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Fig.1. Changes of cotton cultivated area in Golestan province, 1996-2011
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3- Net energy

1- Energy productivity
2- Specific energy
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Table 1- Energy equivalent of inputs and outputs
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1- Marginal physical productivity
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Table 2- Greenhouse gas emission coefficients of agricultural inputs
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Table 3- Type and date of different operations for cotton production in Golestan province

Operations type Ollos so

Date

P35 0 215 b gl w3

@3V J e 6 Dec to 5 Jan
First plowing with moldboard
1501, 1 p2lgl5 b pgd povs
DRURP R RIS L pyd e Suigdy Yo Y 21 Apr to 10 Ma;
Second plowing with moldboard 2IY P Y
LA JY) S
(LA JIV) S Cadigodyl YO JID 25 Apr to 15 May

Disc (2 to 8 times)
505 S Sladd Dl 1 Slo

4.21
Average number of disking
4 K s, b cwsls
jA.Q))‘ )LQ% -) «d, b “ o ...'))‘ Y. u‘” \d 50 20 May
Cultivation with rows of four-row
' Jil o9 cublS jlam o, Yo JIYO 25 to 30 days after planting
First weeding
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First irrigation
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Number of spraying
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Average irrigation frequency
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Hand picked
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Number of harvesting
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11 Sep to 16 Des
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Table 4- Energy inputs and outputs for cotton production in Golestan province

Bgd g Bisdeyy S5 oNbe  mPeS o S Sl ol My
Inputs and outputs  Means energy Minimum Maximum Standard deviation Percentage (%)
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Inputs
» 714.7 540.0 810.0 45.69 2.5
Seed
bl 955
2412.8 694.8 9363.9 1300.7 8.4
Human labor
‘o) (6 |
Ore csilueslel 15.6 4.9 314 52 0.1
Land preparation
_— 22 1.5 78 11 0.01
Planting
cal
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Treatment
sl
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Harvesting
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Diesel fuel
0 ibwodll 4115.4 1351.4 6757.2 1231.8 142
Land preparation
Wls 860.5 0 1126.2 313.9 3
Planting
el
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Treatment
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Jis J" 1100.4 506.8 2416.8 389.9 3.8
Transporting
SinghiS slaceile 4588.4 1662.0 1961 3828.4 15.9
Agriculture machinery
@L‘”" “L",”_g 4188.9 0 7294.1 1669.7 14.5
Chemical fertilizers
U’”‘“ 3746.5 0 6723.8 1604.6 1.3
Nitrogen
Sl 305.4 0 1034.5 224.1 1.1
Phosphorus
"“”L’ 75.2 0 839.9 202.4 0.3
Potassium
e 61.8 0 171.4 56.7 02
Sulfur
@"‘“‘“ e 1035.9 0 2241.4 495.4 3.6
Chemicals
o ,E{ls 108.0 0 540.0 184.1 0.4
Fungicide
oS o> 648.4 0 1214.4 298.8 2.2
Insecticide
oS ke 279.5 0 714.0 301.6 1
Herbicide
(]
“‘)‘*ﬁ ‘,‘ ) 1971.8 0 8812.8 2029.1 6.8
Water for irrigation
i
e 800.6 0 4500.0 1339.1 2.8
Farmyard manure
3929 S350 oo 28898.0 14614.0 61943.0 9495.1 100
Total energy input
B 29>
Outputs
S
12322.5 5580.0 16275.0 2624.1
Lint
‘l .
B 33390.0 15320.0  44100.0 7110.4
Seed
o 5 Eyoe 45712.5 20700.0 60375.0 97345
Total energy input
Machinary
Human labor 169

Dissel fuel
46%

8%

Farmyard manure
3%

Water for
irrigation ) )
7% Chemicals Chemical
4% fertilizers

14%
OlelS sl 53 4y W 5 (6399 sl ot =Y S

Fig.2. The share of energy inputs of cotton production in Golestan, Iran
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Table 5- Energy indicators and forms for Cotton production in Gorgan, Iran

asly oSSl KW
Unit Average Percent
«55)3‘ ui])l; _ 1.58 _
Energy efficiency
&5 o9 J93&e 5 p Sl 0.092 _
Energy productivity kg MJ-!
039 L5))" r°)§9l5 ’d J931§‘ 10.90 _
Specific energy MJ kg!
dj)jl “5}5] S 5 JS?K" 16814.50 _
Net energy MJ ha
.. . .Ia +€,
pefes S Js3 17569.2 61
Direct energy MJ
L s
e S Jsi 11328.8 39
Indirect energy MJ
. ;i e
AR S0 s 5900.18 20
Renewable energy ° MJ
s e o d o|g
b g3 st 2299782 80
Non-renewable energy MJ

