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1- Energy use efficiency
2- Energy productivity
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Table 1- General specifications of farms

ol lacyj0 2acy30 3asyie dacy e Sac, 30 Bac,0  Tasye  Basye  acype 104,30 llasyie
Farml Farm2 Farm3 Farm4 Farm5 Farmé Farm7 Farm8 Farm9 Farml0 Farmll
sl g b
Planting 2.27 3.1 3.1 2.1 3.1 2.3 3.1 3.13 2.1 2.1 3.1
date
Ll s
Irrigation b e el s T Y 5 Y K Y S S
mgthod Sprinkle Drip Drip Leakage Leakage Drip Drip Drip Drip Drip Sprinkle
&kl e
Irrigation period 7 5 8 12 5 5 25 4.5 5 5 8
(day)
oy )0 8.1 7.3 6.1 6.28 7.1 7.3 7.15 7.1 6.5 7.1 8.1

Harvesting time

Ey o2 35 (i Mol 13 (295 9 8399 (Lo 812 55T S dlae -2 Jgua

Table 2- Energy equivalent of inputs and outputs for potato production in Jolgehrookh

R
Particulars $iP Joleo &
B 5399 Energy equivalent (MJ.unit™) Reference
Inputs
Sl 9y ;
Human labor (hr) 1.96 (Panahi et al., 2012)
Y epile g gl .
Machinery (hr) 62.7 (Panahi et al., 2012)
Ipd b g ;
Diesel fuel (L) 56.31 (Panahi et al., 2012)
rbosd sladgs
Chemical fertilizers (kg)
0395 %S )
Nitrogen (N) 66.14 (Panahi et al., 2012)
Olawd 548 .
Phosphate (P,05) 12.44 (Panahi et al., 2012)
reliy 355 ;
Potassium (K,0) 11.15 (Panahi et al., 2012)
@19? A,f .
Farmyard manure (kg) 0.30 (Panahi et al., 2012)
ol dlgo
Chemicals (kg) (Izadkhah et al., 2010)
Herbicide 238 (Izadkhah et al., 2010)
Hek 92 (Izadkhah et al., 2010)
Fungicide
ooy 199 (Izadkhah et al., 2010)
Insecticide
b gdso )
Micronutrients (kg) 120 (Izadkhah et al., 2010)
Sl iy Sl
Irrigation water Electricity (kw.hr?) 102 (Izadkhah et al., 2010)
s
Seeds (potato) (kg) 3.6 (Izadkhah et al., 2010)
B9 Output
e 3.6 (Panahi et al., 2012)

Potato (kg)
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Table 3- Average inputs and output in different irrigation systems of potato fields in Jolgehrookh.
Sk sl lo ks gl gl

Woslys
ke Sprinkle irrigation Drip irrigation Leakage irrigation
o ens
Sl 59555
99 162.83 192
Human labor (hr)
e 26380.96 26099.79 35018.27

Diesel fuel (L.ha™)

g 7S 3873.48 8482.6 4127
Electricity (kw.hr?) ' '

Y epile g clgal

48906 27835.89 20577
Machinery (kw.hr?)
losd slasgS’
Chemical fertilizers
Oisss 35
210 308.33 328.33
Nitrogen (N) (kg.ha™)
Sl o5 215 125 200
Phosphate (P,0s) (kg.ha™)
BEasicd . 51 150.83 50
Potassium (K,0) (kg.ha™)
$93 5
13.6 4.1 2.78
Zinc (ZnS0,) (kg.ha™)
Sla 255
0 6000 0
Farmyard manure (kg.ha®)
o 0 0.77 0.52
Herbicide (kg.ha™)
SSeb
4.5 6.5 4
Fungicide (kg.ha™)
Sopis
0 2.37 1.58
Insecticide (kg.ha™)
OIS &8
0 1.2 2
Acaricide (kg.ha)
Sawsd
: 0 0.5 0.33
Disk (h.ha™®)
oS
15 2.17 1.67
Tillage (h.ha™)
A
15 2.3 0.67
Leveler (h.ha?)
A
4255 4750 4750
Seeds (potato) (kg.ha')
P>
Output
i 45200 42000 38600

Potato (kg.ha™)
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Table 4- Variance analysis of different irrigation methods on energy components and parameters in potato
production system

