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Abstract: The aim of this study was conducted to essay energy use efficiency in the maize production systems
in Kermanshah province of Iran in summer 2010. For this study data was collected using questionnaires and
face to face interview with 72 farmers. Results showed that the average application of N and P were 300 and
250 Kg/ha, respectively. Total inputs energy in maize production systems was 26917.47 MJ/ha. Energy
efficiency (output-input ratio), energy productivity, net energy, water productivity and water-energy
productivity together was 3.5 and 0.2 Kg/Mj, 67582.53 Mj/ha, 1.2 Kg/m3 and 0.047 g (mG3/Mj), respectively.
Total energy input reduces 6331.66 Mj/ha by optimization of energy consumption pattern. It was concluded
that extension activities are needed to improve the efficiency of energy consumption in maize production.
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INTRODUCTION

The high rate of population growth and reducing the
extent of fertile land due to the increasing development of
urban and industrial areas induce more efficient use of
existing facilities. The effective and efficient use of
limited resources like water, soil and human power that
are of particular importance to provide food requirements
for people in developing countries, including Iran
(Monjezi et al., 2011). In the developed countries, an
increase in the crop yield was mainly due to an increase
in the commercial energy inputs in addition to improved
crop varieties (Faidley, 1992). Generally, land
productivity is measured as the total measure of crop
productivity. The yield that is the amount of crop
produced per unit area (Kg/ha), has been considered as
the total measure of productivity (Singh et al., 2003). 

Agriculture is both a producer and consumer of
energy. It uses large quantities of locally available non-
commercial energies, such as seed, manure and animate
energy and commercial energies directly and indirectly in
the form of diesel, electricity, fertilizer, plant protection,
chemicals, irrigation water and machinery (Kizilaslan,
2009). Similarly, the energy use efficiency (output energy
to input energy ratio) and specific energy, i.e., input
energy to yield ratio (MJ/Kg) of farmers in crop
production systems are indices, which can define the
efficiency  and  performance  of farms (Acaroglu, 1998;

Omid et al., 2010). Many experimental studies have been
conducted on energy use in agriculture (Canakci and
Akinci, 2006). Cetin and Vardar (2008) studied on
differentiation of direct and indirect energy inputs in agro-
industrial production of tomatoes. Erdal et al. (2007) have
studied on energy consumption and economical analysis
of sugar beet production. Demirjan et al. (2006) studied
the energy and economic analysis of sweet cherry
production. Alam et al. (2005) studied the energy flow in
agriculture of Bangladesh for a period of 20 years.

Maize is one of the most important crops that have
consequential effects on animal feeding. LP models are
often built for use in one location and are not usually
transferable  to  other  agricultural  environments (Kline
et al., 1988). Maize is the major crop in Iran. The land
area under Maize production in Iran is about 239505 ha
which produces 2140958 tonnes of Maize in 2010
(Anonymous, 2010).

The relation between agriculture and energy is very
close. Agriculture itself is an energy user and energy
supplier in the form of bioenergy (Ozkan et al., 2004).
Efficient use of energy is an important indicator of
agricultural sustainability. Energy use in agricultural
production becomes more intensive. Practices such as
irrigation, chemical fertilizer application, heavy
machinery use and heated greenhouses consume large
amounts of energy (Pimentel, 2006).
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Bender et al. (1984) generalized linear programming
model is presented which can be used to optimize
agricultural production systems by evaluating the time-
varying competition between crops for land, labor and
machinery. Audsley (1981) developed a linear
programming model for the use of researchers or
engineers developing new machines and techniques. The
model assesses, within a range of farm conditions, the
economic and technical bounds within which a machine
must operate, if it is to be commercially viable. The
model is also useful for looking at different management
strategies for individual farms. In Sartori et al. (2001) the
use of linear programming was proposed in formulating
mathematical models for optimizing the quantity of
residue at harvest and of the production of energy present
in the residues. Results showed that the models have
strength as a tool to choose the sugar cane varieties.

Mixed-integer linear programming models were
constructed from farm management data, therefore, to
examine the viability of biofuel production systems on
four typical U.K. farm types (Jones, 1986). Suparaporn
(1991) developed a model of linear programming to
determine the yield needs in crops on some farms in India.
This model was compared with the real production plan.
The linear programming in addition to its application in
quantifying the needs of the crops, resulted in an increase
of 318, 37% in the net income. Whitson et al. (1981)
utilized a linear programming approach for the selection
of machinery to evaluate crop alternatives of grain
sorghum, cotton, soya bean and maize in Texas under
weather risk.

