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Table 1- Physical and chemical characteristics of the soil experimental region (Gonabad station)
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Table 2- Some of the agronomical characteristics of wheat, barley and cotton crops
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Crop Variety Year Planting date  Seed (kg.ha')  Harvesting date _ Yield average (Kg.ha™)
ps U“”L 2012-2013 14.11.2012 200 17.06.2013 4989
Wheat Parsi
> Syl 2013-2014 20.11.2013 180 16.06.2014 3490
Barley Nosrat
i by 2015 02.05.2015 40 17.10.2015 1997
Cotton Khordad
P U“”L 2015-2016 07.12.2015 200 23.06.2016 4256
Wheat Parsi
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4- Energy use efficiency
5- Energy output

6- Energy input

7-Yield

8-Specific energy

9- Net energy gain

10- Energy productivity
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Table 3- Equivalent energy for inputs and outputs

53959 a1y Jaleo (55551 &b
Input Unit Equivalent energy (M j per unit ) References
Sl (59505 cels 1.96 Mohammadi et al. (2008)
Manpower hr
£ .L? - 2 .
5535) <& 90 # 56.31 Erdal et al. (2007
(Js555) )
Fuel Lit
g S celo p ClyslS 3.6 Ozkan et al. (2004)
Electricity Kw.hr!
o\lh;’,,,&ln cels 62.7 Mohammadi et al. (2008)
Machinery hr
(N) g pAAS 66.14 Mohammadi & Omid (2010
. )
Nitrogen kg
(BoOs) s psS 12.44 Mohammadi & Omid (2010)
Phosphorus kg
(KO) ety psS 11.15 Mohammadi & Omid (2010)
Potassium kg
S eile # 238 Gundogmus (2006)
Herbicide Lit
u“f ‘-‘5' )“J 101.2 Esengum et al. (2007)
Pesticide Lit
okl o Sa o 1.02 Mohammadi et al. (2008)
Irrigation water m?
pAS ,d PSS 20.1 Ghorbani et al. (2011)
Wheat seed kg
P b pAAS 14.7 Mobtaker et al. (2010)
Barley seed kg
ik Sisd 1.8 Yilmaz et al. (2005)
Cotton seed kg
9
Output
pus wb pAAS 14.48 Ghorbani et al. (2011)
Wheat grain kg
pas o8 prkS 925 Ghorbani et al. (2011)
Wheat straw kg
g b pAAS 14.7 Mobtaker et al. (2010)
Barley grain kg
# ol pAAS 11.6 Givens et al. (1988)
Barley straw kg
iy pAAS 11.8 Yilmaz et al. (2005)
Cotton kg
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Table 4- Total amount of input and output energy in studied crop rotation

pas » iy pas
&S Wheat (2012-13) Barley (2013-14) Cotton (2015) Wheat (2015-2016)
Energy
%929 AT E'f P A E P A E P A E P
Input
ha MJ.ha'! % ha'  MJ.ha! % ha!'  MJ.ha! % ha!  MJha! %
(cels) Sl sop 69 136 0.24 69 136 0.26 826 1455 2.07 69 136 0.24
Manpower (hr)
(cels) Y peisle 14 898 1.6 14 898 1.72 14 898 1.28 14 898 1.62
Machinery (hr)
(35) b guo 129 7283 12.97 129 7283 13.95 93 5256 7.48 129 7283 13.10
Fuel (Lit)
(5oLS) o39ris 150 9921 17.67 150 9921 19 175 11575 16.47 150 9921 17.85
N (kg)
(p,5LS) s 150 1866 3.32 100 1244 2.38 150 1866 2.66 150 1866 3.36
P (kg)
(£S5 okS) ol 150 1672 2.98 100 1115 2.14 100 1115 1.59 100 1115 2.01
K (kg)
(p,59LS) 355 xox 450 13459 23.97 350 12280 23.52 425 14556 20.71 400 12902 23.21
Total fertilizer (kg)
() pasaile 10 2380 4.24 10 2380 4.56 10 2380 3.39 10 2380 4.28
Herbicide (Lit)
(cslo p Olgshs) ditpuny Sl 6179 22244 39.62 5808 20909 40.05 9997 35989 51.21 6179 22244  40.01
Electricity (kw.hr!)
(cexKayia) s kol 5617 5729 10.20 5280 5385 10.32 9088 9270 13.19 5617 5729 10.31
Irrigation water (m?)
(pS4kS) » 200 4020 7.16 200 2940 5.63 40 472 0.67 200 4020 7.23
Seed (kg)
(S p Jg550) (6399 55! JS - 56150 100 - 52211 100 - 70275 100 - 55593 100
Total input energy (MJ.ha™)
29
Output
(p,55LS) s 4989 72242 - 3490 51306 - - - - 4256 61622 -
Grain (kg)
(p,55LS) o5 8144 75334 - 4577 53101 - - - - 9002 83268 -
Straw (kg)
(PS5 9kS) 4y - - - - - - 1997 23565 - - - -
Cotton (kg)
o sl IS - 147576 - - 104207 - - 23565 - - 14489 -
Total output energy (MJ.ha') 0
chaw aolg 3 03l e AT
Input per unit area
551 Jlas ETT