Olaz o (ko
Mean of squares

oS golie @ Sl oy 55! g (5551 o 7S (55531 039 35 &35!
SWO V' WL Energy of human Energy of Energy of Energy of nitrogen
" df labor fuel electricity fertilizer
T
. J{Lﬁ i 2 1321672.54* 856453212.28* 3741274.91* 8749599.51*
Irrigation method
E%?or 9 2481885.78 713245327.68 993225.4 4846991.14
22.65 25.36 307.34 28.56
CV(®%)

b oo 43 me pae g doyd 5 9 Jlosn] paw )3 > dxe cui 5 4 NS g s X
*,** and ns: Significant at the 5% and 1% probability levels and not significant, respectively.
(05 s g 93 (6551 (S el g 5] 2 (5Ll Wik (gla sy ST (uilly 25255 -4 Jgua sl
Continued table 4- Variance analysis of different irrigation methods on energy components and parameters in
potato production system

Olazyo (ko
) Mean of squares
Oyt 2abo Gl a2 Gliad oS G5 el 395 55 Ly 355 55, 49y 555 55
SOV f Energy of Energy of Energy of Energy of
phos_p_hate potassium farmyard manure zinc fertilizer
fertilizer fertilizer
(I
SR ) 2 3909.11* 3436.48* 1363181.85* 8.64*
Irrigation method
> 9 66815.31 2142.14 3748750.1 144
Error
23.42 29.42 12.34 15.25
CV (%)

b oo 43 me pie g do)d K 9 Jlasnl paw )3 5 dme Cui 5 4 NS g sk o
*,**and ns: Significant at the 5% and 1% probability levels and not significant, respectively.

(05 s g 93 (6551 (S el 9 5] 2 (6l Wik (gla s, ST (uilly 2525 -4 Jgua sl

Continued table 4- Variance analysis of different irrigation methods on energy components and parameters in
potato production system

Olayyo (sl
Mean of squares
ks alic 6-"}i R LgS plw 6551 L SAle 58 B S pis 55 LESE B 55 b Esas g5,

SOV of Energy of Energy of Energy of Energy of Energy of
T other fertilizers herbicides inseticides fungicides acaricides
. “sfw o) 2 1175997.32* 24954.53* 16825.0* 75816.08* 19581.85*
Irrigation method
E%for 9 292164.25 8137.21 111258.57 224254.65 5385.1
CV (%) 27.43 27.34 14.64 22.61 18.65

Al oo 43 me pie g do)d K 9 Jlasnl paw )3 5 e Cui 5 4 NS g sk o
*,**and ns: Significant at the 5% and 1% probability levels and not significant, respectively.
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Continued table 4- Variance analysis of different irrigation methods on energy components and parameters in

potato production system

©la o 5u5ke
Mean of squares
il yeis qolia PRI #6551 Hlomile (5551 399 55! 295 855!
SOV of Energy of Energy of Energy of Energy of
T Seed Machinery Input Output
(R
| S o 2 2642756.77* 5812523415.5* 1959246285.5* 50934561241.8*
Irrigation method
Etrr}or 9 2227502.76 1981256421.81 34721565481.3 22821675421.2
s 5
CV (%) 3 21.35 24.26 32.15 24.64

Al oo I3 me pie g do)d K 9 Jlasnl paw )3 55 dme Cui 5 4 NS g sk o

*,** and ns: Significant at the 5% and 1% probability levels and not significant, respectively.

(05 s g 93 (6551 (S el g 5] 2 (6l Wik (gla s, ST (uilly 2525 -4 Jgua sl
Continued table 4- Variance analysis of different irrigation methods on energy components and parameters in
potato production system

Ola o (ko
Mean of squares
oy s s a3 i e35k L S50 8190 ¢ 2329 &35!
| Lo } 5 g5
© gg \é; &3 Energy use I\‘I):[‘ enil)’f Energy Specific
T df efficiency 9y productivity energy
Sl s,
Irrigation 2 0.005 ™ 8638351562.5* 0.001™ 6.89™
method
s
9 0.187 7161285964.24 0.015 4.04
Error
25.36 14.21 26.78 23.24
C.V %)

b oo 43 me pie g do)d K 9 Jlasnl paw )3 5 dme Cui 5 4 NS g sk ot

*,** and ns: Significant at the 5% and 1% probability levels and not significant, respectively.

