO;
emissions was recorded and a trend toward higher average fluxes
persisted for COM treatments (Fig. 1, Table 3). Differently, N,O
fluxes appeared homogeneous and basal, at WFPS close to 40%
(Fig. 1, Table 4).
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Fig. 1. The figure shows: (a) the pattern of climatic variables (daily average air temperature and rainfall), soil parameters (daily mean soil temperature and water filled pore space at
0—10 cm depth), irrigation water input, crop and soil evapotranspiration; (b) soil CO,-C emissions; (c) soil N;O-N emissions. The data are referred to the fallow and maize periods for
each treatment. In absence of significant differences, daily mean soil temperature and water filled pore space (WFPS) at 0—10 cm depth are reported as average value for all
treatments. Legend: MT, main tillage (11-10, 2007); VS, vetch sowing (07-11, 2007); VC, vetch chopping (03-05, 2008); H harrowing (05-05, 2008); F, fertilization (05-05, 2008); MS, maize

sowing (06-05, 2008); 1, irrigation; SE, stem extension; MW, mechanical weeding; T, tasseling; RP, reproductive stages; HO, harvest operations (20-08, 2008).

Table 1

Mean value and standard error of the mean (SE) for soil mineral nitrogen in the 0—15 cm layer of each treatment during the maize cultivation and the fallow periods. Different
apical letters indicate significant differences (One way ANOVA, P < 0.05, n = 4).

Date Soil Mineral N (ug g~ ')

NOs-N (ug g™") NH4-N (pg g™1)

CONV COM1 COM2 GMAN CONV CcoM1 COM2 GMAN

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Fallow 2007/2008
07/10/2007 6.3 0.9 8.0% 0.7 9.3b 0.9 13P¢ 3 7.5 1.7 8.0 15 7 2 10 4
11/10/2007 11.0 12 8.0 1.0 10.0 1.3 7.0 1.2 37 4 28 5 25 5 46 7
17/10/2007 8.0 0.8 7.0 0.9 7.0 0.9 8.0 1.4 19.0 1.9 23 4 18 3 22 3
20/12/2007 5.0 0.5 5.0 0.6 6.0 0.8 6.0 1.0 7.0 0.8 3.0 0.6 3.0 0.5 8.0 1.2
09/01/2008 8.3 0.9 8.0 1.0 9.0 1.2 9.0 15 9.0 0.9 1.0 0.2 12 2 3.0 0.5
21/01/2008 6.0 0.7 6.0 0.7 8.0 1.1 7.0 12 3.7 0.4 5.0 0.9 6.0 1.2 3.0 0.5
03/05/2008 92 3 15.7° 1.4 14° 2 18.4° 13 11 5 8.0 0.7 4.6 0.6 6.8 1.7
Maize 2008
10/05/2008 262 3 15.0° 1.8 13.5° 1.8 19.3P 13 192 3 7.5P 14 4,08 0.8 7.0° 1.1
17/06/2008 75 0.8 6.0 0.7 5.0 0.7 8.0 1.3 12.5° 14 3.5° 0.6 5.0° 1.0 7.0° 1.1
07/07/2008 6.0 0.7 5.5 0.4 45 0.6 45 13 8.5 0.5 7.5 1.6 8.5 14 10.7 0.9
31/07/2008 5.0 50.8 7.0 0.4 7.0 0.9 7.0 13 16 0.8 17.5 3 17.0 1.2 17.0 1.4
Fallow 2008/2009
28/08/2008 9.7% 1.0 14.8° 16 16° 3 16.4° 13 12.6 1.6 6 2 6.7 1.6 8.4 1.0
05/09/2008 11.0 13 7.0 0.8 8.0 13 8.0 13 11 0.8 3 13 3 125 15
16/09/2008 5.0 0.5 4.0 0.4 6.0 1.0 6.0 1.3 9.0 0.5 15 5 14 2 12 1.5

Table 2

Mean value and standard error of the mean (SE) for soil organic N in the 0—15 cm layer of each treatment at the end of the maize cropping cycle (post-harvest) in 2007 and
2008. Different apical letters indicate significantly differences (One way ANOVA, P < 0.05, n = 4).

