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ABSTRACT: The purpose of this study was to undertake an economical analysis in terms of energy input and 

output of commercial and traditional potato production facilities in Kurdistan, Iran. Data were collected for the 

study from 50 commercial and 50 traditional potato farms. Farm selection was based on a random sampling 

method and inquiries were conducted by face-to-face interviews from May 2008 to August 2009. Results indicated 

that total energy inputs for commercial and traditional farms were 93330.67 and 44279.52 MJ ha
-1

, respectively. 

Results showed that in commercial farming systems shares of agrochemicals, diesel fuel plus machinery, seed, 

irrigation water, farmyard manure and human labor were 42.5%, 25.06%, 15.40%, 10.47%, 4.34%, and 1.76%, 

respectively; while in traditional farming systems shares of the aforementioned inputs were 18.21%, 27.51%, 

18.96%, 26.28%, 1.80%, and 7.05%, respectively. About 21.47% of total energy input in commercial potato 

production was from renewable energy sources (human labor, seeds, farmyard manure) but that figure increased to 

27.81% for traditional systems. Mean energy use efficiency, specific energy, energy productivity, and net energy of 

commercial systems were 1.37, 2.62 MJ kg
-1

, 0.38 kg MJ
-1

, and 34913.07 MJ ha
-1

, respectively, and in traditional 

systems rates of these afore-mentioned parameters were 1.41, 2.55 MJ kg
-1

, 0.39 kg MJ
-1

, and 18174.91 MJ ha
-1

, 

respectively. These results indicate an intensive use of inputs in potato production not accompanied by an increase 

in final productivity. Cost analysis revealed that the total cost of production for one hectare of commercial and 

traditional potato production were 4162.53 and 1984.16 US$, respectively. Net returns for one hectare of 

commercial and traditional systems were $4743.33 and $2352.91, respectively. 
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INTRODUCTION 

 

 Agriculture is an energy conversion process in which 

solar radiation, fossil fuels, electricity and labor energy 

converts to food and other products for human 

consumption. Agricultural production consumes energy in 

its process of energy supply in the form of bioenergy 

(Alam et al., 2005). 

       In the past, agriculture relied solely on labor and 

animal power. But current agricultural production relies 

heavily on the consumption of nonrenewable fossil fuels. 

This consumption of fossil fuel energy has direct negative 

environmental effects from the release of CO2 and other 

combustion gases (Gundogmus, 2006). Introduction of 

mechanization, fossil fuel and electrical energy, 

synchronized with advances in science and technology 

have all revolutionized food production worldwide. Indeed 

Energy use in agriculture has developed in response to 

increasing populations, limited supply of arable land and 

endeavors to increase standards of living (Mohammadi et 

al., 2008). In all societies, these factors have encouraged 

an increase in energy inputs to maximize yields and to 
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minimize labor-intensive practices, or both (Esengun et al., 

2007b). 

       Energy requirements in agriculture can be categorized 

as direct or indirect and non-renewable and renewable 

energy (Beheshti Tabar et al., 2010). Direct energy is 

required to perform various tasks related to procedures of 

crop production such as land preparation, irrigation, inter-

culture, threshing, harvesting and transportation of 

agricultural inputs and farm produce. Nonrenewable 

energy requirements include diesel, chemicals, fertilizers 

and machinery; and renewable energy consists of human 

labor, seeds, and manure (Beheshti Tabar et al., 2010). 

Direct energy consumption in Iranian agriculture amounts 

to around 204.37 PJ yr
-1

 (PetaJoule = 10
15

 J), which makes 

up 3.5% of the current national consumption of fuel and 

electricity (Ministry of Energy of Iran, 2006). However, a 

large part of the energy consumed in agriculture can be 

classified as indirect. Indirect energy consists of the energy 

used in the manufacture, packaging, and transport of 

fertilizers, biocides, and farm machinery (Ozkan et al., 

2004a).  

       Energy analysis of agricultural ecosystems is a 

promising approach to investigate and assess energy use 

efficiency and to highlight environmental problems in 

terms of sustainability (Giampietro et al., 1992). In order 

to achieve this goal it is necessary to analyze cropping 

systems in energy terms and to evaluate possible 

alternatives, especially for field crops, which cover around 

13 million hectares of land (Ministry of Agriculture of the 

Iran, 2007) and account for more than 83.4% of the total 

cultivated area in Iran. 

