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Abstract Life cycle assessment (LCA) had proven to
be an appropriate assessment tool for analysis of agro-
ecosystems by identifying, quantifying, and evaluating
the resources consumed and released into the environ-
ment. In order to assess the relevant environmental
impacts of rice agro-ecosystems due to a specific pro-
cess, using LCA method, two factors concerned with
resource utilization and contaminant emissions were
calculated in north of Iran during 2016 and 2017. All
the management practices/inputs were monitored and
recorded with the help of local experts without interfer-
ence in farmer’s practices. After preliminary evaluation,
100 paddy fields were selected in three planting systems
(low input, conventional, and high input) which were
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predicted in two planting methods (semi-mechanized
and traditional) in small, medium, and large farm size
levels. Functional unit was considered as one ton paddy
yield. The finding revealed that in both regions, all the
impact categories and environmental pollutant were al-
most same and farmer’s management practices are close
to each other. Also, climate change (CC) in Amol and
Rasht regions was 277.21 and 275.79 kg CO, eq., re-
spectively. The most CC, global warming potential
(GWP 100a), and cumulative energy demand (CED)
in both regions were observed in high-input system for
semi-mechanized method. Furthermore, the result for
the impact categories of terrestrial acidification (TA),
freshwater eutrophication (FE), marine eutrophication
(ME), agricultural land occupation (ALO), water deple-
tion (WD), metal depletion (MD), and fossil depletion
(FD) was similar to the CC, GWP, and CED where the
highest amounts in both regions statistically went to
high-input system, traditional planting method, and
small farms. Moreover, in both regions, high-input and
conventional systems emitted higher heavy metals than
low-input system. Furthermore, the most heavy metal
emission in the air was achieved in small farm, and
medium farm got the next rank. Additionally, the high
consumption of chemical inputs, such as fossil fuels and
fertilizers, in the high-input and conventional systems
led to an increase of environmental pollutant in compar-
ison with low-input systems. Therefore, to increase the
sustainability of agro-ecosystems, as well as to reduce
the environmental impacts of pollutant, reforming the
pattern of chemical input consumption and reducing the
use of non-renewable energy sources are essential.
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Introduction

Currently, agricultural parts play a major role in environ-
mental pollution and knowledge regarding reducing the
input utilization in such systems can help us to decrease
the limited input resources and the consequent greenhouse
gas (GHG) emissions and environmental impacts
(Dalgaard et al. 2001). In addition, agricultural parts, es-
pecially rice production, are considered as the main cause
of GHG emission and environmental pollution in devel-
oping countries (Smith et al. 2007). Hence, it is of great
necessity to evaluate the life cycle of rice and its products
to determine energy consumption as well as GHG emis-
sions in rice production in order to reduce environmental
pollutant. Therefore, right decision-making process is one
of the most important options for good management prac-
tice of paddy fields by considering conventional planting
system and other opportunities. Moreover, environmental
impacts caused by rice cultivation are the most important
factors for selecting the best paddy field systems in long-
term decisions (Nabavi-Pelesaraei et al. 2018).

Rice is known as staple food source of the world,
especially in Iran (Pishgar-Komleh et al. 2011). The
worldwide area under rice cultivation has increased
from 145 to over 161.1 million ha from 1995 to 2017
(FAO 2018). According to the FAO, the global paddy
and rice production were 742 and 492.2 million tons in
2014, respectively (FAO 2016). Rice production in Iran
has increased, and it equals 2 x 10° tons from 550 x
10° ha in 2014 (FAO 2016). About 75% of the paddy
fields are located in the north of Iran (consisting of
Guilan and Mazandaran provinces) (Ministry of Jihad-
e-Agriculture of Iran 2016). Thus, rice production plays
a key role in food security in Iran, but concerns regard-
ing GHG emission and environmental pollutant related
to rice cultivation are avoidable (Zhang et al. 2006).
Therefore, efforts to identify pathways to mitigate envi-
ronmental risk of rice production are necessary.

Environmental assessment is one of the accepted ways
for achieving sustainable agricultural goals. Hence, life
cycle assessment (LCA) is an appropriate way to study
the environmental impact of a crop plant producing in its
whole life cycle in production systems (Iriarte et al.
2010). LCA, used in crop-planting systems, is an attempt
to estimate all GHG emission and environmental
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assessment of the production chain of life cycle
(Goossens et al. 2017; ISO 2006). Moreover, LCA is
considered as the best method to obtain an appropriate
way to quantify environmental impact related to different
planting systems (Biswas et al. 2008; Cherubini 2010).

LCA has been used as a method to assess environmen-
tal profile of agricultural products, such as wheat (Brentrup
et al. 2004), sugar beet (Tzilivakis et al. 2005), and rice
(Hokazono and Hayashi 2012; Roy et al. 2005; Roy et al.
2007). Various studies have been found in this regard.
Nabavi-Pelesaraei et al. (2018) assessed 240 rice produc-
tion farms in Guilan province, Iran. LCA finding demon-
strated that rice production leads to 1166.09 kg CO, eq.
emission per ton. They found that rice production is
hotspot in terms of energy consumption, global warming,
acidification, and eutrophication impact categories.
Mohammadi et al. (2015) assessed 82 paddy fields for
spring and summer growing seasons in northern Iran by
LCA method. They announced that rice cultivation in
spring had lower environmental impact in terms of global
warming, acidification, eutrophication, non-renewable en-
ergy demand, and water depletion.

Yodkhum et al. (2017), by using LCA methodology for
organic rice production in Thailand, reported that GHG
emission equals 0.58 kg CO, eq. per kg of paddy which
the main share was related to farm emission (83% of total
GHG emission), followed by land preparation (9%), har-
vesting (5%), and other stages (3%). Moreover, He et al.
(2018) showed that organic rice production system had
lower environmental impact compared to conventional
system in sub-tropical China throughout the life cycle.
They announced that chemical fertilizer and pesticide
consumption were the main factors causing higher non-
renewable energy depletion, GWP, soil toxicity, eutrophi-
cation potential, land occupation, acidification potential,
water depletion, human toxicity potential, and aquatic
toxicity potential in organic rice production system.

Moreover, literature interview indicated that there are
numerous studies about the environmental assessment
for rice production in countries, such as USA (Linquist
et al. 2012), Japan (Koga and Tajima 2011; Hokazono
and Hayashi 2012), China (Zhang et al. 2010), Italy
(Blengini and Busto 2009), and Taiwan (Yang et al.
2009). But, in Iran, very little attention has been paid
to the life cycle assessment of rice production systems in
the Guilan province (Khoshnevisan et al. 2014;
Mohammadi et al. 2015; Nabavi-Pelesaraei et al. 2018;
Nabavi-Pelesaraei et al. 2017). However, to the best of
our knowledge, LCA has not been applied so far to
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specifically assess the environmental impact of rice
production systems and planting methods in different
paddy field size levels in Iran, especially compared to
the highest rice cultivation area in the north of Iran.