Equivalent energy
S35 551 JS 31 a0y P
Percentage of total input energy
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Table 5- Relative contribution of direct and indirect energies in different methods of soil tillage in studied crop rotation

vy > 4 P
Wheat (2012-13) Barley (2013-14) Cotton (2015) Wheat (2015-16)

CT? MT' NT CT MT NT CT MT NT CT MT NT

il dudj’.ﬂ 66.47 61.35 60.66 68.08 62.83 62.13 75.88 73.01 72.69 67.07 6199 61.32
Direct energies

b 2 Slass ) 33.53  38.65 3934 3192 37.17 37.87 2412 2699 273l 32.93 38.01 38.68
Indirect energies

&
Total (%) 100 100 100 100 100 100 100 100 100 100 100 100

rom| L;})jg_f\& 09 9 Mbu.m\f dﬂ.m dhdj)jdﬁ o.\;.m)dw %)SQ:NTHT 9 MTt CTF
CT!, MT' and NT''': represents conventional tillage minimum tillage and no tillage, respectively.

(f o3031) ol )3 O¥guasme 51 Sy 2 (55,51 (B ad L (il lg 4525 -1 Jgs
Table 6- Anova for energy indices of each crops in rotation (f test)
Olodi @l S5l Bpa0 1) ohg 5 0AB S5 G5 Sa90e
S.0.V. EUE EE NEG EP
(T) 5,95
Tillage (T)
pS * ns ns ns
Wheat (2012-13)
> * ns ns ns
Barley (2013-14)
Cotton (2015)
pS * ns ns ns
Wheat (2015-16)
R) L
Residue (R)
pas ns ns ns ns
Wheat
I ns ns ns ns

Barley
Ay
Cotton
pas ns ns ns ns
Wheat
TxR
pas ns ns ns ns

Wheat
. ns ns ns ns

Barley
Cotton

pas ns ns ns ns
Wheat

siopd iy Jlaisl o 53l e g o sine ity 58
ns and *: are Non- significant and significant at 5% probability level, respectively.
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Table 7- Mean comparison of the tillage effect on energy use efficiency of wheat and barley

$5:9518 lrogan ) ) > a
Tillage methods Wheat Barley Wheat
& (2012-13) (2013-14) (2015-16)
s 2420 1.820 234"
Conventional tillage
Bl el 2.64% 1,943 2,66
Minimum tillage
wriiase oS 2.85% 2.6 2.86°

No till

Sy ho > ey Jleis] g 3 (60 gime BMB] ¢ygi b )3 Syt g ghyly slay il T
1 Means within a column that have a same letter are not significant at 5% probability level.

