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Table 1- Classification of the surveyed impact categories by pollutant type and characterization

factors
(Brentrup et al., 2004a; Snyder et al., 2009; Nikkhah et al., 2015)

Characterization factor
6 oy
CO,=1,CH4=21, N,0=310

Pollutants
W ouso¥T
CH,, CO,, N,O

Impact category (Unit)
(a>lg) Jili grog,S
Global warming
potential(kgCO,eq)

Sl GloyS Jamiliy
Acidification potential (kgSO,eq)
o skl il
Terrestrial eutrophication potential
(kg NOxeq)

S (gl i g1 iy
Aquatic eutrophication
potential(kg PO,xeq)

& ol gy Sy
Land occupation

NHj;, SO,, NOX SO,=1.2, NOX=0.5, NH;=1.6

NH; , NOX NH;=4.4, NOX=1.2

P=1, NO5=0.1, NOX=0.13, NH,=0. 33,
NH;=0. 35, N=0.42, NO;=0.42

P, NO,, NOX, NH,, NH;, N, NO;

) Land use per functional unit 0.8
el s ’
Depletion of ff)ssﬂ’ reso?fces ™)) Gasoline consumption 4.6
hed il auli
Depletion of phosphate resources
(ke P20) P consumption
Olind gilio aplss 0.25
Depletion of potassium resources
(kg K,0) .
K consumption 0.105

by, 2obio ald

addllas 9,50 50 sloog,5 glyil sl (loigise 5 Gilodley polie =Y Jgua
Table 2- Normalization and standardization values for the various studied impact categories
(Brentrup et al., 2004a; Nie et al., 2010; Wang et al., 2007)

Impact category Unit Normalization  Standardization
26 sl og,S ) $ibw Jboy $ibw sy
1. Fossil fuel depletion  Luws gls e guw aulsi MJ 39167 1.14
2. Phosphate source depletion lauwsd zsbeo audss

. . kg P,O 77.6 1.20

3. Potassium source depletion puwby gl audss kg K,0 .14 0.30
4. Land occupation change oa!,l 5,8 s ha yr 1.86x10* 1

5. Climate change w8l yus kg CO,- equiv. 8143 1.05

6. Human resource toxicity Jlwil gsbeo Copoms kg 1,4 DCB- equiv. 7.50x10° 0.14

7 Terresmél tOXI,Cl,ty °'<“" S kg 1,4 DCB- equiv. 1.15%10° 0.09

8. Aquatic toxicity ol corow kg 1,4 DCB- equiv. _ 2.88x10° 0.1

9. Acidification gy guumw! kg SO,- equiv. 52 1.8

10. Terrestrial eutrophication  Sis (ygumwlSds 5y kg NO4- equiv. 63 1.4

11. Aquatic eutrophication T ¢ygumKuds yigs kg PO;- equiv. 8.56 1.44

DCB: 1,4- Dichloro benzen— ;4,15 g5 \.f
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Table 3- The amount of inputs consumed per 1 ton grain and stover produced in corn grain and
stover production systems.

