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 This study analyzes inputs use and energy balance in wheat production farms in Iran in 
2013. In the present  study, 10 wheat fields were selected from east and west of  Sari, 

Mazandaran province, Iran in 2013. During three consecutive growing seasons, data  

were gathered on energy use in all production practices. Then, all the energy uses were 
classified into eight categories, i.e. seed bed preparation, plant protection, weed control, 

irrigation, harvesting and transportation to the storage places. Results  indicated that 

average input energy was 14597.76 MJ/ha. In use inputs nitrogen fertilizer was the 
highest input energy equal to 5157.06 MJ/ha that was 35.33%. From total input energy, 

indirect energy with average 11245.69 MJ/ha and direct energy with average of 

3351.26 MJ/ha. The most grain yield was performance in 8 number farm (4700 kg/ha). 
Mean average of output energy for grain was equal to 62842.5 MJ/ha. Average mean of 

energy productivity in 10 wheat farms was 0.29 kg/MJ. The highest energy productivity 
equal to 0.32 kg/MJ that observed in number of 9 and 10 farms. Mean of specific 

energy in wheat production was 3.42 MJ/kg that the highest rate of that equal to 3.65 

MJ/kg was performance in 4 number farms. Average of net energy in 10 wheat farms 
was 96067.24 MJ/ha. Therefore, farms number of 9 and 10 had the highest productivity. 
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INTRODUCTION 

 

 Knowledge about fossil energy use in agricultural systems is needed, because it can improve the 

understanding of how to reduce the unsustainable use of limited energy resources and the following greenhouse 

gas emissions [1]. Energy consumption and greenhouse gas emissions are closely linked. Agricultural operations 

can save energy by changing the volume and mix of produced commodities and by reducing energy intensities - 

the amount of energy used per unit of commodity [2]. The contribution of seedbed preparation and sowing was 

high for all scenarios and about 61% of the operations energy consumed in seedbed preparation and sowing. 

Other major energy-consuming operations were irrigation (15.7%) and harvesting (11.9%) [3]. Canakci et al., 

[4] indicated that seedbed preparation required the maximum operational energy (65.1%), followed by 

harvesting (22.9%). It seems that better seedbed preparation and sowing methods can help to decrease energy 

inputs and contribute to lowering greenhouse gases emissions for the region. It can be concluded that 

introducing appropriate machinery works in stubble and conservation tillage systems such as minimum tillage or 

no-tillage would serve as measures to reduce input energy [3]. Energy input for wheat production was largely 

influenced by fertilizers applications (46.6% of total energy input), especially nitrogen fertilizer (38.3% of total 

energy input). Apart from fertilizer, the energy input due to diesel consumption for field operations (21.8%), 

seed (17.5%) and machinery (9.3%) were the second, third and fourth most important input factors [3]. Kuesters 

and Lammel [5] found relative shares of mineral N fertilizers from 40% up to 60% of the total energy input in 

winter wheat and sugar beet production. In the Canadian prairies, nitrogen fertilizer was the most important 

determinant of energy input for wheat production and method of soil disturbance had a negligible impact on 

total energy use [6]. In north-western Iran, it was observed that fertilizer (31.2%) and diesel (26.1%) were 

important energy consumers [7]. The utilization of mineral fertilizers, and nitrogen fertilizers in particular, 

represented a large contribution to the total energy input in integrated farming treatments [8]. This is in 

accordance with results given in McLaughlin et al., [9], Kelm et al., [10], Ozkan et al., [11], and Rathke and 

Diepenbrock [12]. Therefore, the aim of this study was evaluation of inputs use and energy balance in wheat 

production farms at Sari region in Iran. 
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MATERIALS AND METHODS 

 

 The study was conducted in the Sari region, Mazandaran province, Iran. The region is located along the 

south coast of the Caspian Sea in north of Iran. The climate is temperate sub-humid. Sari has mild winters and 

wheat is sown in the autumn during the months of November and December. Averages of maximum and 

minimum temperatures and rainfall during wheat growing season, December-June, are 17.2 and 7.3 ºC and 340 

mm, respectively. The crop is harvested during May and June, after which a soybean crop is usually sown as the 

second crop in a double cropping system. Thus, the growing season is limited and the cropping system is 

intensive. Mean annual temperature and solar radiation are 17.6 ºC and 15.7 MJ M
-2

 d
-1

, respectively. In the 

present study, 10 wheat fields were selected. During three consecutive growing seasons, data  were gathered on 

energy use in all production practices. Then, all the energy uses  were classified into eight categories, i.e. seed 

bed preparation, plant protection,  weed control, irrigation, harvesting and transportation to the storage places. 

