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Extended Abstract

Introduction

Increasing sugar beet production through intensified use
of production factors and major technological
breakthroughs involves considerable limits. A policy to
implement a planting pattern adapted to the ecological
and climate conditions of each region, identifying which
crop types are compatible with those conditions and
provide the highest yield to growers, has been presented.
The importance of this issue is reflected in the notified
programme, where cereals and irrigated sugar beet are
among the crops designated for cultivation in temperate
areas, such as South Khorasan Province. Therefore, it is
necessary to evaluate how energy is consumed in agro-
ecosystems in order to increase their output and their
long-term stability. The aim of efficiency calculation in
economics is to avoid waste of resources and to
determine whether the output of the economic unit is in
the best and most profitable condition.

Materials and Methods

The efficiency of sugar beet growers was measured
using a bounded Data Envelopment Analysis (DEA)
approach. Calculating the computational efficiency of
an optimal or efficient approach is referred to as best
relative efficiency or optimistic efficiency. The
pessimistic DEA model calculates the set of most
unfavorable weights for each unit. One of the main
objectives of this study was to calculate the direct energy
consumption of sugar beet production. Electrical energy
consumption was considered as one of the inputs. After
calculating the energy associated with the effective
inputs contributing to the total input energy of the
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product, energy efficiency indices, energy productivity,
and net energy were calculated. The statistical
population of this study consisted of sugar beet growers
in the Islamabad Plain of Qaen county. The necessary
data were collected through expert interviews and by
completing 48 questionnaires from a random sample of
sugar beet growers in Qaen county. After determining
the quantity of each input used per hectare of crop,
growers’ efficiency was evaluated. To determine energy
consumption, the quantity of each input used was
converted into its energy equivalent.

Results and Discussion

Of the units studied, 11 units exhibited the required
efficiency and were considered as reference units for the
managing input consumption. Additionally, 23 units
were found to have below-average efficiency, producing
less output with the same input compared with other
units. A production rate of 0.70 sugar beet per input unit
indicates a higher yield with optimal and specific input
consumption. Notably, 8.3% of the growers did not use
inputs effectively or efficiently. The energy output or
sugar beet production, was calculated to be 442.61
gigajoules per hectare, which exceeds the average total
energy consumption. Examination of the proportion of
inputs consumed per hectare revealed that the most
significant ratios were attributed to various fertilizers
(28%), diesel fuel (26%), and chemical pesticides
(12%). Overall, the average total energy input was 12%,
and the average energy output was 13%. The energy
input for sugar beet production, estimated at 403.5
gigajoules per hectare, was calculated on the basis of the
average consumption of labor, diesel fuel, irrigation
water, fertilizer, chemical pesticides, and seed. The
energy efficiency ratio for sugar beet was 1.09, and the
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energy efficiency of 0.06 kg of sugar beet per unit of
energy was recorded. Low efficiency in these units can
be improved by increasing production without
increasing input consumption. According to the results
of the study, improving input efficiency is recommended
as an effective approach to reduce environmental
impacts while increasing economic output per hectare.
On average, 22% of growers demonstrated better
technical performance than thier peers. Therefore, it is
necessary to provide a platform for successful sugar beet
growers to share their experience and methods with
others. Furthermore, the average output-oriented
efficiency of 1.76 per unit of sugar beet production
indicates that a lower value corresponds to higher
efficiency, i.e., less input consumption for producing a
given quantity of product. Overall, 8.3% of growers did
not use inputs efficiently or effectively. The results of
energy efficiency suggest that managing agricultural
systems by optimizing the use of chemical fertilizers,
introducing varieties with high nutrient uptake
efficiency, and implementing crop rotation can reduce
chemical fertilizer use on fields. After fertilizers, the
largest share of total energy inputs is attributed to fuel
consumption (diesel) estimated at 946.08 gigajoules per
hectare. The average energy efficiency of 1.09 indicates
an increase in energy consumption due to higher yield
growth than energy input, consistent with findings from
studies on Iranian agricultural products.

Conclusion

Based on the results of this research, the following
recommendations are proposed: identifying efficient
units and using them as models, while also recognizing
inefficient units and giving them particular attention,
can facilitate improvements in overall effectiveness.

Yoy

Evaluating the underlying causes of inefficiency in the
field is essential for informed decision-making and
performance enhancement.. Efforts should also focus on
optimizing energy consumption by reducing reliance on
non-renewable energy sources and increasing the
adoption of renewable alternatives. Furthermore,
pro,oting the use of organic fertilizers can significantly
contribute to lowering energy consumption in this
sector.

Keywords: Data coverage analysis, Energy
consumption efficiency, Energy ratio.

