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ABSTRACT
For aim of comparing two rotary plow factorial experiment

KEY WORDS: . :

Tangential force, Blades conducted in silt clay loam. L and C shape of the blade in two rotary
Kinematic ratio, Specific plows, tractor speed 4.6 and 8.7 km.h"* and depth of tillage 8 and 15
Energy cm were used as experiment factors. L blade rotary plow obtained on

the best effective field capacity 0.9835 ha.h™, shortest distance

Received: 11/06/2024 between two beats blade 0.1653 m, pulverization rate (soil clods < 25

Revision - 10/09/2024 'Mmm) and fuel consumption 24.33 L.hL. C blade rotary plow recorded
Proofreading:  20/09/2024 least maximum tangential force1518.97 kg, specific energy 87.951
Accepted: 21/09/2024  MJ.ha and soil force acting on sharpened edge of each blade 303.80

Available online: 30/09/2024  kg. Speed of the tractor 8.7 km. h™' gave least fuel consumption
23.44 L.ha, higher effective field capacity 1.2941 ha.h™. Tractor
speed 4.6 km.h™* gave short distance beats of the blades 0.1420 m
and high pulverization rate 0.63 %. Depth of tillage 8 cm gave least
E@nggf“-Tth;: s aggpengicessngggig fuel consumption 23.53 L.ha, maximum tangential force 1937.36
http://creativecommons.org/licenses/by/4.0 kg, SpeCifiC energy 62.459 MJ.ha-l, hlgher effective field Capacity
and pulverization rate 0.9965 ha.h™* and 0.72 % respectively. Direct
and inverse significantly correlations, addition non-significant
N founded among studied characteristics. Concluded the most
influential factors in the experiment traits was speed then depth and

both of them more than influent from L and C shape of the blades.
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INTRODUCTION

A rotary plow (plough) , also now as a rototiller, rotavator, rotary hoe, power tiller, is agricultural
implement that work for plowing and pulverization the soil by rotating tines or blades like L-shaped,
C-shaped and J-shaped mounted on flanges, attached by means of a three-point hitch behind the tractor
and driven by tractor power take-off (P.T.O) shaft. Rotary plow blade design depends on three basic
factors: soil conditions, the shape of the blade, and the method of moving the soil. Iraqi farmers usually
using moldboard, chisel and disk plows for primary tillage (Abdul- Munaim, 2013; Abdul-Munaim et
al., 2020; Al Nuaimi and Al Rijabo 2020; Hamid and Alsabaag, 2023), also many researchers use
theses common plows to conduct field research (Alrijabo and Kashmola 2013;Jasim and Alhashimy,
2015; Himoud, 2018; Nafawaah and Mageed, 2019; Jebur et al., 2020; Jebur and Al-Halfi, 2022;
Alwash and Al-Aani, 2023; Azawi et al., 2024), yet, a large of farmers use rotary plow for primary
tillage because it achieves the objectives of primary and secondary tillage and for prepare the land for
planting various types of vegetables and crops where the time for seedbed preparation is very short or
limited, pulverization, and mixing manure with the soil. A rotary is agricultural plow smash (break) and
pulverization of soil by blades (knives) rotary, it is different from other plows in design, soil moving,
degree of pulverization and prepare the seed bed in one pass (Jithender et al., 2017;Kumare et al.,
2023; Al-Azzawi and Zeinaldeen, 2023; and Pacheco et al.,2023). Grisso et al (2004) predicted in
Nebraska test indicated that fuel consumption for a 115.96 hp (86.74 kW) tractor was 25.82 L.h™! (6.82
gal.hl). Firouzi and Alizadeh (2012) founded the maximum soil pulverization was achieved at lowest
forward speed, while maximum productivity at higher speed. Abdullah and Abdul Rahman (2019)
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founded increasing speed tractor leads to increased field effective capacity. Tangential force acting at
the tip of the blade and force acts perpendicular to the cutting edge of the blade are main forces when
used rotary in the tillage (Bernacki et al., 1972). Zareiforoush et al (2010) funded the bigger tangential
and soil force acting on each of the blades was 551.50 and 367.67 kg respectively, when rotary tiller 13
hp, width 50 cm and forward speed 1.8 km.h™ . Mandal (2015) funded when used width rotary plow 1.6
m, depth 10 cm, contain 11 flanges, 66 blades, tractor speed 0.7 m.s™* and rotor shaft 206 rpm founded
the maximum tangential force occurs at the minimum of blade tangential speed and soil force acting on
each of the blades were 2083 and 387 kg, respectively. Abdulla and Yahya (2013) founded the
effective field capacity and distance between beat blades increasing 0.39 - 0.59 ha.h and 12.26 to
18.89 cm, respectively, when tractor speed increase from 3.95 to 6.03 km. h'%, also concluded increase
the drawbar power. Diesel fuel consumption in a tractor 109.53 hp (81.67 kW) with crank shaft speed
2100 rpm and standard P.T.O shaft 540 rpm was 23.27 L.h? (6.15 gal.h™%),( Nebraska Tractor Test
Laboratory NTTL, 2018). Abou Zaid and Al-ashry (2006) founded the fuel consumption was 10.12
L.fed® (24.08 L.ha') when used width rotary plow 1.75 m and tractor power 62 hp. Jethender et al
(2017) founded the actual field capacity was 0.18 ha.h™* when a rotary plow with a width of 120 cm and
depth 16 cm was used and speed tractor 2.5 km. h™t. Abisuwa et al (2023) concluded the highest
effective field capacity at depth 9 cm and reduced when depth increasing, also concluded increase the
value when tractor speed increased. Al- Hashimy (2012) and Madlol et al (2013) concluded that fuel
consumption and power requirement increases when plowing depth increases. Al-abaidy et al (2016),
Taha 2018 and Mankhi and Juber (2022) concluded that effective field capacity decreases when
increase the plowing depth.