       Potato (Solanum tuberosum L.) is grown worldwide in 

a wide range of altitudes, latitudes and climatic conditions, 

more so than any other major food crop. No other crop can 

match potato in its production of food energy and food 

value per unit area (Sieczka and Thornton, 1993). Potatoes 

have become increasingly important in developing 

countries for both nutritional sustenance and as a source of 

income. Recent publications have shown the importance of 

potato in terms of a global food crop, ranking fourth 

among crops with an overall annual production of nearly 

327 million tones and about 19 million hectares (Zangeneh 

et al., 2010). Based on FAO statistics, 350 million tones of 

potatoes are now being consumed worldwide each year. In 

2008, Iran produced about 5 million tones of potato on 

177,000 ha (Ministry of Agriculture of the Iran, 2007). 

Potato is one of the most important agricultural 

commodities in Kurdistan province, western Iran. In 2008, 

potato crops were planted in 17417 ha of Kurdistan 

province under irrigated conditions (Ministry of 

Agriculture of the Iran, 2007). 

      In Kurdistan province, there are two groups of potato 

growers: commercial and traditional. In commercial 

farming, growers use large amounts of direct and indirect 

energy to facilitate mechanization, chemical fertilizers, 

pesticides, fungicides, herbicides and many other energy-

based materials without attention to the negative impact 

this may have on the environment. These farmers mostly 

cultivate high-yielding varieties such as Agria; therefore, 

they are forced to use conventional practices and 

agrochemical materials to realize their targets. However, 

traditional farmers cultivate local potato bulk "Pashandi" 

which has high adaptability to that specific environment 

and naturally high resistance to pests and disease 

especially fungal disease; it also has a low demand for 

fertilizer. Therefore, traditional farmers do not need to 

apply large amounts of agrochemicals or employ any other 

advanced-practices. Of course, Pashandi is a low-yielding 

bulk producing variety compared to newer varieties such 

as Agria, but its adaptability to environmental variation 

produces an acceptable yield in varying weather 

conditions. It seems that traditional farms provide financial 

savings, fossil fuel preservation, and minimal air pollution 

in this area. 

       The aim of this study was a comparison between 

traditional and commercial potato fields in Kurdistan in 

relation to input-output analysis, economical analysis, 

energy use, and energy use efficiency. 

 

 

MATERIALS AND METHODS 

 

 

       This study was carried out in farms in Kurdistan, Iran; 

50 traditional and 50 commercial potato producers were 

selected for the study. The province is in western Iran, 

with the following geographical co-ordinates          N 

and         N and         E and         E. Kurdistan 

province covers a total area of 2820300 ha, and within that 

the cultivated area is 1017343 ha, and the area under 

potato production is 17417 ha (Ministry of Agriculture of 

the Iran, 2007). 

Data were collected from growers using a face-to-face 

questionnaire from May 2008 to August 2009. Farms were 

randomly selected from villages in the study area. The size 

of each sample was determined using Eq. (1) (Mohammadi 

et al., 2008). 

 

  
 ∑     

      ∑    
                                                                                                               

(1) 

   

Where n is the required sample size; N is the number of 

holdings in a target population;    is the number of the 

population in the h stratification;    is the standard 

deviation in the h stratification,   
  is the variance of h 

stratification; d is the precision (x - X); z is the reliability 

coefficient (1.96 represents 95% reliability);        ⁄  

       The energy efficiency of each agricultural system has 

been evaluated from an energy ratio between output and 

input. Human labor, machinery, diesel fuel, agrochemicals, 

manure, water, and seed were rated as inputs and yield 
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values of potato crops were rated as outputs to estimate 

these energy ratios. Amounts for inputs were calculated 

per hectare and then input data were multiplied with a 

coefficient of energy equivalent. The results of previous 

studies were used to determine energy equivalent 

coefficients (cited in Table 1). Sources of mechanical 

energy used on the selected farms included tractors and 

diesel fuel. Mechanical energy was computed on the basis 

of total fuel consumption (L ha
-1

) spent in each different 

operation. Therefore, the energy consumed was calculated 

using the following conversion factors (1 L diesel = 56.31 

MJ) and expressed in MJ ha
-1

 (Tsatsarelis, 1991). 