Sampling time

Soil Organic N (g kg~!)

CONV COoM1 COM2 GMAN

Mean SE Mean SE Mean SE Mean SE
Post maize harvest 2007 0.73% 0.04 0.90° 0.06 0.99° 0.04 0.81° 0.09
Post maize harvest 2008 0.83* 0.07 0.94% 0.09 1.01° 0.09 0.87¢ 0.13
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Table 3

Mean value and standard error of the mean (SE) for soil daily CO, emissions in CONV,
COM1, COM2 and GMAN treatments along the different monitoring campaigns
during the maize cultivation and the fallow periods. Different apical letters indicate
significant differences between groups (One way ANOVA, P < 0.05).

Monitoring period  CO, fluxes (g CO,-Cm2d")

CONV CoM1 COM2 GMAN

Mean SE Mean SE Mean SE Mean SE

Fallow 2007/2008

Before MT 091° 001 081° 001 126> 001 134> 008
1st week after MT 1.7 06 068 008 113 009 143 0.19
1st month after MT 077 0.06 0.11° 0.01 025 0.02 0.12° 0.01
2nd month after MT 0.47* 0.06 0.56° 0.06 0.79° 0.06 0.22* 0.02
3rd month after MT  0.33* 0.02 0.49° 0.05 041> 005 020° 0.02
4th month after MT 051 0.05 0.78° 0.06 0.78° 0.10 025° 0.02
7th month after MT 123 002 17 02 17 02 108 0.03

Maize 2008

After VC-H-F-S 1.62° 005 099° 005 150° 0.14 206* 0.12
After 1st I 3.0° 02 140° 008 23* 02 28 02
Before SE 2117 014 13 03 25° 03 20" 03
SE, before MW 444* 014 242° 012 407° 009 328% 0.11
SE, after MW 57° 03 334> 016 452° 019 51* 03
T+RS 447 013 3.41° 009 467*° 011 422° 0.06
M 3.13* 008 224° 006 261° 007 261° 0.06
Fallow 2008/2009

After maize HO' 0.09% 005 025" 002 028> 004 041° 0.04
Before MT 0.74* 010 078 0.05 127> 001 136> 0.19

T Data were log-transformed to meet statistical normality and homoscedasticity
assumptions; untransformed data are presented for clarity.

Table 4

Mean value and standard error of the mean (SE) for soil daily N,O emissions in
CONV, COM1, COM2 and GMAN treatments along the different monitoring cam-
paigns during the maize cultivation and the fallow periods. Different apical letters
indicate significant differences between groups (One way ANOVA, P < 0.05).

N,O fluxes (ug N;O-Nm~2d1)
CONV COM1 COM2

Monitoring period

GMAN

Mean SE Mean SE Mean SE Mean SE

Fallow 2007/2008

Before MT 277 43 328 75 359 11 642 36
1st week after MT 592 246 329 48 359 15 545 97
1st month after MT ~ 331* 19  9° 6 36° 11 30° 10
2nd month after MT 221*° 38  467° 46 398 47 60° 17
3rd month after MT 692 18 208° 32 135 28 47* 12
4th month after MT ~ 632 19 301" 43 178 30 23* 10
7th month after MT 114 25 152 31 91 33 66 24

Maize 2008

After VC-H-F-S 373 52 94 19 235 52 235 60
After 1st I 14397 173 220° 49 425" 65 542° 106
Before SE 770° 107 169° 10 302° 66 508" 50
SE, before MW 3090 41 131> 29 370" 84 219" 46
SE, after MW 488 80 113> 39 114® 31 54> 22
T+RS 0.02 001 60 19 002 001 11 8
M 191 52 416 109 339 54 240 81
Fallow 20082009

After maize HO' 36 13 67 22 028 015 6 4
Before MT 204 49 285° 59 361> 4 705> 39

1 Data were log-transformed to meet statistical normality and homoscedasticity
assumptions; untransformed data are presented for clarity.

