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ABSTRACT: The aim of this study was to assessing the environmental impacts of tangerine production 
in Guilan province, Iran using life cycle assessment methodology. Some of the required data have been 
extracted through questionnaires and interviews with orchardists and others have been extracted from 
databases associated with the life cycle assessment studies. The results show that the use of agricultural 
machinery creates most environmental burdens in tangerine production followed by on-farm emissions 
and pesticides. Likewise, it was observed that the use of manure can dramatically reduce harmful effects 
caused by the use of other inputs. Consequently, environmental performance improvements might be 
achieved by proper application of agricultural machinery, reducing pesticides and fertilizers consumption 
and using organic fertilizers. 
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INTRODUCTION 
 

 Tangerine is one of the most popular varieties of the citrus fruit commonly known as the orange.  The tangerine 
is actually an offshoot of the mandarin family of oranges (Penjor , 2013). China, Spain, Brazil, Japan, Turkey, Italy 
and Egypt are the main orange producers. After the mentioned countries, Iran has the eighth place of tangerine 
production in the world (Nabavi-Pelesaraei , 2014a). Intensifying global focus on the environmental responsibility has 
forced industries and policy makers to develop strategies to decrease the production of harmful emissions (Pishgar-
Komleh , 2013). Life cycle assessment (LCA) defined as a method in which environmental impacts associated with 
the life cycle of a product or service are estimated. The main applications of LCA are in: 1) analysing the origins of 
problems related to a particular product; 2) comparing improvement variants of a given product; 3) designing new 
products; and 4) choosing between a numbers of comparable products (Guinée , 2002). A multitude of studies, 
particularly in the field of agriculture, has been conducted using this approach to support public claims about various 
products or processes (Sahle and Potting, 2013; Beccali , 2010; Sadeghzadeh , 2015; Sabzevari , 2015). 
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MATERIALS AND METHODS 
 

Sampling design 

 This study was conducted in Guilan province, Iran. Guilan is located in north of Iran, between the latitudes 36◦-
34' and 38◦-27' N and longitudes 48◦-53' and 50◦-34' E. Langroud city with 60% of total citrus production had the 
special place in producing tangerine of Guilan province (Nabavi-Pelesaraei , 2014b). Initial data, including agricultural 
practices, machinery operations, infrastructures, input materials, and energy carriers, were obtained using 
questionnaires. To determine the sample size formula proposed by Cochran was used (Romero , 2012): 
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 where  n  is the required  sample size;  S, the standard deviation; t, the value at 95% confidence limit (1.96); N, 
the number of holding in the target population and d, the acceptable error (permissible error 5%). For the calculation 
of sample size, criteria of 5% deviation from population mean and 95% confidence level were used. As a result, the 
sample size was calculated 53 but it was considered to be 60 to ensure the accuracy. 
 
Life cycle assessment 
 In order to assess environmental impacts of tangerine production, LCA methodology was selected. Four steps 
are defined for an LCA study including goal and scope definition, the inventory analysis, the impact assessment and 
the interpretation (ISO14044, 2006). 
 
Goal and scope definition 
 In the stage of goal and scope definition the intention of the research, anticipated product of the study, system 
boundaries, and suppositions are all clarified. Setting boundaries and defining the specific life cycle systems being 
studied are essential for any LCI or LCA study (Boguski , 1996). The goal of this study was the environmental 
assessment of tangerine production using the LCA methodology. The scope of the present study consisted of 
agricultural practices, materials and energy inputs employed during the farming season. Defining a meaningful 
boundary is very important because the environmental problems of agricultural systems can maintain during 
postharvest processes when products are taken out of fields. If the farm gate be defined as the system boundary 
differences in emissions due to transport and processing of products have been ignored. Additionally, effect of 
differences in the end use of the product and its by-products on net environmental impacts are also ignored. In this 
study, due to unavailability of complete set of data, farm emissions are considered and it is assumed that all the 
emissions were related to the input materials which used in tangerine cultivation in the farms. For instance, no 
significance was attached to transportation. All direct and indirect field emissions were calculated as the proposed 
method by Nemecek and Kagi (2007). Environmental impact categories used in this study are listed in Table 1. The 
CML 2 baseline 2000 method developed by the Centre of Environmental Science of Leiden University was used as 
an impact-evaluation method (Sadeghzadeh , 2015). For the environmental impacts analysis of the systems under 
study, the functional unit adopted was 100 ton of harvested tangerine. 
 

