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Figure 1- Comparsion of nitrogen amounts and splitting on cumulative energy demand
(CED) and cumulative exergy demand (CExD) of wheat production
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Figure 2- Comparsion of nitrogen amounts and splitting on impact categories of ecological
footprint in wheat production
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Figure 3- Comparsion of nitrogen amounts and splitting on impact categories of ozone layer
depletion (OLD) during 5 to 40 yearsin wheat production
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Table 1- Analysis of variance of irrigated whesat production under nitrogen amounts and
spliting by CML-IA non-baseline models in Bousher

- Mean sguares Slrg po uSilo
%)
Ol i’ 29l el dlsg T .
o s et g ar P RCJPVOR S VAW ICHe e S A
S.O.V. Abiotic Land e S . Malodorous
dF . - Acidification  Eutrophication 3 -
depletion competition air
Replication 1,55 3 0.04' 1133 0.003™ 0.001™ 1'131‘2?4E' 0.04%
Nittogen  ojeys 3 2006 925.42" 065" 027" 430185 2006
Error w9 001 374 0.001 0.0005 38304215 0.01
SPiting s 2 224" 614.15" 014" 008" 5 8§éﬁ3E' 224"
NxS 6 018" 5053" 001" 0.006" 47023008 0.18"
Eror s 24 001 332 0.001 0.0004 33300828 0.01
CV. (%) Sy o ps 9.73 475 7.25 6.43 8.884538402 421

Aoy S gty Jliol mhw (o s s g s pae e ol Sy w2 NS
ns, * and ** show non-significant and significant at 5 and 1 percent of probability levels, respectively.
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Table 2- Analysis of variance of irrigated whesat production under nitrogen amounts and
spliting by CML-1A non-baseline modelsin Bousher

Mean squares Sl yo cruSileo
e Ol .
4z 50 Ogamlags] Oglins] BT ab sl Coogomo e
Ol i’ 29l S P SR Shigw .
g"g \7’ &ol3T stleasnligid tladigid . O tly® Sl
D dF Photochemical ~ Photochemical o Freshwater Marine
oxidationlow  oxidation high Freshwater aguatic ecotox. sediment
NOX NOX sediment 100a ecotox. 100a
ecotox. 100a
Replication 1,55 3 0.000001° 0.000001 1.19™ 1.07™ 376
Nitrogen 395w 3 0.00005™ 0.00002" 1960.16™ 2894.36" 1421.17"
Error U 9 0.0000002 0.0000002 0.37 0.33 1.27
Splitting  Lawuds 2 0.00004"" 0.00003" 75.62" 70.84" 194.77"
NxS 6 0.000003™ 0.000003" 7.84" 7.86" 1557
Error Uas 24 0.0000002 0.0000002 0.35 0.32 1.10
C.V. (%) Ol gk g i 6.29 3.61 16.00 19.94 8.8

Boy0 S g i Jliol mhaw jo I pixe g e Sy o a4y i g 5 NS
ns, * and ** show non-significant and significant at 5 and 1 percent of probability levels, respectively.
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Table 3- Interaction of life cycle assessment of irrigated wheat production under nitrogen
amounts and spliting by impact categories of CML-IA non-baseline models in Bousher

b s °"X’6:3;é’" ‘ "’“‘L’%;‘ab’ RS grre ol yi gy RUSTTEY 92 (52920
Treatment depletion compgtltlon ’?ﬁédgbcag(%n El(ﬁrgoggcz%)n Ionl?Sgiz:(dgtlon '\glf;"(on‘?'] gl-)lrj)s
(kg Sb eq) (m’a) 2 4
N70S; 14.45 222.09 3.52 2.57 7.314E-07 7676884
N70S; 13.96 214.69 3.40 249 7.0702E-07 7420988
N70Sz 13.57 208.60 331 242 6.86983E-07 7210677
N140S1 13.22 214.78 3.30 243 6.74953E-07 7490737
N140S, 12.97 210.68 324 2.39 6.62072E-07 7347784
N140S3 12.73 206.74 3.18 2.34 6.49674E-07 7210185
N210S; 13.00 222.16 3.32 247 6.68833E-07 7808308
N210S: 12.39 211.77 317 2.36 6.37557E-07 7443171
N210S3 11.72 200.25 3.00 223 6.0286E-07 7038101
N2goS1 11.08 198.56 2.90 217 5.74663E-07 7026298
N2goS, 10.88 194.85 2.84 213 5.63922E-07 6894965
No2goSz 10.74 192.45 2.81 211 5.56981E-07 6810104
LSD 0.05 0.14 2.65 0.04 0.02 36E-10 67125