Consumption rate in production systems

Input sy o pllss 5 S pao yl50
59959 als PENTS
Grain Stover
a1 - Gasoline
ns Fuel (L.ton™y"! e 0.45 1.28
g ( y) JsgyE
] o . N 12.49 32.31
s bos soses Chemical fertilizer (kg.ton™) P 4.14 10.78
K 3.17 5.92
Herbicide
N Lo -1 o Gl 0.04 0.11
wtleard pgows Biocides (I.ton”) Pesticide 0.05 0.12
o cdl
ol 095 Manure (kg.ton™) 446.50 1314.96
&Ll ol Trrigation water (m’.ton™) 428.22 1193.69
slwil 59,5 Labor (h.ton".y™) 2.68 8.47
,% Seed (kg.ton™) 20.54 36.57
s,%loc  Yield (ton.ha™) 17.90 5.38
259 absle 5 als a5 ol 5 5 LCA oy bl 590 5 sl 0,5 —F Syt
Table 4- Environmental impact categories considered in this LCA study
Unit Grain Stover
aslg &l *sd adgle sd
= T trial toxicit;
St TEITES flfi oxiery 1,4-Dichloro benzene 118 032 0.41 *0.24
Toxicity - 549 £025 2.12 £0.16
oot ! cuow Aquatic toxicity 1,4-Dichloro benzene . ) : )
il oo Human toxicity 1,4-Dichloro benzene 0.00 0.00 0.00 +0.00
Global warmine potential Total emission of CO, kg per 1 ton of crop 200.74 +28.31 74.25 +9.20
@Q’W&u‘;g P Total N>O emission kg per 1 ton of crop 35960  +4.19 1221.07 =112
T T Total emission of CHy kg per 1 ton of crop 3.73 +0.01 1.43 +0.00
Total GWP
J5 Gl GhaleyS kg CO; per 1 ton of crop 3800.5  +1327.85 1296.75 +356.47
i ; NH; kg per 1 ton of crop 23.78 +1.08 9.19 +0.68
A,Cﬂﬁcitf‘n NO, kg per 1 ton of crop 0.64 +0.03 022 +0.02
© 6 T SO, kg per 1 ton of crop 1.54 +0.07 0.54 +0.05
T"ja:lziffffff’“ ke SO, per 1 ton of crop 2596 10.70 9.96 416
P kg per 1 ton of crop 0.0216 +0.0010 0.0083 +0.0006
NO; kg per 1 ton of crop 0.0022 +0.0001 0.0008 +0.0001
; icati NOx kg per 1 ton of crop 0.0028 +0.0001 0.0011 +0.0001
Aquatlc etrophication NH, kg per 1 ton of crop 0.0075 00004 00029  +0.0002
Oty NH, kg per 1 ton of crop 0.0071  £0.0003  0.0027  +0.0002
N kg per 1 ton of crop 0.0091 +0.0004 0.0035 +0.0002
NO;s-N kg per 1 ton of crop 0.0091 +0.0004 0.0035 +0.0002
Terrestrial eutrophication NOy kg per 1 ton of crop 0.1160 +0.0419 0.0394 +0.0112
(SS oy y g NH; kg per 1 ton of crop 0.5800  +0.2096 0.1969 +0.0560
Total Aquatic
eut_rophlcatlf)n kg PO, per 1 ton of crop 0.0593 +0.0059 0.0228 +0.0023
B o ogelad gy
Total Terrestrial
eutrophlcatlor} kg NOy per 1 ton of crop 0.6960 +0.2320 0.2363 +0.0788
I S gl g
Larifjczlf)ﬁlon per 1 ton of crop 1.18 +0.04 0.45 +0.01
Depletion ;fuffss‘lfuels MJ 5506 +2.48 1922 =191
Non-renewable resources Depletion of P sources
RTINS uM o anli kg P,0 per 1 ton of crop 2.69 +0.13 1.04 +0.07
Depletion of K sources kg K,O per 1 tonof crop 062 +0.12 0.33 +0.07

*sd: standard deviation- L Gl ol
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Figure 1- Normalized indexes of different impact categories per one ton of corn grain and

Environmental indexes (ECOx) per [ton of crop
(e 589 5151 4BC0K ) (lans iy il
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stover production in Karaj climatic conditions

-

-

Depletion of PO4  Depletion of ~ Depletion of  Land occupation Global warming Toxzicity Acidification  Eutrophication
sources K20 sources fossil fuels oo cs oIS potential g oad s ansl OenadSms505
s e s g e A (b ol e A (Climate change)
AT

= Grain 432 s Stover 4dsle

25 lsm 5 ol Lulpd o 0)5 abgle 5 ails o5 S oy (sl 4 i5e ilisee (glaog,S lanme ;e —¥ S
Figur e 2- Environmental indexes of different impact categories per one ton of corn grain and

stover production in Karaj climatic conditions



ol a5 b)) ey ) eoliial b &3 pinssSTs ST daime s 1 dallas ) Ko 5 gseile 00 I

References ooliiw! 890 gsbio

eAnonymus. 2003. FAO. World Agriculture: Towards 2015/2030. An FAO
Perspective. http://www.fao.org.

