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Abstract

Introduction: Tillage is defined as disturbing the soil and changing soil physical condition of
seedbed and root zone and making it suitable for cultivation. Soil physical characteristics like soil
moisture and temperature conduction, bulk density, porosity and particle size are changed in the
following of soil tillage. Tillage also increases water infiltration rate and plays an important role
in soil moisture protection and decreasing flood hazards in arid and semi-arid regions. molboard
plough is currently implemented for tillage in different parts of Iran including Chaharmahal va
Bakhtiari province. There are evidences which show moldboard plough triggers physical soil
characteristics deterioration and soil tillage erosion. Tillage translocation coefficient, as a
component of tillage erosion, is defined as the amount of soil transition for 1 m width of tillage
instrument. Comparing the impacts of available tillage instruments with moldboard plough on
physical soil characteristics, soil transition and their efficiency may encourage field managers to
substitute other instruments with moldboard plough. This research aimed to: 1) study the impacts
of the currently available tillage instruments (moldboard, disk and chisel plough) on some
prominent physical soil characteristics and 2) compare soil translocation coefficients of the
mentioned tillage instruments.

Materials and Methods: This research was executed in Research-Training field of Shahrekord
university, Shahrekord county, Chaharmahal va Bakhtiari Province, Iran. A split plot
experimental design with complete randomize block was considered with 3 major treatments of
tillage instruments (molboard, disk and Cchisel plough), minor treatments of slope (0, 3, 6 and
8%) and tillage speeds (2, 5, and 8 km h™) and 3 replications. The conventional tillage depth of
25 cm was adjusted for all three tillage instruments. Standard protocols were applied and soil
electrical conductivity (EC), pH, calcium carbonate equivalent (CCE), organic matter (OM) and
soil texture components were measured before tillage application. Soil field capacity (FC), mean
weight diameter (MWD) of aggregates, geometric mean diameter (GMD) of aggregates, aeration
porosity (Fa), bulk density (pp) and water stable aggregates (WSA) were measured using standard
protocols after tillage implementations. Colored gypsum cylinders were used as indicators for
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detecting soil translocation. The transition distance of the colored gypsum cylinders of each layer
of tillage depth (0-9, 9-18 and 18-25 cm) was measured using tape meter or ruler and mean
transition for each layer were calculated. In the next step the depth weight soil translocation was
calculated for each tillage instrument.

Results and Discussions: Chemical analysis of soil samples showed that soils were non-saline,
soil OM content was less than 1% and CCE of soil samples was relatively high. Physical soil
analysis of soil samples before tillage implementation indicated that there was not any restriction
for plant root development and aeration as p, was relatively low and aeration porosity was 10%
<, respectively. Analysis of variance (ANOVA) indicated that the effects of tillage type on MWD
and p, were significant (P < 0.05). Comparing the means of MWD and p;, induced by tillage
instruments (Duncan method) revealed significantly higher values of MWD and lower values of
pp for soils which were treated by MB plough, the results were corresponded to the finding of
other researchers. There were not significant differences between MWD and p, of soils which
were treated by disk and chisel plough. The results also showed that tillage instruments did not
impact on physical characteristics like FC, WSA, GMD and FA. Non-significant impact of MB
plough on soil moisture condition also was reported by other researchers in the northwest of Iran.
The ANOVA was calculated for soil translocation and showed that the effects of tillage
instruments were significant (P < 0.05) for all three layers of soil depth. Mean soil translocation
of surficial layer of tillage depth (0-9 cm) was significantly higher than of other layers of tillage
depth. Despite other researchers' findings, our research indicated that the slope levels were not
significant for soil translocation. This research also revealed that tillage speed significantly (P <
0.05) impacted on soil translocation which was corresponded to findings of other researches in
different parts of the world. Interaction of slope-speed and tillage type-speed were significant (P
< 0.05) which could be due to accelerated impacts of speed on soil translocation in steep areas.
Amount of coefficient of translocation for MB plough was 141 kg m™ per application. This value
was about one third of soil translocation which was reported by others from Belgium (545 kg m™
y™) or Denmark (456 kg m™y™) and very closed to the finding of Spanish researchers (164 kg m™
per application). The coefficient of translocation for disk and chisel plough were 114 and 93 kg
m™ per application, respectively. According to researchers from Portugal, the coefficients of
translocation for disk and chisel plough were in ranges of 0-333 kg m™ and 18-770 kg m™ per
application, respectively. The magnitude of soil translocation coefficients for tillage instruments
were in order of MB plough > disk plough > chisel plough.

