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Abstract

The aim of this study was to examine the
energy equivalents of input and output in
greenhouse cucumber production in Varamin
County of Tehran Province, Iran. A survey
methodology with a sample of 200 greenhouse
farms was employed in 2010. The results
showed that the output–input ratio, specific
energy and energy productivity were 0.017,
46.84MJ/kg and 0.02 kg/MJ, respectively. In
this sense, diesel (99.03%), human labour
(0.37%) and fertilizer (0.34%), had the highest
proportion of energy consumption. Based on
the results obtained, two strategies including
input substitution and using technical progress
were recommended for the best energy
efficiency.
Keywords: Input–output energy ratio,
Energy productivity, Cucumber, Varamin.

 وﻋﻠﯽ ﻋﻠﯿﭙﻮر ﺟﻬﺎﻧﮕﯿﺮي2ﻫﻮﻣﺎن ﻟﯿﺎﻗﺘﯽ
 داﻧﺸﮕﺎه ﺷﻬﯿﺪ ﺑﻬﺸﺘﯽ، داﻧﺶآﻣﻮﺧﺘﻪ ﮐﺎرﺷﻨﺎﺳﯽ ارﺷﺪ ﮐﺸﺎورزي اﮐﻮﻟﻮژﯾﮏ-1
 داﻧﺸﯿﺎر ﮔﺮوه ﮐﺸﺎورزي اﮐﻮﻟﻮژﯾﮏ ﭘﮋوﻫﺸﮑﺪه ﻋﻠﻮم ﻣﺤﯿﻄﯽ داﻧﺸﮕﺎه ﺷﻬﯿﺪ-2
ﺑﻬﺸﺘﯽ
 داﻧﺸﮕﺎه زاﺑﻞ، داﻧﺸﺠﻮي دﮐﺘﺮي اﮔﺮواﮐﻮﻟﻮژي-3
ﭼﮑﯿﺪه

ﻫﺪف از اﻧﺠﺎم اﯾﻦ ﻣﻄﺎﻟﻌﻪ اﻧﺪازهﮔﯿﺮي ﻣﯿـﺰان اﻧـﺮژيﻫـﺎي ورودي و
ﺧﺮوﺟﯽ در ﮔﻠﺨﺎﻧﻪﻫﺎي ﺧﯿﺎر در ﺷﻬﺮﺳﺘﺎن وراﻣﯿﻦ واﻗﻊ در اﺳﺘﺎن ﺗﻬﺮان

2010  ﻧﻔﺮ از ﮔﻠﺨﺎﻧﻪ داران وراﻣـﯿﻦ در ﺳـﺎل200  ﺑﺮ ﻫﻤﯿﻦ اﺳﺎس.ﺑﻮد
 اﻧﺮژي ﺧﺎﻟﺺ و، ﻧﺘﺎﯾﺞ ﻧﺸﺎن داد ﮐﻪ ﻣﯿﺰان ﮐﺎراﯾﯽ اﻧﺮژي.اﻧﺘﺨﺎب ﺷﺪﻧﺪ

0/02  ﻣﮕﺎژول ﺑﺮ ﮐﯿﻠﻮﮔﺮم و46/84 ،0/017 ﺑﻬﺮهوري اﻧﺮژي ﺑﻪ ﺗﺮﺗﯿﺐ
 ﻫﻤﭽﻨﯿﻦ ﻧﺘﺎﯾﺞ ﻧﺸﺎن داد ﮐـﻪ ﺳـﻮﺧﺖ.ﮐﯿﻠﻮﮔﺮم ﺑﺮ ﻣﮕﺎژول ﻣﯽ ﺑﺎﺷﺪ

( ﺑﯿﺸﺘﺮﯾﻦ%0/34) ( و اﻧﻮاع ﮐﻮدﻫﺎ%0/37)  ﻧﯿﺮوي ﮐﺎرﮔﺮي،(%99/03)
 ﺑﺮ اﺳﺎس ﻧﺘﺎﯾﺞ ﺑﻪ دﺳﺖ آﻣﺪه دو.ﺳﻬﻢ را در ﻣﯿﺰان ﻣﺼﺮف اﻧﺮژي دارﻧﺪ