159y 2939 opl b bl g sdalie (gylel Yo sime @l ypuis a5 ol
N Ol S5l Spae 2D GasLE Sl )b sine Sl
595 5556 Gl adllae 3)90 (551 slapadls o 5 Lol
—A0) puS 5 (WAY-AY) g ((WWAV-AY) piiS elyj clapllas
S5l Bpas oIS ()l 4 .0 sl zuly gl @y (VWAF
JLSe )3 JoilRe a2 0ad W5 (5] ke K0 Sl 4 Ly
Ol G jgmody S 53 0ad Bpae 5551 Jgile S Sljlay
$509S gk o Sl gl sl o paS oy pllss 5 (ol
05 9 3l yiidis Lo )3 W g A S puiitins CulS led b
55 ot 31 (A Jga2) 59 Jshize 65y 5 4l 2alS (5955
SU)b lawgie b 0LLS oKiun] ¢ o8l g (Sudll laylys 4y dogi b
352 (ol 3 39100 (g Cagoy 23 5 inshio VOV sl
U A4Sty o Hlai a4y (ko> /0 51 20S) SB S osle e
4l WSl SB pliand 5 (S50 gloygSe LG Hlde
6539 sl » Ll oxsle 3L 5l ssalie (sl e )ke
S slayle an SLLS ol baly 5 4 a0 b bl
adllas oyl yo oS Canl b cplply g dles 50 (5 Yol
ol 3 15 0,90 (Slapasls Ll ke 5516 b pac sl
e o i (50 slayadls oo caeome )0 Lpuibly dalllas
b oo dvog BB pialejl (l sl el lalpd 4 4095 b >
I o @ Jpame 93 (nl (392 Aty 4 4295 b iy sl U
Yo (5jwodle] cunle g )A)b Judody pizmen 5 iy U cusls’
Aot )3 53 Slae ySle 4 ey Sl p)Y g Slas il

Gl 004 9> d));l u“mlf

aalllas oyl 5> 0ads plosl sl b 0Ll 457 jobo iy lon

i yiSI (63531 Jolib ot (Slagspl (s mapw &5 0D LS
sl 3919 551 I Sl g Sldl (5908 el oS g0
e 3l e 5509 S B 09 4wy (6l (9l Y gz I Sy
Candds golis oy ol 5l odel Comdas gl sliwly )d gy oy
s s 55 (Sayedi et al., 2015) ;L) Sen g (cauw bauwgs odal
5 5525 oLl Gl 93 3 0503 Wy (o5 slapllas > oS
syl Elgl @ oad Spae 55 Jolee S5 jlaoyy FF o5
JStasob lis o olads sl ady celyy o (655 Bpuas
4ol aop 5 plds Gl )3 4y 395 (gl 045 B o (5
Ahmadi & ) cowl atsl 3l puitue 63,518 Lice b cbnosles
Jeol y3 ea s asl)l (o)l ywluwl , .(Aghaalikhani, 2012
bli> 5y S B iz glaoged (i IS4 bli> (5)5LiS
Aalezs obj)l0y00 sl adli jd Gl sdalie (glixeds Lo9)]
a5 sl S leiedy Sy pie lpas & J)le 4509
SIS Copas lapimms (ol aSb g Jalsd g 035 (=)
S oS o] jlash o dogi 3y90 sy Cdesih @l Jlate

sl ool 9o Jold 1y (038 9 (2loond (S sladix plos
JSaits (SL 0kij Shgrge (S edal slad S5 ) ofga
Sbgrge Cunes LS g J dlge 4355 5 g5 Il claahsSs
ool Comdds gl 4 davgi b gy cpl j10)b )8 (5SB Calise
et oliyiie do Laodles byan (6,385,580 o i
a2 b Bkl cud 039 dtly (oliond (sladgS g Aty Sl
Tl olad 13958 Byimn 5 ol Bpime L Copte
b s 5530 el LS 5151 555 it (55955
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Table 8- Means amounts of energy use efficiency and total use energy for each one t tillage methods in conventional rotation

Index Conventional tillage = Minimum tillage  No tillage
il Spae 2B 1.78 1.9 2.1
EUE
a B .‘
Frae i S 258788 224460 219434

Total use energy (MJ.ha'!)

