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Table 1. Description of rice production scenarios of improved cultivars in Sari region

-z 91 ,LewSL 92.,LwSCy 9,bwSCl gLwSH g )L TL  ,LuTCy 3L TChi g LwTH

Item Scenario SL  Scenario SCi  Scenario SCn Scenario SH Scenario TL Scenario TC, Scenario TCu Scenario TH
s opilodas  oplSeden  opiledas  opilSedes
o Semi- Semi- Semi- Semi-

Planting method mechanized  mechanized mechanized mechanized Traditional ~ Traditional ~ Traditional ~ Traditional
cbls (aUa'J colﬁjmf 6Jal.a> @‘) ooLe.S)._f_ oaLQpr G.Jolﬁ} @‘) oaLeJ}:’
Planting system Low input ~ Conservation Conventional Highinput Low input Conservation Conventional High input

25 g wo)d
S 10 9.5 215 9 6 8.5 24 11.5
Total cultivation
area (%)
Srae h Gl o Jbeys Jbs sl sb; oS Jleys Jbs sl sb;
Seed usage Low Normal >Normal High Low Normal >Normal High
i
fii{rége:i o g:’ o ey el sk o SRR (T o
(kg N.ha™) Low Normal >Normal High Low Normal >Normal High
P e
olonds oS Jbes Jbes 5l o ok ] Jbes b 3l G oL
Amount of Low Normal >Normal High Low Normal >Normal High
chemical”
ol oS s o
0 ooy 0 o o Je e 0 o
Farmyard
Normal Low Low >Normal Low
manure
Wl o . . . Flooding + . . . Flooding +
okl o5, Flooding+  Flooding + Flooding + two step Flooding + Flooding +  Flooding + two step
Irrigation regime ~ Periodic drainage periodic periodic Periodic drainage periodic periodic

ol 00 dulie ailate ;0 g p 0 50 o] Brae Sk b oleonds lopm 9 955 ()ljme USG5
* Amount of fertilizer and chemicals were compared with average of consumption in the region rice production farms.
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Table 2. The energy equivalent of inputs and outputs for rice production scenarios

29,5 | 539, S pao a2y (4219 55 Jg3le) 6351 Jolre &
Inputs / Outputs Unit Energy equivalent (MJ.unit-1) Reference

Human labor R W PR h 1.96 Ozkan et al., 2007
Rice seed TN kg 25 Hatirli et al., 2006
Machinery a = o¥1pile 5 @lgol kg 142.7 Kaltsas et al, 2007
Diesel fuel I ESgm | 38 Iran's Ministry of Qil, 2008
Irrigation skl m3 1.02 Acaroglu et al., 2005
Electricity B S9 kWh 12.1 Kaltsas et al., 2007
N fertilizer 05950 kg N 60.6 Akcaoz et al., 2009
P fertilizer Shd kg P205 111 Akcaoz et al., 2009
K fertilizer ol Kg K20 6.7 Akcaoz et al., 2009
Zn fertilizer 895 kg Zn 8.4 Argiro, 2006
S fertilizer 3565 kg S 112 Esengun et al., 2007
Farmyard manure solo 558 kg 0.3 Demircan et al., 2006
Herbicide SiSaale kg a.i.b 288 Tzilivakis et al., 2005
Insecticide DS 0 g kg a.i. 237 Tzilivakis et al., 2005
Fungicide Sl kg a.i. 196 Deike et al., 2008
Paddy rice Sl kg 14.7 Ozkan et al., 2004
Straw oS g0l kg 125 Ozkan et al., 2004

o J.a.n 9 J,°_> 9 L_g)l_\ﬁii ‘vlruu sl JaL.u 6))"1 u.»| a
*: Includes energy required for manufacture, repair, maintenance and transportation of machines.

