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5- Cradle to gate
6- Cradle to grave
7- Gate to gate

8- Functional unit
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1- Goal and scope definition

2- Life cycle inventory

3- Life cycle impact assessment
4- Interpretation
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Table 1- Average input levels in low, medium and high input wheat production systems in 14 selected provinces with 95%
confidence interval (CI)

Low input Medium input High input
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Iean 95% CI Iean 95% 1 Mean 95% CI
Seed (kgiha)
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S5 el
Insecticide
(kg'ha) 0.26 0.023 0.55 0.206 1.3 0,164
S 4k
Fungicide
(kg/ha) 0.15 0.07 043 0.086 .93 0.091
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NAfertilizer
(kgfha) 1075 12.3 180.0 20.05 3120 16.4
EIC ey
Pfernlizer
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et ;‘,,54
Efernlizer
(kg/ha) 12.4 5.11 29.4 13.74 53.0 10.6
s 2,5
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Fig. 1- Scope and boundaries for life cycle assessment of wheat production systems
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1- Multifunctional
2- Allocation
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Table 2- Off/on farm activities and the resulting emissions which in life cycle inventory of wheat production systems
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1- Swiss Agriculture Life Cycle Assessment
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1- Characterization

2- Land use

3- Abiatic resource depletion
4- Global warming potential
5- Eutophication potential
6- Acidification potential

7- Ecotoxicity potential

8- Human ecotoxicity

9- Aquatic ecotoxisity

10- Terrestrial ecotoxicity
11- Characterization factor
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Table 3- Impact categories and contributing factors with the related characterization factor (CF) used for life cycle impact
assessment (LCIA) in wheat production systems of lran

Impact calegory v, 5 Conlributing factor 5 jobe Uit aady CF  Reference Jste
Resource depletion  abondis Fosal fiels Joddeig. M 1 Cuines (20023
Phosphale REHER. 4 B ey 1% Cruiree (2002)
Fotash iy it i M ey 44 Cinee (2002
Land use i oS Field operstions _sij cidas m? 1 Guinee (2002)
Global werming e 2§ COg kg COg e i IPCC (2006)
CHy kg OO ey 4] IPCC Q0o
H kgCOgey 310 IPCC (2006)
Acidification RELI I 504 kgB0g e i Hejjungs st ol (19523
MH; kgSOzeq 188  Heijungs st al (1992)
NO, kgSOzeq  07F  Hefjungs dal (1992)
Ewvtrophication i Fols kgPlgeg 134 Cruinse (20023
HO5 kgPO eq 042 Guines (2002)
HH; kgPOgeg 033 Guinee (2002)
HOy %gPOseg .13 Guinee (2002)
FOS kg PO 2y 1 Cuines (2002)
Ecotoxiefty 85,08 uane Hesvymetals  Sooge kgl ADB ey 3 Guines (2002)
Pesticides (a1} {fpeeatbed g 23t kgl 4DB eg b Crudnes (20023

Al e glie  (SiS b ol (slayptanwsST (ylusl (glp o 9 I 4 4y CF e (@
A3l e Coglise (Suid b ol (slapimmmsST (sl sl Caomw g (iS4 dtuy CF e (b
a) Different CF values depending on type of metals and Human, aquatic or terrestrial ecotoxicity.
b) Different CF values depending on type of pesticide and Human, aquatic or terrestrial ecotoxicity.
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al b)
0 T T o T T 1
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314 Jg55S (b U 15 Jg5 85 (@ 498 @i sy gaelliiog: 13 (6591 Jolao cunss 32) waos i pu ilio 4S5 (ylme -2 SO
PRV H RN
(P=0.05) 1,155 ¢ Iy gimo coglis S o gy (sl slapSilio
Fig. 2- Depletion of non-renewable resources (energy equivalent) in wheat production systems over the country a) GJ.ha™
and b) GJ.t* grain
Means with similar letters are not significantly different (P<0.05).
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Fig. 3- Mean land area required per ton grain in wheat production systems over the country

