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ENERGY USE PATTERNS AND ECONOMETRIC MODELS
OF QUINCE PRODUCTION

This study was conducted to determine the balance between the inputs of energy and the ener-
getic yield for quince production in Turkey. The data for the study were collected from 34 quince
plantations. The total energy input of 49,698.33 MJ ha™' was required for quince production.
Chemical fertilizers, the single highest source of energy input, accounted for 52.86% of the total
energy input. The two next highest energy sources were diesel fuel (16.27%) and electricity
(12.85%). The values of energy efficiency, energy productivity, specific energy, and net energy were
1.07, 0.45 kg MJ*, 2.24 MT kg'* and 3,510.50 MJ ha'', respectively. Estimates made using econo-
metric models showed that machinery, pesticides, diesel fuel, electricity and water used for irriga-
tion energy inputs have significantly positive effects on energy yield. The results of the sensitivity
analysis of the energy inputs show that the marginal physical productivity (MPP) value of water for
irrigation is the highest, followed by electricity and diesel fuel.

Keywords: energy efficiency, econometric model, benefit/cost ratio, quince plantations, Turkey.
Epnemip Itongormyun

I'PA®IKN EHEPTOCITIOXKNBAHHA I EKOHOMETPUYHI
MOZJIEJI JUIA ITIPOMUCJIOBOIO BUPOIIIYBAHHA AUBA

Y cmammi nadano pesyavmamu docaioxcenns, ke npoéedeno 045 BUHAYUEHHS OAAAHCY MidC
eumpamamu enepeii i epoxcasmu aiieu ¢ Typeuuuni. Jlani dasa docaidxncenns Oyau 3iopani no 34
naanmauisx aieu. 3a2aibHa CroJCUana NOMmyxcHicmeo 043 eupoonuumea aieu cxkaasa 49,698.33
MJuc/2a. Ha ximiuni dobpusa eumpaueno 52,86% 6i0 3a2aibH020 eHepeOCnONCUBAHHA, HA
Ouzeavne naaueo — 16,27% i eaexmpuxy — 12,85%. 3nauenns emnepzoepexmuernocmi,
npodykmuenocmi, numomoi enepeii, wucmoi enepeii, — 1,07, 0,45 xe/MInc, 2,24 MInc/xe i
3510,5 M[xc/2a, éionogiono. Bumipu 3 GuKOpUCMaHHAM eKOHOMEMPUHHUX MOOeACH NOKA3AAU, WO
eHepzosuUmpamu Ha CiabCbK020CN00Apcbke YCHMAMKY8AHHS, NeCMuuudu, OuseibHe NAAUB0,
eaeKmpuKy i 800y, 6UKOPUCIOBYBAHY 0151 3POULYBAHHSL, 3HAMHO NO3UMUGHO NAUBAIOMY HA YPONCAIL.
Pe3yabmamu anaaizy wymaueocmi enepeosumpam nokasaiu, w0 3HA4YWICMb 2PAHUMHOT
npodykmueHocmi 600u 045 3pouLy8anHs — Halieuwa, 0ai idymo eaexkmpura i ouseabHe naiueo.

Kawwuosi caosa: enepeoepekmugHnicms, eKoOHOMempuuHa  MoOeab,  CHiB8IOHOUIeHHS
6ueod/eumpam, naaumayii aieu, Typewuuna.

