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Abstract

Introduction: Today, agriculture is one of the main consumers of energy in the world. Due to the
limitations of energy resources and the growing trend of the world population, the importance of
studying energy in the agricultural sector becomes apparent. Analyzing energy input flows to
agricultural systems can improve energy use efficiency by understanding more details about inputs
and their contribution in total energy input to the farm.

Materials and Methods: The present research aimed to analyze energy and economic indicators in
semi-traditional and mechanized rice farming systems in Durood County, Lorestan Province, in 2022.
The data used in this study were obtained using a questionnaire and face to face in the studied region.
In this research, different energy indicators (net energy, energy efficiency, energy consumption
efficiency, specific energy, and water efficiency) and economic indicators (total production cost, gross
income, net income, and income-cost ratio) were used to compare the energy flow in two systems of
semi-traditional and mechanized rice cultivation.

Results and Discussion: The results showed that the total energy input entering the semi-traditional
and mechanized farming systems was calculated as 139666.34 and 136228.19 MJ ha, respectively.
The highest amount of energy use in the semi-traditional and mechanized systems is related to fossil
fuel (65.96 and 66.49%), irrigation water (17.17 and 16.62%), and nitrogen fertilizer (10.97 and
10.97%), respectively. The results of this research showed that in both semi-traditional and
mechanized farming systems, the share of direct energies was significantly higher than indirect
energies, which was due to the excessive use of resources such as human labor, fossil fuel, and
irrigation water. In addition, non-renewable energies also made up about 80% of the input energies
entering the semi-traditional and mechanized farming systems in Durood county, while the share of
renewable energies was calculated to be about 20%. The higher share of non-renewable energies can
be attributed to the excessive use of chemical fertilizers (nitrogen, phosphorus, and potash), fossil
fuels, pesticides, herbicides, and fungicides. The results of the analyzing energy indicators revealed
that the amounts of net energy, energy productivity, energy use efficiency, and specific energy in the
semi-traditional farming system were equal to 11381.66 MJ ha?, 0.04 kg MJ%, 1.08, and 22.92 MJ ha”
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1 while they were calculated as 29419.81 MJ ha?, 0.05 kg MJ?, 1.22 and 21.49 MJ ha? in the
mechanized farming system, respectively. Moreover, the water use efficiency was equal to 0.248 and
0.285 kg m?® in semi-traditional and mechanized systems, respectively. The net income in the
mechanized farming system (989714780 Rials) was higher than the net income obtained from the
semi-traditional rice farming system (813695300 Rials) due to the higher economic performance of
grain and straw. The income-to-cost ratio was also higher in the mechanized system than in the semi-
traditional system, indicating more income per unit of cost in the mechanized system.

Conclusion: Altogether and according to the findings of this research, the mechanized cultivation
method was superior as compared with the semi-traditional rice cultivation method based on economic
and energy indicators. It is suggested that in order to increase the share of renewable energies and
increase the energy use efficiency in both mechanized and semi-traditional systems, farmers should
use less fossil fuel for irrigating the fields by using irrigation water based on the plant's irrigation
requirement.
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Table 1- Used machinery, hour working, and used fossil fuel in two semi-traditional and mechanized systems
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Table 2- Energy equivalent for used inputs and obtained outputs in rice production systems
Value jluie
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&°9,9
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melo) 555 5oy :
(ele) 55,8 $50 1100.95 982.14 1.96 Singh et al., 1994
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Table 3- Used energy indicators and water use efficiency

da:'w
Indicator

Jse s
Formula

Sl Spae 25

EUE= Total Output Energy (MJ ha'*)/Total Input Energy (MJ ha™)

Energy use efficiency (EUE)
&5 6500

EP (Kg MJ) = Crop output (Kg ha) / Input energy (MJ ha)

Energy productivity (EP)
eyare 655

SE (MJ kg'*) = Total Input Energy (MJ ha'?) / Total main product yield (kg ha™)

Specific energy (SE)
AL 655

NE (MJ kg*) = Total output energy (MJ kg'*) — Total input energy (MJ kg™?)

Net energy (NE)

WUE (kg m) = Grain yield (kg) / Irrigation water (m?)

Water use efficiency (WUE)

(etal., 2012; Yilmaz et al., 2005; Azizi et al., 2023
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Table 4- Used economic indicators

sl Jse b
Indicator Formula
AL .).n'\)o

Gl (Rials ha*) = Rice yield (kg ha™) x Rice price (Rials)

Gross income (GI)
A MT)..»