At the beginning of the maize period, all treatments, with the
only exception of COM1, showed a generalized slightly increase of
soil GHG fluxes immediately after soil N addition and incorporation
at different forms, with a following fast peak emission after the first
irrigation event (Fig. 1, Tables 3 and 4). In this reactive first phase,
CONV showed significantly higher N,O fluxes respect to the organic
treatments (Table 4). Out of these, GMAN exhibited the highest
N,O-N evolution rate, followed by the COM treatments, with flux
intensities proportional to the compost doses (COM2>COM1). The

pattern of soil CO, emissions appeared similar, but the differences
among treatments resulted less marked. The slowest progression of
fluxes was recorded in COM1 (Fig. 1, Table 3).

After maize emergence, before the phase of stem extension, the
trend of soil GHG emissions remained quite similar (Fig. 1, Tables 3
and 4). N,O fluxes underwent an overall progressive reduction,
with persisting higher rates in CONV (Fig. 1, Table 4).

At stem extension, a general increase of CO, emissions was
observed and differences between CONV and COM treatments
resulted amplified (Fig. 1, Table 3). Specifically, average emissions
were lowered by about 40%, 20% and 10% in comparison to CONV,
for COM1, COM2 and GMAN, respectively. As it relates to N,O
emissions, pulses were recorded in CONV after each irrigation
event till the end of the stem extension. Nevertheless, after the
mechanical weeding at stem extension, a peak at third day was
recorded in COM1, with a rate of N release of about 400 pg N,O-N
m~2 day~! (Fig. 1, Table 4).

When maize plant reached its full height, from tasseling
throughout the reproductive growth stages, the differences of GHG
emissions between treatments dampened, except for COM1 which
continued to show the slowest CO, fluxes (Fig. 1, Table 3). At low
soil mineral N availability, N,O fluxes lowered to basal uniform
values, with a tendency toward higher N evolution from COM1 and
GMAN (Fig. 1, Table 4).

An overall decrease of CO, fluxes was observed during the
physiological maturity, in proximity of harvest, which remained
higher in CONV respect to the organic treatments, markedly respect
to COM1 (Fig. 1, Table 3). At this stage, the reversion of N,O pattern
toward enhanced emissions in the organic trials became more
evident, with averaged daily N,O fluxes nearly doubled respect to
CONV (Fig. 1, Table 4).

Immediately after harvesting, in warm dry conditions, soil GHGs
fluxes resulted basal in all treatments, with a significant trend to-
ward higher CO, emissions in the organic treatments, coupled with
small N,O pulses in COM1. Differently, after the first autumnal
rains, faster GHG emission rates were recorded, markedly for
GMAN and COM2.

The overall results showed a clear seasonal pattern for CO;
fluxes (Fig. 1), with average emissions from all treatments in MP
about 4 times higher than in FP, in tight connection with the trend
of Tsoji and WEFPS (Table 5). Moreover, CO, emissions resulted
significantly correlated: (i) to soil mineral N, along the fallow period
and pre-maize germination and (ii) to crop evapotranspiration,
after maize germination (Table 5). The seasonal pattern appeared
less evident for N,O fluxes (Fig. 1), which resulted interrelated with
soil chemical-physical parameters (Table 5). During the MP, results
highlighted N,O emissions concentrated in very few days after the
first irrigations following the fertilization event, at not limiting
value of soil mineral N (>20 pg g~ 1) and WEPS (>42%). In this regard
soil water moisture, besides being driven by the irrigation water
input, resulted negatively correlated with Etc after maize germi-
nation (R = —0.47; P < 0.01; Pearson Product- Moment Test). N,O
fluxes negatively correlated with Etc (Table 5).

3.3. Area and yield scaled cumulated GHG emissions

With regard to the total cumulated GHGs emissions, during the
FP, no significant differences were detected among treatments,
even if respect to CONV, higher ranges of GHG fluxes were recorded
in plots under organic fertilization by compost (Fig. 2). The GHGs
cumulated along the MP showed respect to CONV consistent lower
fluxes of CO, in COM1 and N,O in GMAN. On average, also the
cumulated N losses by the COM treatments appeared restrained.
(Fig. 2).

