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Introduction

Due to the adverse impacts of agricultural production activities on the environment, particularly water and soil
pollution, and pressure on limited natural resources, determining an optimal cropping pattern is one of the most
important management decisions. Such a decision should be made in a way that, while maintaining crop
productivity and satisfactory yields, minimizes the environmental impacts associated with the use of fertilizers,
pesticides, and water. Simultaneous assessment of environmental impacts and water consumption can provide
valuable guidance for sustainable cropping planning in arid and water-scarce regions. The objective of this study
was to evaluate the environmental impacts and water consumption of eight major agricultural crops: barley, wheat,
canola, maize, cucumber, onion, potato, and tomato in the arid region of Jiroft using the Life Cycle Assessment
(LCA) approach and analysis of green, blue, and grey water footprints.

Materials and Methods

To this end, data on input consumption, including chemical fertilizers, pesticides, fuel, and energy, as well as
crop yields, were collected, and environmental impacts were calculated in three categories: human health,
ecosystem quality, and resource depletion. For accurate estimation of crop water requirements and green and blue
water footprints, climatic and precipitation data for the period 1993-2023 obtained from the Iranian
Meteorological Organization were used, and actual crop water consumption was calculated based on effective
rainfall, evapotranspiration, and crop growth period. The grey water footprint was also determined based on
chemical fertilizer use and its potential impacts on water quality.

Results and Discussion

The results showed that cereal and oilseed crops such as canola, wheat, barley, and maize imposed the highest
environmental burdens. Canola exhibited the greatest negative impact with a single-score value of 86.19 points,
compared with cucumber (4.09 points) and onion (5.65 points). In the human health category, canola caused the
highest damage (65.23 points), whereas vegetables and tuber crops showed much lower impacts. Regarding
ecosystem quality, canola had the highest negative effect (20.25 points), while barley showed the lowest impact
(0.33 points). In terms of resource depletion, wheat contributed the most (0.289 points), followed by canola (0.176
points). Water footprint analysis indicated that cereals had the highest blue and grey water consumption, with total
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water footprints of barley and wheat reaching 2508.19 and 2164.57 m®.t™', respectively, whereas vegetables and
tuber crops such as potato had the lowest water footprint (182.41 m*.t ™). The combined results of LCA and water
footprint analysis consistently demonstrated that input-intensive and water-demanding crops such as canola and
cereals exert substantial pressure on water resources and the environment, while vegetables and tuber crops have
comparatively lower impacts.

Conclusion

Based on the LCA results and the crop’ environmental burdens, cultivation priority should be given to those
with the lowest environmental impacts. Accordingly, vegetables such as cucumber and onion, as well as tuber
crops like potato—which exhibit significantly lower environmental burdens—should be prioritized for cultivation.
Subsequently, maize and high-input cereals such as wheat and barley may be cultivated. Canola, due to its high
environmental burden, should be placed last in the cropping priority and cultivated only under careful management
of inputs and water resources in order to reduce pressure on the ecosystem and the region’s limited resources.
According to the results, the water footprint and Life Cycle Assessment (LCA) analyses provide consistent and
complementary findings. Crops with higher environmental burdens in the LCA, such as canola and cereals, also
exhibit the highest blue and grey water consumption, exerting greater pressure on the region’s water resources. In
contrast, crops with lower environmental burdens, such as vegetables and tuber crops, have smaller water
footprints and place less strain on water resources. Based on these findings, prioritizing the cultivation of low-
impact crops along with optimized management of inputs and water resources can significantly reduce
environmental burdens and water consumption. This study demonstrates that integrating Life Cycle Assessment
(LCA) with water footprint analysis is an effective tool for sustainable agricultural planning and for reducing
pressure on limited environmental resources.

Keywords: Ecosystem health, Environmental sustainability, Resource depletion, Sustainable cultivation
pattern, Water resources management
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2- Background
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Table 1- Amount of pollutant gas emissions resulting from the consumption of one liter of diesel fuel (Durlinger et al.,
2015; Mousavi-Avval et al., 2017)

Shasule I92 & ;L o 0
Specifications Air emission factor
S|
Arsenic 6.65E-08
e
Beryllium 4.99E-08
powedls
Cadmium 4.99E-08
oS Sl
Carbon dioxide 002.73E
O S gige
Carbon monoxide 6.00E-04
poos)S
Chromium 4.99E-08
U
Copper 9.97E-08
595299 S5 YV ¢S 900
Dioxin, 2,3,7,8 Tetrachlorodibenzo-p 1.66E-12
Oiare 2wl
Hydrogen chloride 8.38E-05
g
Lead 1.50E-07
Manganese 9.97E-08
09>
Mercury 4.99E-08
Jsd oyle