Paddy fields are one of the major sources of environ-
mental impact. Iran has about 550,000 ha of rice cultiva-
tion area, equivalent to 0.4% of the world’s rice cultiva-
tion and production (Ministry of Jihad-e-Agriculture of
Iran 2016). Most of them (about 75%) are located in the
Mazandaran and Guilan provinces. Furthermore, paddy
field area in the Amol and Rasht regions is about 38,000
and 62,000 ha, equivalent to 16 and 26% of the total
paddy field area in Mazandaran and Guilan provinces
(Ministry of Jihad-e-Agriculture of Iran 2016). Hence,
Amol and Rasht regions have a high share of rice pro-
duction area in Iran, which requires optimization of input
consumption and identification of the best production
systems in order to reduce the environmental impacts.
Moreover, in recent years, agricultural systems, especial-
ly rice cultivation, have undergone major changes due to
the application of high level of chemical inputs, machin-
ery, and non-renewable input resources. The occurrence
of these changes has led to variance in the environmental
pollution in the agricultural sector and its strong depen-
dence on high input consumption in the farming systems.
Furthermore, it is required to compare the state of all
input consumptions and the life cycle assessment for rice
production systems in terms of input optimization. There-
fore, this study was conducted with the aim of carrying
out the life cycle assessment of rice production systems in
different size levels in the north of Iran.

Materials and methods
Description of the region

Mazandaran and Guilan provinces are located in the
northern part of the Alborz Mountains range and south
of the Caspian Sea in northern Iran, west of the Medi-
terranean. This survey was conducted in the Amol re-
gion (in the western part of the Mazandaran province)
and Rasht region (in the central part of the Guilan
province) during 2016 and 2017. Rasht region is geo-
graphically situated at 37°, 30" to 37°, 27" N latitude and
49°, 27" to 49°, 55" E longitude. In addition, the Amol
region is geographically situated at 26°, 14't0 26°,29' N
latitude and 52°, 21" to 52°, 38’ E longitude.

According to the climatic parameters, and topography
of the region, these provinces are divided into two climates
which included the Caspian humid weather and the moun-
tain mild weather. This research covers the Caspian humid
climates. Local climate data during the rice growing period
were collected daily from the synoptic meteorological
station nearest to the paddy fields. Climatic parameters of
the survey regions are presented in Table 1. Srad_calc and
PP _calc programs can also be downloaded from
“https://sites.google.com/site/cropmodeling/home”.
Harvest period of rice in the north of Iran is usually during
September, after which clover, canola, or wheat is sown in
a double-cropping system. Some farmers, after harvesting
their rice product, transplant rice again or manage the
residue for ratooning harvest.

Description of rice production systems and data
collection

The paddy fields were selected with the help of local
experts of the Rice Research Institute of Iran (RRII) to
ensure that they are diverse, which is necessary for the
success of the analysis. All the management practices/
inputs (variables) were monitored and recorded without
interference in the farmer’s practices. After the prelim-
inary evaluation, 100 paddy fields were selected in each
region. After recording the data, in each region, 100
paddy fields were converted into three planting systems
based on agricultural management practices and input
consumption (low-input, conventional, and high-input
systems). Each planting system was converted into two
planting methods (traditional and semi-mechanized).
Paddy fields were classified into three size categories
as small (< 0.5 ha), medium (between 0.5 and 1 ha), and
large (>1 ha). More detail and definition of selected
planting systems are presented in Table 2.

In semi-mechanized planting method, the agricultur-
al practices (puddling, irrigation regimes, fertilization,
weed control, and plant protection) were carried out
traditionally by farmers and the planting operations
(using seedling box and mechanized transplanting) and
harvesting practice (by combine and harvester machine)
were mechanized. In the traditional planting methods,
all the agricultural operations/practices except harvest-
ing were carried out by farmers without machine. All the
paddy field cases pertain to local rice cultivars.

The surveyed paddy fields were identified and/or
selected according to the Cochran formula, which tried
to cover all major production methods in each region.
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Table 1 Description of climatic parameters of two investigated rice production regions

Climate parameters

Amol region (Mazandaran province)

Rasht region (Guilan province)

Experiment period Mean Experiment period Mean
15 years 15 years

Minimum temperature (°C) 18.9 18.5 13.8 17.6
Maximum temperature (°C) 27.7 26.9 33.6 26.5
Mean temperature (°C) 233 322 22.3 22.1
Evaporation (mm) 109.5 120.8 99.6 1214
Rain (mm) 50.8 934 71.7 60.7
Mean humidity (%) 75.8 71.5 78.7 78.0
Mean sunshine hours 187.6 182.7 186.2 213.9
Solar radiation MJ m 2 d'") 17.8 17.9 17.7 18.1

Then, paddy field features and additional information
were recorded in the farm observations during monitor-
ing. For data collection, first, agricultural practices were
separated into seven parts, including puddling, planting,
fertilization, plant protection, weed control, irrigation,
and harvesting. After that, with the start of each practice,
according to the temperature changes, the variety of
production methods and the different amounts of inputs
by the farmers were recorded. Some important

management measures were seeding rate, seedling age,
frequency, and the amount of nitrogen fertilizer, the
amount of phosphorus (P,0s) and potassium (K,0)
fertilizers, irrigation, and the amounts of herbicides,
fungicides, and insecticides. At the end of the growing
season, the actual harvested yield amount was
registered.

In the paddy fields of Amol and Rasht, urea (46% N),
triple super phosphate (48% P,0s), sulfate potassium

Table 2 Description of three rice production systems in the Amol and Rasht regions

Item Low-input planting system
Seed usage Low
Nitrogen usage (kg N ha ') Low
Phosphorous usage (kg P»Os ha ') Low
Potassium usage (kg K,O ha ) Low
Amount of chemical® Low
Farmyard manure 0
Irrigation regime Flooding + periodic
Cultivation area (%) in the Amol region
Traditional planting method 64
Semi-mechanized planting method 36
Small paddy field 41
Medium paddy field 37
Large paddy field 22
Cultivation area (%) in the Rasht region
Traditional planting method 59.5
Semi-mechanized planting method 40.5
Small paddy field 34
Medium paddy field 339
Large paddy field 32.1

Conventional planting system High-input planting system

> Normal High

> Normal High

> Normal High

> Normal High

> Normal High
Low Medium
Flooding + periodic Flooding + two-step periodic
50 44

50 56

36 27

33 33

31 40

49.2 472
50.8 52.8
38.7 32.6
335 36.9
27.8 30.5

# Amount of fertilizer and chemicals was compared with average of consumption in the region rice production farms
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(48% K,0), complete macro fertilizer (15% N, 8%
P,0s, and 15% K,0) and foliar application of complete
macronutrient and micronutrients were utilized. In ad-
dition, several pesticides, such as insecticide, fungicide,
and herbicide, were used.