       Based on energy equivalents of inputs and outputs 

(Table 1), energy ratios (energy use efficiency), energy 

productivity and the specific energy were calculated based 

on the following formulas (Demircan et al., 2006): 

 

                       
                       

                      
                                                    

(2) 

                     
              (       )

                      
                                                    

(3) 

                 
             (       )

                       
                                                                  

(4) 

                                     

                                            (5) 

Indirect energy included energy embodied in seeds, 

fertilizers, manure, chemicals and machinery while direct 

energy covered human labor and diesel used in potato 

production. Nonrenewable energy included diesel, 

chemical, fertilizers and machinery, and renewable energy 

consisted of human labor, seeds and manure (Mohammadi 

et al., 2008; Ghorbani et al., 2011). 

Economic analysis of potato production was investigated 

based on equations 6-9. 

                                                  * 

                                                         (6) 

                                                 
                                                (7)                                      

                                               
                                                      (8)                                                            

                      
                                   /

                                          (9)                                                                        

 

 

RESULTS AND DISCUSSION 

 

Socio-economic structures of farms 

 Traditional farms (not necessarily organic farms) 

operate as low-input systems, worked by poor farmers. 

The average size of these farms was 2.32 ha and the total 

area under this type of farming was approximately 31% of 

the total area under potato production in Kurdistan. 

Farmers produced potato in rotation with other crops like 

wheat, alfalfa, and barley. Table 2 shows typical 

agronomic practice for potato cultivation along with the 

relevant time periods of these preparations. Land 

preparation and planting were performed with machinery 

as with commercial farms, but during the growing season, 

machinery was not used for any other practices such as 

hoeing, ridging, or spraying; only for transportation at 

harvest. Among agrochemicals, only nitrogen (N) and 

phosphate (P2O5) were used at average rates of 110.26 and 

65.36, respectively (Table 3). Pashandi, is a variety well 

adapted to the environment of Kurdistan with reliable 

resistance to pests and diseases, therefore fungicides and 

pesticides were not used by traditional farmers. This saved 

money for the poor farmers and from an ecological point 

of view prevented squandering energy resources and 

negative effects on the environment from use of 

agrochemicals. Harvesting was done by manual labor and 

harvested potatoes were transported by tractor. Part of 

each potato crop was preserved as seed for the next year 

and the rest was sent to markets. Maximum and average 

yields of traditional farms were 28 and 17 tones/ha, 

respectively. 

       The average size of high-input commercial farms was 

5.41 ha and the total area under this system was 

approximately 70% of the total potato production area of 

Kurdistan. Table 2 shows agronomic practices employed 

during the growing season. Farmers used high-yielding 

varieties of potato like Agria. The practices of land 

preparation, planting, hoeing after emergence, ridging, 

spraying, harvesting, and transportation were all 

performed by machinery, therefore the human labor 

requirement of this system was lower than that of the 

traditional system (Table 3). Weed control before 

emergence, pest and disease control during the growing 

season and the supply of nutrition by application of 

agrochemicals (chemical fertilizers, herbicide, fungicide, 

pesticide, and micro nutrition) were used by commercial 

farmers (Table 3). Amounts of nitrogen application in this 

system were very high (average 512.34 kg/ha). Therefore 

the quality of produce was lower than the produce from 

traditional farmers. The local people advocated that 

Pashandi potatoes were more delicious and of better 

quality than Agria. Maximum and average yields of 

commercial farms were 35 and 55 tones, respectively. 

These farmers incurred considerable cost to buy new seeds 

from potato seed producers for the next agricultural year 

because the genetic decay of new varieties was very high 

and the potatoes produced by them had insufficient quality 

to culture for subsequent years.  

