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ABSTRACT: The aims of this study were to evaluate the energy flow of chickpea agroecosystems in Kangavar 

County, West of Iran to investigate the indicators of energy consumption. Energy flow and indicators was 

evaluated by gathering data from 55 farmers by using a face-to-face questionnaire in summer 2010. Results showed 

that total energy input and output were 4826 and 14663 MJha
-1

, respectively. Diesel fuel, seed and machinery (72, 

13 and 8%, respectively) were amongst the highest energy input. Energy efficiency (output-input ratio) was 3.04, 

energy productivity calculated as 0.13 KgMJ
-1

 and specific energy was observed as 7.55 MJKg
-1

. Also, 

agrochemical energy ratio was 1.74% which was very small portion of input energy in this agroecosystems. 

However, results revealed that agricultural mechanization and diesel fuel consumption were responsible for 80% of 

input energy that is high and should be optimized to reach ecologic as well as economic sustainability in these 

agroecosystems.  
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INTRODUCTION 

 

 Chickpea (Cicer arietinum L.) is an annual grain 

legume that originated in West Asia and is used 

extensively for human consumption. Chickpea is one of 

the most important grain legumes which are traditionally 

cultivated in marginal areas and saline soils (Rao et al., 

2002). The agronomic importance of chickpea is based on 

its high protein content (25- 29%) in human as well as 

livestock diet. Major world chickpea producers include 

India, Pakistan, turkey, Iran, Mexico, Canada, and 

Australia (Al-Issa, 2006). Chickpea represents more than 

20 percent of world pulse production, behind dry bean and 

pea. Chickpea cultivars grown in Iran include native (Desi) 

or Mediterranean (Kaboli) types (Sohrabi et al., 2008). 

Total chickpea production in Iran is 200,000 tons/year 

from a cropping area of 56,000 ha (Anonymous, 2009). 

About 91% of chickpea in Iran is cultivated in rainfed 

agroecosystems and 23% of chickpea production in the 

country belongs to Kermanshah province which Kangavar 

County is a major producer chickpea in the region 

(Anonymous, 2009).  Energy is a key issue in agriculture 

and effective energy use is one of the prerequisites for 

sustainability of agricultural systems, since it provides 

financial savings, resource preservation and reduction of 

environmental pollution (Ozkan et al, 2004). Furthermore, 

energy analysis of agricultural agroecosystems seems to be 

a promising approach to investigate and assess 

environmental impacts and their relations to 

agroecosystem sustainability. There is worldwide trend 

towards increasing consumption of fossil energy in the 

production of necessary foodstuffs and this is the main 

reason for the increase in yield per hectare. 

  Excessive energy consumption creates two problems 

related to agricultural sustainability. First, fossil energy is 

a limited resource and will eventually be exhausted. 

Second, serious environmental impacts related to energy 

use, such as acidification, higher level of CO2, 

eutrophication, etc., caused major concerns (Haj-Seyed 

Hadi et al, 2009). The objectives of this study were 
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evaluating energy flow and indicators for chickpea 

production in Kangavar County, Iran. 
Nomenclature 

 

N required sample size 
S the standard deviation 

t the t value at 95% confidence limit 

(1.96) m 
N the number of holding in target 

population 

d the acceptable error (permissible 
error 10%) 

Mpe energy consumption of the 

machine 
 

 

G  mass of the 

machine 
T  economic life 

Cef    effective field 

capacity 
DE    direct energy 

IDE  indirect energy 

RE  renewable 
energy 

NRE     non-renewable 

energy 
 

 

 

MATERIALS AND METHODS 

 

 This study was conducted in summer 2010 in 

Kangavar County (35 4' N, 48 1' E), West of Iran. Climate 

of the region is characterized by an annual average rainfall 

of 403 mm, distributed 44.3% in winter and 55.7% during 

spring and autumn. The annual average temperature is 

14.2
0
 C, with a monthly maximum of 27

0
 C in July and a 

minimum of -1 
0
C in January (Anonymous, 2009). 

Kangavar is one of the important chickpea production 

areas in the West part of Iran.  

