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Abstract: A Life Cycle Assessment was performed to compare the environmental impacts 
generated by Mediterranean maize crops (Southern Italy) under conventional management 
and C-friendly management aimed to preserve soil organic matter and reduce mineral N 
fertilizers application. Primary data from three fertilizing practices were processed: urea 
(CONV, conventional), compost (COM) and green manure (GMAN) distribution. 
Suitable comparisons among treatments were carried out by adopting the same system 
boundary (one hectare of cropped land) and functional unit (1kgmaize dry matter). Direct field 
emissions were calculated and the short term soil carbon storage, experimentally derived 
for COM and GMAN, was also included. Results indicate that the highest impacts are 
from chemical fertilizers over the background industrial supply chain. GMAN showed the 
lower environmental burdens, while soil protection strategy expected for COM appeared 
not sustainable, due to the low crop yield achieved. 

Keywords: Life Cycle Assessment, mineral fertilization, compost, green manure, direct 
field emissions, avoided products. 

1. Introduction 

Intensive agriculture is one of the major causes of soil organic carbon (SOC) depletion 
due to reduced inputs to the soil of organic carbon and increased microbial mineralization 
of newly-added and stabilized organic matter of soil [1]. Thus, increased attention needs 
to be directed towards new sustainable strategies with low external input and aimed to 
maintain and restore SOC and its natural fertility. The two main strategies to 
counterbalance SOC depletion [1] are: to increase C inputs and/or to decrease soil organic 
matter mineralization. Techniques implying cover crops, compost addition and green 
manuring, resulted particularly effective in limiting soil organic matter (SOM) depletion, 
thanks to soil protection and carbon supply to the soil [1]. As shown in long term field 
experiments, the combined use of different techniques, such as crops rotation including 
permanent meadows (which reduce soil tillage frequency), manuring (compost spreading, 
green manure), conservation tillage and crop residue return, led to a significant increase in 
SOM content [2]. Life Cycle Assessment (LCA), described in the ISO norms 14040-
44/2006 [3], is a valuable tool to assess and compare the environmental impacts related to 
different processes, by not only highlighting direct emissions, but also tracing back to 
upstream industrial stages, where inputs are manufactured. In so doing, the LCA allows 
suggestions for whole process improvements. The aim of this study was to determine the 
generated impacts of maize production, according to three different management: 
conventional (CONV, mineral fertilization), compost (COM) and green manure (GMAN) 
distribution. Maize crop (Zea mays L.) was chosen because its high N demand amplifies 
the treatment effects. Similarly, we set fertilization levels below crop requirements to 
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emphasize treatment effect differentiation on N uptake levels. Though it is commonly 
recognized that only a small fraction of applied N from compost is available to the 
subsequent crop, we applied the same amount of total N via compost as we did via urea to 
allow comparison of their N efficiency [1]. 

2. Material and Methods 

2.1. The Experimental Area 

The field trials were carried out in Torre Lama (experimental farm of the University of 
Napoli Federico II), located in the Sele River Plain of southern Italy (40°37'N, 14°58'E, 
30 m a.s.l) as a part of MESCOSAGR project [2,4]. The site is characterized by a typical 
Mediterranean climate (type S, hot temperate) [2]. The principal soil chemical and 
physical properties in the 0 to 30 cm plowed layer are: texture (sand, 46.5%; silt, 22.3%; 
clay 31.2%); organic C 7.2 g kg−1; total N 0.9 g kg−1. According to the trial set-up, three 
hectares were cultivated under different management practices: 

• Conventional (CONV), mineral fertilization with 130 kg N ha−1 as urea 46%; 
• Compost application (COM), as composted park, garden, and separately 

collected urban waste mixture (with low content in heavy metals) remained 
stable and fully mature with a C:N ratio <20. The organic fertilization was made 
with 20 tons ha−1 of compost in order to supply 130 kg N ha−1[1]; 

• Green manure (GMAN), as Vicia villosa fresh biomass (6490 kg of Vicia villosa 
dry matter ha−1) in order to supply 130 kg N ha−1[1]. 