LCA methodology

LCA is a technique used to assess environmental impacts
associated with all the stages of a product’s life from raw
material extraction through material processing,
manufacturing, transportation, use, and disposal or
recycling. In order to assess the relevant environmental
impacts of rice agro-ecosystems due to a specific process,
using the LCA method, two factors concerned with re-
source utilization and contaminant emissions were calcu-
lated. This was based on this fact that LCA is a target
process to investigate the environmental capacity of pro-
duction, energy used in different processes, resource con-
sumption, and residuals in the environment (Roy et al.
2009). This study was conducted using the LCA meth-
odology in compliance with ISO14044 (ISO 2006;
Brentrup et al. 2004). In this regard, four phases which
are goal and scope definition, inventory analysis, impact
assessment, and interpretation, were designed to assess
the life cycle index (Fig. 1).

Goal and scope

The goal of this LCA study was to evaluate and compare
the environmental impact of producing transgenic and non-
transgenic rice genotypes. The functional unit was one ton
of paddy (with moisture content of 12%). Considering this

fact that straw is a co-product of paddy farms, the economic
allocation of the environmental impacts was done
(Rebitzer et al. 2004). Based on the economic allocation,
about 90 and 10% of the environmental impacts of exper-
imental farms belong to paddy and straw, respectively.

Life cycle inventory

The system was investigated in the paddy field systems
with main functions to produce rice. In the subsequent life
cycle inventory (LCI), the resource utilization (inputs) and
emissions (outputs) connected to the system are compiled
using the Ecoinvent 3.1 database. To make the various
inputs and outputs comparable, it is necessary to relate
these data to a common functional unit, which shall rep-
resent the main function of the system (Brentrup et al.
2004). Therefore, the functional unit was considered as
one ton of paddy yield. Then, all inputs (resources) and
outputs (emissions) per ton of paddy yield were quantified.

Items that have been considered include (a) infra-
structures, comprising construction, maintenance, and
depreciation of machinery and buildings (shelters for
machinery); (b) all agricultural operations, including
bed preparation, cultivation, fertilization, protection, ir-
rigation, harvest, transportation supply, and consump-
tion of fuel for the operations; (c) production of fertil-
izers and pesticides; and (d) transportation of all inputs.

Life cycle impact assessment

The life cycle impact assessment (LCIA) aims to eval-
uate the environmental impacts based on the inventory
analysis within the framework of the goal and scope of

Fig. 1 Life cycle assessment
framework
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the study. The third step (LCIA) must be done in order to
evaluate the inventory data. Within the LCIA, the dif-
ferent inputs and outputs are summarized into environ-
mental effect (Brentrup et al. 2004). Based on ISO
instruction, the impacts included contamination emis-
sion to atmosphere, soil, and water (Finkbeiner et al.
2006). In this step, the inventory results are assigned
into different impact categories. Impact assessment con-
sists of characterization, normalization, and weighting.
Characterization is the first step of LCIA. Character-
ization is the assessment of environmental impacts of
each inventory flow (e.g., modeling the potential impact
of carbon dioxide and methane on global warming).
Characterization provides the possibility to compare
the LCI results within each category. For instance, car-
bon dioxide (CO,), nitrous oxide (N,O), and methane
(CHy) have different environmental impacts on global
warming. The global warming potential of CO,, N,O,
and CHy is 1,265, and 28 kg CO,_g, respectively (IPCC
2013). There are different classifications for impact
categories due to the methods used. The most important
impact categories in this study were global warming
potential, terrestrial acidification, freshwater eutrophica-
tion, marine eutrophication, water depletion, and cumu-
lative non-renewable energy demand. Emissions of gas-
es with specific radiative characteristics, like CO, and
N,O, lead to an unnatural warming to the earth’s sur-
face, which in turn will cause global and regional cli-
matic change. This environmental impact is commonly
described as “global warming.” The term “climate
change” indicates that the possible consequences of
global warming concern more elements of the global
climate than only the temperature (Brentrup et al. 2004).
Moreover, to carryout in-depth analysis, the amount of
heavy metal emission in the air (Pb, Cd, Zn, and Hg) and
water (Cr, Zn, Cu, Cd, Hg, Pb, Ni) is reported separately.
For each impact category, corresponding characteriza-
tion factors were used based on IPCC (2013) GWP
100a, cumulative energy demand, ReCiPe 2016, and
Ecopoint 97 methods in SimaPro8.2.3 software.

Interpretation

One of the aims of LCA is providing comprehensive
information for the decision makers. To achieve this
goal, interpretation of the LCA results of a study plays
an important role. In this step, the LCA results of dif-
ferent systems are evaluated and compared.
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Results
Documenting process of rice production systems

Data analysis of different production systems, including
low-input, conventional, and high-input, in both plant-
ing methods which included traditional and semi-
mechanized with three paddy field size levels (small,
medium, and large) in Amol and Rasht regions is de-
scribed in this part.

According to the finding, the cultivation area of the
three planting systems in both regions was almost the
same (from 30 to 33%), but a significant difference was
observed in the type of inputs used and outputs between
the three planting systems. Moreover, agricultural prac-
tices and input consumption and outputs were different in
the three paddy field size groups, but, in planting
methods, labor, machinery, and diesel consumption var-
ied (mean data not shown). Based on the findings, it can
be stated that farmers in both regions consider more
economic efficiency in rice production and pay less at-
tention to environmental sustainability and energy effi-
ciency. All input consumption in the high-input system
was higher, and conventional system was ranked second.
The low-input system shows lower input consumption
and outputs. Moreover, paddy yield and straw yield in the
high-input system were more than the two other systems,
and the low-input system was ranked third (mean data not
shown). Production systems related to the semi-
mechanized planting method in both regions showed
lower consumption of labor and seed than the traditional
method, but diesel and machinery utilization in the semi-
mechanized method was higher than the traditional meth-
od. Furthermore, in both regions, input consumption and
outputs for small farms were higher than the medium-
and large-size levels (mean data not shown). The most
fuel consumed and the use of machinery and implements
were reported in the semi-mechanized planting in differ-
ent farm size levels, while the lowest fuel consumption
and the use of implements and machinery were reported
in the traditional planting method for the three farm size
levels. In contrast to the fuel consumption and application
of machinery, seed consumption and human labor in all
planting systems of traditional method were higher than
all the planting systems of the semi-mechanized method.
In total, based on the average data of the two regions, it
was concluded that farmers in the Rasht region consumed
non-significantly higher input and achieved slightly
higher output (mean data not shown).
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Interpretation of LCA results

Data analyses of LCA carried out by ReCiPe method for
both regions are presented in Tables 3, 4, and 5. Figures 2
to 5 displayed non-renewable cumulative energy demand
(CED) and GWP 100a which were investigated by CED

