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In order to compare the cultivation of two sugar-producing plants (sugarcane and sugar
beet) in terms of energy and economic indicators, a field study was conducted in
Khuzestan province in 1402 using questionnaires and interviews as data collection
tools. Energy consumption efficiency, energy productivity, specific energy, net energy
and water consumption efficiency were investigated as energy indicators and gross
production value, net income, profit-cost ratio and economic productivity were
investigated as economic indicators. Based on the findings of this study, the total
energy input in sugarcane cultivation was 93002.4 and in sugar beet was 47148.34
megajoules per hectare. The total energy output in sugarcane cultivation was 98467.2
and in sugar beet was 1273272 megajoules per hectare. In sugarcane cultivation, the
largest share of energy was from fuel (34.85%), water (32.9%), and chemical fertilizers
(12.3%), and in sugar beet cultivation, the largest share of energy was from fuel
(45.77%), chemical fertilizers (24.25%), and water (22.8%). In sugarcane and sugar
beet cultivation, the energy efficiency index was 1.06 and 27.01, the energy
productivity index was 0.88 and 0.81 kg/MJ, the specific energy index was 1.1334 and
1.2271 MJ/ha, the specific energy index was 5464.8 and 1226123.7 MJ/ha, and the
water use efficiency was 2.73 and 7.19 kg/m3 of water consumed. Net income in
sugarcane cultivation was estimated at 1927.78 and in sugar beet at 1068.34 dollars
per hectare, indicating the greater profitability of sugarcane. In general, sugar beet
cultivation was superior in terms of energy efficiency and sugarcane cultivation in
terms of economic profitability, which is hoped to attract the attention of policymakers
and agricultural extension specialists to create sustainable farming ecosystems in
the agricultural development of the province.
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Extended Abstract
Objectives

In order to compare the cultivation of two sugar-producing plants (sugarcane and sugar beet) in terms of
energy and economic indicators, a research study was conducted in Khuzestan Province in 2023 using a
questionnaire and interview as data collection tools. Sugar is an indispensable component in the food and
pharmaceutical industry. Khuzestan is the main hub for sugarcane production in the country and also ranks
second in sugar beet production. According the result of this study the more suitable product in terms of energy
consumption efficiency, as well as economic viability would be determined. The objectives include examining
the economic viability of cultivating the two plants, sugarcane and sugar beet, considering the amount of
production costs and their final yield relative to each other, as well as investigating energy consumption
efficiency by determining the inputs and outputs of the two systems and estimating the share of renewable and
non-renewable energies in each product.

Materials and Methods

This research was conducted in 2023 in Khuzestan province. Through a questionnaire, information on
inputs, labor hours, fuel, and costs was collected from 20 experienced farmers who were engaged in sugar beet
cultivation in the province whose cultivated land area was over 5 hectares. Sugarcane information was obtained
from 3 agro-industries of Farabi, Salman Farsi, and Haft Tappeh. Energy equivalent of each input and output
calculated by input or output values multiplied by their corresponding energy coefficient. Various energy
indicators plus water use efficiency were calculated. For economic comparison the costs of the inputs used in
the production system were calculated in US dollars per unit area (hectare).

Results/ Discussion

Total input energy in sugarcane and sugar beet cultivation was 93002.4 and 47148.34 MJ. ha™ respectively.
Also their total output energy was 98467.2 and 1273272 MJ. ha* respectively. In sugarcane cultivation, the
largest energy share belonged to fuel (34.85%), water (32.9%), and chemical fertilizers (12.3%), while in sugar
beet cultivation, the largest energy share was related to fuel (45.77%), chemical fertilizers (24.25%), and water
(22.8%). In sugarcane and sugar beet cultivation, the energy efficiency index was 1.06 and 27.00, the energy
productivity index was 0.89 and 0.815 kg. MJ, the specific energy index was 1.13 and 1.23 MJ. ha%, the
particular energy index was 5464.8 and 1226123.67 MJ. ha', and water use efficiency was 2.73 and 7.19 kg.m"
3 respectively. The net income in sugarcane cultivation was $ 1927.78 and in sugar beet cultivation was
$1068.34 per hectare, indicating higher profitability of sugarcane. Overall, in terms of energy use efficiency,
sugar beet cultivation was superior, and in terms of profitability, sugarcane cultivation was superior which is
hoped that it will be of interest to policymakers and agricultural extension specialists in order to create
sustainable ecosystems in the agricultural development of the province.
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Tablel. Conversion Factors of the Inputs and Outputs of Sugarcane and Sugar beet production

