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ABSTRACT

I

n current study, energy and economic analysis of rice production was
assessed in Chardavol and Badreh, two towns in western part of Iran.
A face-to-face questionnaire was used for collecting data from 40
farmers. Energy indices including energy use efﬁciency, energy
productivity, specific energy, pure performance, and different forms of
energy including direct, indirect, renewable, and non-renewable were
analyzed. The Cobb-Douglas production function was used to represent
the relationship between the energy inputs and outputs. The results
showed that the total energy input in Chardavol and Badreh accounted
for 28594.75 MJ/ha and 25865.6 MJ/ha, respectively. It was observed
that the substantial amounts of energy consumption belonged to
irrigation, fuel, and fertilizers. The energy output/input ratios showed
that management of resources in Chardavol (5.63) was more effective
than Badreh (3.31). On average 44.61% and 38.51% of energy input in
Chardavol and Badreh were non-renewable. The results of using CobbDouglas production function showed that in Badreh, the elasticity of
inputs including human labor, fuel, manure, chemicals and irrigation had
a positive impact on rice productivity while the elasticity of machinery,
fertilizers, and seed inputs had a negative implication.
Key words: Rice; Energy modelling; Sensitivity Analysis; Cobb-Douglas function

1. Introduction
The growing need of the world to agricultural
products has motivated the researchers to study and

manage the energy consumption economically (Tasri
and Susilawati, 2014). Energy use efficiency in
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agricultural production is of high importance
because of associated environmental effects and the
cost of inputs (Nabavi-Pelesaraei et al., 2014).
Therefore, increasing the efficiency of the used
energy in agriculture is one of the main goals of
researchers in combating rising energy costs,
depletion of natural resources and environmental
deterioration (Safa et al., 2011).
On the other hand, the ever-increasing agricultural
goods production requires a massive application of
machinery, fertilizers, pesticides and other natural
resources (Azizpanah et al., 2015a). The higher the
energy use, the more are the threats for human
health and environment. Therefore, productive
energy use would minimize the environmental
issues, avoid the degradation of natural resources,
and boost sustainable agricultural measures in an
economical production system (Azizpanah et al.,
2015b; Kazemi et al., 2015). Thus, the final rate of
energy used in agricultural activities depends on
various environmental factors including soil and
climatic conditions, amount of inputs and techniques
employed in production.

Dey, 2014; Mandal et al., 2002; Mehmeti et al.,
2016; Tabatabaie et al., 2013a; Tabatabaie et al.,
2013b). Khan et al., (2010) studied the energy
consumption pattern and economic efficiencies for
wheat, rice and barley crop production system in
Australia. They observed that wheat was most
efficient product in comparison to rice and barley,
but it was seen that the highest water productivity
obtained for barley crop. They reported that the
highest ratio of benefit-cost was achieved in rice
farms as compared to wheat and barley. PishgarKomleh et al,. (2011) economically analyzed rice
production in northern part of Iran and studied the
energy input-output relationship under different
farm levels. The results showed that fuel and
machinery energy inputs contributed remarkably to
the yield. Also, they reported that larger farms
benefitted from more efficient management, and
they were economically more successful in energy
use. Nabavi-Pelesaraei et al., (2014) studied energy
consumption in rice production in the northern part
of Iran. They used data envelopment analysis for
optimizing energy inputs and decreasing greenhouse
gas emission. Their work revealed that the largest
contribution to greenhouse gas reduction obtained
from the diesel fuel consumption of efficient units.
Kazemi et al., (2015) analyzed and compared the
energy use pattern of rice production among three
different Northern provinces of Iran. They reported
that the most important differences among the
amount of energy consumptions in three provinces
were descended from diesel fuel, chemical
fertilizers.

