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(celo) 655 6o
Human labor (h)

= 1.96 Singhet al., 1994
Man
o) 1.54 Singtet al., 1994
Woman
(celo) lagyile 62.7 Singh, and Mittal, 1992
Machinery (h)
GAD) Jzs w2 56.31 Mobtakeet al., 2010
Diesel fuel (lit)
(P75k5) 14.7 Ozkan et al., 2004; Sayhal., 2005
Seed (kg)

(5 5k5) sloowd oo
Chemicals (kg)

Sl Ozkanet al., 2004
Herbicide
Ak 216 Pathak and Binning, 1985
Fungicide
ey 101.2 Erdakt al., 2007
Insecticide
(5 hS) (slronts slaodsS
Chemical fertilizers (kg)
O35 66.14 Ozkaret al., 2011
Nitrogen
Sl 12.44 Ozkaret al., 2011
Phosphate
rely 11.15 Ozkaret al., 2011
Potassium
55 1.12 Singet al., 2002
Sulfur
9 8.4 Canakcét al., 2005
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lagdie ) 120 Canakci and Akinci, 2006
Micronutrients
(A S os 0.3 Ozkaret al., 2004
Organic fertilizer (kg)
(el o!;,i;) W 2SI 11.93 Mobtakeet al., 2010
Electricity (kwh)
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Outputs
(p75k5) o5 125 Ozkaret al., 2004: Sayiret al., 2005
Straw (kg)
(P75 @ S 52l 14.7 Ozkaret al., 2004: Sayiret al., 2005
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Table 2.The average energy inputs and outputs for productiaice paddy in Golestan province (MJha

b9, 5 lsds)4

Jya.?u:).u A..l;d.;‘o fb)
Inputs and Outputs Long grain high-yielding varieties Long grain high-grade varieties

sMlg En S
Total rice production

ool
Inputs
S5 Sop 1566.8 1533.9 1550.4
Human labor
e 1024.5 1068.0 1046.1
Man
N3] 542.3 465.9 504.3
Woman
Bosile 17917.8 20043.8 18974.6
Machinery
S i 38525.1 38197.2 38362.1
Diesel fuel
¥ 1639.6 1513.1 1576.7
Seed
bt o 1692.2 1629.4 1661.0
Chemicals
oS le 820.3 819.6 820.0
Herbicide
u~5c)13 346.2 364.1 355.1
Fungicide
eyt 525.6 445.7 485.9
Insecticide
@w shb-?gf 5390.8 9101.4 7235.4
Chemical fertilizers
u)s;w 4635.6 8371.0 6492.5
Nitrogen
Sliud 418.3 407.7 413.0
Phosphate
by 256.4 258.6 2575
Potassium
Sy 9.8 10.8 10.3
Sulfur
loogS )Sw 70.7 53.4 62.1
Other fertilizers
L_gll 355 - 617.2 772.7 697.5
Organic fertilizer
waJ' 22485.8 35600.7 29005.4
Electricity
eosles (5551 J 89835.3 108392.1 99060.1
Total inputs energy
oslw
Outputs
o5 27452.6 37508.7 2596.1
Straw
Er Syka o shee 57332.5 96864.1 76984.1
Rice paddy yield
ostw (5331 J5 84785.1 134372.8 109435.7
Total outputs energy

OA
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Figure 1.The proportion of inputs energy in paddy production
Table 3. Average of different efficiencies in pagagduction
&.J’.C-).O abasls I°l§)| Jya?u).n abasls I°l§)|
. Long grain high-grade varieties Long grain high-yielding varieties
EULN
Efficiency type eSlee Shere Bl Jslas eSilee Shero Bl Jslas
Average Standard deviation Minimum  Average Standard deviation Minimum
= LS 0.95 0.07 0.73 0.94 0.07 0.73
Technical efficiency
Al &8 2l
efficiency
|
e 0.97 0.05 0.77 0.97 0.03 0.85

Efficacy scale
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Table 4. Ten farmers with higher efficiency in tiee production

u?'cf“ acbasls ﬁlﬁ)
Long grain high-grade varieties

Jya?bo).n \,\...lad.vlé fb)|
Long grain high-yielding varieties

., sy oy el lads slass ., sy oy el Clads slass
Rank DMU Number of Rank DMU Number of
reference reference
1 14 23 1 53 38
2 76 21 2 2 20
3 77 15 3 50 17
4 41 15 4 5 14
5 44 13 5 33 14
6 84 13 6 28 13
7 48 11 7 3 11
8 30 11 8 45 11
9 59 10 9 4 9
10 62 10 10 46 9
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Table 5. Average consumption of inputs and outpusluced by 10 efficient farmers and inefficienniars in
paddy production

u?'cf“ acbasls ﬁlﬁ)