Total CO, emitted appeared comparable among treatments,
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Table 5

Correlation coefficients for significant correlations between log-transformed daily GHG emissions (g CO,-C m~2 d~! and pg N,O-N m~2 d ) and driving ancillary parameters.
Pearson Product Moment Test: *P < 0.05; **P < 0.01; ***P < 0.001. The numbers reported in parentheses show the samples size. T,;;: air temperature; Tgoj: Soil temperature;
WEPS: water filled pore space; Min- N: mineral soil N, as sum of NO3-N and NH4-N.

Tsoil (daily mean) WEFPS Mineral N NO3-N NH4-N Etc
CO, 0.55***(361) 0.320**%(142) 0.57*** (158) 0.46™** (158) 0.43* (158) 0.19** (260)
(Fallow; Pre-maize (Fallow; Pre-maize (Fallow; Pre-maize (maize crop)
germination) germination) germination)
\pYe} 0.32%(46) 0.36"** (104) 0.61*** (98) 0.46™** (98) 0.43*** (98) —0.46*** (256)

(WFPS> 42%; 20 pg g~ (Min-N> 20 ug g )

<Min-N< 30 pg g 1)

(WFPS> 42%) (WFPS> 42%) (WFPS> 42%)

with the only exception of COM1 (about 18% lower) (Table 6).
Cumulated N,O fluxes resulted on average about 25% higher and
28% lower in COM1 and GMAN respectively, in comparison to CONV

GWP-100 confirmed the lower impact of GMAN, whilst evidenced
impacts about 60% higher and almost doubled for COM2 and COM1,
respectively (Table 6).

(Table 6). The resulting yearly EFs were comparable among CONV
and COM1 and considerably higher than values produced by COM2
and GMAN. Respect to CONV, the final total GWP, resulted 24%
higher in COM1 and 28% lower in GMAN (Table 6).

On a yield basis, cumulative yearly GHG in COM treatments
nearly doubled respect to CONV. In this regard the yield-scaled

4. Discussion
4.1. Maize period (MP)

Soil GHGs dynamic after fertilizers incorporation evidenced
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Fig. 2. Cumulative a) soil CO,-C and b) N,O-N emissions for each treatment along the monitored fallow and maize periods. The figures also shows the lower and upper bounds of
the related CI95%.

Table 6
Summarized for each treatment: (i) the yearly area-scaled and yield-scale cumulated GHG fluxes, with overall EF% for N,O emissions (in brackets); (ii) the total area-scaled and
yield-scaled GWP.

Treatment Yearly cumulated CO, emissions Yearly cumulated N,O emissions Yearly cumulated GWP

Yield scaled GWP (kg
€O, eq tap)

Area scaled emissions (Mg Yield scaled emissions
CO,-Cha~ 'y (Mg CO,-C tonpd)

Area scaled emissions (kg Yield scaled emissions (kg Area scaled GWP (kg
N,O-N ha~'y™1) N,O-N tonpd) COyeqha 'y

CONV 5.5 x 10° 3.7 x 107! 7.1 x 1071 (0.35) 4.6 x 1072 (0.55) 194 13
COMI 45 x 10° 6.6 x 107" 8.9 x 1071 (0.48) 1.3 x 1071 (0.93) 240 35
COMII 5.8 x 10° 6.2 x 107" 6.9 x 107! (0.16) 7.4 x 1072 (0.26) 189 20
GMAN 5.2 x 10° 41 x 107! 5.1 x 1071 (0.19) 4.0 x 1072 (0.39) 140 11
CONT 26 x 107"
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lower N2O-N losses in the organic amended plots respect to CONV
and appeared driven by the interacting effect of (i) different short
term availability of soil nutrients in mineral and organic treatments
and (ii) the low water input management.

The fast urea mineralization produced larger peaks of N,O fluxes
(Alluvione et al., 2010; Bertora et al., 2008) gathered in a first phase
after fertilizer addition (Fig. 1, Table 4), until the maize roots began
competing with nitrifiers and denitrifiers for mineral N.

Conversely, the lower N,O fluxes from compost and green
manure amended soil (Fig. 1, Table 4) resulted from the slower
release of N from the applied organic forms (Aguilera et al., 2013;
Alluvione et al.,, 2010; Rahn et al., 2003), with a rank of short-
term daily fluxes reflecting the hierarchy of expected mineraliza-
tion rates.