Ta6. 7. Dop. 11. Jlim. 19.
Opaemup [ongormymn

IT'PAOUKN DHEPITOIIOTPEBJIEHUA 1 DKOHOMETPUYECKUE
MOJIEJIA JIJI TIPOMBIIIVIEHHOTO BBIPAIIIMBAHISA AIBBI

B cmamuve npedcmaesaenvt pezyavmamot uccaedoéanusi, npogedeHHoz20 04s onpedeieHus
banranca mexcdy 3ampamamu suepeuu u ypoxcasmu aiigot ¢ Typyuu. Jlannvie das uccaedosanus
ObLau coopanst no 34 naanmayusm atievr. O6uas nompebasemas MOWHOCHb 045 NPOU3B00CMEA
aiigvt cocmasuaa 49,698.33 MJlnc/2a. Ha xumuueckue yooGpenus nompaueno 52,86% om
o0wez0 3nepzonompebaenus, na ouzeavioe monaueo — 16,27% u saexmpuuecmeo — 12,85%.
3nauenus 3uepeosppexmusHocmu, npou3B00UNEALHOCHIU, YOCAbHOU IHePULl, YUCMOI IHepeUl
— 1,07, 0,45 ke/Mnc, 2,24 MJnc/ke u 3510,5 M/Inc/2a, coomeemcmeenno. Hzmepenus c¢
UCNOAb306AHUEM IKOHOMempuHeckux modeneil NoKasaiu, 4mo 3Hep2o3ampamol Ha
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ceabcKoxo3alicmeennoe 000py0osanue, necmuuudbl, Ou3eAbHoe MOonaueo, I1eKmpu1ecmeo u 600y,
UCNOAL3YEMYIO 0451 OPOUIEHUSl, 3HAMUNIEAbHO NOAOHCUMENbHO 8AUAIOM Ha ypoycal. Pezyiomamot
aHaAU3a YYBCMEUMEALHOCHU IHEP203ampam RnOKA3aAUu, MO 3HAYUMOCHIL NPedeabHOll
npou3600umeabHOCHU 600bl 0451 OPOULEHUSL — CAMAS BbICOKASL, 3ameM CaAedyron 21eKmpu4ecmeo
u JuzeabHoe MOnaueo.

Karouesvie caosa: suepeospgekmuenocms, 3K0HOMempudeckas Mooeab, COOMHOULeHUe
6vl200/3ampam, naawmayuu aiewt, Typuus.

Introduction. The main objective in agricultural production is to increase yield and
decrease production costs. In this respect, the energy budget is important. Energy budg-
et is the numerical comparison of the relationship between input and output of a system
in terms of energy units. In general, increases in agricultural production on a sustain-
able basis and at a competitive cost are vital to improve farmers’ economic condition.

47 countries in the world grow quinces economically. Turkey is ranked first in the
world in quince production. The production of quince was about 121,000 tons per
year in Turkey and the harvested land area was 10,233 ha in 2009. Turkey regularly
exports quince. Each year, approximately $7.5 min. is earned as a result of export of
the annual quince volume of 10,000 tons (FAO, 2011a).

Although many previous experimental studies have investigated the use of ener-
gy in fruit production (Gezer et al., 2003; Ozkan et al., 2004; Gundogmus, 2006;
Goktolga et al., 2006; Demircan et al., 2006; Akcaoz et al., 2009; Rafiee et al., 2010;
Mohammadi et al., 2010; Banaeian and Zangeneh, 2011), no previous studies have
analyzed the energetics of quince production. The main aims of this study are to ana-
lyze the energy used in quince production, to evaluate the associated relationship
between inputs and output, and to compare input energy use with input costs, using
the data from quince plantations in Bilecik and Sakarya provinces, Turkey.

Nomenclature

n required sample size e error term

N number of holdings in target population o, coefficients of the variables

s standard deviation

D acceptable error (permissible error was 3 coefficients of the variables
chosen as 5%) . .

T confidence limit (1.96 in the case of 95% Vi coefficients of the variables
reliability) DE direct energy

Y, yield level of the it farmer IDE indirect energy

X, energy input from human labor RE renewable energy

X,  energy input from machinery NRE non-renewable energy

X;  energy input from chemical fertilizer MPP, marginal physical productivity
X,  energy input from pesticide use of j™ input

X;  energy input from diesel fuel o regression coefficient of j
X energy input associated with use of  ’

irrigation water Input

X;  energy input from electricity

GM(Y) geometric mean of yield
GM(X))
energy

sth

geometric mean of j™ input

2. Materials and methods.

2.1. Selection of case study farms and data collection. The data for this study were
obtained from 34 quince plantations in Bilecik and Sakarya. These provinces are the
most intensive in quince production in Turkey at the rate of 30.4%. A face-to-face
questionnaire was administered in the production year 2008/2009. A stratified ran-
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dom sampling method was used. The sample size was calculated using the Neyman
method (Yamane, 1967):

ne N.ZNh.Szh (1)
N?D2+Y'N,.S%
where N, is the number of producers in the 4" stratum, S » is the variance of the h"

stratum, [ is the value of (d/?)?, d is the amount of permissible error around the pop-
ulation mean, and t = 1.96 for the 95% confidence limits. A sample size of 34 was
obtained with this method. Accordingly, 34 quince producers were randomly select-
ed from the population.