e Anonymus. 2006. ISO (International Organization for Standardization). ISO 14040:
(E) Environmental Management— Life Cycle Assessment— Principles and
Framework. https://www.iso.org/standard/37456.html

eAvadi, A., M. Marcin, and Y. Biard. 2020. Life cycle assessment of organic and
conventional non-bt cotton products from Mali. International Journal of Life Cycle
Assessment. 25: 678—697.

eBraschkat, J., A. Patyk, M. Quirin, and G.A. Reinhardt. 2003. Life cycle assessment of
bread production—a comparison of eight different scenarios. In: Proceedings of the
Fourth International Conference on Life Cycle Assessment in the Agri-Food
Sector. October 6 -8, Bygholm, Denmark. , P: 9-16. URL: http://gefionau.dk/
Icafood/ Ica_conf/DJFrapport_pap...

eBrentrup, F., J. Kusters, H. Kuhlmann, and J. Lammel. 2004a. Environmental impacts
assessment of agricultural production systems using the life cycle assessment
methodology, 1. Theorical concept of a LCA method tailored to crop production.
European Journal of Agronomy. 20: 247-264.

eBrentrup, F., J. Kiisters, J. Lammel, and H. Kuhlmann. 2002 a. Impact assessment of
abiotic resources consumption-conceptual considerations. International Journal of
Life Cycle Assessment. 7: 301-307.

eBrentrup, F., J. Kiisters, J. Lammel, and H. Kuhlmann. 2002 b. Life cycle impact
assessment of land use based on the Hemeroby concept. International Journal of
Life Cycle Assessment. 7: 339-348.

eBrentrup, F., J. Kusters, J. Lammel, P. Barraclough, and H. Kuhlmann. 2004b.
Environmental impacts assessment of agricultural production systems using the life
cycle assessment (LCA) methodology. II. The application to N fertilizer use in
winter wheat production systems. European Journal of Agronomy. 20: 265-279.

eCharles, R., O. Jolliet, G. Aillard, and D. Pellet. 2006. Environmental analysis of
intensity level in wheat crop production using life cycle assessment. Agriculture,
Ecosystems & Environment. 113: 216-225.

eDavaran Hagh, E., B. Mirshekari, M.R. Ardakani, F. Farahvash, and F. Rejali. 2016.
Optimizing phosphorus use in sustainable maize cropping via mycorrhizal
inoculation. Journal of Plant Nutrition. 39: 1348-1356.

eFallahpour, F., A. Aminghafouri, A. Ghalegolab Behbahani, and M. Bannayan. 2012.
The environmental impact assessment of wheat and barley production by using life
cycle assessment (LCA) methodology. Environment, Development and
Sustainability. 14: 979-992.

eFilippa, F., F. Panara, D. Leonardi, L. Arcioni, and O. Calderini. 2020. Life Cycle
Assessment Analysis of Alfalfa and Corn for Biogas Production in a Farm Case
Study. Processes. 8: 1285. https://doi.org/10.3390/pr8101285

eFinkbeiner, M., A. Inaba, R.B.H. Tan, K. Christiansen, and H.J. Kliippel. 2006. The
new international standards for life cycle assessment: ISO 14040 and ISO 14044.
International Journal of Life Cycle Assessment. 11: 80-85.



00\ VE- o i B F oylad omoly Al o ols GLT (s3slss e85 sale 4y 23 I

eFinnveden, G., M.Z. Hauschild, T. Ekvall, and S. Suh. 2009. Recent developments in
life cycle assessment. Journal of Environmental Management. 91: 1-21.

eGasol, C.M., X. Gabarrell, A. Anton, M. Rigola, J. Carrasco, M.J. Ciria, and J.
Rieradevall. 2007. Life cycle assessment of a Brassica carinata bioenergy
cropping system in southern Europe. Biomass and Bioenergy. 31: 543-555.

eGhasemi-Mobtaker, H., A. Kaab, and Sh. Rafiee. 2020. Application of life cycle
analysis to assess environmental sustainability of wheat cultivation in the west of
Iran. Energy. 193: 116768.

