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Table 1- Input and output of energy used in the production of cotton
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Table 3- The amounts of incoming and outgoing energy in MJ ha for cotton production in Golestan province
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g. 1- Box plot of energy input and output for cotton production in Golestan province
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Table 4- Amounts of greenhouse gases in kilograms of carbon dioxide per hectare for cotton production inputs
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Fig. 2- The share of each crop inputs in terms of percent of total global warming potential
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Fig. 3- Cumulative frequency of carbon dioxide produced from manure input on one hectare in cotton fields
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Fig. 4- Box plot of greenhouse gas emissions resulting from the use of machinery, fuels, pesticides, manure and herbicides in
cotton fields

Wb o yho £ )50 ol 50 IS HLim] lime o] Cdlaie a5 ol oits edlazl el 395 £ 150 Ao yd B0 3 3y s liisg gl
@5 rizred g (4 JS8) L3k oo aiSo uio 5 Sl 03es & bgpye (S8 o218 b (SBHS (slajls JLaml e Jola (3 JS2)
CWP 5 4y adgi £lie > (295 S35l 0m 4 31 L Slge 355 o3l Jl Jols Sl plale)S Jeilly 5 (293 (6351 O duglie
5 Jgi2) 2 32g 5l sime slomns 5 aitane L) ol 1 80

~ 308162 598 1019 (ko L aliand 355 03las 41 bogypo (5ILIS (I8 Ll (s iy 4570 (Lt 0 ploxsl (sl gy 2 @l
200 20 33 plioss 355 035§l Juol> o ittt GlOLS (slajl8 )Ll lien (4 S 93 JS2) 0l Slar piale)S SiSa 3 (S
(5 JSa) 390 kS 3 (5 S 3l e 345 390 )30 ]



537

ety adei 53 (6551 B pan 5 (LU (Sl Sl S Joailiy 9 oS aaSles 5Ll

100.0%

80.0%

60.0%"

40.0%7

Cumulative Percent

20.0%

0%

9 30 39 60

82 99 109 129

Chemical fertilizer (kg co2eq unit-1)

iy £l 3 (U8R 1 (01 S 3aunSTigd Jolao 0,5 5hS) (tlond 395 (oo Syl 3 -5 Ui
Fig. 5- The cumulative frequency fertilizer (kg carbon dioxide equivalent per hectare) in cotton fields

5 o 30,8 ()55 LS )3 () S aSled Jolae p)SolS
b sl ool Ll e (Safaet al., 2012) )Sen
iy 9 303 52 Wljos )3 puiS 35 3 1y plerd sladgS ]
48 4S54 a5 iyliS S 55 (S anSlied Jole p)Ssks 539
il joliadl diigys sladsS 308 a4 e oyl jl doys
Jg5 ,> (Abdullahpour & Azeri, 2010) (¢, ¢ y4 alilie

1o 201y (65,30 Bymn 1 ey (SLdsS w2 pAS

—=h; Y game plo j wlie lagss gls (opl oM

5 (03950 255 oga) aloesss slo 38 o o8 3 5
9 kOB LajlS )Ll o 1y 31 oy (e slacgus
(Tzilivakis et al., 2005A; cuol asly Sk yile)S Juusls
.Tzilivakis et al., 2005B; Kaltsas et al., 2007; Lal, 2004)
S g5 aslllas )> (Rajabi et al., 2013) )Lsen 5 o>,
5 A (39 395 Byae (3l LS glajls Ll
64 567 97 oy 1, (L5550 puS 1y pglaio &) il

835 IS
1,000 _
L 800y
g
g
8 6001
on
<
&
=
° 4001
o
- 58
o
200
o] =

T T
Tillage operation Planting operations

T T T
Irrigation Spraying transportation

Fuel (kg COzeq unit™)

S y5 Wisee UL 45 ady £150 45 Sl gw (B pas 03l (glAilIS ol Ll Wy wWSL -6 UG
Fig. 6- Box plot of greenhouse gas emissions and fuel consumption of inputs in the production of cotton field for various
operations



1397 liwsli 2 oylesds 10 sl g5y9LiS ol pos 4 p2i D38

(6 JSs) a5yl 8 sam slaas) > ilew 5 55556 sl asBdS lajls jhde (1 She adllles 3)50 ¢)l50 S 50
dLm)Lf )L.A.u.)] ))bl.a.a ol d)L.)T Lﬁl‘mg):@) )l ool C))?\o “8d F;?-LS 983 )_gl)g p«>9_w o.)LQ‘J d).\m J}u )l 0l ,Mu..uo
2 oldes opl plodl Cga Cogw jl ealatl isy (glp laldS e ool 5l as el canda Shes (ile)S LS )3 oy )Sas]

