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Table 1- Technical specifications of used machines in the study
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Row crop Four planter unit, drum hopper, horizontal plate seed meter, hitch
planter hoe furrow opener, wide rubber press wheel
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2- Energy productivity
3- Energy intensity
4- Net energy gain
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Table 2- The value of energy equivalents for the used inputs
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S MJ hr! 1.95 (Lague and Khelifi, 2001)
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Table 3- Field efficiency and field capacity of used treatments
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Treatment

@y bS5 2
No-till by planter
b LS
No-till by grain drill
(ks aw) S
Disk(3 times)
il

SipsSs L
Pyipe (5))9 Fertilizing

Convetional tillage .
Sl @)
Row crop
planting

Sde
Chisel packer
Aoss

595
it of Fertilizing

Minimum tillage
Sl @)

Row crop
planting

slasyzeodl (las)ze Cudsls
Field efficiency  Field capacity
(w2 y9) (celw p ,LS2)
(%) (ha h')
58.9 0.71
56 0.76
80.8 0.53
85.6 5.2
67.8 1.08
70.1 1.4
85.6 5.2
67.8 1.08
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Table 4- Total filed capacity of used treatments

F las 3o cudybs
o (Ceslus p ,Usa)
Treatment Total field capacity
(hah™)
@y b8 2 071
No-till by planter ’
b by 076
No-till by grain drill
Py S)r9Ss 033
Convetional tillage
SirpSBoS 055
Minimum tillage '

Cuils wBy b (adld ywib)ly 4500 s -0 Jous
Table 5- Analysis of variance of technical index of planting accuracy

i ple

2 B GBS 2598

23 59y Laigr Aol (ke

Source of variation Horizontal uniform distribution of seed Mean of bushes space on row

Sl ol 209.5™
Mean of squares
SHIPEN
TLUILJ 3
df
- ‘ oo .
T ey 307

Coefficient variation

103™

2oyd O e 53 )by me g DS
ns: Non significant at level of 5%
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Table 6- Mean comparison of technical index of planting accuracy

i @be 23 (B (BBIPS 259 3y 59 iy dhold (ke
Source of variation (w2 0) (ko s lw)
Horizontal uniform distribution Mean of bushes space on row
of seed (cm)
%
5 Guny b 5085 o 38.9° 16.3?
No-till by planter
s b el 43" 18.9°
No-till by grain drill
Py d)’)j&.{\& 353. 23'23.
Convetional tillage
i oS 44.1° 17.9*

Minimum tillage

W5l 20y 0 e ) (6)b pme gl Sydie B (gl)b dlusl gt ya
Non-significant difference between numbers with the same letter at level of 5%

Oy p> oLl 3)00 Dlodl gex b g 55y S (2 i Spdl
Clgal yiaS 335 g Casl 03,5 (Span (555 GEalS el pgun e
Bran 55 dmd e (i 1) (Brae Cogw i 5 SE (o
S35 A G paye (65,9815 lagby) 50 5 Cogw
Col 035y j5 500 00 ploul wladss o blas

S5 slageala
5 0 alatwl s S o @l YV Jads zulss wlwly
ol 8bo sl oad s 551 line 5 0392 (Ko slomn el
S0 i S aS s il 5ol powye lgal s &
Onod 4y oCewl 03,5 Gao Iy (65108 (5] Hlade ol o3latul

(Kiani and Houshyar, 2012; Razzaghi et al., 2012) 4 S po s SB sl oy j) Jols (5] o381 siaS iy
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Table 7- Total consumed energy of tillage and planting systems (MJ ha™)

835 &9 Ligs o Lyt Po 30 (5595 $3s956 o5
Energy type S8 @, JlLgprs Convetional tillage Minimum tillage
No-till by No-til by grain
planter drill
Oedle 218
Usage of 233 548 207.7 119.4
machine
Sl s
4.25 3.95 6.87 1.72
Labour
S5 478 478 1912 1195
Fuel
ke 1428 1428 714%* 714"
Input
64?. 2143.3 2458 2840.6 2030.2
Sumation