Uil (el daome Slaey oSl 1 500 (sl ybgy 5> &S Jb s
e 13 Sl oas 4385 0y00 puis sla b s ol (o

i 93 30 9 (p 5pS (ShHb 6ol pieaw ) a1 B pae

Sy Pk S

ML}U 9 b).é.wé ‘4539).:.&3 ‘_;Lbbss dﬁm
polde cpy b pme M s il il yly 450 s
slabyy o awly g oyhud ify s gladgS brae slasyl
-l (Byansi il on ot (Ades) o9 bl Gl

wslojlad (o)lol slagsbyy 9 392 (i s)lel (hgyer borye 4359 st

Liaans S
9 A 1S 8 puno i glds il g 4 500 guls bl 5
Gyao e (Adsiz) 25 b ne bl (sLaitg)
93 4o Can |y 5o o st lojhad bl Bg) )3 s Sl
Shl 5 Gds by oyl (o) Sl ey cudls )05 by,
(5 Jgin) s Iy it iU By e e i s
A A 55 (699y9 JS syl I At S B pane opes
)l oy 28l polasl Sl g s (slolad (ylul iy,
e (Db (39 pS 8 e ¢y oS> aidlate 3 S
ol 0125 oMol oLy 3l s Sloy 9 2395 e 51 (S ]



867 ..o adlgi (555 (slonkily Aumslio

b aomsls (pl a5 sl 0392 ylade (e o)k g 4559505 (sladgS
o> 9 (Ghahridjani et al., 2009) LKoo 5 sl 008 zls
)y cillas (Hossein Panahi & Kafi, 2012) LS 4 »ly
o lie 3 ol Bpas lalS (6681 &S b (LS b
dde Ol 51l o5,eliS” (alSTU Jdsay yal opl 48 45 saalie
5 9 Hame (slaiis 4 olS Cuaglio Cap iy (sladgS
Hossein Panahi & ) ¢l e3¢ (uejums s)lsl Caols 21381

(Kafi, 2012

stlond SL35S w9 (59, 355« ool> (S3gS

polde cgldy (gl me i yluis uilsly & jod s

sbadss pluw g (595 295 (b ladgs (e slassyl
o3gS o (4 Jgaz) 25 ciliio (bl (sla g 53 lesd
ol 250> ey 99 5 9 039 galy sloskd il gy 3 (oo
P 89y 395 Brae 553 {5 Jgaz) sl ot odlizl ladgS
2 i g SH slagiey o1 5l o g crpoie sleskd by,
493 2 bead (38 plo Bpae iB)S )5 (gam slaod,
e 023V sloydad gy o J) ey 5 992 it DL
Hossein ) 3LS 5 (ol e (5 Jgz) culs |y (6531 B pume
a5 e a5 05,8 )13 (Panahi & Kafi, 2012
0=l 488 392 (93959 Slacsipl o ) e (S (81 3957 sl
b eladgS By no Kinyd 8l gy, pas odimd il aliue
o B 1) als (cladgS maw cpiine oyl 392 (oo (slaas
ol pialajl )3 65,8 ()15 (63909 (B pae slasipl S5 )
Sl 2 g she 185 5 ShL el bgy sl e o] lanlio
OLKen g idgn U )3 50 aedgy9 JS 5l duoys 2/8L (clo ylad
&35 (83959 8501 45 10y yLis (Hoeppner et al., 2005)
39 s0 03litul ol (sladgs” jl Ltas 45 SSI8,) slapllas (39

b o zuly Bt ) S Moy 50 Ly

b sl
polde cglds (g)ly me odimd s uilsly & jod s
5 ST (iSepie (iSdile) b i cdl B pas (slasyl
b Bras 5514 Jsiz) 29 o)l slaby) o (iSaS