D)5 anlgd i 55 gl5e slacllee ¢ o)lol Blilas an by ye ,)iSa 5 p,55LS 678

2007

%‘ 150 77682
g‘ 11
@] -]
g 1007 o
& K
z

501 i

N == %

Tillage t;peralion Planting olperations Nutrlition Irrig‘ation Control F;ests and Transp‘ortation
diseases
Machinery
Ay Wgi g,l50 40 B pnile 51 3l 51 U glaS b5 Wil Oy WSL -7 JSUS
Fig. 7- Box plot of greenhouse gas emissions resulting from the use of machines in cotten field
I8 s sleady (b cu Sa ol 9 5 slaaale JS 5 4dw oisu ) slasds g8 jLisl jlade adlles 390 £)l50 )

GWP (kg CO:zeq unit?)

RN - 38165 2SS A9 L )Ll Slles jslaieds a5l ool
(85985 Slides 5 i 0 Sl GileS JlSe 5 ()

254
;

201
. ;

g ;

.
10 o * L) -
o &

"

0 0

T T T T T T T T T T T T
Cypermethrin  Indoxacarb  Imidacloprid  Abamectin ~ Acetamiprid Chlor&yr‘\fos— Thiodicarb  Penpropathrin Endosulfan Oxydewje‘ton— profencfos Carbaryl
ethyl metnyl

duiy &l30 30 B ST adlgg 51 il SIS b8 Lt Oy Sy -8 JSS
Fig. 8- Box plot of greenhouse gas emissions resulting from inputs of pesticides in cotton fields



539 iy wdyi 53 (651 b pan (il Slor inle T Sl 5 (S danS s il

Cuoglie (slays Ll8l teld Lo ybg) cpl ob ials a2y L6
Cosdl oy glacile 5 by gjlow il & G =h olls
-SB 3.8l ey s als (6,5, 4 .UzUT b e
el o OBy g ladgle lals 5l (B cuss g Blis g5y
(Pimental & Pimental, 2008; Safa et al., 2011; sl e
Has! O i L ul cdlaie u.Suls: O iy Kitani, 1999)
- 0S163 p)S oS 6126 Jolao Moy iSale @ bgyyo slajlS

{9 J) aidbe Sl ptale)S Sy oS

-l oalyg bausgs oud it (1S 1S10d (ise sr @D

Sl a4y by yo IS IS Ll o i 45 ol L b i8S
oab ylitho 5 JS ke (8 JS2) 23L oo cgsY 9 019,518
g o 9 Sla phle)S (S auSlisd p S5k 23 Jolas
ly sl oS slajl5 jLasl o0 (Safa et al., 2012) )\So
3 B idged ol S 5> S 2l Jolee 25k 95
35S 3 b oty S e b oS Kidged ()15 e
2 B 1) (55,9US pgans Bpao ol o (LS slacs)lons 9 U

20‘ 56*17
o
f:‘ 157
E Enhﬂ
g &1
&
&)
on
< 107
&
g
5
o - N
Triﬂl;ralin Ethelflluralin HaIaxyfop-R‘methyl ester
aniy £4150 4 LS Qle 03lys 3l il (lailsdS clasls st Wy (wWSL -9 S
Fig. 9- Box plot of greenhouse gas emissions resulting from inputs of herbicides in cotton fields
8000.00— o
y=-3.88E3+0.23"x
6000.00— ° -
R? Linear = 0.753
o
= 4000.00—
o
O%
2000.00— °
o 5o soaR Sop o0 F
° oo %@8 QOCD Qo
.00—
15(‘)00 20600 25600 30600 35600 40(‘)00 45(‘)00

INPUT ENERGY

Ay E5l50 03 (83959 5551 9 GWP jlade (g alasly -10 JSuo
Fig. 10- The relationship between GWP and the amount of input energy production in cotton fields



1397 il 2 oyLesds 10 alr g355LeS ol pgw a p2i D40

38l ol b e Rl 8l sl b (SusTy ol
2 83 Bpan 3015 55 352 5l oLt bLE (SasTy
o YU (slas Skes

