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Introduction

Rice (Oryza sativa L.) is one of the most important food resources for more than half of the world's
population. Rice, as the second most strategic crop, is the most important cereal after wheat. Excessive use of
renewable and non-renewable resources in the agricultural sector, chemical control of rice diseases, and
irreparable environmental damage of these systems potentially have a variety of environmental impacts on
agricultural systems; such effects can be assessed by the life cycle assessment (LCA) approach. The purpose of
the present research is to assess knowing and comparing the trend of environmental pressure of the second and
ratoon cropping systems of rice production in the paddy fields.

Materials and Methods

This research was conducted in 2020 in the paddy fields of Amol City with a focus on recognizing and
comparing the trend of environmental pressure in rice production in the second and ratoon cropping systems.
Accordingly, all data related to the second and ratoon rice cropping systems in different stages of rice
production, from planting to harvesting phases, was collected in the Amol region. This study addresses the
environmental effects of rice production in two cropping systems using the LCA method to classify and quantify.
Furthermore, the environmental impacts of these systems, such as global warming potential, eutrophication, and
acidification of water and soil, were also calculated. In this study, the functional unit of rice production systems
was considered equivalent to one ton of paddy. Therefore, to evaluate the emission of greenhouse gases and
energy in paddy fields, paddy farmers collected and interviewed the required information.
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Results and Discussion

The findings of this study indicated that the highest global warming potential of rice was related to the rice
second cropping system, about 1896.92 kg carbon dioxide per ton of produced rice. Evaluation of the LCA in the
rice production process showed that in the environmental impact group of global warming, about 1673.99 kg
equivalent of carbon dioxide to the atmosphere had been released per ton of rice in the ratoon cropping system.
Direct emissions from on-farm activities in all two 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, accompanied by the emission of nitrogen dioxide, nitrogen oxides, and other nitrogenous compounds
resulting from using nitrogen fertilizers. Also, rice second cropping systems had a greater impact on human
health damage, ecosystem quality, and climate change than ratoon cropping systems. Moreover, the values of
damages on the quality of the ecosystem in these systems were about 10089.08 and 7146.58 PDF*m2 * yr in the
second and ratoon cropping systems, respectively. In addition, both rice production systems have shown the
greatest impact on ecosystem quality and then on human health. Direct emissions from on-farm activities in the
two studied systems have significantly increased 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 using nitrogen fertilizer.

Conclusion

The results revealed that the rice second cropping system had a higher amount of total emissions than the
ratoon cropping system. Therefore, the rice ratoon production system is more environmentally friendly than the
rice second cropping systems.
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Table 1- Emission factors of nitrogen and phosphorus compounds of chemical fertilizers and FYM (IPCC, 2006)

e Lt sy @ Lt dolas
Emissions Unit Emlts(,)smn Equation
sbeagS gaeome il ol wljlil jlade a4
52 3 ol kg N20.kg™ N b N,O =[0.01x kg Ngpemicar et x| =
Emissions from fertilizers and gD Air 0=l 9 Nenariar e & 28
FYM
S pruadl 4355 51 iU ol Ll lade
s slo3sS 3| Juols | 44
Indirect N2O from atmospheric kg N2O.kg™ N A?r N,O =[0.01x0.1xKg N cpemicat tertitizers ] % (%
deposition of chemical
fertilizers
S pruadl 4355 51 iU ol Ll lade
o 5o 5 S kg N:0.kg* N > N,O =[0.01x0.2xkg N, ]x| 24
Indirect N2O from atmospheric Ea Air 0=l 9 New ] 28
deposition of FYM
S5l 2l NOX it L)
LT kNodeRno NOX =[kg N,O x| 2
from fertilizers ] X = " - x| —
Direct NOx emissions from and soil Air g 2 ~Chemical fertilizers & Soil 100
fertilizers and soil
ol 355 31 o> Ll 1 S NH. =0.2xka N 1x 17
Emissions from FYM kg NHskg™ N Air 2 =[0 9 New ] 14
o 298 5l ool Ll I 17
Emissions from chemical kg NHz.kg™ N Ai NH,; = [0.1xkg N chemical fertilizers] x| —
1e ir 44
fertilizers
&P 5 lbord Gladgs I ol o jlil U - 62
Emissions from chemical kg NOs.kg™ N Water NO, =[0.3xKkg Ncpemicat fertiizers & Fvm 1% 1
fertilizers and FYM
9 ol sladgs I ol Ll Ui 62
Emissions from chemical kg P.kg* P Water P,O5 =[0.05xKQ Pepemical fertitizers & Fra 1% w0
fertilizers and FYM
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Table 2- Explanation of midpoints and their relationship with endpoints in IMPACT 2002+ method of LCA