Table 3 Life cycle assessment (LCA) of three rice production
systems in two planting methods with three paddy field sizes in the
Amol and Rasht regions by ReCiPe method. Impact category units
were kg CO, eq. for climate change (CC); kg SO, eq. for terrestrial

and IPCC GWP 100a, respectively. Moreover, Fig. 5 dem-
onstrated ozone layer depletion impact category which was
calculated by Ecopoint 97. Furthermore, heavy metal emis-
sion in the air (Pb, Cd, Zn, Hg) and water (Cr, Zn, Cu, Cd,
Hg, Pb, Ni) was calculated by Ecopoint 97 which was
demonstrated in Tables 6, 7, and 8. In the ReCiPe method,

acidification (TA); kg P eq. for freshwater eutrophication (FE);
kg N eq. for marine eutrophication (ME); m?a for agricultural land
occupation (ALO); m® for water depletion (WD); kg Fe eq. for
metal depletion (MD); and kg oil eq. for fossil depletion (FD)

Treatment CcC TA FE ME ALO WD MD FD

System

Amol region
Low input 24393 b 1.32b 0.0632 a 0.2642 a 36.40 b 16.07 b 46.25b 91.66 b
Conventional 284.47 ab 1.58 ab 0.0275b 0.2693 a 38.99 ab 17.23 ab 51.57a 102.64 a
High input 30321 a 1.75a 0.0312b 0.2832a 42.80 a 17.98 a 4941 a 103.08 a
pr>TF *% * * ns * * * *

Rasht region
Low input 241470 131b 0.0817b 0.2637b 35.79b 15.57b 43.52b 93.99b
Conventional 289.15a 1.62 ab 0.1009 a 03012 a 41.62 a 18.19 a 5044 a 10544 a
High input 296.74 a 1.70 a 0.1048 a 0.2918 a 40.18 a 17.85a 5042 a 107.79 a
pr > Fa £ sk sk £ k £ ES 3k

Method

Amol region
Semi-mechanized 27434 a 1.54a 0.0343 a 0.2311b 3395b 14.55b 51.28 a 101.69 a
Traditional 280.07 a 1.56 a 0.0469 a 03133 a 44.84 a 19.63 a 46.88 b 96.57 a
pr>F? ns ns ns * * * * ns

Rasht region
Semi-mechanized 26549 b 1.51a 0.0938 a 0.2390 b 32.62b 1422 b 48.07 a 102.89 a
Traditional 286.09 a 1.58 a 0.0977 a 03321 a 45.78 a 20.18 a 48.18 a 101.92 a
pr>F* * ns ns * * ok ns ns

Farm size

Amol region
Small 29834 a 1.67a 0.0512 a 0.3002 a 43.57 a 18.76 a 5274 a 106.28 a
Medium 278.27 ab 1.56 be 0.0372 b 0.2757 ab 40.18 a 17.25a 49.09 ab 99.57 a
Large 255.02b 142b 0.0335b 0.2408 b 3444 b 15.27b 4540 b 91.53b
pr>F * * * * o * * *

Rasht region
Small 304.60 a 1.71a 0.1060 a 03167 a 4281 a 1891 a 54.61 a 113.63 a
Medium 271.85b 1.52 ab 0.0942 ab 0.2806 ab 38.85 ab 17.03 a 47.36 ab 100.26 ab
Large 25091 ¢ 141b 0.0871 b 0.2594 b 3594 b 15.67b 42410 93.33b
pr > Fa ok 3k sk £ sk £ sksk sk

?The pr>F is the probability of significant F-test to compare different treatments

ns, non-significant; *, significant at 5% probability level; **, significant at 1% probability level

Values within a column followed by same letter are not significantly different at LSD (P <0.05)
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Fig.2 Contribution of non-renewable cumulative energy demand
(CED) of three rice production systems in two planting methods in
the Amol (a) and Rasht (b) regions. LI, C, and HI are low-input,

we focus on the eight impact categories which included
climate change (CC), terrestrial acidification (TA), fresh-
water eutrophication (FE), marine eutrophication (ME),
agricultural land occupation (ALO), water depletion
(WD), metal depletion (MD), and fossil depletion (FD).

Cumulative non-renewable energy demand

The results of rice production system in different farm
size ranking based on CED demonstrated that the most
CED consumption in both regions was observed in the
high-input system for the semi-mechanized method. In
terms of CED utilization, in both regions, the high-input
system with traditional planting method and the conven-
tional system with both methods got ranked next. The
least CED consumption was observed in the low-input
system with traditional and semi-mechanized method,
respectively. In addition, in the Amol region, small
farms showed the highest CED utilization, after that,
the medium and large farms ranked next with 6.74 and

@ Springer

 Medium paddyfields

= Small paddyfields

C-M HI-T HI-M

conventional, and high-input planting systems, respectively. T and
M are traditional and semi-mechanized planting methods,
respectively

16.11% differences, respectiely. Moreover, in the Rasht
region, small farms with 12.23 and 21.76% higher CED
consumption ranked first compared to medium and
large farms, respectively (Fig. 2).

Furthermore, the results of different input shares on
CED demonstrated that in both regions, diesel, nitrogen,
and machinery utilization in three farm sizes have the
highest share of CED consumption. After that, pesti-
cides, potassium, and electricity got ranked next. Seed
usage, phosphorous, and other inputs had the least share
on CED utilization (Fig. 3).

Climate change

Climate change impact category was estimated based on
the mass emission of N,O, CHy, and CO,. These emis-
sions are transferred into kg CO, eq. In the Amol and
Rasht regions, the average CC was 277.21 and
275.79 kg CO, eq. (Tables 3 and 4).
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Fig. 3 Contribution of input to non-renewable cumulative energy
demand (CED) for three rice production systems in two planting
methods. LI, C, and HI are low-input, conventional, and high-

The finding revealed that CC in both regions is almost
the same and farmer’s management practices are close to
each other. In both regions, the highest CC was estimated
in the high-input system and conventional system was
ranked next. The low-input system showed the lowest
CC in both regions. In fact, CC in the Amol and Rasht
regions in the high-input system was 6.59 and 2.62%
higher than the conventional system. Moreover, this im-
pact category in both regions for the high-input system
was 24.30 and 22.89% higher than the low-input system
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input planting systems, respectively. T and M are traditional and
semi-mechanized planting methods, respectively

(Table 5). This impact category in both regions for tradi-
tional planting method was slightly more than the semi-
mechanized method that equals 2.09 and 7.76%
(Table 5). Furthermore, in both regions, CC in small
farms was higher than medium and large farms, in
which medium farm ranked second and large farm
ranked third. In addition, in the Amol region, CC
in small farms was 7.21 and 16.99% higher than
the medium and large farms. Moreover, in the
Rasht region, this impact category for small farms
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was 12.05 and 21.40% higher than the medium
and large farms, respectively (Table 5).