All treatments were moldboard plowed at 30 cm and underwent two passes of rotary 
harrowing at 10 cm for seedbed preparation; afterwards, at the sowing fertilization: 
CONV, COM and GMAN received 100 kg P2O5 ha-1 as triple superphosphate and 200 kg  
K2O as potassium sulphate. Maize was sown according to a density of 7.4 seeds per m2. A 
more extensive description of the meteorological conditions, soil characteristic and field 
trials can be found in Grignani et al. [2] and Alluvione et al. [1]. 

2.2. The LCA Approach 

The Life Cycle Assessment is a method able to quantify the environmental aspects and 
potential impacts associated with a product, process, or activity throughout their entire 
cycle of life: from extraction of raw materials, through production, use and maintenance, 
to decommissioning at the end of life. According to the ISO 14040-44 [3], providing a 
theoretical overview and a list of provisions on how to carry out a LCA, the present study 
included the following steps: the Goal and Scope definition, where the aim of the LCA is 
asserted and the central assumptions and choices in the assessment are described; the Life 
Cycle Inventory (LCI) phase, where input and output flows of matter and energy are 
quantified for the investigated system; the Life Cycle Impact Assessment (LCIA) phase, 
where the contribution to different impact categories of each input is assessed; the 
Interpretation phase, where the outcome is interpreted and discussed in accordance with 
the aim defined in the goal and scope of the study [5].  

2.3. Goal and Scope 

The goal of this LCA study was the evaluation of impacts related to maize production 
subjected to the three described crop management practices (CONV, COM and GMAN), 
with the identification of the most significant and sensitive processes that can be 
improved. The comparison was carried out defining 1 kg of dry matter produced as the 
same functional unit (the reference flow), and 1 hectare of farmland as the same system 
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boundary. The inventory [1,2,4] was structured considering specified processes (crop 
establishment, field maintenance and harvesting), the resource use (material and energy, 
manufacturing and transportation, resource extraction and refining, final use), the direct 
field emissions (DFE) of N2O, NH3, NOX, P, CO2 (fossil, from urea molecule) and CO2 
uptake (through sequestration in SOC). Furthermore, the attributional-LCA (according to 
ILCD Handbook), was performed considering the avoided apparent impact due to the 
substitution of N urea fertilizers in COM and GMAN.  

2.4. Inventory 

The study, based on the MESCOSAGR project [2,4], had available foreground data 
(primary data collected on the experimental area) for all agricultural phases of maize 
production under the different management practices in 2008 (diesel consumption 
included): crop establishment (CE) (site preparation, seedbed preparation, seedling), field 
maintenance (FM) and harvest (H) (table 1). 

Table 1: List of the Different Input and Output Flows for CONV, COM and GMAN. 
Description of flows CONV COM GMAN Unit 

Input 
SEEDBED PREPARATION     

Urea, as N 130 - - kg/ha 
Compost, as N - 130 - kg/ha 
Vetch incorporation, as N - - 130 kg/ha 
        VETCH CULTIVATION (VC)     
Vetch seeds (Vicia villosa ) - - 7.5 kg/ha 
Machinery for VC (ploughing, hoeing, planting, mowing)   