Table 1. Environmental impact categories and measurement units for each category 
 

Impact categories Nomenclature Units 

Abiotic depletion AD kg Sb eq. 
Acidification potential AP kg SO2 eq. 
Eutrophication potential EP kg PO4

3- eq. 
Global warming potential GWP kg CO2 eq. 
Ozone layer depletion potential ODP kg CFC-11 eq. 
Human toxicity potential HTP kg 1,4-DB eq. 
Fresh water aquatic ecotoxicity FAE kg 1,4-DB eq. 
Marine aquatic ecotoxicity MAE kg 1,4-DB eq. 
Terrestrial ecotoxicity potential TEP kg 1,4-DB eq. 
Photochemical oxidation PO kg C2H4 eq. 
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Life cycle inventory analysis 
 Inventory analysis is considered one of the most important stages of an LCA since the stages that follow will be 
influenced by its results (Sadeghzadeh , 2015). The outcomes of this stage are utilized in the life cycle impact 
assessment (LCIA). The initial data, collected with the face-to-face questionnaires are summarized in Table 2. 

 

Table 2. Life cycle inventory data for tangerine production 
 

Inputs and output Unit Average 

Machinery kg 689.59 
Diesel fuel L 99.23 
Chemical fertilizers kg  
   N  803.93 
   P2O5  494.68 
   K2O  1297.78 
Manure kg 6401.67 
Pesticides kg 16.66 
Electricity kWh 537.36 
Tangerine kg 100000 

 
 Emissions generating from tangerine production include emission to air, water and soil. Emission to water 
absorbing from agricultural soil is considered as substances which are sent out of the root zones of plants. Thereby, 
the topsoil is regarded as a part of the technosphere e.g. nutrients are added to soil and most of it is assimilated and 
harvested by crops. Emission is only related to the surplus, i.e. the difference between inputs to and removals from 
the field. The application of chemical fertilizers is responsible for several on-farm emissions as followings: ammonia 
to air, nitrate leaching to groundwater, phosphorus to water, nitrous oxide (N2O) to air, and NOx to the air. Among the 
various methodologies developed to estimate on-farm emissions of chemical fertilizers, procedures from Brentrup  
(2000), EPA (1995) and Eggleston  (2006) were used in this study. The guidelines issued by Eggleston  (2006) were 
used in estimating the emissions of nitrous oxide (N2O) to the air. Accordingly, the application of each 100 kg of N-
based fertilizer is assumed to be responsible for emitting 1.25 kg of N2O into the air. The emissions of NOx were 
assumed to be 2% and NH3 emissions 8% of the total amount of N-based fertilizers applied (Galloway , 1995). 
Likewise, it was assumed that 30% of total N fertilizers leached from the soil profile as nitrate (Erickson , 2001). The 
modelling of the phosphorus cycle is somewhat simpler than the N-cycle since it includes no emissions to air. The 
loss of P as phosphate is calculated with a simple field balance. The inputs include P-fertilizer and the outputs are 
tangerine and accumulation in soil. In this study it was assumed that the average quantity of P leached to the 
groundwater was 0.07 kg P-based fertilizers per ha (Nemecek and Kagi, 2007). 
 It was assumed that the amount of the electricity exercised to pump the water from agricultural wells into the 
farms was merely used up by electrical pumps. The environmental impacts of electricity consumption depended on 
the method by which electricity was generated. In Iran, the prevalent fuels to generate electricity in the majority of 
power plants are a variety of fuels such as natural gas, diesel oil, etc. Natural gas was selected as the fuel to be 
utilized to generate electricity. More information and data used in LCA process were taken from Ecoinvent Centre 
(2007). 
 
Environmental impact assessment 
 The aim of the Life cycle impact assessment (LCIA) is to evaluate environmental impacts of the system using 
the set of results from the inventory analysis within the framework of the goal and scope of the study. According to 
ISO 14044, LCIA proceeds through four steps: 1) selection of impact categories and classification (mandatory); 2) 
characterization (mandatory); 3) normalization (optional); and 4) weighting (optional). These four steps have been 
developed in a number of distinctive methodologies including Ecoindicator 99, ReCiPe 2008, and CML developed in 
The Netherlands, the EPS2000 method developed in Sweden, EcoPoints and EPS 2000 developed in Switzerland 
and so forth. A literature review revealed that CML 2 baseline 2000 V2.05/world method is developed by the Institute 
of Environmental Science of Leiden University (PRé Consultants, 2013). 
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RESULTS AND DISCUSSION 
 

 Tangerine production as a case study was evaluated with LCA, and the selected impacts were estimated. Results 
are shown in Table 3. 
 