b a. i. represents active ingredient
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Table 3. Greenhouse gas (GHG) emission coefficients of inputs for rice production scenarios

gz a>lg Coefficient Jsow Jole 2o
Item Unit (kg CO2 eqg.unit™) Reference
Seed grY kg 7.63 SimaPro, 2011
Machinery Y pisle 5 Silgol GJ 71 Dyer and Desjardins, 2006
Diesel fuel Jpo CSgm L 2.76 Dyer and Desjardins, 2003
Electricity By S9y kWh 1.19 SimaPro, 2011
N fertilizer 05950 kg N 13 Lal, 2004, Pathak and Wassmann, 2007
P fertilizer od kg P,Os 0.2 Lal, 2004; Pathak and Wassmann, 2007
K fertilizer ey kg K,0 0.2 Lal, 2004; Pathak and Wassmann, 2007
Zn fertilizer S9) kg Zn 0.11 SimaPro, 2011
S fertilizer 2,55 kg s 0.11 Williams et al., 2006
Herbicide oS e kg a.i. 6.3 Lal, 2004, Pathak and Wassmann, 2007
Insecticide A kg a.i. 5.1 Lal, 2004, Pathak and Wassmann, 2007
Fungicide YA kg a.i. 39 Lal, 2004, Pathak and Wassmann, 2007

VWY o) F o )lod e@ao il 0,0 ¢ slasme pole aslilad

\ay



CE = CR x YE )

(olsp slaplail iz sole o ,Slae 1Yp ] o a8
YE 5 a4 ablo Cos SIR wiidlsy jasls HI
L 5 00t bl 53,8) oids )5 glaady ) opnyS
Slp e 58S S Gl & el Gaagl,
Bolinder etal., ) ol ax8 5 ,las o Lol LB slaas,
(2007
NPP = CP + CS + CR + CE \Y)

3 p59k5) adsl LAl (5550 00 INPP 1 o a8
SlS 5 0lS 1,5 d(Cp) wilo (0,5 ¢ yuizmon ] (LS
ao) yhugply bae ()5 5 (CR) ata; ()5 «Cs)
anass el JiSa 5 8 SoLS T axls 45 038 (CE)
s oA Oyga ol il glaplal jo )
BLS el o 50 0ad 0033 (0)S S 5l 58 05
Clrd Egeme &5 Wb (el gl LA (655000 4
959! (Bolinder etal., 2007) il S5 ol b by e
@ 63939 ()5 S 3l 55 1S (e 69959 0! 2
3505 515 45 85 9,50 adsl (Al (590 0 4 S
ol Cawdan VF abayl, 5l solainl b S
Ci = [CP x SP] + [CS x SS] + (%)
[CR x SR] + [CE x SE]

ol S @ a6Vl (0,5 (63959 :Ci o] yo &S
CtS 1S S e 0020 i S aolas ol o
15 SE 3SR Ss 5 yio il Sp a5 Conl S 4y 0is
(Bolinder et al., 2007) o 43,5 a0 S

551 oz 2bil bl 5 2l i s
Sl =5 e e el 5 5 058
oS il 5l dslme s slagy s 51 S 2 (Is)
sdg glepllss o lnl bl Gl ks sloss,
oS asls )l S laaste clpls ol s92
L 5l plesige 550 e >l 3l llslaisl (S
wlpe pald l (ulibey plaasie 5 655l S ras

Gl 50 e () o xS e ookl (5 pae (g5,

all) o GlaolxlS slaslE S el (bl o
(Heijungas et al., 1992) s.& acwlsws )

Greenhouse effect = YGWPi X mi )

slajls 0 (eSS 5 ez iMi o e &S
Jolaa 55k 15 Jlene 5 0yei il (slelslS
2 Glo S aeSTs

sl jlesl (JS GWP a5l
(LS 53 COp o5 5L Jsles) prlaws aly o slslsls
2 (S5 5 59 00z Jolxo p,55k) (js 1y o
5 (J935 50 CO2 p,55LS Jolas) (539,5 5551 9=l
» CO2 o 5skS Job) (295 35l wly 5o
(Soltani et al., 2013) ol awle i ([958
i o318 L

