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Abstract- The purpose of this study was to determine the amount of non-renewable inputs energy used in baled alfalfa hay
production in Hamedan province, Iran. Data were collected from 80 alfalfa farms in August and September 2009. The sample
volume was determined using random sampling method. Total non-renewable energy inputs for alfalfa production were
calculated to be 802920.13 MJ ha-1 which accounted to be about 99.05% of the total energy input. Econometric model
evaluation showed that machinery energy was the most significant input which affects the output level. Sensitivity analysis
results indicates that with an additional use of 1 MJ of each of the machinery and diesel fuel energy would result in increase in
yield by 3.918 and 0.357 kg, respectively. The MPP of biocides was negative. It can be because of applying the input more
than required or improperly applying. This energy use pattern in the Persian agriculture can create some environmental
problems such as increase in global warming, CO2 emissions, and non-sustainability. Thus, policy makers should undertake
new policy tools to ensure sustainability and efficient energy use.
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1. Introduction Efficient use of energy is one of the principal
requirements of sustainable agriculture. Energy use in

Alfalfa (Medicago sativa L.) is a flowering plant in the  agriculture has been increasing in response to increasing
pea family, cultivated widely throughout the world as forage  population, limited supply of arable land, and a desire for
for cattle, and is most often harvested as hay, but can also be  higher standards of living. Continuous demand in increasing
made into silage, grazed, or fed as green chop. It is the most ~ food production resulted in intensive use of chemical
productive legume for Hamedan province, with potential  fertilizers, pesticides, agricultural machinery, and other
yields exceeding twelve tons of hay per ha/yr. In Hamedan  natural resources. However, intensive use of energy causes
province alfalfa is established in autumn (September and  problems threatening public health and environment.
October) and it is harvested three or four times per year  Efficient use of energy in agriculture will minimize
(June, July, August and September if it is four time) up to 6  environmental problems, prevent destruction of natural
or 7 years after sowing. resources, and promote sustainable agriculture as an
economical production system [3]. Efficient energy use in
agriculture sector is one of the conditions of sustainable
agriculture, because it allows financial savings, fossil
resources preservation and decreasing air pollution [4].
Modern farming has become very energy intensive; therefore

Energy use is one of the key indicators for developing
more sustainable agricultural practices. Wider use of
renewable energy sources increases the energy supply and
efficient use can make a valuable contribution to meeting
sus'_[ainable energy de\_/elopnjgnt targets [1]. Energy use in there is a great need to balance the use and availability of
agriculture has been intensified in response to increasing energy [5]
populations, limited supply of arable land and desire for an '
increasing standard of living. In all societies, these factors Production functions are central to the determination of
have encouraged an increase in energy inputs to maximize  the efficient allocation of resources. Many researchers have
yields, minimize labour-intensive practices or both [2]. studied energy analysis and relationship between inputs and
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yield to determine the energy efficiency of plant production
[6-9].

In a study which was done previously by the author on
energy consumption in alfalfa production, the non-renewable
energy has high share in inputs energy. The rate of non-
renewable energy was determined as 99.05% of total energy
input [10]. The aim of this study was to determine the
relationship between non-renewable energy inputs and
energy output of alfalfa production in Iran. Also Sensitivity
analysis of energy inputs for alfalfa crop production was
investigated and the Marginal Physical Product technique
was utilized to analyze the sensitivity of energy inputs on
alfalfa yield.

2. Materials and methods

The study was performed in central region of Hamedan
province which is located in the west of Iran; within 33° 59’
and 35° 48’ north latitude and 47° 34’ and 49° 36’ east
longitude. Hamedan region has an area of 1,949,400 ha; and
the farming area, with a share of 51.7 %, is 1,008,038 ha
[11]. The data were collected from 80 alfalfa farms using a
face to face questionnaire in August and September 2009.

The simple random sampling method was used to determine
survey volume as below [8, 12]:

n=[N(Sxt)2]/[(N —=1)d 2 + (S xt)?] (1)

Consequently calculated sample size in this study was
68, but it was considered to be 80 to ensure the accuracy. The
non-renewable energy inputs used in the production of alfalfa
were specified in order to calculate the energy equivalences
in the study. Non-renewable energy inputs in alfalfa
production were: machinery, diesel fuel, chemical fertilizers,
biocides and electricity and output was alfalfa weight. For
calculate the energy of input the units in Table 1 were used.

In order to obtain a relationship between non-renewable
energy inputs and yield, a mathematical function needs to be
specified. For this purpose, Cobb-Douglas production
function was selected since it produced better results (yielded
better estimates in terms of statistical significance and
expected signs of parameters). This function has been used
by several authors to examine the relationship between
energy inputs and yield [5, 6, 7, 8, 13].

