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8- Resource depletion index (RDI)
9- Naturalness degradation index (NDI)
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1- Environmental risk mapping (ERM)

2- Life cycle assessment (LCA)

3- Environmental impact assessment (EIA)

4- Multi-agent system (MAS)

5- Multiple linear programming (LP) approaches
6- Agro-environmental indicators (AEI)
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4- Goal and scope definition
5- Life cycle inventory (LCI) Analysis
6- Intergovernmental panel on climate change (IPCC)
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1- Toxicity
2- Human toxicity index (HTI)
3- Ecosystem toxicity index (ETI)
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1- Life cycle impact assessment (LCIA)
2- Characterization factor (CF)
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Table 1- Normalization values and weighting factors for the different impact categories (Brentrup et al., 2004 a;
Nie et al., 2010; Wang et al., 2007)
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Fig. 1- The corn production system, a flow chart of material in the production chain

byl 5o @yd ader pllas (gly (590 (slaasT HLissl o5

Syl a5 SO Mgy gl 4 p S ekS 0/32 sguio lon g o
(Brentrup et al., 2004 @) ,l,LSen ¢ Oly5ly (2 Joas) a5
5 S il )3 21 il puiS (sl |y 55 ol HLis] oliee
Sglds ol Jods inges ()55 bl ol g Ol Laslps 5> il
2 Sy sl bie s sledeS pYL Byae jl 286 bies
Annual ) cliiss Sy gl (2 o) w3l e paiS b awslie

Energy Outlook, 1997; Brentrup et al., 2000; Brentrup
Lol jl ol o3l oLis (et al., 2004 a; Brentrup et al., 2004 b

S am (2s ciliee lapllaipg: 5 4l )il Slogel i oS
S Byns (o158l 1M camd o F) 0059, (W3S (8 juas
Al azab Jlos a1y 58 ol il (i)581 Sles o cyla 5 e i

So adg il 4 p,8alS 0715 ons wlg 9555 ST olie

alal s [T Oliee cpl 45T (2 Jods) 13,5 5yl aibs oy
Brentrup et al., ) la_ow) p 5y zols 23l o (S5 9 Sbigal
Slpllapg 13 50 duwS HLisl a5 cuwl oab Lis 35 (2004 a
e ris deS L pnms Cud 4 diudly (3L Gl 4 olyj
LS| Ll g ades JS oS cand (aseidio ey oy WSl 0
5 35 Gloj 53 gy dST Ll oM oS cud S5 4 Y
)gl_) Cxd 3 od Y] ool 3 eimn b ey (ladgS L8 pao
by se d SLS ) (ol 515 9 (gl yiid (sloaiy]
Annual Energy Outlook, 1997; Brentrup ) ses .0 suiS1y,

et al., 2002 a; Brentrup et al., 2002 b; Brentrup et al.,
(2004 a; Brentrup et al., 2004 b



DBL . aeien alsp 9 T Lyl 30 @33 algi ol (LCA) el a5 52 o)

@3 (63,5 )5 sty S (531 & Cunnsj o i (i &y 0 pulitie G0 YT Elgil () ja0 =2 Jgo
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Introduction

Life Cycle Assessment (LCA) is an appropriate technique for evaluating the potential effect of agriculture
through assesses of material and energy flow throughout a product's life cycle that take measures for improving
environmental performance and to make modifications to a crop system. Life cycle assessment (LCA) is a
methodology for assessing the environmental impacts associated with a product, process or activity, by
identifying, quantifying and evaluating the resources consumed, and all emissions and wastes released into the
environment. Due to enhancing utilization of synthetic and chemical inputs in agriculture fields and its
consequent environmental impacts, LCA seems to be an appropriate technique to quantify. This study examined
the environmental impacts for corn production under Mashhad climatic conditions by using LCA methodology.
The analysis considered the entire system, which was required to produce one ton of corn grain.

Materials and Methods

For this purpose a functional unit was assumed based on ISO 14040 methods. It included the extraction of
raw materials (e.g. fossil fuels and minerals), the production and transportation of farming inputs (e.g. fertilizers)
and all agricultural operations in the field (e.g. tillage and harvest). In a first step, all emissions and the
consumption of resources connected to the different processes were listed in a Life Cycle Inventory (LCI) and
related to a common unit, which is one ton of grain. Next a Life Cycle Impact Assessment (LCIA) was done, in
which the inventory data were aggregated into indicators for environmental effects, which included resource
depletion, land use, climate change (global warming), toxicity (human, terrestrial and aquatic toxicities),
acidification and eutrophication (terrestrial and aquatic ecosystems). After normalization and weighting of the
indicator values it was possible to calculate summarizing indicators for resource depletion and environmental
impacts (EcoX).

Results and Discussion

The global warming potential (GWP) is used to express the contribution that gaseous emissions from
production systems make to the environmental impact of climate change and global warming. Terrestrial
eutrophication is caused by atmospheric deposition of nutrients on natural land agroecoecosystems. Aquatic
eutrophication potential is mainly determined by the nitrate leaching and phosphorus. Acidification potential
enhances with increased nitrogen fertilizer application and air emissions of SO,, NO, and NHs. EcoX indicated
that the highest environmental impacts were observed in acidification (2.59) and climate change (0.61)
categories. The study reveals that despite the technological improvements in its manufacture and use during the
last years, greater production intensity increases emissions of pollutants (such as N,O, NO,, NH; and PO,-P)
contributing to the greenhouse effect, acidification, and eutrophication. Fertilizers containing heavy metals
(including Cd, Zn, Co, Se and Hg) also have a toxic effect.

Conclusion
LCA can be undertaken to account for all greenhouse gases (GHGs) emitted for crop production system so
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that mitigation approaches focus on the primary sources of GHG emissions. Diesel production and consumption
used in field operations demonstrated to be the main source of environmental impacts in the different agricultural
management techniques for all impact categories, except for eutrophication. Intensive application of chemical
fertilizers led to adverse impact on resource uses efficiency into consideration, enhance environmental impact.
Therefore, one of the appropriate strategies to mitigate the environmental effect of agricultural production is
achieving suitable yield per unit of area by improving resource use efficiency. It seems that management systems
based on low input system including organic fertilizers and minimum tillage could be regarded as alternative
management strategies to reduce problematic environmental impacts. Rather than chemical fertilizers, organic
amendments have been suggested as a method for ‘low input agriculture’ to achieve sustainability in dry land
agriculture. The most important goal of any life cycle study is, of course, to improve and optimize the system.
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