Diesel oil    48.8 L/ha 
Compost spreading machinery     

Diesel oil - 20 - L/ha 
Output 

Maize yield (dry biomass) 15.5 6.8 12.5 t/ha 
 
Differently, background data related to materials used for machinery (plowing, harrowing, 
fertilization, harvest, etc.) were taken from the Ecoinvent v.2.2 database. For compost 
production, the SimaPro “Compost, at open plant” record for windrows was adapted, 
according to airborne emissions reported for aerated pile systems in Rob van Hareen [6]. 
For each specific management analyzed, NH3, NOX, P, and CO2 emissions were 
calculated following the most recent guidelines for the inclusion of DFE in Life Cycle 
Inventories [7,8,9]. For CONV, superficial incorporation by harrowing was assumed to 
offset 70% of potential ammonia volatilization during seedbed preparation (15% of 
mineral-N emitted in form of NH3 according to Ecoinvent database [8]) while NH3-N 
emission from, COM and GMAN were assumed to be 0.24% [8] and 1.97% [9] of the 
total N fertilizer respectively distributed as a compost or green manure. 
Otherwise, N2O emissions and CO2 uptake, through soil carbon storage (SCS), were 
experimentally derived. Soil N2O fluxes were detected bi-hourly through an automated 
static chamber system and used to calculate daily integrated N2O emissions and 
cumulative N2O losses related to the whole maize cropping cycle [4]. Soil N2O emission 
factor (EF) was calculated as N2O emission per unit of nitrogen applied (Nf) corrected for 
N2O emission without application of nitrogen from control plots (N2O-N0), according to 
the following equation:  

EF %= ((N2O-Nf - N2O-N0)/ Nf)*100. 
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The values of EF %, for each practice, were: 0.8% for CONV, 0.8% for COM and 0.7% 
for GMAN [4]. Organic C content, monitored before the experimental trials and after 
each annual harvest along the tree years of study, was determined through chromic acid 
digestion [2]. Therefore, for the present study, average annual SCS of 0.160 ton C ha-1 yr-1 
and 0.307 ton C ha-1 yr-1 were derived for COM e GMAN respectively [1,2].  

2.5 Impact Assessment 

The study was carried out by means of the commercial SimaPro 7.3.3 software and 
ReCiPe Midpoint 1.07 method. This method provides characterization and normalization 
factors updated on a regular basis, which can be profitably used to assess environmental 
impacts for a large number of impact categories. The normalization step is not mandatory 
in the ISO 14040-14044 standards, nor it is in the ILCD Handbook or the LCA Guidance 
Manual [3]. The main reason is that this step is still very uncertain and based on still 
arbitrary parameters. As a consequence, the interpretation phase (result and discussion 
session) is based on the characterization diagrams and the absolute value of impacts 
focusing on their breakdown into the different impact sources. According to the ILCD 
handbook and the main scientific publications the following impact categories have been 
considered in this study: Climate change (CC) Ozone depletion (OD), Terrestrial 
acidification (TA), Freshwater eutrophication (FE), Marine eutrophication (ME), Human 
toxicity (HT), Photochemical oxidant formation (POF), Particulate matter formation 
(PMF), Terrestrial ecotoxicity (TE), Freshwater ecotoxicity (FET), Marine ecotoxicity 
(MET), Water depletion (WD), Fossil depletion (FD). 

3. Results and Discussion 

Table 2 and Figure 1 display the comparison among the absolute impacts referred to each 
considered impact category, generated by the maize production subjected to CONV, 
COM and GMAN treatments.  
The avoided urea (as N) shows in Table 2 (last column) is related to potential benefit 
(potential reduction of total burdens) due to the substitution of N urea fertilizers in COM 
and GMAN systems. 
 

Figure 1: Comparison of Environmental Impacts of the Maize Crop (1 kg of dry matter) subjected 
to CONV, COM and GMAN Fertilizations. 

