Journal of Agroecology joxt G309l (bl o2 &yl
Vol. 10, No. 1, Spring 2018, p. 218-233 A VIAYYY .o ATAY s ) oslads )+ il

51 (Sorghum bicolor L.) (slab gls p 585 s 5 (ZEAMAYS L) (53 sl )3 el 5t s

OB S ol s ol byl 5o Sler Sl B Jomily 5 5551 e bl

Y R # . . ® ..
o.:bgg\.ﬁlm.:ﬁ:‘, ﬂﬁ&.\w
AR VAR 7T St I 'cub"

LLsd ;1 (Sorghum bicolor L.) (sladsle 065 50w o (Z8A MAYS L.) (ooluw )3 ddg dunlie AVAY Lo wodlj Je 5 wp ¢ pisy (a8
IVANYY (M) - g5 sl uliipsr 055 2lsm 5 o bulyds )5 Sl piale)S Jrilty 5 (6531 LB ymo

2SS

g )90 53 Slodas CUSEe w0y pel Lol sl 008 13E a5 Gal38l g sl (S35 06 S5m0ty e g3 5 O3] e 51 252

o 3l ySete 9 555 slo el cad Gl eanl sloJus (sl hud Gl g 35iaS” Jold M )l ool S50 (Lind sl
551 5 oolizd TS e lend (sl gus o3litl ) 5l yhaad] & (i 5 (55950 ] esS AansST 50 A5Le) (SIS (lajlS L]
Wl 04035 G baes g el oliond ladgS Bpan 5 (i s g | odlatul .l b (65)0liS sl Jelgs cn e S (S
Sl 098 48)S S @ addaie o )3 (ol)j iz LS CiS gaaaglyl 3 Slgi e & Cuwl 2By, Sl (o (=j LS (651 amlis
op el Js 45,8 sl ((Sorghum bicolor L) (gleésle 565,50 o (Z8A MAYS L.) sk )3) ol); Joamo 93 wyp opl plbxil
L anbias b wlal ey ) 24 0LS 93 ol )0 &S Canl (Bpaas g (#l); Sllos liio ciblS 7o)l alon 51) (gounie Sloalis oLS o0
5L 3590 sloodls (6 )glaer 4y Pl (ol JeaSS 2ok 31 5,0l N0 5 Ve ey (slabgle poS 0 5 (s ©)5 ) liseo 5 p5lisS
055 Jto (B pae soodles 5> (55l o ke 3,9l sl d Jpame 93 13 pgaws 5 Cg 055 dy Jold (Bras sleosles g Y] dle
Sl Bman 555] Sl 1l 13,5 Cpd ol (ogasio (g 5 abgiye calps )3 0550 03l p)5 50 (55 iz o iS0t da il
A pLoml il gl 1 ool Canddy ol pd ) o3lital b o iba, 51 S o (el oel; Slilas 5 3g5 13 03liol 3,50 (clo gy 5 U39
Joleo (slso 2 glllS clojl5 )Ll 51 (3L Slan hale)S Juilty 5 (Bpas €8 gus (S g Bas (50 du 13 3l 3590 (slmodls ol 5l ey
395 Gpan &y bgrpe 20 VIV g VWIV b i s (slebgle p6850m 5 (gl )3 1130 ) (3939 5551 (i 03,5 dmle (S asS i
Ao 252 TVY 9 YWIY s iy g 4 bgjo clesle 255 p0m 5 ik 053 )30 53 mafitone (6399 (5551 (s (iopon D92 41
Fober S 53 JoIRS YIBIBF (sladsle poSy0m 13 (295 5551 Oliee &5 Spsbods g gk 03 ] ey sl psSp0m )3 (295 55
P35 9 03l )3 53 (639)9 4ot (25 (855 Cund Canl (Sladgle oS y0m g)lje yi 3Sdas ol cpl S (p yters 45 392 (ke )3 )
5 SV 0, Slas Judsany ol (gl g i sladgle ps5h0m 050 53 (5581 ploly (il )5 dnlone VOIF 5 ¥IY plpy ey sladsle
Ol U (P Usin) cosl ladgle po5 550 1205 (gl )3 CudS )3 (6551 90 e sl Jgazme ol 3 a8 gloosles Bpas (pricen
Jgazme 93 3 3 Cusl (oshw )3 g5l )3 Judr (£39)9 S5 51 Oljee 5 (KSR )3 SUiS 03lo p )Tl VV/D- +) o 2y 53 (ol Shos ol
el 3l et Sl Giale)S iy (2508 5 (s 92 (B Cogw g ()95 395 4 bgye i i Sl iale)S Juiliy (e
o] s Al ey (S 13 COy p,SokS WYA 5 o 13 COp p,SokS VAYA/R i) (shtble pS ygms 50 5 03lae sl 3
tpieS Jgmanme 93 53 53 (pixen Cuwl (Sladgle poSyow Elyje 3 o iS0pds g b aSile dlox I (5jyoliS slaodles 38 Byae g9ige
ilesS Jily oo auglie 9 Jgame 53 y2 5 COp Joloo )55k YD lje & mosly 3557 & bguyo Il slajl5 s e
Jyaze 93 (g5 BBl Colis o a3 0 (L5 sledgle poSy0m 9 gk )3 (sl 1S ) Jgae 5Sles (g 22y bl Sl
Sl s 63959 65,51 e sl lebgle pgS 50w S W Sl GinlesS Jeusly gk 0)lp )3 CutS )3 8 (5 p5bas 315 392
Sl (S 0y pgos g loyiSidle dlox jl) jii (oly; llos I (LU &5 390 lebgle pgS 50w I Jir (ks 0)la0 &3 13 SIS (slajls
Brae GiP @Vl o) 358 5 s Bpan Jpae 93 2 )3 sl (8 aprocinn; Sl LI (sladgle psS g i8S Bld ol 1