& gl Sl 50 (S sl jLasil o sl
Jao sl 5 PLCA) Sl a5, i)l Gbs,
o bl AIY ases SimaPro 158ls 5 s Ecopoints 97
(SimaPro, 2011)
(kg C.ha™) 29,5 5 53959 25
9 (NPP) adgl (@l (5590 542 (2,5 (omasss
g2 yLuw (5,luly

4lo (slgiome 4y bgayo (29,5 (05 dlne sl
odin; Hrizen 9 «(CR) ady; (Cs) (1S 5 o5 «(Cp)
31 Ce) 4ty e b jawgil) Lanmee ;5 00l )5
Bolinder et al., ) o ool VY JI 4 sladlal,
Cewdds VY alal) 5l 55 NPP le o yizeen (2007
Laass dwl=a gl (Bolinder et al., 2007) ol
S slals ol sleJpame alise slaalsil s oS
oS cloalail slad ) Sgmge oS Cale (BE o3

Bolinderet) oi ad 3 L 055 e85 +/F0 ,lp

l., 2007

CP = YP x 0.45 @)
CS = YP(1 — HI)/HI x 0.45 0+)
CR = YP/(S:R x HI) x 0.45 OY)
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Table 4. Input quantity in different production scenarios for improved rice cultivars in Sari region

— 8] 9] I = o ) T 3 9,
2 . 0 = . : 3 N P
R € K -19 ‘13 ig 3\9 3\9 ‘;\E 3“5 ‘19 3%}% LS
is 35 ag ¥F FE x5 x5 ¥F b *a“ﬁjg“ﬁf.;
i A8 95 gF Fpfs s s £g *1F A3
s P23 238 ) 3 Fg F 8 ] " 9
Inputs L 559,5
Fuel LW | 109.25 112.63 112.60 111.78 87.73 9294 9292 9291 101.60 383 10.67
WO*“‘_‘ 5 <5 kg 4985 5026 4856 4722 3118 31.82 3202 31.09 4025 331 2329
Machinery
Seed 2 kg 43 45 4547 4472 6318 6441 6555 66.09 5468 385 1991
Labor Sl 9y h 336.25 328.42 313.02 335 492,73 488,53 497.24 518.26 413.68 32.56 22.26
Irrigation sl md 8420 8958 9978 10628 9818 10912 11488 12530 10342 47292 1293
O S kwWh 8450 5289 57.44 5333 4682 8206 67.35 4522 6120 538 24.88
Electricity
N fertilizer Oieres kg N 43 62.23 88.41 128.22 4316 63.73 90.17 132.78 81.46 1237 4296
P fertilizer sd kgP,0Os 2550 43.68 51.12 55 31.82 3324 47.76 69.35 44.68 5.06 32.00
K fertilizer ool kg K,O 2235 3726 4584 5344  19.09 2941 5286 109.78 46.25 10.18 62.26
Zn fertilizer ss, KkgzZn 2.75 1.47 5.02 4.44 1.36 5.94 5.67 5.48 402 067 46.93
S fertilizer 2,55 kgS 3.50 6.32 4.63 411 364 7.06 4.73 6.52 506 049 27.29
e kg 0 82536 0 35 2273 54412 0 15261 197.47 111.02 159.02
Farmyard manure
Herbicide sisale kgad. 276 3.54 3.69 396 403 361 3.94 4.01 369 015 1141
Insecticide  So,i> kgai. 0.91 0.99 1.05 1.39 1 1.05 1.01 1.07 1.06 0.05 13.65
Fungicide  :5z,6 kg a.i. 4.07 3.95 5.27 5.19 5.18 511 5.52 5.42 496 021 1218
Outputs o >¢,>
Syls J{ kg.ha' 5601 6457 6836 6850 5764 6206 6826 6807 6418 180.36 7.95
Paddy yield
g el f’ kg.ha' 8558 8408 8717 8467 7618 7876 8101 8000 8218 133.65 4.60
Straw yield
S"”J’” > ] kg.ha' 14158 14866 15553 15317 13382 14082 14927 14807 14637 252.80 4.89
Biological yield
il el % 3959 4341 4387 4459 4317 4405 4567 4590 4378 0.69 447