The aim of this research is comparison between two rotary plows under different speed and
number of shares and shapes during primary tillage in silt clay loam under two depth of tillage for
determine maximum tangential force, soil force acting on sharpened edge of each blades, effective field
capacity, distance between beat blades, fuel consumption, pulverization rate (Soil clods < 25 mm) and
specific energy.

MATERIAL AND METHODS
Experimental site, Tractor and two rotary plows

The experiment was carried out in Al-Mahmoudia region 31 km south of Baghdad, the capital of
Irag, within coordinates Latitude 33.06871" N, Longitude 44.36403" E. According to Kdppen climate
classification, Iraq is located within the arid climate. The field aria was 14850 m? (135 m length and
110 m width). The height of the experiment field above sea level was 31.8 m. Ten random soil samples
were taken from soil field which collected from 20 cm upper soil layer, used a cylindrical core sampler
5 x 5 cm and dried at 105° C for 24 hour in oven (Black, 1965), moisture of soil was 15-18 % when
soil tilled and bulk density was 1.34 g.cm™. Field was silt clay loam (465, 425 and 110 g.kg™).

The tractor and two rotary plows were selected to meet manufacturing specifications and avoid
defects and shortages. A professional tractor driver was also selected and the tractor was set to the
required speeds and engine revolutions 2000 rpm for all treatment, the most technical specifications of
the tractor and rotary plows in table 1.
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Table (1): The most technical specifications of the tractor and rotary plows

Tractor

Rotary plow type

Khalsa

Koylu

Model: Fiat 110 - 90 4WD
Engine power:110 hp (82.0 kW)
Max. power P.T.O shaft:91.3 hp
Number of cylinders: 6 — Diesel
P.T.O shaft: 540 / 1000 rpm
Cylinder diameter: 100 mm
Stroke length: 127 mm
Compression ratio: 1:16
Cooling system: Water

Front tire: 12.4/11-28

Rear tire: 16.9/14-38

Fuel tank: 132.9 L (35.1 gal)
Gear box: 15 front & 4 Rear
Total weight: 4670 kg

Steering wheel : Hydraulic
Country of manufacture: Italy

Rotary working width: 1920 mm
Maximum working depth: 180 mm
Rotor rpm: 210 rpm at 540 P.T.O shaft
Number of flanges: 8

Distance between the flanges: 240 mm
Total number of blades: 32

Blades on the flange: 4

Shape of blades: C

No. of blades per side flange: 2

No. of blade action jointly with soil: 8
Span blade : 100 mm

Blade vertical length effective: 200 mm
Thickness of blade: 8 mm

Required power: 30 - 50 hp

Diameter rotor shaft plus blades:500 mm
Country of manufacture: India

Rotary working width: 2000 mm
Maximum working depth: 200 mm
Rotor rpm: 215 rpm at 540 P.T.O shaft
Number of flanges: 8

Distance between the flanges: 250 mm
Total number of blades: 48

Blades on the flange: 6

Shape of blades: L

No. of blades per side flange: 3

No. of blades action jointly with soil: 8
Span blade : 100 mm

Blade vertical length effective: 220 mm
Thickness of blade: 8 mm

Required power: 35 - 55 hp

Diameter rotor shaft plus blades:500 mm
Country of manufacture: Turkey

Kinematic blades of the rotary plow

According to the agricultural companies that manufacture rotary plow blades found most three
important types of the blades: L, C and J shapes, which are suitable for variable operating conditions.
Power efficiency is transmitted from the tractor to the rotary plow usually higher, in the other hand,
rotary plow directly transmit power to blades by gears, shaft, stars wheel and chain (fig. 1).

Tractor
forward speed

ﬁ <«—— Tractor P.T.O

shaft
Power | «—— Telescoping tubes
transmission l
Gear box

Driven star —»
wheel

Orthogonal
bevel gears

Flange

<«— Rotor

<«— Blade

& shape

C shape J shape

Figure (1): Schematic of power transmission in rotary plow and most three shape of the blades

As show in fig. 1 the tractor engine power transmitted to power take- off (P.T.O) shaft then to gear
box of the rotary plow, then the power is transmitted by shaft to the star wheels and a chain to rotating
shaft which carrying flanges (discs), that means transmitted power to the blades directly, hence, the
rotary plow has higher efficiency transmitted power. Each flange carries usually 4 or 6 blades (half of
blades are on the right side and the other half on the left side), (fig. 2). The sharpness and angles of the

blades are verified according th the manufacturer's specifications.
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Figure (2): Distribution of blades on both sides of the flange and method of the penetration

Kinematic ratio A (dimensionless) is the ratio between velocities in each of tangential blades (U)
and the practical forward tractor (V), the kinematic ratio /4 depend of the number of revolutions of the
rotor shaft (rpm), the radius of rotor (shaft and blades as one piece), the speed of the tractor during the
operation tillage. Each blade cuts a segment of soil as it moves downward and toward the rear as shown
in figure 3, the letter C is the center of the rotor, X is the distance between two beats or the length of
slice cutting by the blade which depend of the number of blades on the peripheral flange, rotational
flange and the forward speed tractor, o is angular velocity of the blade, R is radius of rotor (shaft,
flange and blade as on piece), D is depth of tillage, Y is the distance between the rotor and depth of
tillage, B is width of slice ( span) and L is vertical slice. The shift rotates with the same direction tractor
forward travel, moreover, blades is located at 90° to the line travel. As long as the shaft rotates at a
speed greater than the tractor speed, the tillage and break soil is accomplished.

