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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.
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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 S o3lpg Bpan Jxe 4y g 2 Jales s

IRVELIPN ol Jgame duxo e 3,0
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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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