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Abstract: Problem statement: Tillage is a process of creating a desirable soitdition for seed
germination and growth. The tillage of soil is coiesed to be one of the biggest farm operations as
the tillage operation requires the most energyhenfarm. Chisel plow is widely used by farmers as a
primary tillage tool. Performance data for chislelvp operation is essential in order to reduce th& c

of tillage operationApproach: Field experiments were conducted using a fullyrimeented MS 3090
tractor to measure the draft of a heavy duty chpdelv in a sandy soil over wide ranges of plowing
depths and forward speeds. The data were measudeeorded using an instrumentation system and
data loggerResults: The effects of plowing depth and forward speedsdmft, unit draft, vertical
specific draft, horizontal specific draft and cant of pull were evaluated. The results indidatteat
increasing the plowing depth and/or the forwardesp@ncreased the draft, unit draft and vertical
specific draft. Also, increasing the plowing deptitreased the horizontal specific draft and the
coefficient of pull, while increasing the forwargeed decreased the horizontal specific draft aad th
coefficient of pull.Conclusion: About 16.6% of the draft force was directed tovgacdtting the soil
and 83.4% was consumed in pulverization of soitiglas. The values of the vertical specific draft
were much higher than those of the horizontal digettiaft for all plowing depths and forward speeds
The plowing depth had more pronounced effect ordta#, unit draft, specific draft and coefficienit

pull than the forward speed. The optimum forwardespwas 1.75 m séc The recommended plowing
depth should be based on the type of crop (deptheofoot system).

Key words: Tillage, draft, unit draft, specific draft, coefémit of pull, sandy soil, instrumentation,
chisel plow

INTRODUCTION The ability of tillage implements to maintain

surface residue coverage is largely dependent en th

The tillage of soil is considered to be one of themain active component of implement. Raper (2002)

biggest farm operations (Finner and Straub, 19&&). ~ compared two categories of tillage implements to

and Vanden Berg (1968) defined tillage as a procesdetermine their ability to maintain grain sorghum

aimed at creating a desired final soil conditiondeeds ~Surface residue coverage when operating at two
from some undesirable initial soil condition thrbug different tillage depths for fall and spring tillag

manipulation of soil with the purpose of increasingp ~ C1isel-type  implements  were  found to  bury

; - - substantially less crop residue than disk-type
yield. Several tillage implements are used by faene implements. Disk-type implements were found to bury

prepare seedbed. However, the. selection of tlllag'ncreased amounts of crop residue when operating at
implements for seedbed preparation and weed Comr?Jeeper tilage depths.

depends on soil type and condition, type of €rop, pe fijlage operation requires the most energy and
previous soil treatments, crop reS|dyes and wepd ty power spent on farms. Therefore, draft and power
(Upadhyayaet al., 2009). One of the tillage implements requirements are important in order to determire th
widely used by farmers is the chisel plow which issjze of the tractor that could be used for a sjmecif
considered to be a primary tillage implement beeaus implement. The draft required for a given implement
is mainly used for the initial soil working opewts. will also be affected by the soil conditions and: th
Chisel plows function most effectively when thel$si geometry of the tillage implement (Tanigucdti al.,

dry and firm (Srivastavet al., 1993). 1999; Naderloet al., 2009; Olatunjet al., 2009).
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The effects of soil conditions, tillage depth andwidth = 190 cm) chisel plow with three rows of full
forward speed on soil translocation by chisel plowcurved thin (5 cm) shanks (7) in a sandy soil. The
were studied by Van Muysemt al. (2000). The specific objectives were to study the effects afwhg
specific draft (force per cross sectional area ofked  depth and forward speed on: (a) draft, (b) uniftdfa)
soil), energy use for moldboard plow, chisel plovda specific draft and coefficient of pull.
disc harrow at different soil conditions were
investigated by Arvidssomt al. (2004). They found MATERIALSAND METHODS
that the specific draft was generally the highesttiie
chisel plow and the lowest for the moldboard plowl a
the disc harrow and referred that to the differsnice
implement geometry and mode of soil break-up.