References

Ahani E, Mohammadi H, Esfahany SM. Determining
the efficiency of farmers by emphasizing the correct
management of chemical inputs consumption and
environmental effects (case study: beet growers of
Qain city), Journal of Environmental Science and
Technology. 2023; 10(25): 89-107. (In Persian with
English abstract).

Adom PK, Amakye K, Abrokwa KK, Quaidoo C.
Estimate of transient and persistent energy
efficiency in Africa: A stochastic frontier approach.
Energy Conversion and Management. 2018; 166:
556-568. Doi:https://doi.org/1016/j.e.2018.04.038]

Fulai Y, Xiaogiang L, Wengiang B, Junliang F, Fucang
Z, Youzhen X, Xianghao H, Shengzhao P, Yulong
D, Hualiang Z. Multi- objective optimization of
water and nitrogen regimes for drip-fertigated sugar
beet in a desert climate, VVolume 288, 1 November
2022, 108703.
Doi:https://doi.org/10.1016/j.fcr.2022.108703.


https://doi/
https://doi.org/10.1016/j.enconman.2018.04.038

g X » 0‘0. (&
4 . o “4
' f AP I o fe R 2
\(
.0. t ISCPBS »
SBSI Journal Home Page: https://jsb.areeo.ac.ir Ao

TaBynide Mo 55 550 Spae 9 (2B (o)
Yu,‘.il) oal)‘d.l.p(c 3]9; Jelwo ‘Y(;‘AT A.QJI “d}f).w Lo):lc ‘* ‘L;.Lou Juo>
VEYNYIY iy g, VERYINE icdlys ol

gy llde go
DOLI: 10.22092/jsb.2025.367487.1376

YEA V0N (V)P W ian e g 0 65l G g o) sy VTV (aly 00155000 .z a0 (R (635 g & (Gho0 T

oS

Mo DRIl p core OIS Mg godled 3,08 9 (55,0l Sy ;0 G IS wlerw (SHPPSS Eaw LI
9049) Cud935%0 Uy ¢ pwd 50 Balie 9s08 D 42 (559l 9 aodld lam LaI381 (Byb 51305 (6559LuiS” Y guamo
Span g 2 ome S b pole (haghs Cuwl (99082 9 2y Skt ey (I3l S ol (e Ut
Gl o5 paide Cumor (3855 ol (5] anola (8,5 ool IFAA-AA (o5 Jlo p> w8 ,iia Wi 3 (5551
A JooS5 5 lrliah )5 b dunliae 3, 31 o5 e aidgs s bl s (3binsl 3 I (3l yged ST o¥hast
P Span lade a5l oy 035 (5 pglaen (BT gy a1 OB (yliw e diged o) aide Gl I doliduw s
4 (o8 a0 035 2 Il (65,5 B ypuao jfsle S (6l 9 ol (59U (218 (Jguazme 1 ISR Sy Mg 3 03l
TY (Foleas ol dawlone VY il joom0 o3l Sl )3 (33 )9ldS i (221)5 (50Sle - s oof (55591 5102
Fo¥/0 a8, 0de 2do5 6152 (63959 G551 43392 515,95 32 058l (1, 51 g W &Blg )8 50 (595 155988 2y
s gm0 (8 ey ot o @gow 35S (5 kil Ol (323 CA g o Ll (5955 bruwgio 5l HUSR 4> JoIRS
FoVI0 poly 08,000 (639)9 $55! IS unl 0, 59kS +/+5 (65531 (Sp90580 9 VoA W8,00 Iy 551 28
Qe & oS (=1y5 el (1958159, (Siwntly o > (ot o5 Gl duo )3 VY Jolre LS 5 JojISS
ARl g gi @lio 5l g 3Ll g )l (65,0UES Sy (15 (Sl Colad Ll (pl 45 Cowl pislingand
il (5 )98 Cb g 9 (lbon (5355 dloa 51 VL L pao b (so3ld 03294 (55,31 03lg b puce

ol Bty i g Sl )b Jols dllis ol —F
Ol 5 el o8y «g5ysliS” lazdl sg,8 skl )

hamidmohammadil378@gmail.com :Jgiue exiwag —#
BY Ol edyde Cay syl Cuy g OLEB e85 oSS (659l Slaidl 5 (g lulus 09,8 uyle Y


https://jsb.areeo.ac.ir/

A8,k 0g5 0 (65l Brae g LI )y

Sl Cunsy (S8 551 g JB polie SoS 4 i
L ojle 258 Gpas (silul «udlS 3 sl aluwg & oS
(Najafi et al. 2020) 34450 B uno 0pué 5 5l pal «li]
Cadgazme b ()b 1 (g5)0liS s o5 cpldda g L ol
Cutel (6018 (ol 503 (gm0 3l 9 0392 gy, Mg @lie
Ole Gily 5 Jols bl 28y Jb > Cumer 2l
83798 Y gas Mg wlio Sl g0 9 Culldp by
(Titus et al. 2021) >4 sl