Long grain high-grade varieties

Jya?u).n aabasls |°l§)|

Long grain high-yielding varieties

FLE 5,58 0o LG ofs,eles ) S 5,5laS 0o LG ofs,eles ]
e g
OESe » 9>l5) OES2 2929 pitorencg 0558 22219 OES2 29219 pitference
Ten efficient Inefficient (%) Ten efficient Inefficient (%)
farmers (Unit/ha)farmers (Unit/ha) farmers (Unit/ha)farmers (Unit/ha)
Loolys
Inputs
(elo) 55,05 9 799.5 917.2 12.84 765.0 899.2 14.92
Human labor (h)
(el lagreile 290.1 313.7 754 280.1 34.0 18.34
Machinery (h)
D) Jis o5 7402 789.3 6.22 519.0 7165 2757
Diesel fuel (lit)
(P75 2 105.5 112.6 6.33 98.5 105.4 6.57
Seed (kg)
(5 5k5) londs pyan
Chemicals (kg)
S le 3.0 3.8 19.16 3.1 3.4 8.22
Herbicide
ek 1.5 1.8 13.08 1.2 1.9 36.33
Fungicide
oyt 5.1 5.2 1.91 3.6 4.7 22.75
Insecticide
(pS9S) lod slassS
Chemical fertilizers (kg)
O9re 69.5 71.9 3.38 128.6 125.4 2.58
Nitrogen
ol 39.0 35.7 -9.18 27.7 37.3 25.86
Phosphate
“*“”L“ 22.3 20.5 -8.58 17.9 21.7 17.36
Potassium
255 0.0 6.1 100.0 20.0 6.0 -235.48
Sulfur
(p,55h) ossS 5o 13 0.6 -127.05 0.6 0.6 0.33
Other fertilizers (kg)
(#55k5) Jl o8 500.0 1387.8 63.97 1000.0 2702.0 62.99
Farmyard manure (kg)
(Sueles Sl3oleS) e 25 1048.5 1590.5 34.08 2987.1 3244.8 7.94
Electricity (kwh)
(oo r) syl ! 13270.3 13832.9 2.15 14032.2 15893.7 13.44
Irrigation water ()
oolw
Outputs
(55k5) o 2431.0 2123.7 -14.4 3223.0 2934.0 -9.85
Straw (kg)
(55h5) Sils o, 4090.0 3875.5 -5.53 6996.5 6367.4 -9.88

Paddy yield (kg)

el ol Cawsdas L )5,9Lies (1uSiln o ponns LIS 5,9l 00 (puSSles 51 LG o5 ,5La8 uSilee Juolas 51 *
*: The difference between average of inefficientrfars and the average of ten efficient farmers debith
inefficient farmers.
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Table 6. Optimal energy requirements and energgdséar paddy production
Jyasmey axbails 06|
Long grain high-yielding varieties

uy:]a acbasls (:lé)l
Long grain high-grade varieties

oolys A lade 00 S (655 W) A lade 0dls0 >3 (65,5l KWK
Inputs QLS 2 J53le) (LS Jy3lSe)  oaonss (S Js3lSe) GUSe 2 J33le) oo yss
Optimum Stored energy Saved Optimum Stored energy Saved
content a a percentagecontent a a percentage
(MJ/ha)  (MJ/ha) (MJ/ha)  (MJ/ha)
ol S 551 1366.17 200.60 12.08 1284.33 249.53 16.27
Human labor energy
Lmo.?:ata 5! 15546.32 2371.43 13.24 16700.98 3342.79 16.68
Machinery energy
el 34347.84 4177.26 10.84  31919.60 6277.57 16.43
Diesel fuel energy
o 3 1527.12 11252 6.86 1343.27 169.81 11.22
Seed energy
ot pyos (551
) 1504.99 187.21 11.06 1438.87 190.48 11.69
Chemicals energy
Lf"‘“*“; + 6“7?’5 55 4959.60 431.18 8.00 9257.98 843.45 9.27
Chemical fertilizers energy
%; g ) %5”" 528.98 88.26 14.30 518.17 254.51 32.94
Organic fertilizer energy
e .:){Sﬂ &5 17571.78 4914.05 21.85 27243.69 8358.04 23.47
Electricity energy
s 77352.80 12482.5 13.89 88706.89 19685.18 18.16

Total

geed Manure Chemicals
Machinery 1% 1% 1%
17%

2eed Manure Chemicals
194 1% 2%

Dizel fuel Machinery
Human labor 32% 19%

1%

Dizel fuel
33%

Human labor
2%

Chemical
fertilizers
4%

Chemical
fertilizers
3%

Electricity
3%e

Long grain high-yielding varieties Long grain high-grade varieties

T Sl adgi 3 o35 (3 olme 5o Wosles | Ko o g Y S
Figure 2. The contribution of each input to the amtoof saved energy in paddy production
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Abstract

The aim of this study was to analyze the inputssaoption, outputs production and to evaluate
the technical efficiency of each of the farmersigsiata envelopment analysis method in rice fiefds
the Golestan province, Iran, in 2013. Data weréect#d through interviews and questionnaires with
173 paddy farmers of Golestan using simple randedngampling method. The inputs were labor,
machinery, diesel fuel, seed, irrigation, chemjmadticides, chemical fertilizers, organic fertilizand
electricity. The results showed that total energgsumption in the rice fiels for production of pgdd
was 99060.1 MJ/ha, so that total input energy &ortbe fields for production of high-yielding long
grain rice and high-grade long grain rice were wheiteed 108392.1 and 89835.3 MJ/ha, respectively.
Diesel fuel with 38.7% of the total input energyp@ddy fields was the most energy consumed in the
production of rice. After diesel fuel, electricignd machines accounted for 29.3% and 19.2% of the
total input energy in production of rice, respeelyv Average technical efficiency of the farmers
producing high-grade long grain rice and high-yireddlong grain rice based on the input-oriented
approach and variable returns to scale in the daieelopment analysis was 0.95 and 0.94,
respectively. The results from the energy optiniizatn this research showed that about 14% of the
total input energy can be stored in the productibhigh-grade long grain rice, as well as 18.16% of
the total input energy in the production of higlkeiging long grain rice without any reduction in
performance. Electricity energy input was alsoléngest portion of total stored energy.
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