Characterization diagrams (Figure 2) clearly highlight that for all management practices 
the crop establishment (site preparation, seedbed preparation and seedling), contributes 
from 75% to 90% to the selected impact categories, with the exception of POF (around 
60%) and WD for which the contribution is fully negligible (less than 1%). Field 
maintenance contribution for all impact categories is always below 5%; conversely WD is 
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clearly dominated by drip irrigation (water consumption). Harvest ranges from about 5% 
to 20% of total impacts, with a more marked influence on POF (up to 30-35%) for the 
three different practices analyzed. The main difference among treatments was found for 
crop establishment, due to the combined effect of the different management specificities 
and final agronomic outputs. 
 
 
a) 
 
 
 
 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
 
 
 
 
 
 
c)  
 
 
 
 
 
 
 
 
 
 

Figure 2: Characterization Diagrams of Maize Production (1 kg of dry matter) under CONV(a) 
COM (b) and GMAN(c) treatments. The red bars in COM (b) and GMAN (c) systems show a 

potential avoided impact due to the substitution of N urea fertilizer. 
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Table 2: Contribution (1 kg of maize dry biomass) to the selected Environmental Impact categories from CONV, COM and GMAN 
treatments. The avoided N fertilizer and SCS, experimentally derived for COM and GMAN, are included. 
Impact category Unit Total SCS Crop 