The second highest rate of grain production in the
world belongs to rice (Pishgar-Komleh et al., 2011).
In Asia, most of families consume rice in each daily
meal. Also in most countries, rice supplies more than
70% of human caloric intake (Pishgar-Komleh et al.,
2011). Rice as a main crop plays an important role in
Iran as well. Iran by importing about 1.7 Mt is the
second top importer of rice after Philippines
(Pishgar-Komleh et al., 2011). In the year 2013, the
average performance of rice varieties in Iran
accounted for 4354 kg/ha. Ilam province with 13471
tonnes rice production had the performance of
about 4513 kg/ha (Ministry-of-Agriculture-Jihad,
2014). Rice production in Ilam is important because
farming is the dominant profession of people in the
province, so they are highly dependent on rice
production profit.
A remarkable number of studies has been performed
on energy use analysis of agricultural commodities
production (Akcaoz et al., 2009; Bhattacharjee and

In this context, it is urgent to assess the energy
consumption of paddy production. As far as the
authors know, there is no report on energy and
economic analysis of rice production in Ilam
province. In this study, the objective was to
economically analyze energy use pattern of rice
production in two regions of Ilam province. Also, the
article aimed at developing mathematical models for
determining the relationship of inputs and outputs.
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2. Materials and Method

the energy of machinery, the weight of tractor,

The study was performed in two regions of Ilam

machinery lifetime and tractor working hours should

province, Iran. These regions namely Chardavol and

be considered. Then, based on the machinery

Badreh are the dominant parts of cultivating rice in

lifetime and working period, the consumed energy

the province. This province is in the western part of

was determined in hectares per kilogram. To this

Iran with the latitude of 33°36' north and the

reason, it was supposed that the consumed energy

longitude of 46°36' east. The data were collected

has been perished for the rice production (Bockari-

from face-to-face questionnaire and interviewing 40

Gevao et al., 2005). The fuel energy was determined

farmers growing rice in the production season of

by the equation extracted from Safa et al., (2011).

2016. The farm owners were randomly selected and

The indirect energy per unit area for other

were given the questionnaires (Safa et al., 2011).

production inputs including seed, fertilizer and

The questions of questionnaire covered all the input

pesticide was assessed by the proposed equation by

energy resources of rice production such as human

Bockari-Gevao et al., (2005). To figure out the water

labor, machinery, diesel fuel, fertilizers, farmyard

energy equivalent, the relation stated by Baruah and

manure, chemicals, and seeds as inputs, rice yield

Dutta (2007) was utilized. Ultimately, the overall

and strawas outputs, age, level of knowledge, and

energy intensity was assessed as the fraction of the

the experience of farmers (Nabavi-Pelesaraei et al.,

energy output intensity on the energy input intensity

2014). The raw data were the responses of the farm

(Bockari-Gevao et al., 2005). If the amount of overall

owners which were imported to the Excel software.

energy is greater than one, the production system

Then, the energy parameters and equivalents were

has gained energy, otherwise it has lost energy.

calculated using the equations that are presented in

2.2 Energy equivalents of inputs and outputs

the following sections.
To assess the equivalent amounts of inputs, the
2.1 Calculation of parameters

coefficients of energy equivalents proposed in the

Energy analysis was carried out by computing the

previous reports were used. Table 1 illustrates the

direct (human labor, water and diesel fuel) and

quantity of inputs used per hectare and the total

indirect (machinery,fertilizer, chemicals, and seed)

energy equivalent of each input. These were

energy sources involved in the production process.

calculated by multiplying the amount of input into

To determine the sample size with a randomized

the relevant coefficient of energy equivalent. As

sampling method, the equation proposed by Yamane

shown in the table, the total energy inputs were

(1967) was used. The energy of human labor in unit

about 32179 MJ/ha and 28689 MJ/ha for Chardavol

area was assessed using the equation used in

and Badreh and the total energy outputs amounted

previous reports (Ozkan et al., 2004). For calculating

to 76692 MJ/ha and 39647 MJ/ha for Chardavol and
Badreh, respectively.
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Table 1: Energy coefficients and equivalents for the inputs and outputs in rice production

Input (unit)

Energy

Total energy equivalent

equivalent(MJ

(MJ ha-1)

Reference

unit-1)

Chardavol

Badreh

Human labor (h)

1.96

467

371

Singh et al., (1994)

Machinery (h)

62.7

1144

961

Mousavi-Avval et al., (2011)

Diesel fuel (l)

56.31

5312

2970

Yilmaz et al., (2005)

Nitrogen (kg)