Data were collected from 55 farms applying a face-to-face 

questionnaire. Other information was collected from the 

Ministry of Agriculture. As shown in Eq. 1, the sample 

size was determined by using the simple random sampling 

method (Salami et al., 2009): 

222
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(1)  
Where n is the required sample size, s is the standard 

deviation, t is the t value at 95% confidence limit (1.96), N 

is the number of holding in target population and d is the 

acceptable error (permissible error 10%). 
Total energy input and output in chickpea production 

systems was collected by using questionnaires and data 

analysis. Basic information on energy inputs and chickpea 

yield were entered into Excel spreadsheets and then energy 

indicators were calculated according Table 1. Mechanical 

energy was estimated from the total fuel used in different 

farm operations for chickpea production. Energy 

consumption was calculated using a conversion factor (1 

diesel = 56.31 MJ) and expressed in MJha
-1

. In order to 

calculate machinery energy, following formula was used 

(Canakci, 2010): 
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(2)          

Where Mpe is the energy consumption of the machine per 

unit area (MJha
-1

), G is the mass of the machine (kg), Mp 

is the production energy consumption of the machine 

(MJkg
-1

), T is the economic life (h) and Cef is the effective 

field capacity (hah
-1

).  
Energy use efficiency, specific energy, energy productivity 

and net energy were determined applying standard 

equations (Gezer et al 2003, and Mandal et al., 2002) 
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Eq. 8 was used for calculating agrochemical energy ratio 

indicators (khan et al., 2009) 

                                                                                                                           

)(

)(
1

1






MJhaEnergyTotalInput

MJhahemicalationAgrocyFromIttigInputEnerg
tioalEnergyRaAgrochemic

  (7) 

 

In order to analyze energy flow in studied systems, energy 

requirements were divided into four groups: direct and 

indirect as well as non-renewable and renewable energy 

resources. Direct energy accounts for human labor and 

diesel fuel, while indirect energy was accounted as energy 

content of seeds, fertilizers, pesticides, and machinery 

(Alam et al, 2005). Non-renewable energy consists of 

diesel, chemicals, fertilizers and machinery; while 

renewable energy consists of human labour and seeds 

(Mohammad et al, 2010). 

 

RESULTS AND DISCUSSION 

 

Analysis of input–output energy use 

  Energy input and output in chickpea production, their 

energy equivalents and share of various inputs from total 

energy consumption are shown in Table 2. Results showed 

that 124 h human labour and 6.25 h machinery power were 

used per hectare of rainfed chickpea production in the 

Kangavar County. The amount of diesel fuel, seeds and 

pesticide application rates in these systems were 62.06 

Lha
-1

, 47.15 and 0.7kgha
-1

, respectively. 

 Total energy consumption for various practices of 

chickpea cultivation was calculated as 14255.5 MJha
-1

. 

The highest shares of input energy were recorded for 

diesel fuel, seed and machinery with 72, 13 and 8%, 
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respectively (Fig. 1). These results are consistent with 

other reports mentioning diesel fuel and machinery as the 

biggest share of total energy input in agricultural 

production. Asakereh et al (2010) reported that total input 

energy in organic and conventional lentil was 5062 and 

6196.5 MJ/ha
-1

, respectively. Results of present study 

showed that diesel fuel was major energy input. Salami 

and Ahmadi (2010) reported that total energy input for 

chickpea was 5880 MJha
-1

 in Iran and the highest shear of 

energy input was for diesel fuel.  

 The average grain and straw yield were 638.67 and 

422 kg ha
-1

; according to energy equivalents, energy 

output of grain and straw were 9388.45 and 5275MJ ha
-1

, 

respectively, so total energy output of studied systems was 

14663.45MJ ha
-1

. Asakareh et al (2010) reported 10739.2 

and 12694.6 MJ/ha
-1

 output energy for organic and non 

organic lentil, respectively and Salami and Ahmadi (2010) 

reported a value of 5880 MJha
-1 

for chickpea.  Khan et al 

(2009) reported total energy output for wheat, rice and 

barely as 100,000, 161,000 and 64,000 MJha
-1

. Analysis of 

input-output energy showed that efforts to improve the 

overall energetic efficiency should be focused on diesel 

fuel, seed and machinery consumption in rainfed chickpea 

agroecosystems.  

 

Energy indicators 

 Table 3 shows the energy indicators for studied 

chickpea agroecosystems including energy use efficiency, 

specific energy, energy productivity, agrochemical energy 

ratio, and net energy in Kangavar. Energy efficiency 

(energy output-input ratio) of studied chickpea fields was 

calculated as 3.04. In comparison, energy efficiency of 

maize was reported 2.80 in Turkey (Canakci et al, 2005), 

1.58 for kiwifruit in Iran (Mohammad et al, 2010), 1.04 for 

chickpea in Iran (Salami and Ahmadi, 2010) and 2.12 and 

2.05 for organic and non organic lentil, respectively 

(Asakereh et al, 2010). Energy use efficiency can be 

increased by improving crop biomass production or 

reducing energy application. Specific energy was 7.55 

MJ.kg
-1

. This means that 7.55MJ energy is needed to 

obtain 1 kg of chickpea grain. Energy productivity 

calculated as 0.13 kg MJ
-1

 which means production of 0.13 

kg yield by consuming one MJ energy. Agrochemical 

energy ratio was 1.74 which is a small portion of input 

energy of chickpea production systems. It should be 

mentioned that in rainfed chickpea production in west part 

of Iran, limited amounts of chemical fertilizers and 

pesticides are applied.  