3929 S35 g e 221y 5 |y JS GWP 1,0las 6 Jguo
2mdLES (359 2l 3> CWP (liee amd oo i)l (295 (5551 5
b o5 wiloe Jyaze o5 il 4 (S aeSTies Ll ol
pSokS 2178 Jlwo aty o5 o (silay Bais ol (sloagl
Hlaal fliee cConl 10,8 adgi ady Jaao o 53 (9, deSTgd
a (295 S5 9 2939 S5 e 22ly > IS sl
PS5k 16 LiSa )3 32y S 08160 S5k T68 Jolas a5
“anSlied Jolae pS9kS 14 g J93ISS 10 S umSlied Jole
235 35905 JgI&S o S

.

5 35 o

sbajls Ll (295 9 (63959 (351 2L «3aS ol 5
2 Ehi sl el LU Sl hle)S il g slallS
A Gl gls 85 8 sy 3y90 QLS il 3 4y g5
9 S 5> Jo5LSS 26 ol LS 53 (6399 (555l Lawgie 45
9 3Pl 9 S 53 Joi8S 14 Ll (g8 (655 e
el sty (6399 5551l b

Sl el Jouily 5 (639)9 lagsipl o dnlie s

&30 1 3959 slagsipl o 48 (10 JS3) ob s of 1 sl
S mme sl 9 oondinn bl T 51 56 GWP g aty aJgs
aiy Jgaze Mg 3 (Bpae 555l BRI (Sl 4 3)b e
bLa 09 35 poie A daled S olojl5 il il58l cely
9 52939 5351 O e 9 Jo bl 392 5l Lt ks SIL
5 Jodr ;5 a8 g5 jlen il oo OB (olam5 Ll e
bwgs 0ad e (SIS 5L (939)5 (5] 29 0 ol
T 20> S s )3 (Slg> 355 5 appedle «hgu (slaodles
30 (Tzilivakis et al., 2005) oLSon § uSaus 35050 o0 4
» (Beta vulgaris L) jose 0 0 GWP palie awyp b
e Ly oo LI GWP ppalis o5 wizils ol bl
Sl LU g ol polw )b juiie A 55 (6399 <55
s i lisee Y guasme )3 ol el sty GWP g (63959
(Kaltsas et al., 2007; acsh yingisy ol sloadl b alis
= 29y 5yl .Lal, 2004; Pathak & Wassmann, 2007)
slacsl il G)le 4 anih pie daly 93955 551 L
Ol sl ol (Blito g Jpamo 3 Slas (I3l sl (5399
Jgiz) a0b aal GG lajls Ll i 5 (2955 555
oS 5 3, Slas s o rine 5 e Ay 11 S5 (5
38bos Il cand oo LS |y 4y Mg Sl oad it (glailS

8000.00-

6000.00

1000.00|

GWP (kg CO2.ha')

2000.00

.00

R? Linear = 0.209
y=-5.06E2+0.95*x

Yield (kg.ha)

T T
3000.00 4000.00

Ay El30 yd b i (SlAILIS 55 L 3 Slos g dlal - 11 JSS
Fig. 11- The relationship between yield and greenhouse gas emissions for cotton fields



OAL iy s 55 6551 S pao 51 (o ez Ghale T il 3 (oS g 5L

Ay Mg ()5 GLOWes (o GIUBS (S adgi (5o (o 03Lwr (Ko a5 -5 Jga
Table 5- Pearson correlation coefficients between the emissions for operations of cotton fields