Wos Gl jolatedy (65ysliS pllas )3 S (e &
5 Sielss] Jsol culey b plian contly ) o] cots
Spae (Ng5e Cwl (5)900 Mg Sapiuss 5)luk b
ol b oS 518 Dbyl 390 o) srplaimpg 3 55
bl Job5 5> (56 g5 5 (635 Ny &S et )3 yrelds
5 Sl Cundy 555 (2l Bl 5l a5 ool g e
5l Gun casl 3 LG (Amini et al. 2021) 5,05 sl
xSl yohiod (bl s yize 3 2l dnslxe
2 laidl asly S alidyy a6l o 5 lie 38, 0
Sloies sl sl )5 Ko o 3 53 3 st
Gl Y395

Sl gloodls (oddgy Jlow ) 5| lidme 5]
Ao 5 ks 1y 2D (edos g oy pslateds (Jgene b
b @b e oBad nl 3 a5 S oo dplone ailindss
3 2 gy nl A8 (0 2l LS slasaly Sl dome oS 5
503)5 oo ailihos b e Jlate jl 5 ) 2 Sl
w3 e i ol 2D plgisa 1) (o 5 385 s S
Slr opga 9 88 Gl LD 5l rels )l s 08
olpor (lsebl pas g S L ojlgan a5 (5p0liS i
ol saiej > S ety ity oo Jlaidy canlie el
o1 plogl o M ] cind bli (9,8 )by 5 i) ()
(Farrell 5,8 &Iyl SIS 5l gzl obsyl olen b cul
(Azizi and Jahed dise 5y Lwly opl , .1957)
o515 93 ol aisly LIS oy polaieds Jie 2011)

Jo o8 00,8 L] (40 o g dinge) b by g Ao dgs

YO¥

o

dodo
5 ixme OYgame 5l S (Beta vulgaris) .,
glio 5 Jpame (il Col)j g 39)0 Jloddy 308 (3,
slasdl > ol S5 g B el o Jlidl bld 4 azal
ORIl Gyl 5l 4B )ase e Gl )l s A )5S
Bcudgiome b (6)gld sdes Clisi 9 Myi Jelge 318
aslize €08 oS (elnl o Lol el 5 cansl 5409,
g5 4 Sl 5 ailaio n el 5 Sugglss) bulyd L
Sxgo 0 eyl (Sib g (aulpd a0 b ) 5le 5 Jpae
@ g9 (nl Cuonl 3)S B 900 5)5liS ual &S
€9y aily (Me cuiS ( EM asliy jo &S Cwl g0
5 (Solanum tuberosum) e cuw ol o
oS ol Y game dles I oun (LENS cUlinaris)  oas
2l 3pes g Juine (2l 50 S (g8 oluly ] sl
ol cplple 285 )15 coglyl o pluls
Gan b g adbain o Sl 5 auldl s ol dus iS55
Cwl oadghpal ki oladl any
My wSke [(Ebrahimipak and Mostashari 2012)
Olie @ e 2 agi gl bl ) a8
Iy ool > cusS 5 adaw o i &S Cawl o9 50 VS/YDN
oy jolaid] o 4 Sa YVO e & GWB ol o
(Anonymous 2017) ¢l

ol e plieslge el i 5l 48 ik CublS e
P &S ot 9 bLisu plo b ol Lalgy g 5] ool o Jlis]
sokitedy ) ile dlisMe BB ol o (IS sy
2 38bes 32 Vb Gkl wl aidyue Sl g Sl
oIl 5> oLl Jool 30) 5 (2l d9u0 i sl
©jgo pi¥ Sllidl laosles bpae mo 65 e g 033k
2 W sl sl Jls > (Arel and Pede 2021) 5,5
£8,5 518 gy ar g )90 5351 wlia I yige odliil ca
ol 0398 (diiame 0388yl I 35 (65,0liST Lisy a8
Y Comd (59ldS iy Ablen 03)i8 (slapusS]
AL g ool & 85 (VL Ag (rnb sl