NI = Gross value of production (Rials ha'*) — Total cost of production (Rials ha™)

Net income (NI)
Sl slaasse S

TCP = Variable cost of production (Rials ha*) + Fixed cost of production (Rials ha)

Total cost of production (TCP)

A0 A Sgaw Cod

ICR = Gross value of production (Rials ha™) / Total cost of production (Rials ha't)

Income to cost ratio (ICR)
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Table 5- Input and output values of energy used in semi-traditional and mechanized rice farming systems in Dorud county

&9 (S dous JS 3l awey0 0 3350 J5 3l aweye
Item Semi-traditional (MJ ha™) Percentage of total Mechanized (MJ ha™) Percentage of total
SN s 2157.86 1.55 1924.99 1.41
Human labor
“’W%‘“LL” 2208.92 1.58 2586.38 1.90
Machinery
N e 92122.60 65.96 90584.77 66.49
Fossil fuel
o 1022.97 0.73 869.06 0.64
Seed
(|
e 23977.14 17.17 22638.08 16.62
Irrigation water
oS e 47.60 0.03 49.98 0.04
Herbicide
55 2
s @ 230.90 0.17 230.90 0.17
Fungicide
S oyt 101.20 011 197.340 0.14
Pesticide
w"'““ 15323.32 10.97 14907.96 10.94
Nitrogen
Slawd
898.42 0.64 725.00 0.53
Phosphorus
“*““’L“ 289.90 0.21 427.05 0.31
Potassium
255 0.22 0 0.67 0
Sulfur
Al oS
) 1227.00 0.88 1086.00 0.80
Organic manure
8259 571 5 139666.34 100 136228.19 100
Total input energy
W oS
HE 65200.00 43.17 72450.00 43.74
Straw
Sl
e "l“ 85848.00 56.83 93198.00 56.26
Rough rice
e
s s 151048.00 100 165648.00 100

Total output energy

3998 (yliw yeld 33 Tyt (Fiwrdond 9 0380 LS (gL pima 30 R AL asT 9 3 A 0 (palians paf (penilionns S (55 5l e —F J9ua
Table 6- Contribution of direct, indirect, renewable, non-renewable energies in semi-traditional and mechanized rice farming

systems in Dorud county

&9 (S do 0 355
Item Semi-traditional Mechanized
s I3y 835 IS 5l ey
Energy (MJ hal) Percentage of total Energy (MJ hal) Percentage of total
it 118257.60 84.67 115147.85 84.53
Direct
e 21408.75 15.33 21080.34 15.47
Indirect
R 27157.98 20.32 25432.14 19.47
Renewable
s
e 112508.37 79.68 110796.05 80.53

None-renewable

S THB (iS e i ¢ i cale (YT nile IS Slelu dy Jold e o8 Lo g5l tiogs (8 pan Ol > g S g o Sladl (59,5 Jolds priane sl g5l

39 (13 3955 3,555 355 (ol 395 Hhud 95 ()59 355
*Direct energies consisted of human labor, fossil fuel, and irrigation water. Indirect energies included seed, machinery working hours,
herbicide, pesticide, fungicide, nitrogen, phosphorous, potassium, sulfate, and organic fertilizer.
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Table 7- Different energy indicators and water use efficiency for semi-traditional and mechanized rice farming systems in Dorud

county
d"'-“ o A0l a,ulS.o
Indicator Semi-traditional Mechanized
(LS 2 Js5) alls 55
11381.66 29419.81
Net energy (MJ ha'®)
(3% 2 p55kS) 6550 (59 002
o 0.04 0.05
Energy productivity (kg MJ™)
Sl Syae 25
~ 1.08 1.22
Energy use efficiency
(p55kS 3 J95le) Logaze (555
M 23.92 21.49
Specific energy (MJ kg™
(caSo 2o 0,5 5kS) O B pme S
0.248 0.285

Water use efficiency (kg m®)

4z 555 9ly o Byan il 4 oS el (nl SLa 55
058 by, 4 @ p CeiS sl sl oal dgs (65, Hlade
i8S o e cpl AT J j0 w0 VIYY il 550 2LE
dalio (A J302) del i VA Joloo g0 (iswdas
IS Bl 5l o5il5e CiS oS ams e s pas s ol
e 551 2b5l 50 AFLE o ke &5 551 B
g AL (Shdegd S8 4 o il o 55,508 o
i oS 03l (g5 o |y 55 0 cnl RYS alex )
Gdu syl Ol (Jps c e Sl (5955 3l 0556
Sfbes e 9 Hd 5 J9 e g (sleed slaogS
adhie j0 a5 gladllae o Liwly uon jo .causls YL als
@ @ Js—ame sl (b Gl e b plonil 5o 5l
oo b VYO 9V o ar o ) 5lis g g Sasis oy,

550 s (o casaes (Attar et al., 2010) ol

4 o0l adgi (golaidl o Slae laie Lo (6550 (5590 500
»(Khan et al., 2009) ol o 55,50 9=l 2 B yane gl