39 535S 2 slagsb) 3 a8 (Bpae yy pliee ¥
*: Seed consumption was less than of no-till methods
Sjlas 4 Cond (65,55 o sl jlag ;o 4 Cunl olS 5 Slas
5500 slaylass 5l 5095 gy Y-F sl amd o plis (ioli8l (S5

aySlac (gi5al g 0 Slac

g dg ;0 Al ol b ixe cgley Sl A Jads s



VA0 90 Jluwows ¥ o)lols & ol (559l sl puiilo & pis O\A

Obee b S powye by 9 (il SIS 5 p)SolS YOO
(A Jse) cul azils 1y 5 Slos oy 50S HliSa )5 p,55LS YYVA

oo 455 o515 9 (B 45) 5 cuslio (usboy Lulyd b olyen
u,...i:LA.A l) ))9‘§l>u" )lsu_\a> ol 0 [SSvon) I) ))s\lo.c uwl)sl

by 3,Skos (glial g 3 ,Shoe uiljly @295 @i —A Jgaa
Table 8- Analysis of variance of yield and yield components of soybean

SOYE dlass

i 2bo Ald dlawi Number of L dlass 8,5 dlaws 8,5 glas ) ol glis | 5S
Source of Number of pod Number of Number of Node Crop height Yield
variation seed branch node height p fheig
Slagyo (ke
Mean of 9544 .9** 616.9 1.86 16.1* 23.6 24 23065103'
squares
il
@l e 3 3 3 3 3 3 3
df
Cofficient of 20.2 27.2 26.2 7.4 15.6 9.8 8.3
variations

AN R N4 S IR L

*: Siginificant at level of 5% **: Siginificant at level of 1%

Ly o ol 2l 5 £le)] & 0,5 a5l ] (g9 (slial g A, Pl
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Cosl 3,8dae 1 35,50 4 cosl Colas )3 g Canl Iy98 2 6yt
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Table 9- Mean comparison of yield and yield components of soybean

& P ) s‘oﬁ
— ML sl g . 5,5 g5l L s -
e gl &3 slass Numberof ~ SWE oA L (egle) e )
Source of d Number of Number of rou C ( s
A Number of seed po Node height rop )
variation branch node ode heig height Yi
(cm) ield
(cm) (kg ha)
b sjySt e
N, 108.3° 54.7% 2.8° 153 12.5%® 81.1° 32032
No-till by
planter
b sjySte
5 s 135.2° 65.5° 23° 14.5° 13.8° 83.1° 3550°
No-till by
grain drill
Py S)r9Ss
Convetional 83°¢ 51.2° 38 16.6° 12® 83.6° 2777.5°
tillage
SipSB oS
Minimum 87.9" 57.4% 38 16.4° 1n° 83.8° 2793.3°
tillage

9 0392 LS )3 2 SebS YAV L ply g pidin by jless polo 4 Cus

L0 ()b ime oldy S ypuiie B (gl dlael gy
Non-significant difference between numbers with the same letter in each column

S s L (65,55 o slows ) ol camday 5 Slas jlude
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Table 10- Energy indices in soybean production at different tillage methods

slos 3P el (g5, 38das Comd PO byl gl (s
Treatment oalg (Jg58%) Jyae &35! 2 J93%) 37 2 pF )
(Js55%) Ouput rpSeks)  Emergy (05555 (J955%) (Js5
Input eli\e/lrgy (susa ratio Energy Net energy (kg MJ™)
energye M) Crop yield intensity gain
MJ) (kg h};") (MJ kg MJ)
@) b iy
ity 18814.8 76231.4 3203 4.05 5.87 57416.6 0.17
No-till by planter
b3 L iy
s 19129.5 85965.6 3612 4.5 5.3 66836.1 0.19
No-till by grain
drill
Pyere S5r9 St
Convetional 19512.1 69234.2 2909 3.55 6.71 49722.1 0.15
tillage
SigSB oS 18701.7 66473.4 2794 3.55 6.71 47771.7 0.15