Table 3. Environmental impact categories and their value for selected functional unit (100 ton of tangerine production) 
 

Impact categories Units Per 100 ton of tangerine 

Abiotic depletion kg Sb eq. 60 
Acidification potential kg SO2 eq. 295 
Eutrophication potential kg PO4

3- eq. 108 
Global warming potential kg CO2 eq. 650000 
Ozone layer depletion potential kg CFC-11 eq. 0.00052 
Human toxicity potential kg 1,4-DB eq. 4600 
Fresh water aquatic ecotoxicity kg 1,4-DB eq. 1050 
Marine aquatic ecotoxicity kg 1,4-DB eq. 3140000 
Terrestrial ecotoxicity potential kg 1,4-DB eq. 15 
Photochemical oxidation kg C2H4 eq. 4.83 

 
 The results revealed that total GWP was calculated as 650 tCO2eq. Other impacts including AD, AP, EP, ODP, 
HTP, FAE, MAE, TEP, and PO were computed as 60 kg Sb eq., 295 kg SO2 eq., 108 kg PO4

3- eq., 0.00052 kg CFC-
11 eq., 4600 kg 1,4-DB eq., 1050 kg 1,4-DB eq., 3140000 kg 1,4-DB eq., 15 kg 1,4-DB eq., and 4.83 kg C2H4 eq., 
respectively. In order to clarify the obtained results, the contribution of production process and input materials to each 
impact category is summarized in Fig. 1. 
 

 

Figure 1. Contribution of inputs to environmental impact categories in tangerine production 
 

       As can be seen, in the AD, HTP, FAE, MAE, TEP, and PO impact categories, agricultural machinery had the 
most curtail role. Also, in the AD, AP, and EP impact categories, on-farm emissions had a major role and pesticides 
had the most effect in the ODP impact category. Likewise, it can be observed that use of manure can dramatically 
reduce harmful effects caused by the use of other inputs. Previous studies which analyzed environmental impacts of 
agricultural production systems in Iran, unanimously have shown that agricultural machinery have a major role in 
environmental impacts of a production system (Sadeghzadeh , 2015; Sabzevari , 2015). The import of non-standard 
machinery was the main reason of machinery share in total emissions. In another hand, irregular consumption of 
chemical fertilizers (especially nitrogen) and pesticides caused high share of on-farm emissions and pesticides in 
some impact categories. The lack of true pattern for chemical products application and improper pricing policy (for 
example low price of chemical fertilizer and pesticides) was main problems in the agricultural system of the study 
area. Accordingly, optimizing agricultural machinery and chemical products application can led to a reduction in 
above-mentioned categories and simultaneously improve the environmental consequences of tangerine production 
in the selected area. 
 Many methods allow the impact category indicator results to be compared by a reference (or normal). In this 
methods, the impact category is divided to a reference value. A commonly used reference is the average yearly 



Intl J Farm & Alli Sci. Vol., 4 (6): 499-504, 2015 

 

503 
 
 

environmental load in a country or continent, divided to the number of inhabitants. However, the reference may be 
chosen freely. Normalization can be useful to communicate the results to non LCA experts. After normalization the 
impact category indicators all get the same unit, which makes it easier to compare those (Sabzevari , 2015). The 
normalized impact categories are demonstrated in Fig. 2. Accordingly, GWP played the most important role, followed 
by MAE. 
 

 
 

Figure 2. Normalized impact categories of tangerine production 

 
Conclusions 
 In this study the environmental impacts of tangerine production was determined. This research was done in 
Guilan province of Iran as a main tangerine producer in north of Iran. Results shown that agricultural machinery had 
the highest environmental impact in tangerine production, followed by on-farm emissions (due to use of chemical 
fertilizers) and pesticides. Normalization results shown that GWP impact category had the most environmental 
burden, followed by MAE. In the GWP impact category on-farm emissions had a significant effect and agricultural 
machinery had a major role in the MAE impact category. Consequently, environmental performance improvements 
might be achieved by enjoying the full advantage of machinery employment and reducing pesticides and fertilizers 
consumption. 
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