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ABSTRACT

The main objectives of this research were to ingatt the energy use patterns, examine the greesghgas
emission and analyze the energy input—output itivattion of wheat in Gorve city, Kordestan provirafdran. For
this purpose, the data on 40 wheat production faimssorve city were collected and analyzed. Thaultes
indicated that total input energy of 42998.44 M3haas consumed for wheat production. Electricity dotl
chemical fertilizers were amongst the highest inpugrgies for wheat production. The lowest sharermdrgy
consumption belonged to human labour and biocithe. @nergy productivity was estimated to be 0.1M&g. The
ratio of output energy to input energy was appratiety 2.27. In this research, the highest valu&bliG emission
belonged to diesel fuel with (201.34 kg £@ha') of total emission and followed by Chemical femtit with (101.3
and 6.99 C@eq ha'for Nitrogen and Phosphate). The least amount ofGG#issions producer input in wheat
production was pesticides with amount of 11.47 Qfb@é of total GHG emissions. Using chemical fertilizer
(especially nitrogen) more than need led to higloant of GHG emission. Moreover, soil and water yidins are
the results of using high amounts of chemicallfeeti which makes agriculture environment unfrigndl
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INTRODUCTION

In order to maximize the efficiency of modern agtiaral technology to farms in a target region, fheming
system of the region should be first characteriespgcially to identify possible resource constsaamd to capture
the diversity of farming systems [32]. Currenthgrigultural operations have to adapt to a more aditipe
environment and consequently, use new intelligechnologies [19]. Hydroponics and greenhouse piti@uare
the way of obtaining profitable crops [22]. A sus#ble crop production system requires keepinggh-huality
harvest, while keeping energy and raw material gongion low. The agricultural sector is an impottanergy
consumer. Farmers have an option for reducing gnesg by investing in intelligent systems [12]. V@his one of
the top three most producing cereals in the woddks the second place after corn and followedids. Winter
wheat is one of the most major crops that have pé&ared in Iran. Planted area was 12.96 milliomnh2005-2006.
Cereal planted area was 9.37 (72.28%) million Haclvincludes wheat (73.24%), barely (16.73%), ya@d73%)
and corn (3.12%).Total harvested cereals in 20@% 2@ere 22.40 million tons of which wheat recordé®5.47%
followed by barely (13.20%), paddy (11.66%) andhc®.67%) respectively [3]. At least, 40% of Irawkeat is dry
with an average yield of only 0.8 tons*h&ven in irrigated farms the average yield of wihaaely exceeds three
tons h&, which is low in comparison to the world standdi2ls Global warming is one of the most importasgLies
in recent century. Global warming is the continuiige in the average temperature of Earth’s atmespland
oceans and is caused by increased concentratiogeeehhouse gases in the atmosphere, resulting titoman
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activities such as deforestation and burning ofifdsels. There is scientific agreement that glosarming poses
one of the major environmental challenges in tharu While the bulk of the so called greenhousseggd GHG)
originate from fossil fuel consumption. Burning $d<uels results in the emission of carbon diox{@€,), nitrous
oxide (NO) and methane (Cjithat act as barriers to thermal radiation andrgme it from leaving the Earth’s
atmosphere, the so-called greenhouse effect [18]a Aonsequence, the global mean temperature baeased
during the past 100 years and raised concerns glebal warming and uncertainty over future impaaotsthe
climate [23]. A reduction in greenhouse gas emissioy minimizing the quantity of fossil fuels buiattherefore
essential to arrest global warming. Although theréased use of agricultural inputs in modern fagnias resulted
in an increase in the energy inputs for fertilizexd crop protection chemicals, higher yields haxereased the
energy output per unit area and per unit of in23].[ Cetin and vardar [5] studied on differentiatiof direct and
indirect energy inputs in agro industrial produstf tomatoes. Erdal et al [7] have studied on g@nepnsumption
and economical analysis of sugar beet producti@amifjan et al [6] studied the energy and economalysis of
sweet cherry production. Alam, et al [1] studied #mergy flow in agriculture of Bangladesh for aiqa of 20
years. Satori et al [26] studied the comparisoer@rgy consumption on two farming system of coretéss and
organic in Italy. In recent years, Data Enveloptn&nalysis as a non-parametric method has becomenaal
technique in productivity and efficiency analysigpbed in different aspects of economics and mamesgye
sciences. Although within this context, severakezshers have focused on determining efficiencggricultural
units and various products ranging from cultivatiand horticulture to aquaculture and animal husharidr
example: surveying the quantity of inefficient reszes which are used in cotton production in PaimjaBakistan
[27], reviewing energy performance used in padaydpction [21] surveying improving energy efficienfoy garlic
production [25] evaluation and development of optimconsumption of energy resources in greenhousigation
in Tehran province [9] A further comparative reviefMrontier studies on agricultural products canfbund in [20,
28, 29, 30].

The main objectives of this research were to ingatt the energy use patterns, examine the greeahgas
emission and analyze the energy input—output itivaiion of wheat in Gorve city, Kordestan proviraferan.