 

Energy forms 

 Total mean energy input as direct and indirect, 

renewable and non-renewable forms for chickpea 

production is given in Table 4. Direct and indirect energy 

inputs were calculated as 77.44 and 22.56%, respectively 

and renewable and non renewable energy sources were 

recorded as 17.74 and 82.26%, respectively. Results 

revealed that direct energy consumption was higher than 

indirect energy in chickpea production; the same was 

observed for non-renewable vs. renewable energy sources. 

The high rate of non-renewable and direct energy inputs 

indicates an intensive use of diesel fuel consumption in 

these agroecosystems. 

 
Table 1. Energy equivalents of input and output in agricultural systems 

Input and output  Unit Energy equivalents Reference 

A. Inputs 

1.Human  Labour 

2.Machinery 
3.Diesel fuel 

4.Pesticides 

5.Seed  
B. Output 

1.Grain chickpea 

2.Straw chickpea 

 

H 

h 
L 

Kg 

Kg 
 

Kg 

Kg 

 

1.96 

62.7 
51.33 

120 

14.7 
 

14.7 

12.5 

 

(Ozkan et al., 2004; Yilmaz et al., 2005)  

(Erdal et al., 2007; Esengun et al., 2007) 
(Erdal et al., 2007;  Esengun et al., 2007) 

(Ozkan et al, 2004;Demircan et al., 2006) 

(Ozkan et al, 2004;mandal et al.,2002) 
 

(Ozkan et al, 2004; Mandal et al.,2002) 

(Ozkan et al, 2004; Mandal et al.,2002) 

 
 

Table 2. Energy equivalents of input and output in chickpea production systems 

Quantity(input and output) Quantity per unit area (ha) Total energy equivalents (MJha1-) Percentage of total energy   (%) 

A. Inputs 
1. Human Labour(h) 

2. Machinery (h) 

3. Diesel fuel(L) 
4. Chemical Fertilizer(kg) 

5. Pesticides(kg) 

6. Seed(kg) 
Total energy input(MJ) 

B. Output 

1. Chickpea grain (kg) 
2. Chickpea straw (kg) 

Total energy input (MJ) 

 

124 

6.25 

62.06 

0 
0.7 

41.7 

 

 

638.67 

422 

 
243.04 

391.88 

3494.6 
0 

84 

612.99 
4826.51 

 

9388.45 
5275 

14663.45 

 
5.03 

8.12 

72.04 
0 

1.74 

12.70 
100 

 

64.02 
35.98 

100 
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Table 3.Indicators of energy use in chickpea production systems 

Indicators Unit Quantity  

Inputs energy 

Output energy 
chickpea  grain yield 

chickpea  straw yield 

Energy use efficiency 
Specific energy 

Energy productivity 
Agrochemical Energy Ratio 

Net energy 

MJha-1 

MJha-1 

Kgha-1 

Kgha-1 

 
MJkg-1 

KgMJ-1 

% 

MJha-1 

4826.51 

14663.45 
638.67 

422 

3.04 
7.55 

0.13 
1.74 

9836.94 

 
Table 4. Total energy input in the form of direct, indirect, renewable and Non-renewable for chickpea production (MJha-1) 

Indicators Quantity (MJ ha-1) Percentage (%) 

Direct energy a 

Indirect energy b 
Renewable energy c 

Non-renewable energy d 

Total energy input 

3737.64 

1088.87 
856.03 

3970.48 

4826.51 

77.44 

22.56 
17.74 

82.26 

100 

a Includes human labour, diesel, b Includes seeds, pesticides, machinery 
c Includes human labor, seed, d Includes diesel, pesticides, fertilizers, machinery 

 

CONCLUSION 

 

 In this study, energy flow for chickpea 

agroecosystems was investigated in Kangavar County, 

west of Iran. The advantage of an energy output/input ratio 

approach is that farmers can maintain high degree of free 

choice in production while society obtains a more 

ecologically sustainable agriculture. In order to optimize 

energy use in achieving maximum production, the 

following recommendations were suggested: 1) reducing 

fossil fuel consumption in these agroecosystems, 2) 

operators of machines/equipments should have adequate 

skills on effective energy conservation practices; 3) old 

machines/equipment should be replaced with new ones to 

avoid energy wastage from leakages and stabilize energy 

supply. Effectiveness of use of all energy inputs, therefore, 

can be achieved by efficient and sustainable production 

systems. 