اﺳﺘﺮاﺗﮋي ﺟﺎﻧﺸﯿﻨﯽ ﻧﻬﺎدهﻫﺎ در ﮐﺸﺎورزي و اﺳﺘﻔﺎده از ﭘﯿﺸﺮﻓﺖﻫﺎي ﻓﻨﯽ

.ﺑﻪ ﻣﻨﻈﻮر اﻓﺰاﯾﺶ ﮐﺎراﯾﯽ اﻧﺮژي ﭘﯿﺸﻨﻬﺎد ﺷﺪ

ﺑﻬـﺮهوري،  ﻧﺴﺒﺖ اﻧﺮژي ﻫﺎي ورودي و ﺧﺮوﺟﯽ:ﮐﻠﻤﺎت ﮐﻠﯿﺪي
. وراﻣﯿﻦ، ﺧﯿﺎر،اﻧﺮژي
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Introduction

relative to energy consumption, and outputs the

Energy use in Iranian agriculture has become

energy consumption. The input-output model

more intensive after the Green Revolution led to

reflects the relationship of the inputs and the

the increasing use of high yielding seeds,

output. For instance, Ozakan et al., (2004) used

fertilizers and chemicals as well as diesel and

the input-output model to analyze agricultural

electricity. Also, the use of intensive inputs in

energy consumption. In their study, the inputs

agriculture and access to plentiful fossil energy

included both human and animal labour,

has led to an increase in food production and

machinery, electricity, diesel oil, fertilizers and

standard of living (Adem Hatirli et al., 2006).

seeds while 36 agricultural commodities were

However, the increase of agricultural production

considered as outputs. Energy values were

relies heavily on the consumption of non-

calculated by multiplying the amounts of input

renewable fossil fuels. Since the consumption of

and output by their energy equivalents using

fossil

related

energy

results

in

direct

negative

conversion

factors.

Karkacier

and

environmental impacts, such as emissions of CO2

Goktolga (2005) have analyzed the structural

and other greenhouse gases, a sufficient supply

interdependency of the agricultural and energy

of energy along with its efficient use are needed

sectors in Turkey. The input-output model used

for an improved agricultural production system

in their study was an accounting system showing

(Stout, 1990; Mohammadi & Omid, 2010).

how economic transactions and the relationships

Accordingly, during recent years, different kinds

between agriculture and energy could be

of energy analysis have been employed to

expressed in concept (Karkacier & Goktolga,

investigate and assess energy use efficiency,

2005). The input-output model’s method largely

environmental issues and their relationship to

was dependent on the values of the inputs. The

sustainability

value of the output might be greatly changed,

in

agricultural

ecosystems

even if the values of the inputs change little.

(Beheshti Tabar et al., 2010).
One method is to use the analytic theory of

Nowadays, energy use in a high-yield agro-

the energy scenario. First, the agriculture sector

ecosystem such as a greenhouse is becoming

is divided according to the procedure or the

more energy intensive due to the use of energy-

product.

intensive inputs.

Then,

different

future

energy

Efficient

use

of

energy

consumption is forecast for each energy scenario

resources is vital in terms of increasing the

set on the basis of the procedure’s or the

production, productivity, and competitiveness of

product’s energy consumption. Finally, the

agriculture. For this aim, input–output analysis

future energy consumption is forecast for each

was usually used to evaluate energy efficiency

energy scenario (Yanzheng Lu et al., 2011). The

and the environmental impacts of the greenhouse

other method is to use the input-output model

production systems. In this sense, several

which was initially proposed by Leontief (1936).

research studies have been conducted on the

This method inputs some parameters that are

energy use pattern in greenhouse production
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using the input–output model (Ozkan et al., 2004

With regard to the sample size based on the

& Adem Hatirli et al., 2006). In this study, by

farmer population (700), and accepting a 5%

employing the input–output model, the energy

error from the mean (e) and a 95% confidence

use patterns of cucumber greenhouses were

interval (t ¼ 1.64), a sample of 200 operators

examined and an input–output energy analysis

was selected by stratified sampling in location

was performed.

under the study. For growth and development,
energy demand in agriculture can be divided into