In the survey area, the input energy sources for quince production were human
labor, machinery, diesel fuel, electricity, chemicals, electricity and irrigation water.
The output energy from the area was taken to be the quince fruit. The energy equiv-
alents of inputs and outputs shown in Table 1 were used to estimate the energy values.

The input energy in agricultural systems can be divided into direct and indirect
or renewable and non-renewable. The sources of direct energy include human labor,
diesel fuel, electricity and water for irrigation, whereas the indirect energy sources
include chemical fertilizers, pesticides, electricity and machinery.

Renewable energy includes human labor. The sources of non-renewable energy
are machinery, diesel fuel, pesticides, electricity, water for irrigation and chemical
fertilizers. The energy input-output ratio (energy use efficiency), energy productivi-
ty, specific energy and net energy were calculated by using the total energy equivalent
of inputs and outputs per unit area (MJ ha') and fruit yield (kg ha') according to the
following equations (Rafiee et al., 2010):

-1

Energy use efficiency = E1er9Y output(MJ h<’3_1 ). ?)
Energy input(MJ ha™')
1 -1

Energy productivity =—2uince outputlkg ha ) 3)
Energy input(MJ ha™)

i -1
Specific energy = Energy input(MJ ha™’) @)

Quince output(MJ ha™)’
Net energy =Energy output (MJ ha™) — Energy input (MJ ha™) (5)

A mathematical function is needed to specify the exact relationship between
input energies and yield. The Cobb-Douglas production function was considered to
be the best function for this purpose. It represents an attractive choice in terms of the
statistical significance and expected signs of the parameters.

The Cobb-Douglas function has been used by several authors to investigate the
relationship between input energies and production yield (Banaeian and Zangeneh,
2011; Heidari and Omid, 2011). The Cobb-Douglas production function is expressed
as follows:

Y =f(x)exp(u). (©6)

This function can be expressed as a linear relationship by taking the natural log-
arithms of both sides of the Cobb-Douglas equation and substituting as follows:
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n
InY, =a+Y o, In(X;)+e, i=12....,n, (7)

j=1
where Y; denotes the yield by the i” farmer, Xj; is the vector of inputs used in the pro-
duction process, a is the constant term, the o; represents the coefficients of inputs
estimated from the model, and e; is the error term. This model assumes that yield is a

function of the input energies and allows the impact of each source of input energy
on quince yield to be investigated. For each farmer i, Eq. (7) can be expanded in the
following form;

Table 1. Energy equivalents of inputs and outputs on quince production

Equipment/input Unit Enerégl\};[]c osllzfjigents Reference
A.INPUTS
1.Human labor h 1.96 | (Singh and Singh, 1992)
2.Machinery (h) h 62.70 | (Singh and Singh, 1992)
3.Chemical fertilizers kg (Singh and Singh, 1992)
a-Nitrogen 60.60 | (Singh and Singh, 1992)
b-Phosphorus 11.10 | (Singh and Singh, 1992)
c-Potassium 6.70 | (Singh and Singh, 1992)
4.Pesticides kg
a-Insecticides 199.00 | (Hessel, 1992)
b- Fungicides 92.00 | (Hessel, 1992)
5.Diesel fuel L 56.31 | (Singh and Singh, 1992)
6.Water for irrigation m’ 0.63 | (Yaldiz et al., 1993)
7 Electricity kWh 11.93 | (Singh and Singh, 1992)
B.OUTPUT
1.Quince (fruit) kg 240 | (Anonymous, 2011b)

InY; =0y, +0,InX; +0,InX, +05InX; +0,INX, )
+ogInXg +ogInXg +0,InX; +e;,

where X; (i = 1,2,...,7) represents the input energies from human labor (X;), machin-

ery (X,), chemical fertilizer (X3), pesticides (X,), diesel fuel (X5), water for irrigation

(Xy) and electricity (X>). In addition, the impacts of DE and IDE sources and RE and

NRE sources on the yield were investigated. For this purpose, the Cobb-Douglas

function was again selected and used in the following forms:

InY; =B, +B,InDE +B,InIDE +e;, )

InY; =v, +v,INRE + v, InNRE +e,, (10)

where Y;is the /" farmer's yield and §; and ¥, are the coefficients of the exogenous vari-
ables. DE and IDE are direct and indirect energies, respectively. RE is renewable
energy and NRE is non-renewable energy.