Harvest index
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Table 5. Energy indices in different production scenarios for improved rice cultivars in Sari region

S) -3 | _ 3 _ = _ .
43 g% 58 % 4F of 59 zE ® L
25l els, sl R e B o Gda Yo KEo Es ET Ko _}:c%.,l(-an S
o ST 35 45 35 45 45 335 3§ 435 38 3233
Energy indices 25 35 «:g ol 35 ol .§g 25 x = j:n: 15
8 "8 *G T8 T8 "8 *3 T8 S
3333 S5 23624.26 25900.94 28744.08 31902.27 24118.17 27320.66 29725.96 33775.08 28138.93 1275.04 12.82
Total energy (MJ.ha)
e
STIT S0 189300 200022 209454 206528 179953 189682 201601 200069 197076 3507.71 5.03
Total energy (MJ.ha™)
B 481055 4923.71 489250 4904.16 4299.38 4489.28 450550 4546.49 4671.45 84.60 5.12
Direct (MJ.ha™)
. i 18813.71 20977.24 23851.58 26998.12 19818.79 22831.37 25220.46 29228.60 23467.48 1270.92 15.32
Indirect (MJ.ha'?)
(Sow)) pdassass 55
Renewable energy  10322.45 11153.34 11928.09 12625.49 12566.65 13861.05 14330.89 15494.79 1278534 603.92 13.36
(Biologic)
(s0) piibnass 655
Non-renewable energy  13301.81 14995.19 16815.98 19287.28 11558.33 13622.84 15395.08 18326.07 15412.82 927.36 17.02
(Industrial)
00l B ran (65,60 o
Consumed energy 236 259 287 319 241 273 297 338 281 013 1282
intensity (MJ.ha™)
ol g (5,
Produced energy intensity 1893 20 2095 2065 1800 1897 2016 2001 1971 035 503
(MJ.ha'h)
5 Sran 2L 801 772 729 647 746 694 678 592 708 068 968
Energy use efficiency
&5 6500
Energy productivity 024 025 024 021 024 023 023 020 023 00l 662
(MJ.ha'h)
ol 401 420 466 418 440 435 496 437 011 695
Specific energy (kg.MJ?)
A 55 3 es 165676 174121 180710 174626 155835 162362 171875 166294 168937 2800 4.69
Net energy (MJ.kg™)
ot (55 Cund
0.21 0.26 0.31 0.36 0.24 0.25 0.30 0.36 0.29 0.06 1942

Agrochemical energy ratio
(%)
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Table 6. CO2 emission (kg eq-CO: ha-1) in different production scenarios for improved rice cultivars in Sari region

| -0 =4 T 1 - O ) T = 9,
4 » I — I ¢ Y~
e g8 g8 g8 g8 2E gL 22 EE 4o 1y g
. . - . = . = . fe . = . = . = . = \ b o : ~
-l 2: a& 4% 2E RE 38 4% 45 %3 1z I3
CO; emission 3 X g N % 3 3 £ § £y § & % N 3

CB g 301.53 310.86 310.79 308.51 242.13 256.52 256.45 256.44 280.40 10.58 10.67

Fuel (28.45%) (28.65%) (27.46%) (26.38%) (23.42%) (22.78%) (22.12%) (21.42%) (25.03%) - :
QYT&,&LA g olgol 221,92 223.76 216.17 210.22 138.81 141.67 142.55 138.39 179.18 14.75 23.29
Machinery  (20.94%) (20.62%) (19.10%) (17.97%) (13.42%) (12.58%) (12.30%) (1156%) (15.99%) " :

JeY 328.09 343.35 346.90 341.23 482.08 49146  500.15 504.24  417.19 29.40 19.91
Seed (30.95%) (31.64%) (30.65%) (29.18%) (46.63%) (43.64%) (43.14%) (42.12%) (37.24%) - :

B S 100.56 62.95 68.36 63.47 55.71 97.65 80.14 53.81 72.83 6.41 24.88
Electricity ~ (949%) (5.80%) (6.04%) (5.43%) (5.39%) (B.67%) (6.91%) (4.49%) (6.50%) :