Materials and Methods

direct, indirect, renewable, and non-renewable

Data were collected in 2010 from 200 greenhouse

energy sources (Alam et al., 2005). The energy

cucumber growers in Varamin County, Tehran

efficiency of the agricultural system was

Province using a questionnaire. This county is

evaluated according to the energy ratio between

located to the Southeast of Tehran (Fig. 1). The

output and input. Human labour, machinery,

survey was carried out in 10 villages where major

diesel oil, fertilizer, pesticide and seed rate were

production units are running.

considered as inputs and cucumber yield was

Figure 1: Map of study sites by country and by study location
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applied to estimate the energy ratio; energy

Indirect energy included energy embodied in

equivalents shown in Table 1 were used for

seeds, fertilizers, manure, chemicals, machinery

estimation. The sources of mechanical energy

while direct energy covered human labour and

used on the selected greenhouses included

diesel were used in the greenhouse cucumber

tractors and diesel oil. The energy from

production. In the end, a cost analysis of

machinery was computed on the basis of total

greenhouse cucumber production was done,

-1

fuel consumption (L ha ) in different operations.
Accordingly,

was

All analyses were carried out using the SPSS

calculated using conversion factors (1L diesel

statistical software and Microsoft Excel program

-1

2007. Also, all maps were produced using

=56.31

MJ)

the
and

energy

consumed

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

expressed

in

MJ

ha

(Tsatsarelis, 1991):

ArcView GIS software.

Energy Efficiency =

Energy Productivity =
Specific Energy =

(

(
(

/

(

/
(
)

/

/

)
/

(

)

)
/

)

(1)
)

(2)

Results
Demographic and Descriptive Characteristics

(3)

Net Energy=Energy output (MJ/ha)-Energy input (MJ/ha) (4)

of Farmers
The average age of framers was 39.47.48, and

Table 1- Energy Coefficients Used in Energy Calculation
Energy Source

Energy Coefficient

Reference

(MJ/unit)
Human labour

1.96 MJ/hr

Fertilizer
N
P
K
O

Gundogmus (2006)
60.60 MJ/kg
11.10 MJ/kg
6.70 MJ/kg
0.30 MJ/kg

Pesticide
Insecticide
Fungicide
Herbicide

Gundogmus (2006)

Gundogmus (2006)
199 MJ/kg
92 MJ/kg
238 MJ/kg

Diesel

56.31 MJ/kg

Gundogmus (2006)

achinery

62.70 MJ unit_1/h

Gundogmus (2006)

Water

0.63 MJ unit_1/h

Gundogmus (2006)

Electricity

11.93 MJ unit_1/h

Gundogmus (2006)

Cucumber

0.80 MJ unit_1/h

Ozkan et al. (2004)

Seed

1.00 MJ unit_1/h

Ozkan et al. (2004)
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their average years of farming experience were

used in agricultural production in developed

4.29 years, the average family sizes in the survey

countries according to Singh et al., (2001). Most

households were 2.02 people, and the average

of this energy was consumed in the production of

work experience of the growers was 4.29 years.

nitrogen, phosphorus and potassium fertilizers.
In

Energy

use

Pattern

in

the

Cucumber

this

study,

nitrogen,

phosphorus

and

potassium were considered as chemical fertilizer

Production Greenhouses

inputs. Fertilizer energy, including chemical

The energy consumption for greenhouse cucumber

fertilizer and manure, accounted for 0.34% of

production and its sources are presented in Table 2.

total energy inputs.

As can be seen in Table 2, 441.42 kg nitrogen,

Both the direct and indirect and renewable

385.6 kg phosphorus, 364.5 kg potassium,

and non-renewable energy forms used in

31101.66 kg manure of farm fertilizer, 205939.36 L

greenhouse cucumber

3

production

are

also

diesel fuel, 89.47 kg pesticide, 4669.2 m water,

investigated (Table 3). The results show that the

22175.55 h human labour, 107.873 h machinery,

share of direct input energy was 99.46% of the

577.78KW h electrical energy per hectare are

total energy input compared to 0.53% for indirect

employed for the cucumber production. The

energy. On the other hand, non-renewable and

average annual yield in the enterprises analyzed

renewable energies contributed to 99.54 and

-1

0.45% of the total energy input, respectively. It is

was found to be 250000kg ha .
The total energy used in various farm

clear that the proportion of non-renewable

operations during cucumber production was

energy use in the surveyed greenhouse holdings

1

11709452.43 MJ/ha , comprising 0.08% pesticide

is very high. This result indicates that the

(the share of insecticides, herbicides and

greenhouse

fungicides of total energy were 0.03%, 0% and

mainly on fossil fuels in the research area.

cucumber

production

depends

0.05%, respectively), 0.37% human labour, 0.05%
machinery, 0.34% fertilizers,0.05 % electricity,

Energy Use Efficiency (Energy ratio)

0.02% water and 99.03% diesel oil inputs.