eGhasempour, A., and E. Ahmadi. 2018. Evaluation of environmental effects in
producing three main crops (corn, wheat and soybean) using life cycle assessment.
Agricultural Engineering International. 20: 126-137.

eGuinée, J.B. 2001. Life cycle assessment: An operational guide to the ISO standards.
Leiden: Centre of Environmental Science, Leiden University, Leiden, Holland.

eHoseinzade, H., M.R. Ardakani, A. Shahdi, H. Asadi Rahmani, G. Noormohammadi,
and M. Miransari. 2016. Rice (Oryza sativa L.) nutrient management using
mycorrhizal fungi and endophytic Herbaspirillum seropedicae. Journal of
Integrative Agriculture. 15: 1385-1394.

eKhan, S., and M.A. Khan. 2010. Latif. Energy requirement and economic analysis of
wheat, rice and barley production in Australia. Soil & Environment. 29: 61-68.

eKhan, S., M.A. Khan, M.A. Hanjra, and J. Mu. 2009. Pathways to reduce the
environmental footprints of water and input energy in food production. Food
Policy. 34: 141-149.

eKhanali, M., B. Elhami, H. Islami, and S. Hosseinpour. 2018. Evaluation and
comparison of environmental indices of hybrid maize (Zea mays L.) hybrids with
three different harvesting methods in Alborz province using life cycle assessment
method. Journal of Agriculture and Ecology. 9(4): 892-909. (In Persian).

eKhoramdel, S., R. Ghorbani, and A. Amin Ghafori. 2014. Comparison of
environmental impacts for dryland and irrigated barley agroecosystems of Iran by
using life cycle assessment (LCA) methodology. Journal of Plant Production
Research. 22(1): 243-264. (In Persian).

eKhorramdel, S., A. Koocheki, M. Nassiri Mahallati, and A. Mollafilabi. 2019. Study of
life cycle assessment (LCA) for corn production system under Mashhad climatic
conditions. Journal of Agroecology. 11(3): 925-939. (In Persian).

eKim, S., B.E. Dale, and R. Jenkins. 2009. Life cycle assessment of corn grain and corn
stover in the United States. International Journal of Life Cycle Assessment. 14:
160-174.

eKrejcie, R.V., and D.W. Morgan. 1970. Determining sample size for research
activities. Educational and Psychological Measurement, 30: 607—-610.

eLiang, L., R.B.G. Lal, Zh. Ridoutt Du, D. Wang, L. Wang, W. Wu, and G. Zhao. 2018.
Life cycle assessment of China’s agroecosystems. Ecological Indicators. 88: 341—
350.

eMarashi, F., N. Jafarzadeh Haghighi Fard, N. Khorasani, and S.M. Monavari. 2018.
Life cycle assessment of the sugar industry: A case study of Amir Kabir Sugar
Cane Industry. Iranian Biosystems Engineering. 49: 608-597. (In Persian).



ol a5 b)) ey ) eoliial b &3 pinssSTs ST daime s 1 dallas ) Ko 5 gseile 0¥ I

eMardukhi, B., F. Rejali, G. Daei, M.R. Ardakani, M.J. Malakouti, and M. Miransari.
2015. Mineral uptake of mycorrhizal wheat (Triticum aestivum L.) under salinity
stress. Commun. Soil Science and Plant Analysis. 46: 343-357.

eMargni, M., D. Rossier, P. Crettaz, and O. Jolliet. 2002. Life cycle assessment of
pesticides on human health and ecosystems. Agriculture, Ecosystems &
Environment. 93: 379-392.

eMeisterling, K., C. Samaras, and V. Schweizer. 2009. Decisions to reduce greenhouse
gases from agriculture and product transport: LCA case study of organic and
conventional wheat. Journal of Cleaner Production.17: 222-230.

eNasiri Mahallati, M., and A.S. Koocheki. 2018. Life cycle assessment in the ecosystem
of wheat production systems (Triticum aestivum L.) Iran: 1- Comparison of levels
of input consumption. Agricultural Ecology. 9: 992-972. (In Persian).