A

3 S 42838 Sllllas sy 5l 04 Juols gl
WAD Jlo 5> ol (65:9L88" (i3 53 (63909 s3!S 292
295 &5 g Caol 4Bl i158] o yd VI AYER & Cons
oo ool dLsld )38l Aoy YAY w0)gd pen by
5By 6y50e 5 2L . o1 ploul cladlate clllla
90 2 S5 oS Bpae Jeaze (p et (lied
Spae 5y Jude (Ying et al. 2012)cé 3 )13 o)y
slaygSh (g Cglite > 4 a8 yuiie Mgl (6299
o 9355 e ko glon g O Ll o I oo
2l 3 g Bpuse 3Sles p aihaie o > S gy
& .(Van Nguyen et al. 2021)cul 3531 o (690,00
S5l D awlis jl Jobs gols (odagh 3 & ek
oS 3 o)l 51 Sl WAF B YAF Sloj ob p3 o) e
2 el 5 gler (o bl e ol
D> Ty 5l D ooyt > BL 1 oslazal (g e
Jbre sl 9 Jlod gl i gluls lalinl 5 239,
Wby jolais! 0s a1y g5l S eSS sylisu
(Najafi et al. 2020)
dox jl el Y gaze (o 1 Jols (o) @l
Mg > Byae (55l US55l ey Y ol i w8 )ue
5Pl el (Bboaopy ¥V 5 e (55l A8,
Ol owizxen (Adom et al. 2018) cuwl 034 paiiano yut
5 e VP I B wg Sl e 55
93 ol oy cpl 0 A4S 00,5 dnwlee Juoyd YY Y il
(Zahedi s¢ ouis glolis (6550 B punny rodles s 5> olgs
a5 5 (651 e S 1S5 adlllae 5 et @l. 2015)
295 Gy o250 oyt Glnl 5 a8 )uiie (oolal
32y el el 3 &l lypd ol pd G s
My 3 Brae Sip1 S5 o onl 8 el
(olond (g23sS Gan 4 barye doyd VAN 48 00
4 baye dod VWA 5 30 Coaw 4 baye duopd YO/AD
Mgy )y (Babaeian et al. 2021) wil o diu S|
53939 55510 LS 4S5 (65,9l S 53 (65l By
AYOY Jlo 4 Comd WYA Jlo o S 5 (65,9liS” iow o

sl o3l g o2lag G 3l e 4l s & gl (ooletig
Lol 5 gslems 3 23,1) sl 85 (o o3l (2L 215
o s Canlio Liud odbiw g odlgs pais gl oS
sbasaly jloslatal s 2L cpFn g e om Sl
Ly Jsaee e sy o (IDMU) gllas 53l
doly (ionen g A8 o Mg ol jlade (o 5eS” ) eolan
sl 1y 03l ylae oy iy o8 (ADMU) Csllasls (s5lore
ord gy |y WS g0 Bras Jpazme jlahe (pieS My
adllas oyl > s oed 4 (Wang and Yang 2007) ol
(Wang and Yang 2007; sa.sploul colallas I (s S 10 b
i Sp b ocwl sas (53 Azizi and Jahed 2011)
S @)lge 3 ol o)l 5 ond Biby Juo ol ol
Sloi b abl ool g oled pain (> (6148 paenai w5l SO
D9 pdy Sl wil jro ledlys 5l (S ke oS

WB)xize b posee 2 Jlos g w0 IS 5k
5 i 4o oo by 48 1583 g5 ol LIS M55 o
e ol 3 5 s 1y (350 I3) a5 Jolge 5 e
g2l 5 Jelss 5 wlie cul asgome L Sl &
25 Jpama o)

3o Ui BayglS b g J3 ) Clalllas ()
Ba Ghpglss” 2L e Glp il slcdks, o
(Ohadi et al. _solas (gjp0 Juloo g, ol 0 418,85
b 629y9 o3l g5 bl Gyl jl 2l s 5 2020)
(Van Nguyen s ;150 5 0Jg Jolse (5590 500 (5)leas
b8 celmodls 1 odlizl b LS oy 4 €t al. 2021)
Slllas ol abox I 5 1S (glajye 29y )03 (rogs &
cbodlys 5l aige odlizwl [(Ahani et al. 2023) ol
S8y adg > Slind 5 5 Ol Jle plsisay g55lis
SRRl & i edgi A (LalS g (690 500 (RaljEl 2 0gMe
Bao fio (5,105,515l 5 Cunl ouds S sl L]
(Fulai Yan salS o cuwj b adgr slaodles a9 0
et al. .2022)



A8,k 0g5 0 (65l Brae g LI )y

o5 53 Lodles (Vb Bpae (e I wae (sixio olS S
G oy Y puile jl odlatul g ol J5,65 0 (g5)9liS
ol & G Jpazme (pl 3 (olond poous g LadgS
ol g b ooss el yol opl conl i el); olalS
5l a1 sl awsly (g99y9 syl 4 ool (Sl
Al ambre 9 55l Gbypr plid pol adlas plxl
Col W81k Jpazmo Mg I (86 IS sl L]
Sras Jal e qulie Sal) S plyisd Sl o oS
dy9e Ol i (2liwg) (Blg > oo LIF 9 5
oot adllas @l & sl dsl gycpl 5l 0p5 )18 a2y
Uil U ol LS LaliEl sl syl @) L sl
$59LiS dags (sl yide glie jloolaal (gt 5 1 (3o

Dgas adly p dalate l5ioliS” 4y S8 (gl (55350 P8

W g, 9 dlge
Ldg (gei el bl GLBB ki s o 28l NAPSYW

ol ool s (V) JSb 50 BB liw youd o Ldl s Cusdgo

o

.....