66.14

3270

4183

Yilmaz et al., (2005)

Phosphate (kg)

12.44

544

419

Esengun et al., (2007)

Chemicals (kg)

120

399

348

Mohammadi and Omid (2010)

Water (m /ha)

0.63

14947

13889

Hülsbergen et al., (2001)

Manure (kWh)

0.3

227.49

695.7

Yilmaz et al., (2005)

14.57

2266

1993

Ozkan et al., (2007)

32179

28689

3

Seed (kg)
Total
Output (unit)
Rice (kg)

14.7

51724

26773

Kazemi et al., (2015)

Straw (kg)

12.5

24969

12875

Kazemi et al., (2015)

76692

39647

Total

ln 𝑌𝑖 = 𝛼 + ∑𝑛𝑗=1 𝛼𝑗 ln 𝑋𝑖𝑗 + 𝑒𝑖

2.3. Energy modelling

i = 1,2, …,n

(2)

In order to determine the relationship of energy
inputs and outputs, the Cobb-Douglas production

where Yi stands for the yield of ith farmer, Xij is the

function was utilized as it embodies benefits

energy equivalent of inputs, a is a constant term, aj

including

continuity,

is a coefficient for each input determined by the

drivability, and positivity (Troujeni et al., 2018).

model, and ei is the error. As the previous authors

Cobb-Douglas function parameters represent the

assumed, in case of no input energy the output

elasticity of production inputs as well as indicate the

energy is also zero, the previous equation is reduced

necessity of using each input. The relation is

to the following equation:

homogeneity,

simplicity,

expressed as below (Nikkhah et al., 2016):
𝑌 = 𝑓(𝑋)𝑒𝑥𝑝(𝑢)

𝑛

(1)

This relation can be linearized into the following

ln 𝑌𝑖 = ∑ 𝛼𝑗 ln 𝑋𝑖𝑗 + 𝑒𝑖

(3)

𝑗=1

Hence, the equation was expressed as:

relation:
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𝐿𝑁 𝑌𝐼 = 𝛼0 + 𝛼1 𝑙𝑛𝑥1 + 𝛼2 𝑙𝑛𝑥2 + 𝛼3 𝑙𝑛𝑥3

(4)

discrimination coefficient of R2 was figured out. Also,

+ 𝛼4 𝑙𝑛𝑥4 + 𝛼5 𝑙𝑛𝑥5

for analyzing the amount of change in the output

+ 𝛼6 𝑙𝑛𝑥6 +𝛼7 𝑙𝑛𝑥7 +𝛼8 𝑙𝑛𝑥8

with respect to the changes of inputs, the rate of

+ 𝑒𝑖

return to scale (RTS) was utilized (Soltanali et al.,
2016). Ultimately, using the relations 7 and 8, the

To measure the influence of production factors and
inputs on the yield, the above function was used in
the form of a regression function. In this relation, xi’s
are the influential factors or inputs on the yield, and
ai’s are coefficients or elasticity of production factors

sensitivity analysis of energyinputs were evaluated
(Hatirli et al., 2006).
𝐴𝑃𝑃𝑥𝑗 =

𝐺𝑀(𝑌)
𝐺𝑀(𝑋𝑗)

(7)

𝑀𝑃𝑃𝑥𝑗 =

𝐺𝑀(𝑌)
× α𝑗
𝐺𝑀(𝑋𝑗)

(8)

or inputs, and Y is the rice yield. The eight factors
which were employed based on econometrics
principles include the constant 𝛼0 , human labor (x1),

where APPxj is the average physical productivity of jth

machinery (x2), fuel (x3), fertilizers (x4), manure (x5),

input, 𝑀𝑝𝑝𝑥𝑗 themarginal physical productivityof jth

chemicals (x6), irrigation water (x7), and seed(x8).

input, GM (Y) the geometrical mean of yield, GM

Also, the effects of direct, indirect, renewable, and

(𝑋𝑗) geometrical mean of jth input, and αj the

nonrenewable

elasticity of jth input. As a whole, in this research

energies

on

the

yield

were

investigated using the equations 5 and 6.