Ten fields, representative of major wheat production scenarios in the region, were selected for this research. 

These fields were chosen among many fields after preliminary evaluation and consulting with local agricultural 

organizations, consultants and agricultural experts. All activities and production processes were monitored and 

recorded from seedbed preparation to delivery of produced crop to local storages/silos without any intervention 

in farmers’ activities. Data presented in this study is representative of typical and/or average data recorded over 

the three consecutive. 

 Method of energy analysis was the process analysis Tzilivakis et al., [12]; Rathke and Diepenbrock, [13] 

that included fossil energy input but not manpower or solar energy. However, human labor energy was 

calculated here for comparison purposes. Total fossil energy has direct and indirect components and also 

renewable and non-renewable components. Direct energy includes energy from human, diesel and electricity 

and indirect energy includes energy from seed, fertilizer, chemicals and machinery. Energy from diesel, 

electricity, chemical, fertilizer and machinery is non-renewable while energy from human and seed is 

considered renewable. The calculation of energy use by each scenario was based on the farmers’ work schedule. 

For each production operation the number of laborers, types and the number of machines, all inputs and the 

times needed to conduct operations were all accounted for. Conversion factors presented in Table 3 were used to 

determine energy input related to each component in individual production activities (operations). The total 

energy per production unit (e.g. hectare) was established by the addition of the partial energies of each input 

referenced to the unit of production. Energy inputs were human labor, diesel fuel, machinery, farmyard manure, 

irrigation, chemical fertilizers consisting of nitrogen (N), phosphorus (P2O5), potassium (K2O) and agro-

chemicals. To estimate the energy of the inputs and agronomic practices, expressed in MJ ha
-1

.  

 The input and output were calculated per hectare and then, these input and output data were multiplied by 

the coefficient of energy equivalent. Following the calculation of energy input and output values, the specific 

energy, the energy ratio (energy use efficiency), energy productivity and net energy were determined [14,15]. 

The energy use efficiency is the ratio between the output products and the total sequestered energy in the 

production inputs. The energy use efficiency gives an indication of how much energy was produced per unit of 

energy utilized. The energy productivity provides quantitative data on how much rice is obtained per unit of 

input energy. Energy indices were then determined using data for energy input, grain yield and energy output. 

These indices were: energy use efficiency as the ratio of energy output to energy input, specific energy as total 

energy input divided by paddy rice yield (MJ kg
-1

), energy productivity as paddy rice yield divided by total 

energy used (kg MJ
-1

), and net energy ratio as total energy output minus total energy input (GJ ha
-1

). Straw yield 

was ignored in the calculation of specific energy and energy productivity, as 90% of a farmer’s income was 

based on grain and 10% from straw. 

 
Table 1: Input and output energy in wheat production farm. 