 

Analysis of input-output energy use in commercial potato 

production 

       Energy equivalents with output energy rates and their 

equivalents are shown in Table 3. Total energy used in 

potato production of commercial farms was 93330.67MJ 
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ha
-1

. Agrochemical consumption was 42.5% (40123.66 MJ 

ha
-1

) of the total energy inputs that equals approximately 

90% of total energy inputs in a traditional system. Among 

agrochemicals, chemical fertilizers were the most highly 

consumed energy input, which consisted of 40.85% of 

total energy inputs and among chemical fertilizers, 

nitrogen was the highest energy consuming input (36.31% 

of total energy inputs). After agrochemicals, diesel fuel 

and machinery consumed 25.06% and seed consumed 

15.39% of total energy inputs. Therefore, collectively 

these four items (i.e. agrochemicals, diesel fuel, 

machinery, and seed) consumed 83% of the total 

consumed energy. This means that in order to reduce the 

amount of energy input, emphasis should be made on 

decreasing the use of agrochemicals in potato production 

systems. Results also indicate that 11679.36 MJ ha
-1

 

(10.47% of total energy inputs) required sourcing enough 

water for irrigation per one hectare of potato production. 

Other items such as farmyard manure and human labor are 

low demanding energy inputs with 4.34 and 1.76% of total 

energy inputs, respectively. Average annual yield of the 

farms investigated in this study was 35623.45 kg ha
-1

 and 

the calculated total energy output was 128243.70MJ ha
-1

. 

       Mohammadi et al. (2008) showed that total energy 

input and outputs in potato farming were 81624.96 and 

102432.99 MJ ha
-1

, respectively. In another study in New 

Zealand, Barber (2003) found that total energy input in 

potato production was 62300 MJ ha
-1

. This variation 

between reported amounts of input and output energies by 

different researchers is largely due to differences in 

practices and methods of operation and potential yields of 

specific varieties. For example in Mohammadi et al. 

(2008) the amount of nitrogen used per hectare was 402 

kg, whereas in Kurdistan province farmers used 512 kg 

nitrogen per hectare. The difference between these reports 

is 110 kg, equal to 7275.4MJ energy (i.e. 7.8% of total 

energy inputs in this study). Therefore, the share of 

operations or practices in calculations of agricultural 

energy use varied from site to site and was dependent on 

socio-economical properties of specific regions. 

Mohammadi et al. (2008) also reported that rates of 

agrochemicals, fuel diesel plus machinery, irrigation 

water, seed and other inputs were 40.17%, 19.73% 

13.93%, 13.64% and 12.53%, respectively that is close to 

analogue calculated amounts of this study. Pervanchon et 

al. (2002) noted that rates of machinery, fertilizers 

application, seeds, chemicals, and other inputs in potato 

production were 48%, 33%, 6%, 3%, and 10%, 

respectively.  

      The energy input and output, yield, energy use 

efficiency, specific energy, energy productivity and net 

energy of potato production in Kurdistan province are 

shown in Table 4. Energy use efficiency (energy ratio) was 

calculated as 1.37 in the commercial system. In Iran, 

amounts of reported potato output/input ratios are 1.25 

(Mohammadi et al., 2008) and 0.95-1.14 (Zangeneh et al., 

2010). Ghorbani et al. (2011) calculated that in Iran energy 

output/input ratio was 1.44 and 3.38 for irrigated and dry-

land wheat crops, respectively.  

      The average energy productivity of commercial farms 

was 0.38. This determines that output of 0.38 was obtained 

per unit of energy. Calculations of energy productivity 

rates are well documented in literature such as stake-

tomato (1.0) (Esengun et al., 2007a), cotton (0.06) (Yilmaz 

et al., 2005) and sugar beet (1.53) (Erdal et al., 2007). The 

specific energy and net energy consumed in potato 

production were 2.62 MJ kg 
-1

 and 34913.07MJ ha
-1

, 

respectively. Canakci et al. (2005) reported specific energy 

for field crops and vegetable production in Turkey as 

follows; 5.24 for wheat, 11.24 for cotton, 3.88 for maize, 

16.21 for sesame, 1.14 for tomato, 0.98 for melon and 0.97 

for water-melon. In Iran, Ghorbani et al. (2011) calculated 

specific energy for wheat production in conditions of both 

irrigated and dry-land as 15.83 and 8.96MJ kg
-1

, 

respectively. As mentioned above, specific energy was 

calculated by dividing the total energy input (MJ ha
-1

) by 

the crop yield (kg ha
-1

). This term is not an appropriate 

parameter to compare energy analysis of all field crops 

because there may be differences among yields of various 

different crops. Yield evaluation in terms of kg may vary 

enormously among crops for example 1000 kg in a grain 

crop is comparable to 60000 kg in a potato or tomato crop. 