In 1993 a model of linear programming was
developed for maximizing the net income of the
agricultural sector for sugar-alcohol industries. The model
was able to describe and simulate the agricultural system
of any sugar and/or alcohol mill, thus providing an
instrument for optimization of management decision
making, useful for operational planning, selection of
machinery and varieties and in other management
processes in agriculture (Soffner et al., 1993). Although
good results were obtained with this model, it did not take
into consideration the facet of residue reduction, which is
the present concern preoccupation. Ismintarti and
Susmiadi (1996) developed a model of linear
programming with the purpose of optimizing the
utilization of available resources at the mill. Form the
results obtained, the mill functioned below its maximum
capacity, resulting in high losses in its net income.

Several researchers have worked with linear
programming with a single objective (Joshi et al., 1991)
and in the majority of cases that objective has been
minimization of total cost. Others such as Ramanathan
(1995) had handled the optimization problem with an
additional objective function such as maximization of
revenue return or maximization of overall efficiency. Jana
and Chattopadhyay (2005) offers a model which attempts
to optimize the direct energy use for different operations

in the agricultural sector, taking into consideration certain
objective functions against a set of constraints. The
exercise is essentially the application of multi-objective
fuzzy linear programming techniques in which efforts are
made to arrive at a compromise solution among the
objectives in a fuzzy environment. This model is capable
of accommodating the needs at local level to provide
solutions which are sectorally, spatially and sectionally
realistic.

The objective of the present study was to analyse
energy flow and examine energy use efficiency in maize
production system. This can exert positive effects on
managing agro-ecosystems in a way to realize
sustainability in agriculture. 

MATERIALS AND METHODS

Kermanshah province has 1.54% of total area of the
country and is located in the west of Iran, within 34º 41!
latitude and 46º 75! longitude. The total area of this
province is 2499800 ha and the farming area is 880095
ha. Maize is the important agricultural commodity in
Kermanshah province. In 2010, the maize was planted in
19141 ha of this province under irrigated conditions and
produced about 215445 tonnes with a share of 7.99% of
the Iran total production (Anonymous, 2010).

In this study, maize growers were surveyed in
Kermanshah province. Maize growers were surveyed in
14 Villages from Kermanshah province. The size of each
sample was determined using Eq. (1) derived from
Neyman technique (Yamane, 1967):
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where, n is the required sample size; N is the number of
holdings in target population; Nh is the number of the
population in the h stratification; Sh is the standard
deviation in the h stratification, Sh

2 is the variance of h

stratification; d is the precision where  is the y y
reliability coefficient (1.96 which represents the 95%
reliability); D2 = d2/z2. For calculation of sample size,
criteria of 5% deviation from population mean and 95%
confidence level were used. Thus, the number of 72 was
considered as sampling size and these 72 farms were
selected randomly. In maize production agro-ecosystems
of this region input energy sources included human labor,
machinery, diesel fuel, fertilizers (N, P), chemicals,
irrigation water and seeds; while output energy sources
was maize grain yield. In this study energy use efficiency,
energy productivity, net energy, water productivity and
water-energy productivity together were determined
applying standard Eq. 2 of 6 (Singh et al., 1997; Burnett,
1982; Maddal et al., 2002; Khan et al., 2008).
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Table 1: Energy equivalents of input and output in maize production systems
Equipment /inputs Unit Energy equivalents References
A. Inputs
Human labor H 1.96 (Bojaca and Schrevens, 2010)
Machinery H 62.70 (Erdal et al., 2007; Esengun et al., 2007)
Diesel fuel L 47.80 (Kitani, 1999)
Chemical fertilizer Kg
Nitrogen 64.40 (Pimentel, 2006; Mobtaker et al., 2010; Yilmaz, et al., 2005; Mohammadi et al., 2010)
Phosphate (P2O5) 11.60 (Ozkan et al., 2004)
Chemical Kg 114.00 (Ozkan et al., 2004)
Water for irrigation M3 0.63 (Esengun et al., 2007; Hatirli et al., 2006)
Seed Kg 17.50 (Singh, 2000)
Output
Maize Kg 17.50 (Singh, 2000)

Energy use efficiency = [Output Energy (Mj/ha)]/[Input
Energy (Mj/ha)] (2)

Energy Productivity = [Grain yield (Kg/ha)]/[Input 
Energy (Mj/ha)] (3)

Net Energy = Ouput Energy (Mj/ha)!Input Energy 
(Mj/ha) (4)

Water Productivity = [Grain Yield(Kg/ha)]/[Water 
used(m3/ha)] (5)

Water-Energy Productivity = [Grain Yield(Kg/ha)] 
/[Water used(m3/ha)×input
Energy(Mg/ha)] (6)

The input and output were calculated per hectare and
then, these input and output data were multiplied by the
coefficient of energy equivalent. The data was
transformed to energy term by appropriate energy
equivalent factors given in Table 1.