09 3 0 Jgde) 18,5 18 (cam (slmod, 53 5 oyl 51 L
Ps st S ()39 sedsS Bpae polie 185 (o)l
Slos (392 0380 oy (Sh (g 5> wcanl SYL S b,
ladss (655l e (505 (ol pla Lasgs 358 @355 9
Sl (Brmae (5l mre 8 Jd e 42l ) gy
s )l 5 8399 sl S5 assg s sladgS
P o 25 jHde (2,508 Gk lel o e
LS 5l oalsl by slass Jdsay sloyhad (Lol pianw
$LodgS Gpme Sl Juols (6551 c(yll pimm J3D ) 55950
Otk (Span b3S > L85 )18 pgd 03 53 &gy
B g (logmee 29 G550 sS4 bgye (555l By
dge b )3 a5 15,5 45,155 (Hossein Panahi & Kafi, 2012)
b (Brae 551 Gl rpote lewd S3eS (Bpas (olierd
B35S i 3 553939 slocss sl S 5l a0y> A0/B5 olazsl
slasspl JS 5136/ BLpolaisl L 559525 565 ¢ e (lonsd
OhlbSer 5 (gangil adly 1) (5,5l Bpan cn Pt (83909
S o pde Wpiume o)y > (Bazobandi et al., 2013)
by (e 55l npoin )l 5l om 45 20,5 ()15 @)
S5p1 &S (sysbdy el 59,10 365 oty doS I oolatwl &
2959 ssspl j1 a0 10159 s’ jl eslisal )b 51 (53959
D9 o3 4138 Jade ol 5l sk maew 9 B3 e eS|
2 9 Mo (S (sloskad (g)luly 0jhd (sladgS Bpas s
(5 Jgi) cusls)lB s (slmod) 3 e (it 5 SHL )]
6228 5l 508 (sloykad (gll s )3y Al ailato

s B A
sLodss K05 (slasbyy 5 Bl 03,8 oo oalitil (glojlas ()l
D9 s ol Gyt polie )3 9 S 5l LB ©)gods 0 ks
5 02V (slolad (g lol s 5 duslty slodgS 5l oalizl (551
e (5 Jg22) 3 2 S0 3 L5 1503 ()l ot 99 2
S Juab (5ol )3 duslry Jslowo (sladgS’ s c(loskad gl
P9 99 3l dow Lo o e e 13 5 23l oo ol Sl
3 ssll sla gy plaw 3 aS cudl Jbo o cpl g cud Koo
)i 2P B0 @ 39)9 (el (i 15y Juab sl
3 4 s ol e W5 206 392yl Sy 355 g
o e aliy 395 (Srme (555 (liee 9o dgioe cuiS



1398 3l 3 oyl A1 alor o5 5)9laS ol pos 4 pi2i 308

239 SYlile

Srae slags ol plie o by 428 @l eluly
353y 3 st ST ()Ll ciliseo (sl sy 3 Hd 5 Y pile
Sh olel pogy > YT otle (Brae 5550 (4 Jgre) casly
i slmod) ) (s g sloylad (slabg) 53 9 (n ke
ran 6551 Shl bl gy 0 Jgis) 2B 53
59 JS sl 62959 (B pan (655 e j cous D5 40 Q\JTO#;‘;\.A
0355 Sliaas 5l ool pae Loay s (b, 50 (0 Jgi2)
it (slosby) ) 5 03 Me S EY T ble (65, )l
o o3kl (Lol wiamw 9 Cadld (55,9 Can C)\JTM‘A
g Aoyl Cd 0al B pme (655 e (6551 Blie 1Y e
2 e joaw cuiS b)), (Arjmand et al., 2004) ))\Sen
g g VI edle 1y (5550 45 20,8 IS By plml )l
Lob olaidl sgd 4 S B as slagiyl o 1y e oYL
25 oYL sloylad (g)ll gy 0 (a5l 6 (555
551 B mae siny (655 s 32 o (S S )l
Shle bl 2 5 i G185 el 3 3909 syl
6868 (clolad ¢ )bl YT il el 5 3b (65590090 (i
o S 5 380 2756 Sl coolol 13 5 Sy JoilSe

9 9 83909 SRS H S5

S polde b ine gl oaimalis uilly o8 @l
[A93=) 35 sl slagig) o (2955 9 2909 sy
Sh bl Uog) 2 2955 5 3929 sl sl IS ol
P s g sloylad (ol (slabey ol 5l e g sMEe cp 5t
3959 Sasipl Gl il (1 Jodo) 21335 51,8 an (slaos,
Ylopile Gpan I 36 (g5l Gl o ShL bl
g loyhad g GLL (o)l rolSans colo (bpas slags
e i 038 3 )Slas (30 ke Cledy (295 (<551 GllB)
ol 039 gy gl & Connd (sloylad g SI)L &kl »