Midpoints Unit Impact indicator Damage category
Carcinogens Cancer, respiratory diseases Human health
el poo e ol 35 b g ylon (b sl oMo
S0y S kg C2HsCl eq. e SRS T <
Non-carcinogens Cancer, respiratory diseases Human health
o Isa )5 leo I35 o3l iul38l .
s g3 sl oMo
.“;”‘L o kg PM2.5 eq. Increase in different sized particles suspended ©
Respiratory inorganics in air (PM10, PM2.5, PM0.1) Human health
: s (obow (ol o oM 20lS) @iwts &l )
sisS 5iies Claiad sl oMo
Ionizirfﬁadiation Bg C-14 eq. Effects of the radiation (health decline, Huuman health
g cancer, illnesses, etc.)
o 4 s Cangy by (6ylom 5 iy lygle Oladnds il iasS| ST sl oMl
Ozone la "er de letion kg CFC-11 eq. Increase of ultraviolet UV-B radiation and the  Human health/ Ecosystem
Y P number of cases of skin illnesses ualit
quality
; : | ST sl oMo
T (g5 ol 395 4o iyl eS| b5l
o e kg C2Ha eq. P o Human health/ Ecosystem
Respiratory organics Increase in the summer smog quality
T kg TEG water A i ) st S
Aquatic ecotoxicity Biodiversity loss and/or extinction of species Ecosystem quality
S o ka TEG soil loisS (ol 5 (s 95 ilS esS] kS
j - g S0i s i . .
Terrestrial ecotoxicity Biodiversity loss and/or extinction of species Ecosystem quality
PSP S . | eas
S e kg SOz eq. Increase of the acidity in soil systems #os8] o

Terrestrial acid/nutria

oo Jld
Land occupation

o b
Aquatic acidification

Oy gl
Aquatic eutrophication

Sl plleS Jeusly
Global warming

2o 5,
Non-renewable energy

(Sxe lge a5
Mineral extraction

mzorg.arable

kg SOz eq.

kg phosphate P-lim

kg CO2 eq.

MJ primary

MJ surplus

SB I olge g SB cunS il dadisS olaid
Species loss, soil loss, amount of organic dry
matter content, etc.

Ol 3 sl Sl il38l
Increase of the acidity in water

(Sil) 0355 w5 s g 905 ol o8l
Increase of nitrogen and phosphorus
concentrations formation of biomass (e.g.,
algae)

welBl e 02y 9 )l 420 S
Disturbances in global temperature and
climatic phenomenon

zle Lials
Decrease of resources

zle Lials’
Decrease of resources

Ecosystem quality

S| CodS
Ecosystem quality

S| CodS
Ecosystem quality

hegsS| CuS
Ecosystem quality

waldl s
Climate change

@L’w
Resources

Resources
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Table 3- Input usage and Yield mean of two different paddy systems

S ailols ¥ Ol oo hed ] pgow by U0
Rice systems Seed Nylon N P K Pesticide ~ Oil  Diesel Y’ eld
(kg) (kg) (kg N) (kg P20s) (kg K20) (k9) (kg) (kg)
s 77.26 893 29307 11579  110.89 2310 124 16161 4200
Rice second cropping
o5 - - 165.88 ; ; 1356 060 102.86 2609

Ratoon cropping

U (09 9 daom0 CulS) iy g7 Saplliipg ;o Wl (gad 1o (b5l (sl —€ Jgaa
IMPACT 2002 + 5,543,

Table 4- Impact categories of life cycle assessment in the rice second and ratoon
cropping systems based upon IMPACT 2002+

(51 5Wo3,) (o Ll s Sacre i o9
Midpoints Unit Second cropping Ratoon cropping
ooy Sl
e kg C2HsCl eq. 15.13798 16.85573

Carcinogens

e ol
ooyt Jye kg C2HsCl eq. 353.7397 126.2992
Non-carcinogens

i i o
ot eSSy kg PM2.5 eq. 2.844396 3.668581
Respiratory inorganics

s 0559 Oladads

. L Bq C-14 eq. 9467.609 12438.35
lonizing radiation
il &Y alss
S . kg CFC-11 eq. 0.000201 0.000195
Ozone layer depletion
[ i S
o il kg C2Hs eq. 0.564458 0.274459
Respiratory organics
Tw
ot kg TEG water 6304765 6183495
Aquatic ecotoxicity
B Coows .
“.5 y .. kg TEG soil 1195652 819852.9
Terrestrial ecotoxicity
S8 Gl
kg SOz eq. 110.2985 140.3193
Terrestrial acid/nutria g=bzeq
o3 Jud! . mzorg.arable 183.7228 188.2601
Land occupation
o il
. kg SO: eq. 16.27214 20.61563
Aquatic acidification g 5b2€q
slSy 3] -
OpeSRY kg phosphate P 1.237713 0.467854
Aquatic eutrophication lim
s ile)S Jasl
e ole? Sl kg CO: eq. 1896.923 1673.995
Global warming
RS S5 MJ primary 10740.49 13422.03
Non-renewable energy
Same Slge 455
e 250 % MJ surplus 87.66822 154.1945

Mineral extraction
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Table 5- Results of damage categories in two paddy systems based on per ton of paddy

Oyl dtwd sy Sa5%0 kS o,
Damage categories Unit Second cropping Ratoon cropping
oludl il DALY 0.003027 0.002972
Human health
eS| CoiS
st ok . PDFXm?Xyr 10089.08 7146.583
Ecosystem quality
waldl s
kg CO 1896.923 1673.995
Climate change gtheen
abe MJ primary 10828.16 13576.22
Resources

aS a5 (Hokazono & Hayashi, 2012) _ibla
Gy @yl o LaoaiSes )Lie (pyphe 5 patime Ll
9 FYT ‘L')‘i‘)f°9M'c L9y so )Lo.wdu Fa3Y J«J}J dlmd.)lnl.w 2 u_la.\m
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.2018; Moradi et al., 2018)
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Fig. 4- Proportion of each input and emissions in damage categories of the rice second cropping system
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Fig. 5- Proportion of each input and emissions in damage categories of the rice ratoon cropping system
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Fig. 6- Proportion of weighting emissions in damage categories of the rice second cropping system
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Fig. 7- Proportion of weighting emissions in damage categories of the rice ratoon cropping system
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