Yor

Gyl &S canl Jb o cpl sl 4l Gili8l aoy> AV
039 olyods Juoyd Yo /8 ol33l b oyed cpl b > ol 29>
Ql}t‘ u-.’.‘)lg S gabe d‘)’. &S ol Q'll do.\;moLi;j &S ol
ol 00 odlatwl (g yuin (55 ,5]
ol 5l S (Babaeian et al. 2021) ), ISe 5 oLLL zobs
dl.a.sJJJ)é 5 uol& égli.o )'\ Slalds sl L] Ol)',,o
Sl P8 oress ol 2 S el alulid 5 (gj5lis
ol dlc\.}l:ﬁdf L;Ua)'lf )L.u...,‘ u.u‘alf

@S opp 2 0ad pbdl Clllas ls ()
u_cl))‘ C)Yya;u o394y LS)‘”L.‘C'S QYM ulf.\...f.\..]y
W Camdg s @ ol Sitingly 25145703 Juols e 0
(80940 dlani g Wilatily o)Ll cadg slassly 39 LS 4
Mg Bras SGpl g Gogere (b owp p egMe
P L ol adllas 1V losly J1,8 )y p dy90 |y Joazs
2 O s (Ll s 2 0gMe b imggy ol jlglate
dolee & jezeodlpi—odlin igy (wloly Wodlys B yas
Ay (29 9 52959 S5 Ol 9 351 (2L a3 LS
Ol j3 @dly Gl oy milgs A Ml sy

Oleeds W8 niae 4Gl cle @ Ll asby g lels

BB s e Ll Cunbge Y S50
Fig. 1 The geographical location of Qayenat County

9 Cunl @y JoghS VYA s ol Colus 39y loday
ol bl Jled ;5 a8 5l Cumes ja3 YWerr 5l io
iS5 pdaw (AnONymous 2017) cuwl o zly g
LIV elys e o g el 3 ol o w8 aee

ol SLEB i youd 53 Cubd oy 5 ool >l{| Pl cudd
Ol e ol sl J1)08 51 o o] 8 mlie &S
e slachad Sl (S g cwl (2l)) (alow €8 58 93 )

A8y Jpame My agir Glul ol (g5)9lis



yov

@ Olysa @basly ;o Ojlea Wy 2L e 4
o yiman Wl S 15 sty o bl el S
Mo g o)l gaw le ol Sl baodles Bpan disgayed

ol 0045 dwlee 0045 B pas 0dlps digo
Oliee dodls Bpas j3 ol5)5lis L p ogMe waldl
8558 2yl 390 s ABykse Mg sl (Bras 5
bl (olie & G psie 035k 42,8 b (odidigy JloS Joe
b L) s b oLl el a8 amd e ) 1, b
sl o8 Sy polide (29248 50 5l (2L (LS g (Co e ]
b (b sty o890 o (i Jsar® o cyal 0l sl
S Wlal b pwlie 4 Ccand culb il 58
4 Cand puio 033L 453 b Slbre NIA = Teysgisme

(Azizi and Jahed 2011) cuol o 1,1 (V) ey jo wlids

Ming, 6

St Vb,
-Y,+YA=0

By — XA =0

N1A=1

A=0

lrodbins g osles syl cuiyn Yy 9 X ) alayly bl y
g bodley KXN Gy sle s Y g Xl 018" W)
G lise 0 a5l e g slaostiw MX N L 5l
0<0 <1 alols das ams o lis |y pll oaisS ags
b oS oS canl ol gonimalis @ = 1 Jlade 3,5 o0 )8
Oy O Gl Col pdlie by A el JoS 8 ol
S pm 53y al5a S ool by o oS, sl
ar9) JSdo b lgicce (2l 03151 02,57 )1,8 o jgome L (5 jlge
O odlys yials Sl cls pl 3 as” Ly pl 4 .0gs

il sl 92 (13l | Sodlys o 51 g 2alS

ol Gilisee cla i pd gho j3 48 Canl S YA 50
daw Gl Cpyide ESa DAY b sl ol s ol
(Anonymous 2017) cul 03> olaidl ses & |y cuis y 5
5148 Cad @5 Ve s ailate [ s jpsliS S sl
25 e et 5 o 4y da g5 b 55 FA S gl e

