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Introduction

Rice, as the second most strategic crop, is the most important cereal after wheat. In Iran, rice is so essential that
people consume it as part of their main meal at least once daily. Due to the increase in consumption inputs in
conventional paddy systems, chemical control of rice diseases, and consequently, increase in consumption costs,
irreparable environmental damage of these systems always adds to the need to pay attention to alternative systems.
Prediction of agricultural energy output and environmental impacts play the most important role in the conservation
of the environment as well as energy management. A wide range of methods tapping into environmental
performances related to agricultural activities has been proposed, among which the known life cycle assessment
(LCA) method is deemed mostly employed. As a standard method that aims for holistic evaluation of the
environmental resources and impact, LCA measures the process of a product's entire life cycle, or in other words,
the analysis of the possible environmental impacts any product bears during their life would be assessed by LCA.

Materials and Methods
This research was conducted in rice fields located in Mazandaran province in Babol, Fereydounkenar, and Amol
counties as the main rice paddy center of Mazandaran province, in the 2019 cropping season. Each of the systems
was examined in terms of energy components and environmental impacts. In this study, to classify and quantify the
environmental effects of rice production in various cropping systems using the LCA method and also the energy
components and energy efficiency in these systems are addressed. Therefore, in order to evaluate the emission of
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greenhouse gases and energy in paddy fields, the required information was randomly collected from some farms
through direct interviews with the rice growers of Mazandaran. In this regard, the sample size is calculated by using
Cochran's formula.

Results and Discussion

The findings of this study showed that the maximum amount of input energy is equal to 60225.42 MJ / ha in
conventional systems, and the minimum values of 18662.14 MJ / ha were allocated to the organic system. Diesel
fuel input energy had the largest share of total input energy. The highest energy efficiency of 0.17 kg per MJ and
energy ratio of 2.57 was allocated to the organic system. Also, the evaluation of the life cycle in rice production
showed that in the global warming group of environmental impact by CML2 baseline method, for each ton of paddy
produced in conventional, low-input, and organic systems, respectively, about 2408.90,1777.85 and 1193.79 kg of
carbon dioxide equivalent to the atmosphere are released. Direct emissions from on-farm activities in all three
studied systems have played a major role in increasing global warming. The source of these pollutants is the
combustion of diesel used in agricultural implements and machinery, as well as the emission of nitrogen dioxide,
nitrogen oxides, and other nitrogenous compounds resulting from the use of nitrogen fertilizer.

Conclusion

According to the results of this research work, from the environmental perspective, the organic system has
highly the best potential of being recommended followed by a low external input system in order to reach
environmentally friendly agriculture as sustainable cultural operations in comparison with conventional cultivation
practices. Farther, the results showed that the conventional system had the highest amount of total emissions, and
then the low input system was in the next position. Obviously, the organic system is the most environmentally
friendly system, and the conventional system has the highest amount of emissions. In order to give a broader
evaluation of the organic and some low input systems, studies on such issues should be highly continued.
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Table 2- Energy equivalent of consumption inputs

. . 5991 Joleo .
B2 9 1299 S0 221y Enef)fe bl‘JivaIent &=
Inputs and outputs Unit (lv?}pgr unit) Reference
Y. Lhdbs)g
Inputs
» ki 14.7 Kazemi et al. (2015
Seed g ( )
lowd 395 kg
Chemical fertilizer
u"il’“’ 66.14 Banaeian & Zangeneh (2011)
f‘;ﬁ 12.44 Ozkan et al. (2011)
";L” 11.15 Nabavi-Pelesaraei et al. (2018)
(bond Jge kg
Agrochemicals
u&.d; 238 Banaeian & Zangeneh (2011)
Herbicide
ek 216 Banaeian & Zangeneh (2011)
Fungicide
iSe s> 101.2 Banaeian & Zangeneh (2011)
Pesticide
J L 56.31 Erdal et al. (2007)
Diesel
Yl epble g wlgol MJ.kg'l
Agricultural machinery
ke 93.6 Ovtit-Canavate & Hernanz (1999)
Tractor
L 515 Salami & Ahmadi (2010)
Transplanter
! 62.7 Ovtit-Canavate & Hernanz (1999)
Sprayer
JLJ 87.63 Ovtit-Canavate & Hernanz (1999)
Combine
o ‘5”” KWh 11.93 Nassiri & Singh (2009)
Electricity
S 59 h 1.96 Nabavi-Pelesaraei et al. (2018)
Human labor
V.l ag S
Outputs
S kg 147 Kazemi et al. (2015)
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125 Kazemi et al. (2015)

