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Table 2- Amount and energy equivalent of inputs and outputs for irrigated wheat production in Alborz province, Iran
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Total energy equivalent (MJ hat) Amount per hectare (Unit ha®) (Unit) Particulars
Inputs S99 035 53]
175.09 89.33 (h) Human labor Ll g,
2205.16 35.17 (h) Machinery Y1 il
10425.66 218.11 (L) Diesel Jp> cégw
(kg) Chemicals _leus 558
15886.32 203.41 Nitrogen(N) 559,
2456.88 141.2 Phosphorus(P20s) o yeus
1233 90 Potassium(K20) 4wl
4896.07 4104 (kwh) Electricity au, I
(kg) Chemicals _;lows pgouw
287.98 121 Herbicides s e
151.20 0.7 Fungicides iS¢,
87.03 0.86 Insecticides S i
4781.45 4687.7 (md) Water o
2873 221 (kg) Seed ,i
45458.84 3959 S35 JS
Total energy input
Outputs 29> 5y
78512.7 5341 (kg) Wheat grain pus
83656.58 6692.52 (kg) Straw olS
162169.28 o> i S
Total energy output
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Fig. 1-The share of total mean energy inputs for irrigated wheat production in Alborz province, Iran
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Table 3- Total energy input in the form of direct, indirect, renewable and non-renewable source of irrigated wheat
production in Alborz province, Iran

oy
Percentage (%)

(LSe 5 Jg3lRe) 5! yluite
Amount of energy

s ey
Form of energy

(MJ ha)

44.61 20278.27 s (555
Direct energy

55.39 25180.57 el 5550
Indirect energy

27.99 12725.61 a5 555

Renewable energy
72.01 32733.23 e

Non-renewable energy

3 Gl 3 (2 PS5 51 o pad L € Jgua
Table 4- Energy indices for irrigated wheat production in Alborz province, Iran

(055945 52 J930) pogateo (5551 (HLSB » J9550) (6551 (alls 039381 (J95l%0 32 p,59S) (55591 (5390 8 &35 @b
Specific energy (MJKg™) Net energy (MJ ha') Energy productivity (Kg MJ ™) Energy use efficiency
3.78 116710.44 0.27 3.57

Sz w0 LS ol )slas oo 0 B e ulde
Jo— 90 2 VA g IV D ) o)lad pa T 4 <0
iS¢ 15 oyl saiials JalS _l,LS BCC 4 CCR
e S (o Sl ojlasl g elie (5550 42 50
Bls elmde 2S5 (Supo—e IS
i Bl ee S (8 LB Gl sleasls
o 5l g aris i w50 elade S35l e
S r—an (o 9l 353 sLsesl g S
(e pgam (S g iliend 355 slmosl g
58 e ladie yo )bl g Gl (59— dm
el 5 il 00 o0liad £ 150 (ol S o)
) odgs Jalge oo poiae)io poe , STdaa =l
oy i laie les 4 v o gy Jlade s il
ooliie )3 i 500 (segtied 9 9l e Rl
Slymean basly (ol ojlas 55 (8 oL » oy
e o=l plw Gl () a2 e s>l
Mg s
D S LT ARKI SN U
deyie Sl paS )l ddy Sl e LSS LY
Ot 5> ol 5y eyl il L e
Soglel 0 e 4 ) 91 gl LS paiS gl

VAY

(Naderloo et al., ;),lSen g ¢l o ladss o
(98 Cid 4 ol S (g5,50 LT (6l 2012)
PSS VY 651 6r90 2 9 VAT 55,51 2L
u_:‘ C.Jl.u l.: aS Cl od_.a—‘ Csd A Js)l.iA)_:
oleid Lo yiogim ol s o)l SlgSren yiogim
Jo—ame ol aJgi 1o o5, iS5 a5 o250
5 e 0TS e S Gl Lo i gla s,
5 &5— o (Fathi et al., 2018) .l,L o
w5 Ay 65l Al 0958l 5 (65,51 (9042
YVYPV g oS s p S LS <NY ¥ F
53,87 ()5 LS s il
(Rahman & Hasan, 2014) -, > ¢ L o>,