8351 ypae S
SiP1 033 o e glas pae s L il g 4 5o guls
sloshad 6yl hgy s3T5l (4 Join) 390 (oslul slagsig)

2 it el g oot loykd gy 5 laiSile by
odliul b iScale 5 Sl (oylol phamw )3 .c8,5 )5 caw o3,
ol slagts) 3 S ile (Brae 55 pre 0 Jp2) w23
0/14 021 5 pass (6399 slassyl JS 5l (i g (slokad
U5l (Izadkhah et al., 2010) . )Kon g olo3 351 39 Loy
sbagisl IS5l piScile Bpae (230 (655l ppw & 2028
1m0y 1136 055180 gy 3 5 118 s el gy )3 5299
1 59 086 4 0/94 s s W jiSopis cly polie ol o9
2090 ol lagsbyy o g &) Sl ddlaie @l gt lacuss
Lowgi o )83 polie jl 5S W yiS il oo g5yl poow aslllae
3 b iS Cdl ol B pas Sim b osimd Ui 45 39y e ]
ol dilaie
ot 9 bt gk (o)l o iSepts bas 5
(5 Jgie) wwdls )5 sam slmosy )5 b g s o)l (5
e )3 (§399 5551 S biSe s (Spae (555l maew
2 hlr g s glacslal 9 35 oyt lolad o)l
lojs ()lol o278 B pae lise i 5l 030 dny slaas)
) 9 9 3B pelaisl 3g 3 an ) (655l Bpae plise o VL
3 86 55531 By line Son S alia Ly s 03 ()]
e 82925 Slacsspl IS S GL(5 Jgan) ansh |, i,
oS bl olel g cniihe ks sl 3 WSl &5
LagiS S pized g piSopds 5 izl jpS Bpae g
Soitonsd Joay 1500 s 93 4 S Sl Skl phig
90 10 S5 Cinndd Cowl s (pl 30 S 69y SB- polis
5 Lagold S 5 age Jole slojhad 5 (285 (6lel s
orzen jloise 5908 ) OIS EE G pao a3l g Cul lanalS
P8l ol ey J S el e Sl ol &)l5e BT o f55lsS
1y Lblool b g Al ol i 48 A0S o oy el LS oS &
9 LaiS gl Bymae g 185 o g5k s lon 9 LT 590 5
daais cpl o 50 b iS7HB G s im0 il | Lo iS i
Izadkhah etal.,) ) \Kan g olg33 5] 205 4 Cand (£ 5pS o
(Ghahridjani et al., 2009) . |,Sen ¢ Sl 408 .l (2010
S35 aS 49,8 (l3S ledol 3 e CulS (pwyp
slagss ol o 53 1y o (5SSl Bpae 1 20

bl (63959



869 ..o siam adlg (555 (olokily Aumslio

Izadkhah et ) oJ,LSea g oly5230 (T Jgi2) 290 (508 Sl
S ey Lo (e )50 50 5551 5p90 ¢ (@l 2010
i 33 333,515 S 104 65518 ez )3 4 058 Jglucs
292 1S 53 (5 40 Liejies 048 5 Slee Sk S L]
Lol g LS 33 5 38 i (oylol po Jhade cpl a8 Jbs o
O b a8 59 il Gyl it 93 0l ) (551 900
4 o Gl bl s 3 (5399 B pae slacss ! (I3l
ot 53 038 3 Slae 38 S S)le 409 18 )l
Sty i ()bl pis Coiey slojlas 5 ShL )bl
018 oy Lagl 3 (dyme slasagg slagssysl Gl
a3 Sles ) (53531 xg0 e daily )3 9 398 51 890 e
Gl > (83909 SLas3l) S 5o 238 (9399 Slocssyl
B g0k Eae > Ay ST g Sk loslad g S
sl )b gme BB o lol wiuw