eNemecek, T., O. Huguenin, D. Dubois, and G. Gaillard. 2011. Life cycle assessment of
Swiss farming systems: I. Integrated and organic farming. Agricultural Systems.
104: 217-232.

eNie, SSW., W.S. Gao, Y.Q. Chen, P. Sui, and A.E. Eneji. 2010. Use of life cycle
assessment methodology for determining phytoremediation potentials of maize-
based cropping systems in fields with nitrogen fertilizer over-dose. Journal of
Cleaner Production. 18: 1530-1534.

eNikkhah, A., M. Khojastehpour, B. Emadi, A. Taheri-Rad, and S. Khorramdel. 2015.
Environmental impacts of peanut production system using life cycle assessment
methodology. Journal of Cleaner Production. 92: 84-90.

ePrasad, S., A. Singh, N.E. Korres, D. Rathore, S. Sevda, and D. Pant. 2020.
Sustainable utilization of crop residues for energy generation: A life cycle
assessment (LCA) perspective. Bioresource Technology. 303, 122964.

eRobertson, G.P., and P.M. Vitousek. 2009. Nitrogen in agriculture: balancing the cost
of an essential resource. Annual Review of Environment and Resources. 34: 97-
125.

eRoy, P., D. Nei, T. Orikasa, Q. Xu, and H. Okadome. 2009. A review of cycle
assessment (LCA) on some food products. Journal of Food Engineering. 90: 1-10.

eSupasri, T., N. Itsubo, S.H. Gheewala, H.G. Shabbir, and S. Sate. 2020. Life cycle
assessment of maize cultivation and biomass utilization in northern
Thailand. Scientific Reports. 10, 3516. https://doi.org/10.1038/s41598-020-60532-
2

eTilman, D., J. Fargione, B. Wolff, C. D'antonio, A. Dobson, R. Howarth, and D.
Swackhamer. 2001. Forecasting agriculturally driven global environmental change.
Science. 292(5515): 281-284.



553 Journal of Crop Ecophysiology / Vol. 15, No. 4, 2021 I

Resear ch Article DOI: 10.30495/jcep.2022.689805

Evaluating Environmental I mpactsof Corn (ZeamaysL.)
Agro-ecosystem Using Life Cycle Assessment Method: A Case
Study of Grain and Stover Production

Nafiseh Hashempour?, Mohammadreza Ardakani®’, Abdolmajid M ahdavi Damghani®,
Farzad Panknejad® and M ohammadnabi |1kaei*

Received: July 2020,  Revised: 13 February 2021, Accepted: 28 March 2021

Abstract

Life Cycle Assessment (LCA) is a decision-making tool that assesses the
environmental status, production activities, and processes during the useful life of a
crop. It should be borne in mind that the LCA uses a variety of techniques for
economic, social, and environmental estimates of crops, as well as their activities,
processes, and the consumed energy efficiency.The present study evaluates the LCA in
corn seed and corn stover production systems in Karaj by the use of two cropping
systems: corn produced for seed only, without collecting corn stover (CRN) (seed corn
production system) and corn produced to harvest stover (CSR) (corn stover production
system). Which were investigated during the years of 2011-2016. Environmental
indices were calculated for the CRN and CSR based on six impact categories under
Karaj climatic conditions. The highest pollutant index, after resource depletion, was
found in acidification impact category (0.90 and 0.34 for the CRN and CSR,
respectively), followed by the highest environmental impacts for global warming or
climate change impact categories (0.51 and 0.18 for the CRN and CSR, respectively).
Therefore, it seems that different methods of farming system management can be
utilized based on the use of low-input principles, such as using various organic inputs,
planting nitrogen-fixing and perennial plants, the use of crop rotation, utilizing different
planting patterns such as intercropping, minimum tillage, and decreased use of chemical
inputs, to reduce the environmental impact of this production system, particularly the
CRN, on fossil fuel depletion, acidification, and climate change impact categories,
thereby reducing the shares of these environmental impacts.

Key words: Acidification, Eutrophication, Life Cycle Assessment, Resource
depletion, Toxicity.
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