Furthermore, differences among total energy inputs as a 

MJ are very low because inputs such as machinery, fuel 

diesel, human labor, water for irrigation and agrochemicals 

are very similar for all crops. 

      Table 5 shows the distribution of total energy input in 

terms of direct, indirect, renewable, and nonrenewable 

forms. The total energy input consumed could be classified 

as direct energy (33.35%), indirect energy (66.64%), 

renewable energy (21.47%) and non-renewable energy 

(78.52%). Mohammadi et al. (2008) reported similar 

results for potato production and concluded that direct 

energy and indirect energy were 17.65 and 82.35%, 

respectively, and renewable energy and non-renewable 

energy were 25.73 and 74.27, respectively. In another 

study (Zangeneh et al., 2010) it was shown that the share 

of renewable energy for potato production was 16-17% of 

total energy inputs. In a same study (Mohammadi and 

Omid, 2010) on the share of renewable energy in 

cucumber production in Iran, it was determined as 12% of 

the total energy input. Several other researchers have also 

found that the ratio of direct energy was higher than that of 

indirect energy, and the rate of non-renewable energy was 

greater than that of renewable energy consumption in a 

cropping system (Kizilaslan, 2009; Esengun et al., 2007a).  

 

Analysis of input-output energy use in traditional potato 

production 

       Total energy used in traditional farms for potato 

production was 44279.52MJ ha
-1

 that is 53% lower than in 

commercial systems (Table 3). Diesel fuel plus machinery 
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(27.51%), irrigation water (26.38%), seed (18.96%), 

agrochemicals (18.21%) and human labor (7.05%) 

constituted the main share of energy in this system and the 

least percentage of energy used was related to farmyard 

manure (1.8%). Energy consumed for agrochemicals was 

80% lower than in commercial systems and this was very 

important for a sustainable agricultural approach because 

there is a negative effect of agrochemical use such as 

pollution and CO2 emission. Furthermore, it reduces the 

amount of nonrenewable energy used in a system. Similar 

to that of commercial systems, nitrogen fertilizer was a 

high consumer of energy (16.47% of total energy inputs 

and approximately 90% of energy consumed by 

agrochemicals). Energy consumption by diesel fuel and 

machinery was also was lower than that in commercial 

systems at 48%. Energy consumption by human labor in 

traditional systems was 48% higher than in commercial 

systems (3122.65 vs. 1638.97 MJ ha
-1

). A major problem 

of a traditional system rather than a commercial system is 

its high consumption of irrigation water because farmers 

use furrow irrigation and this method of irrigation has a 

high amount of loss and thus low efficiency. Thereupon 

the amount of energy consumption for irrigation in a 

traditional system was 20% higher than in a commercial 

system (11679.36 vs. 9772.33MJ ha
-1

).  

       The average annual yield of those investigated farms 

was 17348.3 kg ha
-1

 and the calculated total energy output 

was 62454.42MJ ha
-1

. On the basis of these results as 

shown in Table 4, energy use efficiency (energy ratio) was 

calculated as 1.41 in a traditional system that is higher than 

the energy ratio of a commercial system. The specific 

energy and net energy of potato production were 2.55 MJ 

kg 
-1

 and 18174.91MJ ha
-1

 in this system, respectively.  

       Comparing results for commercial and traditional 

systems of potato production emphasizes that advances in 

agricultural technology can contribute to increased yield 

and income. This is unavoidable on the one hand because 

of population pressure and increased demand for food. But 

on the other hand this is caused by the use of 

agrochemicals, increased pressure on natural resources, 

increased use of nonrenewable energy, resource pollution, 

CO2 concentration, climate change and other negative 

effects. Since, nonrenewable energy resources especially 

fossil fuels are terminable, reliance on this resource is 

unsustainable in the long term. Results of this study show 

that the share of renewable energy in the traditional system 

has increased to almost 21.47% of total energy inputs in 

the commercial system and to 27.81% in the traditional 

one (Table 5). However, this rate is still too low and 

should be increased in agricultural production. Production 

that uses chemical fertilizers especially nitrogen has a high 

demand for energy, the sources of which are 

nonrenewable. However, the use of farmyard manure is a 

renewable energy input and has a low demand for energy. 