into Energy equivalent (Megajule, MJ)

o3ld $irl capd P XS )k &o
Inputs Energy factor Sugarcane Sugar beet Reference
(MJ/ unit)
(p)55kS) 4ols 1.2 8212 ( Ricaud,
Cutting (kg) - 1980)
(p555hS) Hu - - 1.58 (Zahedi ET
Seeds (kg) AL., 2014)
(coSo yia) O 1.2 30000 10540 (Tabatabaie,
Water (m3) 2012)
() Jpd cigu 56.31 575.57 383.26 (Kouchaki-
Diesel fuel (1) Penchah, 2016)
(celo) )58 o950 1.96 752.4 20 (Ozkan et al.,
Labor force (h) 2004)
(celo) oY psle 62.7 65.04 13 (Singh et al.,
Machinery (h) 2002)
(25548 ) st browsd (sloagS - 276.53 297.28
Chemical fertilizers (kg)
(215 5hS) 55955 355 60.6 168.93 162.82 (Gundogmus
Nitrogen fertilizer (kg) , 2006)
(p)55LS) (owlis 595 6.7 0 59.46 (Gundogmus
Potash fertilizer (kg) , 2006)
(25 58 ) 6 yiud 355 11.11 107.6 48.3 (Gundogmus
Phosphorus fertilizer , 2006)
(kg)
(pSS) 52,55 355 0 23.42
Sulfur fertilizer (kg)
(215 55S) 9,550 355 120 0 3.297 (Zahedi et
Micro fertilizer (kg) al.,2014)
(p,SoLS) Sl 365 0.3 0 732.55 (Rafiee et al.,
Animal manure (kg) 2010)
(05590 03lo )5 k) sloonsd pgous - 14.17 12.84
Chemical toxins (kg ai.)
(05590 03lo p,5'5hS) LiSile 238 11.92 331 (Rafiee et
Herbicide (kg ai.) al.,2010)
(0590 03lo p,5'LS) 4iSo i 101.2 15 3.59 (Rafiee et al.,
Insecticide (kg ai.) 2010)
(05550 03o p)5'5kS) iz, 8 216 0.75 5.94 (Rafiee et al.,
Fungicide (kg ai.) 2010)
a5l
Output
(ko 3 p,50LS) (5 2, Sdas 1.2 82056 - (Kitani et al.,
Cane yield (kg/ha) 1999)
(S 55 p,5okS) adyy 3,Slas 16.8 - 75790 (Zahedi et
Root yield (kg/ha) al., 2014)
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Water use efficiency (kg m) = Economic Yield / Consumed Water

b odlatul (golaidl glapadly Glwjes Gl 3 St g 18)uiie lapgriulS yid JloS g (ow)p pslate
Y bl gy Wlosds Bpo g e )3 &S lrodles (glaai s Ll (Jgaze 93 (ol adgs (oolaBl o) plate 4,
a5 W ol 3 0 dplre (JUS0) s 51y 1 (il sloloj )3 Cuasd gl (351 LS pslite )
5 g OYloadle 5 Sl (59, g ((Bpae (sloodles (s dlox I e (sloalysa () o)l2] dlox I ol
AL welyd dles 5l (oolamdl pae (slo ol L g dol Conds e, SO sl (TCP) S ause e
@bal gy 5 (ICRYan 2 4 29w cos « (ND LIS 2l « (GPV) wgallbl (o) (Gl) Wy
(Asgharipour et al., 2012) cwl ¥ Joo zpdds b yaslis pl o)l o i Glije.d duwlw(EE)

1. Energy use efficiency
2. Specific energy

3. Energy productivity

4. Water use efficiency
5. Net energy

6. Total cost of production
7. Gross income

8. Gross production value
9

. Net income
10. Income to cost ratio
11. Economic efficiency
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Gross production value ($ ha'*) = Crop yield x Product price
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oA .»J): (10
g slaa e IS
Benefit to cost ratio = Net income / Total cost of production
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Tabled. Input and output energy amounts and the energy share of each input in the total energy of
sugarcane and sugar beet cultivation