Tractors and instrumentation system: A fully
instrumented Massy Ferguson (MF) 3090 tractor (Ejg.
was used in the study. The specification of thettra

are presented in Table 1. The instrumentation syste

. Several models were devel_qped to_pred_lct draft fo(:onsisted of: (a) a drawbar dynamometer, to measure
tillage tools based on soil condition, soil propstand drawbar pull (b) two wheel torque transducers, to

implement width (Sahu and Raheman, 2006). Owen casure wheel forces (c) a three-poi ;
. : ; . -point linkage-
(1989) studied the force-depth relationship of ek implement force and depth transducer, to measwe th

plow tine with three glifferent wing types in a three-point linkage forces and depth, (d) other
compacted clay loam soil and found the verticatéor transducers, to monitor ground speed, fluid

on the tine to increase linearly with the operatie@th o \heratyres (engine oil, transmission oil, frodeail,
yvh|le the horlzon.tal force_z, moment and total fotoe engine coolant and engine fuel), Power Take Ofi@PT
increase quadratically with operating depth. Heo als torque, right and left position of front wheel siag
noticed that the wing width had a significant effea and a,ngular position and indication of the lifting
th_e vert_ical force and no interaction exi_sted pelmv&he osition of the three-point linkage, (e) a datagiag to
wing width and the depth. The relationship betwee onitor and record data from various parameters and

depth of cut and the increase in the weight of gisev ter. f ; d lvzing dada
and the draft was investigated by Olatwtjal. (2004). Quﬁa?S£&u£ .r, 18; f)r.ocessmg and analyzing (

The model derived from the field work showed the t
draft for disc plow increase with speed and soil
moisture content and the depth of cut varied with
changes in the weight of the implement. Mamman an
Qui (2005) studied the draft performance of a dhise
plow model using a soil bin. The design parameters
considered were: nose angle, slide angle, depth and
speed. The draft increased with increases in @llag
depth and the levels of nose and slide angles aad t
cutting edge height.

Brown et al. (1989) stated that manufacturers of
tillage implements tend to overdesign their product
due to a lack of the proper design and analysioat
and the technical expertise required to optimize th
strength of an implement. Gill and Vanden Berg §)96
stated that the efficiency and economy of the gédla Fig. 1: The fully instrumented tractor
operation could be evaluated from the mechanics of
tillage tools/soil interaction which would provide  Table 1: Tractor specifications

The draft was measured using a drawbar

dynamometer (Fig. 2) consisting of two load sensing

levis bolts and the force exerted by the plow was
easured by a strain gauge bridge within the clevits.

method by which the performance of the tillageParameter Value
implements could be predicted and controlled by theéPower 75 kw
design of a tillage tool or by the use of a seqaenic ~ Weight 47.35 kN
illage tools. In studying the strength and fortmsthe  vic.on: on front wheels 1850 kN
tillag - ying Y Weight on rear wheels 28.85 kN
chisel plow, Browret al. (1989) evaluated the stress on pistance between front and rear wheels 269.90 cm
the chisel plow using the finite element analysisl a Distance between front wheels 187.00 cm
reduced the weight by 23% without causing excessivg'St""”Ce between rear wheels 163.00 cm
t the plow ront wheels size 31.60 R 28
stress on the plow. ) Rear wheels size 18.40 R 38
The main objectives of this study was to evaluatedeight of drawbar 58.30 cm
the performance of a medium size (weight = 380 kgHeight of center of gravity 174.00 cm
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Fig. 2: The draw bar dynamometer used for measuring
draft

Fig. 4: The system used for measuring forces and
determination of tillage depth

TR

Fig. 3: The fifth wheel used for measuring the farav
speed
Fig. 5: A medium size chisel plow

The tractor ground speed was measured using a
fifth wheel attached to a suitable position undathe Chisel plow: A medium size (Fig. 5) Massy Ferguson
the tractor as shown in Fig. 3. An RS shaft encodetDenmark) chisel plow (model MF 38, serial No.
(360 pulses/revolution) was mounted on the fifttealh L4078) was used in the study. The plow weighed 380
and used to measure the distance traveled and tence Kg (3.73 kN) and had a width of 190 cm. It had 7
actual ground speed. shanks distributed in 3 rows. The specificationghaf