) 6551 ose e 5 85 S (lme (BN 50
2 eSS IV g VIV i a paiS Jyae
g Jlos gl ailes jol sy Jo3l S
1 ! il o oo oy ae 30 Yo sLmools
oo a 085l 8, S04, 48 el 00l O Jga =
30 g aog LLSLa=lg V7 o 1,LS o=y F el
g LS oty Ve 5 piite (wlidie 4 005l 0,0,
Jome 10 500 (it iad e L aslg Ve

as ool Joo ;0 g ao 0 Ve col ulade a4 003l



ety 53 (Bpao §555 S3lwding 9 SS9 4300

olasey ol LS adgi wlde g ojlasl blad 4y g
oled o s )LS wlade olLS 1 1as slas gl
deyie Ve 3lasog o LS d <50 Lo
0 g5 il ulde 4y 003 azlg V0 asllas o450

asals ol oobde 4 003L o=y
poiS & 5le adgi ldie (o9 comlinl alls

AV 0 O F o )lasd paiF de,je i iyl 1,8
gl S lp Alls (8 oS 4 ST 5 1A
@b (Hy wia LS (o pae 5 Slides Llada,
50 ool Blod an 5 ccwl SOl eS LT 8
ol wlde ol LS g o s o dg el Lyl i
AY e QAN F XY 5l pa S A ey )
SHSL e g ajle oo oSG o2 VF 5 VY
55g LT paiS de 5o caalllan oyl o - ulsio
oo led s il wlade LS a5 e il

2970053939 CCR Juto b Lasly g 5o £5150 oS 9 51 sl (2 035 £ 150 (1] ) (25,1 -0 Jgor
Table 5- Evaluation of efficiency for irrigated wheat farms in Alborz province with reference units via CCR input
oriented model

w'io g Bty 5 g0 slaly acyiedd,  wbiowodjl  wlde 2l u’d @”T,ls ‘;1“; .ls D’w
eference units with Farm rank RTS SE oA 8 as, 30
coefficients of decision PTE TE Farm No.
1(1) 1 Constant ¢t 1 1 1 1
5(0.143) , 12 (0.499) , 19 (0.486) 17 Constant ¢t 0.813 0.979 0.796 2
5(0.236), 18 (0.100) , 19 (0.663) 18 Increasing /3! 0.823 0.972 0.800 3
5(0.724) , 11 (0.034) , 19 (0.240) 12 Increasing )31 0.935 0.995 0.930 4
5(1) 1 Constant cob 1 1 1 5
6(1) 1 Increasing 133 0.960 1 0.960 6
6 (0.586) , 19 (0.413) 11 Increasing )33 0.895 1 0.895 7
18 (0.645), 19 (0.355) 13 Increasing )3 0.731 0.983 0.718 8
17 (0.155) , 18 (0.461) , 19 (0.383) 19 Increasing sl 0.784 0.965 0.757 9
17 (0.050), 18 (0.725) , 19 (0.219), 20 (0.0055) 20 Increasing )1 0.772 0.965 0.745 10
11(1) 1 Increasing /3! 0.943 1 0.943 1
12 (1) 1 Constant ¢t 1 1 1 12
17 (0.238), 18 (0.281) , 19 (0.443), 20 (0.037) 15 Increasing )31 0.876 0.981 0.859 13
15 (0.137) , 18 (0.715) , 19 (0.146) 14 Increasing 13 0.924 0.982 0.907 14
15 (1) 1 Increasing /3! 0.987 1 0.987 15
17 (0.561), 18 (0.374), 19 (0.0425) , 20 (0.022) 16 Increasing )31 0.846 0.979 0.828 16
17 (1) 1 Increasing )31 0.957 1 0.957 17
18 (1) 1 Increasing /31 0.920 1 0.920 18
19 (1) 1 Constant ¢t 1 1 1 19
20 (1) 1 Increasing .l 0.860 1 0.860 20
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Table 6- Average technical, pure and scale efficiency of irrigated wheat farmers in Alborz province.(based on CCR and
BCC input oriented model)
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Fig. 2- Efficiency score distribution of irrigated wheat producer in Alborz province, Iran
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Fig. 3- Actual energy use and optimum energy requirenment of inefficient irrigated wheat producer in Alborz
province, Iran (based on BCC input oriented model)
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Fig. 4- Distribution of saving energy from different sources for irrigated wheat production
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Fig. 5- Actual energy use and optimum energy requirenment of irrigated wheat producer in Alborz province, Iran
(based on BCC input oriented model)
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Table 7- Energy surplus of inputs for inefficient irrigated wheat farms in Alborz province (based on BCC input
oriented model)

» okl W 7 lond pgom 2 Chgw OVl Sl go asyie 0yl
Seed Irrigation Electricity Chemicals Fertilizer Fuel Machinery Labor Farm NO.