Share 

(%) 
Average 

Farm 
Input/ 

Output 
Plain region Mountain region 

10 9 8 7 6 5 4 3 2 1 

            Inputs 

19.9 2904.5 2512 2669 2983 2826 3140 2826 3140 3297 2669 2983 Seed 

1.57 229.91 199.92 186.2 192.08 205.8 225.4 225.4 270.48 284.2 245 264.6 Labour 

11.25 1642 1490 1580 1650 1850 1750 1800 1650 1450 1500 1700 Machinery 

18.77 2739.8 3154 3040 3230 3306 3496 2052 2356 2584 1976 2204 Fuel 

2.62 382.36 786.5 943.8 786.5 605 701.8 0 0 0 0 0 Electricity 

            
Chemical 

fertilizer 

35.33 5157.06 4484.4 4726.8 5332.8 5029.8 5575.2 8/5029  5575.2 5878.2 4726.8 5211.6 N 

4.4 641.58 444 499.5 666 721.5 610.5 754.8 777 721.5 555 666 P2O5 

2.81 410.04 435.5 469 368.5 402 335 455.6 428.8 402 435.5 368.5 K2O 

            Chemical 

2.11 308.56 403.2 345.6 230.4 201.6 259.2 230.4 345.6 403.2 234.4 432 Herbicide 

0.48 70.56 39.2 0 58.8 117.6 78.4 0 117.6 98 137.2 58.8 Fungicide 

0.76 111.39 0 0 94.8 118.5 94.8 2/142  118.5 213.3 142.2 189.6 Insecticide 

100 14597.76 13948.72 14459.9 15592.88 15383.8 16266.3 13516.2 14779.18 15331.4 12621.1 14078.1 Total 

            Outputs 

59.47 70192.5 72030 74970 77910 79380 76440 70560 74970 62475 52920 60270 Grain 

40.53 47839.9 45325 47175 49025 49950 48100 44400 47175 41625 53824 51800 Straw 

100 118032.4 117355 122145 126935 129330 124540 114960 122145 104100 106744 112070 Total 



408                                                                       Reza Yadi et al, 2014 

Advances in Environmental Biology, 8(16) Special 2014, Pages: 406-410 

 

Results: 

 Energy used for 10 farms showed in table 1. On the results found that average input energy in 10 farms was 

14597.76 MJ/ha that the lowest energy input was observed in 10 farm number equal to 12621.1 MJ/ha. The 

most input energy equal to 16266.3 MJ/ha was obtained in 6 farm number. Input energy in 5 and 10 farm 

number were 13516.2 and 13948.72 MJ/ha. In inputs use for 10 wheat farms nitrogen fertilizer had with average 

of 5157.06 MJ/ha equal to 35.33% of input energy. The least input energy was performance in 10 farm number 

4484.4 MJ/ha and the most input energy was observed in 3 farm numbers equal to 5878.2 MJ/ha. Input energy 

for fuel and seed after nitrogen fertilizer with average of 2904.5 and 2739.8 MJ/ha equal 19.9 and 18.77% of 

total energy was ranked in 2 and 3 (Table 1).  

 The most seed energy had for 3 farm number equal to 3297 MJ/ha. The least seed energy was observed in 

10 farm number equal to 2512 MJ/ha. The most input energy was equal 3496 MJ/ha in 6 farm number. 7, 8, 10 

with 3306, 3230 and 3154 MJ/ha was after ranked. Input energy for fuel in plain region more than mountain 

region. The lowest energy input was observed in 2 farm number equal to 1976 MJ/ha. Machinery energy 

accounted with average of 1642 MJ/ha about 11.25% of total energy. The least input energy from total inputs 

was observed for fungicide and insecticide with average of 70.56 and 111.39 MJ/ha. Input energy from 

phosphorous and potassium fertilizer accounted with average of 641.58 and 410.04 MJ/ha equal to 4.4 and 

2.81% of total input energy (Table 1). 

 The most energy input for phosphorous fertilizer was observed in 4 farm number, as the least phosphorous 

fertilizer energy was obtained in 10 and 9 farms number equal to 444 and 499.5 MJ/ha. Results showed that total 

energy input, indirect energy had performance with average 11245.69 MJ/ha and direct energy with average 

3351.26 MJ/ha. The most direct energy equal to 12463.2 MJ/ha as to 3 farm numbers. The least indirect input 

energy as to 10 farm number equal to 9808.3 MJ/ha. Non-renewable energy in 10 wheat farm accounted with 

average of 11463.35 MJ/HA and renewable input energy with average of 3132.6 MJ/ha. The highest non-

renewable energy as to 6 farm number equal to 12900.9 MJ/ha and 8 and 7 farms numbers has ranked in second 

and third equal to 12418.8 and 12352 MJ/ha. The lowest non-renewable energy as to 2 farm number equal to 