{Izadkhah et al., 2010) ;,LSan g olg 5351 3,135 plo
St | Gk 05518 (St 1 (555 5y90 e Sl
7 9 Oldes dgp jl (U 5 Slas (1331 & | el
elles plo 5 bl Jl (=26 Bl slagssl Gpae ials
9 glite S 65kl 51 odal Cuwndes aois b aoess ol il oo
Y iile jloolatul &y aXls £)lie )3 i (pl > & >
Oladd Dl g (D9 0dguyd b g o oLl W iy (g)sliS
ol (8o slogd il Gl s i YT oplo 5l eolizl
ol s )3 (hrajiams 028 58 3 Slas 39 Sl L]
sl sl pals 5 g slojad o L o)ll & s 5
bl 5 UL )bl & s (loyhad i )3 (5399 By
Sl ) (G551 5390 )% 45 A8 oo loplad & Cons S
Al 4zl tne M) 25 5 (gloykad o L celas, b
9 Aty (R A S ilie Y gase 3590 53 (55 x50 0
Esengun et al., ) x5 )55 1/53 3 0/06 1 sy @ a8 yuiie
.2007; Erdal et al., 2007)

2329 &35!
Sl mxe pae sxmd i il yly 4320 gl aSo) 2gng b
Olimee L {4 Jsan) 35 65l sl sbsy oo 009 s3] polio

@l 3 5 Lagagy ploo Sl S0t (a8 )bl )3 oy 55

G Obgy 2B Ol S e g 09 ol slagigy b S 5ok
S99 SrHl 05 peS Jdar & W i Loy b s
039 350k 9 UL )l Uhgyd Cams oy cnl > (Byan
oololy (T Jgaz) cosl s (o)lol o) & Cs (29,5 (655
=hl8 e (Izadkhah et al., 2010) ), Ko g olgsa3! 45)l55
3 D9 AlA3 055150 iS5 9 2184 Joliie uojmw CuiS
2l o s YL o 5y Sles o) e ShL )bl by,
392 )093 5 535 S5l Bpae I gy )90 slasby,
g Lagbgy plaw 3 S0k of rae (52909 slagsiyl
&35 ) (Koocheki & Hossieni, 1994) ows 5 (SooS
3905 955 Olel B Gl )3 (65)sliS” Jgase ti> Mg sl )
3 e joaw o3 (6550 ohlS bl Slule (slue p 25,
6l yw gl il odg 0/7 9 0/75 oy el g Agudie
0/98 _—ojumw sl 1y (635! carms (Haj Seyed Hadi, 2006)

25 3550

oL 55

oAb (551 polie ()l ine oima Lt uily)ly 4 o8 s
SHL ol > pall 65514 o) 390 )bl slagsdgy o
ODSen g olss 35109 lixe (508 (185 5] 0 9 R
o iw eSS 1y Lals (6550 (1zadkhah et al., 2010)
180357/03 055150 cusS j3 g kS Jo3\K0 87484/88 oo
2 oAl (5l Gl s asges )5 kSey Jg5lRe
39 st U9y A S Jgaze 3 )Slas (il 0l pln
Oialesl )3 192 03515 i 53 (63959 (B pan slas) sl SialS
5 50k GO bl plans ) (639)9 (Bpae byl pols
slasil lojhd gyl pimsms 13 392 5V 5 Jgae 3 Shos
Ol a9 39 (Gl phaees Sl YL 0ad 5 Slas g (639)9 (B e
Dy G | o lolad ylel )3 3 oAl il

S35 590 4
9080 3l (6l ghme pis 0B (uil)ly 4 j gl
st Oie (4 J9a2) d92 b ime o)l slogstsy oo 53y

Sl 2 9 e 5 g lopkad (olal ) ke a5l (g5



1398 3l 3 oyles A1 alor (55,9l owliis pz 4y 870

oaiome b 9 im0 (55 31 oo
s )l 3 Lagss sl S ) paiims sLasspl waew
i bl 33 (6 Jgia) 39 cminS ShL )bl 3 9 cn Fue
JSi5 1y titane slagss il 5l ool ke cdgu jl (BU (5]
reine yos (g3l waew g1 ke B be) Ay dy G 45 3D
O 3l o 45 292 ke oyt ShL bl slagsbyy 5
1585518 (dm slmody > (it g (sloyhad gyl slagshy,