i . > . »
. _ S K _ _ S <> ) i)
Oldes g8 5 45)CO2 go (io eSHS) @ SASCO, go " . .
2 2 2 2 Jg3e) 93 i
(L s CO; » (L5 s ~
(jbsa (ysa (jbsa (jbsa Slailsds
(s
Pesticides Animal Chemical Total
Diesel fuel Machinery (k manure  Herbicides fertilizer Energy greenho
Type of operation (kg COzeq. (kg COzeq. co 2 (kg (kg COzeq. (kg input Yield use gas
unit™) unit™®) 260 COzeq. unit™) COzeq. (MJ.ha™) emissio
unit) unit™) unit?) ns
(3o 3 COy p 55k3) 500 1
Diesel fuel (kg COzeq. unit™)
(16 3 CO; )5 4ks) e 0.452" 1
Machinery (kg CO,eq. unit™)
(62 3 CO; ¢ 55L) iS oyt 0.367" 0.176 1
Pesticides (kg COzeq. unit?)
(6 )3 COg p $543) Sy 355 0.050 0.701" -0.055 1
Animal manure (kg Coeq. unit™)
(62 3 COy p S oks) (i wile -0.054 -0.095 -0.070  -0.064 1
Herbicides (kg COeq. unit?)
(16 )3 CO2 5 4LS) (plsis 355 -0.142 -0.104 -0.082  -0.008 -0.163 1
Chemical fertilizer (kg CO2eq. unit?)
(S 5 Jg318) 53959 5351 0.560" 0.827" 0.169  0.798"  -0.108 0.177 1
Energy input (MJ.ha™)
o 2 Skes AL ory YA AT 0.045 0.022 0.593" 1
Yield
ol 68 e 5 Lzl S 0.179 0.762" 0.002 0.990” -0.078 -0.006 0.868"  0.457" 1

Total greenhouse gas emissions

B yd S5 g doyd gy Jloin! pdaw )3 (g dxe s 4 F g

**

** and *: correlation are significant at the 0.05 and 0.01 levels, respectively.

iy ol (51 (2905 S50 9 83939 551 crjg g STy 3 COL Udlre 0, 59bS Cjgo 1 Sl (lialo 5 Jauaiiliy 23lio -6 Jgo
Table 6- Global Warming Potential values for kg of CO, per unit area, weight, energy input and energy output

SR iloyS Jrwwniliy aslg oSobe Jolas RS
GWP Unit (in ha) Average  Minimum  Maximum
&9 »‘5 » @LQ} L):"L")f 4y J?‘“s“’ B COZ «.JQL"" F;?Ls 2178.65 741.65 7790.81
Global warming per unit weight kg CO; equivalent per ton of cotton
ghu 2y 2 Sl ks 52 2 €02 Jobee 2 S5kS 76805 23491 2331.44
Global warming per unit area kg CO, equivalent per hectare
52959 LS})“ »‘5 » GLP L):"L")f A.Jﬁ) Li‘f 2 COZ JQL“’ |>)§5LS 76.38 42.85 186.21
Global Warming per unit energy input kg of CO, equivalent in GJ
e LSB)“ »‘5 » L:’LQ} L):"’l")f J5) K3 » CO, JQL“’ l’)fi'l"s 14.09 4.31 42.78
Global Warming energy per unit of output kg of CO, equivalent in GJ

3 agb e SHOS (slajls Gl el ol CBlats a5 azily
ohalS b 4SS sy el ol 4 Gle e S ol @S
Srae Glise (bt gogS Spae Jiall g g pas
o pie Lol ol el S ) bS8 Las] g (o5,
ceel aS oled slodgs 5 Jowd (lacs guw Gyae Lials

2181 il iy g el SIS s8] (5 Solie

BL ol ot o8 083900 S 53 (S 1S Tied p S gk
tlrorddgS 03lg & b jo IS slajls Ll JS 5l ao
il )58 g sy 3 Sla 355 5 Cogw laodld 3y
|y Cogm Bpae cpyidin silodlel g 435 ()l slacllas



1397 liwsli 2 oylesds 10wl 1 g5y9LeS ol pos 4 pii D42

ol 039y lasgs Sl izl e slacile 5 B 8 S90S L5 5l W)l 39de (55,9l ) LIS clajls L]
- b 9 Syt SIS S b 038 olog b Gl S fgel A 3 355 08 ae e 53 Sl dppe il o i
5 swd isy gls 4y SB o 68 sl asle 20358 sla oiblS ccel a S cely; o Y aiy jleolaiwl il ialS ci g
SLedss b amslSadyg i 04303l LS 5 1 eoliiasl (joudy yil oRl3l g JPZ RIRVRES oty jl ookl el (o (Fgyk B pae
il s sladgS ookl b b e Sofglen sLagby) g (= ool 3l edlitel ool ples

&l

Abdollahpour, S., and Zaree, S. 2009. Evaluation of wheat energy balance under rain fed farming in Kermanshah.
Journal of Agricultural and Sustainable Production 20: 106-96.

Ahmadi, M., and Aghaalikhani, D. 2013. Analysis of energy consumption of cotton in golestan province in order to
provide a solution for increasing resource efficiency. Journal of Agroecology 4(2): 151-158. (In Persian with English
Summary)

Akcaoz, H., Ozcatalbas, O., and Kizilay, H. 2009. Analysis of energy use for pomegranate production in Turkey.
Journal of Food Agricultural and Environmental 7: 475-480.