0580 S (5l (55,50 (5590 0 cardllan ()l bl ulul

5es 45 ysbots el ey (T sas S S 5l 5y
o 42 (6399 5551 J350 o 6Tl 4 oas gy Sl
S8 3 5 (p)5 00) S ekS 100 0pilSe oS (sl
Sk (A Jgaz) 06 (05 Fe) o S6lS /o F o waens
S 8des ((Br—an 555l aly o Sl s opilSe ciS o
sl oads Jol> (5 50 0 Slos (Shward ST 50 9 5
as ols l—is oo Gy Oldad j i gl
g b 85050 50 (U3l o 56k +IYY) (550 (5590 42
Ol 53150 s o 592 2 l50 51 iir VL (gl il

@ls b as s als (g5l » p SokS - IVY) s 5omby

Byae ol)5 go0e Jlaie o ils Slstren bl uds



fvy (89598 HLiw yos 160 530 andllan) gobaidl g (655 (s s Ld 3l eoliiw! b g6 9 0 3l50 g (Swdoud ColS i 9O dow Lo

Job@foﬁ&jwwduw)éu]dw
Sy Jdo a5 0 S e p Sl < IYAY 4 < /YTA
5;«»5;.2] d)mora&ow)o uT d)..a.o s:‘)lfudy
gy (o CudS Ay G it aild o Slos
aS ol las golaidl sl Jdow g a2 5l ool il
3 i 0538 pis j0 o5 g ails golaidl glas Sloc
ceiS o @l ael e (A Jgoz) o (ewdon i
O 50 a8 (s olS g ails goliaidl o Shae o 4 055150
(iwtoss coiS | ol @l aelys 5l i ol oy
31 i 050050 i 53 5 AR Ay g o D90 gy
o sl s sl )0 saims ) Lis 4 8gs  Sdens plies
ol 5 p (I okt 09 050 s )3 Ak j 3>

g St o5ie i

) (St piaps 2 &
oladl il Culyd ;o g yiton oS g &l o ,Slas jo lg5 g0
wgi g fee Jolge adlllan b (RS )03 ey ity
05eilSe S wilge @3 5 S Ll )3 @i el lSe
Az 50 9 9,8hee Gl g sloan e falS ol g
s ashs S il 5 £l sl Gl

(Yousefzadeh and Firouzi, 2016)

c S A r Je—aen g sop o) 90 slp I3l il
BOIUKi ) aal sy VAY 5 VI8 Jolas (55,1 b yme 1,15
el (uSe (o319) psmate (55, oL (et al., 2010
PSS o sl 4 aS sms e Lt 5 a5 50 550 00
2 b 99500 Bmae (655 Jlade 4z oad wlgs sails
S0 )50 S s OBl S0S aLd (Gl e ax
sl el pl jlade 0)ls (6551 B uae )3 6 5VL (5590 00
S8 slp g p S ekS 2 Joile VTR @ 05ilse oS
(A Jsoz) wol s 4y ,55kS 5 Jo3l8e YYIAY (ciaa
YL 59002 b slapincs b anylite )5 vy oo Hladas &S
@ olgsn ) Egoge cnl Jo aidloe S slael cnl (5
2345 315 ol (6359 @lie Ban 3 o o pae pus
o Byas (5t 655l (e 0,5 5LS o Sl 4 ol
Obas pgaze (65531 Glie J 5l 5 s 99 dnlie o
0 adgi g5 0,5 S o (sl 4 5l s 50 w83 o
on b i) Gaed )3 el 0ad B s (65565 (555
Sl 5 00ld 05 gl e A &1 (6999 6351 Gl
lr ppgatie 51 45w ()1 phisle bl o g
2 5550 OIVY 5 AIVY YT+ a5 s s & 1
=L el o (Saber et al., 2022) sol cway p,55LS

3993 by 30 g 2 (FHwdond 9 0l LS Slapiucw 2 gLl slo Ll i —A Jgus
Table 8- Results of economic indicators for semi-traditional and mechanized rice farming systems in Dorud county

el S Ao 0 355
Indicator Semi-traditional Mechanized
(UL, als golaidl o Sles
] . 3,184,950,000 3,451,850,000
Economic performance of seed (Rial)
(L) o5 solatdl s Sles
. . 104,320,000 115,920,000
Economic performance of straw (Rial)
by AL sl
. . 3,289,270,000 3,567,770,000
Gross income (Rial)
(b)) A sl
. . 813,695,300 989,714,780
Net income (Rial)
(Jby) g sloan e J5
) ) 2,475,574,700 2,578,055,220
Total cost of production (Rial)
AL3R A Sger S
. 1.328 1.383
Income to cost ratio
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