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Table 1- Inputs amount for transplanted and direct seeded rice production scenarios in Golestan province

oolys

Unit D TE DS DD
Inputs
U’f\lf“ Kg/ha 205.8 205.8 92 92
ol Kg/ha 138 138 46 46
P.Os
S e Kg a.ilha 3.844 3.844 0.1 0.1
Herbicide
S ertx Kg a.ilha 4.48 4.48 1.46 1.46
Insecticide
o Kg/ha 120 120 60 60
Seed
o
' M3/ha 12000 12000 7000 7000
Water
& N
ol 5 A il hiha 209.6 165.55 775 703.9
Machinery and equipment
sheed S5 I/ha 748 65.1 64.5 66.1
Fossil fuel
o 25 Kwh/ha ; 2806.7 1651.2 1380
Electricity
| .l .
Sl (3505 h/ha 214.2 166.7 53.75 128.95
Human labor
Output) =4,>
Paddy) 5L Kg/ha 8000 8000 6500 7000
f
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Figure 1- Life cycle assessment framework
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Table 2- Life cycle assessment (LCA) of four rice production scenarios by ReCiPe method in Golestan

province
ltem Unit ™ TE DS DD
i n‘:::;’c‘;; e (kg CO; eq) 44269 52504 31642  837.65
S oadise (kg SO; eq) 245 253 1.47 3.83
Terrestrial acidification g 502 €q ' ' ' '
e *"et;; ;“]‘I“C’; :E;eShwater (kg P eq) 0056 0074 0.039 0.074
sty gl s (kg N eq) 0.25 0.25 0.15 0.19
Marine eutrophication
W;;r@;p‘l‘:;‘on (m) 1651 1745 1036  15.70
Mi}tl; Iéa:’);l’; ) (kg Fe eq) 11845 10206 5812  400.97
;l““soésii g:;l;:n (kg oil eq) 20835 13154 8429  199.17
Terresﬁi :C“""*“Omxicity kg 1,4-DB eq 0.069  0.061 0.031 0.068
ot 2l e kg 1,4-DB eq 0.556 0.426 0.219 0.460
Freshwater ecotoxicity
OZ;;);' d“;’élzl’;] *;gt“’e';*ﬁal kgCFC-1leq 00001  0.00006  0.00003  0.00005
oy Jus (M%) 37.14 37.41 22.24 47.50

Agricultural land occupation
L gy ads DS (g)lol lp (had g B paa L oais SLas @i adss TD (g )lol sl 3 B pan b onins,5li @iy oy :TE
wSlo b 6 )Ll it 51 ool g puiiae oS b g ods DD (Gl 6,LoT piaaes ) oolitsl § ke oiS
TE: Transplanted rice production using electricity for irrigation, TD: Transplanted rice production using fossil

fuel for irrigation, DS: Direct-seeded rice production using a sprinkler irrigation system, DD: Direct-seeded
rice production using a drip irrigation system.
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Table 3- Contribution of inputs to parameters measured by ReCiPe method four rice production scenarios in Golestan province.

o5 e > osled cc TA FEu ME WD MD FD TEc FEc OD ALO HC
Scenarios Inputs
(Nitrogen) 5,05 8524 0362 0003 0020 1109 4529 1788 0008 0085 63E-06 148 7.1
(Phosphate) .5 1358 015 0013 0003 0735 1912 5006 0006 0049 17E-06 080 3.29
Pesticide) =1 255 002 °o~ 0003 0025 0263 0857 0002 0009 ATE-06 013 062
(Riceseed) =, 5 1883 008 0003 0104 6258 0825 2316 0006 0008 7.9E-07 144 098
Ds PSR JENN]
Agricultural 7481 034 0005 0007 0838 4632 1666 0005 0034 37E-06 361 9.86
machinery
Diesel) L.scsse 516  0.05 8'(‘)55' 9625' 0.062 0138  12.69 5'(()54E' 0.016 6.8E-06 0.07 0.41
Electricity) < 5 11624 047 0015 0009 1335 4136 2889 0003 0017 O5E-06 173 499
(Nitrogen) .5, 7916 034 0002 0020 1030 4205 1660 0007 0007 59E-06 137 6.78
(Phosphate) .5 1261 014 0012 0003 0683 1776 4649 0006 0006 L5E-06 075 3.05
Pesticide) 5=l 237 002 OS5 0003 0023 0244 0795 0002 0002 44E-06 012 057
(Riceseed) =, 5 1748 007 0002 0097 581 0766 2150 0006 0006 7.4E-07 1340 091
DD SioateS YT ile
Agricultural 63090 285 0045 0059 7.066 390.65 1405 0045 0045 3.1E-05 30.47 83.19
machinery
: o 8.2E- 8.7E- 53E-  5.3E-
Dieseh) s cope 491 005 Cor O/F 0059 0132 1208 o SCT 65806 005 039
Electricity) s 0 90.21 037 0012 0007 1036 3210 2242 0002 0002 7.4E-06 134 387
(Nitrogen) 5,05 15493 066 0005 0036 2016 8231 3249 0015 0154 11E-05 269 13.28
(Phosphate) .5 3310 036 0031 0007 1793 4661 1220 0015 0121 4'%565 196 802
TE . » 2 9E- 2 04E-
Pesticide) =3l 1101 009 “o 0012 0109 1131 369 0008 0041 0L 057 267
Riceseed) i, & 3059 013 0004 0169 10169 1339 376 0010 0013 13E-06 234 159
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TE: Transplanted rice production using electricity for irrigation, TD: Transplanted rice production using fossil fuel for irrigation, DS: Direct-seeded rice

production using a sprinkler irrigation system, DD: Direct-seeded rice production using a drip irrigation system.

Climate Change (CC): kg CO, equivalent, Terrestrial Acidification (TA): kg SO, equivalent, Freshwater Eutrophication (FE): kg P equivalent, Water
Depletion (WD): ms, Metal Depletion (MD): kg Fe equivalent, Terrestrial Ecotoxicity (TEc): kg 1,4-DB equivalent, Freshwater Ecotoxicity (FEc): kg
1,4-DB equivalent, Ozone Depletion (OD): kg CFC-11 equivalent.
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Ecopoint 97 (CH)

Table 4- Heavy metal emission (g) from Four rice production scenarios in the air and water in Golestan
Province by Ecopoint 97 (CH) method.

lagy ,LwSCENArios TD TE DS DD
(52) < Pb (Air) 0.6637 0.6605 0.3767 1.8001
(52) posesls Cd (Air) 0.0543 0.0572 0.0329 0.0889
(52) 05> HQ (Air) 0.0152 0.0169 0.0101 0.0418
(52) 9, ZN (AIr) 1.1872 1.0875 0.5886 3.1247
(0 ps,5 Cr (water) 1.0677 0.9712 0.4973 2.2487
(< 3, Zn (water) 1.4131 1.0786 0.5024 1.0616
(1) e Cu (water) 0.4531 0.4525 0.1979 0.3082
(<)) pawesls Cd (water) 0.0848 0.0841 0.0358 0.0512
(oD osx> Hg (water) 0.0736 0.0736 0.0303 0.0303
(o)) o Pb (water) 0.3920 0.4012 0.1787 0.2569
(o JSs Ni (water) 0.4000 0.4171 0.1956 0.4348
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TE: Transplanted rice production using electricity for irrigation, TD: Transplanted rice production using fossil
fuel for irrigation, DS: Direct-seeded rice production using a sprinkler irrigation system, DD: Direct-seeded
rice production using a drip irrigation system.
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