establishment 
Field 

maintenance Harvest Avoided Urea, as 
N 

Climate change (CONV) kg CO2 eq. 1.30E-01 - 1.09E-01 4.37E-03 1.70E-02 - 
Ozone depletion kg CFC-11 eq. 1.27E-08 - 9.85E-09 4.68E-10 2.37E-09 - 
Terrestrial acidification kg SO2 eq. 2.01E-03 - 1.84E-03 2.51E-05 1.38E-04 - 
Freshwater eutrophication kg P eq. 4.46E-05 - 4.13E-05 6.23E-07 2.62E-06 - 
Marine eutrophication kg N eq. 9.49E-05 - 8.51E-05 1.37E-06 8.34E-06 - 
Human toxicity kg 1,4-DB eq. 3.27E-02 - 2.81E-02 7.15E-04 3.83E-03 - 
Photochemical oxidant formation kg NMVOC 6.64E-04 - 3.85E-04 4.04E-05 2.39E-04 - 
Particulate matter formation kg PM10 eq. 4.71E-04 - 3.85E-04 1.43E-05 7.13E-05 - 
Terrestrial ecotoxicity kg 1,4-DB eq. 2.16E-05 - 1.98E-05 3.02E-07 1.50E-06 - 
Freshwater ecotoxicity kg 1,4-DB eq. 5.90E-04 - 5.02E-04 2.18E-05 6.66E-05 - 
Marine ecotoxicity kg 1,4-DB eq. 7.46E-04 - 6.49E-04 2.30E-05 7.35E-05 - 
Water depletion m3 2.08E-01 - 1.64E-03 2.06E-01 4.37E-05 - 
Fossil depletion kg oil eq. 3.39E-02 - 2.66E-02 1.73E-03 5.58E-03 - 
Climate change (COM) kg CO2 eq. 1.67E-01 -2.35E-02 2.07E-01 9.95E-03 3.89E-02 -6.46E-02 
Ozone depletion kg CFC-11 eq. 1.98E-08 - 2.32E-08 1.07E-09 5.41E-09 -9.87E-09 
Terrestrial acidification kg SO2 eq.. 7.55E-03 - 7.47E-03 5.72E-05 3.14E-04 -2.90E-04 
Freshwater eutrophication kg P eq. 9.35E-05 - 9.73E-05 1.42E-06 5.96E-06 -1.12E-05 
Marine eutrophication kg N eq. 3.51E-04 - 3.48E-04 3.12E-06 1.90E-05 -1.93E-05 
Human toxicity kg 1,4-DB eq 6.04E-02 - 6.57E-02 1.63E-03 8.73E-03 -1.56E-02 
Photochemical oxidant formation kg NMVOC 1.68E-03 - 1.16E-03 9.21E-05 5.44E-04 -1.13E-04 
Particulate matter formation kg PM10 eq. 1.44E-03 - 1.34E-03 3.27E-05 1.63E-04 -9.52E-05 
Terrestrial ecotoxicity kg 1,4-DB eq. 4.22E-05 - 4.59E-05 6.88E-07 3.42E-06 -7.84E-06 
Freshwater ecotoxicity kg 1,4-DB eq. 1.18E-03 - 1.22E-03 4.98E-05 1.52E-04 -2.39E-04 
Marine ecotoxicity kg 1,4-DB eq. 1.41E-03 - 1.50E-03 5.25E-05 1.67E-04 -3.12E-04 
Water depletion m3 4.75E-01 - 4.52E-03 4.71E-01 9.96E-05 -1.49E-04 
Fossil depletion kg oil eq. 4.73E-02 - 5.73E-02 3.95E-03 1.27E-02 -2.66E-02 
Climate change GMAN kg CO2 eq. 5.42E-02 -2.45E-02 8.73E-02 5.41E-03 2.11E-02 -3.52E-02 
Ozone depletion kg CFC-11 eq. 7.08E-09 - 8.93E-09 5.81E-10 2.94E-09 -5.37E-09 
Terrestrial acidification kg SO2 eq. 1.41E-03 - 1.37E-03 3.11E-05 1.71E-04 -1.58E-04 
Freshwater eutrophication kg P eq. 4.63E-05 - 4.84E-05 7.73E-07 3.24E-06 -6.10E-06 
Marine eutrophication kg N eq. 7.13E-05 - 6.97E-05 1.70E-06 1.03E-05 -1.05E-05 
Human toxicity kg 1,4-DB eq. 2.76E-02 - 3.05E-02 8.87E-04 4.75E-03 -8.50E-03 
Photochemical oxidant formation kg NMVOC 8.47E-04 - 5.63E-04 5.01E-05 2.96E-04 -6.17E-05 
Particulate matter formation kg PM10 eq. 4.17E-04 - 3.63E-04 1.78E-05 8.85E-05 -5.18E-05 
Terrestrial ecotoxicity kg 1,4-DB eq. 2.01E-05 - 2.21E-05 3.74E-07 1.86E-06 -4.27E-06 
Freshwater ecotoxicity kg 1,4-DB eq. 5.69E-04 - 5.90E-04 2.71E-05 8.26E-05 -1.30E-04 
Marine ecotoxicity kg 1,4-DB eq. 6.75E-04 - 7.25E-04 2.85E-05 9.11E-05 -1.70E-04 
Water depletion m3 2.58E-01 - 2.02E-03 2.56E-01 5.42E-05 -8.12E-05 
Fossil depletion kg oil eq. 1.82E-02 - 2.37E-02 2.15E-03 6.92E-03 -1.45E-02 
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In detail, the most affecting sub-process was the seedbed preparation, since site 
preparation and seedling, similarly to field maintenance and harvesting, required 
comparable energy and material flows for all management thus the total performance was 
affected almost entirely by the different yields (Table 1). 
Focusing on seedbed preparation (Figure 3), chemical Nitrogen fertilization (both 
production and use phases) appeared to be the main input process for about half of the 
analysed impact categories: CC, OD, TA, ME, PMF and FD. Indeed, LCA shows a huge 
environmental burden from fertilizers, due to the entire chain of production and final use 
(Figure 3). As related to CONV (Figure 3a), urea appeared to be the key parameter, with 
DFE giving a relevant contribution to CC (as CO2, fossil from urea molecule) and to TA, 
ME and PMF (as volatilized NH3).  
Regarding COM (Figure 3b), the highest environmental load was shared by N-compost, 
with the highest contribution originating from the industrial processing of organic waste at 
the open plant. This result is in agreement to what highlighted in Martínez-Blanco et al. 
[10] in which compost production was considered a critical stage to be optimized. The 
highest contribution of compost production was detected for TA, ME and PMF as a 
function of relevant NH3 emissions during compost production, leading to markedly 
higher impacts in comparison to CONV (Figure 1 and Table 2). A somehow similar 
distribution of impacts among the N, K, P fertilizers was shown in GMAN (Figure 3c). 
Anyway also in this case, even if to a lesser extent, N-fertilizers as green manure showed 
the highest impacts, with also non-negligible contributions from DFEs (Direct Field 
Emissions). 
For all management practices, P and K mineral fertilizers shared on equal terms most of 
the residual impact for each category. Exception was found for FE, for which upstream 
and direct field emissions related respectively to production and spreading of super 
phosphate fertilizer, were responsible for about 70% of total freshwater eutrophication. 
COM treatment shows an overall lower environmental performance in comparison to 
CONV as a consequence of the joined effect of the relevant impacts of compost 
production and the very low agronomic yield, notwithstanding the potential benefits 
coming from SCS, leading to a reduction of 37% of CC (Figure 2b), and the potential 
avoided mineral N fertilizer (Figure 2b and Table 2).  
Differently, in presence of comparable agronomic outputs and moderate impacts related to 
vetch cultivation, GMAN shows relevant environmental benefits as compared with 
CONV, for those categories affected by the avoided mineral N fertilizers production (such 
as CC, OD, HT and FC), soil carbon storage (CC, reduced of about 29% thanks to 0,025 
kg CO2 eq. sequestered per kg of dry biomass) and lower DFE of ammonia by 
volatilization following fertilization. 
These results should be evaluated with care, since some considerations are necessary. 
First, COM fertilization produced less biomass yield in the specific pedo-climatic 
conditions of the experimental site (sandy clay soil) for one year of evaluated data (2008); 
so alternative results might be gained, in different pedo-climatic conditions. Second, it 
would be necessary a long term monitoring in order to evaluate: 