Keywords: Aggregate mean weight diameter, bulk density, soil coefficient of translocation
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Table (1) Mean and range of several soil physical and chemical characteristics of the two soil surface

layers
Soil characteristics Soil depth Soil depth
0-15 (cm) 15-25 (cm)
(D JT 3150 Mean 0.76 0.77
OM (%) Range 0.70-0.87 0.75-0.82
(Ddslae ooudS” Sl S Mean 11.5 12.7
CCE (%) Range 11.0-11.8 12.0-14.0
pH Mean 7.6 7.8
Range 7.2-7.8 7.6-8.2
EC(dSm™) Mean 0.57 0.56-0.58
Range 0.53 0
(/) ks Mean 42.4 41.1
Silt (%) Range 42.2-42.7 40.5-42.7
() Mean 19.1 19.3
Clay (%) Range 18.3-20.3 18.8-20.3
(1) oo Mean 38.2 38.5
Sand (%) Range 37.1-39.3 37.9-39.2

BT S s 9 52 3 (Y0 OM) poed &Y 13 BT (K 30 G T 323 3l (& 2 (1Sl (1) orlod Jgur
Table (2) Several soil physical characteristics in plow layer (25 cm) and their coefficients of variations

FC(%) GMD(mm) Fa(%) pogeny WSA(%) MWD (mm)
Mean 19.53 0.66 39.00 1.22 44.08 1.23
CcVi(%) 3.5 7.42 3.51 16.15 5.27 13.07

WS gl I (T 5 b sbalaS s balaS s ks S S0k 3l a5 ,ke w5 4 FC 5 GMD, Fa, pb, WSA, MWD}

Sk g, TS o5 b el e s e ¢ oler Rl
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Table (3) Analysis of variances of several soil characteristics after tillage

3 e
FC GMD Fa Pb WSA MWD’ - Sl ei e
S$-h

| <
21.01" 0.717" 0.25"¢ 12.018™  399.306™°  10.11"° 2 Renli :_’ﬁ
eplication
* * 3 T \f 5
154.23"¢ 0.067"* 0.33"* 1.479 11.650™° 12.96 2 _I__”“'a )T &
illage Type
0.558"* 0.029"* 12.71"° 0.006™°  268.012"° 0.81"° 3 SI%‘Z
ope
1.30™ 590.061"* 473.45" 3.063" 27.800"° 0.73"¢ 2 ;)’;

pee
Sy X kth‘glf
12.55"° 8.269"* 9.02n* 10.526™°  12.730"° 9.09"* 4 Speed *
Tillge Type
0.552"* 21.177"° 43.34"° 2.320™ 2.327"° 2.21" 6 o 155
Tillage type *
slope
66.230"°  21.067"° 34.57" 1.343"  31.214"  13.34"™ 6 S
Speed * slope
X v_:;, X &T}lf
0.548"* 8117.029"° 2382.71"° 0.006"* 7.116"° 2.12"¢ 12 .uﬂ
' ' ' ' ' ' Tillage
type*slope*s
peed

<5 4FA ;GMD, FA, pb, WSA, MWD 1) .acsb oo sl sne 6 sP< /01 sP< /00 jls e potis 4 s 5 4 NS 5 *F >
b wlaSTs s s S0l ool Jbis ST g ol S (O L3 il gl 61aSTs dla wls STl b3 S o SOke I 5L
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Table (4) Effects of tillage types on mean weight diameter (mm) of soil aggregates and bulck density

(Mg m?)
P MWD S b
Tillage Factor
121°¢ 155°% S0 8 aT €
Moldboard Plough
1419 1.43° ity T
Disk Plough
1.38¢ 1.38° oli a TS
Chisel Plough

33 ke odas DL LSS o ) Ably gad Jls gime L3Nl (115 10 o 55 dizen alie U5 (5115 o7 o la oL

(Sl 03037 ksl gn /40 o 53 ba ke 13 e 33k



\FY

\?'\ Qt.»ut ‘Y OJLN.vaJb(L;))}L:S‘S«LGM)‘f‘))‘SAW

A S S g s s dl e (555505 b Ui
P Csle p e lkST YA GON Coglite Co g3 b Slis
R ceims ol 3 S (S 0iul I, a8
ol p S ON Sy b (655585 - H3 a8 Ls S
Ges 5 V50 Mg P G al JEs L oS )
38 e €S Ul o s ldie (VEM (g5, S
gy@ﬁﬁéﬁx*“@‘:wﬁﬁﬂxrf}gw
Ges LVIVA Mg M? ol J&s L oS (o)
2 FashS VA (65,5685 o e SHA CM (g5, 5081
We 5N G JWsl co s i A eslinul Cela
4 a5 Ll sdslie Slles 5 jio oSS
(O Jgdr) STl Jasl Ol Sy 1 O3 g Jla gima
sy Cele 5 el STA 50 Y (slge w ys sl s o
2585 g