Y\4 "'6‘459'1'9 P,f)g.w 9 (Zea mays L.) ‘53’51.»...: Q)S ..\.Jg; A.m.ll.ﬁ.o

9 )y PO (el 9 00)5 o duogl Mg Cdgw Bpas il el aS Jlgol jleolatul (plply aed o S 1) glalbds cbajl5 wJgr
23,5 o KT Mitad 9x0 ot 4 B aST SlalS 5l edlatul 5 o9l slacuiS can Guis

S Sjl5 S g s et (5531 009 5551 150408 S0l

Y giaste Aol wyp G laize 9 0)b ool olje
losls plosl oolyj Slados (£39)9 (6561 b byl 5> (65)5li8
Clements et al., 1995; Franzlubbers & Francis, 1995; )

Singh et al., 2002; Baruah et al., 2004; Ozkan et al.,
2004; Zentner et al., 2004; Soltani et al., 2009;

.(Ghorbani et al., 2011; Yousefi et al., 2012
oy Sy o (Sefeedpari et al., 2012) ) Ken ¢ jasiutuw
a0l slis e bl j> (Zea mays L) (ool )3 g)l50 5
Oy 9 392 LS 53 93 VWA (039)5 55,51 (liee &5
i hed slacSgu g olend o3 4 byype (455 G pae

g 2o YEIO o YVIY ply iy
(Pishgar Komleh et al., 2011) l,LSen 5 alogS ,Kiiy
2l e il sk ©)3 )l ) (295 9 909 S5 Ol
aS Wl (L5 5 395 D9l JiSa 4> Jo3Ke VFAYA- g SAAYA
Sl g il 1y (g5l Byae (p i Mo )d ¥V L ely5 lgol
I8 dm gloas )3 (Byas Cogw g oherd clodss
S, (Amanloo & Ghasemi, 2013) ewls 5 ghlol .zl
S e 1y 93959 555 i bS5 bl e)lie )3 (o)
200l L g a3yl o S 45 g5 YWOA gk @)
YAY) iy S ay bogyo (65 55] e (30 yiind (picod Dy
(Renatel., )lsSan oL, 050 (4o yd YA/Q) Cd g g (do)yd
30 (8299 S5l aS asly uLm; o &9).5[.\5 Ol;'ml , 2012)
9 Gl @) g)l50 51 yiaS" (Sorghum bicolor L.) oS )ew g)l50
NY 9 WIY ol oo )3 5 o559 &3l 3 351 ago e
o Bleie (93909 S5l i (ap Crl 0> Onionen (bl )3

P91 Jgae 93 8 53 (190 395
2 sy S o (Suman et al., 2006) )Kon g logu
Sl oSy £)l50 10 (639)9 (555! (iliwe &S Widly Lo Wi
UWAY 93 (65000 olie 5950 ,L8 50 g5l AYAA
o g3 0g ol it oy pie ;5 LS ;5 Jg5Ke VFFY .-

lhord sladgS Gyins 4 3late (63959 (S5l (pyidar (o)