Tractor forward speed

w >
e < o= <. —~_ Blade trajectory No. 1
’ N o -
R P ,\,f\':.-- Blade trajectory No. 2
/

1 r) |<£\l|l|

i |- | C -1
_____ '_I_ ! S — Ground line

\ <« e
YI o \ M) f)
\\ —g’__/___ A Slice cut by 3 D view of cut slice

________ St o HladéNo.2

Figure (3): Kinematic blades and correlation path cutting with forward speed tractor
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Experiment Design

Factorial experiment under randomized complete block design (RCBD) using least significant
designs (L.S.D) 5 and 1 %. Statistical Analysis System (SAS) was used (SAS, 2010). In this
experiment three factors used: two rotary plows, tractor speed 4.6 and 8.7 km.h!, and depths of tillage
8 and 15 cm. Experiment included 8 treatments with three replications, therefore, all treatments were
24 (2 x 2 x 2 x 3 Replication = 24), the treatment area was 90 m? (30 m length and 3 m width). The
field was divided according to the design used, addition, experiment factors and replicates distribution
and sings were placed in the field, moreover, the factorial experiment allowed transparent and fair of
the two rotary plow through a right division of the experimental factors in the field.

Measuring Indicators
Maximum tangential force

It is occurs at the minimum of blades tangential velocity, showed in (fig. 4), calculated by
following equations (Bernacki et al., 1972):

Ks = Cs 75 Te e My [/ Upin ¢y
To obtain Unin following the equations:
Unin =V Aiin (2)
Amin =20 R [ Z Ligx 3)
Liax= Rm [/ A 4)
A=U/V (5)
U=2nNR/ 60 (6)

Where Ks is maximum tangential force (kg), Cs is reliability factor 1.5 and 2 for non-rocky and
rocky soils, respectively, in this experiment was 1.5, Te is tractor engine power (115 hp), #: is the
traction efficiency 0.9 its value of shaft forward rotation (because the rotor shaft and tractor forward
speed are the same direction), #r is reservation coefficient for tractor power which is between (0.7 —
0.8) and it takes an average of 0.75 in this experiment, Umin IS minimum peripheral velocity taken (m .
s, V is the practical forward speed of the tractor during the plowing process (m.s?), R is the rotor
radius (25 cm rotor shaft with blades as one part ), Z is the number of blades on each side of the rotor
flanges, Lmax the maximum length of sliced soil (cm), U is the tangential velocity of the blades (m.s),
A is the ratio between tangential speed of the blades (U) and the practical forward speed of the tractor
(V), N is rotor rotate velocity (210 and 2015 rpm for Czech and Turkey rotary plows, respectively). 1
and Amin are kinematic ratio (dimensionless).
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Figure (4): Three dimention vewe of blade showing the forces

Soil force acting on sharpened edge of each blades

It is calculated by the following the equation (Bernacki et al 1972):
K,=Kg X Cp /T X Zg X N, (7)

Where C, is tangential force coefficient (0.80), i is the number of flanges (8), Ze is the number of
blades on each side of the flanges, and Ne is obtained through division the number of blades which
action jointly on the soil (one blade from each flange jointly on the soil in the same time during rotation
of the shaft) on the total number of the blades (8 + 32 for blade C and 8 + 48 for Blade L).

Effective field capacity

The actual plowing of the rotary plow performed in the field during a limited time, calculated from
the following equation (Kepner, 1972; Hamid, 2012).

Epc =01 B, V, f; (8)

Where Egc is practical productivity (ha. h™t), 0.1 is conversion factor, Bb is actual width of the
rotary plow (m), Vp is speed of the tractor (km.h), and ft is the time utilization factor for the rotary
plow is equal to 0.75 — 0.85, and 0.80 is taken as the average in this experiment (ASABE, 2006).

Distance between beat blades

The distance between one beat blade and another in the soil during the plowing, and affected by the
speed of the tractor, the speed of rotation of the rotary plow blades and the numbers of blades in the
flange (disc), calculated from the following equation (Radomirovi¢, 2005):

D= 16.66 (V,/KN) 9

Where D is the distance between one beat and another (m), K is the number of pairs of blades
installed in the flange (disc), N is the rotational speed of rotary plow blades (rpm), and 16.66 is the
conversion factor (1000 + 60 min = 16.66).