The depth was measured using the three poirlow are shown in Table 2.
linkage-implement force and depth transducer (Bjg.
which was developed specifically for use with maeht Field experiments: Experiments were conducted using
implement of categories 11 (40-100 hp) and Il (825  the fully instrumented MF 3090 tractor to measume t
hp) as specified by the ASAE Standards (1985). draft requirement of a medium size chisel plow in a

A data logger mounted on a platform to the left ofsandy loam soil over wide ranges of speeds anchdept
the tractor operator was used to scan and recard tHat the Agricultural Research and Experimental Fafm
output signals from the transducers. The strainggau the King Saud University in Dirab. Four speeds and
transducers in the instrumentation system werdhree depths were tested as shown in Table 3. This
connected to the data logger through amplifier Bpxe resulted in 12 treatment combinations. Ten
which also provided a regulated power supplygtee = measurements were taken for each treatment
excitation to the transducer. The activity unit waed combinations at 5 min intervals. The data logger
to provide excitation to both the data logger andmonitored and recorded the data for depth, spedd an
transducers with input supply from the tractor éigtt  draft during the field experiment. The laptop désfad
(12 V). It was, also, used to indicate the activitythe values of the measured parameters and analyzed
performed during field tests. data.
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Table 4: Draft and unit draft

Parameter Volume Speed Unit draft
Type of plow Heavy duty Depth (mm) (m s€d) Draft (kN) (kN m?)
Model 1-1 (Serial No. 603) 115 0.75 3.14 (0.52) 1.50
Manufacture IH Company England 1.20 3.76 (0.14) 1.79
Total weight 380 Kg (3.73 kN) 1.75 4.11 (0.24) 1.96
Total width of tillage 210cm 2.30 4.59 (0.25) 2.19
Number of shanks 7 160 0.75 5.54 (0.38) 2.64
Width of shank 5cm 1.20 6.56 (0.38) 3.12
Thickness of shank 25cm 1.75 7.41 (0.14) 3.53
Shank stem angle 50° 2.30 8.01 (0.68) 3.81
Number of rows 3 230 0.75 8.33 (0.62) 3.97
Number of shanks in first row 2 1.20 9.60 (0.84) 4.57
Distance between shanks in first row 120 cm 1.75 10.58 (0.10) 5.04
Number of shanks in second row 2 2.30 11.92 (1.92) 5.68
Distance between shanks in second row 60 cm () The values represent standard deviation; Plodtha= 190 cm;
Number of shanks in third row 3 Width of plowed strip = 210 cm; Unit draft = Drafitith of plowed
Distance between shanks in third row 85cm strip

Width of chisel tool 5cm

Table 3: Experimental parameters ‘

Parameter Values

Depth (mm) 115, 160, 230

Speed (m s&Y 0.75, 1.20, 1.75, 2.30

RESULTS

Figure 6 shows the distribution of shanks on plow
frame while Fig. 7 shows the distance between the

paths of shanks and the width of worked soil (pldwe
strip). The width of the plow was 190 cm and thilto
width of plowed strip was 210 cm. The total width o
cut (35 cm) was calculated by multiplying the width

shank (5 cm) by the number of shanks (7). The

remaining part of the width of plowed strip (175)cm
was considered to be the width of pulverization.
Accordingly, the plow shanks were able to cut 16 %

the total plowed width and the movement of the soil

(pulverization) resulted in the breakage of soitipkes
and preparation of the seedbed.

Dimensions in (cm)

Fig. 6: Distribution of shanks on the plow frameoff
with = 190 cm; with of tillage 210 cm;
distance between the paths of shanks = 30 cm)

Table 4 shows the measured draft force (kN) and

the calculated unit draft (kN 1) at various plowing
depths and forward speeds. The unit draft is ddfine
this study as the draft per unit width of the watlsoil
(width of plowed strip).

Table 5 shows the calculated vertical specifaftdr
(kN m™) which is defined in this study as the draft per
project unit area of vertical cut (vertical crogstional
area of worked soil). The cross sectional areahef t
worked soil was calculated by multiplying the plogi
depth by the width of plowed strip. The portionstiod
vertical specific draft used for cutting the soihda
moving the soil particles (pulverization) were, cals
calculated as shown in Table 5.