The energy ratios in agricultural production are

As this shows, diesel has the biggest share in

closely related to production techniques, the

the total energy with 99.03%. The diesel energy

quantity of inputs used by producers and the

was mainly used for heating, operating tractors

yield level of crops along with environmental

and performing various greenhouse operations.

factors such as soil and climate. Therefore, there

These findings are consistent with the findings of

is a range of energy input and output

Adem Hatirli et al., (2006) and Ozkan et al.

relationships for the same crop depending on the

(2004). Diesel energy is followed by human

region (Yilmaz & Ozkan, 2005).

labour (0.37%). Energy for fertilizer is ranked

Energy efficiency is the most important index

third (0.34%): energy used in the production of

between all energy indices which, in this research

fertilizers accounts for about 40% of total energy

was 0.017. This index in Turkey was calculated at
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Table 2- Energy inputs, outputs and the output–input ratio in greenhouse cucumber production units of the studied area
Energy Source

Quantity used per unit

Energy equivalent

Accumulative

area (ha)

(MJ /ha)

energy (%)

22175.5

43464.07

0.37

107.8

6763.44

0.05

Nitrogen (kg)

441.4

26750.05

0.22

Phosphorus (kg)

385.6

4280.16

0.03

Potassium (kg)

364.5

2442.15

0.02

Inputs
Human labour
Machinery
Fertilizer(kg)

Manure (kg)

31101.6

9330.5

0.07

Insecticides (kg)

17.8

3560.11

0.03

Fungicides

71.58

6585.36

0.05

Herbicide

0

0

0

Diesel oil (l)

205939.3

11596441.9

99.03

Electricity (kWh)

577.7

6892.91

0.05

Irrigation water (m3)

4669.2

2941.6

0.02

0.1

0.00

11709452.43

100

Seed (kg)

0.1

Total energy input (MJ/ha)
Outputs
Yield (kg)

250000

200000

Net Energy

-11509452.4

Specific energy (MJ Kg-1)

46.84

Energy Efficiency

0.017

Energy productivity

0.02

(kg MJ-1)

Table 3- Total energy inputs in the form of direct, indirect, renewable and non-renewable energy for cucumber.
Direct energy

(MJ /ha)

%

11646798.96

99.46

62653.47

0.53

Indirect energy
Renewable energy
Non-renewable energy

52794.67

0.45

11656657.76

99.54

0.76 for greenhouse cucumber (Ozkan et al.,

efficiency was found in a few regions of central

2004), and it was calculated for Iran as 1.32 for

Varamin County because diesel has the biggest

wheat, 0.38 for cucumber and 0.47 for tomato

share in the total energy, at 99.03%, and it is a

(Beheshti tabar et al., 2010). It was 0.96 for

very important input in the region. Therefore this

cherries in Turkey (Halil Kizilaslan, 2011).

indicator was good only in a few regions in this

In Figure 2, the highest level of energy

area.

1391  ﭘﺎﯾﯿﺰ،  ﺷﻤﺎره اول،ﻋـﻠـﻮم ﻣﺤـﯿـﻄﯽ ﺳﺎل دﻫﻢ
ENVIRONMENTAL SCIENCES Vol.10, No.1, Autumn 2013

¡ 84 ¡

Figure 2. Map of energy use efficiency in the study area (scale of map 1/250000).

Specific Energy

research studies done on greenhouse tomato, the

Specific energy is an index which shows how

index has been calculated at 12/380 MJ kg-1

much energy has been used to produce a single

(Adem, 2006). In Figure 3, the highest amount

unit of a disposable product. In this study, the

of specific energy was in a few of the northern

aforementioned index has been calculated at

and eastern regions of Varamin County because

46.84 MJ kg-1 which demonstrated the quality of

these areas were well situated of the amount of

poor output rather than input in the farm. In the

consumption of energy.