Fuel consumption

Fuel consumption was measured by refilling the fuel tank tractor to the brim before and after each
treatment, using a 1000 ml graduated cylinder and from where the quantity of fuel used is measured per
time of the operation (Igoni et al., 2020; Ahmed and Alsabbgh, 2022) calculated from the following
equation:
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F, = F,, x10000/ W, X L, x 1000 (10)
Where Fc is fuel consumption (L. hal), Fca is the measure fuel quantity for tillage line treatment
(ml), T is the time plowing of line treatment (sec), 10000 and 1000 is conversion factor.

Pulverization rate ( Soil clods < 25 mm)

Is the percentage of the soil weight fraction composed of soil clods less than 25 mm which passes
through the sieve openers 25 mm to the total weight (fig. 5), calculated from the following equation
(Khder 2008; Hamid 2024):

P.=(C.,/ T,) x 100 (11)

Where P; is the pulverization rate %, C. clods of the soil <25 mm which passes from the sieve of
25 mm (fig. 5), Tw is the total weight of all clods produced by plowing.

Pulverization soil depend of moisture soil, rotational velocity blades, forward speed tractor, shape of
the blade, number of the blade in the flange and angle of the cover.

500 mm

i o s
B
I 1
g
Figure (5): Sieve 25 mm
Specific energy
It is calculate by following the equations (Embaby 1985):

Sg=(P x 3.6)/ Eg. (12)
P=(DrxVp)/ 36 (13)

Where S is specific energy (MJ. ha), P is drawbar power required for plowing (Kw), Erc is
Effective Field Capacity (ha . hrt), Dr is the draft force of rotary plow (kg), Ve is practical speed of the
tractor (km . h), and 3.6 is conversation factor.

Unfortunately, at the experiment site, there was no device (load cell) to measure the draft force at
the rotary plow, which takes its movement from the power take-off shaft of the tractor, so the draft
force was calculated based on American Society of Agricultural and Biological Engineers (ASABE,
2006), by followed the equation:

Dp=F[A+ B(Vp)+C(Vp)2]W X T x0.101972  (14)

Where Fi is a dimensionless soil texture adjustment parameter (F; = 1 for fine soil, 2 for medium
and 3 for coarse) and in this experiment Fi = 1, A, B and C is Machines specific parameter, A is
function of soil strength (A = 600) while the coefficient of speed parameter, B or C are related to soil
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bulk density (B and C = 0) for the rotary plow or rotary tiller (ASABE 2006), W is rotary plow width
(m), T is depth of tillage (m), and 0.101972 is Newton to kg conversation factor.

RESULT AND DISCUSSION

Table. 2 showed the types of the blades were significant difference in maximum tangential force,
the maximum tangential force for C blade rotary plow was least from L blade rotary plow 1518.97 kg
and 2411.15 kg respectively, and that belong to the deference in kinematic ratio Amin for rotational
flanges and forward speed tractor for each blades, According to equation (3) the kinematic ratio Amin in
L blade rotary plow was least from C blade rotary plow, because flange blades L and C contain 3 and 2
blades in each side, respectively, so that effect on the minimum peripheral velocity of the rotor Umin
(equation 2 then 1) was clearly. Result showed the L blade rotary plow recorded higher soil force
acting on sharpened edge of each blades was 482.22 kg comparing 303.80 kg for C blade rotary plow,
that belong to the difference between values of the Maximum tangential force in the two blades L and
C. The types of blades had significant difference in effective field capacity, there are slight differences
in values which were 0.9778 and 0.9835 ha.h™* for C and L blades rotary plow respectively, and that
belong to the difference in the width of the two plows. Also result founded the types of the blades had
significant difference in distance between beats blades, the L blade rotary plow obtained the batter
distance was 0.1653 m, while C blade rotary plow was 0.2528 m, because of the difference in the
number of the blades in L and C blades in each of the flange (disc) which are 6 and 4 respectively,
therefore, the design distances between blades on the circumference of the flange was varies. The result
fund the types of blades had significant difference in fuel consumption, L blade rotary plow recorded
least consumption was 24.33 L. ha, while C blade rotary plow was 25.40 L.ha*, and that belong to the
difference in the width of rotary plows. Type of the blades were Significant difference in pulverization
rate, L blade rotary plow obtained higher rate was 0.73 % comparing 0.62 % for C blade rotary plow,
that because the number of L blades on each flange was 6 blades, so there are 6 hits in one revolution
of the flange, while C blade was 4 on each flange, for other hand, the type of the blade L was more soil
disintegration comparing with C blade. The blades type were significant difference in specific energy,
C blade rotary plow was least value 87.951 MJ.ha%, while L blade rotary plow was 91.619 MJ.ha!, and
this because the effective field capacity for C blade rotary plow was least from the L blade, from other
hand, the difference between width of two rotary plow.