OhB sz 20 ¥Y Lawgie joboey )la5 3)50 (5956 ol
LA Ol dges laisdy g Llodly olaidl dgs 4 | dalais
buwy doliduwy YA JuoSS 3oyb 51 5l 0y cleMbl
J> g dbgye i HLolid)lS L asbae 5 e
313 3529y pxise ol poye 3)50 53 (505 LMl oS
Cailby g cal wwls Jolye wlely ¢ dolad &ygoas
A (659l @en VAR dlos K 090 Jguao

s cla) jloslatal b o)) )0se (2L pols adlas )
90 &y Comd |y anly ya Cuxdge &S ]S claodly idbg
WBjuse glje W5 WS (e pasuie LU 5 2L 55
ISl pSope b phngh cnl ploxl o9y a3 (S0l
5 2l 653l (el o alll slagbgy o520 0
e Cunl 0ad plsl sl inghy plo 5l Cglite (292l L
wloodls ptdyy oS by elelp oliplis 2K
Wt o g Ak Sl 53 jgoe03leg — ol Sl 3 1S
pas L olyom & (65)5liS” 50 (sl (yizred A5 (5 S0l
awl olyor (3L Sllws g 0l (g yiw basl il (Coalad
bl LIS Jlins sl 05 303 e bl g, oy
15 Jpas by o3lgg 25y o ol 4 Jpuamo (3,8 Slas
ly S sl 4 el )8 JBles L (Output-oriented)
&S Gl 00 sdueiw (INput-oriented) 1,Sooles b Jouace
a9 b bodlys 1 JBlas oolatwl d Sedles yog, 0 ol Bua
355 (S (Farrell 1957) cul Joaswe cpre gdaw &
ollae doly i bodls 518 Jlow gy sl Sy
Mo & cusl (203l 5 @2 pe lassly plgica) 2L
o bl g D500 oaomio o olul s ly oo L

B 5,8 Lo ST asly (clys 1y loosles G puane pe0 lgi s



A8,k 0g5 0 (65l Brae g LI )y

U, =§Vi=¢€
Erae $ipl amlbre il adlas Blaal oy pers 5l (S
S @ adllas pl > ol odg A8 ke Mg )D paiiiuns
550 A S Jlado 3 )50 50 p3Y SleMbl 5 aodly 435 pas
Span jl (80 539)9 55l (oly; DY e Mg sl Sl
ol 00l Qs ¥ alaly 51 g iUl (590
DE = % F ab,
Y (LS 5> J53IKS) et (53531 :DE (F) dlatly ol
VA) 43 g9y G o o p S oS Ve o0 ST s
ololy) S Slay Ges Sole H (4B jploe 2 0
oAl Q (s aB)S a5 e Av gy ©)lig 1S
it (S 5 e o) oS ]
ool CropWat aob p jl i juise ol 5l dcwlow (gly
025 Dly kel 2 > Jgame o (gl jslaie (pay & A
b 3 by y3 598 S SNk g By5 g e
ol 6l LIS L B0 dlme LS Ll S e
dole 5| Ly A5 43,5 e > +/¥0 Jolee o] e oS
(Jyame 63959 SIPI S 2 30 ool & bayye (555
oA 5Pl 5 Cogere (5P DS lapadls
.(Kordavani et al. . auwslbxo V 50 (sladlaly wlaly

2018)
.. _ Energy input
Energy efficiency: Energy Output) dalal,
i Output tit,
Energy productivity = S L A 7 byl

Energy input
Net energy = Energy output— Energy input val.,

)8 gonms i Energy efficiencylaalal, oyl j o
2 JoS sy o3l (55, Energy input «j !
2 J93KS qawes o3l (5551 Energy Output o)l
coled 9 i) 90,4 Energy productivit ¢l
9 295 5P Wl 5l Jols alld 5,51 Net energy

Sib o (3959

YOA

WS (b pazude |y S5 pl ool 4 Cond e 0351 A5
LS oo Clad olide &) Cod (g39m0 0331 4l 3 080 &S
26 033l a8 awlie b Jas )3 ore il (Jop 2ok b
@S ol 255 o Cpgo NTA 2 0 obide 4 (3920
(Azizi and Jahed W] o cowss Y abaily wloly a2l 28
s DS L digy 5,S5g) > Sl S 2011)
P9 oaal alinbss L L s 2L oot
398 s 4t Al Syl (DMU) S (oo 218 0 5%
2 obgy ol sl albwdgs gL L (DEA) ()«
Gl d3lg S slvodles g 03w (sl by c e Sooin

(Farrell 1957) cusl oais by ¥ o)y & yguods a5

m
Yi=1 Vi Xjj
S u .
r=1Ur¥rj

Min 6 =

s.t
s.t

Yiz1 ViXij
Z§=1urYrj
up, Vij = 0

(G=1,2,3,...n),(r=1,2,3,....,s) ,(i= 1,2,3,...,m)

slacyiy Jold Vg ¥ gama slagyiy Jold U o o oS
L:z»obl.eg )i)l)l.o.’ Xy QYM Lgo.x.l.mow yc.ny Juol}c
P Silpm Sl b ly S ol & Sieo ol e