In this study, the return-to-scale index was determined in order to analyze the
proportional changes in output due to a proportional change in all the inputs (sup-
posing that all inputs increase by a constant factor). The values of the return to scale
for Egs. (8)-(10) were determined by computing the elasticities. These quantities cor-
respond to the regression coefficients in the Cobb-Douglas production function. A
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sum greater than, equal to, or less than unity implies increasing, constant, or decreas-
ing returns to scale, respectively (Rafiee et al., 2010).

A finding of increasing, constant or decreasing returns to scale indicates that
when the energy inputs are increased by a factor X, then the yield of quince produc-
tion increases by more than, exactly or less than X, respectively.

In the final portion of the research, the marginal physical productivity (MPP)
method based on the response coefficients of the inputs was used to analyze the sen-
sitivity of quince yield to the energy inputs. The MPP of a factor indicates the change
in the total output with a unit change in the factor input, assuming that all other fac-
tors are fixed at their geometric mean value. A positive value of MPP for any input
variable shows that the total output is increasing with an increase in input. This prop-
erty implies that one should not stop increasing the use of variable inputs so long as
the fixed resource is not fully utilized. A negative value of MPP of any variable input
indicates that every additional unit of input starts to diminish the total output of pre-
vious units. It is therefore preferable to keep the variable resource in surplus rather
than utilizing it as a fixed resource.

The MPP of the various inputs was calculated using the o of the various energy
inputs as follows (Rafiee et al., 2010):

GM(Y)

MPP, =————"xa,, (11)
GM(X;)

where MPP,; is the marginal physical productivity of J" input, 0; is the regression
coefficient of the j input, GM(Y) is the geometric mean of the yield, and GM(X) is

the geometric mean of /” input on a per-hectare basis. Eqs. (8)-(11) were estimated
using the ordinary least squares (OLS) technique.

3. Results and discussion.

3.1. Management practices for quince production. Quince has been grown in many
countries all over the world since old times. It has been well-known for 4000 years. It
originated in the Caucasus; then spread to the East, then to the South to Minor Asia,
and to Ancient Greece. Latin name for quince is "cydonia”, after Cydon, Crete where
it has been grown from time immemorial.

Quince biological properties influence its distribution. Its growing is related to
the regions where autumn is long and mild. The situation is similar with altitude —
quince should be grown at altitude higher than 700 meters. However, quince is wide-
spread in many countries all over the world, even at altitudes of 2500 meters in
Tajikistan.

The management practices of quince plantations on the surveyed area are shown
in Table 2. The distance between rows and in the line depends on many factors:
applied surface, vigorous cultivar, training system, types of plants, environmental
conditions and levels of systems. In practice, fortunately the distance between rows is
5m, afine of 4.5 to 5.50 m. The number of seedlings per hectare is 400 trees on aver-
age.

Quinn gives birth to a short, vitim and long branches. Short fruiting branches are
not abbreviated, as their gender (mixed) buds are at the top. In quince production,
the pruning is done in March.
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The most suitable soil for quince is the one with moderate moist, porous and rich
in nutrients. Heavy and moist soil, and extremely dry and sandy and carbonate are
not suitable for growing quince. On the highly calcareous soil quince is threatened
chlorosis. Between February and March, rows in quince plantations are cultivated by
plough and disc-harrow. The number of cultivations applied changes varies from 3 to
5 times, 4 times on average.

Hand hoeing is done twice in the period between March and May. The pesticide
applications are made between April and June, it is done 3.9 times on average (Table
2).

The amount of water in samples of quince is up to 85%, so without enough water
in the soil and air it cannot be successfully grown. However, quince relatively well tol-
erates drought periods. In extreme cases, folded sheets are used to reduce transpira-
tion. For normal growth and successful cultivation of quince, the literature states that
it takes to fall 750 to 990 mm of water a year with good layout in the growing season.
The irrigation on quince production is done 4.2 times between June-August.

Harvest time is determined by the color of the rind, whether fruits can be sepa-
rated from the branches easily, the color of seeds etc. Harvest season is in September
and generally done by hand.