Table 6 shows the calculated horizontal specifidtd
The horizontal specific draft is defined in thiadst as the
draft divided by horizontal plowed area pert time.

Dimensions in (cm)

Fig. 7: Distance between the paths of shanks (total
width of tillage = 210 cm; Number of shanks =
7; width of chisel tool = 5 cm; total width of
cut = 35 cm; % of cut = 16.6%; Width of
pulverization 175 cm; percentage of
pulverization = 83.4%)

The horizontal plowed area per unit time (sec) was
calculated by multiplying the forward speed by the
width of plowed strip. The results of the vertical
specific draft are shown in Table 6.
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Table 7 shows the total weight of the plow and the  Figure 8-12 show the effects of plowing depth
worked soil (cut/moved) by the plow) at various and forward speed on the draft, unit draft, vettica
plowing depths and forward speeds. The weight okpecific draft, horizontal specific draft and cdeifint
worked soil was calculated from the volume of soil of pull.
created by the plowing depth and the forward
movement of the plow in a unit time (sec) and thdthv  Table 6: Horizontal specific draift
of plowed strip. The coefficient of pull (kN KY was Horizontal specific draft (kN if)
calculated by dividing the draft by the total wetigti ~ Depth ~ Speed  Draft

plow and the worked soil. The results are, also™M (M sec) (kN) Total _ Cutting _ Pulverization
. ' 115 0.75 3.14 1.99 0.32 1.67
presented in Table 7. 12 3.76 1.49 0.04 105
Table 5: Vertical specific draft ;;5 jégl) (1)35 8%2 8?3
Vertical specific draft (kN /™) y : : : :
Depth  Speed Draft 160 0.75 5.54 3.52 0.58 2.94
(mm) (msed) (kN) Total Cutting  Pulverization 135 gii 332 %433; i]ég
115 0.75 3.14 13.00 2.17 10.84 23 8.01 165 0.28 137
1.20 3.76 15.57 2.59 12.97 : : : : :
175 211 17.02 o84 1418 230 0.75 8.33 5.29 0.88 4.41
2.30 459  19.01 317 15.84 12 9.6 3.81 0.63 3.18
160  0.75 554 1649  2.75 13.74 175 1058 288 0.48 2.4
1.20 6.56 1952  3.25 16.27 2.3 1192 247 0.41 2.06
1.75 7.41 22.05 3.68 18.38 Horizontal tilled area = Width of tillage x forwaspeed; Width of
2.30 8.01 23.84 3.97 19.87 plowed strip = 210 cm; % Width of cut = 16.6%
230 0.75 8.33 17.25 2.87 14.37
1.20 9.60 19.88 3.31 16.56
1.75 10.58 21.90 3.65 18.25
2.30 11.92 24.68 411 20.57

Vertical tilled area = Depth of tillage x width pfowed strip; for a
depth of 115 mm = 0.115x2.1 = 0.2415; fior a depth of 160 mm =
0.160x2.1 = 0.3360 tnfor a depth of 230 mm = 0.230x2.1 = 0.4830
m? % Width of plow strip = 16.6%

i
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Fig. 8: Effects of plowing depth and forward speed Fig. 9: Effects of plowing depth and forward spesd
the measured draft the unit draft
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Table 7: Coefficient of pull

Volume Weigh of plow Coefficient

Depth (mm) Speed (m ség Draft (kN) of worked Soil () and worked soil (kN) of pull (kN ki)

115 0.75 3.14 0.18 6.13 0.51
1.20 3.76 0.29 7.57 0.50
1.75 411 0.42 9.33 0.44
2.30 4.59 0.56 11.09 0.41

160 0.75 5.54 0.25 7.07 0.78
1.20 6.56 0.40 9.07 0.72
1.75 7.41 0.59 11.52 0.64
2.30 8.01 0.77 13.96 0.57

230 0.75 8.33 0.36 8.53 0.98
1.20 9.60 0.58 11.41 0.84
1.75 10.58 0.84 14.92 0.71
2.30 11.92 1.11 18.44 0.65

Plow weight = 380 kg = 3.73 kN; Volume of worked| soPlowed depth x width of plowed strip x forwasgeed; Soil density = 1350 kg s