0595 55.90 80.90 114.93 166.69 48.77 72.01 101.90 150.04 98.89 1517 4338
N (5.27%) (7.45%) (10.15%) (14.25%) (4.72%) (6.39%) (8.79%) (12.53%) (8.83%) :
yhand 5.10 8.74 10.22 11.00 6.36 6.65 9.55 13.87 8.94 101 2

P,Os (0.48%) (0.81%) (0.90%) (0.94%) (0.61%) (0.59%) (0.82%) (L.16%) (0.80%)

ol 4.47 7.45 9.17 10.69 3.82 5.88 10.57 21.96 9.25 204 62.26
KO (0.42%) (0.69%) (0.81%) (0.91%) (0.37%) (0.52%) (0.91%) (L83%) (0.82%) :
$9, 0.30 0.16 0.55 0.49 0.15 0.65 0.62 0.60 0.44 007 46.93
7 (0.03%) (0.01%) (0.05%) (0.04%) (0.01%) (0.06%) (0.05%) (0.05%) (0.04%) :
3,565 0.39 0.70 0.51 0.45 0.40 0.78 0.52 0.72 0.56 0.05 27.29

S (0.04%) (0.06%) (0.04%) (0.04%) (0.04%) (0.07%) (0.04%) (0.06%) (0.05%) - :
oS ale 17.39 22.32 23.25 24.92 25.37 22.72 24.81 25.26 23.25 0.94 11.41
Herbicide  (L64%) (2.06%) (2.05%) (2.13%) (2.45%) (2.02%) (2.14%) (2.11%) (2.07%) - :
A% 3.55 3.86 4.10 5.44 3.90 4.08 3.92 4.17 4.13 0.20 13.65
Insecticide  (0.33%) (0.35%) (0.36%) (0.46%) (0.38%) (0.36%) (0.34%) (0.35%) (0.37%) :
oSzl 20.73 20.16 26.88 26.46 26.43 26.04 28.15 27.63 25.31 109 1218
Fungicide  (L96%) (186%) (2.37%) (2.26%) (256%) (231%) (243%) (231%) (2.26%) :
2le S ool
o ;J-.-«-‘ : 1059.93 1085.21 1131.83 1169.57 1033.93 1126.11 1159.33 1197.13 1120.37 5287 472
Sl (100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%) °% :
GWP
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Table 7. Global warming potential equal to kg CO: emission per unit area, per unit weight, per unit input and output energy for
each rice production