Table (2): The values of the studied attributes of the experimental factors

Experiment Maximum  Soil force Effective  Distance Fuel Pulveri-  Specific
factors tangential acting on field between Consu-  zation energy
force sharpened capacity beat mption  rate MJ.hat
kg edge of each ha.h? blades m L.hal %
blades kg
Blade C 1518.97 303.80 0.9778 0.2528 25.40 0.62  87.951
Blade L 2411.15 482.22 0.9835 0.1653 24.33 0.73  91.619

Speed 4.6 1987.88 NS 397.56 NS 0.6672 0.1420 26.28 0.71 89.786 NS
Speed 8.7 1942.24 NS 388.45 NS 1.2941 0.2757 23.44 0.63 89.784Ns
Depth 8 1937.36 387.48 0.9965 0.2123 23.53 0.72 62.459
Depth 15 1992.76 398.54 0.9648 0.2055 26.19 0.63 117.111

Table . 3 showed the simple statistics analysis of characteristics of the field experiment, higher
standard deviation (Std . Dev) for the maximum tangential force, Soil force acting on sharpened edge
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of each blades and specific energy, that means the date which obtained in 24 treatments in the field
experiment was far away from the mean, therefor, there is a large variance in the results when
conducted the experiment factors such as L and C blades rotary plow, speed of the tractor and depth of
tillage. The rest of the traits had Standard deviation closely from the mean, therefor, the variance were
small, then the dispersion is better. The result showed the least Standard deviation were in the distance
between beat blades and Pulverization rate 0.08288 and 0.08327 respectively, while the higher standard
deviation 462.260 for maximum tangential force.

Table (3): Simple statistics analysis of the characteristics of field experiment
Study traits N* Mean  Std. Dev Sum  Min**  Max**
Maximum tangential force kg 24 1965 462.260 47161 1405 2527
Soil force acting on sharpened 24 393.01 92.4478 9432 281.00 505.40
edge of each blades kg
Effective field capacity ha.h® 24 09807 0.32067 23.536 0.6451 1.3148
Distance between beat blades m 24 0.2089  0.08288 5.0142 0.1090 0.3391

Fuel consumption L.ha? 24 24.865 2.11408 596.76 21.180 28.470
Pulverization rate % 24 0.6770 0.08327 16.250 0.5200 0.8400
Specific energy MJ. hat 24 89.785 27.9826 2155 61.182 119.51

* N are treatments (2 x 2 x 2 x 3 replication = 24).
** Minimum and Maximum values which obtained in the field experiment.

Interaction of blades shape, speed tractor and plowing depth on maximum tangential force was
significant difference (fig. 6), interaction L blade rotary plow, speed tractor 4.6 km.h™! and tillage depth
recorded 2431.83 kg, while interaction C blade, speed tractor 8.7 km.h™! plowing depth 8 cm recorded
1457.43 kg, according to equation (1) by Bernacki et al., (1972) the minimum peripheral velocity of the
rotor Umin, Kinematic ratio Zmin and the number of blades in the flange effect and limited values, which
mean if the flange contain 6 blade that lead to high of maximum tangential force. Interaction of blades
shape, speed tractor and plowing depth on Soil force acting on sharpened edge of each blades was
significant difference (fig.7), deference values on L and C blades rotary plows when using the same
speed tractor and depth of tillage, L blade recorded higher value 486.36 kg when speed and depth were
4.6 km.h"t and 15 cm respectively, while C blade obtained least value 291.56 kg when speed and depth
8.7 km.h't and 8 cm, and this because the effect of maximum tangential force (according to equation 7),
the number of blades in flanges, contact aria between sharp edge of blade and soil, which was more in
L blade comparing with C blade. Significant effect of interaction the shape of blade, speed tractor and
depth of tillage on effective field capacity (fig.8), result showed the speed effect more than depth, also
noticed the shape of blades was not effect on the effective field capacity in the same speed and tillage,
but the difference come from the width of two rotary plows.

The L blade rotary plow, speed tractor 8.7 km.h"* and depth of tillage 8 cm obtained higher
effective field capacity was 1.3117 ha . hl, while the C blade rotary plow, speed 4.6 km.h with depth
15 cm recorded 0.6486 ha.h?, and that belong to increasing the speed tractor lead to increase the
effective field capacity, while increasing the depth of tillage lead to decreasing the effective field
capacity. Result showed the most effect on the distance between beat blades were the number of blades
in the flange, speed of the tractor and the rotational blades (rpm). Interaction L blade, speed tractor 4.6
km.h and depth of tillage 15 cm recorded least distance between beat blades 0.1101 m that because
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the number of blades was 6 on each flange, while the blade C, speed 8.7 km.h* with depth 8 cm
recorded higher distance between beat blades was 0.3381 m, and that because the number of blades was
4 on each flange (fig.9). From resulting noticed increase the speed tractor lead to increase the distance
between two beat of the blades, while the increased the depth of tillage lead to reduce the distance
between two beat of the blades. Interaction shape blade, speed tractor and depth of tillage was
significant difference fuel consumption (fig.10), L blade rotary plow, speed tractor 8.7 km.h"* and
depth of tillage 8 cm gave best fuel consumption 21.66 L.ha, that belong to increase the speed of the
tractor result to decrease the fuel consumption at the expense of the unit area. While C blade rotary
plow, speed 4.6 and depth of tillage 15 cm recorded higher value 28.12 ha.h™, because the width of
rotary plow was least from L blade rotary plow. It was noted from the results that the effect of the
experimental factors, tractor speed and plowing depth, had more influence on fuel consumption than
the blade shape factor. Interaction shape of the blades, speed tractor and depth of tillage was significant
differences on Pulverization rate (soil clods less than 25 mm) (fig.11), interaction L blade, speed tractor
4.6 km.h't with depth 8 cm obtained higher Pulverization rate was 0.82 %, this because the number of
the L blades on each flange was 6 blades which lead to small distance between two beats of the blades,
from other hand, the reduce the speed of the tractor also lead to minimize of the distance between the
beats of blades, so this two reasons make more clods of the soil less than 25 mm which mean increase
the pulverization rate.