/;S'lao) 6Lmua:>l“: 41‘“544 u)ﬁ)“-’ A a5 P )_,QLLQ J"‘ o ‘5;‘ RLY ) r:Aj ..\.,Jy uL._> 4.>).> LJJLQ.A.AJJ‘ -¥ de?
g ailkis ;.0 CML-IA non-baseline sls oo
Table 4- Interaction of life cycle assessment of irrigated wheat production under nitrogen
amounts and spliting by impact categories of CML-IA non-baseline modelsin Bousher

o5 “f“f‘ oF ‘M‘ Sligus ) Camogauune Oliga y Coogouuco LT Coogoms
2 Lol gud & oo gid oot G by :

Ll photochemical  Photochemical - - - e
Trestment  oxidationlow  oxidation high Freshwater sediment  Marine sediment Freshwater aquatic

NOX NOX ecotox. 100a ecotox. 100a ecotox. 100a
(kg C;H, eq) (kg C;H, eq) (kg 1,4-DB eq) (kg 1,4-DB eq) (kg 1,4-DB eq)
N76S1 0.0360 0.0543 59.02 133.08 53.16
N76S; 0.03480 0.0525 57.05 128.65 51.39
N70Ss 0.0338 0.0510 55.43 125.00 49.93
N140S1 0.0342 0.0539 70.96 122.82 67.75
N140S; 0.0335 0.0529 69.60 120.48 66.46
N140S3 0.0329 0.0519 68.30 118.22 65.21
N210S: 0.0347 0.0570 85.96 121.72 84.87
N210S, 0.0331 0.0543 81.94 116.03 80.90
N210Sz 0.0313 0.0514 77.48 109.71 76.50
N2goS1 0.0305 0.0519 86.74 104.59 87.53
N2goS, 0.0300 0.0510 85.12 102.64 85.89
N2goSs 0.0296 0.0503 84.07 101.37 84.83
LSD 0.05 0.0002 0.0005 0.62 0.95 0.62

sl LSD (5051 Goll r auo 0 ety Jlaorl grbas 43 jlo sime S| 0924 pae oaims GLis (ygius ,2 )0 S jive By, i

*:Values within a column followed by same |etter(s) are not significantly different according to LSD test (P = 0.05).
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Ao 3 YO+ podxty £g,0 dl> e 10 0o )0 B0 + (l) Clls al> o 10 59,00 w0 YO Byas =) i eld (59,08 Jaedi ds o Sy $:$ .5
Mz Bran T g gl lacud 4 (omoadle £9)h 5 (moazy £, (LB oo 0 (g (emd des Bran T o0dl £9,h alpe 50
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Figure 4- Comparsion of nitrogen amounts and splitting on impact categories of global
warming potential (GWP) during 20 to 500 years in wheat production
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Figure 5- Comparsion of nitrogen amounts and splitting on impact categories of human
toxicity (HT) during 20, 100 and 500 years in whesat production
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Figure 6- Comparsion of nitrogen amounts and splitting on impact categories of terrestrial
ecotoxicity (TE) during 20, 100 and 500 years in wheat production
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Table5- Analysis of variance of irrigated wheat production under nitrogen amounts and
models in Bousher spliting by Ecopoint 97