e Lo S - T
: . T O = I — 5 O O] I 5 )
}53’ 2292 g2 Fo gE CgF OF EE 3_ 4w e
> 4€3¢ 3¢ 4% 3% 3¢ 3¢ 35qf=245¢
g ';;g‘«g l@ﬂg'\g 2 8 ié«g‘iﬁjéig
: : N : : : : Po s 5
30 § %8 »3 g Tg *§ g *3 >3
_CJMDB 22 1059.93 1085.21 1131.83 1169.57 1033.93 1126.11 1159.33 1197.13 1120.37 19.98 5.04
Per unit area (kg CO, ha)
39 Sl
“’5%”° 189.25 168.06 165.57 170.74 179.39 18146 169.85 17586 17502 282 456
Energy footprint (kg CO, t)
$39y5 854 9=lg 5o
Per unit energy input 4487 4190 3938 36.66 42.87 41.22 39.00 3544 4017 112 7.88
(kg CO, GJY)
sZos> &5 9l 5o
Per unit energy output 560  5.43 5.40 5.66 5.75 5.94 5.75 598 569 007 373
(kg CO, GJY)
&obw ddlaine )0 i o0l 2ol P8l udgi Calire gy sLaw jo w38 LT oyl 50 —A Jgua
Table 8. Heavy metal emission in different production scenarios for improved rice cultivars in Sari region
- 3 = 5 I = e) = 5 = ey
c 4 7 Q (ST - §) O I :
ER- ~2 2% 22 9% @ RS EL EEZT ET 3 iy
d2 %5 4% 4% 4f 45 4% 3F 1% 1% 31 52
P D N ) : N ) o) N B N
m X 2 R % x® % X g X_ é *® g * :% X 3 )
Inwater o1 ;s
Cd  pswesls  Mgha' 22.30 23.30 23.60 23.70 22.80 22.90 23.50 23.90 23.40 0.19
Cu o~ Mgha' 1318.60 1471.80 1519.00 1549.20 1381.40 141520 1511.10 1591.80 149140 32.45
Zn ss, Mgha' 5568.60 7501.30 8284.30 8856.90 6222.50 6705.30 8179.60 9805.10 7824.70 501.21
Pb <y Mgha'  13.90 21.90 26.70 31.20 14.80 18.40 27.40 43.40 25.00 3.45
Cr ps,S Mg.hat 943310 988450 9984.10 10027.90 9640.20 9682.90 994510 10141.60 9902.30 83.47
Insoil s 0
Cd pseols Mg.ha?  847.30 2757.16 3486.41 3966.60 1674.74 1743.47 3235.36 5664.99 2910.00 539.64
Cu o~ Mg.ha! -26891.80 -30432.60 -32222.60 -31594.10 -26314.20 -28281.60 -30904.30 -29785.30 -30007.30 769.22
Zn &9, Mg.ha?! -46466.30 -64366.60 -73017.20 -73591.10 -48425.80 -55722.30 -69572.50 -70617.30 -64647 3904.49
Pb < Mgha® 16329 272.06 32329 411.81 20155 24442  369.19 68453 330.44 58.07
Ni Jss Mgha' -41826 571.98 990.54 1503.97 157.09 16153 1018.60 2902.23 781.88 361.70
Cr #s,5 Mg.ha' 3076  9302.47 13143.03 15597.25 3665.52 4252.72 11783.39 24014.99 10604.42 2533.60
HY oo Mg.hal -0.52 -0.69 -0.77 -0.76 -0.79 -0.92 -1.09 -1.09 -0.83 0.07
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Table 9. The carbon content of rice organs and index of sustainability in different production scenarios for improved rice
cultivars in Sari region

P - O = I 4 - O = T = 9,
| I 4 O I * ) ~
o 2232 8292 32 8525002 £5 353w 3¢
L] cjuj':jgojnjuj':_}go,}':;m°§s‘-’
Item > Hg 4 ¢ g H g K g 28 Jd g AT B> 1>
& AF X6 X3 Rz Ak a8 g o° 3E XS
%) & %] %) & A o ]
i > 08 sl kg.ha 2520.34 2905.82 3076.12 3082.50 2593.64 2792.65 3071.57 3063.33 2888.24 81.16 7.95
Grain carbon content (Cp)
i e
Bl 05 slyna kg.ha' 3845.84 3787.54 3935.66 3830.54 3413.98 3546.82 3654.82 3611.14 3703.29 6220 4.75
Straw carbon content (Cs)
i S sl kg.ha' 1273.24 1338.67 1402.36 1382.61 1201.52 1267.89 134528 1334.89 1318.31 23.46 5.03
Root carbon content (Cg)
23 g slaes) o9 kg.ha' 827.60 870.14 911.53 898.70 780.99 824.13 87443 867.68 856.90 1525 5.03
Extra root carbon (Cg)
(025) sl A ()50,
Net Primary Production kg.ha' 8467 8902 9326 9194 7990 8432 8946 8877 8767 156.02 5.03
(NPP)
Re - 0298 0326 0330 0335 0325 0.331 0.343 0.345 0.329 0.005 4.47
Rs - 0.454 0426 0422 0417 0427 0421 0.409 0.407 0.423 0.005 3.48
Re - 0.1504 0.1504 0.1504 0.1504 0.1504 0.1504 0.1504 0.1504 0.1504 0.00002 9.87
Re - 0.0977 0.0977 0.0977 0.0977 0.0977 0.0977 0.0977 0.0977 0.0977 0.00016 2.94
Ri - 0.70 0.67 0.67 0.66 0.68 0.67 0.66 0.65 0.67 0.005 220
‘95_” oS B kg.hal 1433.02 1470.81 1584.87 1697.48 1333.56 1537.11 1625.64 1763.58 1555.76 50.18 9.12
Total input carbon
o o kg.ha! 8467.02 8902.16 9325.66 9194.34 7990.13 8431.50 8946.09 8877.04 8766.74 156.02 5.03
Output carbon
il kg.ha 7034.00 7431.35 7740.79 7496.86 6656.57 6894.38 7320.45 7113.47 7210.98 124.74 4.89
Net carbon
Sl pals - 491 5.05 4.88 4.42 4.99 4.86 4.50 4.03 466 0.13 7.62