Aczarpour, A. 2012. Evaluation energy balance of canola production under rain fed farming in north of. Journal of
Agricultural Biological Science 7: 285-288. (In Persian with English Summary)

Barut, Z.B., Ertekin, C., and Karaaga, H.A. 2011. Tillage effects on energy use for corn silage in Mediterranean
Coastal of Turkey. Energy 36: 5466-5475.

Beheshti Tabar, I., Keyhani, A., and Rafiee, S. 2010. Energy balance in Iran s agronomy (1990-2006). Renewable
and Sustainable Energy Reviews 14: 849-588.

Dagistan, E., Akcaoz, H., Demirtas, B., and Yilmaz, Y. 2009. Energy usage and benefit-cost analysis of cotton.
Production in Turkey. African Journal of Agricultural Research 4: 599-604

Darvin, R., Tsigas, M., Lewandrowski, J., and Raneses, A. 1995. World agriculture and climate change: Economic
adaptations. Natural Resources and Environment Division, Economic Research Service, U.S. Department of Journal of
Agricultural Economics 703 pp.

Dastan, S., Soltani, A., Normohamadi, G., and Madani, H. 2014. Global warming potential of carbon dioxide
emissions and energy consumption in systems of culture paddy. Journal of Agroecology 4: 823-835. (In Persian with
English Summary)

Dayar, J.A., and Desjardins, R.L. 2006. Carbon dioxide emissions associated with the manufacturing of tractors and
farm machinery in Canada. Bio =systems Engineering 93: 107-118.

Dayar, J.A., and Desjardis, R.L. 2003. The impact of from machinery management on the greenhouse gas emissions
from Canadian agriculture. Agriculture for Sustainable Development Journal 22: 59-74.

Dyer, J.A.A., and Desjardins, R.L. 2003. Simulated farm fieldwork, energy consumption and related greenhouse gas
emission in Canada. Bio systems Engineering 85: 503-513.

Fezbakhash, M.T., and Soltani, A. 2014. Energy flow and global warming potential of corn farm (Gorgan City).
Journal of Crop Production 6(3): 89-107.

Haidari, M.D., and Omid, M. 2011. Energy use patterns and econometric models of major greenhouse vegetable
productions in Iran. Energy 36: 220-225.

Hydrocarbon balance sheet, the Institute for International Energy Studies, Ministry of Petroleum, 2088.

Intergovernmental Panel on Climate Change (IPCC). 1996. Revised Guidelines for National Greenhouse Gas
Inventories. Cambridge University Press, UK.

Intergovernmental Panel on Climate Change (IPCC). 1996a. Climate change 1995. The science of climate change,
contribution of working group | to the second. Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press. Great Britain.

Intergovernmental Panel on Climate Change IPCC. 2007. Climate Change 2007: The Physical Science Basis,
Contribution of Working Group | to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change,
Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor and H.L. Miller Eds. Cambridge



543 iy sy 53 (6551 b pan 3 il Slor inle S Sl 5 (S deanS s Ll

University Press, Cambridge, United Kingdom and New York, NY, USA 996 pp.

Johnson, J.M.F., Franzluebbers, A.J, Weyers, S.L, and Reicosky, D.C. 2007. Agricultural opportunities to mitigate
greenhouse gas emissions. Environmental Pollution 150(1): 107-24.

Kaltsas, A.M., Mamolos, A.P., Tsatsarelis, C.A., Nanos, G.D., and Kalburtji, K.L. 2007. Energy budget in organic
and conventional olive groves. Agriculture, Ecosystems and Environment 122: 243-251.

Kitani, O. 1999. CIGR Handbook of Agricultural Engineering, Energy and Biomass Engineering. ASAE Publication
5:95-101.

Lal, R. 2004. Carbon emission from operations. Environment Intonation 30: 981-990.

Marashi, M.R., and Vaghefi, H. 1981. Trade cotton - cotton- cotton crops - Iran. (In Persian)

Meisterling, K., Samaras, C., and Schwizer, V. 2008. Decisions to reduce greenhouse gases from agriculture and
product transport: LCA case study of organic and conventional wheat. Journal of Cleaner Production 17: 222-230.