In order to optimization of energy productivity linear
programming was used. Linear programming is the most
powerful technique that can resolve various issues with
regard to the conditions apply. A linear programming
model has objective function and constrains. Objective
function is a mathematical function that consists of
decision variables and shown with (Z). It is indicator of
model Objective. This function represents maximize
utility or minimize the cost as following (Sidho et al.,
2004):

Max Z = f(xj) j = (1, ..., n) (7)

OR

Min Z = f(xj) j = (1, ..., n) (8)

Z = C1X1+C2X2+...+CnXn (9)

Constrains consisting of an equation or no equation
from decision variables that express the limitations of the
model or decision in order to research the model
objectives and shown with (C). 

Status of decision variables is similar to one of two
following case:

xj$0                  j = (1, ..., n) (10)

Or free mark decision variable (xj) that can be in the
case of positive values, negative or zero.

Constrain include all limitation can be met on each
inputs consumption or yield production. Constrains are as
follows;

xj$0                    j = (1, ..., n) (11)

am1X1+am2X2+...+amnX1+(#OR$OR = )bm

X1, X2..., Xn+$0 OR (freemark decision variables)

In this study with linear programming and
considering all the conditions and limitations the optimal
pattern were determining. Solving of problem was done
by the WINQSB software.

Objective function and constrains: Generally, inputs
used in maize production in this region was divided into
8 groups including that: labor (x1), machinery (x2), diesel
fuel (x3), N fertilizer (x4), P fertilizer (x5), chemical (x6),
seed (x7) and water for irrigation (x8). In this study
objective function is maximizing energy productivity.
One of the ways for the maximizing energy productivity
is minimizing amount of energy input. Objective function
is equal to;

Z = Maximize Ep = Maximize i = (1, 2, ..., 8) (12)
y

x ei i

Z = Minimize Ein = Minimize 3xiei    i = (1, 2, ..., 8) (13)

xiei$ei (14)

xi$Ai (15)

ei$0 (16)

Z = Minimize(1.96xi+62.7x2+47.8x3+64.4x4+11.6x5

114x6+17.5x7+0.63x8) (17)

where, EP is energy productivity, Ein is total energy input,
xi is amount of used input, Ai is the minimum amount
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recommended, ei is energy equivalent of xi and x1, x2, x3,
x4, x5, x6, x7 and x8 is quantity of labor, machinery, diesel
fuel, N fertilizer, P fertilizer, chemical, seed and water for
irrigation, respectively.

Constrains result from regional conditions, expert
analysises and production system by interview with
growers and including:

C1: 58.7#x1#109.2 (18)

C2: 10.7#x2#25.6 (19)

C3: 88.3#x3#169 (20)

C4: 102#x4#221 (21)

C5: 46#x5#92 (22)

C6: 2.5#x6#7 (23)

C7: 14#x7#30 (24)

C8: 38.20#x8#5500 (25)

C9: x1+x2$115 (26)

C10: x4+x5+x6$270 (27)

C11: x6+x7$27 (28)

RESULTS AND DISCUSSION

Analysis of input-output energy use: The number of 72
farms  was  considered as sampling farms and the inputs

used and output in maize production systems in the
studied area and their energy equivalents with output
energy rates are shown in the Table 2.

Total energy requirement for producing the maize
crops was 26917.47 MJ/ha. Among the different energy
sources N fertilizer was the highest energy consumer. The
average use of the N fertilizer was 300 Kg/ha in the maize
production it is a common belief that increased use of
fertilizer will increase the yield. Because of the high N
fertilizer used in the production systems had the big
values of 13717.20 MJ/ha. The other inputs applied in the
growing process in the surveyed area and percentage of
each input of the total energy inputs are shown in Table 2.
The share of important energy inputs of total inputs
energy are shown approximately in Fig. 1.

The energy input (Table 3) of chemical fertilizer (N
and P) had the biggest share (56% approximately) of total
energy inputs. After that diesel fuel, water for irrigation,
machinery, pesticide, seed and human labor were 26, 10,
2, 4, 1 and 1% approximately, respectively. Table 4 shows
the energy indicators of maize production agro-
ecosystems. The energy use efficiency, energy
productivity, water productivity, water-energy
productivity and net energy together were 3.5, 0.2 Kg/ha,
1.28  Kg/m3,  0.04  g   (m-3/MJ)   and   67582.5   MJ/ha,
respectively. Energy use efficiency in Turkey for maize
production recorded 3.66% (Kitani, 1999). Energy
productivity was 0.2 Kg/MJ. This means that produced
maize grain yield per input energy unit was 0.2 Kg. Also,
Net energy per hectare, in this study for maize production
agro-ecosystems was 67582.53 MJ per ha. Water
productivity was 1.28 Kg/M3. This means that produced
maize grain yield per 1 m3 of water was 0.2 Kg. Water-
energy  productivity  together  was  0.047 g/M3/MJ. This