Methane, fossil 6.10E-06
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945 83 e
Methane, dichloro-, HCC-30 5.36E-07
Nickel 4.99E-08
039 s 2.89E-03
Nitrogen oxides
Glee )3
Particulates, > 2.5 um, and <10 um 1.20E-04
A1y ¢l
Ethene, tetrachloro 9.14E-09
g 4.04E-07

Phenols, unspecified

as 50 g 31 (63959 il B 3 (il HLiS] dulone S 030! 3590 Cul o - Joua
Table 2— Coefficients used to calculate emissions resulting from the consumption of input resources at the farm level

Olasuie o &>
Specifications Coefficient Source
stlrond (G355 B o 51 il Ll
Emissions associated with the use of chemical fertilizers

KgN,0 — N .
0.01 (to air) (IPCC, 2006)
Kg Nin fertilizers applied
KgNH; — N .
0.1 (to air) (IPCC, 2006)
Kg Nin fertilizers applied
KgN,0 — N .
0.001 (to air) (IPCC, 2006)
Kg Nin atmospheric deposition
Kg NO3 — N
0.1 (to water) (IPCC, 2006)
Kg Nin atmospheric deposition
Kg NOx
0.02 (to water) (IPCC, 2006)
Kg l:)in fertilizers applied
Kg P emission .
] 0.21 (to air) (IPCC, 2006)
Kg Nzofrom fertilizers and soil
Suisl s
Emission conversion
Conversion from kg CO.—C to kg CO2 (ﬁ) IPCC (2006)
i4
Conversion from kg N2O—N to kg N20 (5) IPCC (2006)
Conversion from kg NHa—N to kg NH3 (ﬁ) IPCC (2006)
Conversion from kg NO3z-N to kg NO3 (%) IPCC (2006)
Conversion from kg P2Os to kg P (%) IPCC (2006)
555 51 i)
Emissions from labor
Kg CO
et 0.7 (to air) (Mousavi-Avval et al., 2017)

man — h Human labor
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Emissions resulting from pesticides

[Kg effective material]

Kg biocides
[Kg effective material]

Kg biocides

0.1 (to air)

0.85 (to soil)

(Margni et al., 2002)

(Margni et al., 2002)
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Table 3- Standard coefficients for heavy metal emissions to soil from chemical fertilizer application (Ecoinvent version 3.11)

2 Lo 395

Chemical fertilizer

S @y S ol Ll
Emission of heavy metals into soil

Hg Cr Ni Pb Zn Cu Cd

(mg.kg™?)

05955 35 PSS Ko oy

Emission factor per kg of nitrogen fertilizer

i 355 SIS Ko s

Emission factor per kg of phosphate fertilizer

iy 365 2 S 6lST S5 o

Emission factor per kg of potassium fertilizer

26 203 5409 209 779 0.1

395 905 839 67 883 543 03

48 62 08 25 58 0
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Table 4- Standard conversion coefficients from midpoint to endpoint impacts from an individualist cultural perspective
(Huijbregts et al., 2017)

‘;hgmuww’{) ;J‘ »‘5 |
Environmental impact Unit
"Jlm.il CooMw
Human health
Clirgféiﬁ;nge Yr.kg? CO; to air 8.1E-08
Sl Ogigl e yr.kg! CFC11 to air 2.4E-04
Stratospheric ozone depletion
Ior:jn)g“fa@“’““’dlanon yr kg Bq Co-60 to air 6.8E-09
oy el s . .
7 0 O kgt PM,st 6.3E-04
Particulate matter dispersion yra 2stoar
Ssiss gl S5 yr.kg™ NO, to air 9.1E-07
Tropospheric ozone formation
Carg{:g;;g;city yr.kg! 1,4-DCB to air 3.3E-06
S s s 506 )lows .
OO IE) o4 r.kg* 1,4-DCB to air 6.7E-09
Non-carcinogenic health effects yrrg L :
ol Sy Yr.m* water 3.1E-06