EVRT
S355 0L8) 39 any i gl g (i)l (ewd 351 2929
2 lodes EMSUie g yol Lol il oiids 13w (iul58] 5 oylus]
Jols oMo o) il odal D93 gs lod (slacS g 390
-l Cuad GalEl edi] (sla s (gl b (S g 3508
m5d 4iile) Gl gl il aen 5l e 5 55l sl
oMl 1 (U jhanesl a (Lo g (59 )ideST oS 0S|
bl g 55l Gl oy 4 e b ddbioe (end Sl g
Lo (had (lacdgw 49,0 Bpae jl (2L (b (lajl
Aol alS oy Ses dn U (6550 Bpae o5 ol ol b oM
Sl yguiS 51 53 Cad (e £9590 (nl ) 55 )yaliS A
M sy e )3 018 0l (5l sy Sl 3 (g g wd iy
@S gl duloe b g (yp 1) (6jyeliS” cilisee Y guasme
S5l SBpae a5l 095 (659l sbapllas wlos S (a5 5
a3 oo lis adgl slad ol (Nasirian et al., 2006) 1S aige
1y ol 5 LS Uil alio §1 Las 390 (55,5kiS (laculled oS
N g CiS 45 s g8 BAS L jl s e Ll
ol A5 sl Azl Lyl S pales e Sgi 3 (655liS
Ot FAF 0)33 51 )8 25 gk 1WE 3L T L a8
GO s 5,8 el WA+ s 3 odlisial b5 308 o)S
Nikkhah et ) cowl 605 YA Jlo b ao)d & ol 5s0ds (a0 0,5
5,988 Sl ) (oud @lia | 5551 (2218 (al., 2014
B glajls Ll el sl ez sloely (yiee S (S
5002 Yl 1y (g5l plesily &5 a5 o gy (plolis 9 cusl
Tzilivakis et ) cosl slo s aals |, (oS lajls La

S5y9LitS 3dgi slapimmw 53 (65)5] o o)y (al., 2005

Sl hsel 5 Slaios 3550 £l g () G Sbaliel ciia =Y o)

O (3l @ 5 higel eliiod plajls (i8S il (b lie

$529LS pode olKils ey o9, 2y QLS (S5058T (658> somiils

OS5 b e g

(Email: feyz_54@yahoo.com (e 0 kuny 5 — )
DOI:10.22067/jag.v10i1.56517


mailto:feyz_54@yahoo.com

IVAY e o) oylods e ol (6559Lis wlich pgr 4y yis YY.

Jomame 93 y o ;0 ;05 Ve &y o8, (ol «luwloee 8y iulj8l 4l y
Cpmoman g Y] Ble ol sl canday (glmodly .cdly i3l
J9_.a.>u 99 )d Pgo—w g »9_» c)9§ 4):3). JAL» U.Q).aa.a lelbb)'.eé
dw VeV ST 58l 5 b wes Wosly dlspo (ol 51 g D9
oile S Joily 9 (Brae g (55l g Bpas i
LwSTed Jolso sl p (IS slaj8 jlisl 51 b sl
355 dplore (S
o bl g g e o pj Al Sl pasie )
g g (FH) LS )3 celos cons p Y] pile 3,558 oo
Ol 9 T el 3 3 cuns 815 ) Celo 6l 2590
J(Soltani et al., 2013) ui yuss FT (800 Cogw

FT=T x FH (¥) aolo

2 Srae S5 Ol ol (39 (B 4 429 b inen
L) )L}S&s 2 celw G WQ)AS.” .);)L{ UL") [WIRVY u»l.w]
e ol s )l i )3 (551 e e g el Cand
23,5 duwle ()bl Cogs ) ditin S B puae

055 Jto By cloodlas )3 (551 Bypuao jlade 39l (gl

calis 3 0550 03l p5 (5l olise o iSepts da Sl
&5 Slaslome o 35 5 o] ogass (359 g dbgiye
9 3y ) ol 3)50 sl o29)3 9 Lasdg)g Sl (Spas
Cwddoy LA?‘])AD )‘ oslaiwl Lv Lmu»s) )I gii P ‘_5‘); u.cl)) UL\-LQ-C
() Joaa) 1 plosl aliseo wlie 51 ool

s & ya -l
SIS 03598 035L) CudlS o)l 5l (gmpg il )3 @3
o @y cadls an 00,5 e S HlwdS bl jo (oloyys
Hordeum) g 4 (Triticum aestivum L.) pa5 aile 5V gaco
5 bl CiiS 5,5 o g oloys olgl 4o 48" (Vulgare L.
L giod (ml ) iS00 0o eS|y <l )b ol 1 8
sladgle psSj0m b ol ying duglio izmen § CBS gyl 4 a2y
2 b oyles iS50 )8 edlatwl o)ley cublS Fu,b gbaodls
Sl azpd a8 opl 1 e sl )3 9 9800 Pl Gl Juad
Oldes 0,8 o g S )y S Sl 4 Ve 4 S
S yiaS Swwd 4 5L oylop )3 jd oS Cas ey (sjlwoslal