IPCC GWP 100a

In relation to CC impact category, the results of Fig. 4
show that GWP 100a in both regions for the high-input
system was higher than the two other systems, in which
the conventional system ranked second and the low-input
system ranked last. In both regions, GWP 100a for the two
planting methods in different systems and farm size was
changeable (Fig. 4). Moreover, in terms of input impact on
the GWP 100a in the two regions, it was observed that
machinery and nitrogen consumption had the highest
share. Furthermore, seed, potassium, and electricity ranked
next, respectively. Pesticide consumption and diesel
ranked next. The lowest share for GWP belongs to inputs

400

including zinc and sulfur consumption (Fig. 5). The result
of GWP 100a was almost the same with CC impact
category in different planting systems and farm sizes.

Terrestrial acidification

The result for the impact category of terrestrial acidifi-
cation was similar to those for climate change where the
highest amounts in both regions statistically went to
high-input system, traditional planting method, and
small farms (Tables 3, 4 and 5). The average TA in the
Amol and Rasht regions was equal to 1.55 kg SO, eq.
(Tables 3 and 4). Based on the results, TA in the high-
input system for the Amol and Rasht regions was 10.76
and 4.94% higher than the conventional system, as well
as, TA of the high-input system was 32.58 and 29.77%
higher than the low-input system (Table 5). Moreover, in

® Large paddyfields

350
300
250
200
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100

IPCC GWP 100a (kg CO2 eq)

50

0
LI-T

LI-M C-T

® Medium paddyfields = Small paddyfields
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450 -
400 -
350
300
250
200
150
100
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® Large paddyfields

IPCC GWP 100a (kg CO2 eq)

LI-T

Fig. 4 Contribution of IPCC GWP 100a of three rice production
systems in two planting methods in the Amol (a) and Rasht (b)
regions. LI, C, and HI are low-input, conventional, and high-input
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planting systems, respectively. T and M are traditional and semi-
mechanized planting methods, respectively
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Fig. 5 Contribution of input to IPCC GWP 100a for three rice production systems in two planting methods. LI, C, and HI are low-input,
conventional, and high-input planting systems, respectively. T and M are traditional and semi-mechanized planting methods, respectively

both regions, TA for planting method was not statisti-
cally significant, in which the traditional method
was slightly more than the semi-mechanized
method.

In terms of farm size level, TA in small farms was
statistically higher than the two other farm size levels, in
which the medium farm ranked next and the large farm
ranked third. TA for small farms was 7.05 and 12.5%
higher than the medium farm and was 17.61 and
21.28%, respectively (Table 5).

Eutrophication

As shown in Tables 3 and 4, the average FE in the Amol
and Rasht regions was 0.0406 and 0.0958 kg P eq.
Moreover, the impact category of ME in the Amol and
Rasht regions was equal to 0.272 and 0.286 kg N eq.
The impact category of FE in the low-input system was
significantly higher than the conventional and high-
input systems in the Amol region, but in the Rasht
region, this result was vice versa. Both impact categories
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Table 6 Heavy metal emission of three rice production systems in two planting methods with three paddy field sizes in the Amol and Rasht

regions by Ecopoint 97 (CH) method

Treatment Emission in the air Emission in the water

Pb(g Cd(g Zn(g Hg Cr(® Zn(g Cu(® Cd(p Hg( Pb(g Ni(g)
System
Amol region
Low input 0.2965°  0.0257° 04462° 0.0078° 1.12°  12.69* 11.33° 03643° 0.0409° 03828 10.67°
Conventional 0.3463*  0.0317° 0.5172°  0.0092° 0.6422° 9.86°  13.05° 0.5467°° 0.0481° 0.2588" 12.58"
High input 0.3598"  0.0342* 0.5352°  0.0238* 0.6978° 12.37° 13.77° 0.6883* 0.0620° 03215 13.14°
pr>F* ns * ns * * * * * * * *
Rasht region
Low input 0.2882°  0.0254° 04314° 0.0077*° 1.76°  16.80° 1023 0.2808° 0.0516° 0.6055° 9.51°
Conventional 03464  0.0319* 0.5153*  0.0093* 2.10°  20.87* 12.98® 03553* 0.0698%° 0.7817°" 11.38°
High input 03570 0.0341*° 0.5268* 0.0095° 2.16*  21.98* 13.86° 0.3826° 0.1962* 0.8597° 11.65°
pI'>Fa ns £ £ ns % * % * ES £ *
Method
Amol region
Semi-mechanized 0.3420°  0.0304* 0.5139" 0.0092° 0.63°  10.76° 13.06* 0.5533% 0.0489° 0.2620° 12.60°
Traditional 03264  0.0307° 0.4851° 0.0180* 1.01*  12.52* 1238 0.5129° 0.0517*° 0.3801° 11.66°
pr>F* ns ns ns * * * * ns ns * ns
Rasht region
Semi-mechanized 0.3275°  0.0298* 0.4876° 0.0087° 2.00°  19.66° 12.01° 0.3394* 0.1474* 0.7571° 10.77°
Traditional 03336 0.0312° 0.4947° 0.0089* 2.02*  20.11* 12.71* 0.3397° 0.0643° 0.7408° 10.92°
pr>F? ns ns ns ns ns ns ns ns * ns ns
Farm size
Amol region
Small 0.3603"  0.0328" 0.5388% 0.02507° 0.8897* 1327* 13.10° 0.5760° 0.0544* 03477° 12.45°
Medium 03348 0.0306° 0.5005® 0.0075* 0.8137* 1126® 12.70® 0.5210° 0.0490* 03168* 12.11°
Large 0.3075°  0.0282% 0.4592° 0.0082* 0.7600° 10.38° 1236 0.5023° 0.0475* 0.2987° 11.83°
pr>F? ns ns * * * * * * ns * ns
Rasht region
Small 03707 0.0341*° 0.5516° 0.0099*° 223*  22.07*° 13.59° 0.3732° 0.1867*° 0.8125° 12.14°
Medium 03251 0.0301* 04833 0.0087* 1.97°  19.55® 12.15® 03334 0.0656° 0.7346° 10.67°
Large 0.2957°  0.0273° 0.4386° 0.0080° 1.82°  18.03° 1133° 03121° 0.0652° 0.6998° 9.72°
pr>Fa * * * ns * % * * * * *

*The pr>F is the probability of significant F-test to compare different treatments

ns, non-significant; *, significant at 5% probability level; **, significant at 1% probability level

Values within a column followed by same letter are not significantly different at LSD (P <0.05)

in each region for the traditional method were slightly
more than the semi-mechanized method. Based on the
finding for farm size results, FE and ME impact catego-
ries in both regions for small farms were statistically
higher than medium and large farms. In the Amol re-
gion, FE and ME for small farms were 37.63 and 8.89%
higher than the medium farm size, but FE and ME in

@ Springer

small farms compared to large farms showed 52.84 and
24.67% greater amount (Table 5).