Figure 3. Specific energy map of the study area (scale of map 1/250000).
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Energy Productivity

1. The energy input

use

on

greenhouse

The energy productivity (EP) has shown an

cucumber was 11709452.43 MJ/ha. In this,

increasing trend reecting increasing energy

the energy input of diesel oil (99.03%),

efciency, at 0.02 kg/MJ having been calculated

human labour (0.37%) and fertilizer (0.34%)

previously at 0.27 kg/ MJ in Iran for some plants

were the major contributors of total energy

(Beheshti tabar, 2010). In Figure 4 the highest

use in greenhouse cucumber production, with

amount of energy productivity was in a few

diesel having by far the biggest share in the

central and western regions of Varamin County.

total energy. These findings are in accordance
with the findings of Adem Hatirli et al.,

Conclusion

(2006) and Ozkan et al., (2004), who asserted

The agro-ecosystem is both a producer and a

that the diesel energy is mainly used for

consumer of energy, and the energy flows among

heating, operating tractors and performing

various agricultural subsystems within a country

various greenhouse operations.

or region can significantly influence energy-use

2. Average annual yield of the greenhouses

efficiency, productivity, food security, and

investigated was 250000kg ha-1, and the total

ecosystem sustainability (Caoa et al., 2010). In

energy output calculated was 200000 MJ

this

ha_1. The results indicate that total energy

paper,

we

estimated

total

energy

productivity, using an input–output model, and

output

on

greenhouse

cucumber

measured output–input energy, specific energy

Varamin is higher than the average values of

and energy productivity. Accordingly, the results

total energy output in Iranian agriculture

showed that:

overall (36876 MJ ha_1) as reported by
Beheshti Tabar et al., (2010).

Figure 4. Energy productivity map of study area (scale of map 1/250000).
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from

3. The

energy

output/input

ratio

in

the

production of cucumber greenhouse was

several options were recommended for the
reduction of energy use:

found to be 0.017. This value is lower than
the average values for the output/input ratio

Input substitution in agriculture

in Iranian agriculture (1.07) and revealed that

Agricultural energy consumption can also be

production techniques, the quantity of inputs

reduced with existing technologies through the

used by producers and the yield level of

substitution of inputs (Edwards et al., 1996).

crops, along with environmental factors such

Possible input substitution options involve the

as soil and climate, are far from a sustainable

use of high-productivity varieties of crops to

condition. Given the highest share of diesel

increase energy output-input ratios, fertilization

(99.03) in energy input, the use of renewable

(Tzilivakis et al., 2005), (Deike et al., 2008), and

energy rather than diesel would reduce the

the level of mechanization (Nkakini et al., 2006);

input energy and, as a result, the energy

the early retirement of fuel inefficient machinery

output/input ratio will be raised.

and the use of circulation fans to achieve a

4. The Specific energy (energy intensity) was

consistent environment with minimized energy

calculated at 46.84MJ/kg which was higher

inputs can also be helpful (ECG091, 2004). New

than the average amount of energy required

policy approaches, such as replacing fossil fuels

to produce 1 kg of crop (3.69 MJ) in Iran.

with more renewable energy (Ozkan et al.,

Therefore, it can be argued that the

2004),

environmental effects associated with the

producers to undertake energy efficient practices

production of greenhouse cucumber are

for increasing yield without diminishing natural

greater than the optimum intensity of land

resources.

and crop management from an ecological
point of view.
5. The energy productivity was 0.02 kg/MJ
which was lower than that of the average
energy productivity for Iran agriculture
according to Beheshti Tabar et al., (2010)
who reported the value of 0.27 as the average
energy productivity of farms in Iran.

were

also

recommended

to

force

Technical progress in agriculture
Technical progress can be achieved with respect
to the energy efficiency of all major inputs. To
this end, the principal strategies available include
more efficient fertilizer application, better use of
diesel fuel, more efficient machinery (Glancey
and Kee, 2003), more efficient heating systems
(Sakellarious- Makrantonaki et al., 2007) and the

The results of the sensitivity analysis for
indicators revealed that high input energy to the
system was the main cause for low ratings of
energy indicators. In this sense, as Schneider and
smith (2009) asserted two strategies including

use of more efficient heating equipment for
reducing wasted energy.
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