D (Lo yd OF)

-8l oo Ll (Dastan et al., 2014) )LSen ¢ ;yluos
2 3l pan ) (36 (GWP) ' Slaa (sl S Juusly 5 )8
L] 53,8 eyt 15 sy 3 1, o lills cdls (cloplls
b plp Bl el pllas )3 (639)9 (5351 (oS &8 2 Gl
LS ) (399 (3l e i 09 U 53 SR VPN Y
S 39 bl o (905 oy Sl B2 S8 4 bgnye Mg sl
Ofebe)S iy 5 oS aaSTleen Hlisl jlai 1) lade o YL
(Nikkhah et ,LSan ¢ olg5 oy Lolas] 365 4 55 il
O el Ll ¢ (g5 ol b)) 5 al., 2014)
52959 Sl ggorme o5 Wity plo OAS Gliwl 3 slo Mg
Sl @D Ol 9 S p Jo3lRe YA-Fe sl a5 (b2 5
Bran G ) 1) prew (e (lerd a3y Cunl </YY
sl g 0 0o YV 5 0 L e gy slalbdS slajl8 il 5
Sl olaid] ags 4y

9 3 e dglie g (cyp @SS jglateds adllae
sladsle psSh9w g sladgle @33 Wi > Sl GiuleS Jeuily
A8 plosl GBS Gl e 5

L g, 9 dlge

9 ok ©)3) (o)) Jgmae 93 oy ol plosl 6l
Olpplis olS 93 (pl bl Juds 1y )3 Clesl (sladgle poS )
Cusl (Byuas 5 £ly) Ollos wlin cusls )b das jl) (goasi0
OliysliS b aslias b bl ek 01> 2435 0LS g3 (pl > &S
lnesls d”](_aq a pladl 8,5 ol pod 03900 40 Caliee
0l oalaiwl V adoleo 3l dged w935 I (gly b 5L5 590
(Sarmad et al., 2009) cwl

e
= ﬁ (1) doles
0 dnols poes N lne Clyoul 1S ciges o N ol 45 &

B lebl oy it bl dols cani) Cgllas Jlosl b
U g jl e 0)50 Cio gajy (9 Jlop 023 b &S S5
S &yl sl Bges po C s ] e Cawddy Codguil
b 035 (a5 4850 YV 5 VY ity (gladole g5 0m g (g

1 - Global warming potential
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Table 1- Energy equivalent of inputs and outputs in silage corn and forage sorghum systems
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Table 2- Agricultural operations times for silage corn and forage sorghum
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Field operations e 0,0 < )3 Sladgle 045 jgw
Spring corn silage Forage sorghum
(ol Y+ ) o Ol
Tillage (30 cm) Winter
(1) S Oy9% byl Cudgend)) gl
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(V) S o298 sl Cudend) gl
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(¥) K L Cudignd)l Lol
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J& g Jeo VRN ooy y3lsl
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Table 3- Inputs used for silage corn and forage sorghum in Gorgan region
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395 Lisy 4y
2 .02 2 .
Fertilizer distribution Time 0.0 0.03
Sk | cud N 1 0.03 1 0.03
Planting with row planter Time
SRS Ay
1 1
Ditcher Time 0 0
2t Neg 1 0 1 0
Furrower Time
(UtSile 5 S edl) (bl o 45y 6 0.2 0 0
Spraying (pesticides and herbicides) Time '
il A5y
. 1 0.01 3 0.02
Harvest Time
il : :
sl e 2 efoe 6000 150 8000 189
Irrigation water m°.ha
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Table 4- Energy inputs (MJ™* ha) dividing farming group in silage corn and forage sorghum

sladgle 095 ygm
Forage sorghum

st gt 2yloe )5

Silage corn

Sy Oldes eSO FARE 0 AR

JS 5oy

e 515G oliidl! B KW

Field operations  Average Standard error Percent of total Average Standard error Percent of total
pod 1465.8 440 48 14658 141 5.1
Plow
“i_“”"a 2001 60.0 6.5 2618.3 85 9.1
Disk
‘?;’P 538.6 4.3 1.7 538.4 4.8 1.9