Mineralization of organic amendments depends on substrate
composition and pedo-climatic conditions (Masunga et al., 2016;
Rochette et al., 2007). For different organic materials (including
plant residues and compost), short-term mineralization rate and
linked GHG emissions appeared negatively correlated with the C:N
ratio, since substrates with lower C:N decompose rapidly and
promote NHJ release and higher water-soluble organic C (Gomes
et al,, 2009; Huang et al., 2004; Masunga et al., 2016). The short-
term daily fluxes from organic treatments (higher in GMAN than
in compost amended plots) did not reflect the inverse dependence
on the hierarchy of C:N ratios (16 and 10 for GMAN and COM
treatments, respectively). Rather, they appeared driven by other
key parameters modulating the mineralization rate of organic fer-
tilizers such as fiber and lignin concentration, biodegradable frac-
tions and labile N (Gomes et al.,, 2009; Griffin and Hutchinson,
2007; Masunga et al., 2016). Specifically, the higher soluble C/to-
tal C ratio and available inorganic N and the lower lignin content of
vetch manure compared to compost (Alluvione et al., 2010) sug-
gested that vetch tissue: (i) could have been mineralized faster than
the stable organic matter of the compost (Alluvione et al., 2010) and
(ii) might have provided additional readily available C and N for
bacterial activity (Baruah et al., 2016; Gomes et al., 2016; Guardia
et al., 2016; Huang et al., 2004), thereby leading to higher N,O
losses. Accordingly, the short-term differences of heterotrophic CO,
fluxes (before maize germination) among the organic treatments
highlighted the highest average fluxes for the substrate most prone
to mineralization (green manure) and the lowest ones for the
single-dose of compost amendment (Fig. 1, Table 3).

More than 90% of total nitrogen content in compost is in organic
form with slow release by mineralization in soil (about 10%) in the
first months after soil incorporation (Diacono and Montemurro,
2010; Masunga et al., 2016; Ryals et al., 2014). Differently, organic
residues supplied by green manuring are biolabile, low in lignified
tissues and easily decomposable (Alluvione et al., 2010; Masunga
et al,, 2016; Ryals et al., 2014).

Drip irrigation probably tuned the response of GHG fluxes to the
replacement of urea with green manure and compost. It represents
an increasingly popular water-saving technique to preserve agro-
nomic yield and reduce GHG emission under Mediterranean maize
cropped soils (Bozkurt et al., 2006; El-Hendawy and Schmidhalter,
2010; Forte et al., 2016). Indeed, the restrained volume of the soil
wetting zone (Vazquez et al., 2005) can strongly modulate the
relationship between soil bacterial activity, nutrient availability and
temperature and restrict GHG emissions to small pulses in response
to rewetting cycles (Forte et al., 2016; Kallenbach et al., 2010;
Peterson et al., 2016; Sanchez-Martin et al., 2008, 2010a,b). The
issue has received more attention with regard to the effect of drip
irrigation on N,O fluxes from Mediterranean crops under mineral
fertilizer management, which highlighted reduced N-N,O losses
respect to the high water input management (Sanchez-Martin
et al., 2008, 2010a; Aguilera et al., 2013; Kennedy et al., 2013).

Conversely, scanty data are available on nutrient cycling from solid
organic fertilizers and linked GHG emissions under surface drip
irrigation schemes in Mediterranean agroecosystems (Aguilera
et al.,, 2013; Peterson et al., 2016). However, throughout the late
spring-summer period, the low water input by drip irrigation is not
expected to radically change the constrained decomposition and N-
mineralization rates observed in Mediterranean climate, where
drought conditions limit microbial growth and activity and nutri-
ents diffusion in the soil pore space (Criquet et al., 2004; Fioretto
et al., 2005; Marion, 1982). Therefore, drip irrigation might have
contributed to reduce short term GHG emissions from organic
fertilizers, limiting the bacterial oxidation of the added organic
matter to small pulses promoted by irrigation water and thus
further delaying the release of available N into the soil respect to
the mineral fertilizer (Peterson et al.,, 2016). In this regard, for
similar crop phase and fertilizations management under temperate
climate, Alluvione et al. (2010) recorded enhanced GHG fluxes from
the soil fertilized by vetch green manure respect to the compost
and urea amended soils, due to the optimal WFPS allowing the
organic substrates to decompose according their specific compo-
sition in easily biodegradable and recalcitrant C compounds.