4,9 Emission into air lgo & Lisl
Ol s’ 29bo
SOV, o3l Ly porsls 89 o9
dF Pb Cd Zn Hg
Replication IS 3 2.4862083E-9° 1.851034E-12°  0.0000003™  1.554928E-1"
Nitrogen 059 i 3 1.0963023E-6" 8.538586E-1"" 0.0001™ 6.487858E-1"
Error las 9 8.302533E-1 6.188251E-13 0.0000001 5.18564E-1
Splitting S 2 1.3014892E-7" 9.668799E-11"" 0.00002" 8.160678E-1""
NxS 6 1.0030503E-8" 7.445976E12" 0.000001" 6.295577E-1"
Error las 24 7.548106E-10 5.618573E-13 0.0000001 4.721778E-1
CV. (%) &l pis <y 3 9.54 9.74 9.69 9.29

Woy0 S g i Jliol mhaw jo lo pixe g 0 S e oy i g 5 NS
ns, * and ** show non-significant and significant at 5 and 1 percent of probability levels, respectively.
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Table 6- Analysis of variance of irrigated wheat production under nitrogen amounts and
models in Bousher spliting by Ecopoint 97

a0 Emission into water ol a4 Las!
Ol i’ b0 _
SOV, ol £9yS 89 e paresls ogu g IS
drF Cr Zn Cu Cd Hg Pb Ni
Replication 1,5 3 31941E-1° 148357E-0  18996E-1°  13473E-1 16041E-1°  147155E-1  1.0655E-1
Nitrogen 39 s 3 12888E-7°  5325E-7°  GO000BEY’  5560E-1°  4595E-1T  46610E-8°  6.699E-1"
Error s O  1064355E-1  49307E-1  6.20697E-1 4'492133E' 5307E-1  487821E-1  3.45248E-1
Splitling o 2 16782E-8"  78385E-8°  10090E-9”  7.074E-1"  8554E-17  7.8156-9°  5.923E-1"
N xS 6  12050E-9"  GOG37E-Q"  78248E-1°  5458E-1°  6645E-17  G.0602E-1"  A737E-1
Erfor s 24 Q70112E-1  450827E-1  5.77583E-1  40013E-1  48798E-1  4474281E-1  3.261E-1
CV. (%) &y a5 9.14 8.65 8.16 9.24 7.80 8.17 438

Aoy S g g Jiol mhaw jo o pixe g e S e oS a4y s g NS
ns, * and ** show non-significant and significant at 5 and 1 percent of probability levels, respectively.
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Table 7- Analysis of variance of irrigated whesat production under nitrogen amounts and spliting

by Ecopoint 97 models in Bousher

Mean Squares Slr po (51l
Oy ol “’Jf_ Oy oI5l b s esl \ \ ) slolw
SOV. LT T S S L é;i; Sligel e goS O Huwd ey
DF Nitrate Metas Pesticide 0= NH; DustPM10  tuewss P K
. - . > . ’ NOx SOx
into soil into soil into soil COD
eplication x5 3 0001  264E-1°  0.0000002® 00004 0001  0.00001 0.0001" 0005  0.0000005™  0.0000006
Nitrogen sy 3 004"  662E-1"  0.00003" 0.08" 0.28" 0.002™ 0.035" 0.18" 0.0002" 0.0003"
Error s 9 0.001 8.72E-1 0.0000001 0.0001 0.0003 0.000004 0.00004 0.002 0.0000002 0.0000002
Splitting tais 2 009"  14E1" 000001 002" 005" 00007 0.0060" 028"  000002°  0.00003"
NxS 6 0.007" 1.10E-1" 0.000001" 0.002" 0.004" 0.00005"™ 0.0005™ 0.02" 0.000002" 0.000002"
Error s 24 0.0005 8.04E-1 0.0000001 0.0001 0.0003 0.000004 0.00003 0.002 0.0000001 0.0000002
CV. (%) &l yuuss <o pi 357 7.36 6.26 7.02 7.74 5.58 8.10 3.79 9.06 10.03
Aoy S gty Jliol mhaw (o s s g s pae e ol Sy i g % NS

ns, * and ** show non-significant and significant at 5 and 1 percent of probability levels, respectively.

