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Table(3) Results of Levin, Lin & Chu Test
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Table (4) Cross Section and Period Fixed Effects Test
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Table (5) Residual Cross-Section Dependence Test
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Table (7) Energy Yeild Function of Sugar Beet Based on Energy Inputs

to,Ll Ly o Variables' Name b, ob Variables .0
0.846 0.48 Ll Labor IS o5,
O/FAY 0.386™" Lm;, Machinery s ;,5L2S slageile
-2.399 -0.082" Ls;; Sugarbeet Seed 3
-5.784 -0.289"" Lchy, Chemical Fertilizer _,lo.s 355
3.619 0.031™ Lfi Farmyard Manure _ls 345
0312 -0.008 Loy, Pesticides Lo
0,649 0.011 Lwy, Water

-7.052 -0.186™" D Dummy variable (s;lxe i
18.327 13.823™ C Intercept lows 51 o ,e
28.7"" F Statistics ~ F o L] 0.92 R? s o

2.2 DW  ypmly cymy0 0.89 R% ol Jiow sl cuyd

(10% glaws ;o )5 sine # PN maw jo (5,0 e st 190 o o (6 o imaittt) (Guiod slaaidl :aie
sl 31 o s ol olendogS 5 (55,5l ol a5 sl lis adg &b 3,90 0
2 wlie glrosles (5399 (65,1 Hlake gl wlaibls w8 juise wdg p ) (e g Cule
oolys oo a4y i ol [l Al BB b sleonB0sS aS w0 o il 55 (A) Jgo>

3 S oot (2lea So e Lol ;500 5 cesl anils (55l 6099 50 1) B (n it
5 stlron09S (VL o 5 ALBIS Sla gy I (639)9 slasi il JS o o0
2 b 5 Hds (ol 355« Sldl (55,5 (sloodles ggame sl 1y o) Ve Sl e o
HB daosles 51 S, 52 (s 0020 )51 2 (5551 Mo (prizren S o b (555 slaisds )9
Vafabakhsh & <Kardoni et al. (2015)) cul 4235 la ) 5 dl 590 5 aulie

s Kardoni et al. (2018) <Feyzbakhsh et al. (2019) <Mohammadzadeh (2019)
.(Ghaderzadeh & Pirmohamadyani (2019)

ML.M}JMG‘)J ) w‘)d Dy o)l_{::‘ Ldswj)so‘ywou)oéks@;um
MPP u"L“‘ | sad sola il Lgal.e‘.» 590 He dJolse )1 ‘63)3‘ Lgl.tbdos)j L Lg?-j):}-
ol ool 51 S5 2 (69955 (65,5 )0 i Alg SU s |y wid a0 Sl Gl



170, ool (Sl vry w) g
e b (65)5LaS slagyile (6395 (55,1 & Cumnad | Sl (i 038 sz 5 Slas
4 e HUSe 0 (65,0laS lacdle dny (65, J9ilKe S a5 555k 4ol VV/OVY
sleas, 1o gludl (g9, 5 (ol0 355 098 oo w8 a0 Sles o ]38l 6,5 5L VV/OVY
Sl 35 ey Cm loline (gl S5 1 Sl (55 5T @il oS W5l 18 gomy
2 03l tnl yi—ion (6551 935 2 a5 (g59b 4 o)l ol Hds eoled (65, 4 (e
350 5 e 09— o0 LS Ha 50 a8 aise o Slee ol 5 Sl VIVAA 4 i LS
ol 6350 )laie sl 4 Sl 4 az g boai)ls J18 o g olear i 055 slacoles s o
095 dumlies 00lgs (I MPP aS el o el o0 Llod oy ool j0 (5,lol 4 s
L aS s o lii (Il (6550 9 (6550 (5590 e 155! (Camd) SIS sla el
dwlo ;o a5 Clls axgi Wb aldlceul Hollas e 1o o YU wid juse adgs o (65,
lojasls ol Jlade plply sloads 43,5 Jlai jo Ol eolys a0 aoolys den o sl o]
55 6,90 9 85 G ol Lol a5 jls Bl youl adlg jlase 51 gogu> LS
30 &5l Bran oL Sldl ogw |y guls ol eolys (0,5 blod a5 s YU (glojlus]

a8yl g 50 (651 dijlge (A) Jgur
Table (8) Energy Balance in Sugar Beet Production
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Table (9)CO2 Emission of One MJ Energy Input
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Table (10) Changes in GHG Emission
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Extended Abstract