MATERIALS AND METHODS

The research was done in Gorve city, Kordestanipcevof Iran which is located in the west of Irdine data used
in this study, has been collected form 40 wheah$ain Gorve city. A simple random sampling methaswsed to
determine survey volume and the farms were chogedomly from study region. The data included amafnt
inputs used in wheat production such as human Jabachinery, diesel fuel, fertilizers, biocide, ateity (for
irrigation) and seeds, and the yield as an oufpu. inputs and output were transformed to enengy &y multiply
their Quantity per unit area by the coefficientesfergy equivalent. For this propose the energyficoait of
previous study was used (Table 1). The inputs gneggivalents used in wheat production with ougngrgy rates
are shown in the Table 2.

Table 1 Energy equivalent of inputs and output in gricultural production

Inputs Unit  Energy equivalents Reference
A. Inputs
1. Human Labor h 1.96 (Mobtaker et al., 2010)
2. Machinery h 64.80 (Kizilaslan, 2009)
3. Diesel fuel | 56.31 (Heidari and Omid, 2011)
4. Total fertilizer kg
(a) Nitrogen kg 66.14 (Rafiee et al., 2010)
(b) Phosphate ¢®s) kg 12.44 (Mobtaker et al., 2010)
(c) Calcium kg 8.8 (Pimentel, 1980)
(d) Farmyard manure kg 0.3 (Heidari et al., 2011)
5. Biocides kg 120 (Mobtaker et al., 2010)
6. Electricity kWh 11.93 (Mobtaker et al., 2010)
7. Seed kg 14.7 (Ozkan et al., 2007)
B. Output
1. Grain wheat kg 14.7 (Ozkan et al., 2007)
2. Straw kg 9.25 (Tabatabaeefar et al. 2009)

Based on the energy equivalents of the inputs apub (Table 1), the energy ratio (energy use iefficy), energy
productivity, specific energy and net energy gaerevcalculated [18]:

Energy use efficiency Energy output (MJ ik 1)

Energy input (MJ ha )
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Energy productivity =102 outPut (kg hat ) i

Energy input (MJ ha

Specific energy £ Nergy input (MJ h?l ‘
Total output (kg ha™ )

3)
Net energy = Energy Output (MJ'IJla ) - Epyelnput (MJ hat )

The energy use efficiency is one of the indices shaw the energy efficiency of agriculture. Intgadar, this ratio,
which is calculated by the ratio of input fossiefienergy and output food energy, has been useapress the
ineffectiveness of crop production in developedntoas [31]. An increase in the ratio indicatepiovement in
energy efficiency, and vice versa. Changes in iefficy can be both short and long term, and wileofteflect
changes in technology, government policies, weathatterns, or farm management practices. By cdyeful
evaluating the ratios, it is possible to deternmtiremnds in the energy efficiency of agricultural guation, and to
explain these trends by attributing each changeutmus occurrences within the industry [31].

The amounts of GHG emission from inputs per hecteeee calculated by using G@mission coefficient of
agricultural inputs (Table 2). The amount of proei€€Q was calculated by multiplying the input applicati@te

(diesel fuel, chemical fertilizer, chemicals anddfimery) by its corresponding emission coefficighat is given in
Table 2.

Table 2 Greenhouse gas (GHG) emission coefficierdbagricultural inputs

Inputs Unit GHG Coefficient (kg C@, unit?) Reference
Machinery MJ 0.071 Taki et al, 2012b
Diesel fuel L 2.76 Taki et al, 2012b
Chemical fertilizers kg
(a) Nitrogen kg 1.3 Zhang et al, 2009
(b) Phosphate kg 0.2 Zhang et al, 2009
(c) Potassium kg 0.2 Zhang et al, 2009
Pesticides kg
(a) Herbicide kg 6.3 Zhang et al, 2009
(b) Insecticide kg 5.1 Zhang et al, 2009
(c) Fungicide kg 3.9 Zhang et al, 2009

RESULTS AND DISCUSSION

As it can be seen in the Table 2, 77.97 kg nitro@h98 kg Phosphate, 9.99 kg Calcium, 4587.50 fkfarmn
fertilizer, 72.95 | diesel fuel, 2.25 kg Biocide&60.75 kg seed, 98.47 h human labor, 21.64 h meghi2190.77
Kwh electrical energy per hectare are used forpiteeluction of wheat in Gorve city in Iran. The sage wheat
output were found to be 7325 kg hin the enterprises that were analyzed. The enemgyjvalent of this is
calculated as 97935.63MJhaThe highest energy input is provided by electri8ame results have been reported in
the literature that the energy input of chemicatilfeers has the biggest share of the total energut in
agricultural production [17, 21, 28, and 20]. Thare of each input can be seen in Fig. 1.