Copw b oS bl & das e 0l F S
S SRl L s s it (g, aTsE
A€ 5 aw A Sl S plaul Ol (655585 1
G e sl der 3 e 3L 1)
oS 5 s F s aTHE & Glete (65,5
P JS8) 350 o8 ATHE & Lo g o 550 ST oy

Caltbes Slaidw 3 S glulr ldis )y
bl sl o zie & ol Ol (65,565 Gas
Sldie 2S5 (—4CM ) &S ebaws 3w by e
YO CM) (3 Gos pgu S 4 by o ST Sl
(8 JSs) sl (VA
JS8) 55 LSS (65,565 Sl aw a5l L) o)
A3 o 0L (O Jgdr) uilisly 4 o S Juol il (0
ol 0o &Sl JUsl gl gre Sb b 4y S
5 OIS iagh cpl slaadl M, LA B
231 Sk 5 G5aeSE  AL Sl b (10) OSa
5 L3S sy WY S ¢SS 4 ¢S lls
el g5 ol gt s HEns S S5 BIF
Goe tond Sb (Y9) 0K 5 Ople 05 Sl Sge
Mo g plomad) STl Layly 5 (65,8 o ST

S S g po
sable S8l 4 mli 0 o)lad Jyd-
s oo Ol ST lowle 1y (65,588 b Calies
a3 S gl ATSE £ 3 s ol el
Sl sl o (S5 Ul g o Gos iy
Coe & i 4 olital 3)50 (65,585 Glagtn
33 o8 ATSE < isy ATy < ity 5 5 aT56
boltls 35 aTsE o8 das a0l ¥ e (v SK8)
Dlas 2 03 jo ¢SSR bl ol
st g S b polal sy s N
sl ) e Gak ATE G gl
ol dslie O ga3T Sy ol oI5 T4 (o, S
el (bl s 51 &S sl olas oSKls pay 4
S, 549 S bl ca b 95 ol e ol Sre
A s 8 AT Gy el e Js
glo 2T 5 ab Sl gluls ol b gleT
sl ol 1y (P < 0.05) (gyls gme oMt o5 5 i
JUl g o liie (Y9) OKen 5 ple 03 (¢ JS2)
ot p S AS OFO 1y s aTHE 51 5l (55,008
Seslizal b (W) 0L Kan 5 sl 05 L3 S 2,15
b S5k 55587 5 0558 gl e Sl 2 WYV (o5
(10) "0an 5 & Ko 5 Jlu s 5 p 5 AS 0O
S Hlils 5528 3 1y 63,58 1 AU sl oy
SANF b ss e (’;}1:5 FOF Jldie 5 (S oIl
ATE Gl 1y S st ey ) TUT 55 5 5
VPP Ol bsbas 65, p Lkl glacSTs s il §
Rl o5 S 58 05T, ey pSAS
Toen 5 05k 0y el G ol 55 el (5 S 0510
AT L 508 3 b oS Jlml oy s (Y0)
i3S BN Slhes 55 e 0 S S ORI, oS
o sk e 53T 55 55 W) LS 5 1kl

1- Heckrath et al.

2- De Alba

3- Van Muysen et al.

4- Da Silva and Alexander



YFA

850385 1 Calies Sl g3l L350 10,0 5 Sty 5 (500
FYIRE 655 oyl b gls ail alie 5 L3S ) SOk

b Ges ikt SaY 10 T sbul> Sy Wil 19 4 3 (0) Jgv
Table (5) Analysis of variance for soil translocation in different layers of plow depth.

(CM) 1 Gos df R e
Tillage depth (cm) Source of variation

18-25 9-18 0-9
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Replication
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Tillage Factor
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Speed
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1113 3121 2221 6 CIP
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Figure (3) Comparison of means of soil coefficients of translocation (kg m™) for three tillage
instruments, moldboard, disk and chisel plough (Dunkan method)
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Figure (4) Soil coefficient of translocation (km m™) for three tillage instruments: moldboard, disk and
chisel under different speed levels (V2, V5 and V8 denote 2, 5 and 8 km h™).
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Figure (5) Mean soil translocation (cm) for three tillage instruments molboard, disk and chisel plough
in different layers of plough depth.
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