Jae oo,y slaasls alegas (59, b g polie Sl Cod ol CatS )0 puiS 0y Sl a5z Jlite 3l -A Jgu
e aalaie o ECOpOINt 97
Table 8- Interaction of life cycle assessment of irrigated wheat production under nitrogen amounts

and spliting by impact categories of Ecopoint 97 modelsin Bousher

& Lo Emission into air (g) Igm ay Ll Emission into water (g) o a il
Treatment Pb Cd Zn Hg Cr Zn Cu Cd Hg Pb Ni
N70S; 0.0035 9.431E-05 0.0380 861E-05 0.00123 0.00265 0.00030 8.015E-05 8.645E-06  0.00083  0.00022
N7S; 0.0033 9.117E-05 0.0367 8.326E-05 0.00119 0.00256 0.00029  7.748E-05 8357E-06  0.00080  0.00021
N70S3 0.0032  8.85E-05 0.0357 8.090E-05 0.00116 0.00249 0.00028  7.528E-05 8.120E-06  0.00078  0.00020
N140Sy 0.0033 8631E-05 0.0348 7.918E-05 0.00114 0.00245 0.00028 7.371E-05 8.065E-06  0.00077  0.00021
N140S 0.0031 8467E-05 0.0341  7.766E-05 0.00111 0.00240  0.00027 7.23E-05 7.911E-06  0.00076  0.00021
N140Ss 0.0030 8308E-05 0.0335  7.62E-05 0.00109 0.00236 0.00027 7.09E-05 7.763E-06  0.00074  0.00020
N210S1 0.0031 8485E-05 0.0342 7.816E-05 0.00112 0.00243 0.00028  7.28E-05 8.074E-06  0.00077  0.00022
N210S 0.0030 8.088E-05 0.0326  7.45E-05  0.00107 0.00232 0.00026  6.93E-05 7.697E-06  0.00073  0.00021
N210Ss 0.0028  7.648E-05 0.0309  7.04E-05 0.00101 0.00219 0.00025 6.562E-05 7.278E-06  0.00069  0.00020
Na2goS1 0.0027 7.234E-05 0.0292 6.691E-05 0.00096 0.00209 0.00024  6.235E-05  7.006E-06 ~ 0.00067  0.00020
N2g0S 0.0026  7.098E-05 0.0287 6.566E-05 0.00094 0.00205 0.00023  6.118E-05 6.87E-06  0.00065  0.00019
Na2goSs 0.0026  7.011E-05 0.0283 6.4E-05 0.00093 0.00203 0.00023  6.043E-05 6.790E-06  0.00065  0.00019
LSD 0.05 24$E' 648E-9  0.0002 586E-9 985E-8  195E-7  235E-8 585E-9 62E-9 515E-8  165E-8

el LSD OB“’J] bl ooy miy Jleiol mhaw 5o o dxe GBS 8929 pas saias Lis Hgiw o )0 S i By y> ik
*: Values within a column followed by same letter(s) are not significantly different according to the LSD test (P = 0.05).

.o)5|é¢.;.4)‘\ 05953 pS okS YA+ g VYo NFe Ve Lolie Cud ey :N2805N210 N14o N7o

Eoyd a0 ;0 00 )0 YO + doazty £9,0 al> o 10 0o )0 B0 + (al) CllS Al o ;0 (59,5 e )0 YO B pae -V 1 Jeld (45900 Lo dw oo pay S5 S
B9 Bl Jolre 53 0395 (Frond Yoz Brae Y g (silas slatens 4 (aoaBle g9 00 5 (poazy £9,0 (LA Sl 53 (35 (Shend de Bpas T (oaoadle
S9ls GBS 4 L?‘:...J 5 2048l £9,0 ( BOAZD
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Table 9- Interaction of Ife cycle assessment of irrigated wheat production under nitrogen
amounts and spliting by impact categories of Ecopoint 97 models in Bousher