Ditcher
R 7050.7 2115 23.2 7050.7 141 24.7
Basal dressing
» 3500 42.0 115 14975 114 5.2
Seed
S 2, 1193 35.8 3.9 5935 rl 2.08
Row planter
9. 715.4 7.2 2.3 715.4 215 2.5
Furrower
o> 1728.2 104 5.6
Pesticides
"'Sdk 2767 55.3 9.1 — — —
Herbicides
Sy 395_ 5613.2 168.4 18.4 5632.8 563 19.7
Top dressing
‘_ﬁ’L"J‘! 2227.7 22.3 7.3 3704.7 148 13.01
Irrigation
cudloy: 1546.3 35.6 5 4654.5 46.5 16.3
Harvest
& 30347.9 819.4 100 28472.6 118 100
Total

(Feyzbakhsh & Soltani, 2013) ..
3 2350 (551 Jold o)) Slles (i (Bpae Co g (555
9 55)[5 .)l?o] ‘L;wl.’.); 9 6)15).3.3 cc».]a.m.ﬁ c&_gu.»g..) ‘W J>‘).o )J
L )90 (653 quatitme . (Byme (55 5] JiSu )3 D (blew
(S e durnly 395 ) 395 (39 5t 395 CEl g g sl
o L & Jods 8,5 1,8 oolitwl 3y50 YT cpble 139 9 50
P35 9— 9 29k D E)lie ) alitne (639)9 (55l oy &S

» 3o (Sefeedpari et al., 2012) ,lSKen 5 s pidw
e ol b5 4 g el 0 &) gl 55 355 Slalllas
By 355 1) CudS cou g)lie )3 (63959 3T Cptere 9 2Bl
w,8
AT 9> A ke (slasbyy 53 (e (55510 Jgi
03,5 35l 52 5 005 (Sl oo yo 9§ waions (5B pcae (55
Slidas (Byae Co g (65,0 (uubiiae (Bpao 5l Gisu
) (i i) bl sl 3 3090 31 9 s 598 s
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Table 5- Direct and indirect energy inputs for silage corn and forage sorghum in Gorgan

ol @) . ;
Silage corn Sladole o5 som
Forage sorghum
£3959 W5 ke 3, uibinw! oleiud! JS 51 sy RS 3 515l alyisdl JS 5l ao
Energy inputs Average Standard error Percent of total Average Standard error  Percent of total
W
Direct
ey s sl <5 8284 828 27.3 8962 268.9 314
Fuel for field operations
et S 1815 Lt 5.9 3025 %08 10.6
Electricity
el 9 291 79 0.95 435.6 35 15
Human labor
olino yuf
Indirect
Qj’)ifj _39{ 9477.8 113.7 31.2 9477 284.3 33.2
N fertilizers
Sud 355 1531.8 46.0 5 1531.8 46.0 5.3
P fertilizers
el 295 482.4 48 1.6 482.4 3.9 1.6
K fertilizers
Seed,i, 3500 21.0 115 1498 449 5.2
R at 1634 327 5.3
Herbicide
Lo iSo i 304.4 9.1 1.01
Pesticides
Ypwsle
" 1866.4 18.7 3.83 1395.8 14.0 4.8
Machinery
N . 1645.2 37.8 6.1 1666.2 10.0 5.8
Transportation
S e 30832 819.4 100 28472.6 569.5 100
Total

Soslil «gjys S cad rals dox Sl 65y B0 Jool
Wlg oo ey 30 5D Saawd Gllos dlisi JialS 5 o8 clayalgls
il gjysliS )3 g YU GByaae LinlS cla Sal, ;]
.(Kazemi, 2014)
395 4o bope Joame 93 2 53 puditwe pé (5550 Cn ey
Soslatl a8 asadtne (5)5LiS” 51 ()l (B Jgi) 392 (95
3 g9 nlplis g 01 3y Sles (Rl el gy 058
2 ol el (13955 355 Bpae 4 pll Lulpd plu (38,5
23,5 s (5955 395 S el Golul il & conl Jb
YA L 3l asases L (Guo et al., 2010) ) LSon 5 5>

23,5 o0 o3l (55)5LiS £)l30 53 (g ssbod )9l 3557 (63Me

(Sefeedpari et l)LSen 5 (¢ putw dlox 51 05 o ldame
(Feyzbakhsh & Soltani,  jlalw 4 yisu 2.8 al., 2012)
(Pishgar Komleh et al., ,lSen 5 alogs, 15K iy 5 2013)
S8l Cowd (ol gult 4 i) 4> 2011)

elgl jl oolazwl 35 (Lorzdeh et al., 2012) |, Kon g 03,0)
kol Jole 1) 055080 £)l50 p3 cuslyy g cusly sl Y il
W3)S (B g Bpae il