 

ACKNOWLEDGEMENT 

 

Authors wish to thank the reviewers of the manuscript for 

useful comments on the first version of the manuscript. 

 

REFERENCES 
 

Al-Issa. Y, 2006, Lentils and Chickpea, Commodity brief no 7, 

National Agriculture Policy Center (NAPC). 

Asakereh A, Shiekhdavoodi M.J, Safaieenejad M 2010. Energy 

Consumption Pattern of Organic and Conventional Lentil 

in Iran A Case Study: Kuhdasht County. Asian Journal of 

Agricultural Sciences. 2(3): 111-116. 

Alam, M.S. M.R. Alam, K.K. Islam, 2005. Energy Flow in 

Agriculture: Bangladesh. American Journal of 

Environmental Sciences, 1(3: pp. 213–220. 

Anonymous. Iran agriculture statistics. Department of statistics 

and information, Ministry of Jihad-e-Agriculture, Tehran, 

Iran. Available online at: http://www.maj.ir. Extracted 

December 2010. 

Canakci M, M. Topakci, I. Akinci, A. Ozmerzi. 2005. Energy use 

pattern of some field crops and vegetable production: 

case study for Antalya region, Turkey. Energy Convers 

Manage, 46: 655–666. 

Canakci M., 2010. Energy use pattern and economic analyses of 

pomegranate cultivation in Turkey. African Journal of 

Agricultural Research Vol. 5 (7):  pp. 491-499. 

Demircan, V., K. Ekinci, HM. Keener, D. Akbolat, C. Ekinci, 

2006. Energy and economic analysis of sweet cherry 

production in Turkey: A case study from Isparta 

province. Energy Convers Manage 47; pp. 1761–1769. 

Erdal, G., K.  Esengun, H. Erdal, O. Gunduz. 2007. Energy use 

and economical analysis of sugar beet production in 

Tokat province of Turkey. Energy 32: pp. 35–41. 

Esengun. K., O. Gunduz, G. Erdal, Input–output energy analysis 

in dry apricot production of Turkey. Energy Convers 

Manage 48, 2007, pp. 592–598. 

Gezer, I., M. Acaroglu, H. Haciseferogullari, 2003. Use of 

energy and labor in apricot agriculture in Turkey. 

Biomass Bioenergy 24, pp. 215-219. 

Haj Seyed Hadi.  M., M. Darzi, and E. Sharifi Ashoorabadi, 

2009, Study the Effects of Conventional and Low Input 

Production System on Energy Efficiency of Silybum 

marianum L.  World Academy of Science, Engineering 

and Technology 54: 364-366 

Khan S, Khan M.A, Hanjra M.A, Mu J .Pathways to reduce the 

environmental footprints of water and energy input in 

food production. Food policy2009; 34:141-149 

Mandal, K.G., K.P. Saha, P.K. Ghosh, K.M. Hati K.K, 

Bandyopadhyay, 2002. Bioenergy and economic analysis 

of soybean-based crop production systems in central 

India. Biomass Bioenergy 23(5): pp. 337–345. 

Mohammad, A., S. Rafiee, S.S. Mohtasebi, H. Rafiee, Energy 

inputs – yield relationship and cost analysis of kiwifruit 

production in Iran. Renewable Energy 35, 2010, pp. 

1071–1075. 

Ozkan, B., A. Kuklu, H. Akcaoz, 2004. An input–output energy 

analysis in greenhouse vegetable production: a case study 



Intl. J. Farm. & Alli. Sci., 1 (2): 57-61, 2012 

 

5 
 

for Antalya region of Turkey. Biomass Bioenergy 26: pp. 

89–95. 

Rao, D.L.N., K.E, Giller. A.R. Yeo and T.J.  Flowers, 2002. The 

effects of salinity and sodicity upon nodulation and 

nitrogen fixation in chickpea (Cicer arietinum L.). Ann. 

Bot. 89 (5): 563-570. 

Salami P, Ahmadi h .2010. Energy input and output in chickpea 

production systems in Kurdistan, Iran. African Crop 

Science Journal. Vol. 18, No. 2, pp. 51-7. 

Salami, P., A. Keyhani and S. Rafiee, 2009. The impact of farm 

size on energy use and profitability of red bean 

production in Iran: A case study in Kurdistan province. 

Nature Sci., 7: 95-104 

Sohrabi, Y., G. Heidari, and, B. Esmailpoor2008. Effect of 

salinity on growth and yield of Desi and Kabuli Chickpea 

cultivars. Pakistan Journal of Biological Sciences 11 (4): 

664-667. 

Yilmaz, I., H. Akcaoz, B. Ozkan, 2005. An analysis of energy 

use and input costs for cotton production in Turkey. 

Renewable Energy. 30 (2): 145–55. 