Index of sustainability (Is)

RP = CP/NPP, RS = CS/NPP, RR = CR/NPP, RE = CE/NPP :oL5 ;)5 o arass ol
*: Relative plant C allocation coefficients: RP = CP/NPP, RS = CS/NPP, RR = CR/NPP, RE = CE/NPP.
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Introduction: Environmental assessment of the life cycle of crops in production systems is an accepted method
for achieving agricultural sustainability. Moreover, the agricultural sector has a significant contribution to
greenhouse gas emissions and global warming. Hence, improving agricultural operations is an appropriate way
to mitigate the effects of climate change. Therefore, the aim of this research was the environmental assessment
of different scenarios of the production of improved rice cultivars.

Material and methods: After preliminary evaluation and consultation with rice specialists, 100 paddy fields
were selected for semi-mechanized planting method and 100 paddy fields for traditional planting method in
Sari region from 2015 to 2016. After recording the data, each planting method was converted into four planting
systems based on agronomic management and input consumption, which formed a total of eight scenarios.
Four scenarios of the semi-mechanized method were systems of low-input (SL), conservation (SC)),
conventional (SCy;) and high-input (SH). Four scenarios of the traditional method were systems of low-input
(TL), conservation (TC)), conventional (TC;) and high-input (TH).

Results and discussion: The results indicated that the average paddy yield in eight scenarios was 6418 kg.ha
1. The average input energy in eight scenarios was 28138.93 MJ.ha, which contained 45.44% renewable
(biologic) energy and 54.56% non-renewable (industrial) energy. The highest input energy was observed in
scenarios 1V and VI1II, which was related to the SH in both planting methods. The average output energy in
eight scenarios was equal to 197076 MJ.ha™. The highest output energy was obtained in scenarios I1, IV, VI1I
and V111. The average energy productivity in the eight scenarios was equal to 0.23 kg.MJ! that the least amount
was obtained in both planting methods and the other scenarios were on the same level. The average CO;
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emissions in all eight scenarios were 1120.37 kg CO,.eq hat, which had the highest share related to seed, fuel,
and machinery. In terms of global warming potential per unit area, scenario V111 was ranked first and scenario
IV ranked second. The highest global warming potential per grain weight and GWP per input energy were
achieved in scenarios | and V. The highest heavy metal emission into water and soil was observed in the SH
and SCI|I, respectively. The highest net primary productivity (NPP) in production scenarios was related to SCy,
and SH, which was higher in the semi-mechanized method than the traditional method. In both planting
methods, the most relative carbon inputs (Ri) were obtained in scenarios of the SH (I and V). With regard to
input-output carbon and net carbon in eight scenarios, the average sustainability index was 4.66. The highest
sustainability index was observed in scenario 11 (5.05), which was related to the conservation system. The
scenarios V, I, 111 and VI were next ranked in terms of the sustainability index. In fact, the correct management
of the paddy field in the SC, has led to a reduction in emissions of environmental pollutants.

Conclusion: According to the findings, SL and SC, were closer to sustainable development indicators in both
methods. Furthermore, the economic efficiency of rice production was more important to farmers than
environmental sustainability and energy efficiency. Hence, using the findings of this research can be very
effective in increasing environmental sustainability and reducing the environmental impacts of chemical inputs
and achieving agricultural sustainability.

Keywords: Climate change, Environmental pollutant, Greenhouse gas emissions, Planting system, Rice.
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