Table 3 Amounts of inputs, outputs and energy inpwt and output in wheat production

. Quantity per Total energy equivalent

Inputs (unit) unit area (ha) (MJ ha')
A. Inputs
1. Human labor (h) 98.47 193.00
2. Machinery (h) 21.64 1402.42
3. Diesel fuel (1) 72.95 4107.81
4. Total fertilizers (kg) 4710.44 7056.26
(a) Nitrogen (kg) 77.97 5156.94
(b) Phosphate 6©s) (kg) 34.98 435.13
(c) Calcium (kg) 9.99 87.95
(d) Farmyard manure (kg) 4587.50 1376.25
5. Biocides (kg) 2.25 270.00
6. Electricity () 2190.77 26135.93
7. Seed (kg) 260.75 3833.03
The total energy input (MJ) 42998.44
B. Output
1. Grain wheat 5537.50 81401.25
2. straw 1787.50 16534.38
Total energy output (MJ) 97935.63
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It can be seen in table 3 that the ratio of dimatl indirect energy and also the ratios of renesvanld non—
renewable energy are fairly different from eacheotlin wheat production. Erdal et al [7] investightthe
relationship between fruit yield and energy inpuged in stake tomato production under field coadgiin Tokat
province of Turkey. They reported that among thaltenergy used, 57.12% was in the form of direetrgy and
77.54% was in the form of non-renewable energy.
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Figl. The anthropogenic energy input ratios in theroduction of wheat
Table 4 Energy input—output ratio and forms in whea production

Items Unit Quantity

Direct energy MJ m? 30436.74

Indirect energ} MJ m? 12561.70

Renewable enerdy MJ 5402.27

Non-renewable enerdy MJ m? 37596.17

# Includes human labor, diesel fuel and electricity.
® Includes machinery, fertilizers, biocides and seed
Includes human labor, farmyard manure and seed.

4 Includes machinery, diesel fuel, chemical fesiliz biocides and electricity.

The energy use efficiency, energy productivity,csfie energy and net energy gain of wheat productio Gorve
city are listed in Table 4. The energy use efficiem this production was found to be 2.27. Thergyeatio is often
used as an index to examine the energy efficiemcydp production [14].

The energy ratio for some crops are reported a$o?.&heat, 4.8 for cotton, 3.8 for maize and lob $esame [4]
and 1.25 for potato [19]. The energy productivityl specific energy of wheat production was caledas 0.17 kg
MJand 5.87 MJ kd respectively. The net energy of wheat productiors f@und to be 54937.19MJ Halt
indicates that in this crop production energy isgd (net energy is greater than zero). In litagtsimilar results
have been reported [8, 16].

Table 5 Energy input—output ratio for wheat production in Gorve city

Items Unit Quantity
Energy use efficiency - 2.27
Energy productivity kg MJ™? 0.17
Specific energy MJ kg 5.87
Net energy gain MJ ha'! 54937.19

The results of greenhouse gas emission wheat pioduare shown in Table 5. The highest value of Géfdssion
belonged to diesel fuel with (201.34 kg £@ ha) of total emission and followed by Chemical fézgr with
(101.3 and 6.99 C@q hafor Nitrogen and Phosphate). Using chemical fexili(especially nitrogen) more than
need led to high amount of GHG emission. Moreoseif,and water pollutions are the results of ugiigh amounts
of chemical fertilizer which makes agriculture ewviment unfriendly. The least amount of GHG emissio
producer input in wheat production was Pesticidige mmount of 11.47 CO2eqghaf total GHG emissions (Table
5).
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Some of the investigations that have been donederdouse gas(GHG) emissions on wheat and othps @®
follows: Khakbazan et al [11] calculated the gremrde gas emissions from wheat production and folidit can
be ranged from 410 kg G€q ha' to 1130 kg CGeq ha' depending on fertilizer rate, location and seediysfem.
Kramer et al [13] calculated the total greenhouse @missions related to the Dutch crop productysiesn (potato,
grain, vegetable and.) and found that the agricallfproducts produce 1100 k ton €@ k ton NO and 0.7 k ton
CH,. The results indicated the production of 0.14Tkyyeq per kg of potato production.

Table 6 GHG emission of inputs in wheat production

Input Unit GHG coefficient (kg C@q ha) (kg CQye ha?)
Machinery MJ 0.071 99.57
Diesel fuel L 2.76 201.34

. - 1.3 for Nitrogen 101.3
Chemical fertilizer kg 0.2 for Phosphate 6.99

6.3 for Herbicide
Pesticides kg 5.1 for Insecticide 11.47
3.9 for Fungicide
Total - 1490.136 420.67
CONCLUSION

The main objectives of this research were to ingatt the energy use patterns, examine the greeahgas
emission and analyze the energy input—output itivation and vegetables in Gorve city, Kordestaavprce of
Iran. Based on the present study the followingctgsions are drawn:

1. The total energy consumption for wheat producti@s 42998.44 MJHaHighest energy consumption related to
electricity and chemical fertilizers. The lowesashof energy consumption belonged to human labodmiocide.

2. The energy use efficiency, energy productivifyecific energy and net energy for wheat productvere 2.27,
0.17 kg MJ*, 5.87 MJ kg and 54937.19 MJ hh respectively.

3. In this research, the highest value of GHG dmisbelonged to diesel fuel with (201.34 kg £ ha') of total
emission and followed by Chemical fertilizer wittDL.3 and 6.99 C®@q ha'for Nitrogen and Phosphate). The least
amount of GHG emissions producer input in wheatlpetion was Pesticides with amount of 11.47 CO2éqifa
total GHG emissions.
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