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Table 1- Soil specifications of the field

R calan ol oske . Wl Gl o oy SBedl
Electrical conductivity Organic carbon o o o o .
(ds m™) (%) Silt (%) Sand (%) Clay (%) Soil texture
0.49 0.59 38.2 42.8 19 Silty loam
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Table 2- Specifications of the equipments used in this study

Olgal g4 Slaswie
Equipment type Specifications
o2lsls s ke S n
Plow Four shanks moldboard plow
Sawd Clady WY g Clids 0g)5 93 (gl ¢ it
Disk harrow Pulled type with two gangs and12 disks
Sy iy S Fo ¥ o5 g 03igd g cgilel S e 5,556

Tine and disk cultivator

Amazon tine and disk cultivator, mounted, and 3 meters wide

ligeS o ¥ oye g aid,) YA «Silags okl 855,55

Roto-seeder
yane 5 s
Conventional grain drill

s S IS s
Direct seeder

Amazon pneumatic fertilizer-grain roto-seeder, 28 rows, and 3 meters wide
oV ope bg 4y W 50 oedle )IS355— 5,0
Machine Barzegar fertilizer-grain drill, 12 rows, and 2 meters wide
Fo VS oye 5 (Sws 055yl L add) WV diz gl J5395 15,4
SFOGGIA direct seeder, 17 rows with disk opener, and 3 meters wide
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Table 3- Energy equivalent of different inputs

S35 e o3l GBI o3l
Energy equivalent Input Energy equivalent Input
B3 - -I .
Nitrogen Diesel
N Olawd B 55|
17.4 (MJ kg 138.0 (MJ kg i
( g) Phosphate ( g) Tractor
120.0 (MJ kg b ) 116.0 (MJ kg oS
’ Micronutrients ’ Combine
] o8
85.5(MJL" i 180.0 (MJ kg'! o 9
( ) Chemical ( g) Plow
5 L_gsw.\)
14.7 (MJ kg'! S 149.0 (MJ kg'! *
( g) Seed ( ) Disk harrow
-1 )f)lf -1 )55)lé
0.27 (MJ h™) 133.0 MJ kg')
Labor Furrower
) A5 il ) o5
13.0 (MJ kg P 133.0 (MJ kg 0
( g) Wheat grain ( g) Ditcher
12.5 (MJ kg™ paS o8 133.0 (MJ k™) i
Wheat straw Lister
129.0 (MJ kg™ Ao
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Table 4- Variance analysis of input energy and yield data (F values are shown in this table)
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i gale F T*’nd:)-’ Machine Labor JS Grai St B"f)’g
Variation sources uel energy energy energy Total input ramn raw lologic
(MJ ha ) (MJ ha-l) (MJ ha-l) energy yleld yleld yleld
(MJ ha™) (kg ha) (kg ha™) (kg ha™)
N )1")$t' 0.35™ 0.10™ 0.45™ 0.82"™ 7.02° 3.67™
eplication
il g (55,981 o o X
Tillage and planting 290.91 6.28 0.47"™ 0.50™ 0.66™ 1.65™ 0.29™
treatment

O I gne M3 pae osimd Ui 1 g /A0 Jless! paw 3 Iaylas o 5 gxe 3] oty s T AR Jlein pdaw 5 bajlass oy I3 xe M) e L
ROWIR P

**: Shows significant difference at the confidence level of 99%,": Shows significant difference at the confidence level of 95%, and ™:
Shows no significant difference between treatments.
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Table 5- Energy of inputs in different treatments and their share (in bracket) from the total input energy

> 1 - : N = 559
Lo Fel:;iZerind sl e - Hlgeslo 5,6 T(‘faldi;:ut
- I o ent chemical Irrigation  Fuel Seed  Machinery Labor energy
reatmen
M) (MJ) MJ)  (MJ) (MJ) (MJ) M}
b 9 P90 ,L”')’JB 47543 46949 5736a 3675 373 a 38a 104314a
Conventional tillage and (45.58%) (45.01%)  (5.50%) (3.52%)  (0.36%)  (0.04%)  (100%)
broadcasting (A)
Ol S (ad L cudlS” 5 poguye (5j)9 S
o S , 47543 46949  5401b 3675 316 ab 348a 103919a
Conventional tillage and planting (45.75%) (45.18%)  (5.20%)  (3.54) (0.30%) (0.03) (100%)
with Machine Barzegar grain drill
(B)
SleeS L 2y 95 o5 47543 46949  5450b 3675 287 ab 34a 103937a
Reduced tillage and seeding with (45.74%) (45.17%)  (524%) (3.54%)  (0.28%)  (0.03%)  (100%)
roto-seeder (C)
o 0l b e IS 47543 46949  3250d 3675 172 ¢ 33a 101622a
Direct seeding with Jairan sanaat (46.87%) (46.20%) (3.20%) (3.62%)  (0.17%) (0.03) (100%)
direct drill (D)
bl Bt b e S 47543 46949  3585¢ 3675 241 be Ba 102026a
Direct seeding with Sfoggia direct (46.60%) (46.02%) (3.51%) (3.60%)  (024%)  (0.03%)  (100%)