2 ShsliS Clisee gacllas ) oAb B pae cigw 55
gliile Cgw g8 5 ke Hlai jl Blisie (glaygiS g o) OLS
o) Sslite 55 5 (oarll Laly 5 cle s 5050 o)
coley 5 il 5,5l slmplls 51 sy Yoo casla oS
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&5 o (Sefeedpari et al., 2012) ) San ¢ (¢ piutu
Ly ot i e 3 sk @3 )l 53 (63959 4 (295
by 5D s oyl BB ] > a8 85yl cawday YIFE
Aly 3 293 50 Ol L gl 3o 5y 9 OB S
ol o

S35 (55 0 3505 i NAFD Jlo )3 1l 558 >
A VY e 50 Cons opl 290 Y0010 &> j3 (B pae (6550 4
o8l L psls yae jo (Pimentel, 1992) cél jials Y/Y
S39UES S50 53 (S5IPSS dmgi g (65yeliS (ygmwl S rdaw
sloplsipg 55 655l 2L (g5l Go3liay Brae (Rl e
Y gamo gl (65,5 DS ol o ptal caday o))
598 o pllas pgy (6)lSLog (5)9ld Sy 4y (25 alie
A dlolw (Sialy i ol wlal Jolo g g arily Sy
Op e glaw 21y 53 Jgaze 3)Sles g (dixio syl By
3 (55,98 1y Sl &5l DS = 1y U
(Rahimizadeh et al., 2007)

P95 s9—w 3l )ieS gk ©)3 CulS > (G5l 90 Ol
g 25y 55 ol 358kae ol ol Lo 5 Jpiz) ol (slebsle
S (63939 S5 Ol 5 (S 3 Sid o3le S ols VY/0 )
5 S8 Conl fladgle a5 0w 4 Cond a5k ©)3 £)l30
olly8l oY il S 50 (Ghorbani et al., 2011) )| )Lsten
yxe Laodlig peS Bpiae 1) (65)9liS” sl 3 (o,
20,8

&5 oo (Sefeedpari et al., 2012) )Sen ¢ (g et
2 JLSS WAL glieg sl > (agkow @53 g)l50 53 63939
Amanloo & ) ol LSen g lal a8 Jls ;5 3905 390y S
2 ok Gy gyl 13 (63959 555 e (Ghasemi, 2013
539] Cawdds S 55 Jo5Ke YYOAL 1) s bl &5)50

5 Sl Jdodas adlaie 93 0 olS S (65l o) gl
=hi ol (Brae sbodl (o) Clles il 105 0 Slos
Franzluebbers & Francis, ) ceuwl (s> b (of) cuiS piaw 4
551 e (gl )3 CiS 03y (655l Amlis 5 (1995
45 gty S (0 Bpae Jyae (5 S Mg ln ]y e
madgle oS y0m E3l30 )3 9 YIVA (ashw ©) g)lje sl o (]
w53 GWP 3l V g (5 Jods) sol cawday +/YR ¢

Vitousek et ) 53,5 o SB giuwl cels 0bj 0y9l 355 51 oolaul
Jal., 2009; Guo et al., 2010

Oldes (lym Cog Gidu ) puliine (639)9 551 5l
e Gl sl abgle oo 5w ) (Sl (595 9 Ao ySUl (2
S5l S oo 4 a ey ol pl g 390 pi gk @)
st ©)3 yidey L0)d VP (ladgle poS 0w )3 s (5395
Sladsle p5S )5 > Al & a2l wadtne pid (5551 S5 ) 095
2 aions o (531 JS e 30 e olitel ISl 5 ASile
g 3 g (gl ©)3 | yieS Lop3 VY (sladgle oS g
@3 5l a8 (Jg3L5e YAYVY) (sladsle poSyom 53 (63959 555!
(7 J932) 592 (J931%e Y AYY) (29kew