>1 Y b,

(AZIZI 9500 (Syro s 2h i b g il (2
Gyie 5l lacgeme &S Syee ,» and Jahed 2011)
390 A5y oSS il PV 295 s Al ALl dgng ot
Slasgme ailins (DEA) Jao p .cawl alioyy )80 s
2D 258 00 dsloxe s3lg 1 (sl b o Siosllael |

ol 00 Al (V) alasly ol ailiuy

S

_ min
Max@pmy = Z ViXi

r=1
s.t
Z Uryri — Z VrXij =0 ¥ oalal,
Uy =



AT

5 Yol 2Ll deosly g (g5l Bpas ws)io
5 Sapere ity e g ol plie (gjylaS” Slies
whl Al 5 4l OleMbl zl Sl wbl o as e 5,Sles

(28,5 ol GAMS 5 SPSS cla|jdlp 5 5l oslitul

olel dnel> 3 WByuir 1y (Ske ) gl @l Gillae
5 S 50 5 YN aVlo dblpMul by wyp 3590
a5 10,5 duwloee JSa 3 5 SMAY ] g5 oliee oy yidin
ol OB laops > o) YL 5 ,Sles g Lis
oS sl ol 1 S olond slodgS 5 50 5l edlatul cumdy
DYIY g i 3> sl PIYY Lamgin yolods dilato ] 35S
Spas 355 o )k AB)usie Mg il 4 lSe )5 p)SlS

.,\Jlob)f

Jos b 4 dlael jslaie 4 (g5 el glansly il
(Kariminaderi and s auoloee A alayl, 5l aodls sy

Esfahani 2015)
S i)y 335 ZB(XHY) Aala,
Cowl SY guazo 2las Y g ool ol X YL daly o &S
Sop Jold (uyp 3)90 SV gazme Mg )3 wae slaodlys
9 (leosd) 395 (o g () rittane (53] ¢Sl
CuiS ) g Grzpen Wlodgy Gl g psan ok (s>
o3l (lgisdy 0,93 b 53 WB)dise M8 (e 9 03leS lgie
Bl aosliw g laodlps slasi 4y dogi b a8 i a3 )3 Jlas o
VY olaws bodly 1318 Jdow 3 (6 S paenad slaasly dlass
Maw idleiel b8 guls zlyscunl jolaiods 13 )3 duwlre sy
JeoS5 58 0032 1oy 00 5l (B3kal &gy sl p FA
O3S oges Clasuin Jold doluiuw p cleMbl .0y )3

Sy w3 Sas 5 ool LS)LJ s Sis ) Joss

Table. 1 Statistical characteristic of inputs and sugar beet yield per hectare

Jreo Jslas Sl OoSbe 8l youl
Variable Min Max Average 5kl
Standard
deviation
(o) Wy 28.02  68.87 30.11 17.62
production (tons)
() oo leosd pgons 0.46 10.000 2.52 2.17
Chemical pesticides (liters)
(05 58 ) i 355 50 160 54.2 16.7
Phosphate fertilizer (kg)
(p)S5hS) @l 298 100 250 139.70 45.29
Nitrogen fertilizer (kg)
(p)55S) (B pae b 15 12 3.37 1.29
Quantity of seed used (kg)
(9y =), sop 3 35 21.34 6.14
Labor force (person-days)
() cuisS ;5 pdaw 0.5 50 9.5 7.23
Cultivated area (hectares)
() Jjpo cSgw 149.2 299.5 250.7 38.7
Diesel fuel (liter)
(coSo yio Jl3a) LByan o 5.54 13.60 7.11 1.81
water consumption (1000m?3)
Source: Research results s ol sl
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Table. 2 Average input consumption under optimal and non-optimal conditions

ol hBL ae) (At o) (Bpae Ay
Inputs Inefficiency percentage consumption (non-optimal) optimal
(S 53 p)55LS) oliond 395 -46.1 694 374
Chemical fertilizer (kg
ha-1)
(S 53 p,5lS) By ybo -65.29 13.60 4.72
Quantity of seed used
(kg ha-1)
(LS 55 y2) o -71.1 115 3.32
Pesticide (liter ha-1)
()8 Slel) 518 o950 -33.77 76.10 5.40

Labor force«
(working hours)

Source: Research results
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Table. 3 Growers' efficiency under input-oriented and output-oriented models