drill (B)
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Averages with the same letters are not statistically different.
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Table 6- Grain, straw, and biologic yield of different treatments

s Al 3 Slos o5 2 Slas  SUjglen 3 Nhos
7 Grainyield Strawyield Biologic yield
Treatment (kg ha-l) (kg ha-l) (kg ha-l)
Lok s pgese il 2182 72722 11490 a
Conventional tillage and broadcasting (A)
Sip opble 8 (Jad b el g pguye (55,05 4463 a 6983 a 11446 a
Conventional tillage and planting with Machine Barzegar grain drill (B)
ol il 39S 18
ST Ll 5 e o 4458 a 7491 a 11949 a
Reduced tillage and seeding with roto-seeder (C)
Cao ) ohine Codh
. . O s W.S . 4594 a 6805 a 11399 a
Direct seeding with Jairan sanaat direct drill (D)
b gl )5 (s b et S 4134 a 7393 a 11527 a

Direct seeding with Sfoggia direct drill (E)

S5l e BB i b e alliie By s o oo Sibe

Averages with the same letters are not statistically different.
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Table 7- Variance analysis of energy indices data (F values are shown in this table)

S35 S oy .
o @95 857y 501 o Sojlen oAl 039581 55 839028
i gl Output Grai ) Biol A 32 Energy
Variation sources energy rain energy 1ologIc energy Net energy gain productivity
MJ ha'l) ratio ratio (MJ ha'l) (kg M. J-l)
)‘,’g), 3.59" 0.83™ 3.59™ 3.59™ 3.50™
Replication
il 5 55ysS B o
Tillage and planting 0.28™ 0.77™ 0.25™ 0.24™ 0.23™
treatment

ol bjlass oy I gize B! pie oaimd lis ™

": Shows no significant difference between treatments.
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Table 8- Output energy of different treatments

ails 55,00 o5 55,90 829 &5
Sl Grain Straw Total output energy
Treatments energy energy MJ)
M) M)
(kg e i 54828 a 90900 a 145728 a
Conventional tillage and broadcasting (A)
Sin ol 8 dad b clS g pgye (555515
Conventional tillage and planting with Machine Barzegar grain drill 58019 a 87283 a 145307 a
(B)
ol il 39S 18
DS Ll 5 e o 57954 a 93638 a 151592 a
Reduced tillage and seeding with roto-seeder (C)
Cao ) ohine Cudh
) ) O e WS . 59722 a 85063 a 144785 a
Direct seeding with Jairan sanaat direct drill (D)
L gl IS o L oo i
ol S5 G5 53742 a 92413 a 146155 a

Direct seeding with Sfoggia direct drill (E)
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Averages with the same letters are not statistically different.
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Fig.1. Energy ratio for biologic yield in different treatments (A: Conventional tillage and seed broadcasting, B:
Conventional tillage and planting with Machine Barzegar grain drill, C: Reduced tillage and seeding with roto-seeder,
D: Direct seeding with Jairan Sanaat grain drill, and E: Direct seeding with Sfoggia direct drill)
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Fig.2. Energy ratio for grain yield in different treatments (A: Conventional tillage and seed broadcasting, B:

Conventional tillage and planting with Machine Barzegar grain drill, C: Reduced tillage and seeding with roto-seeder,
D: Direct seeding with Jairan Sanaat grain drill, and E: Direct seeding with Sfoggia direct drill)
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Fig.3. Net energy gain in different treatments (A: Conventional tillage and seed broadcasting, B: Conventional tillage

and planting with Machine Barzegar grain drill, C: Reduced tillage and seeding with roto-seeder, D: Direct seeding with
Jairan Sanaat grain drill, and E: Direct seeding with Sfoggia direct drill)
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Fig.4. Energy productivity in different treatments (A: Conventional tillage and seed broadcasting, B: Conventional

tillage and planting with Machine Barzegar grain drill, C: Reduced tillage and seeding with roto-seeder, D: Direct
seeding with Jairan Sanaat grain drill, and E: Direct seeding with Sfoggia direct drill)
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Introduction: Conservation tillage system was recommended for soil erosion control in North America for
the first time 60 years ago (Wang et al., 2006). Using this tillage system including minimum and zero tillage has
been rapidly developed in recent years. Thearea covered by zero tillage in 2006 was 95 million ha all over the
world (Dumanski et al., 2006). In addition to saving soil and water resources, conservation tillage system
reduces energy consumption and improves energy indices by combining different tillage and planting operations.
Results of research conducted in Fars province shows that conservation tillage saves fuel consumption for 77%
compared to the conventional system (Afzalinia et al., 2009). Conservation tillage also reduces energy
consumption from 23.6 to 42.8% in comparison to the conventional tillage (Rusu, 2005). Since energy indices
would be affected by reduced input energies in conservation tillage, this research was conducted to evaluate the
effect of different tillage and planting methods on energy inputs and energy indices in irrigated wheat production
in Eghlid region.

Materials and Methods: This research was performed to evaluate and compare the energy indices in
irrigated wheat production under different tillage and planting methods. The study was conducted in the form of
a randomized complete block experimental design with five treatments and three replications in Eghlid region.
The treatments were included, conventional tillage and seed broadcasting (A), conventional tillage and planting
with Machine Barzegar grain drill (B), reduced tillage and seeding with Roto-seeder (C), direct seeding with
Jairan Sanaat grain drill (D), and direct seeding with Sfoggia direct drill (E). Experimental plots with 10 by 50 m
dimensions were used in this study. Loss crop residues were taken out of the experimental plots and standing
crop residues were retained in the plots. In the conventional tillage method, primary tillage was performed using
a moldboard plow and secondary tillage operation was done using a disk harrow and land leveler. Seed bed was
prepared in the reduced tillage method using a tine and disc cultivator which was able to complete the primary
and secondary tillage operations simultaneously. Wheat seed was directly planted using direct planter without
any seed bed preparation in the zero tillage method. Surface irrigation method was used to irrigate the plots and
11970 m’/ha water was consumed in each treatment. Input energies including direct energy (diesel and
electricity) and indirect energy (water, labor, seed, fertilizer, chemicals, and machinery) were measured and
calculated. Output energies (energy of grain and straw) were measured in each treatment and the share of each
input energy, energy ratio, net energy gain, and energy productivity were determined and compared. Collected
data were analyzed using SAS software and Duncan’s multiple range tests was used to compare the treatments
means.

Results and Discussion: Results showed that tillage and planting methods had a significant effect on fuel
and machinery energies; while, the total input energy, crop grain yield, and crop biologic yield were not affected
by the tillage and planting methods (Table 4). Fertilizers and chemicals had the highest contribution in input
energy of all treatments. Results also indicated that reduced tillage and seeding with Roto-seeder had the highest
energy ratio (1.46) and the lowest energy ratio (1.40) was related to the conventional tillage methods (Fig.1). The
highest net energy gain (47653 MJ) was obtained from the reduced tillage and seeding with Roto-seeder; while,
the lowest amount of net energy gain (41388 MJ) was related to the conventional tillage and planting with
Machine Barzegar grain drill (Fig.3). Results also showed that the reduced tillage and seeding with Roto-seeder
had the highest energy productivity (0.115 kg MJI™") and the conventional tillage treatments had the lowest
energy productivity of 0.110 kg MJ™ (Fig.4).

Conclusions: Results of this study showed that conservation tillage treatments (minimum and zero tillage)
reduced total energy consumption (input energy) by decreasing fuel consumption and mechanical energy (energy
of machinery) compared to the conventional tillage. Therefore, conservation tillage treatments had the higher
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energy ratio, net energy gain, and energy productivity compared to the conventional treatments. For this reason,
conventional tillage and planting methods could be replaced with conservation tillage systems in Eghlid region.
Meanwhile, in order to obtain more accurate results in energy indices comparison, differences in water
consumption in various tillage and planting methods should be also considered.
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