5 (e 3l s Gl 9,) pdmimes 55 Ol
LS i (YT opblo 68 oy ySUl 28 gus) jpdpp0 8
93 32 53 3] cn it 480l (LS (J& 9 Joo g oS ile
Oliie (0 Jod) 39 piainiodpé (55l 4 bye Joae
5 Uik o 5 (Renetal,, 2012) olylSen 5 o) ales 51 (o0l
45 B4 iyl3S 5 (Feyzbakhsh & Soltani, 2013)  Slels
~u35l 5l st 6509lS )lje > o BBt slas il e
Oili8l die; 0 Sliaiss cunl oY plply ccwl waow LB e
52939 SLaS) il i B35 ©j90 w0005 JB (slos il
b phals GlldS el adgi )

sk O35 ) e (sladgle poSy0m 53 (295 36l Ol
Sladsle psS 5w y3 (295 55 Ol 45 p9ban B
Oy ek 4S5 D9 ookow &)l it S > Jg3IKS VY08
9 0y Sl Sladgle 265 j9w )lie yidin 3Sos ol cpl
b an 0g 3 lagss o e o (Renetal, 2012) Ko

@S O Sl e 155 L 93 (295 9 919 S5 Ol
2 9 Sl Y gz w5 > (amelnj Sl 65,
pldin sl Coppde SS9 M5 Sl ilie OV gz
J(Rathke et al., 2007) <l
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Table 6- Different energy indices in silage corn and forage sorghum in Gorgan

sl bl
55 spasls stghew 0,y &3 PRREN Sladgle 055 o 3 et
Energy indices Silage corn Standard Forage sorghum Standard
error error
[F
3929 Error Error
Inputs
LES 2 JySS) i 5292 o535 10.39 0.1 124 0.15
Direct input energy (GJ.ha™)
DES2 53 JpJS5) et 52025 55 19.95 0.3 16.05 0.4
Indirect input energy (GJ.ha™)
DES2 52 JyJS) JF 2959 535 30.3 0.8 28.4 11
Total input energy (GJ.ha™)
S 585) phibaos L s o5
0 2 J9i8S) pigaans LB d)-); 26.5 0.8 265 0.6
Non-renewable energy (GJ.ha™)
(e ) Jg8S) phbios 55 38 0.1 19 0.1
Renewable energy (GJ.ha) ' '
Outputs
B 29,5
0 2 J93E3) dgle (295 d))jl 131.3 3.9 446.8 27
Forage output energy (GJ.ha™)
DES2 5> JyJ58) IS x> 3 131.3 3.9 446 8 2.7
Total output energy (GJ.ha™)
EETIPRY @..925 &3l Cogu 43 0.0 156 0.5
Ouput/input ratio
“ % ‘
(o5 .x_‘.b; 5) o329 d))’_l 538 01 0.29 0.0
Specific energy (GJ.t7)
SES o) el o
(UISS 2 3) 53 oo . 0.42 0.0 3.4 0.1
Energy productivity (t.GJ ™)
e S ) LA g5l oojL
L J5it5sd ) ol il oo 100.9 3.0 418.4 113

Net energy (GJ.ha™)

o555 85 Jo 3 35 Sl irle)S Sty J53SS 5 CO,

£S5k V- 0)Lti] o 2k )3 (2955 (5551 5L ]
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Table 7- GHG emissions (kg equiv. CO, .ha™) for silage corn and forage sorghum in Gorgan
Sllos s 123 -
Operations “'9"*“ = leSgke 05 ygu0
Silage corn Forage sorghum
JEgJos g adgs JRTC ¥ P R  K¥ W I e JS 5l oo 3, laitiw! alo! JS 5oy
Production and Averag Standard Percent of A i Standard Percent of
; verage
transportation e error total error total
‘””‘“ 690.1 20.7 374 690.1 8.3 39.9
Nitrogen
P 12556 3.8 6.8 12556 3.8 7.3
Phosphorus
- 395 0.3 2.1 395 0.4 2.2
Potassium
el 199.27 6.0 108
Pesticides
Sy 646.1 7.8 35 699.3 14.0 40.4
Fuel
9 @Il )l g Ji 5 Joo Mg
Y episle
Production, transportation 1454 4.4 7.9 174.5 5.2 10.09
and maintenance equipment
and machinery
Js GWP
Total GWP 1845.9 18.5 100 1729 51.9 100