Agricultural land occupation

As shown in Tables 3 and 4, the average ALO in the
Amol and Rasht regions was 39.40 and 39.20 m*a. This
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result showed that ALO in the two regions is almost the
same. But, in terms of planting systems, finding showed
that the most amount of ALO in both regions belongs to
the high-input system, and the conventional system
ranked next, and the low-input system ranked third.
ALO amount in the high-input and conventional sys-
tems was statistically same, but, in the low-input system,
it was significantly lower than the two other systems.
ALO of small farms in both regions was 26.51 and
19.12% higher than the large farms (Table 5).

Water depletion

Regarding the net impact category, the findings of
the research showed that the average amount of
water depletion in the Amol and Rasht regions was
17.1 m’ (Tables 3 and 4). In the planting system
level, the maximum WD for both regions was
achieved in the conventional and high-input systems
and the low-input system ranked next (Table 5). In
both regions, WD of traditional method was statisti-
cally 34.91 and 41.91%, respectively. Furthermore,
in both regions, WD of small and medium farms
was highest with statistically same ranked, but the
least WD in both regions belongs to large farms
with 15.27 and 15.67 m® (Table 5).

Metal and fossil depletion

According to the results of Tables 3 and 4, the average
metal depletion in the Amol and Rasht regions equals
49.08 and 48.13 kg Fe eq.; moreover, fossil depletion in
these regions equals 99.13 and 102.41 kg oil eq., re-
spectively. In terms of MD and FD impact categories,
the low-input system showed the lowest amount and the
conventional and high-input systems got the next rank.
In the Amol region, MD and FD for the semi-
mechanized method were slightly higher than the tradi-
tional method, but, in the Rasht region, these impact
categories were the same in the two planting methods. In
the Amol region, MD for the semi-mechanized method
was 9.39% higher than the traditional method, but, in the
Rasht region, this impact category was not significant
statistically. Moreover, FD in both regions for both
methods was almost the same. In terms of farm size, in
both regions, the most MD and FD were observed in
small farms, and medium farms got ranked next. The
least MD and FD were obtained in large farms in both
regions (Table 5).

Ozone layer depletion

Regarding the net impact category, the findings of the
research showed that the OLD in both regions for the
high-input system was more than the conventional and
low-input systems, in which the low-input system
ranked last. Moreover, in both regions, OLD of the
semi-mechanized method was slightly higher than the
traditional method. In terms of farm size effect, small
farms showed the highest OLD, medium farm size
ranked second, and large farms ranked third (Fig. 6).
Furthermore, in both regions, diesel and nitrogen had a
maximum share of OLD impact category. Machinery
ranked third for OLD. Moreover, pesticides and potas-
sium consumption ranked next. After these inputs, seed,
phosphorous, and zinc consumption showed fewer
OLD. The share of other inputs was insignificant (data
not shown).

Heavy metal emission in the air

The results of heavy metal emission in the air (Pb, Cd,
Zn, and Hg) are presented in Tables 6, 7 and 8.

According to the findings, the average heavy metal
emission in the air in the two regions was almost the same
statistically (Tables 6 and 7). The finding about heavy
metal emission in the air demonstrated that in both regions,
high-input and conventional systems emitted higher than
the low-input system. But, in both regions, this emission
was changeable in semi-mechanized and traditional
methods. Furthermore, in both regions, the most heavy
metal emission in the air was achieved in small farms;
medium farms got the next rank. The least heavy metal
emission was achieved in large farms (Table 8).

Heavy metal emission in water

Regarding the heavy metal emission in water (Cr, Zn,
Cu, Cd, Hg, Pb, and Ni), the results of Tables 6 and 7
show that the amounts of Cr emitted in the Amol and
Rasht regions were 0.82 and 2.01 g; moreover, Zn
emission in these regions was 11.64 and 19.88 g. Cu
emission for both regions was almost the same, but Cd
and Ni emission in the Amol region was more than the
Rasht region; however, Hg and Pb emission in the Rasht
region was higher than the Amol region (Tables 6 and
7). The results showed that Cr emission in the Amol
region for the low-input system was higher than the two
other methods, but in the Rasht region, Cr emission in

@ Springer



202 Page 16 of 23

Environ Monit Assess (2019) 191: 202

Table 7 Heavy metal emission of three rice production systems in two planting methods with three paddy field sizes in the Amol region by

Ecopoint 97 (CH) method

Planting Planting Fielgw Emission in the air Emission in the water
system method® size”
Pb(g) Cd(g) Zn(g Hg(® Cr Zn(g Cu(g) Cd(g Hg(g Pb(g Ni(g)
@

Low input I Small 0.303 0.0271 0453 0.0081 1.80 17.73 11.00 0286 0.0446 0.592 9.93
Medium 0.283 0.0254 0423 0.0076 1.67 16.61 1029 0266 0.0402 0.548 9.28
Large 0.247 0.0221 0370 0.0066 149 1437 888 0.234 0.0385 0489 8.12
II Small 0.334 0.0281 0.506 0.0088 0.625 9.78 12.80  0.050 0.0437 0.239 12.39
Medium 0318 0.0265 0482 0.0084 0.594 933 1265 0.047 0.0412 0.225 12.26
Large 0.294 0.0250 0.443 0.0076 0.538 8.33 1238  0.043 0.0372 0204 12.05
Conventional I Small 0372 0.0349 0.552 0.0100 0.718 109 1353  0.063 0.0557 0.296 12.93
Medium 0349 0.0335 0.518 0.0093 0.634 996 1297  0.052 0.0458 0.249 12.49
Large 0.318 0.0291 0475 0.0085 0.595 9.19 12.80 0.050 0.0437 0235 1235
II Small 0.371 0.0336 0.556 0.0100 0.685 10.4 1329  0.060 0.0526 0.282 12.80
Medium 0.342  0.0300 0.513 0.0090 0.630 9.59 1295 0.053 0.047 0253 12.52
Large 0.326  0.0291 0.489 0.0085 0.591 9.10 1277 0.050 0.044 0238 12.37
High input I Small 0372  0.0365 0.549 0.0102 0.759 119 1415 0.075 0.068 0.350 13.41
Medium 0358 0.0348 0.529 0.0010 0.720 11.1 1390  0.071 0.064 0.330 13.22
Large 0.336  0.0327 0.497 0.0091 0.701 10.9 1392  0.072 0.0649 0.332 13.23
II Small 0.410 0.0367 0.617 0.0115 0.751 189 1381 0.069 0.062 0.327 13.23
Medium  0.359 0.0333 0.538 0.0100 0.634 11 1346  0.063 0.056 0.296 1291
Large 0.324 0.0314 0481 0.0090 0.622 104 1342 0.630 0.057 0294 12.86
Average 0.334  0.0305 0.499 0.0136 0.820 11.64 1272  0.533 0.050 0.321 12.13
SE 0.009 0.001 0.013 0.005 0.092 0.737 0323 0.036 0.002 0.027 0.348
CV (%) 1146 1395 1133 1628 478 2686 10.78 29.15 19.56 3474 12.16