Minimum tillage
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Introduction

Nowadays, agricultural systems are seeking economic, ecological and bioenvironmental goals for production
of agricultural crops with protection and sustainability of the environment. Therefore, there is need to extend
sustainable agricultural systems such as conservation agriculture. One of the principles of conservation
agriculture is conservation tillage. Conservation tillage is a kind of tillage that retains crop residues on the soil
surface or mixes it with soil using related machines. It could also affect on machine performance parameters.
Energy consumption for producing one kilogram crop could be studied for conservation tillage. Several
researchers have conducted studies on this issue for production of different crops including wheat, sunflower and
forage crops. This study conducted to assess machine performance parameters and energy indices of
conservation tillage systems for soybean cultivation in Golestan province.

Materials and Methods

This study was conducted to investigate the effects of conservation tillage systems on machine performance
and energy indices in soybean production at the Gorgan research station of Golestan Agricultural and Natural
Resource Research Center in 2012. The precipitation was 450 mm. Soil texture was silty clay loam. Treatments
were four tillage methods, including no-till using row crop direct planter, no-till using grain direct drill,
conventional tillage usin a disk harrow with working depth of 10-15 cm and minimum tillage using chisel packer
with a working depth of 20 cm. Machine performance parameters and energy indices studied in a farm covered
by wheat residues in a randomized complete block design (RCBD) with four treatments and four replications.
Machine performance parameters consisted of field efficiency, field capacity, total field capacity and planting
uniformity index were measured. Energy indices such as energy ratio, energy productivity, energy intensity and
net energy gain were also calculated.

Results and Discussion

The results showed that no-tillage methods by grain drill and row crop planter had the lowest field efficiency
(56% and 58.9%, respectively), but had the highest field capacity (0.76 and 0.71 ha h', respectively), as the
passage of implements in the field was less than that of conventional tillage. Peruzi et al., (1996) also reported
that required time for minimum tillage and no-till was 80% less than conventional tillage. No-till using grain
drill with the total field capacity of 0.76 ha h™ and conventional tillage with 0.33 ha h™ had the highest and
lowest field capacity among the treatments, respectively. Minimum tillage had the best horizontal distribution
uniformity for seed placement on the row. No-till using seed drill had the highest energy ratio of 4.5 and yield of
3612 kg ha', which were higher than the other treatments. No-till also produced 0.19 kg crop per each MJ
energy consumption. It consumed the lowest amount of energy with 5.3 MJ for production of 1 kg soybean and
had the highest net energy gain among treatments. Minimum tillage had the lowest consumption of energy with
2030.2 MJ ha™ among the treatments. It had the lowest amount of net energy gain because of having lowest yield
(2794 kg ha™). Zentner et al., (2004) and Razzaghi et al., (2012) also concluded that conservation tillage systems
had the lowest amount of energy consumption compared to the conventional tillage.

Conclusions

The study of energy indices is important for producing agricultural crops to decrease energy consumption.
Among the tillage methods, no-till method had the best indices about reducing energy consumption. Although
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the size of no-till grain drill will increase the weight and energy consumption of machine, but it well penetrates
on the soil. Results showed that minimum tillage and no-till methods are proper alternatives for replacement of
conventional method for producing soybean, according to the precise of planting and improvement of energy
indices. However, the existing planters can be modified for row crops and increasing of planting accuracy
indices with correct management of no-till methods at crop protection stages. It can also help to localize

conservation tillage implements and speeding up new methods for reaching to sustainable energy and production
resources.

Keywords: Conservation tillage, Conventional tillage, Energy indices, Soybean