22 Sl8gle 095 j9m 9 (ol )Lz )3 )30 53 (295 (S35 9 63909 S5 cOjg i w3y )3 Fa Sle,S Sty —A Jga>
O 5 Ol o
Table 8- GHG emissions in per unit area, per unit weight, per unit energy input and per unit energy output in spring corn
silage and forage sorghum in Gorgan

ok 0,k O3 3 ylusbil ol
Spring corn silage  Standard error

Sladgle 065 yqw 3, lastiw! slo!
Forage sorghum  Standard error

(52 2 €Oz Jsbo £.5345) o 21 2 1845.9 55.4 1729 51.9
per unit area (kg equiv. CO, .ha™)
(Jpame 530 2 CO; Uil £5515) 03 2l 144.77 43 17.64 05
per unit weight (kg equiv.CO, .t™)
( IS5 CO, Jobes p55kS) 923 351y 2 60.92 0.5 6088 14
per unit energy input (kg equiv. CO, .GJ™)
( Js}"l_i..f »COZ Joleo p 55k5) 9 S35 »‘5)3_1 14.05 0.4 3.86 01
per unit energy output (kg equiv. CO, .GJ™)
A 29 551 S 9 LS ) JoiIRS /Y 5 YAY 8 5 4ol

&5l (639000 Hlade g LS 43 oK WYY 4 FYF/AA. o . . _ ..
Sl g e g S 2 s . 7 ) A ok ©)) 5 sladgle p5S j0m 13 (63955 56! JS
= 05 YV g VY e sk ©)3 9 legle poS55w 5
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Introduction

Cheap and plentiful fossil energy causes human’s life welfare to improve and increase food production, but
today, major problems have been created in fossil fuels. These problems include: scarcity of fossil fuels for
future generations, increase in energy prices, and the most importantly, greenhouse gas emissions (such as
carbon dioxide, nitrous oxide and methane) from the use of fossil fuels to the atmosphere.

Energy productivity is one of the most important factors for sustainable agriculture. The use of fossil fuels
and chemical fertilizers are threatening the environment. The comparing energy consumption by crops is one of
the ways to prioritize various agronomic productions in each area.

Materials and Methods

To conduct this study, two crops (silage corn and sorghum) were selected. The reason for this choosing was
the numerous similarities of these two plants (including similar planting date, farm operation and consumptions).
Accordingly interviews with various farmers (15 and 20 farmers was selected to filling in questionnaire for
silage corn and sorghum in Gorgan suburb, respectively) required data of machinery and consumables inputs,
including seeds, fertilizers, fuel and pesticides were collected.

To estimate the energy consumption of inputs such as fertilizers, pesticides, insecticides amount of energy
per gram of active ingredient was multiplied in related coefficients and their density. Other input and output
calculations of energy used in production and field operations for each of the methods was calculated using
coefficients obtained from various references. After that it was analyzed in three parts, fuel consumption, and
consumed fuel and global warming potential based on the carbon dioxide equivalent.

Results and Discussion

The most input energy in silage corn and silage sorghum was 23.2 and 24.7 percent respectively based on
fertilizer consumption. Also, the highest direct input energy in corn silage and forage sorghum was 27.3 and 31.4
respectively, related to fuel. The output energy in silage sorghum was more than silage corn, such that the output
energy in forage sorghum was 315.56 GJ/ha more than silage corn. The main reason for this observation was the
high yield of forage sorghum fields. The ratio of output to input energy in spring corn and forage sorghum were
calculated 4.3 and 15.6 respectively. In other words, energy efficiency was higher in silage sorghum farms and
this was due to the higher yield and lower inputs in the crop. The energy efficiency in corn silage was less than
silage sorghum, the reason was low yield per unit area (12.500 kg of dry matter per hectare) and more energy
input in silage corn farms. In both crop the highest global warming potential (GWP) was related to nitrogen
fertilizer and fuel consumption. The highest and the lowest global warming potential respectively observed in
silage corn and forage sorghum (with 1845.9 kg CO./ha and 1729 kg COy/ha). Consumption of agricultural
inputs such as herbicides and pesticides was lower in silage sorghum farms. In both the least amount of
greenhouse gas emissions related to fertilizer potassium was 39.5 kg CO, equivalent.
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Conclusions

The energy input and greenhouse gas emissions in spring corn were higher than forage sorghum due to more
agricultural operations (such as herbicides and pesticides consumption), in this respect the cultivation of forage
sorghum had minimal environmental impacts. In both crops the consumption of fuel and fertilizer constitute the
high percentage of energy consumption and greenhouse gas emissions. Therefore, the use of devices that reduce
fuel consumption is recommended, also need for research and investigation on crop rotation and nitrogen fixing
plants was revealed. Comparison of the global warming potential (GWP) based on the unit weight yield per
hectare of silage sorghum and silage corn showed that there are very significant differences between the two
crops, so that global warming potential of the spring corn planting was 12.1 times higher than that of silage
sorghum.

Keywords: Fuel, Greenhouse gas, Indirect energy, Specific energy.