Vertical bras show standard error of means for grain yield, means of land area with the same letters are not significantly different
(P<0.05).
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1- Global warming potential
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Fig. 4- Mean values of different emissions from wheat production systems over the country a) kg.ha* and b) kg.t* grain
Vertical bras show standard error of means.
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Fig. 5- Global warming potential (GWP) due to different greenhouse gas emissions from wheat production systems over the
country a) kg CO.eq/ha and b) kg COeq/t grain
Means with similar letters are not significantly different for total GWP (P<0.05).
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1- Acidification potential
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Fig. 6- Acidification potential (AP) due to different emissions from wheat production systems over the country a) kg SO,
eg/ha and b) kg SO,4eqg/t grain
Means with similar letters are not significantly different for total AP (P<0.05).
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Fig. 7- Eutophication potential (EUTP) due to different emissions from wheat production systems over the country a) kg PO,

eg/ha and b) kg PO,eq/t grain
Means with similar letters are not significantly different for total EUTP (P<0.05).
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Fig. 8- Eutophication potential (EUTP) due to different emissions from wheat production systems over the country a) kg PO,
eg/ha and b) kg PO,eqg/t grain
Means with similar letters are not significantly different for total EUTP (P<0.05).
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Fig. 9- Calculated value of each impact category in different production systems relative to low input system (relative impact)

in two functional units a) ha, b) t wheat grain (GWP: global warming potential, AP: acidification potential, EUTP:
eutrophication potential, ECTH: human ecotoxicity, ECTA: aquatic ecotoxicity and ECTT: terrestrial ecotoxicity)
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Introduction

Agricultural intensification has serious environmental consequences such as depletion of non-renewable
resources, emission of greenhouse gases, threatening of biodiversity and pollution of both surface and
underground water resources. The life cycle assessment (LCA) provides a standard method for assessing
environmental impacts from various economic activities, including agriculture, and covers a wide range of
impact categories across the entire production chain. Over the past few decades, food production in Iran has been
increased drastically due to heavier use of chemical inputs. Since the use of LCA method is overlooked for
assesseing the effects of agricultural intensification in Iran and few researches are conducted at local level (such
as province, cities), the purpose of this research is evaluation of wheat production systems throughout the
country based on the level of intensification using LCA method.

Materials and Methods

Fourteen provinces covering 80 percent of total cultivated area of wheat production in the country were
subjected to a cradle to gate LCA study using the standard method. The selected provinces were classified as
low, medium and high input based on the level of intensification and all inputs and emissions were estimated
within the system boundaries during inventory stage. Required data for yield, and level of applied inputs for 14
provinces were collected from the official databases of the Ministry of Jihad Agriculture. The various
environmental impacts including, abiotic resource depletion, land use, global warming potential, acidification
and eutrophication potential, human, aquatic and terrestrial ecotoxicity potential of wheat production systems
over the country was studied based on emission coefficients and characterization factors provided by standard
literatures. The integrated effects of emission of each impact category were calculated per functional units

(hectare cultivated area as well as ton grain) and three production systems were compared for the intensity of
environmental impacts of each category.

Results and Discussion

The results indicated that on per hectare basis all impact categories increased significantly with increasing
inputs level. However, with grain yield ton as a unit of functional variable, results were obtained due to yield
differences in wheat production systems. Depletion of non-renewable resources (fossil fuels and P+K resource)
in high input systems was 27.1 GJ ha® which is almost 1.8 times higher than low input systems. However,
energy consumption per unit of yield was exceeded in intensified system only by 10% because 1 ton of grain
yield in high input systems was obtained from 2374 m’area compared to 3850 m’ required for the same amount
of yield in low input systems. Higher yield of intensified systems when calculated per ton grain was led to lower
acidification potential, aquatic toxicity and terrestrial toxicity. However, global warming potential,
eutrophication potential and human toxicity was not compensated by yield advantage and these impacts were
higher in high input systems with both functional units. Global warming potential (GWP) in high input systems
reached to 2911 kg CO,eq ha™ but it was 45% lower (1600 kg CO,eq ha) in low input systems. When
calculated with ton grain as functional unit, GWP of high input systems (1600 kg COeq t*) was only 11%
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greater than that of low input systems.

Conclusion

Global warming potential, depletion of non-renewable resources, eutrophication potential, and human
toxicity were identified as the most sensitive impact groups to intensification in wheat production systems of
Iran, compared to other impact categories. In general environmental impacts of high input systems were greater
than low input systems and the difference was very clear when the area was used as functional unit. It seems that
increasing the use efficiency of inputs together with management practices based on the replacement of external
inputs, is an appropriate approach to reduce environmental impacts while sustaining high yields. Further analysis
at provience level is needed to compare the spatial variation of environmental impacts of wheat production
systems in the country.
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