6 Js=)

Izadkhah et ) o ,LSen g olga ] (7 Jsis) 590 (35S (slo kB
1y 035l 5 Jghiso (rojiumms )30 13 0329 551 (al., 2010
J a8 15,5 IS 2 Sy 55 JpiLSa 0198 5 1T s
(7 J9aen) 39 y505 Jlowws ol iolojl 53 odal cunsas polis
Camd ol eS8 3Skes §1 226 125 )bl 0 St og 55
{Canakci et al., 2005) f,\Sen 5 (ST 39 505 b9, 93 &
Iy algain 5 (55,845 conS )b iy S sl oy )]

55,8

i 9 (610508 ¢ 1) (65l SLpptanens 53 eaioms ol g oo (SB(55 5] whews 6 Jgu
Table 6- Contribution of direct and indirect energies in different irrigation methods.
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Direct energy Sprinkle irrigation Drip irrigation Leakage irrigation
Sl (5955
1.44 3.61 3.25
Human labor
e8] 36 8.67 6.17
Electricity
o Cige
Diesel fuel 24.73 27.68 37.84
S paitee 535 29.77 39.96 47.26
Direct energy of total
poianns o (55 1
Indirect energy
Hgeile 5 Sy 42.88 28.52 2273
Machinery
5 11.17 12.75 10.8
Fertilizer
a j
1 A5 1.84 1.29 1.72
Pesticide
Jat
14.34 17.48 17.49
Seed
JS 3l iams o 555 70.23 60.04 52.74

Indirect energy of total
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Fig. 1- Potato tuber yield in different irrigation systems
Mean fallowed by the same letters in each row, are not significantly different at the 5% probability level using LSD test.
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Table 5- Mean Comparison of consumption in different irrigation methods (MJ.ha™) of potato field in

Jolgehrookh
ik )l slohd (gl S (55l
Sprinkle irrigation Drip irrigation Leakage irrigation
P NS T TS T I S S TR S IS T TS TN S S RS B BT PRSP S gt
Leslgs Total Percentage of Total Percentage of Total Percentage of
| energy the total energy the total energy the total
nputs equivalent energy input equivalent energy input equivalent energy input
(MJ.hah) (%) (MJ.ha") (%) (MJ.hah) (%)
Sl 553 1539.50% 1.44 2553.22° 3.61 3010.56° 3.25
Human labor
32 o5 26380.96" 24.73 26099.79" 27.68 35018.26° 37.84
Diesel fuel
w”ﬂ‘ 3843.58° 3.6 5725.91° 8.67 4209.53" 6.17
Electricity
eV ile o o
Aowile s Sl 4e906.10 42.88 233745 28.52 20577 22.23
Machinery
009 o 5569.39° 5.22 8595.1° 8.78 9152.61° 9.89
Nitrogen (N)
i 8 a b a
4445 0.41 277.66 0.29 444.33 0.48
Phosphate (P,0s)
oroly 35 b a b
- 26 0.02 76 0.09 25.66 0.02
Potassium (K,0)
S5y 255
Zinc 4° 0.003 4.29° 0.42 1° 0.001
Fertilizer(ZnSOy,)
oot oS 2l 1630.09% 1.52 501° 0.51 333.98° 0.36
Other fertilizers
o 258 0 0 3000.81° 3.06 0 0
Farmyard manure
"S. . 0° 0 182.63 0.19 123.3° 0.13
Herbicide
ST 369.12° 0.34 604.28° 0.61 368.06" 0.39
Fungicide
wiSerds 15° 0.01 427 0.48 315.08% 0.34
Insecticide
” 15303.32% 14.34 17100 17.48 16200 17.5
Seeds (potato)

s 10)0 D e (3 )b sme BB (lyls LSD (505l Lluol il ol )l coglise cBgyn b oS olay Sl cindy ya p5*