13.24 kN m®

Specilic Vertical dralt

25
1.00

Speed (m sec™) o7 115130

Specific Vertical drafi
(kN m 2)

Depth (mm)

Depth (mm)

230

Fig. 10: Effects of plowing depth and forward speed

the specific vertical draft

DISCUSSION

Draft and unit draft: The force required to work (cut
and move) the soil varied with both the plowing tthep

and the forward speed as shown in Table 4~anB.
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Fig. 11: Effects of plowing depth and forward speed
the specific horizontal draft

However, the increase in draft with the plowing tthepr
the forward speed did not appear to be linear agstn
Table 7-9. For all plowing depths, the observedease
in draft when the forward speed was increased from
0.75-1.20 m set was higher than the observed increases
in draft when the forward speed was iaseel
from 1.20-1.75 m sétand from 1.75-2.30 m Séc
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Table 9: The incremental increase in draft withré@ases in depth at

various speeds
Speed Depth intervals Increase in
(m sec?) (mm) draft (kN/m)
= 0.75 115-160 53.3
& 160-230 39.9
g 1.2 115-160 62.2
3 160-230 57.7
=2 1.75 115-160 73.3
E 160-230 45.3
“ 2.3 115-160 76.0
160-230 55.8

Table 10: Length of roots of common agriculturaips

Speed (m sec™) i ) 130143 / Crop Ro_ot length (mm)
0.75 115 Depth (mm) Egg plant 50-60
Clover 40-50
Corn 30-40
Fava beans 30-40
Wheat (all cereals) 30-40
Cucumber 40
Beans 30
Tomatoes 25
Lutes 20

The unit draft was defined in this study as theftdr
divided by the width of worked soil (width of plode
strip). The results followed the same trend asditadt
as shown in Table 4 and Fig. 9. It appears, afed,the
‘ ‘ S plowing depth had more effect on the unit drafnthize
Speed (msec?) L. - forward speed. Increasing the depth from 115-230 mm
' (100%) increased the unit draft by 164.6, 158.3,.15
Tegith (i) and 159.4% for the forward speeds of 0.75, 1.206 1.

; . ; and 2.30 m sét respectively. On the other hand,
Fig. 12t.hI(EeffCe0c§ﬁ2ifepr)]Ito (\;\;lr;%”depth and forward speed increasing the forward speed from 0.75-2.30 m @2a4.
increased the unit draft by 46.0, 44.3 and 43.1f4He
Table 8: The incremental increase in draft withrémses in forward  plowing depths of 115, 160 and 230 mm, respectively

CoelTicient ol pull

speed at various depths On the average, doubling the plowing depth incréase
Depth Forward speed Increase in draft the ynit draft by about 159% while doubling thewfard
(ﬂ'g‘) '(r)‘tfsr"ilz(g“ sec) (klNé rg sec) speed increased the unit draft by 21.5%.
1.20-1.75 0.64 Mamman and Qui (2005) studied the performance
1.75-2.30 0.87 of a chisel plow and found the speed and tillagetiie
160 0.75-1.20 2.22 to have more influence on the draft than the plow
igg;gg i-gg design. Sahu and Raheman (2006) found that theteffe
230 0.75-1.20 582 of speed on the draft was less than that of thehdep
1.20-1.75 1.78 Owen (1989) found the vertical force to increase
1.75-2.30 297 linearly with the plowing depth while the horizohta