Table 2: Energy equivalents of input and output in maize production systems in Kermanshah
Input/output Quantity per unit area (ha) Total energy equivalents (MJ/ha) Percentage of total energy (%)
A. Inputs
Human labor (h) 81.50 159.74 0.59
Machinery (h) 17.73 1111.67 4.13
Diesel fuel (L) 147.00 7026.60 26.10
Chemical fertilizer (Kg)
 Nitrogen  213.00 13717.20 50.96
 Phosphate (P2O5) 115.00 1334.00 4.96
Pesticides (Kg) 4.80 547.20 2.04
Seed (Kg) 21.00 367.50 1.37
Water for irrigation 4212.00 2653.56 9.86
Total energy input (MJ) 26917.47 100.00
Output
Maize 5400 54639.90 100.00
Total energy output (MJ) 54639.90 100.00

Table 3: Optimized amount of energy inputs and energy saved
Input Optimize quantity Total energy equivalent Percentage of total energy (%)
Human labor (h) 104.3 204.43 0.99
Machinery (h) 10.7 670.89 3.26
Diesel fuel (Lit) 88.3 4220.74 20.50
Nitrogen fertilizer (Kg) 175.51 1302.20 54.90
Phosphor fertilizer (Kg) 92.0 1067.20 5.18
Pesticide (Kg) 2.5 285.00 1.38
Seed (Kg) 24.5 428.75 2.08
Water for irrigation (m3) 3820.0 2406.60 11.69
Total energy input 20585.81 100
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Fig. 1: Share of important energy inputs of total input energy

Fig. 2: Share of important energy inputs of total input energy

Table 4: Indicators of energy use in maize production systems
Indicators Quantity Unit
Inputs energy 26917.470 MJ/ha
Output energy 94500.000 MJ/ha
Grain yield 5400.000 Kg/ha
Energy use efficiency 3.500 %
Energy productivity 0.200 Kg/MJ
Water productivity 1.280 Kg/M3

Water-energy productivity  0.047 g (m-3/Mj)
Net energy 67582.530 MJ/ha

Table 5: Indicators of energy use in maize production systems
Indicators Quantity Unit
Inputs energy 20585.800 MJ/ha
Output energy 94500.000 MJ/ha
Grain yield 5400.000 Kg/ha
Energy use efficiency 4.590 %
Energy productivity 0.260 Kg/MJ
Water productivity 1.410 Kg/M3

Water-energy productivity 0.068 g (M-3/Mj)
Net energy 73914.190 MJ/ha

means that produced maize grain yield per unit of water
and unit of energy was 0.047 g.

Optimization energy consumption pattern: For
optimizing of energy consumption pattern WINQSB

Software was used. To solving the problem an objective
function with constraints was designed. Solving of
problem was done by Simplex method. Results of
optimization energy consumption pattern were shown in
Table 3. The share of important energy inputs of total
inputs energy are shown approximately in Fig. 2.

By optimization of energy input reduced 440.78,
2805.86, 2415, 266.8, 262.2 and 246.96 MJ/ha in
machinery energy, diesel fuel, nitrogen fertilizer,
phosphor fertilizer, pesticide and water for irrigation
respectively and increasing 44.69 and 61.25 MJ/ha in
human labor and seed respectively. 

In this status (Table 5) total energy input reduce
6331.66 MJ/ha and energy efficiency, energy
productivity, net energy, water productivity and water-
energy productivity were 4.59 and 0.26 Kg/MJ, 73914.19
MJ/ha, 1.41 Kg/M3, 0.068 g/m3/MJ, respectively.

CONCLUSION

In this study, the energy flow of maize production
systems in Kermanshah province, western part of Iran has
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been investigated. Total energy consumption in maize
production was 29307.74 MJ/ha. The energy input of
chemical fertilizer had the biggest share (56%) of total
energy inputs. Results shows that reduce in chemicals
fertilizer consumptions are important for energy saving
and decreasing the environmental risk problem in the
area. By optimization of energy input total energy reduces
to 6331.66 MJ/ha. The results of this study indicate that
in order to optimize energy pattern machinery energy,
diesel fuel, nitrogen fertilizer, phosphor fertilizer;
pesticide and water for irrigation must be reduce while
human labor and seed energy must be increase.
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