Table 1. Energy equivalent of non—renewable inputs and output in agricultural production

Inputs (unit) Unit Energy equivalent (MJ unit™) Reference
A. Inputs
1. Machinery h 64.80 [14]
2. Diesel fuel | 56.31 [14]
3. Chemical fertilizers

() Nitrogen kg 66.14 [15]

(b) Phosphate (P,0s) kg 12.44 [15]

(c) Potassium (K,0) kg 11.15 [15]
4. Biocide kg 120 [14, 16]
5. Electricity kWh 11.93 [13, 17]
B. Output
1. Dry hay (15% w.b.) kg 15.8 [18]

" This coefficient used according to the efficiency of power plants and power loss of distribution networks reported in

references for Iran.

The Cobb-Douglas production function is expressed as:
Y = f(x)exp(u) @)

Equation (2) can be further re-written as:
n -
|I’1YI :a+zj=lajln(xu)+el I:I, 2, 3, ., n (3)

where Y; denotes the yield of the iy, farmer; Xj;, the vector of
inputs used in the production process; a, the constant term;
a;, represent coefficients of inputs which are estimated from
the model and ei, the error term.

Assuming that when the energy input is zero, the crop
production is also zero; Eq. (3) reduces to [9, 19, 20]:

Y, =D a;In(X;)+e, 4)

In the present case, we have n = 5; therefore the Eq. (4)
can be expressed in the following form:

®)

+a,In X, +asInXg +¢

where X; stand for corresponding energies as Xj,
machinery; X,, diesel fuel; Xs, chemical fertilizers; Xy,
biocides; and Xs, electricity.

Egs. (5)-(7) were estimated using ordinary least square
technique.

The Marginal Physical Product (MPP) technique, based
on the response coefficients of the inputs, was utilized to
analyze the sensitivity of energy inputs on alfalfa yield. The
MPP of a factor indicates the change in the output with a unit
change in the factor input in question, keeping all other
factors constant at their geometric mean level. Assuming that
no other inputs to production change, the MPP of the various
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inputs was computed using the oj of the various energy
inputs as [6]:

MPP,; =[GM (Y)/GM (X ;)]xa; 6)

where MPP,; is marginal physical productivity of jth input;
aj, regression coefficient of jth input; GM(Y), geometric
mean of yield; and GM(X;), geometric mean of jy input
energy on per hectare basis.

In production, returns to scale refer to changes in output
subsequent to a proportional change in all inputs (where all
inputs increase by a constant factor). In the Cobb-Douglas
production function, it is indicated by the sum of the
elasticities derived in the form of regression coefficients [8,
9].

The greenhouse gas (GHG) emissions were beyond the
scope of this analysis and the corresponding amount was
calculated. The diesel fuel combustion can be expressed as
fossil CO2 emissions with equivalent of 2764.2 g L™ Also,
the machinery and fertilizer supply terms can be expressed in
terms of the fossil energy required to manufacture and
transport them to the farm with CO, equivalents of 0.071 Tg
PJ' and 0.0058 Tg PJ! for machinery and chemical
fertilizers, respectively [21].

3. Result and Discussion

The ratio of non-renewable energy inputs used in alfalfa
production is showed in Fig. 1. Total non-renewable energy
inputs for alfalfa production were calculated to be 802920.13
MJ ha-1 which accounted to be about 99.05% of the total
energy input. Electricity Consumes 75.79% (614371.50 MJ
ha-1) of total energy inputs followed by chemical fertilizers
13.01% (105445.58 MJ ha™) during production period.
Electricity consumption in alfalfa production is for irrigation
purposes. Having deep wells in the region and not using
modern efficient irrigation methods are among the reasons of
high consumption of electrical energy in the studied region.
In order to reduce the electricity consumption, using of

modern methods of irrigation with high efficiency which
leads in saving water consumption can be suggested.

Regression results for Eq. (5) are shown in Table 2. For
data used in this study, autocorrelation was tested using
Durbin-Watson method [7, 13]. The Durbin-Watson value
was found to be 1.871 for Eq. (5) which indicates that there
was no autocorrelation at the 5% significance level in the
estimated model. The R? value was determined as 0.988 for
this Eq., implying that around 0.988 of the variability in the
energy inputs was explained by this model.

Diesel fuel ili
. tesel Fertilizers
Machinery (7.95)% (13.01%)

(2.04%)

Electricity

(75.79%) Biocide

(0.27%)

Fig. 1. Distribution of non-renewable energy inputs energy
in alfalfa production.

