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Introduction

Food security and sustainable agriculture are among the most challenging issues for the human being in the
present age. These daunting challenges have arisen in the face of dramatic population growth as well as rising
living standards, lifestyle, and, as a result, increased demand for a variety of foods. Due to limited water resources
and arable lands, to achieve more production, it is necessary to increase the yield per unit area by using more
materials (e.g., chemical fertilizers, pesticides, and fossil fuels) and energy. Obviously, in addition to the higher
cost, it will lead to irreparable environmental consequences. In this regard, to achieve more sustainable production
of agricultural products, there is a need to carefully evaluate the environmental status of these products in order to
identify environmental hotspots to optimize them. Due to this, a study was conducted to assess the environmental
damages to the soybean production system in different cities of Mazandaran province with a life cycle assessment
(LCA) perspective.

Materials and Methods

In the present survey, LCA approach was applied to evaluate the environmental impact and determine the most
important hotspots of soybean produced in the cities scale of Mazandaran province (13 cities with soybean
cultivation). LCA is a method that examines the environmental impacts associated with a product (or process)
throughout its lifetime by accounting for resource consumption and pollutant emissions. For this purpose, the farm
gate was considered the system boundary. Necessary data for LCA inventory were also obtained through face-to-
face interviews with 303 farmers in 2019 and the Ecolnvent 3.5 database in SimaPro 9.0.0.49 software. The
potential environmental impacts were assessed by the IMPACT2002+ (v2.15) model in the software based on 1
ton of soybean seed produced as the functional unit (FU). Finally, impact assessment results of the soybean
production system were presented in four environmental damage groups: human health, ecosystem quality, climate
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change, and resources.

Results and Discussion

The findings revealed that soybean cultivation in the region and under the current conditions of inputs
consumption has the highest impact on human health indicators that direct emissions from diesel fuel combustion
and application of chemical fertilizers in the field play a major role in this damage category. Direct emissions from
field operations claimed the highest share (>51%) in increasing global warming potential, which was mainly a
result of CO2 emissions from burning diesel fuel. In addition, the findings of the present study showed that diesel
fuel, followed by nitrogen fertilizer, had the most substantial role in the resources damage category. More
generally, the total environmental damage for the production of 1 ton of soybean seed in surveyed cities ranged
from 228.76 to 439.77 mPt, among which the cities of Galugah and Qaemshahr (228.76 and 261.18 mPt,
respectively) had the least and Amol, and Sari (438.06 and 439.77 mPt, respectively) had the most value. To sum
up, the LCA approach has been able to quantify the contribution of the soybean production system in causing
environmental damage in the form of different damage categories by considering the amount of each of the inputs
and their emissions based on a specific FU.

Conclusion

In general, it can be concluded that diesel and chemical fertilizers inputs and direct emissions caused by their
consumption on farms were the most substantial environmental hotspots. These factors, in turn, arise from the
mismanagement of soybean farms in Mazandaran. Hence, it seems that efficient management practices by
informing farmers and support of the authorities to provide appropriate facilities to farmers can be an important
step toward reducing the environmental consequences and developing the cultivation of this valuable crop in the
region.
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Fig. 1- System boundaries of soybean production (cradle to farm gate) in Mazandaran province, Iran
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Table 2- On-Farm emissions caused by the consumable inputs for soybean production in Mazandaran province
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Se Emission &
Emission 192 SB o Reference
sources g ]
Air Soil Water
Lowds (slo3oS Cd, Cu
e S L ) (IPCC, 2006)
Che-n-']|ca| NHS, NZO, NOX, CO2 Zn, Pb, NI, P, NOs (Durlinger et aI., 2017)
fertilizers Cr, Hg
o 255
Farmyard NHB, N2O - - (|PCC, 2006)
manure
. CO2, SO2, CHg4, CsHs, Cd, Cr, Cu, N20, Ni, Zn, .
fJﬁ'D Benzo(a)pyrene, NHs, Se, PAH, HC, as NMVOC, - - (Nemecek_ & Kagi, 2007)
Diesel NOx, CO, Particulates < 2.5 um (Khoshnevisan et al., 2014)
(Engineering ToolBox, 2009)
S CS i ) (Majumdar & Gajghate, 2011)
Kerosene COg, CO, SOz, CHas, N20, NOx (Ramachandra & Shwetmala,
2012)
O COg, SO2, Pb, CH4, CsHs, Cd, Cr, Cu, N20, Ni, Zn, ) (Engineering ToolBox, 2009)
Petrol Benzo(a)pyrene, NHs, Se, NOx (Nemecek & Kagi, 2007)
L,S«.ds Metribuzin, Trifluralin, Imazethapyr, Bentazone, Haloxyfop-ethoxyethyl, (Durlinger et al., 2017)
Herbicide Paraquat
"SC’E Carboxin, Thiram, Iprodione, Carbendazim (Durlinger et al., 2017)
Fungicide
iSoptat Indoxacarb, Diazinon, Thiodicarb, Chlorpyrifos, Phosalone, Fenvalerate,
| t)'“'>d Endosulfan, Malathion, Cypermethrin, Permethrin, Acetamiprid, Fenitrothion, (Durlinger et al., 2017)
nsecticide

Profenofos, Fenpropathrin
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* Active materials emissions of each biocides is common to the three parts of air, soil and water.
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Fig. 2- Contribution of inputs to endpoint categories of climate change (a) and ecosystem quality (b) for production of 1 ton of
soybean seed in different cities of Mazandaran province
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Fig. 4- The adverse effects of chemical fertilizers application on food and human health (Savci, 2012; Rai et al., 2019)
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Fig. 5- Weighted environmental damage for the production of 1 ton of soybean seed in different cities of Mazandaran
province.
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