Table 2. Management practices of quince plantations

Production processes Quince Plantations

Common variety Cydonia vulgaris piriformis

Number of seedlings (ha) 380-450

Soil cultivations First tilling is applied between February and March, the
second is applied between March-April using garden
hoeing machine

Average tilling number 4.0

Pruning period March

Fertilization period April-May

Average number of fertilization 2.2

Spraying period April-June

Average number of spraying 37

Hoeing period March-May

Average number of hoeing 2.0

Iirigation period June-August

Average number of irrigation 4.2

Harvesting period September

3.2. Analysis of the input-output energy used in quince production. Table 3 pres-
ents the amounts of inputs and output associated with quince production and
their energy equivalents. The study found that the quantities of labor and machine
power required for quince production were 1,007.87 and 55.86 h/ha™', respective-
ly. Most human labor was used during cultural practices (77%). Likewise, most of
the use of machinery occurred during cultivation (79%). The study also found
that 143.62 1 of diesel fuel, 408.24 kg of nitrogen, 88.72 kg of phosphate, 81.49 kg
of potassium, 10.66 kg of insecticides, 5.12 kg of fungicides, 1,404.85 m® of water
and 535.18 kW/h of electricity per ha were used for quince production. The aver-
age quince yield in the study area was approximately 22,170.35 kg/ha™'. The total
energy equivalents of the inputs and output were calculated by multiplying the
quantity per unit area by the equivalent energy value. The total energy input and
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energy output were calculated as 49,698.33 and 53,208.83 MJ ha', respectively.

The relative percentages of energy consumption for quince production were
52.86% for chemical fertilizer, 16.27% for diesel fuel, 12.85% for electricity, 7.05%
for machinery, 5.22% for pesticides, 3.97% for human labor and 1.78% for water for
irrigation (Table 2). Chemical fertilizers accounted for the largest share of the energy
input. This result is consistent with the published findings of Gundogmus (2006),
Goktolga et al. (2006), Demircan et al. (2006), Mohammadi et al. (2010), Banaeian
and Zangeneh (2011) for apricot, peach, cherry, kiwi fruit and walnut production,
respectively. The results showed that in terms of energy input, the consumption of
chemical fertilizers and diesel fuel was high for quince production in the region stud-
ied.

The energy efficiency, energy productivity, specific energy and net energy found
for quince production are listed in Table 4. The value of 1.07 was found for the ener-
gy use efficiency (energy ratio). This value indicates that the energy consumption of
quince production in the region was efficient, i.e., that energy production was greater
than energy utilization.

Table 3. Amount of inputs, outputs and their energy
equivalences in quince production

Input Quantity per Total energy equivalent |Percentage of total
unit area (ha) (M] ha ) energy input (%)

Alnputs
1.Human labor (h) 1,007.87 1,975.43 3.97
2.Machinery (h) 55.86 3,502.48 7.05
3.Chemical fertilizers (kg) 26,269.86 52.86

a.Nitrogen 408.24 24,739.04

b.Phosphorus 88.72 984.81

c.Potassium 81.49 546.01
4.Pesticides (kg) 2,593.46 5.22

a.Insecticides 10.66 2,122.28

b.Fungicides 5.12 471.18
5.Diesel fuel (1) 143.62 8,087.33 16.27
6.Water for irrigation (m?) 1,404.85 885.05 1.78
7.Electricity (kWh) 535.18 6,384.70 12.85
Total energy input (M]) 49,698.33 100.00
B.Output

1.Quince (fruit) 2217035 53,208.83

Several authors have reported the energy ratio for different fruits. These values
include 0.96 for cherry production (Demircan et al., 2006) and 0.93 for peach pro-
duction (Goktolga et al., 2006) in Turkey, 1.54 for kiwi fruit (Mohammadi et al.,
2010) and 2.90 for walnuts in Iran (Banaeian and Zangeneh, 2011), 1.25 for oranges,
1.06 for lemons and 1.17 for mandarins in Turkey (Ozkan et al., 2004).

The energy productivity, specific energy and net energy for quince production
were found to be 0.45 kg MJ', 2.24 MJ kg'', and 3,510.50 MJ ha™', respectively.

The distribution of input energy in quince production in terms of direct, indi-
rect, renewable and non-renewable energy forms is shown in Table 4. Direct and indi-
rect energy account for 34.88% and 65.12% of the total energy input, respectively.
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Chemical fertilizers exhibit the highest share (81.16%) of indirect energy, followed by
machinery (10.82%). Renewable and non-renewable energy account for 3.97% and
96.93% of the total energy input, respectively. Several studies have shown that the
contribution of indirect energy is higher than that of direct energy and that the share
of non-renewable energy is more than that of renewable energy in the production of
different agricultural products (Gundogmus, 2006; Goktolga et al., 2006; Banaeian
and Zangeneh, 2011; Akcaoz et al., 2009).