9707.1 MJ/ha. Renewable energy in 3 farm number was highest (3581.2 MJ/ha). The lowest renewable input 

energy was performance in 9 and 2 farms number equal to 2855.2 and 2914 MJ/ha. Average grain yield in 10 

wheat farm equal to 4275 kg/ha. Yield compare in 10 farms showed that plain region had the higher yield from 

mountain region. The most grain yield was produced in 8 farm number (4700 kg/ha) that in other farms has not 

difference significant. The lowest grain yield equal to 3600 kg/ha was produced in 2 farm number. Straw yield 

in 10 farm number was average 5170 kg/ha that 2 farm number had the first ranked (5800 kg/ha). The least 

straw yield was obtained in 3 farm number equal to 4500 kg/ha (Table 2). 

 Average of output energy in 10 wheat farms was equal to 62742.5 MJ/ha. The most output energy was 

performance in 10 farm number (69090 NJ/ha). 9 farm number was arrange in second ranked (68355 MJ/ha). 

The lowest output energy equal to 52920 MJ/ha was produced in 2 farm number. Straw output energy in 10 

farm was 47822.5 MJ/ha. The highest straw output energy had observed 2 farm number (53650 MJ/ha). 1 farm 

number was 51800 MJ/ha output energy. The least output straw energy equal to 41625 MJ/ha as to 3 farm 

number. Total output energy in 10 farms was 110665 MJ/ha. The highest output energy was observed in 8 farm 

number equal to 118115 MJ/ha. The least output energy equal to 100260 MJ/ha was performance in 5 farm 

number (Table 2).    

 Average energy efficiency in 10 farms numbers equal to 7.58. The most energy efficiency was observed in 

2 farm number (8.44), as the least energy efficiency was obtained in 3 farm number equal to 6.78. The highest 

grain energy efficiency was observed in 9 and 10 farm numbers equal to 4.73 and 4.74 MJ/ha. The lowest grain 

energy efficiency equal to 4.03 was obtained in 4 farm number. Straw energy efficiency had the most in 2 farm 

number (4.25) and that is lowest in 3 farm number equal to 2.71. Average energy productivity in 10 wheat farm 

was equal to 0.29 kg/MJ. The highest energy productivity 0.32 kg/MJ was observed in 9 and 10 farms numbers. 

8 farm numbers with 0.3 kg/MJ energy productivity was stand in second ranked. The lowest energy productivity 

(0.27 kg/NJ) was obtained in 4 farm number. This index in 3, 5 and 6 farms number was 0.28 kg/MJ (Table 2). 

 Average specific energy in 10 wheat farm was equal to 3.42 MJ/kg that the highest of that equal to 3.65 

MJ/kg for 4 farm number. 3 farm numbers was ranked in second stand with 3.61 kg/MJ. Net energy in 10 farms 

had 96067.24 MJ/kg. The most of that equal to 102522.12, 101070.1 and 100716.2 MJ/kg was produced in 8, 9 

and 7 farms numbers. The lowest net energy was observed in 5 and 3 farms numbers that equal to 86743.8 and 

88768.6 MJ/kg (Table 2). 

 The contribution of seedbed preparation and sowing was high for all scenarios and about 61% of the 

operations energy consumed in seedbed preparation and sowing. Other major energy-consuming operations 

were irrigation (15.7%) and harvesting (11.9%) [3]. Canakci et al., [4] indicated that seedbed preparation 

required the maximum operational energy (65.1%), followed by harvesting (22.9%). It seems that better seedbed 

preparation and sowing methods can help to decrease energy inputs and contribute to lowering greenhouse gases 

emissions for the region. It can be concluded that introducing appropriate machinery works in stubble and 
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conservation tillage systems such as minimum tillage or no-tillage would serve as measures to reduce input 

energy [3]. Better knowledge of fossil energy use in agricultural systems is needed in order to develop 

agronomic practices that allow utilizing limited energy resources more efficiently [1]. It seems that production 

of nitrogen fertilizer represents the largest component of energy consumption for production among all chemical 

fertilizers [9]. We argue that the high energy use efficiency is mainly due to the increased nitrogen use 