*Mean fallowed by the same letters in each row, are not significantly different at the 5% probability level using LSD
test.
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Table 7- Energy input-output relations in potato production in different irrigation methods

ol St el slohd (gl s ]
Items Sprinkle irrigation Drip irrigation Leakage irrigation
S35 S35 ax ab b
. 106674.24 97807.82 92539.61
Energy input (MJ.kg™)
295 &5 a b c
162000 151000 139000
Energy output (MJ.kg™)
il s 1,53 1.6° 1.54°
Energy use efficiency
S5 90 0 a a a
0 0.41 0.44 0.43
Energy productivity (kg.MJ™?)
o35 &5 a a a
2.36 2.32 2.4
Specific energy (MJ.kg™)
oA 35 55186.5° 53392.18" 46660.38°

Net energy (MJ.ha™)
s 10)0 D e (3 )b me BB (lyls LSD (505l Lluol b5l o3l )l coglisie cBgyn b oS olaypuSilio cindy ya p5*

*Mean fallowed by the same letters in each row, are not significantly different at the 5% probability level using LSD
test.
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Introduction

Energy flow is one of the most important issues in agroecology. The amount of energy that is consumed in
different agroecosystems not only depends on the type of crop but also on the material and methods that is used
in its production. Potato plants are one of the most important crops that is produced in Torbat Heidarieh region,
Khorasan Razavi Province of Iran. Different irrigation methods influence the energy consumption and
production. Thus, the aim of this study is to compare energy efficiency of potato with different irrigation
methods.

Material and Methods

In order to evaluate and compare the efficiency of energy consumption in potato production based furrow,
sprinkle and drip irrigation methods, a study was carried out at 11 fields in the Jolgeh Rokh Torbat Heidarieh
region in 2013- 2014 . The comparison was performed using a completel randomized, unbalanced design. In
which the type of irrigation system was considered as the treatment and fields that were matched to each
irrigation system as a replication. The studied traits included the amount of input and output energy, the
equivalent energy of all inputs, and energy use efficiency, net energy, energy production and specific energy.

Result and Discussion

The largest amount of energy consumed by the human labor was due to furrow irrigation. The highest
average of fossil fuel consumption was due to furrow irrigation method followed by sprinkle and drip irrigation.
The amount of electricity consumed in the drip irrigation method had the highest amount compared to the other
two methods. The most energy consumed by nitrogen fertilizers was related to furrow irrigation method, and the
methods of irrigation of droplets and sprinklers in this regard were ranked in the following order, respectively.
The amount of energy consumed by phosphorus fertilizers in irrigation was the least amount of droplets. This
amount was in sprinkler irrigation and furrow irrigation respectively, although there was no significant
difference between the two methods. The energy of using potassium fertilizers in the highest irrigation system
was similar to the other irrigation systems. The energy consumption of herbicides was highest in drip methods
and furrow irrigation was in the next category. Energy consumption of machinery was highest in sprinkler
irrigation method. In the recent method, energy consumption of machinery was about half of the energy
consumption of the total |nputs Indirect energy consumption for drip irrigation system was 6868 MJ. ha® and in
sprlnkle irrigation 2756 MJ.ha™. Energy produced by seed was hlghest in drip irrigation method and the lowest
in sprinkle irrigation. The total amount of input and output energy in sprinkler irrigation method was the highest
(106674.24 and 162000 MJ.ha™), followed by drip |rr|gat|on (97807.82 and 151000 MJ.ha™) and furrow
irrigation (92539.61 and 139000 MJ.ha™®) were placed in the following categories. The energy use efficiency of
the drip irrigation method 1.6 was more than other irrigation methods. Production energy in terms of amount of
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drip and furrow irrigation was the highest 0.44 and in sprinkle irrigation 0.41. Net energy was the highest in
sprinkler irrigation (53392.18 MJ.ha™) and the lowest in furrow irrigation (46660.38 MJ.ha™). Production energy
was highest in drip and furrow irrigation (0.44 and 0.43) and lowest in sprinkle irrigation (0.41). The specific
energy in furrow irrigation (2.36) was higher than the other methods and in the drip irrigation with the lowest
(2.32).

Conclusion

According to the results of the present research, in spite of higher yield of potatoes under sprinkle and drip
irrigation systems, there were not significant differences among the energy indices; energy efficiency, energy
productivity, and special energy; of three systems. This was due to more total input energy in the sprinkle and
drip systems. Because the machinery and installations energy input in furrow irrigation system were lower than
two other systems.

Keywords: Drip irrigation, Furrow irrigation, Indirect energy, Special energy, Sprinkle irrigation