Results of assessment of Cobb-Douglass function on
each one of the non-renewable energy inputs in alfalfa
production indicates that the impact of each one of the inputs
differ in constitution of output energy. Machinery had the
highest impact (0.673) among other inputs and significantly
contributed on the productivity at 1% level. It indicates that a
1% increase in the energy machinery input led to 0.875%
increase in vyield in these circumstances. The second
important input was found as diesel fuel with 0.238 elasticity
followed by electricity with 0.084 elasticity.

Hatirli et al. [20] developed an econometric model for
greenhouse tomato production in Antalya province of Turkey
and reported that human labour, chemical fertilizers,
biocides, machinery and water energy were important inputs
significantly contributed to yield. Human labour, farmyard
manure and biocides had a negative impact on alfalfa yield.

Table 2. Econometric estimation results of non—renewable inputs

Endogenous variable: yield Coefficient t-ratio MPP
Exogenous variables

Model 1: INY, =, In X+, In X, + o, In X; + 2, In X, + N X, +¢,

Machinery 0.673 8.496" 3.918
Diesel fuel 0.238 3.157" 0.357
Chemical fertilizers 0.015 0.995 0.017
Biocides -0.010 ~4.370° -2.196
Electricity 0.084 3.030 0.015
Durbin-Watson 1.871

R? 0.988

Return to scale (Zn: a;) 1.000

i=1

" Indicates significance at 1% level.

The sensitivity of non-renewable energy inputs was
analyzed using the marginal physical productivity method
and partial regression coefficients on output level and the

results are provided in Table 2. As shown, the major MPP
was drown for machinery energy (3.918), followed by diesel
fuel energy (0.357). This indicates that with an additional
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utilize of 1 MJ of each of the machinery and diesel fuel
energy would result in increase in yield by 3.918 and 0.357
kg, respectively. As a consequence, parameters with a large
sensitivity coefficient have a strong influence on the state
variable. This identifies which factors should be identified
and measured most carefully to assess the state of the
environmental system, and which environmental factors
should be managed preferentially [22].

Table 3. Greenhouse emission in alfalfa production

The MPP of biocides energy was found to be -2.196. A
negative value of MPP of input implies that additional units
of inputs are contributing negatively to production, i.e. less
production with more input. The sum of the regression
coefficients of non-renewable energy inputs was calculated
as 1.000 for Eq. (5). This implied that a 1% increase in the
total non-renewable energy inputs utilize would lead in
1.000% increase in the alfalfa yield for this Eq.

Input Consumption (MJ) Equivalent(Tg (CO,) PJ™) Amount of CO, (ton) Percentage
Diesel fuel 64444.54 0.0578 3724894 67.6
Machinery 16493.54 0.071 1171041 21.3
Fertilizers 105445.58 0.0058 611584 11.1
Total 186383.66 - 5507519 100

Results indicated that alfalfa production is mostly
depending on fossil energy sources. As it can be seen in
Table 3, the total amount of CO2 was calculated as 5507519
tones. Diesel fuel had the highest share (67.6%) followed by
manufacturing machinery (21.3%) and manufacturing
chemical fertilizers (11.1%). Using ethanol and biodiesel as
biofuel is essential in the 21st century to reduce the high
GHG emissions. Field operations with minimum machinery
use (especially tillage operation) and machinery production
are needed to be considered to reduce the amount of CO2
[21].

4, Conclusion

In this study, the level of non-renewable energy
consumption in baled alfalfa hay production was investigated
in Hamedan province of Iran. Also sensitivity analysis of
non-renewable energy input level on alfalfa yield was
investigated. Based on the results of the investigations, the
following conclusions were drawn:

1. Total non-renewable energy inputs for alfalfa
production were calculated to be 802920.13 MJ ha-1 which
accounted to be about 99.05% of the total energy input.

2. The average inputs energy consumption was
maximum for electricity which accounted to be about 76% of
the total energy input. Having deep wells in the region and
not using modern efficient irrigation methods are among the
reasons of high consumption of electrical energy in the
studied region.

3. Machinery had the highest impact (0.673) among
other inputs and significantly contributed on the productivity
at 1% level. It indicates that a 1% increase in the energy
machinery input led to 0.875% increase in yield in these
circumstances.

4. The MPP of biocides energy was found to be -
2.196. This that additional units of inputs are contributing
negatively to production, i.e. less production with more
input.

5. The total amount of CO2 was calculated as 5507519
tones and diesel fuel had the highest share (67.6%).
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