efficiency which is a result of effective pesticide application, as reported by Deike et al., [16]. Nevertheless, the 

application of pesticides should be restricted to the minimum necessary dosage because of possible 

contaminations of soil, water, and air as well as the endangerment of non-target organisms and toxic residues 

remaining on food. Applying reduced pesticide rates without causing significant yield losses is feasible in the 

short run or with lowest infestation levels. Reducing the intensity of pesticide use on principle in the long run, 

however, might not have a permanent success mainly due to the shift of the weed population to increasingly 

noxious weeds causing significant yield losses [16]. The greater energy input due to higher application rates of 

mineral N fertilizer was therefore not compensated for by correspondingly higher yields or energy outputs [8]. 

Lewandowski and Schmidt [17], by using the output/input ratio as an indicator, reported that energy efficiency 

decreased with increasing mineral N fertilizer supply. Concerning energy balancing, it can be concluded that the 

utilization of pesticides is of minor importance with regard to energy input, but of considerable importance for 

energy output due to increased biomass harvested. In agreement, recent investigations on the same long-term 

trials as presented in this paper, showed that net energy output was reduced by 18% while energy intensity was 

increased by 32% in the IF treatment without pesticide use compared with the treatment with situation-related 

pesticide application [18]. Comparing the energy inputs of organic and integrated farming systems, it is 

necessary to consider both direct and indirect energy inputs [19]. 

 
Table 2: Comparison of input and output energy and energy indices in wheat production farm. 

Average 

Farm 

Energy Plain region Mountain region 

10 9 8 7 6 5 4 3 2 1 

           Input 

3351.26 4140.42 4170 4208.58 4116.8 4423.2 2277.4 2626.48 2868.2 2221 2468.6 Direct (MJ/ha) 

11245.69 9808.3 10289.9 11384.3 11267 11843.1 11238.8 12152.7 12463.2 10400.1 11609.5 In-direct (MJ/ha) 

3133.60 2711.92 2855.2 3175.08 3031.8 3365.4 3051.4 3410.48 3581.2 2914 3247.6 
Renewable 

(MJ/ha) 

11463.35 11236.8 11604.7 12417.8 12352 12900.9 10464.8 11368.7 11750.2 9707.1 10830.5 
Non-renewable 

(MJ/ha) 

14597.76 13948.72 14459.9 15592.8 15383.8 16266.3 13516.2 14779.18 15331.4 12621.1 14078.1 Total (MJ/ha) 

           Output 

4275 4500 4650 4700 4500 4600 3800 4050 4250 3600 4100 
Grain yield 

(kg/ha) 

5170 4900 5100 5300 5400 5200 4800 5100 4500 5800 5600 
Straw yield 

(kg/ha) 

62842.5 66150 68355 69090 66150 67620 55860 59535 62475 52920 60270 
Grain Energy 

(MJ/ha) 

47822.5 45325 47175 49025 49950 48100 44400 47175 41625 53650 51800 
Straw Energy 

(MJ/ha) 

110665 111475 115530 118115 116100 115720 100260 106710 104100 106570 112070 Total (MJ/ha) 

           Indices 

7.58 7.99 7.98 7.57 7.54 7.11 7.41 7.22 6.78 8.44 7.96 
Total energy 

efficiency 

4.30 4.74 4.73 4.43 4.30 4.16 4.13 4.03 4.07 4.19 4.28 
Grain energy 

efficiency 

3.28 3.24 3.25 3.14 3.24 2.95 3.28 3.19 2.71 4.25 3.67 
Straw energy 

efficiency 

0.29 0.32 0.32 0.30 0.29 0.28 0.28 0.27 0.28 0.29 0.29 

Energy 

productivity 

(kg/MJ) 

3.42 3.10 3.11 3.32 3.42 3.54 3.56 3.65 3.61 3.51 3.43 
Specific energy 

(MJ/kg) 

96067.24 97526.2 101070.1 102522.12 100716.2 99453.7 86743.8 91930.82 88768.8 93948.9 97991.9 
Net energy 

(kg/ha) 
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