While C blade, speed tractor 8.7 km. h™* and depth of tillage 15 cm was 0.53 %, this was belong
to two reasons: the number of C blades in the flange and the increase in the speed of the tractor, which
works to increase the distance between the beats of the blades, and this means reducing the rate of
pulverization (soil clods less than 25 mm). Interaction shape of the blades, speed tractor and depth of
tillage was significant differences on specific energy (fig.12), According to equations 12, 13 and 14 the
effective field capacity, speed of the tractor, depth of the tillage and width the two rotary plows plays
an important role in the specific energy value. The higher specific energy was when interaction L
blade, speed tractor 4.8 km.h and depth of the tillage 15 cm was 119.501 MJ. ha, while the
interaction C blade rotary tractor, speed tractor 8.7 km.h™ and depth of the tillage 8 cm was 61.183
MJ.hal. Also result showed the L blades rotary plow which contains 6 blades in each flange need

specific energy more than C blades rotary plow which contain 4 blades in each flange.
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Figure (6): Interaction among blade shape, speed tractor and plowing depth in maximum tangential force.
(Means with the same letter are not significantly different), L blade shape L, S blade shape S, V1 speed tractor
4.6 km.ht, V2 speed tractor 8.7 km.h'1, D1 plowing depth 8 cm, D2 plowing depth 15 cm
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Figure (8): Interaction among blade shape, speed tractor and plowing depth in effective field capacity
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Figure (9): Interaction blade shape, speed tractor and plowing depth in distance between beat blades
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Figure (10): Interaction blade shape, speed tractor and plowing depth in fuel consumption
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Figure (11): Interaction blade shape, speed tractor and plowing depth in pulverization rate.
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Figure (12): Interaction blade shape, speed tractor and plowing depth in specific energy

Correlation

Statistical analysis system SAS funded the correlation among the characteristics of the field
experiment was significant and non-significant, as well as the presence of a direct (positive) and an
inverse (negative) correlation as show in table 4. Highest significant direct correlation was between soil
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force acting on sharpened edge of each blades and maximum tangential force which was 1.0000 at
L.S.D 0.01, and this explain the strong correlation which mean if the maximum tangential force
increases, the soil force acting on sharpened edge of each blade also increases, because the maximum
tangential force used in calculated soil force acting on sharpened edge of each blades according to
equation (7), so the correlation is very strong between both of theme. Least significant inverse
correlation was between the effective field capacity and pulverization rate was - 0.4302 at L.S.D 0.05.
Non-significant correlations between fuel consumption and each of the pulverization rate, soil force
acting on sharpened edge of each blades and maximum tangential force. Also non-significant
correlation between the effective field capacity with the specific energy and maximum tangential force.
Non-significant correlation between the specific energy and distance between beats blades.

Table (4): Correlation among indicator studied in the field experiment

X1 X2 X3 X4 X5 X6 X7
X1 1.0000
X2 -0.7213  1.0000
X3 0.6249"  -0.0498  1.0000
X4  -0.1775 -0.0451  0.1261  1.0000
X5  -0.4695°  0.8204™ -0.0777 -0.5841" 1.0000
X6  -0.2040  -0.4302" -0.5100" 0.6286" -0.6992"" 1.0000
X7 01777 -0.0450 0.1260  1.0000™ -0.5840" 0.6287" 1.0000

X1 Fuel consumption, X2 Effective field capacity, X3 Specific energy, X4 Maximum tangential force, X5
Distance between beat blades, X6 Pulverization rate, X7 Soil force acting on sharpened edge of each blades.
*  Significant in L.S.D 0.05
** Significant in L.S.D 0.01

CONCLUSION

In light of this findings, concluded L blade rotary plow gave best pulverization and this related to
the number of L blades in the flange, because of this, the distance between the blades was reduced. C
blade rotary plow gave least values of maximum tangential force and soil force acting on sharpened
edge of each blade. L blades rotary plow which contain 6 blades in each flange need specific energy
more than C blades rotary plow which contain 4 blades in each flange. Increasing the tractor speed
contributed to reducing fuel consumption and increasing the effective field capacity. Reducing the
tractor speed making the distance between beat blades shortest, therefore the pulverization rat was
increased. Moreover, concluded when used the depth of tillage 8 cm contributed to increase the
effective field capacity, maximum tangential force, pulverization rate, Soil force acting on sharpened
edge of each blades and specific energy. Depth of tillage 15 cm gave high fuel consumption. Kinematic
ratio Amin (rate of rotational flanges and forward speed tractor) and peripheral velocity of the rotor Unmin
has a role in determining maximum tangential force. Blade L was more soil disintegration comparing
with C blade. Six blades in the flanges on the rotary plow has higher maximum tangential force,
pulverization rate, short distances between the beats of the blades, soil force acting on sharpened edge
of each blades and specific energy. The speed and depth had more influence on all indicators, than the
blade shape factor. Finally, the correlation of the studied traits were significant and non-significant.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest associated with this manuscript.

98



Hamid, Tikrit Journal for Agricultural Sciences (2024) 24 (3):85-101

ACKNOWLEDGMENTS
The authors gratefully acknowledge the field workers for their technical and general support.