force to increase quadratically with the plowingptie
However, the increase in the draft observed when th  ghallow seed placement (less than 25 mm) is
forward speed was increased from 1.20-1.75 mis&s  recommended for most crops that are directly seeded
lower than the increase in the draft observed when (Collins and Fowler, 1996). However, the depth i t
forward speed was increased from 1.75-2.30 m'sec crop roots will be a deterministic factor of plowin
This may indicate that the forward speed of 1.78ed"  depth, while the availability of time and implement
is the optimum speed. It was, also, observed tmat t width will determine the speed required to finidte t
increase in draft when the depth was increased fbsr ~ work on time (Mustafa and Turgut, 2007). The result
160 mm was higher than the increase in the draéirwh obtained from this study indicated that the depds h
the depth was increased from 160-230 mm. more effect on the draft than the forward speed.
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Therefore, the depth of plowing should be deterchine worked soil was determined by multiplying the plalve
based on the root length shown in Table 10. Inamgas depth by the width of plowed strip by the forward
the forward speed will improve the quality of the speed. The results presented in Table 7 and Fig. 12
seedbed and will not increase the draft proportigna show that increasing the depth of plowing increased
the coefficient of pull for all forward speeds.
Specific draft: The vertical specific draft is defined in Increasing the plow depth from 115-230 mm (100%)
this study as the draft per worked vertical crasgisnal increased the coefficient of pull by 92.1, 68.0,3%61
area. The results presented in Table 5 and Fighd@is and 58.5% for the forward speeds of 0.75, 1.205 1.7
that increasing the plowing depth and/or the fodvar and 2.30 m sé¢, respectively. On the other hand,
speed increased the vertical specific draft. Ingirép increasing the forward speed from 0.75-2.30 m‘sec
the plowing depth from 115-230 mm (100%) increaseq206.6%) reduced the coefficient of pull by 19.6,%and
the vertical specific draft by 32.7, 27.7, 28.7 @%8%  33.7% for the plowing depths of 115, 160 and 230, mm
for the speeds of 0.75, 1.20, 1.75 and 2.30 m/ssespectively.
respectively. On the other hand, increasing thediod
speed from 0.75-2.30 m $&q206.6%) increased the CONCLUSION
vertical specific draft by 46.2, 43.4 and 43.1% floe
plowing depths of 115, 160 and 230 mm, respectively  The effects of plowing depth and forward speeds
On the average, doubling the plowing depth incréaseon draft, unit draft, vertical draft, horizontalafir and
the vertical specific draft by 44.2% while doublitiee  coefficient of pull were evaluated. The resultsidated
forward speed increased the specific draft by 14.4%  that increasing the plowing depth and/or the fodwvar

The horizontal specific draft is defined in thisdy ~ speed increased the draft, unit draft and vertipactific
as the draft per worked horizontal area per unieti  draft. Also, increasing the plowing depth increases
The results are presented in Table 6 and Fig. dWsh horizontal specific draft and the coefficient ofllpu
that increasing the plowing depths of the forwgrdesi  while increasing the speed decreased the horizontal
increased the horizontal specific draft. Increasihg specific draft and the coefficient of pull.
plowing depth from 115-230 mm (100%) increased the ~ About 16.6% of the draft force was directed
horizontal specific draft by 165.8, 155.7, 157.1dan towards cutting the soil and 83.4% was consumed in
166.0% for the forward speed of 0.75, 1.20, 1.78 anpulverization of soil particles. The values of thetical
2.30 m set¢, respectively. On the other hand, specific draft were much higher than those of the
increasing the forward speed from 0.75-2.30 mi'sec horizontal specific draft for all plowing depths dan
(206.6%) reduced the horizontal specific draft B35 forward speeds. The plowing depth had more
53.1 and 53.3% for the plowing depths of 115, 166 a pronounced effect on the draft, unit draft, speaifiaft
230 mm, respectively. On the average, doubling the@nd coefficient of pull than the forward speed. The
plowing depth increased the horizontal specifidtdig ~ optimum forward speed was 1.75 m $ecThe
161.15%, while doubling the forward speed reduted t recommended plowing depth should be based on the
horizontal specific draft by 25.6%. type of crop (depth of the root system).

It must be noted that the vertical specific dieds Shallow seed placement (less than 25 mm) is
much higher values than those of the horizontatiipe = recommended for most crops that are directly seeded
draft, indicating that the depth of plowing has However, the depth of the crop roots to be raised i
significantly more effect on the specific draft ththe  deterministic factor of plowing depth, while the
forward speed. Increasing the depth increased theth availability of time and implement width will detaine
vertical specific draft and horizontal specific finahile ~ the speed required to finish the work on time. The
increasing the forward speed increased the verticalesults obtained from this study indicated thatdbpth
specific draft and reduced the horizontal spedifiaft. = has more effect on the draft. Therefore, the defth
This could have a significant impact on the ecomaii plowing should be determined based on the rootleng
tillage. Van Muysenat al. (2000) stated that the
specific draft is affected by the tool geometry. ACKNOWLEDGEMENT
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