'd)“:‘.’.i g‘j ‘G}L,..j] S9y Jpo C g s Jold pufiine dl_m‘_gj)ila

* Includes diesel fuel,human labor, water for irrigation.
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" Includes chemicals, farmyard manure, chemical fertilizer, seed, agriculture machinery.

)J.; 9 ‘_;,\9» >9§ ¢G3Lw5] Sy ‘d)lﬁj ;,j JAL» );A.:_\;J?u ‘_gl.mdj)ﬂc

¢ Includes water for irrigation, human labor, farmyard manure, seed.

. ) . . . e e e . .
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¢ Includes agriculture machinery, diesel fuel, chemical fertilizer, chemicals.
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Table 6- Estimate the relationship between energy inputs and yield of cotton in Golestan, Iran

Jws (5 pariio

Independent variables

P Sy b
Coefficient

t D)LO'
t-ratio

P-Value MPP

Model: Lny; = ag + aqlnx; + ayinx, + azlnx; + aylnx, + aslnxs + aglnxe + a,inx, + aglnxg + ¢;

JEY)

’ -0.08
Seed
el 53 0.19
Human labor
S9lS slapyisle 0.10
Agriculture machinery
o o 0.35
Diesel fuel
s slo8 0.00
Chemical fertilizers
ol oo -0.06
Chemicals
d)lﬁfi %;‘ 0.07
Water for irrigation '
Sy 355 0.01
Farmyard manure
R? 0.70
u?““ 15 L')’i'!)fb 2.05
DurbineWatson
ol & ciSih g 0.38

Return to scale

-0.23 0.816 -0.290
2.57* 0.016 0.221
-1.57 0.127 -0.068
3.27** 0.003 0.073
0.33 0.744 0.000
-2.36%* 0.025 -0.161
3.15%%* 0.004 0.103
1.33 0.193 0.012

o )0 hi) 9 o) iy Jlﬁbl 39]2‘“ » d)bgﬂ’ o F 9@,
* and **: Significant at 5% and 1% probability levels, respectively.
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Table 7- GHG emission of Cotton production in Golestan, Iran

KW ok
Average
0,
Percentage (%) (kg CO,eq ha'l)
22.8 325.78 SiaglS slagile
Agriculture machinery
452 646.23 i 5
Diesel fuel
Phosd sladgS
Chemical fertilizers
52 73.64 0izrs (N)
Nitrogen
' ’ Phosphorus
0.3 491 mely (K20)
' ' Potassium
5l
2.9 42.02 stlosd Slpe
Chemicals
i
23.5 336.24 g 355
Farmyard manure
100 1430.18 IS a5 L] o

Total GHG emissions

p)SslS /PN 30 4y AJg5 (5y0,40 .Garavand et al., 2010)
el Canday logi lia

S 35 42

2 Ay oS Mg p S AslS J L U liadS kil
039 slaa sl adlais )d agy culS yj pdaw ialS Wg) g ol
w&.&fﬂ}@awsyybbdjlollwlaloﬁlﬂdﬁg
ol adlle pl @l )03 )13 598 pow g pod 4 )3 i i
A 6501 @b S oS il s 4y g5 6351 2 ol
g 651 bS5l g 568 S il > 15,5081 g Lgus
odlgs el i hyaile o IS g 4S5 WT 5 4y oY gae
Sl YOIY 5 (63959 slass il it jl Ao yd ¥O/F 50 i gu
Sl 5o ol e e S 1) ad Wy IS slaslS Ll
Dy 03l opl 4 bgrye pate cladiin jl asyd VIV s oS cowl
Cad 3 bl liwl 50 Ay Ay 3o 4y dgw Cund pizxed
WS 5 Ul sliwl o asy Ve ame g5 (glp dlin 4 dgm
P Ay 3 Ll g e OUS Gl 3 (el