Therefore, application of natural fertilizer instead of 

chemicals helps to increase renewable energy in 

agricultural production systems. This needs to be 

considered in changes to a production strategy from a one-

function to a multifunction system. Crop-livestock 

production is one of the best multifunction systems in this 

regard.  

       Research in Canada, Hoeppner et al. (2005) indicated 

that energy input in an organic management system was 

approximately 50% lower than in a conventional 

management system. Based on those results energy input 

in an integrated forage–grain rotation was approximately 

40% lower than in a grain-based rotation. It was also noted 

that reduction in energy input was primarily due to a 

reduction in N fertilizer use. 

      In this study, the share of direct energy increased from 

33.35% in commercial production to 56.31% in the 

traditional production system. Several studies have 

compared energy analyses of different systems of 

agriculture (Gundogmus, 2006; Kaltsas et al., 2007; 

Guzman and Alonso, 2008). In turkey it was shown that 

the percentage of renewable energy in organic apricot 

production was higher than in conventional production 

(Gundogmus, 2006). It was also shown that the share of 

direct energy in organic production was 61% of total 

energy inputs, while in conventional production it was 

40%. Guzman and Alonsoin in Spain (2008) reported the 

variability under consumption of renewable and 

nonrenewable sources of energy between organic and 

conventional olive oil productions. In potato production in 

Iran it was indicated that the amount of nonrenewable 

energy in two different farming technologies was high and 

nearly 85% of total energy inputs and the differences 

between these two groups was not significant (Zangeneh et 

al., 2010).  

       The high ratio of nonrenewable energy application in 

the total energy inputs caused negative effects on 

sustainability in potato production of small-scale farms. 

Therefore, it appears to be important to better utilize 

renewable energy sources for agricultural production. 

Agriculture has the potential to become an increasingly 

important source of renewable energy and provides 

significant economic opportunities for producers. 

Renewable energy production stimulates the agricultural 

sector and a rural economy, improves the environment and 

enhances national energy security. 

 

Economic analysis of potato production 

       The total cost of produced potato and the gross value 

of production were calculated as shown in Table 6. The 

fixed and variable expenditures included in the cost of 

production were calculated separately. The total 

expenditure for production was 4162.53 and 1984.16 $ ha
-

1
 for commercial and traditional systems, respectively, 

while the gross production value was found to be 8905.86 

and 4337.07 $ ha
-1

 according to the harvested tubers. In 

the commercial system about 70% of total expenditure was 

for variable costs, while in the traditional system it was 
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60% of the total expenditure. The benefit–cost ratio of 

commercial and traditional potato production systems in 

the surveyed farms was calculated to be 2.13 and 2.18, 

respectively. These results were consistent with findings 

reported by other authors: 1.88 (Mohammadi et al., 2008) 

and 0.96-1.09 for potato (Zangeneh et al., 2010), 2.53 for 

sweet cherry (Demircan et al., 2006), 2.37 for orange, 1.89 

for lemon, 1.88 for mandarin (Ozkan et al., 2004b), 1.03 

for stake-tomato (Esengun et al., 2007a), 0.86 for cotton 

(Yilmaz et al., 2005),and  1.17 for sugar beet (Erdal et al., 

2007). 

       These results showed a high net return in commercial 

rather than traditional systems (4743 vs. 2352 $ ha
-1

) that 

contributed to a tendency of farmers to change strategy 

from traditional to commercial systems. When traditional 

farmers were asked about this matter, they generally 

admitted that they would change their strategy if they had 

enough money to afford production expenses. In fact 

higher income was more influential than higher energy 

efficiency, therefore it seems that the percentage of 

traditionally cultivated areas will be decreasing in the 

future and this may be undesirable. 