835 SB sl Y Jgse
Table 3- Energy parameters

Index Number Equation Reference
iyl L L cows Ener Output . i
GOP Srae 07 & (10) ER— w Nabavi-Pelesaraei et al. (2018)
Energy ratio (%) Energy Input
oAlls g5 1 . .
= - — : Nabavi-Pelesaraei et al. (2018
Net energy gain (11) NE = Energy output — Energy Input ( )
59l (590 Grain Output . i
SO S0 (12) EP— % Nabavi-Pelesaraei et al. (2018)
Energy productivity nergy Inpu
I3 5y Energy Input . i
Wl (13) sE— o 9y P Nabavi-Pelesaraei et al. (2018)
Specific energy Grain Output
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Byman Gygo do (Span GG JS ) ey o5 izl
Ore 53 el 039y g i8Il 9 58 i (03 JS 4 (655
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il Hlabsl gy (69) 295 e} ,o (Komleh et al., 2011
2 JoiBe £ oVFN o YAYYY ity (295 5 69939 S35 Ol
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g YVAAY/YE dgus 3> i by () )0 @i Adgr dlols 0 (295
AghaAlikhani ) ceul ois 3,50, kSa 55 Jo3lKe \WYASY/VS
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Diesel 43.37%

Electricity 6.58%

Seed 1.09%  steel 0.37%

Agricultural machinery 1.99%

Nitrogen 25.88%

Phosphate 3.84%
Potassium 1.58%
Manure 0.34%

Biocides 11.32%

Nylon 2.05%

Lubricating oil 0.14%
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Fig. 1- The share of each input in the total energy consumption in the production of paddy in the conventional system in Mazandaran
province
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Fig. 2- The share of each input in the total energy consumption in the production of paddy in the low input system in Mazandaran province
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Fig. 3- The share of each input in the total energy consumption in the production of paddy in the organic system in Mazandaran province
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Table 5- Energy parameters in paddy rice production systems in Mazandaran province
5 sweile sy Sl s3egeS Jalwie

Energy parameters Unit Organic Low input Conventional

53959 L5))"l Jf )Lﬁ" MJ.hal
Total input energy

9 63)5l J{ )l‘)‘i“’ MJ.hat
Total output energy

18662.14 33858.22 60225.42

48004.76 60503.58 67838.15

S5 G - 257 1.79 1.13
Energy ratio

SiAl s kg.MJ 0.17 0.12 0.08
Energy productivity

°325 &35 MJ kgt 5.71 8.23 13.05
Specific energy

L)“H$ 4_55)5] ) MJ.hat
Net energy gain
905 59565 (J323) paftione (5551

[Coes MJ.ha't
Direct energy (diesel, labor and
electricity)

L;Lmb; ‘)i.g) w...o....m)...c dj)-;l

(0etle 5 (13 295" epgans (abond
Indirect energy (seed, chemical MJ.ha?
fertilizers, pesticides, manure and
machinery)

5 ol 355 b)) plhnass g5yl
O o5 MJ.ha't

Renewable energy (seeds, manure
and labor)

355 g pgows (J323) phibasass 535l
Non-renewable energy (diesel,

pesticides and chemical fertilizers,
machinery, electricity)

29342.62 26645.36 7612.72

15211.64 19304.40 30928.43

3450.51 14362.61 29297.00

2108.75 1749.59 1709.43

MJ.hat 16553.40 31917.42 58516.00
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Table 6- Impact categories of life cycle assessment in Mazandaran paddy rice systems based upon CML2 baseline

U ey ,s sl S5, 03lginS Jolio
Impact categories Unit Organic Low input Conventional
et g el kg Sb eq” 2.5 3.87 6.45
Abiotic depletion
S s kg SOz eq 24.25 32.44 3937
Acidification
OoeelSed i kg PO eq 6.41 9.13 11.46
Eutrophication
e el kg CO2 eq 1193.79 1777.85 2408.90
Global warming
ol Y el kg CFC-11 eq 0.00004 0.0009 0.0004
Ozone layer depletion
Lol Coogone kg 1,4-DCB eq™ 272.83 651.20 1151.11
Human toxicity
Ca “5“”‘-"_%”“‘“" . kg 1,4-DCB eq 56.19 15017.06 22985.92
Freshwater aquatic ecotoxicity
_”"' ‘5“"*'_ Sy kg 1,4-DCB eq 55235.26 241137.62 446796.91
Marine aquatic ecotoxicity
SE g kg 1,4-DCB eq 5.79 84.97 136.99
Terrestrial ecotoxicity
tlrory (gpalineS] kg C2Ha eq 0.48 0.70 0.79

Photochemical oxidation
sl p SelS” slsly (1,4-Dichlorobenzene) (509,055 Jslse kg 1,4-DCB eq ™ ¢ Lisil p)S6ks” slslas (ANtimony) lsess! Jole tkg Sheq *
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Fig. 4- Share of each input and on-farm emissions in the environmental pollutants impact categories in the conventional paddy production
system in Mazandaran province
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