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Abstract— In this research, the greenhouse gases (GHG) emissions per capita of farmers in tea, peanut and kiwifruit 
producing in Guilan province, Iran was studied. Data were collected using farmers’ questionnaire in the 2011-2012 
production years. The results revealed that the highest share of GHG emissions for tea, peanut and kiwifruit production 
systems belonged to chemical fertilizer (76%), diesel fuel (58%) and electricity (47%), respectively. A total greenhouse gas 
emission for the production of these crops were calculated as 1281.82, 822.29 and 4518.99 KgCO2eq ha-1, respectively. The 
average ownership area for tea, peanut and kiwifruit production in Guilan province were calculated as 0.2, 0.8 and 0.7 
hectares, respectively. The relationship between the farm size and GHG emissions in peanut and kiwifruit production was 
significant at 10% level. This relationship for tea production was significant at the level of 5%. The correlation between farm 
size and GHG emissions in the production of all three crops was inverse. The amount of GHG emissions per capita of 
farmers in tea, peanut and kiwifruit production in Guilan province were obtained 256.36, 657.83 and 3163.29 kgCO2eq per 
farmer, respectively. Finally, the amount of GHG emissions per capita of farmers in Guilan province, Iran was 1359.16 
kgCO2eq per farmer in that year. 
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I. INTRODUCTION 
 
Increasing greenhouse gases emission and also 
climate change make seious challenges for the 
environment management. In the final international 
agreement (Kyoto protocol), countries agreed to 
reduce GHG emissions (Kaku, 2011). Many countries 
are trying through various ways to cut GHG 
emissions.  
Iran as a developing industrial country has a 
population of about 77.5 million people (Statistical 
Centre of Iran, 2014).Iran is not only among the ten 
countries that had the highest amount of CO2 
emission during 2010 but also has the highest among 
the Middle East countries (IEA, 2012). Iran is a 
country with large reserves of nonrenewable energy. 
According to the International Energy Agency (IEA), 
Iran's crude oil & natural gas is the world's fourth 
largest producer. So that in 2012, Iran produced 5.0% 
and 4.6% percent of the world's total crude oil and 
natural gas, respectively (IEA, 2013).  
The share of energy production from various sources 
in Iran is shown in Fig 1. 99% of energy production 
in Iran comes from nonrenewable sources and only 
1% from renewable (Bakhoda et al. 2012). Iran has a 
high potential of renewable energy sources such as 
biomass, hydro, wind, solar and geothermal (Hosseini 
et al. 2013). With implementation of the second phase 
of subsidy reforms and energy price instability, now 
in this country, there is more need to pay attention to 
renewable energy sources. For example, gasoline 
prices during 2008-2014 increased tenfold in Iran 
(MOE, 2010). 
 

 
Fig. 1. The share of energy production from various sources in 

Iran (MOE, 2010) 
 

Agriculture is one of the main sectors of Iran gross 
domestic production (GDP). Increasing yield through 
mechanization of agriculture and the use of inputs 
such as fossil fuel and nitrogen fertilizer, causes 
environmental pollution in agricultural sector. The 
agricultural section emits around 40% of total N2O 
emission and 2% of two other gases including CO2 
and CH4 (MOE, 2010).  
Several researches have been conducted on GHG 
emissions in different agricultural crops production in 
Iran. For example, , GHG emissions of corn 
cultivation was investigated  and reported that the 
highest share of GHG emissions for corn production 
in Karaj city of Iran belonged to machinery (74%) 
followed by diesel fuel (22%) (Pishgar-Komleh et al 
2011). In a similar study conducted by Khoshnevisan 
et al. (2013) total GHG emissions of wheat 
production in Isfahan province of Iran was obtained 
2711.6 kg CO2eq ha-1 and the inputs of electricity 
and chemical fertilizer in wheat production produced 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Special Issue-5, Dec.-2015 

Estimating the greenhouse gases emission per capita of farmers in crops producing in Guilan province of Iran 
 

68 

the highest percentage of gas emissions in this area. 
In another study, carried out by Soltani et al. (2013) 
GHG emissions of wheat production was performed 
and concluded that a list of choices are available to 
reduce GHG emissions. They mentioned that 
introducing and implementing conservation tillage 
and optimizing nitrogen management would greatly 
reduce GHG emission of wheat production in the 
studied area. 
Iran's annual per capita GHG emissions in 2010 were 
7.3 tons (MOE, 2010). Considering that there is no 
published document in term of GHG emissions per 
capita of farmers, this study was aimed to determine 
GHG emissions in tea, peanut and kiwifruit 
production and estimating the GHG emission per 
capita of farmers in crops producing in Guilan 
province, Iran. 