$ulaidl Julns
S Sl 4y 355 S 5 e oy it clmaizjo
dlro LS logs TAAFY - 5 ADVAAS Y- FYFYR i i
Sl g9 03ls yiie sladiuze Gisw (A Joia) 43
Aoyd B aS geoddn iy |) Wg 4 bgype duje 5 e
P Ay (o Sl 9o 03lag (pl 4 barpe e sladiy o
9 Sl gy cels $oY/EF ay hawgio jobas lulS il
03580 il s el itle 5l odlial pas LY5 51yl sl ke
Joliie cusls alols 9 S L b puile cwlis pas & ylgi 0 duy
L colitel a8 adlate )3 pgwpe slaay)ly g5 5 adhata 5
SIleody 3 e ioead 3, S o)Ll il ay cuilby sla il
pas J2¥3 150 (S 58 Ay et cod oy ) (i
ooy WA ccwl dilate )0 4y cuiby slapilo 5 oalazwl
3 Jlade 295 oo (2lhond Slga 035 4 bgiye s e (sl
ojls g Sl Collaol (g ol adlaio cpl )3 asty CulS > (Bl
S3den ben] GldS il 3 ay SIS )3 £g050 0l 4 2
VNG S ol o das e (gl dlso 4 dguw Cond (1Ske
cUla o WIT bl )5 ats AJg5 4 5m 4 dgw Comnd b duaolxe
Dagistan et al., 2009; ) . 5,155 VY g «/AF i s a8 5
ool Adgi (gly a5 4 dgw cud (Yilmaz et al., 2005
o=l (Emadi et al., 2013) a5 3,35 VAY (M5 ol
(Taheri- i pMel + /A lyu55ke bl )3 158 o5 (gl Cand



AP 093 Jlunons oF 0lod B o ¢(555LisS glagmmile 4y piis  ¥¥»

Sl bl 53 4 Wy oabal s A Jgaa

Table 8- Economic analysis of cotton production in Golestan, Iran

aslg oSbe KW
Unit Average Percentage (%)
< P skS
: . kg 2650 -
Yield
NP PSS » ooy
war? w Tom kg 1700 -
Sale price
Mg el 55l .
ks p oo
Gross value )Tor:hL; _19» 4505000 -
of production
’.** R 79442 26
Seed Tom ha’!
il S5 R AT PET 60
Human labor Tom ha™!
S sleodle R VLY 117
Agriculture machinery Tom ha™!
> o R 81950 2.7
Diesel fuel Tom ha’!
et 512 Aol 95410 6.4
Chemical fertilizers Tom ha’!
o Slge e ol 1079 13.8
Chemicals Tom ha™
L S5 2 pleg
G Tom ha'! 45349 1.5
Water for irrigation
Sy 255 S5 2 pleg 40029 13
Farmyard manure Tom ha™!
wie ladinsp ggecee Ka o Lo
Variable cost ’TO r:}:;_ﬁ’ 3042429 100
of production
ol slaai o g g .
LSa p oo
Fixed cost e 851880 -
of production
Mg anje JS .
£5 kS log
Total cost ol 3894309 -
of production
oAb .\J)J NSy logs 1462571 )
Gross return Tom ha’!
oAl el NS logs 610691 )
Net return Tom ha’!
Wr3h 4 D9 Coad ] 16 )

Benefit to cost ratio

Sl c
STET IR g im ppSekS 0,68 -
Economic productivity
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Introduction: Golestan province is one of Northern provinces in Iran. The area under cultivation of agricultural
products in this province is 724.697 hectares, of which about 694.618 hectares are used for farm products (AJMDC,
2011). Cotton as one of oilseed is a potential feedstock for biodiesel production (Ahmad et al., 2011). In the study of
energy consumption and greenhouse gas emissions for cotton production in Alborz province, results showed that the
total energy input was 31.237 MJ ha™'. Energy efficiency and energy productivity were 1.85 and 0.11, respectively, and
greenhouse gas emissions of cotton production in Alborz province were 1195.25 kg CO,eq ha™ (Pishgar-Komleh et al.,
2012). Another study on energy analysis, greenhouse gas emissions and economic analysis of agricultural production
was performed in Northern Iran (AghaAlikhani et al., 2013; Royan et al., 2012; Pishgar-Komleh et al., 2011;
Mohammadi et al., 2010; Taheri-Garavand et al., 2010). The aims of this study were to determine the energy flow,
greenhouse gas emissions and economic analysis of cotton production in the Golestan province and also to determine
the effect of energy inputs on cotton yield.