*I and II are traditional and semi-mechanized planting methods, respectively

the high-input system was higher than the conventional
and low-input systems. Moreover, Cr emission in both
regions for the traditional method was slightly higher
than the semi-mechanized system. Furthermore, in both
regions, small farms emitted less Cr than the medium
and large farms (Table 8). In terms of Zn emission in
water, in the Amol region, conventional system
displayed lower amount than the other systems, but, in
the Rasht region, low-input system showed less emis-
sion compared to the other systems. Moreover, small
farms in both regions showed lower Zn emission than
medium and large farms. Cu emission in both regions
for high-input system was higher than the conventional
and low-input systems, in which the low-input ranked
last. Also, small farms in both regions showed higher Cu
emission than the other farms. In both regions, Cd, Hg,
and Ni emission for the high-input system was higher
than the other systems, in which the conventional

@ Springer

system ranked second and the low-input ranked third,
but Pb emission in the low-input and high-input systems
was almost the same and higher than the conventional
system (Table 8). Furthermore, the most Cd, Hg, Pb, and
Ni emission in both regions was observed for small
farms, as medium and large farms ranked next, respec-
tively (Table 8).

Discussion

The input consumption in different farm size levels in
both regions demonstrated that input usage in large
paddy fields was significantly higher than the medium
and small paddy fields due to better management in
input utilization and agricultural practices. The results
were similar to Shahin et al. (2008) and Sefeedpari et al.
(2013) studies which found that large farms in wheat
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Fig. 6 Contribution of ozone layer depletion (OLD) of three rice
production systems in two planting methods. LTS, LTM, LTL,
LMS, LMM, and LML are low-input system with small, medium,
and large farm sizes in traditional and semi-mechanized methods.
CTS, CTM, CTL, CMS, CMM, and CML are conventional

production have lower input consumption and more
productivity. Pishgar-Komleh et al. (2011), by investi-
gating energy and economic analysis of rice production
under different farm levels in the Guilan province of
Iran, demonstrated that fertilizer consumption and
output in farm size larger than 1 ha were more than
farms lower than 1 ha, but other input consumptions in
farm size lower than 1 ha were higher than farm size
with more than 1 ha. Nassiri and Singh (2009) an-
nounced that larger farms required the use of proper
machine size and suitable tractor by considering farm
size. In total, in the researchers’ opinion, in larger paddy
fields, improved management by farmers was easier;
however, output in small paddy field was slightly higher
but not statistically significant. Other researchers con-
firm our finding about the input—output in different farm
size levels (Pishgar-Komleh et al. 2011, 2012; Chauhan
et al. 2006; Igbal 2008).

The reason for higher energy consumption and global
warming in the high-input system and small farms can
be attributed to their high dependence on inputs and
higher energy consumption for production, and these
inputs are used without any regard to environmental
issues. In fact, the correct management of the farm in
the large farms and the higher input consumption in the
other production systems were responsible for the ob-
tained result. This result demonstrated that the semi-
mechanized method had a more favorable effect on the
energy balance in the paddy field ecosystems. More-
over, the use of energy resources with more efficiency
by optimizing the use of different types of inputs used
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system with small, medium, and large farm sizes in traditional
and semi-mechanized methods. HTS, HTM, HTL, HMS, HMM,
and HML are high-input system with small, medium, and large
farm sizes in traditional and semi-mechanized methods

by choosing the correct type, amount, method, and time
of input consumption, such as chemical fertilizers and
pesticides, play important roles in reducing energy con-
sumption. In other studies, energy efficiency in rice-
planting systems in Australia and India was similar to
this result (Igbal 2008; Khan et al. 2010). Therefore, by
analyzing the input energy in planting systems, one can
ascertain the amount of all forms of energy consumption
and be protected from limited resources, such as land,
water, and biological resources, for future generations.
The results for comparing the input energies and
global warming potential caused by it showed that there
was a direct correlation between input energies and
global warming potential caused by it. In fact, non-
renewable energies are ecologically very important, as
the source of non-renewable energies is mainly fossil
fuels and relying on this resource in the future brings
many risks. In this regard, other researchers have stated
that the greenhouse gas emission occurs during different
agricultural activities either directly through consuming
fossil fuels during agricultural operations (planting to
harvesting) or indirectly during the production and
transfer of the field’s needed inputs (herbicides, pesti-
cides, and chemical fertilizers) (Wood and Cowie 2004).
It was also stated in another study that agricultural and
non-agricultural operations (the production and transfer
of fertilizers and pesticides) in rice production play roles
in global warming by producing 80-98 and 16—
91 kg CO, eq. per hectare, respectively (Pathak and
Wassmann 2007). Different natural and human causes
make global warming, but global warming is mostly
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considered to be due to the increase in greenhouse gas
emission because of human activities (Bare 2011),
which makes a lot of changes in global climate patterns.
In order to report the amount of the produced green-
house gases, all the produced gases with the equivalent
of CO,, which state the global warming potential, are
reported. Nabavi-Pelesaraei et al. (2018) demonstrated
that diesel with 44.34% has the highest share of energy
utilization in paddy rice production in the Guilan prov-
ince; moreover, total energy input was equal to
51,585 MJ ha !. In another study, in rice production
related to diesel in Iran, diesel accounted for about
46.41% of the total energy utilization in the Guilan
province and 29.67% of total energy consumption in
the Mazandaran province (Kazemi et al. 2015). Pishgar-
Komleh et al. (2011) showed that the largest energy
consumption in rice production was related to fuel
(46% of total energy utilization) which included diesel
gasoline, natural gas, and electricity.

In another research, GWP impact category in farming
section was reported to be 119.5 kg CO, eq. for wheat
production (Wang et al. 2007), 1484—1847 kg CO, eq.
for rice in Rasht, Iran (Nabavi-Pelesaraei et al. 2014),
340 kg CO, eq. for wheat in Marvdasht, Iran (Nabavi-
Pelesaraei et al. 2016), and 381 kg CO, eq. for wheat in
Switzerland (Charles et al. 2006). The demand for non-
renewable energy for wheat production per ton in
Gorgan was reported to be 6641 MJ (Soltani et al.
2013). The total energy consumed depending on the
type of soil and field operations and production systems
was reported to be 274 to 557 MJ in England (Tzilivakis
et al. 2005) and 521 MJ for sugar beet production per
ton in Japan (Koga 2008). The most important sub-
stances with acidification potential in ecosystems were
SO, and nitrogen oxides, which are produced through
consuming fossil fuels in the process of agricultural
production. NHj3, caused by the consumption of chem-
ical fertilizers in the field, is also an important factor of
acidification (Engstrom et al. 2007). These emissions
cause acidification through the complex processes of
atmospheric and chemical transfer, which damages
the ecosystems, plants, and animal populations
(Bare et al. 2003). In other research studies, the
characterization index of the impact category of
acidification was obtained to be 4 kg SO, eq.
(Wang et al. 2007). In another research in Chile,
the impact category of acidification for canola and
sunflower production was calculated to be 19 and
23 kg SO, eq. (Iriarte et al. 2010).