From maize emergence onward, the contribution of root respi-
ration arose (Forte et al., 2016; Lee et al., 2009) and interacted with
the effect of organic fertilization on heterotrophic soil respiration,
leading to pattern of CO, emissions among treatments which re-
flected the hierarchy of maize production levels. The negative
functional relationship detected for all treatments between soil
N>O fluxes and Etc (Table 5) proved a “crop effect” on soil N,O-N
losses as well. Indeed, Etc represents a process including the
complexity of soil-plant system affecting production and emission
of soil NO. High Etc values indicate an intense root activity,
entailing soil water depletion via evapotranspiration and active
roots N uptake, mainly surrounding the rhizosphere where mi-
crobial activity is higher.

4.2. Fallow period (FP)

After maize harvest, without root competition for N uptake, the
pattern toward higher soil mineral N availability and GHGs emis-
sions in the organic treatments after the first autumnal rains (Fig. 1,
Tables 3 and 4) supported the hypothesis of a delayed mineraliza-
tion of the supplied organic matter, amplified by the spring-
summer drip irrigation management, able to promote residuals
GHGs pulses in the autumn fallow period at not limiting values of
soil temperature and WFPS (Aguilera et al., 2013; Mancinelli et al.,
2010).

Respect to CONV, the GHG response of the organic fertilized
plots to the fall deep ploughing appeared restrained (for GMAN)
and almost negligible (for COM treatments), suggesting a protect-
ing effect of the organic amendments against the fast SOM
mineralization usually induced by the mouldboard plough (Bronick
and Lal, 2005; Wright and Hons, 2005). Additionally, the amplitude
of the short-term tillage-induced GHGs pulses inversely reflected
the higher levels of SOM aggregation and stabilization detected in
COM treatments in comparison to either GMAN and CONV
(Spaccini and Piccolo, 2012).

For both compost doses, flux activities remained remarkable
throughout the FP, with mean values higher respect to CONV and to
the same treatments during the MP. This finding was likely as-
cribable to the slow mineralization rates of compost which resulted
in higher N organic concentration at the end of each maize crop
cycle respect to both GMAN and CONV (Table 2), and consequently
might have given rise to a delayed mineralization of organic matter
along each following intercrop period, also promoted by the main
tillage. The average lower N>O-N losses in COM2 respect to COM1
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(by about 25%), might have been connected with the enhanced
capability of the doubled dose to prevent organic N from miner-
alization, since the compost humified organic matter can promote
the building of large hydrophobic domains preserving the biolabile
soil C from degradation (Spaccini et al., 2002).

Contrary to Sanz-Cobena et al. (2014), but in line with Guardia
et al. (2016), the vetch cover crop (and the linked autotrophic
root respiration) did not affect soil CO, fluxes respect to the CONV
bare soil (Fig. 1, Table 3). Additionally, this study supported the
evidence of comparable N,O emissions for legume cover crops and
bare soils in Mediterranean semi-arid environment (Barton et al.,
2011). Other studies for the Mediterranean context highlighted
higher direct N,O fluxes from vetch cover crop respect to fallow
bare soil (Guardia et al., 2016; Sanz-Cobena et al., 2014). However in
these latter cases, additional mineral N was supplied at maize
sowing, which might have led to higher surplus N in the forth-
coming fallow period respect to the vetch N uptake, resulting in
higher N,O-N losses (Guardia et al., 2016; Sanz-Cobena et al., 2014).

Respect to COM treatment, the potential residual slow miner-
alization of vetch tissues along the fallow period likely played a
constrained role, as suggested by the comparable values of post-
harvest organic N concentrations in GMAN and CONV (Table 2).
Nonetheless, it might be assumed that eventual delayed minerali-
zation of organic N might has been counteracted by the vetch up-
take, retaining the potential post-harvest surplus inorganic N
(Sanchez-Martin et al., 2010a,b).