el SB ol ] eS| eS| e ﬁu,us:
Lo "TB “ Metalsinto J'_é * O3 oF Sigel v o s el
Treament  Nitde g Peidde  Nox  sox W@ PN et pg k@
@ 9N gamawsy @ @5 o)
N72oS; 582 0.00011054 0.02628 131 2.16 0.23301 0.72516 4.59 0.04664  0.05252
N70S, 492 0.000106856 0.02540 1.26 2.08 0.22524 0.70099 443 0.04508 0.05077
N720Ss 422 0.000103827 0.02468 1.23 2.03 0.21886 0.68112 431 0.04381  0.04933
N140S; 572 0.000103608 0.02772 1.23 201 0.22286 0.67444 452 0.04297 0.04794
N140S; 522 0.000101631 0.02719 121 197 0.21861 0.66157 4.43 0.04215 0.04702
N140S3 482 9.9728E-05 0.02668 118 194 0.21452 0.64912 4.35 0.04134  0.04614
N210S1 732 0.000104186 0.03076 1.24 2.02 0.22827 0.67321 4,75 0.04251  0.04700
N210S; 612 9.93144E-05 0.02932 118 192 0.21760 0.64181 453 0.04052  0.04480
N210S; 462 9.39096E-05 0.02773 112 1.82 0.20576 0.60688 4.28 0.03832  0.04236
N2goS; 502 9.07665E-05 0.02914 1.09 175 0.20225 0.58260 4.30 0.03647  0.03997
N2goS; 452 8.90699E-05 0.02860 1.06 1.72 0.19847 0.57171 4.22 0.03579  0.03922
N2goS3 242 8.79737E-05 0.02824 1.05 1.70 0.19603 0.56467 417 0.03535 0.03874
LSD 0.05 0.02 875E-9 0.0002 0.01 0.02 0.002 0.007 0.04 0.0005 0.0004

Ll LSD 03T bl 5 sy i Jliol mhaw jo o pxe BB 5929 pus sdims LiS eiw ;2 10 S i By, ik
*:Values within a column followed by same letter(s) are not significantly different according to LSD test (P=
0.05).
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Abstract

Life cycle assessment is an appropriate method to study the environmental impacts
of producing a crop plant throughout its production cycle. This research was conducted
with the aim of evaluating the life cycle of irrigated wheat production under nitrogen
amounts and splitting in Bushehr province during 2017-18The as split plots based on a
randomized complete blocks design with four replications. Four nitrogen rates including
70, 140, 210 and 280 kg urea ha' was considered as main plots and three nitrogen
splitting in basal, beginning of tillering, stem elongation and booting stages was chosen
as sub plot. The results demonstrated that with increase of nitrogen application an
amount of cumulative energy demand, cumulative energy demand, acidification,
eutrophiction and malodorous air were decreased. The average amount of ecological
footprint was 1125.87 m® per year which CO, emissions had shown the highest effect
on the ecological footprint. The average amount of global warming potential (GWP)
was 20a and GWP 500a were 400.53 and 384.30 kg CO; eq, respectively. All pollutants
released into the air and the water experienced a decreasing trend with increasing
nitrogen rate. By group comparing between different levels of nitrogen at splitting
levels, it can be stated that the main cause of variations in the amount of pollutants was
the higher output (yield) compared to inputs. Indeed, nitrogen application in four
developmental stages has resulted in maximum plant use, resulting in increased yield
and emission reduction per unit area. Therefore, reducing the emission of pollutants by
increasing nitrogen consumption can be due to yield increasing.

Key words: Cumulative exergy demand, Ecological footprint, Eutrophication,
Global warming potential, Heavy metal emission.
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