- 142.97 138.44 12.58 13.57 235.26 - - 2

- 114.94 23.81 53.39 267.68 - - 1.24 3
87.27 - 98.26 21.16 536.12 - - 2.76 4
59.70 28.30 18.70 4.01 - 13.55 - 2.07 7

- 90.42 104.09 33.17 516.12 320.84 - 8.98 8
26.02 20.61 - 28.79 124.62 - - 4.52 9

- - - 25.72 887.09 590.97 - 9.60 10
9.68 - - 32.26 270.15 - - 4.13 13

- 4.78 27.94 22.52 1018.46 327.25 - 6.55 14
0.19 - - 55.19 466.99 - - 10.54 16
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Table 8- The actual and target energy use for inefficient irrigated wheat farms (based on BCC input oriented model)
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Energy saving target ratio Energy saving Optimumenergy .y ) energy input PTE(7) Farm NO.
(ESTR) (%) target(EST) (MJ ha) re(?\;’grf]’:_f)“t (MJ ha') 2
3.27 1508.00 44653.26 46161.27 97.91 2
3.83 1784.72 44800.69 46585.41 97.16 3
2.14 990.17 45179.14 46169.30 99.47 4
0.31 142.32 45146.39 45288.71 99.96 7
4.08 1833.45 43115.12 44948.58 98.31 8
3.91 1789.32 44012.65 45801.97 96.54 9
6.78 3126.92 42992.94 46119.86 96.50 10
2.59 1190.92 44784.23 45975.15 98.10 13
493 2237.81 43146.78 45384.59 98.17 14
3.22 1502.53 45195.38 46697.91 97.92 16
3.51 1610.62 44302.66 45913.27 98.00 i:j;;::
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Table 9- Improvement of energy indices for irrigated wheat production

O g bl 0 eile  Sgmg0 bl 5 (aSilee sl b psls
Difference(,) Optimum quantity Present quantity Unit Items
oo & & ‘

1.77 4465353 45458.84 S 2 Jyise $2909 P
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Abstract

Wheat as strategic product, has the highest area of cultivation and crop production in Iran. In this
study energy use pattern for irrigated wheat production in Alborz province of Iran was studied
and the score of technical and scale efficiency of producers were analyzed using a non-
parametric data envelopment analysis (DEA) technique for discriminate efficient farmers from
inefficient ones. The study also helped to identify the wasteful uses of energy by inefficient
farmers and to suggest reasonable savings in energy uses from different inputs. Further, the
effect of optimization of energy on energy ratio and energy productivity was investigated.
Primary data were obtained through field survey and personal interviews using questionnaires
from 20 randomly selected irrigated wheat farms from Alborz province, the one of important
center of wheat production in Iran. Secondary data and energy equivalents were obtained from
available literature using collected data of the production period of 2017-2018. The inputs were
human labor, diesel, machinery, fertilizers and chemicals, water for irrigation, seeds and
electrical energies; while the yield value of wheat was considered as output. The results revealed
that, the total input energy, output energy, energy use efficiency, energy productivity, net energy
were 45458.84 MJ.hal, 162169.28 MJ.hal, 357, 0.27 kgMJ 1 and 116710.44 MJ.ha?,
respectively. It was disclosed that the greatest shares of input energy with 43.06% (19576.2
MJ.hal) corresponded to the fertilizers. The production of wheat in the province of Alborz is
reasonable because of the positive amount of net energy index. About 20% of farmers were
found to be technically efficient. Based on input-oriented CRS and VRS models of DEA, the
average values of technical efficiency, pure technical efficiency and scale efficiency were found
to be 0.893, 0.990 and 0.901, respectively. The results also suggested that, on average, about
3.51% (1610.62 MJ.hal) of the total input energy could be saved without reducing the wheat
yield from its present level provided that all farmers operated efficiently by adopting the
recommendations based on the present study.
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