Sugarcane Sugar beet
o3les 32 S50 51 e 37 &350 51 e
Input Energy (%) Js Energy (%) Js
(MJ /ha) share of (MJ /ha) share of total
total energy energy (%)
(%)
Cutting a.s 9854.4 10.6 _
Seeds 4, - 92.5 0.2
Water i 30600 32.9 10750.8 22.8
Diesel fuel Jj» csgu 32410.43 34.85 21581.37 45.77
Labor force 5,5 s 1474.70 1.58 39.2 0.08
Machinery Yl 4078.01 4.38 815.1 1.73
Chemical fertilizers ,lews loses 11432.6 12.3 11434.5204 24.25
Nitrogen fertilizer 59, 558 10237.16 11 9866.89 20.92
Potash fertilizer ..k, > 0 0 389.38 0.84
Phosphorus fertilizer s > 1195.44 1.3 536.61 1.14
Sulfur fertilizer ¢,555 565 0 0 26.23 0.06
Micronutrients ,5.. »s8 0 0 395.64 0.84
Animal manure gl 568 0 0 219.765 0.46
Chemical toXins ,less pgew 3152.26 3.35 2434.85 5.16
Herbicide _:suile 2836.96 3 787.78 1.67
Insecticide S i 153.3 0.17 364.03 0.77
Fungicide sz, 162 0.18 1283.04 2.72
a5l
Output
o 3)Skas 98467.2 100 -
Cane yield
ady,y 5, Slas - 1273272 100
Root yield
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Fig 1. Energy share of each input and output in sugarcane and sugar beet cultivation
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Tableb. Calculated energy indices in sugarcane and sugar beet production

G o sy i 8 iy
Energy index Index unit Sugarcane Sugar beet
(EUE) 55! Span )8 ~
Energy use efficiency 1.06 2701
(EP) 55! cr90 e
Energy productivity kg MJ*
0.88 0.81
(SE) posasio (5351
Specific energy MJ kgt
1.133 1.227
(NE) s 5551
Net energy MJ ha*
5464.8 1226123.7
(WUE) T Gpae lylS kg m®
Water use efficiency
2.73 7.19
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Table6. Amount of each renewable, non-renewable, direct and indirect energy in sugarcane and sugar
beet production (MJ/ha)

&30 &9 S 2 it
Energy type Sugarcane Sugar beet
Renewable , 100 41929.1 11101.5
Non-renewable it yaos 51073.3 36265.8
Direct qitue 64485.1 32370.6
Indirect e p 18517.3 15392.8
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Table 7. Production costs and gross production value in sugarcane and sugar beet cultivation

o3lgs sl KVEJRIEES P
Input Unit Sugar beet Sugarcane
($ ha?) ($ ha?)
A8y ) P skS 88.88 -
Sugar beet seeds
(St 4l 106.25
Sugarcane cuttings
&5 o el 25 940.5
Labor force
Yl owile 958.35 388.93
Machinery
i gus I 236.63 205.19
Fuel
ol S yio 5.27 15
Irrigation
bosd poows P oS 99.22 98.39
Chemical toxins
otbhonss 355 £S5 ks 86.65 77.87
Chemical fertilizer
Slo 368 PR IR 22.71 0
Animal manure
oy sladgS PSS 69.21 0
Micronutrient fertilizers
RSN P S 1000 645
Land rental fee
My LAl 55 £S5 ks 3560.24 4404.91
Gross production value
b cloanja 1005.27 660
Fixed costs
i slaaiy o 1486.63 1817.13
Variable costs
Mg e S 24919 2477.13

Total cost of production
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Table8. Evaluation of economic indicators in sugarcane and sugar beet production
Indicators Unit Sugar beet Sugarcane
g LAl 3 S > Vs 3560.24 4404.91
Gross production value ($ ha'l
JURIERER S 3 o 2073.61 2587.78
Gross income ($ ha'h
JURIEW S 3 o 1068.34 1927.78
Net income ($ hat)
A 4 dgw Cand - 0.428 0.778
Benefit to cost ratio
ol 690,00 3 1 p 5ok 30.414 33.125
efficiency Economic kg $71
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