Monthly Clean Development Mechanism. 2009. Volume 6. (In Persian)

Mousavi-Awval, S.H., Rafiee, S., Jafari, A., and Mohammadi, A. 2011a. Optimization of energy consumption for
soybean production using Data Envelopment Analysis (DEA) approach. Energy 88: 3765-3772.

Nikkhah, A., Emadi, B., Shabanyan, F., and HamzehKalknari, H. 2014. Sensitivity assessment of energy and
greenhouse gas emissions tea production in Gilan province. Journal of Agroecology 6(3): 622-632. (In Persian with
English Summary)

Ozkan, B., Akcaoz, H., and Fert, C. 2004. Energy input-output analysis in Turkish agriculture. Renewable Energy
29: 39-51.

Ozkan, B., Akcaoz, H., and Karadeniz, F. 2005. Energy requirement and economic analysis of citrus production in
Turkey. Energy Conversion Management 45: 1821-1830.

Pathak, H., and Wassmann, R. 2007. Introducing greenhouse gas mitigation as a development objective in rice-
based agriculture: 1. Generation of technical coefficients. Agricultural Systems 94: 807-825.

Pervanchon, F., Bockstaller, C., and Girardin, P. 2002. Assessment of energy use in arable farming systems by
means of an agro-ecological indicator: the energy indicator. Agricultural Systems 72: 149-172.

Pimental, D., and Pimental, M.H. 2008. Food, Energy and Society. Taylor and Francis 266 pp.

Pishgar- Komleh, S.H., and Omid, M., and Heidari, M.D. 2013. On the study of energy use and GHG (greenhouse
gas) emissions in greenhouse cucumber production in Yazd province. Energy 59: 63-71.

Pishgar-Komleh, S.H. and Sefeedpari, P., and Ghahderijani, M. 2012. Exploring energy consumption and CO
emission of cotton production in Iran. Journal of Renewable and Sustainable Energy 4: 033115-033114.

Rajabi, M.H., Soltani, A., Zeinali, A., and Soltani, A. 2013. Evaluation of greenhouse gas emission and global
warming potential in wheat production in Gorgan, Iran. Electronic Journal of Crop Production 5(3): 23-44. (In Persian)

Rathke, G.W., and Diepenbrock, W. 2006. Energy balance of winter oilseed rape (Brassica napus L.) cropping as
related to nitrogen supply and preceding crop. European Journal of Agronomy 24(1): 35-44.

Safa, M., Samarasinghe, S., and Mohsen, M. 2011. Determination of fuel consumption and indirect factors affecting
it in wheat production in Canterbury, New Zealand Energy Corp 35: 5400-5405.

Safa, M., Samarasinghe, S., and Mohsen, M., 2011. A field study of energy consumption in wheat production in
Canterbury. New Zealand. Energy Conversion Management 52: 2526-2532.

Soltani, A., Rajabi, M.H., Zeinali, E., and Soltani, E. 2013. Energy inputs and greenhouse gases emissions in wheat
production in Gorgan, Iran. Energy. 50 pp. (In Persian)

Strapatsa, A.V., Nanos, G.D., and Tsatsarelis, C.A. 2006. Energy flow for integrated apple production in Greece.
Agriculture, Ecosystems and Environment 116: 176-180.

Taheri-Rad, A.R., Nikkhah, A., Khojastehpour, M., and Nourozieh, S. 2014. Assessing GHG emissions, and energy
and economic analysis of cotton production in the Golestan province. Journal of Agricultural Machinery 5(2): 428-445.

Tzilivakis, J., Warner, D.J., May, M., Lewis, K.A., and Jaggard, K. 2005a. An assessment of the energy inputs and
greenhouse gas emission in sugar beet (Beta vulgaris) production in the UK. Agricultural Systems 85: 101-119.

Tzilivakis, J., Jaggard, K., Lewis, K.A., May, M., and Warner, D.J. 2005b. Environmental impact and economic
assessment for UK sugar beet production systems. Agriculture, Ecosystems and Environment 107: 341-358.

Xiamei, L., and Kotelko, M. 2003. An Integrated manure utilization system (Imus): its social and environmental
benefits. In: The 3" International Methane and Nitrous Oxide Mitigation Conference, Beijing, China, 17-21 November;
(Lecture No: AG056).



1397 bt 2 o5los 10wl 16559l culivis pgn &y yis 044

Yilmaz, 1., and Akcaoz, H., and Ozkan, B. 2005. An analysis of energy use and input costs for cotton production on
Turkey. Renewable Energy 30: 145-155.