 
II. MATERIALS AND METHODS  
 
2.1. Selection of case study area and data collection 
This study was conducted in Gulian province of Iran. 
Guilan province is located in the north of Iran on the 
south of Caspian Sea, within 36◦ 34׳ and 38◦ 27׳ north 
latitude and 48◦ 53׳ and 50◦ 34׳ east longitude. Guilan 
has a population of approximately 2.5 million people 
(Statistical Centre of Iran, 2014). This province 
shares a border with the country of Azerbaijan. The 
annual average rainfall in Guilan province is more 
than 1000 mm (Rice Research Institute of Iran, 2013). 
Guilan province is the largest producer of peanut 
(Arachis hypogaea L) and tea (Camellia sinensis L) in 
Iran. Moreover, this province is second largest 
producer of kiwifruit after Mazandaran province. The 

majority of Iranian tea approximately 75% is 
produced in Guilan province. There are more than 
3000 ha lands cultivated with peanut in Iran, which 
2814 ha of that is in Guilan Province (TPO, 2012). 
Global production of kiwifruit amounted to around 
1.5 million tons (FAO, 2011). Kiwifruit production in 
9,877 ha of Iran was 217,182 tones (MAJ, 2011).  
The sample size was calculated using Cochran 
method (Snedecor and Cochran, 1989). Data were 
collected from the 84 kiwifruit producers, 75 Peanut 
farmers and 75 tea farmers by using a face to face 
survey in the 2011-2012 production years. The 
questionnaires included total inputs and output of 
these crops production in the region from different 
sources. 

 
 
Where n is the required sample size; N is the number 
of holdings in target population, t is the reliability 
coefficient (1.96), S2 is the variance of studied 
qualification in population, d is the precision. 
 
2.2. GHG emissions 
The amount of produced GHG emissions calculated 
by multiplying the input application rate (agricultural 
machinery, gasoline, diesel fuel, chemical fertilizer, 
biocide and farmyard manure) by its corresponding 
emission coefficient are shown in Table 1. The CO2 
emissions of machinery input consist of 
manufacturing and applying this input on the farm. 

 
Table 1. Greenhouse gas emission coefficients 

 
 

Type and date of different operations for crops 
production in Guilan province are shown in Table 2 
and 3. Peanut and kiwifruit are harvested once a year. 
Iranian kiwifruit comes to the market in January. It is 
very important for Iran in terms of export. Tea is 
harvested Fourth a year (in June, July and August). 

In order to find the relationship between farm size 
and GHG emissions of tea, peanut and kiwifruit 
production, pairwise correlation was applied. Basic 
information on inputs and outputs of production were 
entered into Excel 2007 and analyzed by JMP8 
software program. 
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Table 2. Type and date of different operations for 
tea production in Guilan province 

 
 

Table 4. Type and date of different operations for 
kiwifruit production in Guilan province 

 
 

Table 4. Type and date of different operations for 
kiwifruit production in Guilan province 

 
 
III. RESULTS AND DISCUSSION 
 
The GHG emissions of tea, peanut and kiwifruit 
cultivation are shown in the Table 3. GHG emissions 
of the chemical fertilizer for tea production were 

972.55 kgCO2eq ha-1. The chemical fertilizer had the 
highest share of (76%) the total GHG emissions of 
tea production in Guilan province of Iran. Machinery 
accounted for 10% of total GHG emissions. The 
amount of GHG emissions of machinery for tea 
cultivation was 130.32 kgCO2eq ha-1. In peanut 
production, GHG emissions of diesel fuel was 476.12 
kgCO2eq ha-1. The diesel fuel had the highest share 
of 58% in the total GHG emissions for all the inputs. 
Machinery GHG emissions was followed by the 
diesel fuel share of 19% of total inputs of GHG 
emissions. This input for peanut production was 
155.04 kgCO2eq ha-1. In kiwifruit production, GHG 
emissions of electricity determined to 2110.83 
kgCO2eq ha-1. Electricity GHG emissions accounted 
for 47% of total GHG emissions. The amount of 
farmyard manure GHG emissions for kiwifruit 
growing was 1410.73 kgCO2eq ha-1. As it can be 
seen in Fig. 1, Fuel was one of the main inputs in 
production of these crops with high GHG emissions. 
In the similar studies on wheat, potato and canola 
production, fuel also was reported as the input with 
highest GHG emissions (Soltani et al., 2013). The 
large consumption of this input in the production and 
relatively low price of diesel fuel in Iran is due to the 
use of old and inefficient machinery.  Considering the 
implementing the second phase of the subsidy reform 
plan and energy price instability, the continuation of 
this trend is impossible in Iran. GHG emissions of 
chemical fertilizer for tea, peanut and kiwifruit 
production were 972.55, 71.52 and 314.78 kgCO2eq 
ha-1 respectively. To decrease the amount of GHG 
emissions resulting from chemical fertilizer 
applications, the appropriate principles and time of 
applying fertilizers should be considered carefully. 
Total GHG emissions of tea, peanut and kiwifruit 
production systems were calculated as 1281.82, 
822.29 and 4518.99 kgCO2eq ha-1 (Table 5). Other 
researchers reported that the total GHG emissions 
such as 2712 kgCO2eq ha-1 for wheat, 1195 
kgCO2eq ha-1  for cotton, 993 kgCO2eq ha-1 for 
potato (Pishgar-Komleh et al., 2012a; Pishgar-
Komleh et al., 2012b; Khoshnevisan et al., 2013). 
Comparing the obtained results showed that the 
relatively high GHG emissions in kiwifruit 
production. 