Table 4. Energy input-output ratio in quince production

[tems Unit Quantity ©
Energy use efficiency - 1.07

Energy productivity Kg MJ ! 0.45

Specific energy M]J kg - 2.24

Net energy MJ ha ! 3,510.50

Direct energy * MJ ha ! 17,332.51 (34.88%)
Indirect energy © MJha ' | 3236582 (65.12%)
Renewable energy © MJ ha ! 1,975.43  (3.97%)
Non-renewable energy ¢ M] ha 47,722.90 (96.03%)
Total energy input MJ ha ! 49,698.33

* Includes human, diesel fuel, electricity and water for irrigation.

" Includes fertilizers, pesticides and machinery energy sources.

¢ Includes human labour.

4Includes diesel fuel, electricity, pesticides, fertilizers, machinery and water for irrigation.
¢ Figures in parentheses indicate percentage of total energy input.

3.3. Econometric model estimation of energy inputs for quince production. To inves-
tigate the relationship between energy inputs and yield associated with quince pro-
duction, the Cobb-Douglas production function was chosen and its parameters esti-
mated using the ordinary least squares (OLS) technique. This model assumed that the
quince yield (endogenous variable) was a function of human labor, machinery, pesti-
cides, chemical fertilizers, diesel fuel, electricity and water for irrigation (exogenous
variables). The Durbin-Watson test was used to test for autocorrelation in the residu-
als from the regression analysis of the data used in this analysis (Hatirli et al., 2005).
The value of the Durbin-Watson test statistics was 1.98 for Eq. (8). This result indi-
cated (at the 1% significance level) that no autocorrelation was present in the esti-
mated model. The R? (coefficient of determination) was 0.99 for this linear regression
model. The regression results of Eq. (8) (Table 5) revealed that the contribution of
human labor, pesticides, electricity and water for irrigation were statistically signifi-
cant at the 1% level. The impacts of machinery, chemical fertilizer and diesel fuel
inputs were significant at the 5% level. The values of the estimated coefficients indi-
cated that all energy inputs except those associated with human labor and chemical
fertilizer had positive impacts on quince yield. These results show that excessive
amounts of human labor and chemical fertilizer were used in quince production.

Electricity labor had the highest impact (0.61) of all the inputs analyzed for
quince production. This result indicates that under the conditions of the study, an
increase in the input energy associated with electricity tended to increase the yield.
The results showed that a 100% increase in the energy value of electricity corre-
sponded to a 61% increase in quince output. The second important input, water for
irrigation, was found to have an elasticity of 0.49. Mohammadi et al. (2010) analyzed
an econometric model for kiwi fruit production in Iran. They reported that human
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labor, machinery, total fertilizers and water for irrigation produced significant
improvements in the yield of kiwi fruit. In the study on walnut production Banaeian
and Zangeneh (2011) found that human labor, transportation, farmyard manure,
chemical fertilizers, electricity and water for irrigation had significant impacts on
fruit yield.

The MPP values of the variables in the model are shown in the last column of
Table 5. The MPP of and water for irrigation, electricity and diesel fuel were found to
be 0.76, 0.74 and 0.26, respectively. These findings indicate that an increase of 1 MJ
in each input of water for irrigation, electricity and diesel fuel would lead to an addi-
tional increase in yield of 0.76, 0.74 and 0.26 kg ha™', respectively. The value of return
to scale for the model (1), calculated from the regression coefficients, was 0.94.

The regression coefficients of direct, indirect, renewable and non-renewable
forms of energy input in relationship to the yield of quince production in models (2)
and (3) were estimated using Egs. (9) and (10), respectively. The results of this analy-
sis are shown in Table 6. The regression coefficients of the direct and renewable ener-
gy forms were positive and significant at the 1% level. The coefficients of indirect and
non-renewable energy forms were negative and significant at the 1% level.

Table 5. Econometric estimation results of inputs

Exogenous variables | Coefficient | tratio | MPP
Model 1 : Y; = OLo+ OL1InXy+ OLalnXot OLsInXs+ O dnXy+ O sinXs+ O slnXe+ O 7ln Xo+e;

Constant 1.30 4.58 2

Human labour -0.56 -4.73°? -0.79

Machinery 0.06 205" 0.08

Chemical fertilizers -0.02 -195° -0.02

Pesticides 0.14 3.82° 0.19

Diesel fuel 0.22 2.46° 0.26

Water for irrigation 0.49 3.08 0.76

Electricity 0.61 537*° 0.74

Durbin-Watson 1.98

R? 0.99

Return to scale 0.94

a Indicates significance at the 1% level.
b Indicates significance at the 5% level.