Introduction

Optimal use of inputs and increasing energy efficiency are economically and
environmentally important for sustainable agricultural production and lead to
less production costs also, less negative effects on the environment.
Considering the importance of efficient use of energy inputs, this study aims
to examine the energy balance of sugar beet production in Iran and compares
the economic and environmental dimensions of expanding sugar beet
production. Sugar beet is one of the agricultural products that consumes a lot
of energy due to the need for many farm operations. Use of old agricultural
machinery technology and lack of access to technical facilities increase
greenhouse gas emission in sugar beet production process. The entry of
monogram seeds into the sugar beet production increased share of
mechanized sugar beet cultivation to more than 70% of the area under
cultivation of this crop. Also, this increased the yield of sugar beet from about
22 tons to about 49 tons per hectare. In 2016 the amount of sugar beet
production in Iran was about 6 million tons. The provinces of West
Azerbaijan, Khorasan Razavi, Kermanshah, Fars and Hamedan, with more
than 80% share, are the largest producers of sugar beet in the country. This
study seeks to answer these questions: What is the net energy gain in Iran's
sugar beet production system? What are the indices of energy efficiency in
sugar beet production process? Which one of the sugar beet production inputs
is involved in more energy consumption and more carbon dioxide emission?
Is the sugar beet production increase desirable economically and
environmentally?

Materials and Methods

To analyze economic and environmental dimensions of sugar beet
production, production function was estimated by using converted values of
inputs and output to energy equivalents per hectare. Panel data of five
provinces of Hamedan, Kermanshah, Khorasan, Fars and West Azerbaijan for
2000-2015 period was used for production function estimation. The marginal
physical product of each input (MPP) was used to find the output sensitivity
to the energy inputs. To evaluate the efficiency of energy consumption, four
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main indices: energy ratio, specific energy, energy productivity and net
energy gain were used. Another index was used to answer this question that
is it acceptable environmentally to add an input with the aim of achieving
higher economic performance? This index evaluated the changes in amount
of emitted CO; after increasing input usage.

Results and Discussion

The calculated efficiency indices showed that the highest energy inputs are
chemical fertilizer, machinery and labor, respectively. Also, with a net energy
gain of about 643 GJ, 23.53 energy ratio and 1.4 MJ/Kg energy productivity,
the increase in sugar beet production is desirable in viewpoint of energy
balance. The Cobb- Douglas production function was estimated using the
generalized least squares method for sugar beet. The coefficients of estimated
model showed that only machinery and farmyard manure were used in the
economic range. The energy inputs of seeds and chemical fertilizers had
negative significant effects on the energy output per hectare. The MPPs of
two inputs of machinery and farmyard manure were higher than other inputs.
Also, changes in green house emission index showed that an increase in sugar
beet yield using these two inputs causes less CO> emission. The highest
amounts of negative MPPs were allocated to seed, chemical fertilizers and
pesticides, respectively.

The coefficient of Dummy variable showed that the yield of sugar beet in Fars
and Khorasan provinces is significantly lower than other provinces. The sum
of the significant coefficients of the energy inputs was equal to 0.044, which
indicated a decreasing returns to scale.

Suggestions

Based on the results of this study, to increase economic and environmental
efficiency, some policy instruments and programs should be considered to
reduce the use of chemical fertilizers and, if necessary, substitute farmyard
manure for chemical fertilizer by policymakers and producers. These
programs may include reducing subsidies and realizing the price of chemical
fertilizers. The positive, high and significant coefficient of the machinery and
relationship between mechanization and monogram seeds indicate the
existence of capacities to expand the mechanization of sugar beet cultivation.
To expand mechanized cultivation and optimal use of monogram seeds it is
suggested that incentives be used in production contracts. Zero labor
productivity requires policymakers to pay attention to the issue of
unemployment in the agricultural sector. Adopt policies to create sustainable
employment and diversify rural activities are recommended to use labor at
optimum level in agricultural production.
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