4.3. Cumulative area and yield scaled GHGs emissions

At comparable CO, emissions, GMAN showed respect to CONV a
significant reduction (by about 65%) of cumulative area-scaled N,O
fluxes during the MP, without significantly increasing N>O-N losses
along the FP (Fig. 2). This supported the evidence that green
manure from legume cover crops may prevent N losses along the
intercrop period and supply (after incorporation) a slow release of
biologically fixed N for the forthcoming spring-summer cash crops
(Cherr et al., 2006; Gabriel and Quemada, 2011).

In COM treatments area-scaled cumulated N;O emissions
resulted about 50% lower (as averaged value for both compost
doses) respect to CONV (Fig. 2), in line with the range of N,O-N
losses reduction (by 55%—77%) reported for other Mediterranean
maize cultivations fertilized by MSW compost as alternative to
mineral fertilization (Lopez-Ferndndez et al., 2007; Meijide et al.,
2007). Differently, remarkable area-scaled cumulated GHGs were
evidenced in the FP, respect to CONV and to the yielded emissions
in the MP (Fig. 2), according to the significant N,O-N losses
detected during the winter fallow of other Mediterranean spring-
summer cropping system under organic fertilization (Aguilera
et al,, 2013; Kallenbach et al., 2010; Lee et al., 2009; Sanchez-
Martin et al., 2010b).

This findings confirmed that the complex dynamic of N miner-
alization, rather than N fertilization per se, regulates soil mineral N
availability and cumulated GHG fluxes from agricultural soils
(Masunga et al., 2016; Robertson et al., 2000). Apparently, results
would also confirm for the organic treatments the inverse rela-
tionship between cumulated GHG emissions and C:N ratio (Baruah
et al,, 2016; Gomes et al., 2009; Huang et al., 2004). However,
compared to GMAN, the higher cumulated GHG emissions in COM
treatments were ascribable to the slower mineralization rates
which did not to match plant uptake and resulted in higher residual
GHG fluxes. In this regard the study confirmed only for GMAN the
potential GHG mitigation recently highlighted for organic fertil-
ization under low water input management in Mediterranean
climate (Aguilera et al., 2013). Otherwise, the suboptimal soil
moisture conditions for N;O production during the days of

fertilization resulted for all treatments in low cumulated N losses
(Aguilera et al., 2013; Forte et al., 2016; Kennedy et al., 2013;
Sanchez-Martin et al, 2008, 2010a,b) which supported the
restrained EFs highlighted for Mediterranean spring-summer low-
water input cultivations subject to either inorganic or organic
fertilization (Table 6) (Aguilera et al., 2013; Castaldi et al., 2015).

According to Alluvione et al. (2009) and Grignani et al. (2012)
organic treatments entailed an average increase of soil organic C
concentration in the 0—30 cm layer respect to CONV (significantly
higher for COM2 respect to CONV), corresponding to about 0.4, 1.3
and 0.8 Mg C ha~! y~! additionally stored in COM1, COM2 and
GMAN soil organic matter, respectively. This additional soil C
storage in the organic treatments might be accounted as corre-
sponding CO,-C saved emissions for GHGs inventory purposes. In
this regard, the overall results inherent the total area scaled GWPs
(Table 6) confirmed the potential GHG profile of COM2 and indi-
cated that other additional 0.1 CO,-C eq ha~! y~! might be saved by
the GMAN management, thanks to the restrained biogenic N,O-N
fluxes in the MP. Otherwise, they warned about the counteracting
losses of about 0.2 CO,-C eq ha~! y~! in COM1, due to the highest
fallow N,O-N emissions.