REFERENCES

Abdul- Munaim, A. M., Lightfoot, D. A., & Watson, D. G. (2020). Could conservation tillage farming
be the solution for agricultural soils in Iraq? Agricultural Mechanization in Asia, Africa and
Latin America, 51(2), 7-9.

Abdullah, A. A., & Yahya, L. M. (2013). Comparison study of shaped blades (T) designed and locally
manufactured with conventional blades in performance of rotary plow. Journal Of Kirkuk
University For Agricultural Sciences, 4(2), 81-95.

Abdullah, A. A., Abdul Rahman, M. S. (2019). Comparison between local manufactured panel ridge
and conventional disc ridge throughout investigating their effects on power-use-efficiency, draft
force and actual field productivity. Tikrit Journal for Agricultural Sciences, 19 (1),126-141

Abdul-Munaim, A.M., 2013. Which Plow is more suitable for Tillage Farming in lIraq? Ama,
Agricultural Mechanization in Asia, Africa & Latin America, 44(4), pp.10.

Abisuwa T. A., Agbetoye L. A. S., Soyoye B. O., Ewetumo T. (2023). Performance evaluation of a
rotary clod pulverizer, International Journal of Science and Research Archive, 10(1), 909-918.
https://doi.org/10.30574/ijsra.2023.10.1.0850

Abou Zaid, T.A., and Al-Ashry, A. S. (2006). Effect of tillage systems, previous crop and seeding rates
on flax yield and water consumption, J. Agri. Sci. Mansoura Uni, 31(12), 772- 774.

Alabiedi, K. S. A., Nassar, M. J. M., Abduljabbar, E. A. (2016). Evaluation the performance of
moldboard plow and it is effect on some performance indicators of the machinery unit. The
Iraqi Journal of Agricultural Sciences, 47(6),1514-1519.

Al-Azzawi, R. A. R., & Zeinaldeen, L. A. (2023). Evaluating the Performance of Combined Equipment
(RAU) and Field Tested. In IOP Conference Series: Earth and Environmental Science, 1158(8),
1-9. https://d0i:10.1088/1755-1315/1158/8/082001

ALhashimy, L.A. (2012). The effect of disc tilt angle, tillage speed and depth on some of machinery
unit technical and energy requirements parameters. The Iraqgi Journal of Agricultural Sciences,
33 (1), 131-143.

Alrijabo, S. A., Kashmola, S. Y.(2013). Design Effect of shank shape and the developed blade type for
chisel plow on some of power requirement. Tikrit University Journal for Agricultural Sciences,
(13(2), 10-19.

Al Nuaimi, B. A. M., Al Rijabo, S. A. A. (2020). Design and manufacture of chisel plow shares and
their effect on some field performance indicators. Tikrit Journal for Agricultural Sciences, 20
(1), 10-19

Alwash, A. A and Al-Aani, F. S. K. (2023). Performance evaluation of seed drill-fertilizer under two
different farming systems and tractor practical speeds. The Iraqi Journal of Agricultural
Sciences, 54(4), 1155- 1162.

ASABE Standards, (2006). ASAE D497.5. Agricultural machinery management data. Available at
www.asabe.org.

99


https://doi.org/10.30574/ijsra.2023.10.1.0850
https://doi:10.1088/1755-1315/1158/8/082001

Hamid, Tikrit Journal for Agricultural Sciences (2024) 24 (3):85-101

Azawi, A., Turky, T., Isaak, M. (2024). Sustainable Energy Use for Mechanized Wheat Production
Systems in Irag. Tikrit Journal for Agricultural Sciences, 24(2),115 — 130.

Bernacki, H., Haman J., Kanafojski, CZ. (1972). Agricultural machines, theory and construction. US
department of Agriculture and national science foundation, Washington, D.C. USA.

Black, C.A. (1965). Methods of soil analysis. part 1. physical and mineralogical properties, No.9 in the
series. Agricultural Madison, Wisconsin. USA.

Embaby, A.T. (1985). A comparison of the different mechanization systems for cereal crop production.
(M.Sc.thesis, Faculty of Agriculture. Cairo University), p23.

Firouzi, S., and Alizadeh, M. (2012). Evaluation of different weeding methods for ground nut
in northern Iran. African Journal of Agricultural Research, 7(8), 1307-1311.

Grisso, R.D., Kocher, M. F., Vaughan, D.H. (2004). Predicting tractor fuel consumption. American
Society of Agricultural Engineers, 20(5), 553-561.

Hamid, Ahmed Abd Ali. (2012). Evaluation and performance comparison of moldboard and disc plow
in soils of central Iraq. The Iragi Journal of Agricultural Science, 43(5), 110-121.

Hamid, A. A. A. (2024). Performance of heavy disc harrow offset in medium texture soil. Kirkuk
University Journal for Agricultural Sciences.15(3),174-184.

Hamid, A. A.A., and Alsabbagh, A.R. I. (2023). Effect of moldboard types, two depths of tillage and
two speeds of tractor in some physical properties and pulverization of soil. Kufa Journal for
Agricutural Sciences,15(1),105-116. https://doi.org/10.36077/kjas/2023/v15i1.10334

Hamid, A. A. A., and Alsabbagh, R. A. (2022). Effect of the moldboard types on deflections of the
plowing lines, power requirement and fuel consumption. Euphrates Journal of Agriculture
Science, 14(4), 47-58.