• the effect of the reduced mineral fertilization and the resulting benefits to the agro-
ecosystem; 

• the potential offsetting of Climate change through the long term SCS,  
• the improvement of some ecosystem’s services such as soil protection and fertility, 

usually not properly accounted for in LCA study. 
For this reason a time series are required (work is still in progress) in order to control the 
yield produced and the soil benefits. In addition a different functional unit can be 
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considered instead of 1 kg of dry matter produced. For instance, performing the 
comparison per hectare the focus would be on the environmental benefits in terms of soil 
quality and reduced inputs rather than the productivity. 
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Figure 3: Characterization Diagrams of Seedbed Preparation Phase for: (a) CONV (b) COM (c) 

GMAN. 

4. Conclusion 

The case studies here developed allowed the identification of the most crucial agricultural 
phases and their impacts all over the entire production process of a maize production 
subjected to different management practices CONV, COM, GMAN in experimental area 
of Campania region (year 2008). The comparative LCA, through the use of ReCiPe 
Midpoint method v.1.07 highlighted that only GMAN could be more ecologically 
efficient, in virtue of the lesser degree of processing, less input of chemicals (in 
consequence of avoided mineral fertilizers), and SCS. An overall higher impact was 
detected for COM, due to the low maize yield (only 6. 5 ton ha-1 yr-1) in comparison to 
the ones detected for both CONV and GMAN (respectively 15.5 and 12.5 ton ha-1 yr-1).  
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Some recommendations can be made with the aim of improving the environmental 
performance of C-friendly maize agricultural cultivations: 

- The impact generated by the seedbed preparation in COM, could be reduced through 
the optimization of the composting process by cover aerated piles or by applying the 
analyses to different composting technologies such as closed bioreactors, with a more 
efficient abatement of biogenic emissions. 

- Both COM and GMAN agronomic trials should properly account for K and P nutrient 
supply by the organic-C input, therefore applying at least a partial substitution of 
chemical K and P fertilizer. 

- The patterns for DFE, soil fertility and agronomic yield should be accounted for an 
adequate time series and on a hectare basis as well, in order to evaluate the best 
ecologically performing system in a wider time horizon, not only the one characterized 
by the highest biomass productivity in the short term.  

Therefore, following the above mentioned key points, an in-depth analysis will be further 
performed in order to make the comparison among different management more relevant. 
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