Materials and methods: This research was conducted during 2011-2012 in three areas including Gorgan, Aq’qala and
Gonbad in the Golestan province. The primary data were collected from the rice producers through a field survey with
the help of a structured questionnaire. The number of subjects were studied by the Cochran formula (Snedecor and
Cochran, 1980). Accordingly, 43 cotton producers were determined. In this study, eight energy inputs including seed,
labor, machinery, diesel fuel, chemical fertilizers, chemicals, water for irrigation and farmyard manure for cotton
production system were considered as independent variables. The outputs of the system including lint and seed were
considered as dependent variable. Energy indices including energy efficiency, energy productivity, specific energy and
net energy were calculated. In this study, the effect of energy inputs on yield was estimated using the Cobb-Douglas
function. In order to determine the sensitivity of energy inputs in the production of cotton in the Golestan province, the
marginal physical productivity method was applied. Greenhouse gas emissions, inputs of agricultural machinery, fuel,
chemical fertilizers, chemicals and farmyard manure in cotton production in the Golestan province were calculated by
the coefficients of each of these inputs. For economic evaluation of cotton production in the Golestan province, the
variable costs, fixed and total production per unit area were considered. Economic indices of total production value,
gross income, net income, economic productivity and benefit to cost ratio were estimated. Data analysis was performed
using JMP8 software.

Results and Discussion: Cotton yield in the Golestan province was about 2650 kg ha™'. Average cotton yield in the
Alborz province was reported to be 3430 kg ha™ (Pishgar-Komleh et al., 2012). In this study, diesel fuel had the highest
energy consumer among other inputs like the other studies that have been done on energy crop production in Iran.
Labor energy input with energy consumption of 2413 MJ ha™, is known to be the fourth high-energy input in cotton
production in the Golestan province. However, in many studies in Iran, this input was accounted to be less than one
percent of the energy consumption in the production of agricultural products (Saeedi et al., 2013; Khoshnevisan et al.,
2013; Mobtaker et al., 2012; Mobtaker et al., 2010). Chemical energy input with 1036 MJ ha, was allocated as 3.6%
of energy consumption in the cotton production in the region. Seed energy input was the lowest energy among the other
inputs in cotton production in the Golestan province. The results revealed that the total energy inputs for cotton
production in the Golestan province was 28.898 MJ ha™. The average energy efficiency for cotton production in the
Golestan province was obtained to be 1.58. Energy productivity for cotton production in the Golestan province was
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calculated to be 0.092. From the results of Cobb-Douglas function to determine the relationship between energy input
and yield of cotton in Golestan province, the effects of human labor, diesel fuel, water for irrigation, chemical fertilizers
and farmyard manure inputs on the yield were positive, and the effects of agriculture machinery and chemicals inputs
on cotton yield were negative. Greenhouse gas emission from diesel fuel input hadthe highest value of 646.23 kg CO,eq
ha! with a 45.2 percent share. Farmyard manure with 23.5 percent of greenhouse emissions was identified as the second
largest input in greenhouse gas emissions in cotton production. Variable costs, fixed and total cotton production in the
Golestan province were calculated to be 3042429, 851880 and 3894309 Toman ha™, respectively. Benefit to cost ratio
for the cotton production in the Golestan province was calculated as 1.16.

Conclusions: The results of this study showed that the energy efficiency for cotton production in the Golestan province
was less than the energy efficiency for cotton production in the Alborz province, Hatay province of Turkey, and canola,
soybean and sunflower production in the Golestan province. Also, the energy efficiency of cotton production was less
than that of cotton production in Antalya Turkey and canola in the Mazandaran province. The highest share of energy
consumption and greenhouse gas emissions belonged to diesel fuel with the share of 45.6 and 45.2 percent, respectively.
However, this input accounted for 2.7 percent of variable costs.
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