 
Table 1. Energy equivalent of inputs and outputs in agricultural production 

particulars unit Energy equivalent (MJ unit-1) Ref. 

A. A. input    

1. Human labor h 1.96 (28,20,29) 
2. Machinery h 62.7 (21, 29,15) 

3. Diesel fuel L 56.31 (21, 29,3) 

4. Chemical fertilizers kg   
(a) Nitrogen (N)  66.14 (4, 20,23) 

(b) Phosphate (P2O5)  12.44 (4, 20, 23) 

(c) Potassium (K2O)  11.15 (4, 20, 23) 
(d) Sulphur (S)  1.12 (4,3) 

5. Farmyard manure kg 0.30 (14, 28, 29) 

6. Chemicals kg   
(a) Herbicide  238 (30) 

(b) Fungicide  92 (30) 

(c) Pesticide  199 (30) 
7. Chemical in overall kg 120 (22,31,3) 

8. Irrigation water m3 1.02 (19,32) 

9. Seeds (potato) 
 

kg 3.6 (8) 

B. output    

1. potato kg 3.6 (8) 

 
Table 2. Management practices for potato production in Kurdistan Province, Iran 

Practices/operations commercial farms Traditional farms 

1. Names of varieties Agria Pashandi 
2. Land preparation tractor used: 

285 MF 75 hp 
Moldboard plow, Disc harrows Moldboard plow, Disc harrows 

Land preparation period Last decade of May – first tow-decade of June Last decade of May – first tow-decade of June 
3. Planting instrument Automatic planting Half-automatic planting 

Planting period During June During June 

4. Ridging and Hoeing Mechanically Handmade (by labor) 
Ridging and Hoeing period During July During July 

5. Fertilization Mechanically Handmade (by labor) 

Fertilization period 

Pre-plant (phosphate + potassium + sulphur + 1/3 
Nitrogen), 20-30 days after planting (1/3 

nitrogen), 50-60 days after planting (1/3 nitrogen), 

during season (foliar application of micro-
nutrition's) 

Pre-plant (phosphate), 20-30 days after planting 

(1/2 nitrogen), 50-60 days after planting (1/2 

nitrogen) 

6. Weeding Mechanically Handmade (by labor) 

Weeding period 
Post-planting and pre-emergence (chemically with 
use of Sencor) 

Post-emergence (hand-weeding) 

7. Pest and disease control chemically Without any chemical control 

Pest and disease control period 
Pre-plant (seed disinfection with fungicide), 
during season (fungicide and pesticide) 

- 

8. Irrigations Sprinkler Furrow irrigation 

Average number of irrigation 12.32 10.47 
9. Topping Mechanically Not required 

Topping period 1 week before harvesting - 

10. Harvesting 
Half-mechanically (cutout with harvest machine, 
collecting with labor) 

Handmade (by labor) 

Harvesting period September - October October-November 
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Table 3. Amounts of inputs and output in potato production of Kurdistan Province, Iran 

 
Quantity per unit area (ha) 

 

Total energy equivalent 

(MJ ha-1) 

Percentage of the total energy input 

(%) 

 
commercial 
farms 

Traditional 
farms 

commercial 
farms 

Traditional 
farms 

commercial 
farms 

Traditional 
farms 

A. Input       

1. Human labor (h) 836.21 b 1593.19 a 1638.97 b 3122.65 a 1.76 7.05 

2. Machinery (h) 58.43 a 32.62 b 3663.56 a 2045.27 b 3.93 4.62 
3. Diesel fuel (L) 350.27 a 179.98 b 19723.70 a 10134.67 b 21.13 22.89 

4. Chemicals (kg) 840.08 a 365.62 b     

(a). nitrogen (N) 512.34 a 110.26 b 33886.17 a 7292.60 b 36.31 16.47 
(b). phosphate (P2O5) 204.36 a 65.36 b 2542.24 a 813.08 b 2.72 1.84 