there are one dependent variable and seven

𝐿𝑁 𝑌𝐼 = 𝛽0 + 𝛽1 ln 𝐷𝐸 + 𝛼𝛽2 ln 𝐼𝐷𝐸 + 𝑒𝑖

(5)

𝐿𝑁 𝑌𝐼 = 𝛾0 + 𝛾1 ln 𝑅𝐸 + 𝛾2 ln 𝑁𝑅𝐸 + 𝑒𝑖

(6)

independent variables. All evaluations and analyses
were carried out in SPSS software (IBM SPSS
statistics, 20.0.0).

where Yi is the ith farm performance, 𝛽0 and 𝛾0 are
constants,

βi

andγi

are

the

coefficients

of

independent variables, and DE, IDE, RE, and NRE are
direct, indirect, renewable, and nonrenewable forms
of energy, respectively.

3. Results and Discussion
3.1. Analysis of energy use in rice production
The inputs and outputs of rice production in two
towns and the energy equivalents for each have

One of the assumptions taken in regression was the

been shown in Table 2. In Badreh, the total energy

independency of errors from each other. To consider

input was 25865.6 MJ while 28594.75 MJ energy

the independency of errors from each other, the

input consumed in Chardavol, and the total energy

Durbin-Watson statistic was used. The value 2 for

outputs were estimated at 39647.38 MJ and

this statistic represents no self-correlation which is

76692.25 MJ, respectively. The results demonstrated

the desired case in main assumptions related to the

that in both of towns irrigation with over 50 % of the

residuals of regression analysis (Hatirli et al., 2006).

total energy input had the largest share followed by

To

measure

linear

relationship

of

variables,
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fuel with 18.84 % in Chardavol and nitrogen fertilizer

As Table 2 indicates, while the energy inputs for both

with 15.95% in Badreh. Kazemi et al., (2015)

towns were approximately equal, there was a large

reported that fuel had the largest amount of

difference between the energy outputs of the towns

consumed energy in rice production in three

(i.e. 37044.87 MJ/ha). Therefore, it is observed that

provinces in north of Iran. The main reason of high

in Chardavol farmers have used their resources more

fuel consumption is using old machinery which

efficiently and obtained much more rice and straw.

should be replaced with new efficient tractors and

The energy output/input ratios for Chardavol and

tillers (Kazemi et al., 2015). Bockari-Gevao et al.,

Badreh were 5.63 and 3.31 (not including irrigation

(2005) reported that in a lowland rice production

energy), respectively. This means that in Chardavol

system of Malaysia, fertilizers and fuel with 7721.03

and Badreh, the farmers earn 5.63 and 3.31 times of

MJ/ha

main

what they have consumed in rice production

contributors of energy input. The results of used

process. The ratio is considered very low and the rice

water showed that in paddy fields of Badreh and

production system should be modernized in the

Chardavol, the energy consumption of water was

province (Bockari-Gevao et al., 2005). Kazemi et al.,

52.91% and 53.07%, respectively. This indicates that

(2015) studied the energy use pattern of rice

the high rate of water energy consumption has

production in three provinces in northern part of

occurred due to inefficient irrigation methods.

Iran. They observed that energy output/input ratio

and

2717.82

MJ/ha

were

the

Based on the amount of energy consumption,
nitrogen fertilizer came third in Chardavol (i.e. 11.59
%) and second in Badreh (15.95 %). As Table 2
shows, nitrogen fertilizer had the largest share of
energy consumption among fertilizers. The results
showed that the use of nitrogen fertilizer was
excessively high which should be reduced or
optimized. The high use of fertilizers as the first or
second largest share of energy inputs has been
reported in other works (Khan et al., 2009; Komleh
et al., 2011; Nabavi-Pelesaraei et al., 2014; Safa et
al., 2011; Singh et al., 2004).
Operating farms at the optimum level is essential for
achieving the desired amount of output. Thus, the
additional energy input does not result in larger
amount of energy output (Baruah and Dutta, 2007).