A deeper understanding of the possible tradeoffs between GHG
benefits and constraints of the organic fertilization requires to
evaluate impacts per product unit (Aguilera et al., 2013; Meier et al.,
2015; Tuomisto et al., 2012). The timing of soil mineral N released
from vetch green manure mineralization roughly coincided with
the pattern of crop uptake, supporting comparable crop produc-
tivity respect to the mineral management (Miguez and Bollero,
2005; Tonitto et al., 2006). Accordingly, the overall yield-scaled
GHG results (Table 6) confirmed that legume cover crop as green
manure for maize cultivation can provide an effective balance be-
tween agronomic efficiency and GHGs emissions (Guardia et al.,
2016; Masunga et al., 2016).

Differently, the low N mineralization rate of compost, besides
leading to higher SCS, also affected the low crop productivity and
low N content in tissues (Alluvione et al.,, 2013; Diacono and
Montemurro, 2010). Besides climatic conditions and irrigation
management (Peterson et al., 2016), also the low soil OC content
and the clay mediated SOC physical protection regulated the pro-
cess, promoting low organic N mineralization and soil mineral N
immobilization (Alluvione et al, 2013). Otherwise, under
temperate climate and for different soil texture, the same compost
management did not depress maize growth (Alluvione et al., 2013).
As a result, respect to CONV, the yield-scaled GWP of COM treat-
ments resulted 60% higher and nearly doubled for COM2 and COM1
respectively, according to the lower COM yields markedly damp-
ening at halved compost dose (Table 6). This finding questioned the
effective GHG gas benefits of the organic fertilization by compost in
the specific investigated pedo-climatic conditions.

However, the response of maize productivity and soil GHG
emissions to compost amendments needs to be verified in the
longer term since the best compost agronomic performances have
been often gained under high and frequent applications (Diacono
and Montemurro, 2010). In this regard, the negative effect of
compost on maize yield resulted the highest in the first year, whilst
it lowered in the third year, following the repeated additions,
markedly for COM2 (Alluvione et al., 2009, 2013). From a total life
cycle perspective also the upstream emissions of the composting
process should be considered, since potential relevant contributors
to the overall GHG profile of alternative agronomic N management
(Martinez-Blanco et al., 2009; Meier et al., 2015; Zucaro et al., 2015).
Finally, the effect of replacing the bare fallow with a cover crop
should be investigated, in order to beneficiate of the slow pro-
gressive N release from compost which could support winter pro-
ductions and compensate the low maize productivity.
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5. Conclusions

The results produced in this study showed for the maize crop
period an essential effect of compost amendment and vetch green
manure at reducing soil N,O emissions in comparison to conven-
tional mineral N management, without contextually increase CO,
emissions. This particularly applied to the first stages of maize
development, thanks to the slow release of nitrogen available for
soil bacterial activity. In this regard drip irrigation and soil texture
likely interacted with N fertilizer management, affecting the dy-
namic of organic substrates mineralization and consequent linked
GHG fluxes by bacterial processes competing with the plant system
for nutrient uptake.

Along the fallow period, respect to the conventional bare soil
management, we can conclude: (i) the trend of GHGs emissions
from the bare soil of compost amended treatments reversed toward
higher N,O-N and CO,-C losses, likely due to the residual effect of
the slow progressive mineralization of the supplied organic matter;
whilst (ii) GHGs emissions from vetch cropped soil resulted com-
parable, likely also thanks to the retention of surplus residual N. The
overall results in terms of total cumulated GHGs (as CO; eq) high-
lighted for the vetch-corn system lower area and yield-scaled GWP
respect to the reference bare fallow-maize scenario under mineral
fertilization. Otherwise they questioned the GHG mitigation po-
tential of compost amendment under the specific investigated
pedo-climatic conditions, due to: (i) enhanced emissions during
the fallow period, counteracting the entailed GHG benefits along
the maize period; (ii) lower maize yield performance relative to the
reference mineral fertilization management, which markedly
worsened the GHG profile on a yield basis. In this regard, there is
the need to further investigate the longer term response of maize
yield to continuous compost amendments and the potential ben-
efits from the replacement of the bare fallow soil with a winter
crop, in order to limit residual N,O emissions and at the same time
to take advantages of residual fertility, compensating the low maize
productivity.

The markedly lower N,O emission factors, compared with the
default IPCC 1% value confirmed the need for local crop specific EF,
representative of site pedo-climatic conditions.
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