 
Table 5. Greenhouse gas emission of tea, peanut and kiwifruit production systems in Guilan province
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Fig. 1. The percentage of GHG emission for tea, peanut and kiwifruit production in Guilan province, Iran 

 
The relationship between farm size and GHG 
emissions in Guilan province are shown in Table 6. 
The inverse correlation was found between farm size 
and GHG emissions in the production of all three 
crops. The relationship between farm size and GHG 
emissions in peanut and kiwifruit production systems 
was significant at 10% level. Moreover, the 
relationship between farm size and GHG emissions in 
tea production was proved to be significant at the 
level of 5%. The average ownership area for tea, 
peanut and kiwifruit production in Guilan province 
were calculated as 0.2, 0.8 and 0.7 hectares, 
respectively. Pishgar-Komleh et al., 2011 reported 
that the farmers with a large farm used the least 
amount of energy and input costs. Esengun et al. 
(2007) and Pishgar-Komleh et al. (2012a) showed 
that a large farm can use the least amount of energy. 
In a study, conducted by Khoshnevisan et al. (2014) 
LCA methodology was used to investigate 
consolidated rice farms (CF) – farms which have 
been integrated to increase the mechanization index 
and traditional farms (TF) – small farms with lower 
mechanization index. They showed that the CF 
produced fewer environmental burdens per ton of 
produced rice and CF had superior overall 
environmental performance compared to the TF in 
Guilan province of Iran. 
The amount of GHG emissions per capita of farmers 
in tea, peanut and kiwifruit production in Guilan 
province were obtained 256.36, 657.83 and 3163.29 
kgCO2eq per farmer, respectively. Kiwifruit 
producers showed the high GHG emissions per 
farmers. The average of GHG emissions per capita of 
farmers in Guilan province, Iran was 1359.16 
kgCO2eq per farmer in year. As a consequence, the 
GHG emissions per capita of farmers in Guilan 
province of Iran is high. As an introductory 
suggestion, providing the GHG emissions reduction 
fund, financial support for energy efficiency 
measures, the use of nitrogen sources with low 

pollution potential and bio energy production 
programs that reduce greenhouse gas emissions are 
recommended. Sims and Sayigh (2003) reported that 
the all forms of bioenergy such as biodiesel and bio 
ethanol when substituted for fossil fuels, will directly 
reduce CO2 emissions. 

 
Table 6. The correlation between farm 

size and GHG emissions in tea, peanut and 
kiwifruit production, Iran 

 
*, ** indicates significance at 10% and 5% levels, 
respectively 

 
CONCLUSIONS 
 
This study analyzed the GHG emissions of tea, 
peanut and kiwifruit production in Guilan province of 
Iran. In order to find the relationship between farm 
size and GHG emissions of these crops production, 
pairwise correlation was applied. Based on the 
results, the following conclusions are drawn: 
The highest share of GHG emissions for tea, peanut 
and kiwifruit production systems belonged to 
chemical fertilizer (76%), diesel fuel (58%) and 
electricity (47%), respectively. 
The average ownership area for tea, peanut and 
kiwifruit production in Guilan province were 
obtained 0.2, 0.8 and 0.7 hectares, respectively. 
The average total GHG emissions of tea, peanut and 
kiwifruit production were 1281.82, 822.29 and 
4518.99 KgCO2eq ha-1, respectively. 
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The inverse correlation between farm size and GHG 
emissions in the production of all three crops was 
concluded. By increasing the area of cultivation land, 
the amount of GHG emissions was decreased due to 
the reduction of inputs consumption. 
GHG Emissions reduction fund providing financial 
support for energy efficiency measures, the use of 
nitrogen sources with low pollution potential and bio 
energy production programs that reduce greenhouse 
gas emissions. 
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