of all regions varied from 1.39 to 1.69. Energy
consumption in lowland rice-based cropping system
of Malaysia was analyzed by Bockari-Gevao et al.,
(2005). In the mentioned study the energy
output/input ratio 8.86 was observed for rice
production. In other studies, some different ratios
have been reported including 2.23 (Ozkan et al.,
2004), 5.2 (Singh et al., 2007), and 6.7 (Khan et al.,
2010). As a whole, rice growers should reduce the
inputs especially irrigation water and diesel fuel in
order to optimize rice energy consumption.
The consumed fuel is considered as one of the
dominant energy inputs for farm preparation
measures, cultivating, and transportation. The
results showed that the amount of this input was
very high in both regions (Table 2). The average of

Copyright© PMAS-Arid Agriculture University Rawalpindi, Pakistan

6
http://jaab.uaar.edu.pk

Azizpanah et al., 2018

J. Appl. Agric. Biotechnol. 2018 3(1): 01-13

consumed fuel energy in paddy fields of Chardavol

price of fuel and its growing rate, decreasing in fuel

was 18.84% and for Badreh was 11.31% which the

energy input will lessen the total amount of energy

largest share had been to the farm preparation and

input and will raise the energy efficiency remarkably

cultivating measures. The high rate of fuel

(Safa et al., 2011). A proper way for saving diesel fuel

consumption in Chardavol was due to the great

is appropriate maintenance at the right time and

amount of machinery usage, larger number of

replacing non-standard machinery with standard

farming measures, and specially holding the

ones (Nabavi-Pelesaraei et al., 2014).

harvesting process using combine. Given the high

Table 2: Energy inputs and outputs and energy equivalents in rice production
Chardavol
Quantity

Energy

per unit

equivalent

area (ha)

MJ/ha

Human labor (h)

238.27

467.01

Machinery (h)

18.25

Fuel (l)

Badreh
Quantity

Energy

per unit

equivalent

area (ha)

MJ/ha

1.64

189

371

1.41

1144.27

4.05

15.32

960.56

3.65

94.33

5312.22

18.84

52.75

2970.35

11.31

Phosphorus (P2O5)

43.7

544

1.9

33.7

419.23

1.59

Nitrogen (N)

49.45

3270.62

11.59

63.25

4183.35

15.95

3.32

399

1.49

2.9

384

1.46

14653.44

14964.51

53.07

13616.64

13888.97

52.91

Manure

758.33

227.49

0.81

2319

695.7

2.64

Seeds (kg)

155.5

2265.63

8.03

136.75

1992.44

7.58

28594.75

100

25865.6

100

Input/output

Chemicals (kg)
3

Water for irrigation (m )

Total energy input (MJ)

Percentage
(%)

Percentage
(%)

Rice (kg)

3550

51723.5

67.44

1837.5

26772.38

67.53

Straw (kg)

1997.5

24968.75

32.56

1030

12875

32.47

76692.25

100

39647.38

100

Total energy output (MJ)

As shown in Table 3, the average efficiency of

the performance of production should be increased

consumed energy for paddies of Badreh and

and the inputs should logically be lowered.

Chardavol accounted for 1.51 and 2.69, respectively.
The reason of decreased efficiency in Badreh is the
decreased performance. To improve its efficiency,

The average of energy productivity for Chardavol
and Badreh amounted to 0.19 kg/MJ and 0.11
kg/MJ, respectively (Table 3). This represents that
0.19 and 0.11 kg yield has been achieved for each
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Table 3: Comparison of different energy forms and indices of rice production
Item
Unit
Chardavol
Energy use efﬁciency

Badreh

---

2.69

1.51

Energy productivity

Kg/MJ

0.19

0.11

Specific energy

MJ/kg

5.15

9

Pure performance

MJ/ha

48115.81

13818.24

Direct energy

MJ/ha

15010 (64.83%)

11919.53 (64.71%)

Indirect energy

MJ/ha

8141 (35.16%)

6497.79 (35.28%)

Renewable energy

MJ/ha

12722 (55.38%)

11224.8 (61.48%)

Non-renewable energy

MJ/ha

10248 (44.61%)

7093.19 (38.51%)

energy unit in Chardavol and Badreh fields,

fertilizers, irrigation water, and seeds. The models 1,

respectively. With respect to Australian fields, having

2, and 3 were obtained after the calculations (Table

the energy productivity of about 1.48 kg/MJ, these

4).