Jolg 0l 9o odliaw s odlgs Solg o)l oo odliw yoomo ol
Unit number  Output oriented Input oriented Unit number Output oriented Input oriented
1 1.07 0.93 26 2.21 0.45
2 1 1 27 1.60 0.62
3 1.13 0.88 1.16 0.86
28
4 121 0.82 1 1
29
5 18 0.55 1.22 0.81
30
6 145 0.68 1 1
31
7 3.75 0.26 4.68 0.21
32
8 1 1 1 1
33
9 1.90 0.52 2 1.60 0.62
10 3.72 0.26 - 1.12 0.88
11 3.83 0.26 1 1
36
12 2.60 0.38 37 1.02 0.97
13 2.04 0.49 1 1
38
14 1.15 0.86 29 1.13 0.87
15 1 1 3.19 0.31
40
16 1.40 0.71 1 1
41
17 1.86 0.53 " 5.35 0.18
18 1.65 0.60 23 1.87 0.53
19 1.66 0.60 1.71 0.58
44
20 1.68 0.59 1 1
45
21 1.26 0.79 1 1
46
22 2.9 0.34 47 1.44 0.69
23 1.6 0.61 1.04 0.95
48
24 2.164 0.46
25 1.15 0.86
Sole 1.76 0.70
Average
Source: Research results o ol sl
oy pub—dinto 3,50 90 (wluly ol5H5lis oK asbl s doly SO Mg (gl VIVE jeomooslin ol)lS lawgio picten
wLw‘)., Cawl 00 U")‘)f ¥ J9A> 2 L)T CJLJ 9 Ml?u ﬁ‘ﬁ )ymo.)l.eé e ) u.’])lf u,i;l.m W) d.mol?m M).h»
oliles o5 age bhuge (F) Jeuo @l doly S 05)91 Candds glp S0 Gleds b cwl VVE
ul))jl.wf Sy Y Ja.wj.uo )}.‘od.! W) ML‘?LQ ’/fY)J‘)J Sl VY5 )Jl).) [ XW) Q_S)AM LSLQO.)LQ‘) @)9 T ‘Jym
JB L 5 g9, ailions 5 jgmeoslys cll> jo a2 doly ol sl 3o 68 e plas oS cl S5 LB
Jee LS Ohgoas ailiwiss oBaus 5l Ll wsjlas Cawddy (gly jioS odlpd Bpas (xe 4y g Dg Adled yipo

IRVELIPN ol Jgame duxo e 3,0



A8,k 0g5 0 (65l Brae g LI )y

Y&y

Wk e g ollp Bodled Bpan 3 (lj)sliS (LS anslie ¥ Jgaa
Table. 4 Comparison of growers' efficiency in input usage based on optimal versus nom -optimal approaches

2lg 0)leds e 2L Ay gt 2L 1y 0)leds a2 A pé 2
Unit number Optimal efficiency Non-optimal Unit number Optimal Non-optimal efficiency
efficiency efficiency

1 1.07 0.28 26 2.21 0.47
2 1 0.32 27 1.60 0.48
3 1.13 0.27 28 1.16 0.33
4 1.21 0.37 29 1 0.31
5 1.8 0.44 30 1.22 0.32
6 1.45 0.37 31 1 0.24
7 3.75 1 32 4.68 1
8 1 0.28 33 1 0.21
9 1.90 0.50 34 1.60 0.36
10 3.72 0.99 35 1.12 0.28
11 3.83 1 36 1 0.13
12 2.60 0.72 37 1.02 0.18
13 2.04 0.51 38 1 0.10
14 1.15 0.30 39 1.13 0.20
15 1 0.22 40 3.19 0.71
16 1.40 0.41 41 1 0.30
17 1.86 0.45 42 5.35 1
18 1.65 0.43 43 1.87 0.31
19 1.66 0.40 44 1.71 0.39
20 1.68 0.46 45 1 0.24
21 1.26 0.37 46 1 0.16
22 2.9 0.62 47 1.44 0.31
23 1.6 0.35 48 1.04 0.36
24 2.164 0.53
25 1.15 0.33

ke 1.76 0.42

Average
Source: Research results s ol sl
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M Labor (hours) (wela) Al ;0

M Diesel fuel (liters){_ad) Jomo s e

M Irrigation water (cubic meters)(—=$s_2a) il 1 M Nitrogen fertilizer (kg) (s 258) s 258

M Phosphate fertilizer (kg)(s_8518) ik 2 <
B Organic fertilizer (kg)(=_251£) M 2£

H Fungicide (kg)(s% s5) LiSz 8

B Seeds (kg) (»2AA5) S

 Potash fertilizer (kg) (8 518) sl 258

M Insecticide (kg)(p 8 58) J2% pis

H Herbicide iS-ale

M Sugar beet yield (kg) (p_8548) a0 2 Sles

G guls 35 le iyt Wi )3 (B pan slaodles uSibe ¥ IS
Fig. 2 Average inputs used in sugar beet production. Source: Research results.
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Fig. 3 Average total energy of inputs used (in Meajoules). Source: Research results.
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Fig. 4 Average total energy indices in sugar beet production. Source: Research results.
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