22 Sl LS 5 38 s 00l Bpas (51 S ke (S 5 g
l_mu w .I k_i) . : Aleen S _
20 SLaogl S g2 2 ipg S e slaosd S baloss 3l ol Comday @l ggame 4o 29 b cnlnle

o Jghkte o5ud 5l (659 S g puss aS 0 LS dalllas . . . .. - Ry
poed & Jolite o2ud ()9S 09ed e © S35 sLmoge s ;1 odlil dury oo ity (51 5Ly asls

2alS U adllao o lacgls )d pubitans CuiS g 4l  ialsS : T e et .
S 9 SRE P e S5 9 S 02 &l lpaio (6551 Spas (Gl a3l3 yip Bloday Ll
Sl 6559 00 puuss 45 (5970 Ay «Cuwl 039y olpads (655l 8 puno alllan 3y 0 4ibai 5 Ll )5 g 5 piS el cslaplls

Cowl | gt sl -
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Introduction

The relation between agriculture and energy is very tight. Agriculture itself is an energy user and energy
supplier in the form of bio-energy. Energy consumption in agriculture has intensified in response to increasing
populations, limited supply of arable land and desire for an increasing standard of living. In all societies, these
factors have encouraged an increase in energy inputs to maximize yields, minimize labor-intensive practices, or
both. Effective use of energy is one of the conditions for sustainable agricultural production, since it provides
financial savings, fossil resources preservation and air pollution reduction. In developing countries, agricultural
growth is essential to fostering economic development. In Iranian economy, more than 33% of the total
population is engaged in agriculture sector. Recent years with the rise in world energy prices the governments
has taken steps to reduce fuel and energy consumption. Energy in agricultural sector are divided into two groups
of direct and indirect, direct energy is required to perform various tasks related to crop production processes such
as land preparation, irrigation, threshing, harvesting and transportation of outputs. Indirect energy consists of the
energy used in the manufacture of fertilizers, seeds, herbicides and farm machinery and so on. Recently,

application of integrated production methods are recently considered as a means to reduce production costs, to
efficiently use human labor and other inputs and to protect the environment.

Materials and Methods

This research was carried out to evaluate the effect of conservation agriculture system on energy indices in
conventional rotation systems including wheat, barley and cotton. The experiment was conducted at Gonabad
Research Station as a moderate climate condition between 2012 and 2016 by using split plot design in a
randomized complete block design (CBD) with three replications. Two substantial criteria were investigated
such as different tillage methods including conventional plowing, reduction of tillage (Minimum tillage) and
direct cultivation (No tillage) as a main plots, as well asamount crop residue involving absence of residues 30
and 60%of the remains as a subplots. The area for each subplot and main plot was 600 and 1800 m?,
respectively. In this study, energy indices were calculated using equations. Besides, data analysis and mean
comparisons were performed via SAS (SAS, 2002) software and Duncan test, respectively.

Results and Discussion

According to results, electricity, chemical fertilizers and fuel inputs shared the highest energy consumption
from the total amount of energy in the conventional crop rotation with 43, 23 and 12%, respectively. On the
other hand, the lowest energy consumption related to the input of human resources with an average of 0.7%. In
addition, variance evaluation and statistical analysis of energy indices demonstrated that only energy efficiency
index for wheat and barley at level (p<0.05) dramatically affected by tillage methods. . However, the effect of
residues and interaction between soil tillage % residues on other energy indices was not significant. Comparison
of average values of energy use efficiency index in the conventional rotation illustrated that the highest and
lowest values of this index were observed in two methods without soil tillage or direct planting and soil tillage or
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customary tillage. Therefore, the average of energy use efficiency index for wheat and barley crops in non-tillage
method was represented increasing 21 and 9%, respectively, than that of conventional tillage and minimum
tillage methods.

Conclusion

Consequently, based on data analysis, it seems that the implementation of conservation agricultural systems
with various tillage procedures (non — tillage or minimum tillage) to enhane energy use efficiency is exclusively
recommended for wheat and barley agronomic systems in climate condition of this study.

Keywords: Crop residue, Crop rotation, Energy use efficiency, Tillage.