productivities are very low and the reason is the
large amount of input energy and low energy
efficiency (Khan et al., 2010). Pishgar-Komleh et al.,
(2011) reported the low energy productivity of 0.9
kg/MJ for rice production in north of Iran. Specific
energy for rice unit production was 5.15 MJ/kg and 9
MJ/kg for paddy fields of Chardavol and Badreh,
respectively. This index differs for different products.
3.2. Economic analysis of rice production

most effective inputs. Cobb-Douglas production
was

employed

for

evaluating

Cobb-Douglas function, the coefficients of inputs
show the elasticity. As shown in Table 5, the
elasticity of human labor, fuel, manure, chemicals,
and irrigation inputs were 0.94, 0.32, 0.77, 0.07, and
0.98 respectively which were below one and their
marginal productivities were below the average.
Thus, the consumption of these inputs by the
farmers was economic. Also, the elasticity of

Regression technique was used to determine the

function

The results of regression were shown in Table 5. In

the

relationship between energy inputs and yield. Rice
production efficiency was considered as a function

machinery, fertilizers, and seeds were -0.19, -0.46,
and -0.72, respectively which were smaller than one
and negative. Therefore, the use of these inputs has
not been economic meaning that these inputs have
been consumed more than enough.

of human labor, machinery, fuel, chemicals, manure,
Table 4: The obtained models from
Model 1

𝐿𝑁𝐼 = 𝛼0 + 𝛼1 𝑙𝑛𝑥1 + 𝛼2 𝑙𝑛𝑥2 + 𝛼3 𝑙𝑛𝑥3 + 𝛼4 𝑙𝑛𝑥4 + 𝛼5 𝑙𝑛𝑥5 + 𝛼6 𝑙𝑛𝑥6 + 𝑒𝑖

Model 2

𝐿𝑁𝐼 = 𝛽0 + 𝛽1 𝑙𝑛𝑥1 + 𝛽2 𝑙𝑛𝑥2 + 𝑒𝑖

Model 3

𝐿𝑁𝐼 = 𝛾0 + 𝛾1 𝑙𝑛𝑥1 + 𝛽𝛾2 𝑙𝑛𝑥2 + 𝑒𝑖
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Royan et al., (2012) studied the energy consumption

In this research, the correlation between the

of peach production in Golestan province, Iran. They

variables was measured by Durbin-Watson (DW)

reported that the effects of labor force, diesel fuel,

test. The results showed that DW values in Badreh

fertilizers, and manure inputs were positive on

and Chardavol amounted to 2.64 and 2.37 meaning

peach yield. Energy inputs of fuel, irrigation, and

that there was no significant relationship between

manure had significant effect on rice yield (Table 5).

the variables of the estimated model. Based on the

The influence of human labor, manure, and seed

results of the first model, R2 was 0.76 for Badreh and

inputs was significant in Badreh. Also in Chardavol,

0.81 for Chardavol which meant that 76 % and 81 %

the elasticity of human labor, machinery, fuel,

of performance changes by independent variables

manure, chemicals, irrigation, and seed inputs were

could be discriminated. RTS was calculated for

calculated as 0.3, 0.13, 0.68, 0.19, 0.07, 0.44, and

Badreh and Chardavol, amounting to 1.71 and 1.75,

0.37 respectively which their marginal productivities

showed that 1% increase in all energy inputs

were

productivity.

resulted in 1.71% and 1.75% growth in performance

Therefore, the use of these inputs by the region’s

for Badreh and Chardavol. Troujeni et al., (2017)

farmers was economic as these inputs were at the

reported this index as 1.08 for pomegranate

second zone of the function. In this zone, the

production in Iran.

lower

than

the

average

elasticity of chemicals with a regression coefficient
of -0.43 was negative and smaller than one. This
meant that the use of this input was not economic
meaning that the input has been consumed more
than enough and should be lowered.