Journal of Agroecology oy $309LiS (ol poy &ty
Vol. 10, No.2, Summer 2018, p. 529-546 Xy 529-546 . p 1397 bowsli 2 o o 10 ol

Carbon Dioxide Emission and Global Warming Potential of Energy
Consumption in the Cotton Production in Golestan Province

R. Arefi'’, A. Soltani®, and H. Ajam Norozei®
Submitted: 15-03-2017
Accepted: 10-06-2017

Arefi, R., Soltani, A., and Ajam Norozei, H. 2018. Carbon dioxide emission and global warming potential of energy
consumption in the cotton production in Golestan province. Journal of Agroecology. 10(2): 529-546.

Introduction

Nowadays, due to population growth, decreased the arable lands and improved living standards, energy
consumption in the agricultural sectors has been increased. Therefore, intensive use of chemical fertilizers,
pesticides, agricultural machinery, energy and natural resources are required in order to supply the nutritional
demands of the increasing population. Ahamadi & Aghaalikhani (2013) investigated the energy consumption in
cotton production in Golestan province and showed that energy consumption for tractor and engine pump fuel
was 24% and 30%, respectively, or totally 54% for diesel fuel. Also, fertilizers and chemical materials with 13%
energy consumption had the second and third rank, respectively and total energy input for cotton production in
Alborz province was 31 GJ/ha. Dastan et al., (2014) carried out a study on the rate of energy consumption in rice
planting systems and the rate of carbon dioxide emission and concluded that the highest values of energy input in
the production systems was related to the electric power to pump water for irrigation that had the highest value in
terms of carbon dioxide emission and global warming potential and Nitrogen fertilizer and fuel also had the
second and third rank in terms of carbon dioxide emission.

Materials and Methods

One hundred cotton fields around the cities of Aliabad and Aq Qala in Golestan province were selected
during two sowing years 2014 and 2015. All operations and events were observed during the growing season in
these fields and detailed data of typical production methods and cultivation practices was collected in past years,
this data included the use of equipment, fuel, fertilizers, and pesticides and so on. To this end, at first, all
agricultural practices were divided into eight categories, including preparing the land, planting, fertilizing, plant
protection, weed control, irrigation, harvesting and transport to the factory to crop delivery, then, different
amounts of input use and more comprehensive information were collected and recorded at every stage from
planting to harvesting and they were processed by Excel software, data analysis in three parts of energy input
(consumption), energy output (production) and Global warming potential (GWP) of GHG emissions.

Results and Discussion

In this study, input and output energy of GHGs emission and the GWP of agricultural activities in the cotton
fields of Golestan province were investigated. The results revealed that the average energy input per hectare is
26 GJ/ha and the ratio of output energy to input energy was 154 GJ/ha and energy output was six times more
than the input energy. There was a direct relationship between input energy and energy output, in other words, an
increase in energy input, increases the crop performance, thereby increasing the output energy and GHG
emission (Table 5). Figure 11 shows a significant direct relationship between performance and GHG emitted
from the cotton production. The average of the GHG emission for cotton production was estimated 2181kg/ha
that the maximum rate was 33% of total GHGs of chemical fertilizer inputs. Fuel and manure inputs had lower
rates. Maximum energy was consumed for irrigation, nutrition and preparation that increased the GHGs. The
comparison between energy output and a GWP of manure input showed a significant direct relationship
difference between the output energy in cotton farms and its GWP.

Conclusion

The results of this study indicated that by reducing the fuel consumption and chemical fertilizers, energy
consumption and GHG emissions can be reduced. A number of management solutions for reducing the fossil
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fuel consumption and chemical fertilizers that result in GHG emission in agriculture include: conservation tillage
that reduces the farm traffic, and consequently, reduces the fuel; use of legumes in agriculture that reduces
nitrogen use, use of new methods of irrigation and increase in water efficiency, use of crop rotation and
biological methods to control pests and weeds, application of nitrogen fertilizers based on soil test, adaptation of
the fertilizing time to the plants' needs, improvement of fertilization methods such as placement in the soil rather
than manual distribution and centrifuge, the use of inhibitors combinations of Nitrification or coated fertilizers,
use of green manure.

Keywords: Cotton, Energy Input, Energy Output, Greenhouse Gas (GHG) Emission