Himoud, M, S. 2018. Evaluation of some performance indicators for the tractor CASE JX75T. The
Iraqi Journal of Agricultural Sciences, 49(5), 609-621.

Igoni, A.H., Ekemube, R.A., and NKkakini, S.O. (2020). Tractor fuel consumption dependence on speed
and height of ridging on a sandy loam soil. Journal of Engineering and Technology
Research, 12(1), 47 - 54. https://doi.org/10.5897/JETR2019.0681

Jabr, A. K, Jasim, A.A., Rowdan, S.A., and Abdullatif, Z.A. (2020). Possibility of planting cotton
using subsurface irrigation and drip irrigation systems and irrigation periods. Plant Archives,
20(1), 572-575.

Jasim, A. A., and Al- hashimy, L. A. Z. (2015). The effect of equipment type on New Holland tractor
(TD- 80) operation costs. The Iragi Journal of Agricultural Sciences, 46(5), 863-869.

Jebur, H.A., and AL-Halfi, K.M. (2022). Studying Some Technical Indicators of the Local
Manufactured Machine and Its Effect on the Wheat Crop “Tamuz cultivar”. In IOP Conference
Series: Earth and Environmental Science, 1060(1) 012135. http://doi:10.1088/1755-
1315/1060/1/012135

Jithender, B., Sunitha, D.V., Upender, K., and Rami Reddy, K.VV.S. (2017). Performance study of
tractor operated rotary plough in two different soils. International Journal of Current
Microbiology and Applied Sciences, 6(10), 871-878. http://
doi.org/10.20546/ijcmas.2017.610.104

Khadr, K. A. A. (2008). Effect of some primary tillage implement on soil pulverization and specific
energy. Misr Journal Agricultural Engineering. 25(3), 731-745.

100



https://doi.org/10.36077/kjas/2023/v15i1.10334
https://doi.org/10.5897/JETR2019.0681
http://doi:10.1088/1755-1315/1060/1/012135
http://doi:10.1088/1755-1315/1060/1/012135

Hamid, Tikrit Journal for Agricultural Sciences (2024) 24 (3):85-101

Kepner, R.A., Bainer, R., and Bager, E.L. (1972). Principle of farm Machinery. The AVI publishing
company. INC. U.S.A.

Kumar, N., Chaudhary, A., Ahlawat, O. P., Naorem, A., Upadhyay, G., Chhokar, R. S., & Singh, G. P.
(2023). Crop residue management challenges, opportunities and way forward for sustainable
food-energy security in India: A review. Soil and Tillage Research, 228,105641.

Madlol, K. M., Al-Hashemy, L. A. Z., AL Mkhul, F. F. M. (2013). Effect of harrow type and drile
seeder’s and depth on some machinery unit technical, economical and energy requirement
indicators. The Iraqi Journal of Agricultural Sciences, 44(3), 373-383.

Mandal, S.K., Bhattacharyya, B., Mukherjee, S. (2015). Rotary tiller’s blade design using finite
element analysis. International J. of Modern Studies in Mechanical Engineering, 1(1),9-26.

Mankhi, A.A.. and Jebur, H.A. (2022). A study Some Technical Indicators Under Impact Tillage Depth
and Disk harrow Angle of the Compound Machine. In IOP Conference Series: Earth and
Environmental Science, 1060(1) 012137.

Nafawaah, Shatha. M., and Mageed, Faize. F. (2019). Effect of two harvesting systems on
decomposition of organic matter, some soil properties, Growth and productivity of maize. The
Iragi Journal of Agricultural Sciences. 50 (Special Issue),102-122.

Nebraska Tractor Test Laboratory (NTTL). (2018). Nebraska OECD tractor test 2196-SUMMARY 1144
John Deer 5115R Diesel 16 speed. Lincoln - Nebraska.
https://tractortestlab.unl.edu/John%20Deere%205115R%20PFC.pdf

Pacheco, C. A, Oliveira, A., & Tomaz, A. (2023). Effects of Mineral and Organic Fertilization on
Forage Maize Yield, Soil Carbon Balance, and NPK Budgets, Under Rainfed Conditions in the
Azores Islands (Portugal). International Journal of Plant Production, 17, 463-475

Radomirovi¢, D., Bajkin, A., and Zoranovi¢. M. (2005). Kinematical analysis of a rotary tiller. Tractors
and power machines, 10(4),131-136.

SAS (2010) Base SAS 9.2 Procedures Guide: Statistical Procedures. 3" Edition, SAS Institute Inc.
Cary. NC.USA. https://datajobs.com/data-science-repo/SAS-Stat-Guide-[SAS-Institute].pdf

Taha, F. J., and Taha, S Y. (2019). Evaluation the effect of tractor speeds and tillage depths on some
technical indicators for plow locally manufacturer. The Iragi Journal of Agricultural Sciences,
50 (2), 721-726.

Zareiforoush, H., Komarizadeh, M. H., Alizadeh, M.R. (2010). Rotary Tiller Design Proportional to a
Power Tiller using Specific Work Method (SWM). Nature and Science, 8(9), 39-45.

101


https://tractortestlab.unl.edu/John%20Deere%205115R%20PFC.pdf
https://datajobs.com/data-science-repo/SAS-Stat-Guide-%5bSAS-Institute%5d.pdf