Water consumption

Sis pllaipgy i
Terrestrial ecosystem quality
species.yr.kg™ CO; to air 5.3E-10
Climate change P yrg g
SR O9ig) JSE species.yr.kg® NO to air 1.3E-07
Tropospheric ozone formation
Sk O Sl . 3 .
species.yr.kg™* SO, to air 2.1E-07
Soil acidification pecles-yrg™ s
) S species.yr.kg™ 1,4- DCB to industrial soil ~ 5.4E-08
Terrestrial toxicity
ol Spae . species.yr.m water consumed 0
Water consumption
085 S5 e species.m annual crop land 8.9E-09
Land use change
ol plaipg oS

Aquatic ecosystem quality




VPl Hlag dojlosds A Al (65yglisS ouwlicts gy 4 pis VY

oeldl s

Climate change

species.yr.kg CO, 1.5E-14

O Ol GaelSidaygd species.yr.kg™ P to fresh water 6.1E-07

Freshwater eutrophication

Ot S Cums. species
Freshwater toxicity

.yr.kg! 1,4- DCB to fresh water ~ 7.0E-10

ol Spa species.yr.m water consumed 6.0E-13

Water consumption

by Py Cuds
Marine ecosystem quality

Ly Casows .
) yrkg!1,4-DCB 1.1E-10
Marine toxicity Speclesyrig
b Oyl S species.yr.kg N to marine water 1.7E-09
Marine eutrophication
&lio d9ueS
Resource depletion
e Slge minerals USDao5 $.kg! Cu 0.16
Minerals
s es fossils3 USD.g3 $.kg! crude oil 0.46
(ed S USD013 $.kg™* hard coal 0.03
Fossil fuel USD213 $.Nm natural gas 0.30

(8 o (lw phend (555918 3) e (gl poed

33 axdlao 3,90 (5559L8 Y gaseo ileMbl -0 Joaa

Table 5- Information on the agricultural crops studied in Jiroft County (Jihad agricultural city of jiroft)

Jpae g5 Jpae  SoSnighe d8les (iXbe  oges 398 G5 9 i Ay ol
Crop catedor Cro Cultivated area Yield Nitrogen fertilizer Evapotranspiration Effective rainfall
p category P (ha) (tha™) (kgha) (mm) (mm)
sy slasld 5 375 6.56 200 376.52 7211
Oilseeds Canola
o ps 43,400 4.42 200 576.68 91.77
Cereals Wheat
= 8,500 3.11 150 472.23 81.73
Barley
b @ 23,150 8.46 250 918.20 3.27
Grain maize
e GRS 8,878 39.95 250 501.62 77.45
Vegetables Tomato
e 4,220 38.67 250 419.56 79.41
Cucumber
’LJ 13,973 58.21 200 738.86 103.23
Onion
lost plals e 18,073 38.15 250 312.37 52.39
Tuber crops Potato
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Oy M cdalllas 3 )50 WY guasto o )0 &S 235 o odaliis
SYL cde 4 eMe ol 6bsy g SYL g L 1) O gL,
5 o ble Y gaze (ul 50 g tuSE 5 ol O s, (g
ohlSen Lo Ji.le 4 (Arabietal, 2012) )lSan

59l ,» (Yahyazadeh et al., 2021) |,Kan g olj o0

2y ol a5 sl s olpl (K584 eS Ol cbd,
942 o5 M s Ol (6bd) mr— VL sl ol
2 olS ol Jab )b S o] s o et 4 2l o0
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al o ol 4y 295 wladss (o 50 (Aligholinia et al., 2015)
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Table 6- Green, blue, and grey water footprint values of the agricultural crops studied

. o 1 513, <2l g, SrmSE Olghs, ol gl gene
Js =4 Js Green water footprint Blue water footprint Grey water footprint Total water footprint
Crop category Crop
(m3.ton)
“&?) lash el 109.92 465.58 495.42 1,070.92
Oilseeds Canola
. P 207.63 1,108.53 848.41 2,164.57
Cereals Wheat
# 272.45 1,319.08 916.66 2,508.19
Barley
slal> &3 4.09 1,143.66 531.26 1,679.01
Grain maize
i 19.36 85.79 93.77 198.92
Vegetables Tomato
A 20.36 89.05 96.15 205.56
Cucumber
)LJ 17.79 110.87 64.65 193.31
Onion
losé ol e 13.78 69.95 98.68 182.41

Tuber crops Potato
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4- Electricity
1- Hotspots
2- Runoff
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Fig. 5- Effects of agricultural inputs and input resources on human health, ecosystem, and resources in canola
cultivation
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