The regression coefficients of the model for direct
and indirect energies have been presented in Table 6
and for renewable and non-renewable energies in
Table 7. Direct energy with a regression coefficient
of 0.85 was significant for Badreh in 5% probability

In Chardavol, the effects of independent variables of

level and indirect energy with a coefficient of 1.02

fuel and chemicals were significant in the level of 1%

was significant in 1% probability level. In Chardavol,

and seed and irrigation were significant in the level

direct and indirect energies with coefficients of -0.26

of 5%. Hence, an increase of 1% in the use of fuel

and -0.35 had no significant effects. But the effects

resulted in 0.68% increase in yield. The results

of renewable and non-renewable energies were

showed that the highest amounts of average and

significant in 1% level. Durbin-Watson values in

marginal productivities were 336.96 and 64.02 in

Badreh and Chrdavol were 1.82 and 2.28 for direct

Chardavol, respectively (Table 5). Also, the most

and indirect energies and R2 values in Badreh and

influential input was manure which means that an

Chardavol were 0.83 and 0.74 for renewable and

increase of 1 kg in the use of manure leads to 64.02

non-renewable energies.

kg rise in performance.
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Table 5: Results of econometrics and sensitivity analysis of rice production in Badreh and Chardavol.
Regression
Variable

coefficient

T statistics

P value

APP

MPP

Badreh

Char.

Badreh

Char.

Badreh

Char.

Badreh

Char.

Badreh

Char.

0.94

0.3

2.5

1.98

0.05

0.07

140.41

166.32

131.98

49.89

X2, machinery

-0.19

0.13

-0.72

0.8

0.48

0.43

80.14

71.48

-15.22

9.29

X3, fuel

0.32

0.68

3.22

4.06

0.008

0.002

18.98

15.46

5.75

10.51

X4, fertilizers

-0.46

-0.43

-1.77

-2.79

0.1

0.01

281.97

16.36

-129.7

-7.03

X5, manure

0.77

0.19

2.23

1.16

0.04

0.36

75.09

336.96

57.82

64.02

X6, chemicals

0.07

0.07

0.27

0.53

0.78

0.6

159.83

272.82

11.18

19.09

X7, irrigation

0.98

0.44

3.37

2.39

0.006

0.03

5.67

11.16

5.55

4.91

X8, seed

-0.72

0.37

-2.11

2.36

0.05

0.03

26.57

33.16

-19.13

12.27

R2

0.76

0.81

Durbin-Watson

2.64

2.37

RTS

1.71

1.75

X1, human
labor

Table 6: Results of econometrics and sensitivity analysis of direct and indirect energies.
Regression
Form of energy

coefficient

t-ratio

P value

APP

MPP

Badreh

Char.

Badreh

Char.

Badreh

Char.

Badreh

Char.

Badreh

Char.

Direct energy

0.85

-0.26

2.58

-1.37

0.02

0.18

4.16

6.08

3.53

-1.58

Indirect energy

1.02

-0.35

5.61

-1.95

0.001

0.06

8.75

8.8

8.73

-3.08

R2

0.83

Durbin-Watson

1.82

Table 7: Results of econometrics and sensitivity analysis of renewable and non-renewable energies.
Regression
Form of energy

coefficient

t-ratio

P value

APP

MPP

Badreh

Char.

Badreh

Char.

Badreh

Char.

Badreh

Char.

Badreh

Char.

Renewable

-0.56

0.64

-2.12

3.09

0.05

0.007

4.25

7.75

-2.38

4.96

Non-renewable

-0.89

0.57

-3.43

2.98

0.004

0.009

8.37

6.71

-7.45

3.82

R

2

Durbin-Watson

0.74
2.28
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3. Conclusion

The use of these inputs by farmers was economic
lying at the second zone of production function. In

Water energy input was excessively high in both
towns (i.e. 53.07% and 52.91% of total energy input
for Chardavol and Badreh, respectively) which
required better management systems and using
efﬁcient irrigation systems. The energy input for

Chardavol, the elasticity of human labor, machinery,
fuel, manure, chemicals, irrigation water, and seed
with regression coefficients was 0.3, 0.13, 0.68, 0.19,
0.07, 0.44, and 0.37 and their marginal productivities
were lower than the average.

diesel fuel (18.84%) came second in Chardavol while
the energy input for nitrogen fertilizer (15.95%)
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