Based on findings, it was observed that low-input
system and large farms have less emission of heavy
metals into water and air compared to high-input system
and small farms in both regions; the reason was less
input consumption. In fact, the amount of heavy metals
into water and air was calculated based on the annual
estimation of these elements’ deposit and, also, their
entrance into soil through fertilizers, pesticides, seeds,
and deposit and their separation from the soil by product
harvest, leaching, and soil erosion. The main reasons for
these results are different input consumption, different
paddy yield production, and agricultural practices. It is
believed that emissions, such as CFC and halogen gases,
damage the ozone layer in the stratosphere (Bare et al.
2003). Eutrophication is commonly dependent on the
environmental impacts of releasing excessive amounts
of nutrients, which changes the species combination of
ecosystems and increases the production of biomass.
This is followed by damaging consequences, such as
decreased biodiversity, and chemical toxic compound
production for humans, livestock, and other mammals
(Bare et al. 2003). Nemecek and Kagi (2007) reported
the volume of eutrophication section leaching to be
0.59 kg N per ton of sugar beet in Switzerland. Other
researchers reported that the characterization index of
eutrophication for producing canola and sunflowers was
7.2 and 9 kg PO, eq., respectively, in Chile (Iriarte et al.
2010). Also, in this research, the characterization index
of the acidification impact category for producing cano-
la and sunflowers was estimated to be 19 and
23 kg PO, eq. (Iriarte et al. 2010).

In the study on rice in China, it was observed that
depleting the fossil resources for diesel fuel consump-
tion was 106 MJ per ton and its final eco-index was
obtained to be 0.008 (Wang et al. 2010). The results of
other researchers indicated that for producing a ton of
canola in Turkey, 25.63 L diesel fuel (Unakitan et al.
2010), for a ton of soybean 87.78 L fuel (Ramedani et al.
2011), and for producing a ton ofrice in Guilan, 25.08 L
diesel fuel (Pishgar-Komleh et al. 2011) were con-
sumed. In a study on rice in China, it was found out
that the water consumption of rice production was
379 cm per ton, and the final index was obtained as
0.14 for the reduction of water resources (Wang et al.
2010). For the reduction of fossil resources, the fossil
fuel consumption was 106 MJ per ton of rice produc-
tion, and its final eco-index was obtained to be 0.008. In
another study in north China, the final index for the
reduction of fossil resources was obtained as 0.02 for a
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ton of wheat production and 0.009 for a ton of corn
production (Wang et al. 2007). Besides, in another study
in Germany, it was observed that in producing a ton of
wheat, acidification and global warming were the main
environmental impacts (Brentrup et al. 2004). For
wheat, energy depletion with the final index of 0.14
and acidification with 0.13 were the most important
eco-indices (Wang et al. 2007). For producing sun-
flowers and canola, the highest environmental impacts
were reported to be global warming and eutrophication
(Triarte et al. 2010). Photochemical oxidation potential
(smog) is mainly due to the formation of ozone at the
ground level, which is itself influenced by the reactions
between nitrogen oxides and volatile organic com-
pounds in sunlight (Bare 2011).

The findings about all impact categories in both
regions showed that the low-input systems in both
methods for the three farms had a significant advantage
in terms of lower emission of heavy metals and all the
environmental pollution. Dastan et al. (2016), with a life
cycle assessment of conservation, conventional, and
improved system, concluded that only CO, emissions
showed high amounts as N,O emission ranked second.
Moreover, the conventional production system showed
the same values for heavy metal emission in water
(cadmium, copper, zinc, lead, and chromium). However,
the emission of all heavy metal in water for the conser-
vation system was much lower than in the other two
systems (Dastan et al. 2016). In the conservation pro-
duction system, the emission of all heavy metals in the
soil except for lead (cadmium, copper, zinc, nickel,
chromium, and mercury) showed a negative value. In
the conventional and intensive production system, the
emission of copper, zinc, and mercury showed negative
amount in the soil (Dastan et al. 2016). Other re-
searchers compared the group of transgenic and non-
transgenic rice cultivars, which stated that in terms of
heavy metal emission in water (cadmium, copper, zinc,
lead, and chromium), all rice cultivars were approxi-
mately equal, the main reason being equal inputs in this
section (Dastan et al. 2017).

Conclusion

In this study, different impact categories of life cycle
assessment were evaluated in three rice production sys-
tems in the two semi-mechanized and traditional plant-

ing methods with three farm size levels in the Amol and
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Rasht regions. Thus far, no report has been shown on
various production systems with different planting
methods and farm size level in the largest Iranian rice
production area. Hence, the findings of this study can be
very effective in increasing the rice ecosystem’s sustain-
ability, as well as reducing the environmental impacts
resulting from the use of chemical inputs and the
achievement of sustainable agricultural objectives. The
findings of this study indicate that the share of inputs
and outputs was different in each rice production sce-
nario. The main reason for the observed difference was
the amount of input and output, diversity of farm man-
agement practice, and input consumption. According to
the findings, the share of non-renewable energy de-
mand, CC, and GWP 100a in both regions was low for
low-input system, which could increase the share of
renewable energy by incorporating conservation plant-
ing approaches. This issue is of great importance from
the ecological point of view, because the source of non-
renewable energies, which is mostly fossil fuels, and the
reliance on these resources in the future, are fraught with
great risks.

In general, the findings show that for rice cultivation
in the region, the highest inputs and energy consumption
were related to the nitrogen fertilizer, fuel, machinery
utilization, and seed consumption, the main reason for
which was the traditional method and high-input sys-
tems of rice production by farmers in both regions,
especially in small farms. According to the findings,
farmers in the conventional and high-input systems
and small farms used a lot of chemical fertilizers in an
irregular manner to improve the field and did not pay
attention to organic materials and biological resources,
and this increased the use of non-renewable energy,
increased the emissions of greenhouse gases, and con-
sequently decreased the index of sustainability. Hence,
the proper management of nitrogen fertilizer usage and
other input energies will have a significant impact on
reducing energy consumption and will be effective in
reducing CO, emissions and global warming potential.
Moreover, by using organic fertilizers and biological
crop protection, it is possible to reduce the share of
CC, GWP 100a, TA, FE, ME, OLD, ALO, WD, MD,
and FD which is desirable for the sustainability of the
rice production ecosystem in the region. According to
the results, it is possible to improve productivity by
reducing the nitrogen and fuel consumption as well as
mechanization of agricultural crop. Based on the find-
ings, it can be argued that farmers in the region consider
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economic efficiency in rice production and are less
likely to pay attention to environmental sustainability.
It seems that by reducing the government subsidies
related to chemical inputs and promoting conservation
planting systems, the gap created could be offset to
increase economic and environmental productivity in
rice cultivation in the region.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional
affiliations.
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