The impact of direct energy was higher than that of indirect energy (1.22 vs. -0.08).
This result implies that a 100% increase in direct energy inputs produced a 122%
increase in yield, whereas a 100% increase in indirect energy produced an 8% decrease
inyield. The results also show that the impact of renewable energy (1.28) was more than
that of non-renewable energy (-0.33) in quince production.

Several authors have reported that the impact of direct energy is higher than that
of indirect energy (Banacian and Zangeneh, 2001) and that the impact of renewable
energy is higher than that of non-renewable energy (Mohammadi et al., 2010).

The statistical results for models (2) and (3) are shown in Table 6. The values of
the Durbin-Watson were 1.77 and 1.81 for Egs. (9) and (10), respectively. These
results indicate that no autocorrelation occurred (1% significance level) in the esti-

mated models. The R? values were 0.96 and 0.89, respectively.
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Table 6. Econometric estimation results of direct, indirect,
renewable and non-renewable energies

Exogenous variables Coefficient ‘ t-ratio ‘ MPP
Model 2 : Y, = B o+ P /nDE+ [ ,nIDE+e,
Constant -0.32 251°
Direct energy 1.22 27.19 ¢ 1.33
Indirect energy -0.08 -3.03 2 -0.08
Durbin-Watson 1.77
R? 0.96
Return to scale 1.14
Model 3: InY; = ¥ ¢t Y nRE+7Y ,JiNRE+e,
Constant 0.64 2.20°
Renewable energy 1.28 14.19 @ 1.81
Non-renewable energy -0.33 -5.00 @ -0.33
Durbin-Watson 1.81
R? 0.89
Return to scale 0.95

“ Indicates significance at the 1% level.
b Indicates significance at the 5% level.

The values of return to scale for models (2) and (3) were 1.14 and 0.95, respec-
tively. Table 6 shows that the MPP values of direct, indirect, renewable and non-
renewable energies were 1.33, -0.08, 1.81 and -0.33, respectively. These results indi-
cate that an additional use of 1 MJ in the direct and renewable energies would lead to
additional increases in yield of 1.33 and 1.81 kg/ha™', respectively. The MPP values of
indirect and non-renewable energies were found negative.

The economic results of quince production were given in Table 7. The results
revealed that the cost of production per hectare was 5,993.31 $/ha™". The net profit of
quince was calculated by subtracting the production cost from the gross product
value. The net profit value for quince production was found to be 7,308.89 $/ha™'. In
the research, the benefit-cost ratio (B/C) of quince was calculated by dividing the
gross value of the product by the total cost to determine economic efficiency. The
results indicate that quince production has higher (2.22) B/C ratio.

Several investigations have done an economic analysis for crops production and
benefit-cost ratio and concluded: (2.37 for oranges, 1.89 for lemons and 1.88 for man-
darins (Ozkan et al. 2004), 1.11 and 1.19 for small and large farms of apricots, respec-
tively (Gezer et al. 2003) and 1.83 and 2.21 for greenhouse and open-field grapes,
respectively (Ozkan et al. 2007), 2.13 and 2.14 for organic and conventional dried apri-
cots production (Gundogmus, 2006), 1.94 for kiwi-fruit in Iran (Mohammadi et al.
2010), 2.1 for walnut production (Banaeian and Zangeneh, 2011).

Table 7. Economic results of quince production

Cost of production Gross product value Net profit Benefit /cost ratio
(US $/hah) (US $/ha™) (US $/ha™)
5,993.31 13,302.21 7,308.89 222

4. Conclusion. According to the econometric results of this study, quince pro-
ducers should reduce their uses of human labor and chemical fertilizers to attain opti-
mal values for their plantations. This optimization scheme can be expressed in math-
ematical form as a linear programming problem. The current study can be extended
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to distinguish efficient growers from inefficient ones, identify wasteful uses of energy
inputs by inefficient growers and suggest the quantities of input from each energy
source that should be used by each inefficient grower. Further studies of these ques-
tions are currently underway.

Optimum energy use in agricultural systems is reflected in 2 ways. Productivity
can increase at the existing energy input levels. Alternatively, energy can be conserved
without affecting productivity. Energy management acquires increasing importance if
the energy used must be economical, sustainable and productive.
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