(c). potassium (K2O) 146.53 - 1633.81 - 1.75 - 

(d). sulphur (S) 61.26 - 68.61 - 0.07 - 
(e). herbicide 0.72 - 171.36 - 0.18 - 

(f). fungicide 4.46 - 410.32 - 0.44 - 
(g). pesticide 2.05 - 407.95 - 0.44 - 

(h). micro-nutrition 8.36 - 1003.20 - 1.07 - 

5. Farmyard manure 
(kg) 

13490.35 a 2653.45 b 4047.11 a 796.04 b 4.34 1.80 

6. Irrigation water (m3) 9580.72 b 11450.35 a 9772.33 b 11679.36 a 10.47 26.38 

7. Seeds (potato) (kg) 3989.26 a 2332.18 b 14361.34 a 8395.85 b 15.39 18.96 
Total energy input (MJ)   93330.67 a 44279.52 b 100 100 

B. outputs       

1. potato (kg) 35623.45 a 17348.3 b 128243.70 a 62454.42 b   
Total energy output (MJ)   128243.70 a 62454.42 b   

Statistical differences between commercial and traditional farms based on t-test at the 1% probability is showed by letter (a , b) 

 
Table 4. Energy input-output relations in potato production of Kurdistan Province, Iran 

Items unit commercial farms Traditional farms 
Energy input MJ ha-1 93330.67 a 44279.52 b 

Energy output MJ ha-1 128243.70 a 62454.42 b 

Yield kg ha-1 38623.45 a 17348.3 b 
Energy use efficiency - 1.37 b 1.41 a 

Specific energy MJ kg-1 2.62 a 2.55 b 

Energy productivity kg MJ-1 0.38 a 0.39 a 
Net energy MJ ha-1 34913.07 a 18174.91 b 

Statistical differences between commercial and traditional farms based on t-test at the 1% probability is showed by letter (a , b) 

 
Table 5. Total energy input in the form of direct, indirect, renewable, and non-renewable for potato production (MJ ha-1) in Kurdistan Province, Iran 

Form of energy (MJ ha-1) 
commercial 

farms 

Percentage of total 

energy input 

Traditional 

farms 

Percentage of total 

energy input 

Direct energy a 31135.01 33.35 24936.68 56.31 
Indirect energy b 62195.66 66.64 19342.83 43.69 

Renewable energy c 20047.41 21.47 12314.54 27.81 

Non-renewable energy d 73283.26 78.52 31964.98 72.18 
Total energy input 93330.67  44279.52  

a Includes human labor, diesel, irrigation 

b Includes seeds, fertilizers, farmyard manure, chemicals, machinery 

c Includes human labor, seeds, farmyard manure 
d Includes diesel, chemical, fertilizers, machinery 

 

Table 6. Economic analysis of potato production in Kurdistan Province, Iran 

Cost and return components value 

 commercial farms Traditional farms 

Yield (kg ha-1) 35623.45 a 17348.3 b 

Sale price ($ ha-1) 0.25 0.25 

Gross value of production ($ ha-1) 8905.86 a 4337.07 b 

Variable cost of production ($ ha-1) 2913.77 a 1190.49 b 

Fixed cost of production ($ ha-1) 1248.75 a 793.66 b 
Total cost of production ($ ha-1) 4162.53 a 1984.16 b 

Total cost of production ($ kg-1) 0.116 a 0.114 a 

Gross return ($ ha-1) 5992.09 a 3146.58 b 
Net return ($ ha-1) 4743.33 a 2352.91 b 

Benefit to cost ratio 2.13 a 2.18 a 

Statistical differences between commercial and traditional farms based on t-test at the 1% probability is showed by letter (a , b) 
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CONCULSION 

 

 Based on these results potato production is very 

sensitive to possible price fluctuations and especially on 

the supply of fossil fuels in commercial systems. Energy 

management is an important issue in terms of efficient, 

sustainable, and economic use of energy. Energy use in 

potato production of Kurdistan province is not yet efficient 

and is detrimental to the environment mainly due to 

excessive inputs. Therefore, reducing these inputs would 

involve more efficient fertilizer application and use of 

diesel. Commercial potato production has increased its 

consumption of fossil fuel energy resources to achieve 

higher yields combined with a decrease of rural job 

opportunities. The use of fossil fuels in agriculture 

threatens soil fertility and weakens the economic 

independence of farmers. Besides, high consumption of 

fossil fuel has lead to enormous ecological threats like 

climate change. 
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